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EC Summary Requirements

1. Changes with respect to the DoA

No changes with respect to the work described in the DoA.

2. Dissemination and uptake

The deliverable provides concrete recommendations for strengthening climate policies in four case study
countries, Ethiopia, Kenya, Sri Lanka, and Ukraine and can be used to inform modelling work in Task 6.5. The
report gathers the latest available scientific knowledge on mitigation drivers, barriers, and suitable policy options
and identifies enablers and barriers to mitigation within each sector and country. As such, it can be used to inform
policymakers perspective ways to combine policy instruments to effectively tackle barriers, and overarching
governance approaches and their stringency in terms of ambition and implementation. It also provides a
comprehensive analysis of drivers and barriers for sectoral transformations and innovations which can be utilised
by the private sector, while researchers can integrate insights across countries and sectors into modelling.

3. Short summary of results (<250 words)

The goal of this report is to create concrete understanding of mitigation barriers, enablers, and trends toward
NDC implementation within inter-related political, social, economic, structural, technological, and individual
changes, by performing a deep dive into critical sectors. To this end, the report synthesises the latest available
scientific knowledge on mitigation enablers, barriers, and suitable policy options from a universal perspective. The
report is based on a document analysis relying on past and upcoming IPCC reports as well as other authoritative
sources. It focuses on five key sectors: Industry, Energy, Transport, Buildings, and AFOLU. The global synthesis
is intended to inform the analysis of four country case studies, namely Ethiopia, Kenya, Sri Lanka, and Ukraine.
It also elaborates policy options available to leverage potentials and overcome challenges, paying due attention
to country-specific conditions, thereby allowing the discussion of strategies that can help effectively overcome
obstacles and enhance NDCs and their implementation.

4. Evidence of accomplishment

This report.
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Preface

IAM COMPACT supports the assessment of global climate goals, progress, and feasibility space, and the design
of the next round of Nationally Determined Contributions (NDCs) and policy planning beyond 2030 for major
emitters and non-high-income countries. It uses a diverse ensemble of models, tools, and insights from social
and political sciences and operations research, integrating bodies of knowledge to co-create the research process
and enhance transparency, robustness, and policy relevance. It explores the role of structural changes in major
emitting sectors and of political, behaviour, and social aspects in mitigation, quantifies factors promoting or
hindering climate neutrality, and accounts for extreme scenarios, to deliver a range of global and national
pathways that are environmentally effective, viable, feasible, and desirable. In doing so, it fully accounts for
COVID-19 impacts and recovery strategies and aligns climate action with broader sustainability goals, while
developing technical capacity and promoting ownership in non-high-income countries.
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Executive Summary

This report aims to enhance the understanding of barriers, enablers, and policy options influencing the
implementation of Nationally Determined Contributions (NDCs), considering political, social, economic, structural,
technological, and individual factors across various sectors.

In a first step, the existing scientific knowledge on mitigation enablers, barriers, and suitable policy options
globally is synthesized (chapter 2). The report relies on document analysis of past and forthcoming IPCC reports
and other credible sources. It focuses on five key sectors: industry, energy, transport, buildings, agriculture,
forestry, and other land use (AFOLU). This global analysis sets the stage for detailed examinations of four country
case studies and their respective sectors: Ethiopia, Kenya, Sri Lanka, and Ukraine (chapter 3-7).

Ethiopia

Ethiopia, with a population of approximately 126.5 million in 2023, is Africa's second most populous country and
has shown rapid economic growth, with an estimated 7.2% growth in FY2022/23. Despite being one of Africa's
poorest nations, it aims to achieve lower-middle-income status by 2025. The country's impressive average annual
GDP growth rate of nearly 10% over the past 15 years has slowed due to various shocks, including the COVID-
19 pandemic. Agriculture remains resilient, employing over 70% of the population, but other sectors have lagged.
Ethiopia's 10-Year Development Plan focuses on sustaining growth, promoting private sector involvement, and
addressing macroeconomic challenges. However, since late 2020, a civil war has led to a humanitarian crisis and
hindered climate policy advancements. Despite this, Ethiopia updated its Nationally Determined Contribution
(NDC) in 2021, integrated into its Ten-Year Development Plan. The Climate Action Tracker rates Ethiopia's efforts
as "Almost Sufficient," but projections indicate it will exceed its NDC targets by 2030, not accounting for the
conflict's impact on emissions.

Ethiopia's climate change mitigation efforts face several barriers, including inadequate stakeholder collaboration,
outdated technologies, limited infrastructure, high implementation costs, and lack of integrated planning. Key
enablers to overcome these challenges include robust regulatory frameworks, effective policies, financial
incentives, international collaboration, and enhanced R&D. Policy options to support mitigation involve setting
clear renewable energy targets, providing professional training, establishing comprehensive land use plans,
promoting sustainable agricultural practices, and improving institutional capacities. Financial support mechanisms
like tax incentives and grants, along with public awareness campaigns and infrastructure investment, are critical
for fostering a transition to sustainable practices across various sectors. Furthermore, financial means have to be
provided for the conditionalities in the NDCs in order to achieve carbon neutrality. Finally, the links between
political goals and implementation means have to be strengthened.

Kenya

Kenya has significantly improved its electrification rate and invested heavily in renewable energy sources like
solar, geothermal, hydropower, and wind. Despite contributing only 0.1% of global emissions, climate change
heavily impacts Kenya’s economy, costing 3-5% of GDP annually. The country has implemented an Energy
Transition and Investment Plan focused on decarbonisation, requiring substantial investment and supported by
strong governance and policies. Facing rising greenhouse gas (GHG) emissions due to population growth and
economic activities, Kenya aims to reduce GHG emissions by 32% by 2030, aligning with its National Determined
Contribution (NDC) under the Paris Agreement. The country aspires to achieve 100% renewable energy by 2030
and is exploring green hydrogen by 2040, though plans to introduce coal power by 2040 could hinder these green
energy goals.

Kenya's climate risk management strategies include the Climate Change Act, National Adaptation Plan (NAP),
2010 Constitution, and the National Climate Change Response Strategy. Enablers for mitigation include significant
renewable energy potential, reforestation programs, and increased collaboration with organisations. Barriers
include land and environmental degradation, lack of climate-proof infrastructure, and rising fossil fuel demand in
the transport sector. Relevant policies and initiatives encompass the Least Cost Power Development Plan (2021-
2030), Kenya Climate Smart Agriculture Strategy, various conservation and management acts, Vision 2030, and
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others focusing on water, energy, transport, waste management, and spatial planning. To enhance climate policy,
a multifaceted approach is recommended, emphasizing financing, energy, agriculture, capacity building, and
institutional frameworks. Initiatives include establishing a National Climate Change Fund, improving access to
energy efficiency funds, fiscal incentives for renewable energy, revising the Feed-in Tariff (FiT) policy, supporting
climate-friendly agricultural technologies, increasing climate change awareness, and fostering better coordination
among agencies. Strengthening the monitoring, evaluation, and legislative processes for climate action, and
promoting integrated climate considerations in policy, planning, and investments are also crucial.

Sri Lanka

A densely populated lower middle-income island nation, Sri Lanka is grappling with severe economic and climate-
related challenges. The prolonged impact of the COVID-19 pandemic and a deepening economic crisis have led
to a sharp decline in per capita GDP and an unprecedented inflation rate, compounded by a devalued currency
and depleted foreign exchange reserves. These economic difficulties have exacerbated the country’s vulnerability
to climate change, evident in frequent extreme weather events and severe droughts impacting agriculture and
water resources. Despite these hurdles, Sri Lanka is committed to climate change mitigation and economic
recovery, focusing on investments in renewable energy, sustainable agriculture, and disaster risk reduction. The
country’s GHG emissions are primarily driven by the energy and agriculture sectors, with significant contributions
from industrial and non-combustion sources. As a Paris Agreement signatory, Sri Lanka has set ambitious targets
to reduce emissions by 20% in the energy sector and 10% across other sectors by 2030, compared to a Business-
as-Usual scenario.

To mitigate climate change effectively, the country must leverage key enablers, such as programs like “Battle for
Solar Energy”, and the Energy Efficiency Improvement & Conservation initiatives. These are particularly necessary
to reduce the reliance on imported fossil fuels and promote domestic energy sources in the context of Sri Lanka’s
aggressive goal to secure carbon neutrality by 2050. Additionally, aging and inefficient transmission and
distribution system hinders the integration of renewable energy sources and overall stability of the power grid.
The over reliance on hydropower exposes the country to risks from droughts and changing rainfall patterns.

The transport sector faces significant challenges including a decline in public transport usage. To tackle this, the
government has already taken steps such as Bus Rapid Transit (BRT) and Light Rail Transit systems. Furthermore,
promoting electric vehicles and hybrids to replace the aged private vehicle fleet is suppressed by import
restrictions, high capital costs, and the need for charging infrastructure outside urban areas of Sri Lanka.

The AFOLU sector holds potential for climate mitigation with already set targets to increase forest cover in Sri
Lanka and sustainable agriculture practices for major crops such as rice-paddy, tea, coconut and rubber. A
significant portion are small-holder farmers in the agriculture sector who have limited adoption level of sustainable
practices. Additionally, deforestation and land degradation are among leading barriers to reducing GHG emissions
from the sector.

The industrial sector, heavily reliant on biomass and fossil fuels, faces vulnerably from price fluctuations and
supply chain disruptions. Though a National Clear Production Center, lack of awareness and financial constraints
impede and adoption of cleaner production technologies.

The building sector is expanding rapidly in urban areas but lacks the adoption of sustainable practices. The
government is promoting energy efficiency improvements through guidelines from Sri Lanka Sustainable Energy
Authority and green certifications through Sri Lanka Green Building Council, much of the construction sector
operates informally which hinders the widespread adoption of these practices. To support a sustainable transition
in the building sector, targeted incentives and capacity building programs are needed to increase the adoption of
sustainable practices and materials.

Policy options to address the existing challenges encompass enforcing regulatory standards, providing financial
incentives for green investments, and adopting market-based instruments like carbon pricing. Streamlining
regulatory frameworks, enhancing institutional capacities, and fostering international collaboration are also
critical. Furthermore, promoting public awareness, capacity building, and integrating social equity into policy
design are essential to ensure that climate actions are inclusive and protect vulnerable communities. Setting clear
and quantifiable goals, improving data collection, and establishing robust monitoring and reporting frameworks
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are vital for enhancing transparency and accountability in Sri Lanka’s climate action efforts.

Ukraine

With a total land area of 603,549 km2, Ukraine is the second largest country in Europe located in Eastern Europe
at the Black Sea. Total population is 41.134 million. The country is highly vulnerable to the impacts of climate
change. Classified as a lower middle-income country, the economy is dominated by agriculture and industry as
Ukraine is a resource rich country. Ukraine became independent in 1991 when the Soviet Union dissolved and
declared its neutrality. Since 2014 when Russia annexed Crimea, Ukraine is in a military conflict with Russia and
in an ongoing war since the Russian invasion in February. With the evolving military conflict and change in
government in 2014, political orientation shifted towards the European Union. In 2022, Ukraine applied for EU-
Membership and has a candidate status. Requirement for an EU accession is the alignment with EU legislation
and the EU acquis regarding six thematic clusters which has proven to be a key enabler to develop sectoral
decarbonisation strategies and policies.

Ukraine submitted an updated first NDC to the UNFCCC with a commitment for an economy-wide net domestic
reduction of 65 % of GHG emissions by 2030 compared to 1990 and announced a net zero target for 2060. This
target setting was backed by scenario analysis and assessments of strategic measures. Ukraine, thus,
demonstrated very good strategic planning and ambitious target setting to meet its pledges to the Paris
Agreement and now plans to achieve the net-zero by 2050 ten years earlier than initially agreed. It approved an
integrated National Energy and Climate Plan up to 2030 in June 2024 and presented its vision of net-zero by 2050
at COP28. As the energy intensity of the economy is generally very high, there is a huge potential for technology
retrofitting, efficiency measures and systems optimisation in all sectors. Main barriers seem to be policy design,
effective implementation and availability of financial means. Several regulations, market-based instruments and
incentives have been introduced such as a carbon taxation but on a level that did not have a signalling and
steering effect. Enablers such as low or non-carbon resource availability in the energy sector or systemic change
in the transport sector have not yet been realised. The implementation of ambitious decarbonisation policies is
difficult as Ukraine is confronted with very high destruction and damages from the military attacks. But not least,
the age of existing infrastructure and industry facilities in combination with the build-back-better mentality of
recovery discussions and efforts is an enabler and motivator for decarbonisation in all sectors.
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1 Introduction

The goal of this report is to create concrete understanding of mitigation barriers, enablers, and trends toward
NDC implementation within inter-related political, social, economic, structural, technological, and individual
changes, by performing a deep dive into critical sectors. To this end, the report synthesises the latest available
scientific knowledge on mitigation enablers, barriers, and suitable policy options from a universal perspective. The
report is based on a document analysis relying on past and upcoming IPCC reports as well as other authoritative
sources. It focuses on five key sectors: Industry, Energy, Transport, Buildings, and AFOLU. The global synthesis
is intended to inform the analysis of four country case studies, namely Ethiopia, Kenya, Sri Lanka, and Ukraine.
In the synthesis report, each sector chapter is divided into four parts, starting with an introduction and followed
by an analysis of main mitigation strategies in the target sector. Afterwards, enablers and barriers are analysed,
and each sector analysis concludes with a compilation of policies and measures which are needed to achieve net-
zero by the middle of the century. The analysis of enablers and barriers follows a structure that is inspired by the
IPCC, comprising 6 analytical dimensions of feasibility, namely: geophysical, environmental-ecological,
technological, economic, sociocultural, and institutional. While each sector chapter is comparable in terms of
broad structure and guidelines, they differ in their specificities, which is also reflected in the structure of the
document.

To effectively analyse and strengthen climate change mitigation strategies in Ethiopia, Kenya, Sri Lanka, and
Ukraine, a structured approach is essential across key sectors such as Industry, Energy, Transport, Buildings, and
Land Use. The process begins with a comprehensive assessment of the current national-sectoral decarbonisation
status and prospects. This involves a thorough review of existing literature to understand the historical, current,
and projected future greenhouse gas (GHG) emissions in the target countries and sectors. Additionally, the review
identifies trends that either facilitate or impede decarbonisation efforts. Building on this foundation, the next step
is to identify the enablers and barriers to mitigation within each sector and country, using insights from literature
and expert interviews to validate and expand findings. This step helps categorize and articulate the factors that
support or hinder mitigation efforts, providing a nuanced understanding of each sector's unique challenges and
opportunities.

The analysis then shifts to the current status of national-sectoral climate policies, where existing policies are
reviewed and organized according to a typology of policy instruments. These policies are compared against global
best practices to identify gaps and areas for improvement. Evaluating the effectiveness of these policies in
overcoming barriers and mobilizing potential involves reviewing literature and expert feedback to assess their
impact. This multi-step approach culminates in synthesizing recommendations to strengthen national-sectoral
climate policy. By integrating insights from literature, policy comparisons, and expert opinions, the goal is to
provide actionable strategies that enhance climate resilience and align national aspirations with global mitigation
goals. This comprehensive framework not only facilitates a deeper understanding of each country's mitigation
landscape but also paves the way for targeted interventions that promote sustainable development and effective
climate action.

Apart from this general structure, the synthesis chapter and the country reports followed similar typologies. The
typologies are explained in detail below. Although they inform the reports in general, the reports have internal
differences to account for the specific conditions within each country.

1.1 Structure and Guidance for the synthesis

The analysis in each of the five sectors (Energy, Industry, Transport, Buildings, Land Use) follows the same
structure:

Introduction: Set out from a general/universal perspective the decarbonisation status and prospects in the
target sectors. Synthesise the latest IPCC reports and other authoritative summaries of the current science on
the present status and past and future trends of reducing GHG emissions from a general perspective. E.g. where
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are emissions now, how have they developed in the past, what are the projections for the future. Highlight in
particular the scale and speed of changes required to meet the PA objectives.

Main mitigation strategies in the target sector: What changes/transformations are needed in what
timelines to achieve net-zero by mid-century? Synthesise existing knowledge from the latest IPCC reports
and other authoritative sources on what mitigation strategies are available/needed to reduce sectoral emissions
and who are the responsible political and economic actors who would need to implement these mitigation
strategies. Highlight the scale and speed of changes required to meet the PA objectives.

Main mitigation enablers and barriers: Which factors are driving or holding up change, or currently
driving change in the wrong direction? Review existing knowledge from the latest IPCC reports and other
authoritative sources on sectoral mitigation drivers and barriers. Categorise and describe sectoral mitigation
enablers and barriers according to the guidelines and typology provided further below in section 2.

Policies and instruments: What policies are needed to achieve net-zero by mid-century? Synthesise
the latest science on mitigation policy strategies and instruments. Synthesise existing knowledge from the latest
IPCC reports and other authoritative sources on which policy strategies and instruments to promote
decarbonisation are recommended by the latest literature. Organise and describe these policy options according
to the typology of policy instruments provided further below in section 3.

Structure and Guidance for the country reports

Big picture: Current national-sectoral decarbonisation status and prospects

Briefly summarise existing literature on

what are current, past, and projected future GHG emissions in the target country and target sectors?

what are current trends that promote or hinder decarbonisation?

National-sectoral mitigation enablers and barriers

Step 1: Survey existing literature on mitigation enablers and barriers in the target country and sectors. Categorise
and describe the enablers and barriers according to the guidelines provided further below in section 2.

Step 2: As necessary, either interview national experts or have interim results be reviewed by national experts to
validate and further expand on the findings from step 1.

Step 3: Synthesise results from steps 1 and 2.

Current status of national-sectoral climate policy

Step 1: Review official documents and existing literature on which policies have already been implemented in the
target country and target sectors. Organise and describe these policies according to the typology of policy
instruments provided further below in section 5.

Step 2: Compare these existing national policies to the set of best-practice policies as identified in the global
synthesis of existing knowledge on mitigation enablers, barriers and policy options. This will provide a first
indication on where there are particular gaps in a country.

Step 3: Review existing literature to what extent the existing national policies have been successful in mobilizing
potentials and overcoming barriers.

Step 4: As necessary, either interview national experts or have interim results be reviewed by national experts to
validate and further expand on the findings from step 1. Detailed interview guidelines are provided further below.
Step 5: Synthesise results from steps 1-4

How to strengthen national-sectoral climate policy

Synthesis recommendations from existing literature, comparison of existing policies with the set of best-practice
policies as developed in the global synthesis of existing knowledge on mitigation enablers, barriers and policy
options, and results of the expert interviews.

Conclusion
Briefly summarize the main conclusions from the analysis in terms of climate change mitigation in each sector.
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Typology and Guidelines for analysis of enablers and barriers

The following table proposes a typology of mitigation enablers and barriers. It is initially based on the typology
of the IPCC framework on the assessment of enablers and barriers (IPCC 2022). However, this typology is limited
in some respects, so we added further useful indicators tailored to task 6.4 (Schaffrin et al. 2015) (Steg et al.
2022).

Mitigation drivers and barriers exist (at least) at two levels:

At the micro level, the actors on the ground who would need to implement the mitigation options may face
barriers such as lack of capacity or higher costs of climate-friendly solutions, but also positive drivers/incentives
such as economic or other non-climate benefits of mitigation actions.

There may also be drivers and barriers at the macro level, such as lack of suitable infrastructure for climate-
friendly solutions or blocking power of fossil fuel interests impeding the adoption of ambitious mitigation policies.
The analysis will therefore proceed in a two-step approach.

First, at the micro level, identify which actors would be needed to implement the mitigation strategies listed in
the preceding step of the analysis; and then identify which drivers and barriers these actors face.

Second, at the macro level, identify at the level of the entire sectoral system which drivers/barriers are
promoting/impeding mitigation action.

For both levels, the following typology of drivers and barriers to structure the analysis has been used. The purpose
of the typology is to serve as checklist to make sure that all issues that may potentially be relevant are taken into

consideration, but not all issues may in fact be relevant in all country-sector combinations.

Table 1: Possible enhancements in various dimensions of feasibility

Dimension

Geophysical
feasibility
(availability of
required
geophysical
resources)

Environmental-
ecological
feasibility
(impacts on the
environment)

Technological
feasibility
(extent to which
the required
technology can
be implemented
at scale quickly)

Economic
feasibility
(financial costs
and benefits and

Indicators (IPCC)

Availability of required
geophysical resources:
Physical potential
Geophysical resource
availability

Land use

Possible enhancements

Resource profile (e.g. which climate-relevant resources are
found in the country; what does the country rely on; what
resources are im- and exported and for what purpose?)
Including renewable energy potentials: solar radiation, wind
availability, geothermal potential etc.

Impacts on
environment:

Air pollution

Toxic waste,
ecotoxicity and
eutrophication
Water quantity and
quality

Biodiversity

Vulnerability to climate risks and whether there is awareness of
these risks

Other environmental conditions (e.g. air pollution) that may
prompt demand for stronger ambition/policy

Extent to which the
technology can be
implemented at scale
soon:

Simplicity

Technology scalability
Maturity and
technology readiness

The technological state and financial value embedded in
material assets and infrastructure that influence the ability and
willingness of actors to adopt alternative technologies or
dispose of assets

Comparative costs of climate-friendly solutions

Upfront financing requirements

Access to capital

Intellectual capital such as accumulated knowledge and
skills/competences in human resources, R&D programmes and
business models

Financial costs and
economic effects:
Costs now, in 2030 and
in the long term

Structure of the economy and economic trends, e.g. level of
industrialisation and size of the service sector, energy
consumption and energy/emission intensity of the economy,
broader technological trends (e.g. automation and digitisation)
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economic
effects)

Sociocultural
feasibility
(public
engagement and
support, and
health, well-
being, and
distributional
effects)

Institutional
feasibility
(institutional
capacity,
governance
structures, and
political
support)
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Employment effects
and economic growth

Economic instruments

Macro: Emission or energy taxes, emission trading, removal of
fossil fuel subsidies

Micro/targeted fees/charges: e.g. congestion charging, sprawl
taxes, vehicle taxation, versement transport (established law in
France for the benefit of municipalities, and their citizens),
tradable renewable energy or energy efficiency certificates,
transportation generation Levy

Targeted financial support schemes such as tax credits or
subsidized loans/loan guarantees for green investments,
renewables feed-in tariffs, grants for sustainable building
renovations or contracts for difference to compensate for the
higher costs of zero-emission technologies; R&D funds...
Public procurement

Industrialisation policies: Local content requirements, support
for local companies

Public engagement and
support, and social
impacts:

Public acceptance
Effects on health and
well-being
Distributional effects

Public investments and funding for policies and programmes,
e.g. energy/transport/climate/environment funds, e.g. for
public investments in public transport or in energy-efficient
social housing.

Inclusion of local citizens into transition (e.g. profit participation
in adjacent renewable energy projects)

Capacity building and acceptance measures e.g. for
renewables

Internalisation of the costs of care economical work in the
society, quality of sanctioning continuing androcentrism:
financial sanctioning of non-implementation of Gender
mainstreaming imperatives

Land use conflicts (e.g. civic participation in decision-making
conflict resolution measures, land-use planning measures)
Population growth and demographic trends, urbanisation,
socio-economic situation

Institutional conditions
that affect the
implementation of the
response option:
Political acceptance
Institutional capacity
and governance, cross-
sectoral coordination
Legal and
administrative capacity

Polity

(This category captures the general setup of the political
system and bureaucratic institutions in general)

Political system and bureaucratic institutions in general
Distribution of decision-making authority (e.g. executive vs.
legislative branch)

Degree of institutional coordination within governments
Capacity of bureaucracies to develop and implement climate
policies

Possibilities for non-state actors to be heard and participate in
decision-making

Politics

(This category captures the composition, relationships, power
structures and vested interests of the actors involved in
maintaining and changing the system)

Domestic/Internal

Role of political parties

Role of elections

Are there networks within, outside and between institutions
exerting influence across different parts of the system?

Role and preferences of social elites

Organized interest groups, their relative strength and how they
access political processes
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Strength of civil society (e.g. court cases, NGO activity,
activists, participation in relevant processes)

Who is involved in changes that are already ongoing (e.g.
incumbent industry actors vs. new low-carbon actors)?
Focus events (e.g. floods)

Public opinion on climate action

International/External

Normative pressure (e.g. treaties, international court
decisions)

Cosmopolitanism vs. nativism/populism

International meetings (e.g. COP presidency, G20 meetings)
Focus events (e.g. financial crisis, COVID-19)

Policy diffusion

Other international drivers (e.g. pressure/promises from
financial institutions)

Policy

(This category captures formalised (i.e. codified and explicit)
rules and principles that guide behaviour such as policies,
standards, formal contracts, roadmaps, commitments and
formalised governance mechanisms)

Long-term strategies in place

Governmental climate policies (and other governance
mechanisms) in place

Relevant non-climate policies (and other governance
mechanisms)

1.2 Typology for the analysis of policy instruments

Various typologies of policy instruments exist in the literature (e.g. Lascoume and Le Gales 2007; Franco and
Restrepo 2019; Salamon 2002; Vedung 1998). The following list represents a synthesis of these sources and may
be subject to further refinement over the course of the analysis.

e Governance and Planning instruments
o Policy targets (building renovation rate, x mn heat pumps by 2030, y mn BEV, z GW of PV, ...),
policy action plans, roadmaps and strategies (nZEB by 2021, introduce policy by 2025)
o Establishment of governmental implementing agencies, such as climate / energy / gender equality
and sustainability agencies

e Economic instruments:
o Macro: Emission or energy taxes, emission trading, removal of fossil fuel subsidies

o Micro/targeted fees/charges: e.g. congestion charging, sprawl taxes, vehicle taxation, versement
transport (established law in France for the benefit of municipalities, and their citizens), tradable
renewable energy or energy efficiency certificates, transportation generation Levy (Germany, cf.
Spitzner 2021), internalisation of the costs of care economical work in the society, quality of
sanctioning continuing androcentrism: financial sanctioning of non-implementation of Gender
mainstreaming imperatives

o Targeted financial support schemes such as tax credits or subsidised loans/loan guarantees for
green investments, renewables feed-in tariffs, grants for sustainable building renovations or
contracts for difference to compensate for the higher costs of zero-emission technologies; R&D
funds

o Public investments and funding for policies and programmes, e.g.
energy/transport/climate/environment funds, e.g. for public investments in public transport or in
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energy-efficient social housing.

o Public procurement

e Regulatory and “non-economic” instruments such as minimum performance standards for installations;
building codes; speed limit or low-emission zones, energy sufficiency/efficiency/renewable energy
obligation schemes/resource standards for energy utilities/suppliers, zoning and development regulations,
transport worthiness verifications for transport allowance (cf. Austria initiative by minister von Einem)

e Voluntary agreements

e Educational/Informational/”Soft” instruments such as energy audits, labelling schemes, awareness raising
and information campaigns, targeted advice, professional training, sectoral or innovation networks,
supporting research, development and demonstration
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2 Synthesis Report - Global drivers, barriers, and policies
(MS5)

2.1 Energy

2.1.1 Introduction

While the rise of global energy supply emissions has slowed in recent years due to lower energy intensities in
almost all regions, the global consumption of oil and gas has continued to increase. The energy supply was
responsible for 34% (20 GtCO2-eq) of the 59 GtCO2-eq global net anthropogenic GHG emissions in 2019 (Dhakal
et al., 2022). Between 2015 and 2019, coal contributed more than any other source to CO2 emissions, accounting
for nearly 44% of those in 2019. Also, oil accounted for roughly 34%, and natural gas for around 22%. CO2
emissions from coal, oil, and natural gas increased annually by 0.31%, 0.5%, and 3%, respectively, from 2015
to 2019 (Clarke et al., 2022).

The largest individual subsector contributing to emissions in 2019 was power and heat generation at 14 GtCO:-
eq, accounting for almost 69% of the total emissions from the energy supply (Dhakal et al., 2022). Additionally,
the fugitive emissions from the production of oil and gas, coal mining, and petroleum refining all contributed to
the GHG emissions from the energy supply. About 18% of energy supply emissions in 2019 came from fugitive
emissions, mainly methane, from the extraction and production of fossil fuels, with 2.6 Gt CO2-eq per year
associated with oil and gas production and 1.3 GtCO2-eq per year associated with coal mining. Besides, 2.9 GtCO--
eq was emitted from oil and gas operations, nearly equally split between the two (Clarke et al., 2022).

18 __-_-_-_

Energy emissions (GEO0 -eq)
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Figure 1: Global energy supply GHG emission (Clarke et al., 2022)

Despite contributing the most to the energy supply GHG emissions, power and heat generation have been
becoming less carbon-intensive globally in recent years. In North America, a partial switch from coal to gas for
power generation as well as an overall decline in the share of fossil fuels has decreased carbon intensity. The
improvements in Europe's carbon intensity have been driven by the steady growth of renewable power generation
since 2007. In China, the world’s largest electricity producer (IEA, 2021b), the rise of emissions from coal power
slowed after 2011 and even decreased between 2013 and 2016, partly because of a slowdown of economic
growth and fewer coal capacity additions. However, discussions of a global peak coal, both in China and the global
level, may be premature (Dhakal et al., 2022; IEA, 2021a).

According to the global reviews (IEA, 2021a), the world's PV and wind power capacity increased by up to 170%
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and 70%, respectively, between 2015 and 2019. Total solar and wind capacities in 2019 were 609 GW and 623
GW, and annual generation was 680 TWh and 1420 TWh (Figure 2). In 2019, the combined contribution of solar
and wind to the world's total power output was about 8%, up from about 5% in 2015. The levelized cost of solar
PV has decreased by more than 60% since 2015. Costs for onshore wind have decreased by 23%, while offshore
wind costs have decreased by 32%. Low-carbon energy sources beyond wind and solar such as nuclear,
hydropower, bioenergy, geothermal, marine, and fossil or bioenergy with carbon capture, use, and storage (CCUS)
have kept growing since 2015. Annual nuclear power increased from 2570 TWh to 2790 TWh, or 8.6%, while
annual hydropower increased from 3890 TWh in 2015 to 4290 TWh in 2019, or 10.3%. The proportions of nuclear
and hydroelectric power in the total electricity production remained at roughly 10% and 16%, respectively. From
2015 to 2019, the production of biofuels increased globally, rising from 3.2 EJ to 4.0 EJ annually. In 2019, 2.4%
of electricity was produced using bioenergy. Geothermal energy sources produced 92 TWh of electricity in 2019,
up from 80 TWh in 2015. Currently, there are 28 commercially operating CCUS facilities of which only two are
associated with electricity production. The share of marine energy in global electricity generation has remained
at approximately 1 TWh annually since 2015.
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Figure 2: Global power capacity and generation by sources (IEA, 2021b)

The energy sector must cut CO2 emissions to almost zero or even below zero if global warming is to be kept well
below 2°C (Riahi et al., 2022). CO2 emissions from energy supply reach net zero around 2041 (2033-2057) in
pathways limiting warming to 1.5°C (with no or limited overshoot), and around 2053 (2040-2066) in pathways
that limit warming to 2°C. Net-zero energy system configurations will probably have a few things in common.
These characteristics include using significantly less fossil fuel than we do today, increasing use of electricity from
decarbonised power system, relying on alternative fuels, particularly hydrogen or biofuels, in several sectors that
are not amenable to electricity, utilisation of carbon dioxide removal (CDR) measures, massive deployment of all
available clean energy technologies such as electric vehicles and energy efficient building retrofits, as well as
innovation efforts in order to bring new technologies to the market in time, behavioural changes, and relying
more on integrated energy systems. In scenarios that limit warming to 2°C (>67%), the share of renewable
energy is between 30 and 70%, while for scenarios that limit warming to 1.5°C (>50%), it is above 40% (IEA,
2021c; Riahi et al., 2022). Even worldwide, scenarios have been published using 100% renewable energy sources,
partly due to the rapid development of these technologies over the past ten years (Bogdanov et al., 2021; Creutzig
et al., 2017; Pietzcker et al., 2017).
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2.1.2 Main mitigation strategies in the energy supply sector: What changes/
transformations are needed in what timelines to achieve net-zero by mid-century?

It is very unlikely that CO2 emissions from the energy supply will fall below the 2°C threshold without additional
efforts to cut emissions. A benchmark for comparison against energy-related CO2 emissions is provided by
scenarios assuming technological advancements but no new climate policies beyond those already in place
(Figure 3). Emissions in these reference scenarios increase through 2050 but span a broad range. The lowest is
modestly below today’s emissions, while the highest emission levels are about four times current emissions.

GHG €0, CH,
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Limit warming to 1.5°C (>50%) with no/limited overshoot [ Limit waming to 2°C (>67%), with action starting in 2020
[ Retumn warming to 1.5°C (=50%) after a high overshoot [ Limit warming to 2°C (»67%), with NDCs until 2030

Figure 3: Projected energy sector GHG emissions for the 1.5°C scenarios (without and with overshoot), and likely below 2°C
scenarios (without and with delayed policy action) during 2020-2050 - Boxes indicate 25th and 75th percentiles, while whiskers
indicate 5th and 95th percentiles (Clarke et al., 2022)

Without swift, rapid, and significant reductions in the GHG emissions from the energy supply, warming cannot be
kept to well below 2°C. The mitigation scenarios reinforce the idea that clear and implementable policy measures
in both near-term and long-term are required to cut emissions (Clarke et al., 2022; van de Ven et al., 2023). In
scenarios limiting warming to 1.5°C (>50%) with no or limited overshoot, energy supply sector CO2 emissions
decline by 87-97% by 2050 and by 60-79% in scenarios limiting warming to 2°C (>67%) with action beginning
in 2020. Also, in scenarios limiting warming to 1.5°C (>50%) with no or limited overshoot, net CO2 emissions
from the energy supply in 2030 fall by 35-51% (Clarke et al., 2022). To decarbonize the energy supply most
cost-effectively, global net CO2 emissions from electricity generation will likely reach zero before the rest of the
sectors, as zero-carbon electricity can then be used to replace the use of fossil fuels in transport, industries, and
buildings. In scenarios limiting warming to 1.5°C (>50%) with no or limited overshoot (2°C (>67%)), net
electricity sector CO2 emissions reach zero globally between 2044 and 2055 (2052 and 2078) (Figure 4).

Because there are comparatively more low-emission options (that are already cost-competitive) in the energy
supply sector than in other sectors, it is anticipated to be less expensive to reduce net CO2 emissions close to or
below zero in this sector. In addition, there are potential options to remove CO: from the atmosphere in the
electricity sector, notably through using biomass energy with carbon capture and storage (BECCS), which would
allow electricity sector emissions to drop below zero. Without CDR options, electricity sector emissions may not
fall to zero. Even in net-zero economies, some fossil fuel facilities may still result in positive net power sector CO2
emissions if CDR is applied in other sectors but not in electricity (Clarke et al., 2022).
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Figure 4: The timing of net-zero emissions for full economy greenhouse gases (GHGs), energy sector CO2, and electricity
sector CO2 (Clarke et al., 2022). Boxes indicate 25th and 75th percentiles, centre black line is the median, while whiskers
indicate 1.5x the inter-quartile range. The vertical dashed lines represent the median point at which emissions in the scenarios
have dropped by 95% (pink) and 97.5% (purple), respectively. Dots represent individual scenarios. The fraction indicates the
number of scenarios reaching net-zero by 2100 out of the total sample.

There are multiple pathways to reduce energy system emissions. The most promising technological pathways
include:

Decarbonising primary energy and electricity generation

Low- and zero-carbon technologies provide 74-82% of primary energy in 2050 in scenarios limiting warming to
1.5°C (>50%) with no or limited overshoot and 55-68% in scenarios limiting warming to 2°C (>67%). The share
of low-carbon technologies in the global primary energy supply today is below 20%. Low- and zero-carbon sources
produce 97-99% of global electricity in 2050 in scenarios limiting warming to 1.5°C (>50%) with no or limited
overshoot and 93-97% in scenarios limiting warming to 2°C (>67%) (Clarke et al., 2022). Many low-carbon
electrical systems are projected to use a significant amount of renewable energy, particularly solar and wind.
Wind and solar electricity contributions will depend on their levelised costs relative to other options, integration
costs, system value, and the ability to integrate variable resources into the grid. The technology mixes for the
electric sector will vary by location, and they often incorporate extra resources, including geothermal energy,
hydropower, nuclear power, and fossil generation with CCS. However, wind and solar are anticipated to dominate
low-carbon generation and capacity development over the next few decades, given favorable policies in many
nations, their large involvement in the early decarbonisation of the electric sector, and the decline in coal power
(Bistline & Blanford, 2021). A crucial near-term option for limiting warming is decarbonizing energy generation
while expanding electricity usage.

Switching to low-carbon energy carriers

A crucial short-term mitigation strategy is to accelerate the electrification of end uses, including light-duty
transportation, space heating, and cooking and industrial processes (IEA, 2019). Even while electrifying end uses
is a critical decarbonisation method, some end uses, such as long-distance transportation and energy-intensive
industries, will be more difficult to electrify. Alternative fuels or energy carriers, including biofuels, hydrogen,
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ammonia, or synthetic methane, may be required in this regard. According to a broad range of scenarios, the use
of hydrogen will steadily increase and become more profitable once the energy system is mostly low-carbon
(Clarke et al., 2022).

Offset Residual Emissions through CDR

CDR technology can reduce emissions from hard-to-decarbonize sectors, changing the pace and nature of
transitions in the energy supply sector. Numerous studies indicate that to keep global warming to 1.5°C, CDR is
no longer an option but a necessity (Luderer et al., 2018; Rogelj et al., 2015). The requirement for CDR to limit
CO2 emissions varies across scenarios and is closely related to future energy demand and the pace of emission
reductions over the next two decades. Deeper near-term emissions reductions will lessen this need.

Net-zero energy systems require shifts in technology, institutions, businesses, and society throughout. As a result,
it entails reforms to institutions and modifications to the supply, technology, or markets. The nature of net-zero
systems is influenced by institutional relationships between governments and energy sector actors, as these
parties may cooperate or disagree on net-zero goals and strategies for achieving them. In addition, mitigation is
increasingly being led by cities, states, provinces, businesses, and other sub-national or non-national actors,
demonstrating the importance of actors' involvement across different levels (Clarke et al., 2022). Different actors
contributing to the mitigation of emissions could be grouped as citizens, businesses, investors, private and
development banks, subnational governments, national governments, and international entities. There are
transformation requirements (United Nations Environment Programme, 2022) to be followed by those actors
presented in the following figure.
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Figure 5: Recommended actions to transform energy supply by actor groups
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Figure 6: Recommended actions to transform energy supply by actor groups

2.1.3 Main mitigation enablers and barriers: Which factors are driving or holding up
change, or currently driving change in the wrong direction

Based on the previously presented typology, an attempt is made to discuss the drivers and barriers to
implementing energy supply mitigation options within the pathways considered in the previous section. Based on
the literature review, enablers and barriers are discussed by different technologies. Nevertheless, a concise
summary will be provided to conclude this section.

2.1.3.1 Solar energy

Geophysically, direct solar energy has a much greater potential than any other renewable energy source
worldwide, and it can produce far more energy than is required to enable ambitious mitigation over the coming
century. The highest solar irradiation areas are western South America, northern, eastern, and southwestern
Africa, and the Middle East and Australia (Pravdlie et al., 2019)us mitigation over the coming century. The highest
solar irradiation areas are western South America, northern, eastern, and southwestern Africa, and the Middle
East and Australia (Pravdlie et al., 2019).

Solar photovoltaic (PV) is the least expensive alternative in many applications and is becoming increasingly
competitive with other methods of producing electricity. The cost of electricity produced from solar energy is often
lower than that produced from fossil fuels; in certain cases, it is even lower than the operational costs of power
produced from fossil fuels (IRENA, 2022). Increasingly, the costs of PV electricity are attributed to the installation
and related soft costs of marketing and permitting associated with the technology rather than to the modules
themselves (IRENA, 2022). Costs for Concentrated Solar Power (CSP) have also decreased, albeit half as quickly
as for PV. Even though it will be challenging for CSP to compete with PV and even hybrid PV-battery systems,
maintaining the pace of improvement seen in recent years will make CSP competitive with fossil fuels in sunny
places (Clarke et al., 2022).

Page 27
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

Even though silicon wafer-based semiconductors still have the major share of the solar PV market, new designs
and materials have the potential to further cut costs, boost efficiency, consume less resources, and open up new
applications. The broad adoption of the passivated emitter and rear cell design, which now makes up the majority
of manufacturing, has been the most significant technological development over the previous ten years. Bifacial
modules further improve efficiency by utilizing the backside of the modules to reflect light from the ground or
roof. With the wide range of alternatives to producing PV from crystalline silicon, future costs, material utilisation,
and efficiency improvements are all feasible (Clarke et al., 2022; Victoria et al., 2021).

To keep global warming well below 2°C, the material need for PV will probably rise significantly. However, PV
materials, already available widely, have potential alternatives and can be recycled (Clarke et al., 2022). Making
sound decisions on land usage and recycling materials at the end of PVs' lifetime are the two most crucial
approaches to reducing environmental impacts. Despite the wide range of GHG LCA estimates for PVs, recent
research considering improved efficiency and manufacturing advancements finds lower lifespan emissions
(Louwen et al., 2016). The lifespan impacts may be lessened by increasing efficiencies, extending lifetimes,
locating in sunny areas, using less carbon-intensive manufacturing inputs, and switching to thin films.

Land conversion for the purpose of using PVs can have local consequences, particularly in areas close to cities
and where solar development competes with other uses. Large installations may also potentially have a negative
effect on biodiversity. Animal migration also is hampered by landscape fragmentation. There are now several
ways to reduce land use problems, though. By employing crops that can grow in the shade, for instance, solar
energy can be combined with other purposes through agrivoltaics, the utilisation of land for both agricultural and
solar energy generation (Dinesh & Pearce, 2016). Land-use conflicts could also be avoided by floating PV
installations as well as by dual-use infrastructure like landfills and reservoirs, where evaporation can also be
decreased (Jager-Waldau, 2020).

Solar energy is generally accepted as a clean and environmentally friendly resource in most nations. Expected
financial rewards, environmental benefits, the desire to become more self-sufficient, and peer expectations are
major drivers for households to install PV systems. On the other hand, high upfront costs, aesthetics, landlord-
tenant incentives, and worries about performance and reliability are the main utilisation obstacles for households
regarding solar energy (Faiers & Neame, 2006; Vasseur & Kemp, 2015).

Future global solar energy potential is not constrained by solar radiation but rather by the need for grid integration
to address its fluctuation and the availability of financing, particularly in developing nations. Additionally, due to
their extremely low operating costs, solar PV panels can potentially drive down prices in wholesale power markets
at high penetration rates. This might make it more difficult to recover investment and lessen incentives for new
installations, which could be partially resolved by continuing cost reductions. Although, comprehensive solutions
necessitate the addition of transmission and storage as well as, more importantly, modifications to the structure
of the electricity market (Bistline & Young, 2019; Das et al., 2020).

2.1.3.2 Wind energy

Recent global estimates of potentially exploitable wind energy are 20-30 times the global electricity demand in
2017. The technological wind potential is even greater than required to keep warming below 2°C. Also, every
continent has potential hotspots of wind resources despite the uneven distribution worldwide and by the season.
Power plant control, flexible grid integration, and storage can reduce the effects of local short-term variability
caused by wind power (Barra et al., 2021). Offshore wind has greater potential because of being stronger and
less variable than onshore wind. However, offshore wind is more expensive due to increased building,
maintenance, and transmission costs (Bosch et al., 2017). Since 2015, wind energy costs have decreased by 18%
and 40%, respectively, on land and offshore. Further declines are anticipated by 2030. Larger capacity turbines,
larger rotor diameters, and taller hub heights primarily contribute to decreased costs (Beiter et al., 2021; Clarke
et al., 2022).

Technological breakthroughs and economies of scale are crucial to support ongoing improvements. However, the
future potential is primarily constrained by the availability of land in wind-rich regions, a lack of supporting
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infrastructure, grid connectivity, and financial accessibility, particularly in developing countries. The co-location of
wind and solar PV power farms, and batteries, commonly called hybrid power plants, is a cutting-edge technology
under development (Lindberg et al., 2021).

Wind turbine operation generates no waste or contaminants. Still, there could be CO2 emissions primarily during
production, transport, and construction, as well as disposal once wind turbines reach the end of their useful lives.
Wind farms can also cause local ecological impacts, including the impacts on animal habitat and movements,
biological concerns, bird and bat fatalities from collisions with rotating blades, and health concerns. The impacts
on animal habitats and collisions can be resolved or reduced by selectively stopping some wind turbines in high-
risk locations, often without affecting the productivity of the wind farm (de Lucas et al., 2012). Recent research
reveals weak links between noise from wind farms and indicators of human health (Poulsen et al., 2018a, 2018b,
2019b, 2019a).

Generally, there is strong public support for wind energy, even though some wind farm projects may face
opposition. Most people think wind energy is quite inexpensive and has advantages for the environment. However,
some people hold the opinion that wind turbines can pollute the environment with noise and aesthetics, threaten
locations with symbolic value, and harm wildlife, which raises questions about the public acceptance (Devine-
Wright & Wiersma, 2020; Rand & Hoen, 2017). Also, fossil fuel stakeholders may resist the advancement of wind
energy (Clarke et al., 2022).

High initial capital costs, long payback periods, and insufficient access to funding are typical economic
impediments to wind growth. Governmental commitment to financial support mechanisms, technological efforts
to assist local supply chains, and grid improvements all increase the likelihood that wind energy will expand most
efficiently (Clarke et al., 2022; Didgenes et al., 2020).

2.1.3.3 Hydroelectric power

Hydropower is technically mature, proved worldwide as a primary source of renewable electricity, and may be
used to balance the electricity supply by providing flexibility and storage. Global gross theoretical available
hydropower potential estimates exceed total electricity production in 2018. Hydropower facilities with storage can
generate 10 GW, although they often need much areas (Clarke et al., 2022). Hydropower plants' storage capacity
offers flexibility to account for sudden electricity supply and demand changes. Hydropower plants without storage
or with small storage are useful for supplying energy at a scale ranging from households to small communities.
Conversely, its potential is limited in water-scarce regions and may be vulnerable to climate change, particularly
droughts (Premalatha et al., 2014).

Hydropower is a cost-effective electricity source. It offers high efficiency and low operating and generation costs,
though its upfront investment cost is relatively high. However, hydropower cost is even lower than the least
expensive fossil fuel-fired option. Still, maximizing environmental and social benefits during the planning stages,
lowering the likelihood of dam collapses, and modernizing the aging hydropower fleet are all necessary to
maximize hydropower's potential for future cost reduction. However, the time it takes to fill the reservoir may
add to the building time of hydroelectric power facilities, which is already greater than that of many other
renewable technologies. This extended timeline can create uncertainty in the completion of the plants. Also, there
is uncertainty due to the annual variations in precipitation and the water intake to fill reservoirs. This is particularly
important for transnational hydroelectric power facilities since overfilling the reservoirs could significantly affect
downstream users in other countries (Clarke et al., 2022).

Hydroelectric generating facilities could have negative impacts on society and the environment. Although it is
considered a clean energy option, but there are still some emissions from concrete to construct dams, and
emissions from the water bodies. Dams may cause natural habitats to become fragmented because they obstruct
the movement of sediments, water flow, and aquatic and terrestrial wildlife. There may be significant changes to
vegetation, normal river flows, free movement of fish, sediment and nutrient retention, water quality, and
temperature below dams. Instead, hydropower offers ancillary services like municipal water supply, irrigation and
drought management, navigation and recreation, flood control, and local economic benefits (Clarke et al., 2022;
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IRENA, 2022). Given the competing stakeholder interests, there could undoubtedly be disputes over
transboundary hydropower projects (Llamosas & Sovacool, 2021; Zarfl et al., 2015).

Generally, there is strong public support for hydroelectric power, which is higher than coal, gas, and nuclear
power (Steg, 2018). Particularly in areas where hydropower has historically been used, public support is often
high for small- and medium-scale hydropower. However, popular support for new hydropower projects appears
to be declining, and the development of brand-new, massive hydropower plants has encountered fierce opposition
in several regions (Gormally et al., 2014).

2.1.3.4 Nuclear energy

There are sufficient resources for substantially increasing nuclear deployment. Over time, estimates for known
uranium resources have been gradually rising. At present use rates, conventional uranium deposits are considered
adequate for more than 130 years of supply; in 2009, 100 years were predicted (NEA/IAEA, 2021).

Notably, nuclear energy can also generate freshwater (through desalination) and low-carbon hydrogen. However,
cost overruns, significant up-front investment requirements, problems with the final long-term disposal of
radioactive waste and contaminated water used for processing of nuclear fuel and cooling purposes within the
power generation cycle, different levels of public acceptance, and political opposition still hamper nuclear power.
There are pronounced employment effects epically during the construction phase. But in countries experiencing
rapid nuclear expansion, a shortage of qualified and skilled labor may become a significant issue (Clarke et al.,
2022).

Costs of nuclear energy vary significantly across countries. First-of-a-kind projects being built in North America
and Europe have experienced delays and cost overruns. On the other hand, most recent projects in Eastern Asia
were finished in five to six years (IEA, 2020). Future nuclear prices will depend on the capacity to take advantage
of the accumulated knowledge in controlling the primary cost drivers in addition to region-specific considerations
(NEA/IAEA, 2021).

Nuclear technology alternatives between 2030 and 2050 include enhanced large reactors, fleet life extensions,
and Small Modular Reactors (SMRs). Cost-cutting opportunities, such as design standardisation and innovations
in construction approaches, are expected to make SMRs competitive against large reactors (Clarke et al., 2022).

Regarding consequences on the environment and land occupation, nuclear energy is shown to be advantageous.
Similarly, only small amounts of bulk materials (such as aluminum, copper, iron, and rare earth metals) are
needed for each unit of energy produced. However, inland nuclear power stations that require a lot of water
contribute to localised water stress and competition for water resources. The selection of a cooling system (closed-
loop as opposed to once-through) can significantly reduce the pace at which freshwater is withdrawn, and water
scarcity problems have little impact on reactors located near the ocean.

According to lifecycle analysis studies, the overall effects of nuclear power plant operations on human health are
significantly less severe than those brought on by fossil fuels and are comparable to those of renewable energy
sources (Gibon et al., 2017; Luderer et al., 2019). However, the potential for major nuclear accidents exists
despite low probabilities, and the radiation exposure impacts could be significant and long-lasting. Although
modern reactor designs greatly reduce the likelihood of such accidents with passive and improved safety
mechanisms, nuclear power still faces limited public and political support in some nations. Public support for
nuclear energy is consistently lower than that for natural gas and renewable energy resources. In many nations,
it is even lower than that for energy derived from coal and oil (Bird et al., 2014). Public anxieties about radioactive
waste do not even appear to be alleviated by efforts to reposition nuclear power as a low carbon energy option,
and polls at best indicate ambivalence regarding nuclear energy (Pampel, 2011). However, when individuals are
worried about energy security, particularly about energy availability and high energy prices, and when they
anticipate local benefits, public support for nuclear energy is higher (Gupta et al., 2019).

Nearly 90% of nuclear power stations now under construction are operated by state-owned or controlled
corporations, with governments bearing a significant portion of the risks and expenses due to the enormous
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amount of investment required. For nations that decide to include nuclear power in their energy mix, stable
political environments, robust regulatory frameworks, and sufficient financial resources are essential for a
successful and effective deployment. Concerns about nuclear power's role in proliferation also stem from the fuel
cycle, specifically from processing spent fuel and uranium enrichment. These procedures are carried out in
relatively few nations while adhering to strict international and national standards and regulations (Clarke et al.,
2022).

2.1.3.5 Bioenergy

Bioenergy has the potential to be a high-value and widespread mitigation option. Bioenergy may be very beneficial
in industries with few alternatives to fossil fuels, such as aviation and heavy industry, the manufacturing of
chemicals and goods, and carbon dioxide removal (CDR). Additionally, bioenergy is versatile, and biomass
resources can be used to create a variety of energy carriers and other value-added products through a variety of
technological methods. However, due to its intricate connections to problems outside the energy system, such as
competition with land for food production and forestry, water consumption, effects on ecosystems, and land-use
change, evaluating the possibility of a significant scale-up of purpose-grown bioenergy is difficult. The potential
for bioenergy is mostly defined by these variables rather than by geophysical qualities, which also explains why
different estimations of the potential differ. Overall, the environmental effects of large-scale production are yet
unknown and depend on the geography and application (Clarke et al., 2022).

Although first-generation bioenergy costs more on average than other final energy sources, it is currently
competitive in particular markets. Currently, there is a competitive market for bioenergy made from waste and
agricultural and forestry residues, but the supply is constrained. These prices vary depending on the situation,
and areas with abundant waste resources are already producing bioenergy at a low cost (Clarke et al., 2022).

By capturing CO2 during various stages of the conversion process and then permanently storing the CO3,
bioenergy can be utilised to remove carbon from the atmosphere (using BECCS). The implementation of BECCS
on a large scale is hindered by several technological and institutional issues, such as the high energy requirements
for CCS, the cost and availability restrictions on biomass, the lack of widespread geologic CO: sinks, and the high
cost of CO2 capture equipment (Clarke et al., 2022). While different scenarios propose BECCS as one of the most
promising technologies to reach climate targets, its widespread deployment in climate stabilisation scenarios might
become a dangerous distraction (Fuss et al., 2014).

Although first-generation biofuels and traditional biomass are still commonly utilised today, growing specific crops
for bioenergy raises a wide range of sustainability issues, and the technology for large-scale production from
sophisticated technologies is not competitive. Advanced methods like gasification, Fischer-Tropsch processing,
hydrothermal liquefaction (HTL), and pyrolysis will be needed to scale up bioenergy usage. In parallel, the price
of feedstocks may increase as bioenergy demand rises, particularly in scenarios with significant bioenergy
implementation (Muratori & Mai, 2021).

Impacts on lifecycle emissions from bioenergy are highly unclear and, in certain cases, might not be compatible
with net-zero emissions. Depending on operational conditions and regional contexts, bioenergy systems may fail
to achieve near-zero emissions due to the possibly high energy conversion requirements and accompanying GHG
emissions. As a result, the question of whether bioenergy is carbon neutral is debatable. It depends on several
variables, including the biomass source, the energy and conversion pathways used to produce and transport the
biomass, land use changes, the assumed analysis boundary, and the time scale (Fan et al., 2021; Lade et al.,
2019). Also, direct use of bioenergy without carbon capture and storage (CCS) leads to air pollutant emissions.
The influence of bioenergy on biodiversity is contingent upon several factors, including the initial land use status,
the specific bioenergy production method employed, and the overall landscape arrangement. Second-generation
bioenergy crops typically exhibit fewer adverse effects compared to first-generation varieties and, in certain
instances, may even have a positive impact (Clarke et al., 2022).

The public acceptance of bioenergy is relatively low compared to natural gas and other renewable energy sources
like solar and wind. In addition, compared to other energy sources, people know very little about bioenergy and
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tend to be more ambivalent about it than other mitigation measures (Whitmarsh et al., 2011). People are more
favourable toward biomass made from waste than they are toward energy crops that are developed specifically
for that reason (Demski et al., 2015). Furthermore, biomass is not widely seen as a renewable energy source,
maybe because it requires burning materials (Clarke et al., 2022).

Increasing agricultural yields, enhancing conversion efficiencies, and creating sophisticated biotechnologies for
raising the fuel yield per tonne of feedstock are all necessary to address these problems (Henry et al., 2018). To
maintain biodiversity, control water consumption, reduce emissions due to deforestation and land use change,
and ultimately integrate bioenergy with shifting ecosystems as best as possible, policy mechanisms would be
required. Additional institutional and financial impediments must be addressed (Clarke et al., 2022).

2.1.3.6 Geothermal energy

Geothermal resources are renewable heat sources geophysically capable of producing up to 13 times the world's
electricity needs in 2019. High upfront costs, decentralised heat production, lack of uniformity among projects,
geological uncertainty, and geotechnical risks are the main contributors to the mismatch between potential and
produced geothermal resources (Limberger et al., 2018).

New technologies are being developed, including enhanced geothermal systems, deep geothermal technology, or
shallow geothermal energy. As a viable energy source for heating and cooling buildings, shallow geothermal will
likely be well deployed on a broad scale if appropriate regulatory frameworks are created in addition to site-
specific economic performance (Narsilio & Aye, 2018).

Water usage, water shortages, and seismic dangers associated with drilling are the key issues with geothermal
energy, particularly for large-scale, high-temperature geothermal power-producing plants (Dowd et al., 2011).
Furthermore, protests against particular projects have been motivated by noise, stench, and landscape
degradation concerns. However, geothermal energy now has less of a negative environmental impact due to
modern technology developments.

Geothermal energy is considered to be less acceptable than other renewable energy sources like solar and wind,
but favoured over fossil and nuclear energy. However, the general public has little information or awareness about
geothermal energy(Clarke et al., 2022).

2.1.3.7 Marine energy

The ocean is a vast energy source that can be extracted from tides, waves, ocean thermal energy conversion,
currents, and salinity gradients. Except for wave energy, the main benefit of most marine energy is that it can be
produced both during the day and at night, and its sources are very regular and predictable. Creating more
affordable district cooling systems close to the ocean is another use for seawater (Bindoff et al., 2022).

Most marine technological advancements are hampered by relatively high upfront costs, ambiguity surrounding
environmental regulations and their effects, and inadequate infrastructure. There are also issues with
technological performance and maturity. Thus, not all have the potential to be profitable (Kempener & Neumann,
2014a, 2014b).

2.1.3.8 Energy from waste

Using thermal (incineration, gasification, and pyrolysis) or biological (anaerobic digestion and landfill gas to
energy) methods, waste-to-energy is a strategy to recover energy from waste. When the necessary facilities
support related technologies, they can help provide clean electricity and lower GHG emissions (Ahmad, 2021).

Incineration facilities can reduce waste volume by 80-90%, reducing soil and water contamination. Besides,
anaerobic digestion technology has a favourable effect on the environment and the capacity to lower GHG
emissions. The by-product of anaerobic digestion could be used as a fertilizer with high nitrogen content to
improve soil quality for agricultural usage (Haraguchi et al., 2019).
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Compared to alternative energy sources like fossil fuels and natural gas, waste to energy is expensive. However,
the economic and environmental benefits justify its high financial expenses. Depending on where the waste comes
from, the combination of waste to energy and CCS may possibly make it possible for waste to have net-zero or
even net negative emissions (Wienchol et al., 2020).

Due to the potential negative impacts on the domestic environment and residents' health, waste to energy projects
face strong opposition from the local communities in which they are located (Baxter et al., 2016). Therefore,
policies would need to be developed with particular recommendations aimed at emissions reduction for waste to
energy to be employed more broadly.

2.1.3.9 Carbon dioxide capture, utilisation, and storage (CCUS)

Recently, increased attempts have been associated with CO2 capture, CO:z utilisation, and storage. There could
be a considerable contribution to the transition to low-carbon energy systems while raising the power price. The
theoretical global geologic storage potential of carbon is about 10,000 Gt CO, with more than 80% of this capacity
existing in saline aquifers. Due to geological and engineering constraints, not all of the storage capacity is usable,
but the plausible storage still exceeds the storage needed through 2100 to keep global warming to 1.5°C (Martin-
Roberts et al., 2021).

Geological storage resources are frequently not close to CO2 sources, raising prices and decreasing viability. The
capacity of oil and gas reservoirs and coalbed methane fields is also limited. More than half of the world's potential
for enhanced oil recovery is in the Middle East (Selosse & Ricci, 2017).

Utilisation of CCUS reduces air pollution from fossil sector as an indirect advantage based on technological
specifications. However, water use could be increased and could lead to plant retirements in several water-
stressed regions (Clarke et al., 2022).

An alternative to geologic storage for carbon dioxide is carbon dioxide utilisation. However, the possibility of using
CO2 as a feedstock is currently constrained. Some CO> utilisation paths are still in the experimental, prototype,
and pilot phases of technical development, while others (like urea production) have reached full
commercialisation. Purity restrictions for CO2 as a feedstock impede technology progress in some end users. The
availability of energy might cap many CO: usage options. The combustion of carbon-rich fuel end-products also
releases CO2 back into the atmosphere (Hepburn et al., 2019; Wei et al., 2020).

The key challenge is CO2 capture costs, which are still greater than USD50 per tCO: for most technologies and
geographical areas. Innovative technology, though, could be able to cut some costs. A coal or gas electricity-
producing facility with CCS has roughly twice the capital expense of one without CCS. For better oil or gas
recovery, injecting CO: into hydrocarbon deposits can increase profits and cut costs. However, the potential for
enhanced oil recovery is severely limited. CCS requires significant use of several chemicals and resources, most
notably water. Water scarcity may force CCS-equipped power facilities to occasionally shut down (Clarke et al.,
2022; Edwards & Celia, 2018).

Most individuals are unaware of carbon capture, utilisation, and storage technologies, and many may not have
developed consistent opinions or risk perceptions about them (Kang et al., 2020). Related technologies have
generally received little public support, and when given impartial information, people tend to prefer other
mitigation strategies like renewable energy and energy efficiency. Policy instruments (e.g., carbon prices) are
needed for CCS to be broadly used as the application of CCS technologies raises costs compared to unabated
fossil fuel use or the uptake of renewable energy. Financial tools like emission certification and trade, legally
mandated emission limitations, and carbon pricing are examples of pertinent policy instruments (Tcvetkov et al.,
2019). Public may also consider CCU to be lower-risk and more favourable than CCS (Arning et al., 2019).
Eventually, there is a need for robust monitoring and verification (Clarke et al., 2022).
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2.1.3.10 Integration of energy system

All human activities emit greenhouse gases, and a cost-effective decarbonisation strategy must consider how
various energy systems and industries interact (Jacobson et al., 2019). Future low-carbon energy systems may
require far less energy infrastructure thanks to flexible technology and sophisticated integrated energy system
control.

Electricity system management faces financial and technological difficulties when integrating significant volumes
of variable renewable generation, especially wind and solar energy. Additionally, extended electrification can
cause a peak demand imbalance between supply and demand. System integration and a digitalised control
paradigm integrating cutting-edge information and communication technology can overcome these difficulties in
managing the energy system. In this context, technologies like power storage, flexible demand, and grid forming
converters would be increasingly valuable for the real-time preservation of supply-demand balance and adequate
flexibility (Lépez Prol & Schill, 2021).

2.1.3.11 Energy Storage

Energy storage technologies make low-carbon systems more cost-effective (Clarke et al., 2022). Energy storage,
which uses short-, medium-, and long-term storage of excess energy for delivery later or at a different place,
enables power from fluctuating renewable sources to be matched against growing demands across time and
space, whereas decarbonisation primarily depends on increasing electrification. Energy storage encompasses
devices that may store energy as heat, cold, and both liquid and gaseous fuels in addition to electricity storage.

Large amounts of storage will be needed to accomplish very low-carbon systems, and the best solution can be
found by combining various complementary storage technologies. Many less advanced energy storage
technologies have few developed worldwide supply channels. Then, there are considerable chances for future
cost reductions, brought about by both technological innovation and increased manufacturing volume (Clarke et
al., 2022).

The pumped hydroelectric storage (PHS) plants have been in operation for many decades. Regarding the PHS
plants, extended building times delay the return on its expensive investment, and the construction itself might
damage the neighbourhood and environment. Furthermore, there aren't many suitable locations for large-scale
PHS plants. Small-scale PHS installations are being given new considerations, and siting options are being
increased (Hayes et al., 2019; Kougias et al., 2019).Besides, Seasonal pumped hydropower storage (SPHS) can
also provide long-term energy storage at a relatively low-cost. Its estimated global energy storage capacity at a
comparable cost is estimated to be approximately 79% of the global electricity consumption in 2017 (Hunt et al.,
2020).

Rechargeable battery cells have been widely used for storage purposes for decades, especially in automotive and
grid applications. Except for seasonal storage, batteries can deliver practically all electricity services. As this
industry expands, EV batteries are anticipated to become a dispersed storage resource that will influence and
support the grid. Batteries have certain drawbacks, such as relatively limited lifespans and the use of expensive
or toxic elements in some varieties. Economies of scale are a significant component in developing batteries to
lower costs. Even if the costs of battery storage systems are falling, issues still need to be resolved, including the
threat of thermal runaway, which could cause a fire, worries about long-term resource availability, and concerns
about global cradle-to-grave effects. Extending the battery's life can bring down overall costs and mitigate
environmental impacts. Also, cost-effective recycling of batteries will address many sustainability issues and
prevent hazardous and wasteful disposal of used batteries (Clarke et al., 2022; Harper et al., 2019).

Since the 1970s, compressed air energy storage, or CAES, has been used. But there are currently few
deployments. Although CAES has a lot of potential, it requires a substantial upfront expenditure. Utilising the
hydrostatic pressure of deep water to compress air within submersible reservoirs can lead to higher efficiency and
energy densities. CAES has much more siting choices than PHS and less environmental impact (Clarke et al.,
2022; Pimm et al., 2014).
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Various technologies are referred to as thermal energy storage (TES), which takes advantage of a material's
capacity to absorb and store heat or cold. The efficiency of many industrial, building, and home operations can
be dramatically increased thanks to TES, which can be far less expensive than batteries. Latent TES is less
developed and has fewer uses, whereas sensible TES is well-established and widely used (Clark et al., 2020;
Clarke et al., 2022).

Another form of storage that is powered by rotor/flywheel acceleration is the flywheel. Flywheels provide high
power for short durations and are ideally suited for stationary grid storage, even though they are more expensive
to install than batteries. Despite having many advantages over other storage systems, flywheels are a relatively
mature storage technology that is not frequently deployed (Amiryar & Pullen, 2017; Clarke et al., 2022).

Hydrogen may also be used to store energy for long periods of time for transportation, industry, and other uses.
It may be seasonally stored in large amounts at moderate pressure in geological formations. An electrolyser uses
water to separate it into hydrogen and oxygen, using extra electricity. Recombining hydrogen and oxygen into
water in reverse, a fuel cell transforms chemical energy into electricity. Costs for fuel cells must be brought down,
and hydrogen's synergies with complementary technologies, such as batteries, must be further investigated
(Clarke et al., 2022; Gabrielli et al., 2020).

Other storage technologies include liquid air energy storage (LAES), supercapacitors, and redox flow batteries
(RFB). There is a lack of public knowledge and awareness of storage technologies, their current state, and their
potential contribution to future energy systems (Jones et al., 2018). For instance, people tend to underestimate
the need for flexibility and storage in the energy system or believe that storage is already happening.

Though considered a cutting-edge and environmentally friendly technology, safety is a concern for some storage
technologies. Improper disposal of device materials can pose environmental constraints. Certain devices utilize
critical resources and materials that are ecotoxic or pollutant, especially during their extraction and manufacturing
processes. The extraction of materials and manufacturing processes for certain devices consumes a significant
quantity of freshwater. Wastewater generated during various stages, such as manufacturing, treatment, and
recycling, can be hazardous. When wastewater infiltrates the ground and enters surface waters, it can pose
numerous health risks. Therefore, the capture and treatment of contaminated wastewater are of utmost
importance and vital (Clarke et al., 2022).

In some areas, using batteries in homes and communities was seen as marginally advantageous. It is believed
that one of the biggest obstacles is cost. The present number of EV owners and worries that one's car battery
would not be fully charged when needed are limiting EV batteries' ability to serve as flexible storage (Clarke et
al., 2022).

2.1.3.12 Hydrogen as a low-carbon fuel

Hydrogen is a possible energy carrier for a decarbonised society that can be used for power and heat generation,
transportation, and industrial purposes in addition to being a storage option for energy. Hydrogen is anticipated
to be used in low-carbon energy systems for purposes less suited to electrification, such as heavy-duty shipping
and road transportation (Griffiths et al., 2021).

Low- or zero-carbon produced hydrogen is not currently competitive for large-scale applications. Still, it is likely
to have a significant role in future energy systems due to its wide range of applications. Critical challenges for
hydrogen development are (i) cost-effective low/zero carbon production; (ii) delivery infrastructure cost; (iii) land
area requirements of hydrogen pipelines, compressor stations, and other infrastructure; (iv) challenges in using
existing pipeline infrastructure; (v) maintaining hydrogen purity; (vi) minimizing hydrogen leakage; and (vii) the
cost and performance of end uses. Furthermore, the infrastructural needs associated with hydrogen technologies
must be taken into account, as well as how the general public accepts them (Clarke et al., 2022).

2.1.3.13 Electricity transmission
Electricity transmission could help with the cost-effective deployment of renewable generation, improved
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resilience and supply security, and boosted operational effectiveness due to the considerable regional differences
in the efficiency of renewable resources. For nations that may benefit from the diversity of their energy mixes
and usage, and are physically close to one another, connectivity is often more cost-optimal (Schlachtberger et
al., 2017). However, such advancements are not without cost, and among other challenges, they pose questions
about the use of land, public acceptance, and the procurement of resources for required materials (Vakulchuk et
al., 2020).

Considering the increasing interest in interconnection among various regions or continents, a wide range of
geopolitical and socio-techno-economic obstacles would need to be addressed in order to sustain global
collaboration and extensive network expansion (Palle, 2021). However, the lack of suitable market structures and
legal and policy frameworks poses the biggest obstacle to interregional transmission. Commercial obstacles also
exist to enhance cross-border transmission further. New business models that offer incentives for investment and
efficient operation, handle risks and uncertainties, and promote coordinated planning and governance may also
be necessary (Poudineh & Rubino, 2017). The public's support, which studies show is typically low, will also be
essential for extending transmission systems (Perlaviciute et al., 2018).

2.1.3.14 Table on Enablers and Barriers

Table 2: Summary of enablers and barriers across technologies

Technology = Dimension Enablers Barriers

e Unequal Distribution:
Regions with
abundant solar
irradiation, such as
parts of South
America, Africa, the
Middle East, and
Australia, offer ideal
conditions for solar
energy generation.
On the other hand,
its potential is
limited in higher
latitudes and urban
areas.

e Abundant Potential: Solar energy
keeps vast global potential,
surpassing many other

Geophysical renewables.

e Low Environmental Impact: Solar
energy has minimal environmental

Solar Energy impacts compared to fossil fuels.
Even, there are minimal effects
during manufacturing.

e Less Pollution: Solar energy

. production contributes to lower air

Environmental- pollution, reduced toxic waste, and

Ecological fewer water quantity and quality
concerns. The toxic waste is low if
recycling is done properly.

e Biodiversity Conservation: Solar
technology offers methods to
mitigate its impact on biodiversity.

e Cost Reduction: Advances in
technology, including innovative
designs and materials, lead to cost

Technological .
reductions.
e Efficiency Enhancement: New
technologies like bifacial modules
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enhance efficiency and resource
use.

Economic

Cost Competitiveness: Solar
energy often offers a lower cost of
electricity production compared to
fossil fuels, bolstering its economic
viability.

Cost Evolution: Current costs
favour solar energy, with
decreasing reliance on
government incentives.

Sociocultural

Public Acceptance: Solar energy
enjoys widespread public
acceptance, driven by financial
rewards, environmental benefits,
and self-sufficiency desires.
Social Benefits: Solar energy
adoption aligns with peer
expectations and contributes to
health, well-being, and economic
growth.

Utilisation
Challenges:
Overcoming
obstacles like
landlord-tenant
dynamics and
upfront costs
enables greater
utilisation.

Institutional

Political Support: Solar energy
benefits from political acceptance,
creating a favorable institutional
environment. However, it needs
support for rapid scale-up in
developing countries.

Legal Framework: A well-defined
legal and administrative
framework supports efficient
deployment. Reforms on electricity
market is required for expanded
development.

Lack of political
support or a legal
framework

Geophysical

Vast Potential: Global estimates
indicate that potentially exploitable
wind energy is 20-30 times the
global electricity demand in 2017.
Widened Resources: Every
continent has potential hotspots of
wind resources,

The distribution of
wind resources
varies seasonally.

Wind Energy

Environmental-
Ecological

Low Environmental Consequences:
Operation of wind turbines
generates no waste or
contaminants.

Ecological
Considerations:
Wind farms can
impact animal
habitats,
movements, and
fatalities, but
mitigation measures
are possible. The
impacts can be
minimised by careful
site selection.

Noise issue: Recent
studies suggest
weak links between
wind farm noise and
human health
markers.
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Technological

Hybrid Power Plants: Co-location
of wind and solar PV power farms,
along with batteries, is an
emerging technology, offering new
possibilities.

Technological Advancements:
Larger capacity turbines, rotor
diameters, and taller hub heights
contribute to cost reductions.

Cost Reduction: Wind energy costs
have decreased by 18% and 40%,

Economic
Impediments: High
initial capital costs,
long payback

Hydropower

Economic - periods, and limited
rt_aspectlvely, on land and offshore access to funding
since 2015. e T
barriers.
Opposition Factors:
Some projects face
Public Support: There is generally opposition due to
Sociocultural strong public support for wind concerns about
energy, driven by its perceived noise, aesthetics,
environmental advantages. symbolic locations,
and wildlife impacts.
Infrastructure and Connectivity:
Availability of land in wind-rich
regions, supporting infrastructure, Opposed Interests:
grid connectivity, and financial Development of
accessibility are key factors wind may be
influencing future potential of wind opposed by
Institutional energy. stakeholders with
Government Support: interests on fossil
Commitment to financial support fuel.
mechanisms, local supply chain
development, and grid
improvements can facilitate wind
energy expansion.
But it is limited in
water-scarce regions
Vast Global Potential: Theoretical and where good
Geophvsical available hydropower potential suitable locations are
phy exceeds total electricity production taken, its potential
in 2018. could be impacted
by climate change.
Ecosystem Impact:
Dams can fragment
natural habitats,
affect water flow,
and impact aquatic
Environmental- and terrestrial
Ecological wildlife. Although it
is considered a clean
energy option, but
there are still some
emissions from
concrete to construct
Funded by
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dams, and from the
water bodies.

Flexibility and Storage:
Hydropower facilities with storage
capacity offer flexibility in
balancing electricity supply and

contribute to future cost reduction.

Technological demand.
Efficient Source: Hydropower is
cost-effective with high efficiency
and low operating costs.
Investment
Challenge: High
upfront investment
costs are a
challenge, but long-
Cost Reduction Potential: z?‘ll"g::t‘i:\?esﬁess
Maximizing environmental and .
) ) ) surpasses fossil
social benefits, reducing dam-
. . - fuels.
Economic related risks, and modernisation

Construction Time:
The extended
timeline for filling
reservoirs and
annual variations in
precipitation can
create construction
uncertainty.

Sociocultural

Public Support: Hydropower
enjoys strong public support,
especially in areas with historical
use b

New massive
projects face
growing opposition,
especially where
indigenous land is
affected

Institutional

Transboundary
Disputes:
Transboundary
hydropower projects
can lead to disputes
among competing
stakeholders and
downstream impacts
on other countries.

Geophysical

Abundant Uranium Resources:
Known uranium resources can
support more than 130 years of
supply at current use rates.

Environmental-
Ecological

Water Usage
Considerations:
Inland nuclear
power stations
contribute to local
water stress, but
cooling system
choices can reduce
freshwater
withdrawal.
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Environmental
Impacts: Nuclear
energy has less
severe
environmental
effects compared to
fossil fuels.
Generally, there are
low impacts on
biodiversity but
devastating impacts
in case of an
accident.

Technological

Future Technology: Future nuclear
technology includes Small Modular
Reactors (SMRs) expected to
become competitive through
design innovations.

Skilled Labor
requirement: In
countries
experiencing rapid
nuclear expansion, a
shortage of qualified
and skilled labor may
become a significant
issue.

Economic

Employment Effects: There are
pronounced employment effects
during the construction phase.

Cost Variations:
Costs of nuclear
energy vary across
countries, with
differences in project
timelines and
outcomes.

Upfront Investment:
High upfront
investment
requirements and
cost overruns
challenge nuclear
power projects.

Sociocultural

Public Support:
Nuclear power faces
public and political
opposition, with
lower support
compared to other
energy sources.
Public backing may
increase when
energy security, local
benefits, and
economic factors are
considered.

Institutional

Stable Setting: Stable political
environments, robust regulations,
and adequate financial resources
are crucial for successful
deployment. Concerns about
proliferation are linked to fuel
cycle activities, including spent
fuel processing and uranium
enrichment.

Government
Involvement: Many
nuclear power
projects are state-
operated, with
governments
shouldering risks and
costs
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Strict Standards: Related
processes are carried out under
strict international and national
standards and regulations to
address proliferation concerns.

Geophysical

e Availability
Challenges:
Bioenergy's potential
is influenced by
complex factors such
as competition with
land for food
production, water
consumption,
ecosystem effects,
and land-use change
rather than
geophysical
qualities.

Environmental-
Ecological

Bioenergy

Biodiversity Impacts: The
influence of bioenergy on
biodiversity is contingent upon
several factors, including the initial
land use status, the specific
bioenergy production method
employed, and the overall
landscape arrangement. Second-
generation bioenergy crops
typically exhibit fewer adverse
effects compared to first-
generation varieties.

e Varying Effects:
Large-scale
production of
bioenergy raises
environmental
concerns, with
impacts varying
based on geography
and application.

e Emissions: The
carbon neutrality of
bioenergy is
debatable, with
emissions affected
by biomass source,
energy pathways,
land use changes,
and other factors.

Technological

Bioenergy with Carbon Capture
and Storage: Bioenergy can
contribute to carbon removal
through BECCS

Need for Advanced Technology:
Advanced methods like
gasification, hydrothermal
liquefaction, and pyrolysis are
needed for scalability.

e BECCS
implementation
faces several
challenges, including
high CCS energy
requirements.

Economic

Competitive Prices: Although first-
generation bioenergy costs more
on average than other final energy
sources, it is currently competitive
in particular markets with
abundant supply.

Sociocultural

Biomass made from waste is more
favourably viewed than crops.

Public Support: Acceptance of
bioenergy by public is
relatively low compared to
other renewables.

Institutional

Addressing concerns requires
policy mechanisms, enhanced
agricultural practices,
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biotechnological advancements,
and financial support are required
to address the concerns.

Geophysical

Significant Potential: Geothermal
resources have the potential to
produce a significant amount of
renewable heat

Factors such as high
upfront costs,
geological
uncertainty, and
geotechnical risks
contribute to
underutilisation.

Environmental-

There are little impacts on

Environmental
Concerns: Water
usage, water
shortages, and
seismic risks
associated with

Ecological overground land use. drilling, especially for
large-scale
geothermal power
plants are among
the concerns.

Advancements: The technology is
mature but likely to be improved,
particularly for high depth
potential. Ongoing technological
. developments, including enhanced
Technological geothermal systems and shallow
Geothermal geothermal energy, can enhance
Energy the feasibility of geothermal
energy.
Investments Issue:
The mismatch
between potential
and developed
. geothermal
Economic

resources is caused
by several factors,
including high
upfront costs.

Sociocultural

Public Support: Geothermal energy
is generally favoured over fossil
and nuclear energy but is less
well-known and accepted
compared to solar and wind
energy.

Needs for Extension: Addressing
water and seismic concerns,
creating regulatory frameworks,

Institutional and increasing public awareness
are essential for the effective
deployment of geothermal energy.
Carbon - . Not all capacity is
Dioxide _ Ava|Iab_|I|ty Challenges: _GIobaI usable due to
Geophysical geologic storage potential for .
Capture, bon dioxid . geological
Utilisation, Sz EIDIkE SERED = constraints.
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And Storage substantial, primarily in saline e Geological storage
(Ccus) aquifers resources are often
distant from CO;
sources, which can
increase costs and
decrease viability.

e Considerable Impacts: Its

utilisation reduces emissions from
Environmental- fossil sector as an indirect
Ecological advantage based on technological
specifications.

e Water use could be
high.

e Its utilisation is
logistically

e New Technologies: Innovative challenging requiring

Technological technologies may help reduce widespread

costs. infrastructural

coordination.

e High Costs: Facilities
equipped with CCS
generally have
higher capital
expenses. The main
challenge lies in
reducing CO;
capture costs, which

Economic remain high for most

technologies and

regions. CO;
injection into
hydrocarbon
deposits can improve
profits but has
limitations.

e Low Support: Public
awareness and
support for CCUS
technologies are
generally low. Public
perception often
favors other
mitigation strategies
like renewable
energy and energy
efficiency.

Sociocultural

e Policy Requirements: Carbon
pricing and legally mandated
emission limitations are needed to
incentivize the widespread use of
CCUS technologies.

Institutional e Carbon capture and utilisation may

be seen as lower-risk and more

favorable than carbon storage by
the public. There is also a need for
robust monitoring and verification.

e Vast Potentials within New
Systems: Energy storage

Energy

Storage Geophysical
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technologies facilitate the
integration of fluctuating
renewable sources. Combining
complementary storage
technologies may be necessary for
achieving low-carbon systems.

e Pumped hydroelectric storage
(PHS) has been in use but face
challenges in terms of suitable
locations.

e Compressed air energy storage
(CAES) has potential with more
siting choices.

e (ritical Concerns:
Certain devices
utilize critical
materials that are
ecotoxic or pollutant,
especially during
their extraction and
manufacturing.
Improper disposal of
materials can pose
environmental
constraints.
Improving recycling
practices and
extending battery
lifespan are key

challenges.
Environmental- e Water Related
Ecological Issues: Extraction

and manufacturing
of specific devices
require substantial
freshwater, and the
resulting wastewater
can be harmful if it
contaminates
surface waters.
Capturing and
treating this
wastewater are
critical for
preventing health
and environmental
hazards.

e Different technologies in different
sizes are available but at various
stages of development, with
potential for cost reductions
through technological innovation
and increased manufacturing

Technological volume.

e Integration with other
technologies like batteries and the
exploration of safety measures are
areas of consideration.

e Hydrogen and other storage
technologies like liquid air energy
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storage, supercapacitors, and
redox flow batteries are under
development.

Economies of scale play a
significant role in lowering costs.
Financing mechanisms and
recycling practices can impact

High Costs: Cost-
effectiveness
remains a key

Economic overall economic feasibility. consideration for
Also, skilled employment is energy storage
required in manufacturing, technologies.
maintenance, and installation
companies.

e Low Public Support:
Public awareness
and support for
storage technologies
are generally low.
Concerns include
safety, cost, and the
perceived need for
flexibility.

Sociocultural

e (Critical Needs: Regulatory
frameworks and policy support are
needed to promote the adoption

Institutional of energy storage technologies

and address associated

challenges.

2.1.4 Policies and measures: What policies are needed to achieve net-zero by mid-
century

To achieve decarbonisation, it is essential to implement policy measures or instruments. These policy interventions
are necessary to fully realize the policy goals. (D'Arcangelo et al., 2022) Many nations have adopted policy mixes
that include a wide range of complementary measures or instruments to meet their energy and climate policy
goals. One such instance is the German Energiewende, a scheme combining carbon pricing with significant
support for renewable energy utilisation, an action plan for energy efficiency, and phase-out procedures for
nuclear and coal-based power generation (Loschel et al., 2019). When pursuing multiple policy goals, well-
designed policy mixes can lower mitigation costs and address associated concerns like distributional issues. In
the EU's clean low-carbon strategy for 2050, for instance, combining carbon pricing and the support for clean
energy technology could lower mitigation costs and enable the early adoption of more rigorous climate targets
(Vandyck et al., 2016). However, policy initiatives to encourage the adoption of low-carbon technology are more
effective if they include behavioural interventions that target pertinent cognitive and motivational elements in
addition to economic incentives (Khanna et al., 2021).

According to the literature reviews (Rogelj et al., 2022), mitigation pathways in line with the 1.5°C goal would
necessitate policy interventions in the form of strict economy-wide emission targets (and resulting peak-and-
decline of emissions), greater coverage of NDCs to more gases and sectors, much lower energy and carbon
intensity targets, carbon prices much higher than the ones observed in real markets, along with additional
initiatives. Among these, regulatory instruments are common tools for enhancing renewable energy and improving
energy efficiency (de Coninck et al., 2022). These instruments may set a wide range of requirements (such as
emission quotas, technology mandates, and others). They can be especially effective in certain areas, such as
restricting and phasing out high-emitting activities or technologies and accelerating the deployment of low-
emitting technologies. However, poorly thought-out laws could make decarbonisation more expensive by making

Page 45
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

it harder to track performance, obscuring price signals, and reducing the incentives for the entire sector. Economic
incentives such as feed-in tariffs, subsidies, or tax exemptions can boost the effectiveness of regulatory tools.
The literature reveals the higher implementation costs of the climate and energy policies grounded only in
regulation, standards, and public funding of R&D, due to the risk of being influenced by political and administrative
arbitrariness. Accordingly, making these costs explicit through carbon taxes and carbon trading may be more
effective, while their implementation can be considerably challenging.

Accounting for the different development stages of new technologies will also enhance low-emissions transitions
(Graaf & Sovacool, 2020). Research subsidies and demonstration programs are crucial for prototype technologies
and those in the demonstration stage. Besides, infrastructure development and market expansion are becoming
more crucial for early-adopting technologies while retiring or reusing existing assets is crucial for mature
technologies (Clarke et al., 2022; Terwilliger, 2021). In fact, policy mixes focused on low-carbon transitions are
more effective when they include components that boost the phase-out of carbon-intensive technology and
practices. Policy mixes should likewise account for political opposition from incumbents who benefit from high-
carbon systems (Edmondson et al., 2019). Coalitions for rigorous climate policy can be built by establishing or
tightening carbon prices once supportive coalitions have been formed, starting with green policies (such as
promoting renewable energies through feed-in tariffs). Complementary promising approach is designing short-
term policies that could give subsequent entry points for more aggressive climate policy and supporting
institutions (Kriegler et al., 2018). Also, well-designed policy mixes will need to address the entire lifecycle or
value chains, for example, through policies on limiting fossil fuel use or including measures to restrict carbon
leakage (Clarke et al., 2022). All policy instruments can benefit from information campaigns (e.g., TV ads),
although some authors report that the effects obtained by such campaigns are short-lived and decrease over time
(Somanathan, 2015).

Accordingly, a well-designed policy mix should encompass measures or instruments related to governance and
planning, economic incentives, regulatory frameworks, as well as educational and informational initiatives.
Drawing from the enablers and barriers identified in the previous section of the study, a range of policy measures
and instruments have been categorized into four distinct groups to address the enablers and barriers. The table
below outlines the proposed policy measures and instruments based on the IEA's Policies Database (IEA, 2023).

Table 3: Proposed policies and policy measures/instruments addressing the identified enablers and barriers
Policy or
Type of Policy
enablers and Measure/ Proposed Policies and Instruments
barriers Instrument
Category

Renewable Energy Targets; National Energy Security Frameworks;
Strategies to Secure the Supply Chain for a Robust Transition;
Strategic Plans; Environmentally Friendly Solutions on Small Islands;
Transition Deals:
e Address the geophysical enabler of abundant potential by
. reducing national dependency on imported fossil fuels and
Planning setting specific renewable targets aligned with geophysical
resources.
e Increase the availability of critical materials and expand
domestic manufacturing capabilities.
e Address the uneven distribution issue by planning for efficient
utilisation of available resources.
Feed-in Tariffs for Renewables; Financing Development of

Transmission Lines by National Banks; Providing Grants for Small-

Governance and

Geophysical

Economic
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Scale Renewable Generation:
e Address the geophysical enabler of abundant potentials by
incentivizing their development.
Zoning for Renewable Energy; Provision of Procedures for Land

Acquisition:
e Addresses the enabler of geophysical potentials by
Regulatory designating specific zones or leasing municipal and state land

for renewable projects. These measures designate specific
areas as targets of promotion projects.

e Mitigates the barrier of land use conflicts by streamlining
renewable development in suitable areas.

Public Awareness Campaigns on Geophysical Potentials:
e Address the enabler of geophysical potential by educating the
Soft public about the benefits of renewables.

e Reduce the barrier of resistance to renewable energy
adoption by fostering a greater understanding of geophysical
advantages.

Nationally Determined Contributions; Climate and Nature Protection

Action Plans; Emission Reduction Targets; Biodiversity-Friendly

Renewable Project Planning:

; e Address the environmental enabler of low impact resources

Planning by incorporating natural resource conservation measures into
energy projects.

e Mitigate the barrier of potential ecological harm by ensuring
responsible energy use.

Funding and Granting; Emission Tax for High-Impact Energy Sources;
Minimum Price for GHG Emissions:

e Address the environmental impacts by investing to reduce
emission intensities or imposing taxes or charges on using
high-impact energy sources.

e Address the challenges in limiting the amount of waste

Economic produced and protecting the land and air.
e Encourage the enabler of low environmental impact by
making renewables more attractive.
Hydropower Remediation:
Environmental- e Compensate the expenses of remediation actions that
Ecological hydropower plant operators need to undertake to prevent or
mitigate environmental impacts.
Limits on Emissions of New Plants; Quota on Using Renewables; Bills
on Shut Down of Fossil-Fuelled Power Plants; Environmental Codes;
Allocation of Project Areas by Government for Development of
Renewables; Methodologies to Value Externalities; Wildlife Impact
Assessment Requirements; Changes in Licensing with Better Impact
Assessment; Provisional Management Measures for Distributed
Renewable Project Development and Construction; Establishment of
Energy Parks:

e Recognize the impacts of emissions from fossil-fuelled power
plants as a risk to human health and to the environment.
Some measures forbid combustion of fossil fuels, and some
set a percentage quota of electricity use that needs to come
from renewables and keep the carbon targets reachable.

e Address the barrier of potential environmental or ecological
harms by mandating thorough assessments for projects.

e Ensure the environmental enablers of biodiversity
conservation by reducing harm to ecosystems.

Governance and

Regulatory
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e Ensure projects to be built on land under the appropriate
right of use (e.g., industrial park land), and don't occupy
permanent prime farmland. The measures may offer sites for
environmentally sound development of renewable energy on
public lands. Those measures also Identify related priority
areas for countries in technological development.

Management of Biomass Power Stations:

e Forbid usage of forest and agriculture biomass residue mix
for co-firing with fossil fuels.

Decree on Disposal of Photovoltaic Modules:

e Reduce the impact of disposal on human health and the
environment through setting out the procedure for the
reception, treatment, and removal of different kind of
photovoltaic modules.

Renewable Energy and Biodiversity Education Programs:
e Address the enabler of minimal environmental impact by
Soft educating the public on how renewables support biodiversity.

e Reduce the barrier of opposition due to environmental
concerns by enhancing awareness of the positive ecological
aspects.

National Green Energy Missions; Strategy for Developing New
Technologies:

e Address the technological enabler of innovation by

encouraging research and development, and deployment of
Governance and renewable energy technologies.

e Support the barrier of technology costs by promoting

advancements that reduce expenses.
Renewable Portfolio Standard (RPS):

e Encourage the adoption and diffusion of renewables by
setting specific requirements on renewable energy in a
region, typically for electricity providers.

R&D Funding for Innovation in Renewable Technologies; Funding
Research Opportunities for Small Businesses; Funding feasibility
studies of New Technologies to Replace, Upgrade, or Complement
Existing Energy Supply Arrangements; Energy Incubator Programs:

e Address the technological enabler of innovation by allocating

funds for research, development, and deployment of new
Technological technologies. It also facilitates technology transfer between
research institutions and small businesses.
Subsidizing Production of Battery Cells for Electric Vehicles; Launching
Tenders for Power-To-X; Tax Credits for Advanced Renewable Tech
Adoption; Developing Markets for Emerging Technologies;
Economic Replacement of Old Renewable Technologies:

e Address the enabler of technological advancement by offering
incentives like grants and tax credits for the adoption of
advanced renewable energy technologies.

e Help overcome the barrier of high initial costs for cutting-
edge technologies.

Market Premium for Large-Scale Hydropower; Market-based
Mechanisms for Demand Responses:

e Address the issue of renewable energy intermittency.

e Support dispatchable power generation if the sold electricity
prices on the market are lower than their production costs.

e Reward energy users for scaling down their demand during
periods of demand peak or low renewable availability.

Planning
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Performance or Technical Standards of Renewables; Introducing
Control Mechanisms:

e Addresses the technological enabler of efficiency by
implementing performance standards.

Regulatory e Improve the security of electricity supply in a market with
high share of renewables.

e Enhance transparency and provide clear procedures in
equipment procurement and commissioning.

e Mitigate the barrier of energy waste by promoting optimal
technological performance.

Professional Training for Renewable Technology Experts; Publishing
Reference Books on Best Available Techniques for Instance:
e Address the enabler of technological innovation by providing
Soft training programs for professionals in the renewable energy
sector.

e Reduce the barrier of skills shortages by building a skilled
workforce.

Recovery and Resilience Plans; Development Plans; Energy
Conservation Act/Targets:

e Alleviate the economic burden of significant energy waste
Governance and and harness the economic opportunities.

e Defines renewables as a key portion of the whole
development plans.

Establishing New Initiatives:

e Support efficient use of allocated fundings for proceeding
mitigation measures.

Tax related Incentives (including Tax Credits); Income Tax
Exemption; Auction Scheme; Auction with Strike Price Guarantee (to
Provide Subsidies in Case the Electricity Market Price Will Be Below
the Strike Price); Governmental Budget Allocation; State Finance Aid
Scheme; State-Based Finance Through Competitive Bidding; Loans
for Power Grid Upgrades; Renewable Energy Funds; Applying Levies
on Consumption of Fossil Fuels or GHG Emissions; Developing Levy-
Funded Supports for Renewables; Waiver of Transmission Charges
Allowed for Trading of Renewables; Co-Financing Investment
Projects; Feed-in Tariffs; Setting Sliding Premium for Renewable
Electricity Generation on Top of the Market Price; Contract for
Difference (CfD); Renewable Capacity Markets; Deletion of Customs
on Equipment and Material of Renewables; No Additional Premium for
Economic Trading Renewable Electricity in the Market; Perform, Achieve, Trade
(PAT) Scheme; Accelerated Depreciation Benefits; Renewable
Concession Programs:

e Addresses the economic enabler of financial support by
offering incentives for investments in renewable, nuclear
energy, etc.

e Also, support renewables installations in developing countries
or least-developed regions to address the issue of high
capital cost.

e Mitigate the barrier of high upfront costs by reducing the
financial burden on individuals and businesses.

Energy Price Compensation Plans:

e Reduce the risk of relocation of GHG emissions to countries

with more lenient climate protection regulations.
Rural Electrification; Water Pumping by Renewables; Funding

Planning

Economic
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Research Opportunities for Underrepresented Communities; Energy

Social Tariff:

e Support a variety of communities or alleviates energy poverty
by electrification of rural areas through on-grid or off-grid
renewables. The followed investment will create good-paying
jobs and reinvigorate local economies. The measures may
contribute to poverty alleviation through installation of
renewable units for the poor households to increase their
income.

e Support consumers to have a discount on renewable
electricity use.

Renewable Energy Certificates (RECs); Green Certificates; Carbon

Pricing Mechanisms:

e Address the economic enabler of competitiveness by making
renewable energy more attractive compared to fossil fuels.
The mechanisms assure selling of generated renewable
power in the market.

e Provide a solution to the barrier of economic viability by
incentivizing emissions reduction.

Renewable Energy Obligations for Utilities; Targeting a Minimum

Share of Energy Provided by Wholesalers to Come from Renewables;

Electricity Infrastructure Regulatory Bills; Agreements to Grant Loans;

Power Purchase Agreements; Laws on Renewable Energy Auctions:
e Address the economic enabler of renewable energy

integration by requiring or encouraging utilities to source
renewables and consumers to use renewables.

Mitigate the barrier of limited financing availability.

Reduce the dependence on fossil fuels by diversifying energy
sources.

o Define the timing and quotas of auctions, and elaborate the
conditions for Feed-in Tariffs (FiT) and Purchase Power
Agreements (PPAs).

Financial Literacy and Renewable Investment Education:

e Address the economic enabler of financial literacy by

Soft educating the public about the benefits of renewable energy

investments.

e Reduce the barrier of financial uncertainty by promoting
informed financial decisions in the renewable energy sector.

Developing Community-Based Battery and Renewable Energy

Projects:

Governance and e Addresses the sociocultural enabler of public acceptance by

Planning involving local communities in the planning and decision-

making processes for renewable energy projects.

e Mitigates the sociocultural barrier of opposition by fostering
community engagement and ownership.

Financial Incentives for Community Energy Cooperatives; Just Energy

Sociocultural Transition Programs; Subsidies for Renewable Installation in Specific

Industries; Providing Grants to Not-for-Profit Community

Organisations:

Economic e Address the sociocultural enabler of diverse community
engagement and participation in technological innovation as
well as their preparedness for fossil phase-out.

e Reduce the sociocultural barrier of distrust in centralized
energy providers by promoting community-led renewable
initiatives.

Regulatory
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Developing Community Banks of Renewables:

e Address the social barriers of installing on-site renewables.
Changes in Licensing with Improved Regional and Local Engagement;
Public Consultation Requirements for Large-Scale Projects:

e Address the sociocultural enabler of public involvement by
Regulatory mandating public consultations for large-scale renewable
projects.

e Mitigate the sociocultural barrier of lack of engagement by
ensuring that local communities have a say in project
development.

Public Awareness Campaigns on Sociocultural Benefits; Pilot
(Renewable) Cities/Regions; Renewable Decathlon Programs:

e Address the sociocultural enabler of social benefits by
Soft conducting awareness campaigns highlighting the positive
societal impacts of renewable energy adoption.

e Reduce the sociocultural barrier of misinformation by
providing accurate information on the social advantages of
renewables.

Strengthening Institutional Capacity; Renewable Energy Offices:

e Address the institutional enabler of effective governance by
investing in the capacity and expertise of governmental
agencies responsible for energy, climate, and sustainability.

e Mitigate the institutional barrier of inefficiency by enhancing
the ability to implement and oversee renewable energy
policies.

e Conduct RD&D on renewable energy technologies and
systems. They address the removal of technical and non-
technical market barriers for diffusion of renewables.

Action Plans for the Development of Renewable Industry:

o Facilitate the development of manufacturing industry to
implement and benefit from the newest technologies
available. The plans also seek to support the whole supply
chain.

Governmental Loan and Guarantee Scheme; Funding the
Establishment of Modern Technology Manufacturing Plants; Specific

Governance and
Planning

Incentives:
Institutional e Address the challenge of access to liquid funds for
companies. Also, incentivize industries and different parties
Economic for investments in renewables.

Government Support for Renewable Technology Research:

e Address the institutional enabler of technological
advancement by allocating funds to research and
development.

e Help overcome the institutional barrier of limited innovation
in the energy sector.

Streamlining Permitting Processes for Renewable Projects; Guidelines
for Simplification of Permitting Procedures Common Rules for
Electricity Markets; Regulations for Connecting to the Unified Power
System; Framework for Grid Connection Agreements; Regulation of
Regulatory Guarantees of Origin (GOs); Market Liberalisation; Reorganisation of
Energy Sector Regulation; Renewable Energy Purchasing Conditions;
Sustainable Finance Taxonomy Including Bond Standards:

e Address the institutional enabler of efficient deployment by
simplifying and expediting permitting processes for renewable
energy projects. The measures develop a framework to
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enhance transparency and credibility.

e Tackle the obstacles related to renewable integration as well
as facilitating dynamic pricing, competition, trading, and
customer engagement. More digitalisation, including smart
metering, may be needed.

e Mitigate the institutional barrier of bureaucratic delays by
promoting smoother project development.

Mandatory Reporting of GHGs Emission:

e Enable the collection of precise emissions data, identifying
emission sources, guiding effective policies, as well as aiding
businesses in emissions tracking and comparisons.

Resource Assessment and Mapping (Atlas); Listing the Appropriate
Sites for Utilisation of Renewables:

e Facilitate the utilisation of renewables and use of wasted heat
for the benefit of government agencies, project developers,
researchers, and the public.

Bi-lateral or International Cooperation on Co-Financing:

e Address weaknesses of financing institutes in developing
countries.

Cross-Sector Collaboration and Knowledge Sharing; Establishing
Research Collaboration Programme; Joint Cooperations on Knowledge
Soft Sharing; Creation of Public-Private Coalitions; Memorandum of
Understanding (MOU) between public bodies and private companies;
Priorities Plan; Creation of Information Hubs or on-Line Portals:

e Address the institutional enabler of effective governance by
fostering collaboration between government, industry, and
civil society.

e Reduce the institutional barrier of fragmented efforts by
promoting information exchange and coordination among
stakeholders. The measures assist developers in obtaining all
applicable fiscal and non-fiscal incentives, including
registration licenses and securing of access to lands.

2.1.5 Conclusion

Several energy supply characteristics are evident in decarbonisation pathways, including (i) growth in the share
of energy derived from low- or zero-carbon emitting sources, (ii) rapid decline in the carbon intensity of electricity
generation along with further electrification, and (iii) the growth in the use of CCS applied to fossil and biomass
carbon in most 1.5°C pathways. By the mid-century, the majority of primary energy comes from non-fossil fuels
(i.e., renewables and nuclear energy) in most decarbonisation pathways. The magnitude and split between
bioenergy, wind, solar, and hydro differ across pathways. Nuclear power increases its share not in all pathways
but most of them. There are large differences in nuclear power across pathways as the future deployment of
nuclear can be constrained by societal preferences assumed in narratives underlying the pathways.

To attain decarbonisation objectives, it's imperative to account for a multitude of enablers and barriers. These
encompass geophysical, environmental-ecological, technological, economic, sociocultural, and institutional
elements. Geophysically, the main mitigation enablers are the abundant potential for renewable energy sources
like solar and wind, which do not require extensive land use and have the capacity to exceed current electricity
demands. However, disparities in distribution across regions can be a barrier, with some areas having limited
access to these abundant resources. Environmental-ecologically, low environmental impact is a significant enabler
for mitigation measures, particularly for technologies like solar and wind. These energy sources have minimal
detrimental effects compared to fossil fuels. They contribute to reduced air pollution, fewer toxic waste concerns,
and biodiversity conservation as well. Nevertheless, they aren't entirely without consequences, as wind farms and
hydropower dams can affect ecosystems and wildlife if not managed well. Additionally, water usage can be a
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concern, especially in arid regions where water resources are limited. Technologically, advancements in energy
technologies offer enablers such as efficiency enhancement and cost reduction. Innovations like more efficient
photovoltaic modules and wind turbines with larger capacity contribute to their viability. Furthermore, the
emergence of hybrid technologies, combining wind and solar power farms with batteries, provides new
possibilities for energy generation and storage. Economically, cost competitiveness is a significant enabler for
renewable energy sources like solar and wind, making them economically attractive alternatives to fossil fuels.
However, barriers include high upfront capital costs, long payback periods, extended construction time, and
variations in costs across regions and countries. Socioculturally, public acceptance plays a critical role in enabling
the adoption of mitigation technologies. The support is driven by factors such as financial rewards, environmental
benefits, and alignment with peer expectations. Nevertheless, opposition factors like concerns about noise,
aesthetics, and wildlife impacts can present barriers to the widespread acceptance and deployment.
Institutionally, political support and effective governance are key enablers. Policies that favor mitigation
technologies and provide a supportive institutional environment facilitate rapid scale-up. Conversely, opposition
from vested interests in fossil fuels and the need for regulatory and market related reforms can act as barriers.
Well-designed policy mixes that include a wide range of complementary measures or instruments, should be
adopted to address the enablers and barriers. Policies and measures targeting geophysical enablers and barriers
focus on harnessing the abundant potential of renewable resources. In governance and planning, policy measures
and instruments include setting renewable energy targets, national energy security frameworks, and the
development of supply chain strategies. These measures reduce national dependency on imported fossil fuels and
establish specific renewable energy objectives aligned with geophysical resources. Economically, Feed-in Tariffs
provide incentives for the development of abundant potentials. Regulatory actions, such as zoning for renewable
energy and procedures for land acquisition, designate specific zones or land for renewable projects. These
measures aim to efficiently utilize geophysical resources and reduce land use conflicts. Public awareness
campaigns on geophysical potentials address the enabler of geophysical potential by educating the public about
the benefits of renewables.

Regarding the environmental-ecological enablers and barriers, governance and planning policies encompass
Nationally Determined Contributions, climate and nature protection action plans, and emission reduction targets.
These measures incorporate natural resource conservation into energy projects, mitigating potential ecological
harm and promoting responsible energy use. Economic measures include funding and grants, emission taxes,
minimum GHG emission prices, and invest in reducing emissions and environmental impact. Regulatory policies
like limits on emissions and wildlife impact assessments recognize the environmental impacts of emissions from
fossil-fueled power plants and mandate assessments for projects. Also, renewable energy and biodiversity
education programs may address the enabler of minimal environmental impact by educating the public on how
renewables support biodiversity.

To promote technological innovation, governance and planning measures include national green energy missions
and renewable portfolio standards. These encourage research and development, deployment of renewable energy
technologies, and set specific requirements for renewable energy. Economically, there is funding for innovation
in renewable technologies, subsidies, and tax credits for advanced renewable tech adoption. Market mechanisms
support advanced renewable technologies and assist in overcoming high initial costs. Regulatory actions, such as
performance standards and control mechanisms, implement efficiency measures and enhance technological
performance. Professional training for renewable technology experts could reduce the barrier of skill shortages
by building a skilled workforce.

Policies addressing economic enablers and barriers are also multifaceted. Governance and Planning policies, such
as recovery and resilience plans, focus on reducing the economic burden of energy waste and integrating
renewables into broader development strategies. Concurrently, economic measures encompass tax incentives,
auctions, loans, and levies that encourage investments, reduce upfront costs, and promote emissions reduction.
Regulatory policies streamline permitting processes and mandate greenhouse gas emissions reporting to expedite
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renewable projects and enable precise emissions tracking. Also, educational policies encompass public awareness
campaigns and educational programs that educate the public about the benefits of renewables, fostering
understanding and acceptance.

Sociocultural enablers and barriers are addressed through governance and planning measures, including the
development of community-based battery and renewable energy projects. These measures involve local
communities in the planning and decision-making processes for renewable energy projects, fostering public
acceptance and mitigating opposition. Economic policies promote diverse community engagement supporting just
energy transition. Regulatory actions like public consultations for large-scale projects encourage public
involvement. Public awareness campaigns on sociocultural benefits or pilot (renewable) cities/regions could
reduce the sociocultural barrier of misinformation by providing accurate information on the social advantages of
renewables.

To address institutional enablers and barriers, governance and planning measures could be applied, such as
strengthening institutional capacity and the creation of renewable energy offices. These measures invest in
governmental agency expertise, enhancing their capacity to implement renewable energy policies and mitigate
institutional inefficiency. Economic measures like government support for renewable technology research allocate
funds to research and development, overcoming the institutional barrier of limited innovation in the energy sector.
Regulatory actions streamline permitting processes, guidelines, and mandatory reporting of GHGs emissions.
These measures expedite project development, improve transparency, and promote efficient governance by
simplifying renewable energy project permits and providing precise emissions data. Regarding the informational
and educational policies, resource assessment and mapping, alongside listing suitable sites for renewables, will
enhance the knowledge on resource utilisation.

2.1.6 Energy Bibliography

e Ahmad, A. (2021). Increase in frequency of nuclear power outages due to changing climate. Nature
Energy, &7), 755-762. https://doi.org/10.1038/s41560-021-00849-y

e Amiryar, M., & Pullen, K. (2017). A Review of Flywheel Energy Storage System Technologies and Their
Applications. Applied Sciences, A3), 286. https://doi.org/10.3390/app7030286

e Arning, K., Offermann-van Heek, J., Linzenich, A., Kaetelhoen, A., Sternberg, A., Bardow, A., & Ziefle, M.
(2019). Same or different? Insights on public perception and acceptance of carbon capture and storage
or utilization in Germany. Energy Policy, 125, 235-249. https://doi.org/10.1016/J.ENPOL.2018.10.039

e Barra, P. H. A,, de Carvalho, W. C., Menezes, T. S., Fernandes, R. A. S., & Coury, D. V. (2021). A review
on wind power smoothing using high-power energy storage systems. Renewable and Sustainable Energy
Reviews, 137, 110455. https://doi.org/10.1016/j.rser.2020.110455

e Baxter, J., Ho, Y., Rollins, Y., & Maclaren, V. (2016). Attitudes toward waste to energy facilities and
impacts on diversion in Ontario, Canada. Waste  Management, 50, 75-85.
https://doi.org/10.1016/j.wasman.2016.02.017

e Beiter, P., Cooperman, A., Lantz, E., Stehly, T., Shields, M., Wiser, R., Telsnig, T., Kitzing, L., Berkhout,
V., & Kikuchi, Y. (2021). Wind power costs driven by innovation and experience with further reductions
on the horizon. WIREs Energy and Environment, 1(X5). https://doi.org/10.1002/wene.398

e Bindoff, N. L., W.W.L. Cheung, J.G. Kairo, J. Aristegui, V.A. Guinder, R. Hallberg, N. Hilmi, N. Jiao, M.S.
Karim, L. Levin, S. O’'Donoghue, S.R. Purca Cuicapusa, B. Rinkevich, T. Suga, A. Tagliabue, & P.
Williamson. (2022). Changing Ocean, Marine Ecosystems, and Dependent Communities. In 7he Ocean
and Cryosphere in a Changing Climate (pp. 447-588). Cambridge University Press.
https://doi.org/10.1017/9781009157964.007

e Bird, D. K., Haynes, K., van den Honert, R., McAneney, J., & Poortinga, W. (2014). Nuclear power in
Australia: A comparative analysis of public opinion regarding climate change and the Fukushima disaster.

Page 54
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

Energy Policy, 65, 644—653. https://doi.org/10.1016/j.enpol.2013.09.047

e Bistline, J. E. T., & Blanford, G. J. (2021). The role of the power sector in net-zero energy systems. Energy
and Climate Change, 2, 100045. https://doi.org/10.1016/j.egycc.2021.100045

e Bistline, J. E. T., & Young, D. T. (2019). Economic drivers of wind and solar penetration in the US.
Environmental Research Letters, 1412), 124001. https://doi.org/10.1088/1748-9326/ab4e2d

e Bogdanov, D., Ram, M., Aghahosseini, A., Gulagi, A., Oyewo, A. S., Child, M., Caldera, U., Sadovskaia,
K., Farfan, J., De Souza Noel Simas Barbosa, L., Fasihi, M., Khalili, S., Traber, T., & Breyer, C. (2021).
Low-cost renewable electricity as the key driver of the global energy transition towards sustainability.
Energy, 227, 120467. https://doi.org/10.1016/j.energy.2021.120467

e Bosch, 1., Staffell, I., & Hawkes, A. D. (2017). Temporally-explicit and spatially-resolved global onshore
wind energy potentials. Energy, 131, 207-217. https://doi.org/10.1016/j.energy.2017.05.052

e Clark, R.-]., Mehrabadi, A., & Farid, M. (2020). State of the art on salt hydrate thermochemical energy
storage systems for use in building applications. Journal of Energy Storage, 27, 101145.
https://doi.org/10.1016/j.est.2019.101145

e C(larke, L., Wei, Y.-M., Navarro, A. D. L. V., Garg, A., Hahmann, A. N., Khennas, S., Azevedo, I. M. L.,
Loschel, A., Singh, A. K., Steg, L., Strbac, G., & Wada, K. (2022). Energy Systems. In P. R. Shukla, J.
Skea, R. Slade, A. Al Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S. Some, P. Vyas, R. Fradera,
M. Belkacemi, A. Hasija, G. Lisboa, S. Luz, & J. Malley (Eds.), Climate Change 2022: Mitigation of Climate
Change. Contribution of Working Group III to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University Press. https://doi.org/10.1017/9781009157926.008

e Creutzig, F., Agoston, P., Goldschmidt, J. C., Luderer, G., Nemet, G., & Pietzcker, R. C. (2017). The
underestimated potential of solar energy to mitigate climate change. Nature Energy 2017 2:9, X9), 1-9.
https://doi.org/10.1038/nenergy.2017.140

e D’Arcangelo, F. M., Levin, 1., Pagani, A., Pisu, M., & Johansson, A. (2022). A framework to decarbonise
the economy. OECD Publishing. https://doi.org/https://doi.org/10.1787/4e4d973d-en

e Das, S., Hittinger, E., & Williams, E. (2020). Learning is not enough: Diminishing marginal revenues and
increasing abatement costs of wind and solar. Renewable Energy, 156, 634-644.
https://doi.org/10.1016/j.renene.2020.03.082

e de Coninck, H., Revi, A., Babiker, M., Bertoldi, P., Buckeridge, M., Cartwright A., Dong, W., Ford, J., Fuss,
S., Hourcade, J.-C,, Ley, D., Mechler, R., Newman, P., Revokatova, A., Schultz, S., Steg, L., & Sugiyama,
T. (2022). Strengthening and Implementing the Global Response. In Global Warming of 1.5°C (pp. 313—
444). Cambridge University Press. https://doi.org/10.1017/9781009157940.006

e de Lucas, M., Ferrer, M., Bechard, M. J., & Mufioz, A. R. (2012). Griffon vulture mortality at wind farms
in southern Spain: Distribution of fatalities and active mitigation measures. Biological Conservation,
1471), 184-189. https://doi.org/10.1016/j.biocon.2011.12.029

e Demski, C., Butler, C., Parkhill, K. A., Spence, A., & Pidgeon, N. F. (2015). Public values for energy system
change. Global Environmental Change, 34, 59-69. https://doi.org/10.1016/j.gloenvcha.2015.06.014

e Devine-Wright, P., & Wiersma, B. (2020). Understanding community acceptance of a potential offshore
wind energy project in different locations: An island-based analysis of ‘place-technology fit.” Energy Policy,
137, 111086. https://doi.org/10.1016/j.enpol.2019.111086

e Dhakal, S., Minx, J. C., Toth, F. L., Abdel-Aziz, A., Figueroa Meza, M. J., Hubacek, K., Jonckheere, I. G.
C., Kim, Y.-G., Nemet, G. F., Pachauri, S., Tan, X. C., & Wiedmann, T. (2022). Emissions Trends and
Drivers. In P. R. Shukla, J. Skea, R. Slade, A. Al Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S.
Some, P. Vyas, R. Fradera, M. Belkacemi, A. Hasija, G. Lisboa, S. Luz, & J. Malley (Eds.), Climate Change

Page 55
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

2022: Mitigation of Climate Change. Contribution of Working Group III to the Sixth Assessment Report of
the  Intergovernmental — Panel on  Climate  Change.  Cambridge  University  Press.
https://doi.org/10.1017/9781009157926.004

e Dinesh, H., & Pearce, J. M. (2016). The potential of agrivoltaic systems. Renewable and Sustainable
Energy Reviews, 54, 299-308. https://doi.org/10.1016/j.rser.2015.10.024

e Didgenes, 1. R. F., Claro, J., Rodrigues, J. C., & Loureiro, M. V. (2020). Barriers to onshore wind energy
implementation: A systematic review. Energy Research & Social Science, 60, 101337.
https://doi.org/10.1016/j.erss.2019.101337

e Dowd, A.-M., Boughen, N., Ashworth, P., & Carr-Cornish, S. (2011). Geothermal technology in Australia:
Investigating social acceptance. Energy Policy, 3910), 6301-6307.
https://doi.org/10.1016/j.enpol.2011.07.029

e Edmondson, D. L., Kern, F., & Rogge, K. S. (2019). The co-evolution of policy mixes and socio-technical
systems: Towards a conceptual framework of policy mix feedback in sustainability transitions. Research
Policy, 4810), 103555. https://doi.org/10.1016/j.respol.2018.03.010

e Edwards, R. W. J., & Celia, M. A. (2018). Infrastructure to enable deployment of carbon capture,
utilization, and storage in the United States. Proceedings of the National Academy of Sciences, 11538).
https://doi.org/10.1073/pnas.1806504115

e Faiers, A., & Neame, C. (2006). Consumer attitudes towards domestic solar power systems. Energy Policy,
34(14), 1797-1806. https://doi.org/10.1016/j.enpol.2005.01.001

e Fan, Y. Van, Klemes, J. 1., & Ko, C. H. (2021). Bioenergy carbon emissions footprint considering the
biogenic carbon and secondary effects. International Journal of Energy Research, 451), 283-296.
https://doi.org/10.1002/er.5409

e Fuss, S., Canadell, J. G., Peters, G. P., Tavoni, M., Andrew, R. M., Ciais, P., Jackson, R. B., Jones, C. D.,
Kraxner, F., Nakicenovic, N., Le Quéré, C., Raupach, M. R., Sharifi, A., Smith, P., & Yamagata, Y. (2014).
Betting on negative emissions. Nature Climate Change, 410), 850-853.
https://doi.org/10.1038/nclimate2392

e Gabirielli, P., Poluzzi, A., Kramer, G. J., Spiers, C., Mazzotti, M., & Gazzani, M. (2020). Seasonal energy
storage for zero-emissions multi-energy systems via underground hydrogen storage. Renewable and
Sustainable Energy Reviews, 121, 109629. https://doi.org/10.1016/j.rser.2019.109629

e Gibon, T., Hertwich, E. G., Arvesen, A., Singh, B., & Verones, F. (2017). Health benefits, ecological threats
of low-carbon electricity. £nvironmental Research Letters, 123), 034023. https://doi.org/10.1088/1748-
9326/aa6047

e Gormally, A. M., Pooley, C. G., Whyatt, J. D., & Timmis, R. J. (2014). “They made gunpowder ... yes down
by the river there, that’s your energy source”: attitudes towards community renewable energy in Cumbria.
Local Environment, 198), 915-932. https://doi.org/10.1080/13549839.2013.810206

e Graaf, T. Van de, & Sovacool, B. K. (2020). Global Energy Politics. Polity. https://www.wiley.com/en-
gb/Global+Energy+Politics-p-9781509530519

e Griffiths, S., Sovacool, B. K., Kim, J., Bazilian, M., & Uratani, J. M. (2021). Industrial decarbonization via
hydrogen: A critical and systematic review of developments, socio-technical systems and policy options.
Energy Research & Social Science, 80, 102208. https://doi.org/10.1016/j.erss.2021.102208

e Gupta, K., Nowlin, M. C,, Ripberger, J. T., Jenkins-Smith, H. C., & Silva, C. L. (2019). Tracking the nuclear
‘mood’ in the United States: Introducing a long term measure of public opinion about nuclear energy
using aggregate survey data. Energy Policy, 133, 110888. https://doi.org/10.1016/j.enpol.2019.110888

Haraguchi, M., Siddiqi, A., & Narayanamurti, V. (2019). Stochastic cost-benefit analysis of urban waste-

Page 56
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

to-energy systems. Journal of Cleaner Production, 224, 751-765.
https://doi.org/10.1016/j.jclepro.2019.03.099

e Harper, G., Sommerville, R., Kendrick, E., Driscoll, L., Slater, P., Stolkin, R., Walton, A., Christensen, P.,
Heidrich, O., Lambert, S., Abbott, A., Ryder, K., Gaines, L., & Anderson, P. (2019). Recycling lithium-ion
batteries from electric vehicles. Nature, 5757781), 75-86. https://doi.org/10.1038/s41586-019-1682-5

e Hayes, D., Moreira, M., Boavida, 1., Haslauer, M., Unfer, G., Zeiringer, B., Greimel, F., Auer, S., Ferreira,
T., & Schmutz, S. (2019). Life Stage-Specific Hydropeaking Flow Rules. Sustainability, 11(6), 1547.
https://doi.org/10.3390/su11061547

e Henry, R. C.,, Engstrém, K., Olin, S., Alexander, P., Arneth, A., & Rounsevell, M. D. A. (2018). Food supply
and bioenergy production within the global cropland planetary boundary. PLOS ONE, 13(3), e0194695.
https://doi.org/10.1371/journal.pone.0194695

e Hepburn, C., Adlen, E., Beddington, J., Carter, E. A., Fuss, S., Mac Dowell, N., Minx, J. C., Smith, P., &
Williams, C. K. (2019). The technological and economic prospects for CO2 utilization and removal. Nature,
5757781), 87-97. https://doi.org/10.1038/s41586-019-1681-6

e Hunt, J. D., Byers, E., Wada, Y., Parkinson, S., Gernaat, D. E. H. ], Langan, S., van Vuuren, D. P., &
Riahi, K. (2020). Global resource potential of seasonal pumped hydropower storage for energy and water
storage. Nature Communications, 11(1), 947. https://doi.org/10.1038/s41467-020-14555-y

e IEA. (2019). Renewables 2019.

e IEA. (2020). Projected Costs of Generating Electricity 2020. https://www.iea.org/reports/projected-costs-
of-generating-electricity-2020

e IEA. (2021a). Global Energy Review 2021.

e IEA. (2021b). Key World Energy Statistics 2021. 1EA. https://www.iea.org/reports/key-world-energy-
statistics-2021

e IEA. (2021c). Net Zero by 2050. IEA. https://www.iea.org/reports/net-zero-by-2050
e IRENA. (2022). Renewable Power Generation Costs in 2021.

e Jacobson, M. Z., Delucchi, M. A., Cameron, M. A., Coughlin, S. J., Hay, C. A., Manogaran, I. P., Shu, Y.,
& von Krauland, A.-K. (2019). Impacts of Green New Deal Energy Plans on Grid Stability, Costs, Jobs,
Health, and Climate in 143 Countries. One Earth, 1(4), 449-463.
https://doi.org/10.1016/j.oneear.2019.12.003

e Jager-Waldau, A. (2020). The Untapped Area Potential for Photovoltaic Power in the European Union.
Clean Technologies, Z4), 440-446. https://doi.org/10.3390/cleantechnol2040027

e Jones, C. R., Gaede, J., Ganowski, S., & Rowlands, I. H. (2018). Understanding lay-public perceptions of
energy storage technologies: Results of a questionnaire conducted in the UK. Energy Procedia, 151, 135—
143. https://doi.org/10.1016/j.egypro.2018.09.038

e Kang, J.-N., Wei, Y.-M,, Liu, L., Han, R., Chen, H., Li, J., Wang, J.-W., & Yu, B.-Y. (2020). The Prospects
of Carbon Capture and Storage in China’s Power Sector under the 2 °C Target: A Component-based
Learning Curve Approach. International Journal of Greenhouse Gas Control, 101, 103149.
https://doi.org/10.1016/j.ijggc.2020.103149

e Kempener, R., & Neumann, F. (2014a). 7idal Energy Technology Brief-
e Kempener, R., & Neumann, F. (2014b). Wave Energy Technology Brief.

e Khanna, T. M., Baiocchi, G., Callaghan, M., Creutzig, F., Guias, H., Haddaway, N. R., Hirth, L., Javaid, A.,
Koch, N., Laukemper, S., Loschel, A., Zamora Dominguez, M. del M., & Minx, J. C. (2021). A multi-country

Page 57
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

meta-analysis on the role of behavioural change in reducing energy consumption and CO2 emissions in
residential buildings. Nature Energy, &9), 925-932. https://doi.org/10.1038/s41560-021-00866-x

e Kougias, I., Aggidis, G., Avellan, F., Deniz, S., Lundin, U., Moro, A., Muntean, S., Novara, D., Pérez-Diaz,
J. 1., Quaranta, E., Schild, P., & Theodossiou, N. (2019). Analysis of emerging technologies in the
hydropower  sector.  Renewable and  Sustainable  Energy  Reviews, 113, 109257.
https://doi.org/10.1016/j.rser.2019.109257

e Kriegler, E., Bertram, C., Kuramochi, T., Jakob, M., Pehl, M., Stevanovi¢, M., Hohne, N., Luderer, G., Minx,
J. C., Fekete, H., Hilaire, J., Luna, L., Popp, A., Steckel, J. C., Sterl, S., Yalew, A. W., Dietrich, J. P., &
Edenhofer, O. (2018). Short term policies to keep the door open for Paris climate goals. Environmental
Research Letters, 137), 074022. https://doi.org/10.1088/1748-9326/aac4f1

e LlLade, S. J., Steffen, W., de Vries, W., Carpenter, S. R., Donges, J. F., Gerten, D., Hoff, H., Newbold, T.,
Richardson, K., & Rockstréom, J. (2019). Human impacts on planetary boundaries amplified by Earth
system interactions. Nature Sustainability, X2), 119-128. https://doi.org/10.1038/s41893-019-0454-4

e Limberger, J., Boxem, T., Pluymaekers, M., Bruhn, D., Manzella, A., Calcagno, P., Beekman, F., Cloetingh,
S., & van Wees, 1.-D. (2018). Geothermal energy in deep aquifers: A global assessment of the resource
base for direct heat utilization. Renewable and Sustainable Energy Reviews, 82, 961-975.
https://doi.org/10.1016/j.rser.2017.09.084

e Lindberg, O., Arnqvist, J., Munkhammar, J., & Lingfors, D. (2021). Review on power-production modeling
of hybrid wind and PV power parks. Journal of Renewable and Sustainable Energy, 134), 042702.
https://doi.org/10.1063/5.0056201

e Llamosas, C., & Sovacool, B. K. (2021). The future of hydropower? A systematic review of the drivers,
benefits and governance dynamics of transboundary dams. Renewable and Sustainable Energy Reviews,
137, 110495. https://doi.org/10.1016/j.rser.2020.110495

e Lopez Prol, J., & Schill, W.-P. (2021). The Economics of Variable Renewable Energy and Electricity
Storage. Annual Review of Resource Economics, 13(1), 443—467. https://doi.org/10.1146/annurev-
resource-101620-081246

e LoOschel, A., Lutz, B. J., & Managi, S. (2019). The impacts of the EU ETS on efficiency and economic
performance — An empirical analyses for German manufacturing firms. Resource and Energy Economics,
56, 71-95. https://doi.org/10.1016/j.reseneeco.2018.03.001

e Louwen, A., van Sark, W. G. J. H. M., Faaij, A. P. C., & Schropp, R. E. I. (2016). Re-assessment of net
energy production and greenhouse gas emissions avoidance after 40 years of photovoltaics development.
Nature Communications, /1), 13728. https://doi.org/10.1038/ncomms13728

e Luderer, G., Pehl, M., Arvesen, A., Gibon, T., Bodirsky, B. L., de Boer, H. S., Fricko, O., Hejazi, M.,
Humpendder, F., Iyer, G., Mima, S., Mouratiadou, I., Pietzcker, R. C., Popp, A., van den Berg, M., van
Vuuren, D., & Hertwich, E. G. (2019). Environmental co-benefits and adverse side-effects of alternative
power sector decarbonization strategies. Nature Communications, 101), 5229.
https://doi.org/10.1038/s41467-019-13067-8

e Luderer, G., Vrontisi, Z., Bertram, C., Edelenbosch, O. Y., Pietzcker, R. C., Rogelj, J., De Boer, H. S.,
Drouet, L., Emmerling, J., Fricko, O., Fujimori, S., Havlik, P., Iyer, G., Keramidas, K., Kitous, A., Pehl, M.,
Krey, V., Riahi, K., Saveyn, B., ... Kriegler, E. (2018). Residual fossil CO2 emissions in 1.5-2 °C pathways.
Nature Climate Change, &7), 626—633. https://doi.org/10.1038/s41558-018-0198-6

e Martin-Roberts, E., Scott, V., Flude, S., Johnson, G., Haszeldine, R. S., & Gilfillan, S. (2021). Carbon
capture and storage at the end of a lost decade. One Earth, <411), 1569-1584.
https://doi.org/10.1016/j.oneear.2021.10.002

e Muratori, M., & Mai, T. (2021). The shape of electrified transportation. Environmental Research Letters,

Page 58
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

16(1), 011003. https://doi.org/10.1088/1748-9326/abcb38

e Narsilio, G. A., & Aye, L. (2018). Shallow Geothermal Energy: An Emerging Technology (pp. 387—411).
https://doi.org/10.1007/978-981-10-7326-7_18

e NEA/IAEA. (2021). Uranium 2020: Resources, Production and Demand.

e Palle, A. (2021). Bringing geopolitics to energy transition research. Energy Research & Social Science, 81,
102233. https://doi.org/10.1016/j.erss.2021.102233

e Pampel, F. C. (2011). Support for Nuclear Energy in the Context of Climate Change. Organization &
Environment, 24(3), 249-268. https://doi.org/10.1177/1086026611422261

e Perlaviciute, G., Steg, L., Contzen, N., Roeser, S., & Huijts, N. (2018). Emotional Responses to Energy
Projects: Insights for Responsible Decision Making in a Sustainable Energy Transition. Sustainability,
10(7), 2526. https://doi.org/10.3390/su10072526

e Pietzcker, R. C., Ueckerdt, F., Carrara, S., de Boer, H. S., Després, J., Fujimori, S., Johnson, N., Kitous,
A., Scholz, Y., Sullivan, P., & Luderer, G. (2017). System integration of wind and solar power in integrated
assessment models: A cross-model evaluation of new approaches. Energy Economics, 64, 583-599.
https://doi.org/10.1016/]J.ENECO.2016.11.018

e Pimm, A. J., Garvey, S. D., & de Jong, M. (2014). Design and testing of Energy Bags for underwater
compressed air energy storage. £nergy, 66, 496-508. https://doi.org/10.1016/j.energy.2013.12.010

e IEA. (2023). Policy database. Data & Statistics - IEA. https://www.iea.org/policies/about

e Poudineh, R., & Rubino, A. (2017). Business model for cross-border interconnections in the Mediterranean
basin. Energy Policy, 107, 96-108. https://doi.org/10.1016/j.enpol.2017.04.027

e Poulsen, A. H., Raaschou-Nielsen, O., Pefia, A., Hahmann, A. N., Nordsborg, R. B., Ketzel, M., Brandt, J.,
& Sgrensen, M. (2018a). Long-term exposure to wind turbine noise and redemption of antihypertensive
medication: A nationwide cohort study. Environment International, 121, 207-215.
https://doi.org/10.1016/j.envint.2018.08.054

e Poulsen, A. H., Raaschou-Nielsen, O., Pefia, A., Hahmann, A. N., Nordsborg, R. B., Ketzel, M., Brandt, J.,
& Sgrensen, M. (2018b). Short-term nighttime wind turbine noise and cardiovascular events: A nationwide
case-crossover  study  from Denmark. Environment  International, 114, 160-166.
https://doi.org/10.1016/j.envint.2018.02.030

e Poulsen, A. H., Raaschou-Nielsen, O., Pefia, A., Hahmann, A. N., Nordsborg, R. B., Ketzel, M., Brandt, J.,
& Sgrensen, M. (2019a). Impact of Long-Term Exposure to Wind Turbine Noise on Redemption of Sleep
Medication and Antidepressants: A Nationwide Cohort Study. Environmental Health Perspectives, 1273).
https://doi.org/10.1289/EHP3909

e Poulsen, A. H., Raaschou-Nielsen, O., Pefia, A., Hahmann, A. N., Nordsborg, R. B., Ketzel, M., Brandt, J.,
& Sgrensen, M. (2019b). Long-Term Exposure to Wind Turbine Noise and Risk for Myocardial Infarction
and Stroke: A Nationwide Cohort Study. Environmental Health Perspectives, 1273).
https://doi.org/10.1289/EHP3340

e Pravdlie, R., Patriche, C., & Bandoc, G. (2019). Spatial assessment of solar energy potential at global
scale. A geographical approach. Journal of (Cleaner Production, 209, 692-721.
https://doi.org/10.1016/j.jclepro.2018.10.239

e Premalatha, M., Tabassum-Abbasi, Abbasi, T., & Abbasi, S. A. (2014). A critical view on the eco-
friendliness of small hydroelectric installations. Science of The Total Environment, 481, 638-643.
https://doi.org/10.1016/j.scitotenv.2013.11.047

e Rand, J., & Hoen, B. (2017). Thirty years of North American wind energy acceptance research: What

Page 59
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

have we learned? Energy Research & Social Science, 29, 135-148.
https://doi.org/10.1016/j.erss.2017.05.019

e Riahi, K., Schaeffer, R., Arango, J., Calvin, K., Guivarch, C., Hasegawa, T., Jiang, K., Kriegler, E.,
Matthews, R., Peters, G. P., Rao, A., Robertson, S., Sebbit, A. M., Steinberger, J., Tavoni, M., & Van
Vuuren, D. P. (2022). Mitigation pathways compatible with long-term goals. In P. R. Shukla, J. Skea, R.
Slade, A. Al Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S. Some, P. Vyas, R. Fradera, M.
Belkacemi, A. Hasija, G. Lisboa, S. Luz, & J. Malley (Eds.), Climate Change 2022. Mitigation of Climate
Change. Contribution of Working Group III to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University Press. https://doi.org/10.1017/9781009157926.005

e Rogelj, J., Luderer, G., Pietzcker, R. C., Kriegler, E., Schaeffer, M., Krey, V., & Riahi, K. (2015). Energy
system transformations for limiting end-of-century warming to below 1.5 °C. Nature Climate Change,
5(6), 519-527. https://doi.org/10.1038/nclimate2572

e Rogelj, J., Shindell, D., Jiang, K., Fifita, S., Forster, P., Ginzburg, V., Handa, C., Kheshgi, H., Kobayashi,
S., Kriegler, E., L. Mundaca, R. Séférian, & M.V.Vilarifio. (2022). Mitigation Pathways Compatible with
1.5°C in the Context of Sustainable Development. In Global Warming of 1.5°C (pp. 93—174). Cambridge
University Press. https://doi.org/doi.org/10.1017/9781009157940.004

e Safarzynska, K., & van den Bergh, J. C. J. M. (2017). Financial stability at risk due to investing rapidly in
renewable energy. Energy Policy, 108, 12—20. https://doi.org/10.1016/j.enpol.2017.05.042

e Schlachtberger, D. P., Brown, T., Schramm, S., & Greiner, M. (2017). The benefits of cooperation in a
highly renewable European electricity network. Energy, 134, 469-481.
https://doi.org/10.1016/j.energy.2017.06.004

e Selosse, S., & Ricci, O. (2017). Carbon capture and storage: Lessons from a storage potential and
localization analysis. Applied Energy, 188, 32—44. https://doi.org/10.1016/j.apenergy.2016.11.117

e Somanathan, E. et al. (2015). National and Sub-national Policies and Institutions. In Climate Change
2014:  Mitigation of Climate Change (pp. 1141-1206). Cambridge University Press.
https://doi.org/10.1017/CB09781107415416.021

e Steg, L. (2018). Limiting climate change requires research on climate action. Nature Climate Change,
&09), 759-761. https://doi.org/10.1038/s41558-018-0269-8

e Tcvetkov, P., Cherepovitsyn, A., & Fedoseev, S. (2019). Public perception of carbon capture and storage:
A state-of-the-art overview. Heliyon, 512), e02845. https://doi.org/10.1016/j.heliyon.2019.e02845

e Terwilliger, J. (2021). Global energy politics. Environmental Politics, 3(3), 488-490.
https://doi.org/10.1080/09644016.2020.1865727

e United Nations Environment Programme. (2022). £Emissions Gap Report 2022: The Closing Window.

e Vakulchuk, R., Overland, I., & Scholten, D. (2020). Renewable energy and geopolitics: A review.
Renewable and Sustainable Energy Reviews, 122, 109547. https://doi.org/10.1016/j.rser.2019.109547

e van de Ven, D.-]., Mittal, S., Gambhir, A., Lamboll, R. D., Doukas, H., Giarola, S., Hawkes, A., Koasidis,
K., Kéberle, A. C., McJeon, H., Perdana, S., Peters, G. P., Rogelj, J., Sognnaes, 1., Vielle, M., & Nikas, A.
(2023). A multimodel analysis of post-Glasgow climate targets and feasibility challenges. Nature Climate
Change, 13(6), 570-578. https://doi.org/10.1038/s41558-023-01661-0

e Vandyck, T., Keramidas, K., Saveyn, B., Kitous, A., & Vrontisi, Z. (2016). A global stocktake of the Paris
pledges: Implications for energy systems and economy. Global Environmental Change, 41, 46—63.
https://doi.org/10.1016/j.gloenvcha.2016.08.006

e Vasseur, V., & Kemp, R. (2015). The adoption of PV in the Netherlands: A statistical analysis of adoption
factors. Renewable and Sustainable Energy Reviews, 41, 483-494.

Page 60
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

https://doi.org/10.1016/j.rser.2014.08.020

e Victoria, M., Haegel, N., Peters, 1. M., Sinton, R., Jager-Waldau, A., del Cafizo, C., Breyer, C., Stocks, M.,
Blakers, A., Kaizuka, I., Komoto, K., & Smets, A. (2021). Solar photovoltaics is ready to power a
sustainable future. Joule, 55), 1041-1056. https://doi.org/10.1016/j.joule.2021.03.005

e Wei, Y.-M., Han, R., Wang, C., Yu, B., Liang, Q.-M., Yuan, X.-C., Chang, J., Zhao, Q., Liao, H., Tang, B.,
Yan, J., Cheng, L., & Yang, Z. (2020). Self-preservation strategy for approaching global warming targets
in the post-Paris Agreement era. Nature Communications, 11(1), 1624. https://doi.org/10.1038/s41467-
020-15453-z

e Whitmarsh, L., Seyfang, G., & O'Neill, S. (2011). Public engagement with carbon and climate change: To
what extent is the public ‘carbon capable? Global Environmental Change, 21(1), 56-65.
https://doi.org/10.1016/j.gloenvcha.2010.07.011

e Wienchol, P., Szlek, A., & Ditaranto, M. (2020). Waste-to-energy technology integrated with carbon
capture - Challenges and opportunities. Energy, 198, 117352.
https://doi.org/10.1016/j.energy.2020.117352

e Zarfl, C., Lumsdon, A. E., Berlekamp, J., Tydecks, L., & Tockner, K. (2015). A global boom in hydropower
dam construction. Aguatic Sciences, 7/1), 161-170. https://doi.org/10.1007/s00027-014-0377-0

2.2 Industry

2.2.1 Introduction

The industrial sector is a primary contributor to global GHG and CO2 emissions; it encompasses activities such as
mining ores and minerals, manufacturing, construction, and waste management. Emissions originate from various
sources within the sector, including direct and indirect emissions from fuel combustion, emissions from industrial
processes, emissions resulting from the use of industrial products, and emissions from waste management (IPCC,
2022a). Industrial GHG emissions are attributable to a small number of high-emitting industries; in particular steel
(8.3%), cement (6.4%), and basic chemicals (4%) contribute disproportionately to global CO2 emissions (Bataille
et al., 2021, figures for 2016). For this reason, this paper focuses on energy-intensive industries due to their high
emissions in order to emphasise the importance of these sectors in the context of climate change. However,
although this paper only focuses on primary industries, other sectors are also relevant in the context of climate
change.

Since the year 2000, industrial emissions have been increasing at a faster rate compared to emissions from other
sectors. This growth is primarily driven by the extraction and production of basic materials resulting from economic
growth, rising affluence, and consumption, as well as arapid rise in urban populations and associated
infrastructure development. In 2019, the industrial sector accounted for 14.1 gigatons of CO2-equivalent emissions
or 24% of all direct human-caused GHG emissions. This places the industrial sector as the second-largest emitter
globally, behind the energy transformation sector. However, when considering indirect emissions from power and
heat generation, the industrial sector becomes a leading emitter, contributing 20 Gt of CO2-equivalent or 34% of
global GHG emissions in 2019. In terms of direct industrial emissions, fuel combustion accounted for 7 Gt of CO2-
equivalent emissions in 2019, representing 50% of the total direct industrial emissions (IPCC, 2022a).

Meeting the climate mitigation targets of the Paris Agreement and the Sustainable Development Goals requires a
fundamental transformation of existing industrial systems. Scenario analyses used by the IPCC indicate that
substantial reductions in global GHG emissions, including reaching near-net-zero emissions, are possible in GHG-
intensive industries such as steel, plastics, ammonia, and cement by 2050. Achieving these emission cuts requires
the implementation of a range of available and emerging options. To significantly reduce emissions in the industry
sector, there needs to be a shift in focus from incremental improvements, such as energy efficiency, to
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transformative changes in energy and feedstock sourcing, materials efficiency, and promoting circular material
flows (IPCC, 2022a).

2.2.2 Main mitigation strategies in the industry: What changes/ transformations are
needed in what timelines to achieve net-zero by mid-century?

Energy efficiency has long been recognized as the first mitigation option in industry, with a critical role in previous
decades. It is a key strategy for limiting global warming to 1.5°C, especially regarding the potential for heat use
efficiency improvement and development of smart systems. Other important conventional approaches such as
fuel switching to low-emission fuels, electrification, green hydrogen uptake, and power sector decarbonisation
are also of high importance. But to achieve zero emissions in energy intensive industries, which is the focus of
this paper, additional measures, including managing and improving material end-use demand, promoting
efficiency in circular economy practices, utilising fossil-free feedstocks, implementing carbon capture and
utilisation (CCU), and adopting carbon capture and storage (CCS), are crucial (IPCC, 2022a).

By reducing materials demand, improving material efficiency, and adopting circular economy solutions, industry
can decrease the reliance on primary production. Besides, new processes utilizing low to zero GHG energy carriers
and feedstocks such as electricity, hydrogen, biofuels, and CCU for carbon feedstock, as well as CCS for remaining
CO2, need to be implemented. However, the successful implementation of these options requires extensive scaling
up of infrastructure for electricity, hydrogen, recycling, CO2, and others, as well as the phase-out or conversion
of existing industrial plants. Although the improvement in GHG intensities of major basic materials has slowed
down in the past three decades, historical technology shifts and newly available technologies suggest that these
intensities can be reduced to net zero emissions by the middle of the century (IPCC, 2022a).

In this regard, electrification is gaining prominence as a crucial method for mitigating emissions in the industry
sector. Electricity, as a flexible energy carrier, can be generated from renewable sources, though its availability,
costs, potentials, and preferences vary by region. Utilizing electricity directly or indirectly through hydrogen
produced via electrolysis presents numerous opportunities for emissions reduction. This approach can address
high-temperature needs (e.g., for DRI in steel making) and serve as a chemical feedstock while offering grid
balancing benefits, such as utilising electrolysis and long-duration energy storage for chemical processes or
demand response purposes (IPCC, 2022a). Industrial use of hydrogen is currently focused on oil refining,
ammonia, methanol, and steel production (IEA, 2019), with H2 produced mainly from natural gas and coal.
Decarbonising hydrogen production is thus one of the primary ways to reduce the carbon intensity of H-
dependent industrial processes (Griffiths et al, 2021).

Carbon also plays a crucial role as a fundamental component in organic chemicals, fuels, and materials, and its
significance will persist. To achieve net zero CO2 emissions, considering carbon requirements in various sectors
such as plastics, wood, aviation fuels, solvents, and more, it is essential to establish closed-loop systems for
carbon and carbon dioxide utilisation. This can be achieved through increased circularity, employing mechanical
and chemical recycling methods. Additionally, optimising the utilisation of biomass feedstock, coupled with low
GHG hydrogen, can enhance product yields, for instance, in the production of biomethane and methanol. Another
currently discussed potential approach involves capturing CO> directly from the air to serve as a novel carbon
source (IPCC, 2022a).

The following chapters provide (1) a general overview of the main climate change mitigation options, technical
measures and relevant actors (chapter 2.1) and (2) explore the enormous potential of the different industrial
sectors and examine their various options and unique opportunities to make a significant contribution to climate
change mitigation (chapter 2.2 — 2.7). This approach was chosen because the technical options vary greatly
depending on the industry sector.

2.2.2.1 Overview of mitigation strategies and actors

The following table provides a general overview of the necessary technical measures and the actors that would
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need to take action. The table is based on the IPCC mitigation options as mentioned in the next figure.

Mitigation options
Short to medium term Medium to long term

— Reduction of indirect emissions via lowes-carbon — Provision of emissions-free elctricity
electricity and heat supply and high temperature heat

— Energy efficiency improvements to best - Energy efficiency approaching
available technologies thermodynamic minimums

= Fuel switching, biomass and electricity use for high ~ Deep low-carbon electrification,
temperature process heat green hydrogen use

— Partial substitution of high-carbon feedstock — Zero emissions feedstock (green hydrogen, biomass)

Decarbonising production

for basic materials production

~ Small scale and sectorally narmow concentrated — Broad-scale, large-scale concentrated CO, flow
€0, flow CCUS and possibly pest-combustion CCUS

— Material effidency and substitution — Ecodesign, material efficiency, demand reduction

— Increasing recycling rates — Circular material flows and effective industrial
waste management

Decarbonising
demand

Base year and contributions from the drivers are cnly Bustrative. Drivers” contribution varles across industries. indinect emissions reduction is considered a5 outoome
of mitigatian activites in the energy sector; see Chapler B

Figure 7: Stylised composition and contribution from different drivers to the transition of industry to net zero emissions (IPCC,
2022a).

Table 4: Mitigation strategies and related technical measures and actors in the industry-sector

Mitigation strategies Technical measures

e Install renewable energy

systems and use climate e Industry owners and

friendly energy sources operators
S1: Reduction of emissions via *  Energy efficiency o e seelE
low-carbon electricity and heat improvements e Energy Utilities
supply e Combined Heat and Power e Research and

(CHP) Systems development actors

*  Carbon Capture and e Technology providers
Storage

e Industry owners and

e Energy audit operators
S2: Energy efficiency e Waste Heat Recovery * Regulatory bodies
improvements to best available . .
technologies e Process optimisation » Energy Service Companies
o Employee training e Technology Providers

e Financial institutions
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Research and
development actors

S3: Fuel switching, biomass,
hydrogen and electrification

Fuel switching to low-
carbon and renewable
energy sources

Biomass utilisation

Electrification options,
especially when renewable
energy is available

Combined Heat and Power
Systems

Industry owners and
operators

Regulatory bodies

Renewable Energy
Supplier

Technology Providers

Consultants

S4: Zero emission feedstock
(green hydrogen, biomass) for
basic material production

Green hydrogen
production

Biomass as feedstock

Carbon Capture and
Utilisation (CCU)

Supply Chain optimisation

Technology integration

Industry owners and
operators

Green hydrogen producers

Biomass suppliers and
producers

Carbon Capture
Technology Providers

Regulatory Bodies
Environmental NGOs

Certification bodies

S5: Carbon Management

Utilisation of waste CO2
Direct Air Capture
CO2 transportation

Storage and utilisation
technologies

Monitoring and verification

Industry owners and
operators

CCUS technology
providers

CO2 transport
infrastructure developers

Regulatory bodies

Research and
development actors

Environmental NGOs,
Public awareness groups

S6: Eco-design, material
efficiency, demand reduction

Eco-design principles,
minimum energy
performance standards

Material efficiency
technologies

Circular Economy Practices
(recycling, reuse)

Industry owner and
operator

Designers
Engineers

Recycling and waste
management actors
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Digital Product Passport

Product durability,
repairability, longevity

Business models such as
Product as a Service

Regulatory bodies
Consumer

Research and
development actors

S7: Circular material flows and

Closed-Loop Material
Systems

Recycling Technologies

Industry owner and
operator

Waste management
companies

Waste Heat e Technology providers
waste management _
e Smart Waste Management  Regulatory bodies
Systems e Research and
e Supply Chain practices development actors
e NGOs

2.2.2.2 TIron and Steel Industry

The iron and steel industry is currently the largest coal consumer and the most carbon intensive industry (Kim et
al. 2022). To achieve very low to zero emissions in the iron and steel industry, several technological options are
available, but their adoption relies on the implementation of comprehensive policies that integrate material
efficiency, recycling, and production decarbonisation. Material efficiency measures, such as process design for
reduced steel usage, long product life cycles, reusability, and low-contamination recycling, have the potential to
decrease steel demand by up to 40%. While steel production can be divided into primary production based on
iron ore and secondary production based on steel scrap, secondary steel-making is more efficient than ore-based
production. Then, it is crucial to maximise secondary production through high-quality recycling methods.
Additionally, production decarbonisation is essential, starting with retrofitting existing facilities for partial fuel
switching to biomass or hydrogen, CCU, and CCS. Subsequently, achieving very low and zero emissions in steel
production can be accomplished through high-capture CCS or direct hydrogen utilisation, resource efficiency and
material substitution, process integration and optimisation by e.g., utilising electrolytic iron ore reduction followed
by an electric arc furnace (IPCC, 2022a), and can also contribute to reducing indirect emissions in other industries
(automobile, shipbuilding, etc.).
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Figure 8: Energy demand and intensity of the global iron and steel industry (2000-2018) (Kim, 1., et. al., 2022)

2.2.2.3 Cement and Concrete Industry

Concrete materials are the most consumed material in the world by mass — second only to water. In 2019,
production, transport, use, and demolition of cement and concrete accounted for roughly 9-10% of global energy-
related CO2 emissions (Griffiths et al, 2023). The concrete and cement industry (CCI) is unique in that a significant
fraction of total emissions occur from the chemical reactions during the making of cement rather than from fossil
fuel energy sources. Considering the direct role of the CCI in economic growth, e.g. with regard to the
infrastructure needs especially in emerging countries, reducing its emissions while meeting demand will be very
challenging. There are however multiple existing and upcoming options that could significantly reduce emissions
in CCI; implementing basic material efficiency measures, such as using well-made concrete thoughtfully and only
where necessary (e.g., employing appropriately sized prefabricated components), can lead to emissions
reductions of 24-50% by decreasing the demand for clinker (IPCC, 2022a). Another effective strategy is
substituting cementitious materials with alternatives like ground limestone and calcined clays, which can lower
process calcination emissions by up to 50% or more in certain cases. Coupling the cement and concrete value
chain with other industries for waste stream utilisation is also important. However, until a viable, very low GHG
emissions alternative binder to Portland cement is commercially viable, CCS will be essential for eliminating
emissions from the limestone calcination process involved in clinker production and energy use. CCS technology
is a potentially important element of an ambitious mitigation strategy in the cement sector, according to the IPCC
WGIII report. Currently, these emissions account for approximately 60% of GHG emissions in the best available
technology plants within the industry (IPCC, 2022a). Negative emission technologies (BECCS, CCUS, etc.) would
require further development and demonstration, feasibility studies (Kusuma et al. 2022), as well as policy support
in order to be widely adopted in the CCI.

Page 66
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

-

— = .
111

2000 POPEMIE D030 MIE

-[I

® Honh Amenica  ® Ewrasia @ Other deweloged & Chisa Ieudia EEEAN  » Owbe Asie % Lt Amedica & Alees Cemenl donand 0 Bavifgs relativeto APE

Figure 9: Global cement demand for building construction 2010-2020 (colored bars), and 2025-2030 forecast in the IEA Net
Zero Emissions (NZE) scenario (light grey) and difference from business-as-usual values in the Announced Pledges Scenario
(APS), in dark grey (Griffith et al, 2023).

2.2.2.4 Chemical Industry

Chemicals production entails considerable energy inputs and carbon-intensive materials. In the EU, the largest
exporter of chemical products (Eurostat, 2023), the total energy consumption of the chemical industry in 2019
was 50.8 Mt. of oil equivalent (Chung et al, 2023). Multiple technological options exist for decarbonising industrial
feedstock chemicals and their derivatives, chemical products making and usage. However, the costs of these
options can vary significantly. In addition to the need for feedstock, the production of primary chemicals also
requires heat and steam, both of which are currently almost exclusively provided by fossil fuels but could be
replaced by bioenergy, hydrogen, or low- or zero-carbon electricity, for instance, by using electric boilers or high-
temperature heat pumps. The chemical industry has one of the most considerable potentials for electrifying
industrial energy demands with existing technologies, raising the prospect of a rapid decrease in emissions related
to energy use (Madeddu et al. 2020). Further options are energy efficiency, renewable energies in the chemical
industry, heat management technologies, process optimisation, circular economy etc. (Chung et al. 2023).
Currently, fossil fuel-based feedstocks are economically advantageous due to low carbon prices, while biomass
and electricity-based substitutes are expected to be more expensive. The chemical industry plays a major role in
consuming various fossil-based chemicals like hydrogen, ammonia, toluene, and mixed xylenes and aromatics
from fossil feedstock, which are utilised to manufacture a wide range of derivative end-use chemicals. To
effectively reduce emissions, alternative feedstocks such as hydrogen, biogenic or air-captured carbon, collected
plastic waste/ other recycling options and demand-reduction strategies can be employed. However, the availability
of biogenic carbon feedstock may be limited due to competing land uses (IPCC, 2022a).

2.2.2.5 Light Industry and Manufacturing

Light industry and manufacturing entail a wide range of industrial sub-sectors like food processing, textile,
consumer goods, vehicles and machinery. These industries have a lower energy demand compared to the heavy
industries and have the potential for significant decarbonisation by transitioning to low GHG fuels, such as biofuels
and hydrogen, as well as utilising electricity for electrothermal heating and heat pumps. Many of these
technologies are already well-developed, especially for low-temperature heat applications and a lot of progress
has been made over the past decade, for example with low-emission heating technologies as well as energy
efficiency measures (IEA 2023). However, a major hurdle lies in the current affordability of fossil methane and
coal compared to low or zero GHG alternatives like electricity, hydrogen, and biofuels. This cost disparity poses a
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significant challenge to the widespread adoption of these cleaner technologies in the industry (IPCC, 2022a).

2.2.2.6 Pulp and Paper Industry

The pulp and paper industry is among the top five most energy-intensive industries globally, the fourth largest
industrial energy user (Furszyfer Del Rio et al. 2022), and the largest user of original or virgin wood. The pulp
and paper industry predominantly generates biogenic carbon emissions and has relatively minor direct fossil
carbon emissions — it is therefore not considered a hard-to-abate industry sector (Svensson et al. 2021). Pulp
mills have the advantage of utilising biomass residues and by-products, while paper mills can leverage low to
medium temperature process heat for electrification. However, if wood is increasingly used as a substitute for
building materials and feedstock in the petrochemical industry, competition for feedstock resources may intensify.
It is still discussed how the forestry industry can contribute to the decarbonisation of these sectors and how this
is related to the mitigation potential in the pulp and paper industry. Moreover, the pulp and paper industry can
contribute to the production of biogenic carbon dioxide and serve as a potential source of carbon for organic
chemicals feedstock. Additionally, carbon dioxide removal (CDR) through CCS can be employed within the industry
to mitigate emissions (IPCC, 2022a); the industry even has the potential to contribute to negative emissions
through CCS applied to existing processes (Svensson et al. 2021).

2.2.2.7 Aluminum and other non-ferrous metals

Aluminum, copper and other non-ferrous metals are important inputs to several technologies critical for the energy
transition; the demand for aluminum alone is expected to grow by more than 50% by 2050 (WEF 2020); the
International Aluminium Institute (IAI) even predicts a growth of more than 80% by 2050 (IAI 2021). Currently
the aluminum sector alone accounts for about 2% of global human-caused CO2 emissions per year (WEF 2020).
At the same time aluminium is well known for its nearly infinite recyclability; this attribute not only makes it ideal
to reduce waste generally, a building block of the circular economy approach, but is also an opportunity to reduce
emissions in its own sector (WEF 2021). The potential here is huge: over 90% of current aluminium emissions
are associated with primary production whereas secondary, or recycled, aluminium uses just 5% of the energy
required for primary production (WEF 2021).

2.2.3 Main mitigation enablers and barriers: Which factors are driving or holding up
change, or currently driving change in the wrong direction

The deep decarbonisation of energy-intensive industries, which is the focus of this paper, faces economic, political,
and structural barriers and challenges (IPCC, 2022a; IEA, 2022a; Lofgren & Rootzén, 2021). These challenges
particular to energy-intensive industries encompass factors such as dependence on fossil fuels for energy and
feedstock, limited accessibility to deep decarbonisation technologies in the market, as well as prolonged asset
lifetimes and substantial capital investments (IEA, 2022b). Furthermore, another challenge is fear of declines in
competitiveness and industrial relocation to unregulated countries (carbon leakage), especially for trade-exposed
products and industries. These fears relate not only to competition among industries but there is also an increasing
pressure on natural resources and growing competing claims on those — also with regard to the energy transition
(e.g. rare earth materials). In addition to challenges, however, there are also numerous enablers that demonstrate
the possibilities and opportunities for climate protection measures in the industrial sector. These include financial
opportunities, technology transfer and locational advantages.

Table 5: Overview of factors affecting the transformation in the industry sector and industry-related emissions
Dimension Enablers Barriers
The distribution of renewable energy resources across different regions and the corresponding

Geophysical

feasibility infrastructure has a significant impact on the industrial sector. The availability of zero-emission

electricity and affordable hydrogen generated by solar and wind-powered electrolysis, as well as
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low-emission hydrogen from other sources, has the potential to reshape the location of energy-
and emissions-intensive basic materials production. This transformation can have an impact on
the organisation of value chains, trade structures and the international shipping of goods.

Macro

Enablers

Regions with abundant solar and
wind resources, or those with low
fugitive methane in proximity to CCS
sites, may emerge as exporters of
hydrogen or hydrogen-based carriers
like methanol and ammonia

Those regions may also become
hubs for the production of iron,
steel, organic platform chemicals,
and other energy-intensive basic
materials (IPCC, 2022a)

With the availability and distribution
of energy, infrastructure
requirements such as hydrogen
pipelines, CCS, and power grid are
also relevant and can serve as both
barriers and enablers for future

development

Macro

Barriers

Potential barriers are material
bottlenecks, limited access to raw
materials, geopolitical dynamics and
dependencies (Eike, 2022)

With the availability and distribution of
energy, infrastructure requirements
such as hydrogen pipelines, CCS, and
power grid can also serve as barriers for
future development

The impact on the environment depends heavily on the technological potential in the various
sectors and the specific climate protection efforts (see IPCC, 2022a).

Macro

Environmental- o
ecological
feasibility

Micro

Enablers

By switching fuels or implementing
carbon capture technologies, energy-
intensive industries can effectively
reduce their emissions, resulting in
significant benefits such as improved
air and water quality and
contributing to the fight against
climate change

Prioritising energy efficiency and
reducing energy consumption not
only supports local energy security
but also enhances overall energy
accessibility

Emphasising material efficiency
improvements and adopting circular
economy principles not only reduces
material waste but also promotes the
development of innovative business
models while minimizing
environmental pressures and
negative impacts on the natural
environment (Otto et al., 2023)

Macro

Micro

Barriers

Large-scale adoption of carbon capture
technologies might raise concerns about
the long-term environmental impact.
Questions about the storage and
potential leakage of captured carbon
dioxide could pose a barrier

Emphasising material efficiency
improvements may face challenges
related to the scarcity of certain
resources. In a circular economy, where
materials are reused and recycled, the
availability of specific resources
becomes crucial. If key resources are
scarce, it can pose a barrier to the
feasibility of material efficiency
improvements

The spread of climate-friendly technologies
prerequisite for combating climate change and

in energy-intensive industries is an essential
achieving the sustainability goals.

Technological

feasibility R
-

Enablers

Macro

Barriers
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Micro

With respect to technologies with
long investment cycles and long
lifespans, it is essential to quickly
invest in climate-friendly solutions
Continued investment in research
and development can drive
technological advancements and
improve the scalability of climate-
friendly solutions

Collaborative efforts between
industry, academia, and
governments can foster innovation
and facilitate knowledge transfer
Intensifying digitalisation of industrial
processes (Industry 4.0 etc) could
also help material tracing, waste
management, and better
maintenance (European Commission
et al. 2022)

Due to expected rising industrial
emissions in emerging countries,
technology transfer to these
countries is crucial (Sovacool et al
2023)

The maturity and readiness of
climate-friendly technologies play a
crucial role in their widespread
adoption

Industries need access to proven,
reliable, and commercially viable
solutions that can seamlessly
integrate into their existing
processes

Micro

Uncertainties and existing structures
that have developed over the years can
lead to carbon lock-in effects,
significantly slowing down the
decarbonisation of industry.

The complexity of implementing new
technologies can pose a significant
barrier for the industry sector.

The production costs associated with manufacturing basic materials with very low to zero
emissions may be high, but the costs for end consumers and the overall economy are likely to
be relatively limited. The potential for cost reductions and emissions mitigation in the industry,
especially in heavy industry, depends heavily on innovation, commercialisation, and policies that
promote market acceptance (Lead markets for climate-friendly products/ Green Lead Markets).

Macro

Economic
feasibility

Micro

Enablers

An infrastructure boom in developing
nations may lead to an increase in
emissions, particularly in steel and
cement production. Financing is a
key issue, while the boom could also
enable the development and use of
new technologies

Implementation of targeted industrial
decarbonisation policies that provide
economic incentives, subsidies, or
support mechanisms for businesses
to invest in and adopt climate-

Macro

Barriers

Technologies capable of achieving very
low or zero emissions across all industry
sectors exist, but their widespread
implementation requires five to 15 years
of focused innovation,
commercialisation, and policy support to
ensure uptake

Industry is a capital-intensive sector
with prolonged investment cycles and
limited profit margins, which provide
significant transition challenges

The adoption of the technological
solution relies on the presence of ample
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friendly technologies. These policies
can address the economic feasibility
challenges associated with capital-
intensive industries and prolonged
investment cycles, encouraging
businesses to transition toward
sustainable practices

While production cost increases can
be significant, the impact on the final
product's cost is generally minimal,
typically amounting to a few percent
or less, depending on the specific
product, assumptions, and system
boundaries (IPCC, 2022a). Important
to consider is also the fair allocation
of mitigation costs (Pachauri et a.
2022)

Micro

and affordable supplies of zero-emission
electricity, green hydrogen, alternative
feedstocks, or infrastructure for CO2
transportation and storage. However,
these resources are currently limited
and come at a high cost (Otto et al.,
2023)

The estimated mitigation costs fall
within a range of approximately USD 50-
150 per ton of CO2-equivalent, although
there is considerable variation within
and outside this range. Such costs affect
competitiveness and necessitate
supportive policies

In the absence of supportive policies,
businesses may face challenges in
justifying the economic feasibility of
transitioning to climate-friendly
technologies, hindering their ability to
make sustainable investments

Recognising the importance of sociocultural feasibility in shaping industry policy, there are several
drivers and barriers. Just Transition policies play a critical role in ensuring a fair distribution of
benefits during the transition to low carbon economies. The profound transformation of industry
not only entails changes in the skills required, but also risks the disappearance of certain job
profiles due to the restructuring or reduced activity of industries.

Macro

Sociocultural
feasibility

Micro

Enablers

In several industrialised countries,
private sector support and action for
industrial decarbonisation are
emerging as key enablers (Otto et
al., 2023)

Just Transition policies play an
important role, to ensure equity is
better accounted for in low carbon
transitions (IPCC, 2022b)

As industry is a major job-creating
sector, the industry transition will
inevitably have an impact on
employment. There will be skill
changes and demand for higher
skilled jobs (Vandeplas et al., 2022).
In the meantime, certain jobs could
disappear due to the industry’s
reduced or restructured activity

Implementing targeted worker
training and engagement
programmes can support industry
decarbonisation measures

Macro

Micro

Barriers

Public opinion and societal resistance to
policy changes aimed at decarbonisation
could hinder the development and
implementation of effective policies.
Political and public resistance may arise
if there is a perceived threat to existing
industries, employment, or local
economies, impacting the sociocultural
feasibility of large-scale policy initiatives

Employees within industries undergoing
decarbonisation may experience
challenges in adapting to new
technologies, work processes, and skill
requirements. Sociocultural resistance to
change or lack of awareness and
acceptance could hinder the successful
implementation of policies

Local communities surrounding
industrial facilities may have concerns
about changes in the industry's
activities, potential job losses, or
disruptions to their way of life. A lack of
community engagement,
communication, or acceptance of the
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Ensuring active community
participation and transparent
communication strategies

decarbonisation efforts could pose a
barrier to the successful implementation
of policies

A regulatory framework can also be an opportunity for energy-intensive industries. Political
measures such as the promotion of research and development, regulation, financial incentives, or
public procurement can act as enablers to strongly support the decarbonisation of the industry.
In general, the economic and regulatory framework condititions should be designed in such a way
that investment and location decisions are encouraged in favor of low-emission, innovative
technologies and process solutions. In this respect, public support and acceptance of climate
action plays a crucial role in driving policy change, including the decarbonisation of energy-
intensive industries (e.g. in relation to CCS/CCU, pipelines, grid extension). However, in some
countries, climate change concerns are often not taken into account in policy debates, which
hinders progress.

Macro

Micro

Institutional
feasibility

Enablers

International collaboration,
standardisation, shared best
practices and coordinated efforts on
a global scale can enhance the
effectiveness and feasibility of
institutional measures for industrial
decarbonisation. Collaborating on
research and development

Implementing a circular economy
and measures addressing material
demand and efficiency can be
implemented if awareness raising
campaigns, encouraging
engagement of stakeholders, and
extensive training and education
Implementing streamlined permitting
processes and clear rules can
facilitate the swift deployment of
new technologies in energy-intensive
industries

Macro

Micro

Barriers

An insufficient capacity of the public
sector can hinder the progress of
decarbonisation efforts.

Political instability and widespread
corruption further undermine the public
sector's ability to address climate
change and create an unfavorable
investment climate

Discrepancy between the globalised
nature and the international climate
policy framework: While the Paris
Agreement emphasises national
responsibility for climate action, most
energy-intensive industries are
dominated by large multinational
conglomerates operating in several
countries. This situation limits the
effectiveness of national policy
measures and increases the risk of
carbon leakage to countries with less
stringent climate regulations
Institutional and regulatory barriers,
including permitting procedures and
complex rules, impede the swift
deployment of new technologies in
energy-intensive industries, particularly
in industrialised countries like the EU.
These barriers hinder the progress of
decarbonisation and pose additional
challenges to achieving sustainability
goals (Otto et al., 2023)

Vested interests and industrial lobbying
against stringent decarbonisation
policies pose significant barriers to
domestic efforts. These concerns extend
beyond industrial lobbying to broader
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discussions on the potential negative
impacts of industrial decarbonisation,
such as the relocation of industries and
subsequent socio-economic
conseguences

2.2.4 Policies and measures: What policies are needed to achieve net-zero by mid-
century?

The level of policy maturity and technological readiness varies greatly among different mitigation options. Energy
efficiency has been extensively addressed through various policies such as voluntary and negotiated agreements,
regulations, energy auditing, and demand side-management (DSM) programmes, accumulating decades of
experience. On the other hand, policies regarding materials demand management and efficiency are not well-
developed and lack sufficient understanding. Barriers to recycling, which could be addressed through policy
interventions, are often specific to different material loops, such as copper contamination for steel or the lack of
technologies and unfavorable economics for plastics. Regarding electrification and fuel switching, the emphasis
has predominantly been on innovation and the development of technical supply-side solutions, rather than
stimulating market demand.

The following table presents the main policy instruments that are suitable for promoting the transformation of
the industry and also describes how these instruments can address existing barriers. In this regard it is crucial to
consider the policy instruments as a policy package, meaning that the individual measures should be combined,
and synergistic effects should be leveraged.

Table 6: Policy instruments and how they can address existing barriers

Typology of policy Potential Policy Options and Instruments and how they
instruments can address each barrier

Long-term planning and target setting: Developing
comprehensive decarbonisation plans and setting
ambitious emission reduction targets can provide
planning security

e Policy roadmaps: (Sector-specific) roadmaps outlining
clear visions, steps and strategies for decarbonising
industries and for reducing risks for investors can also
provide planning security and promote transparency in
implementation and investment planning

Governance and Planning

Instruments e Initiatives and partnerships: Encouraging collaboration

between governments, industry stakeholders, research
institutions, and civil society organisations can increase
stakeholder participation and promote benefits for local
communities

e Public infrastructure planning (hydrogen, CO, etc) are
preconditions for low carbon technologies, markets and
exports

e Project aggregation platforms bundle knowledge and
strengthens R&D
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e Strengthened international outreach

e Carbon pricing and border tariffs: Carbon taxes or cap-
and-trade systems to provide economic incentives for
reducing emissions and tackle carbon leakage (e.g., EU-
Emission Trading System, Carbon Border Adjustment
Mechanism (CBAM)).

e Subsidies and grants: Providing financial support for
industries to address the lack of capital and to invest in
cleaner technologies and processes, e.g., carbon
contracts for difference (CCfD)* (Lead markets for
climate-friendly products /Green lead markets)

e Tax incentives: Offering tax benefits or credits to

industries adopting low-carbon practices or investing in
Economic instruments industrial scale renewable energy applications improves
access to capital and can lower the prices for low carbon
technologies. It increases competitiveness and
acceptance of the industry sector

e Concessional financing to mitigate risk at the country,
sector and project level by providing partial guarantees
or subordinated debt or equity; dedicated transition
finance to facilitate uptake of cleaner and more efficient
technologies (IEA 2023a)

e Investment in clean energy supply chains reduces risks
and makes supply chains transparent

e De-risking of green investments through financial
guarantees

e Standards and regulations: Enforcing strict limits on
emissions, energy efficiency standards, material
efficiency standards, quota obligations, etc. provide
stable and clear regulation on a long-term horizon.

e Permits and licenses: Requiring industries to obtain
permits or licenses that consider environmental impacts
and carbon emissions. This sets clear requirements for
all market actors and creates a level playing field. If the
regulation was implemented on an international basis, it
has also the potential to address the mismatch between
globalized nature and international climate policy and
national regulations (carbon leakage)

Regulation and non-economic
instruments

e Public (and private) green procurement: Taking greater
account of climate protection aspects in public
procurement creates a high market volume for

! Carbon Contracts for Difference: energy-intensive industries will be compensated by climate protection agreements for a period of several
years to cover for their additional costs (OPEX and CAPEX) to convert their production (IEA, 2023b)
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innovative and climate-friendly products. Market entry
and market penetration can be achieved with
guaranteed sales (economies of scale)

e Extended producer responsibility: Making manufacturers
and producers responsible for the entire lifecycle of their
products in order to guarantee a transparent supply
chain and to implement environmental standards

e Strengthen the institutional capacity of emerging
economies

e Voluntary emission reduction agreements: Encouraging
industries to voluntarily commit to specific emission
reduction targets and actions. This increases
participation and acceptance

e Sector-specific agreements: Collaborative agreements
Voluntary agreements within specific industries to promote and share best
practices for decarbonisation. This can address
technological barriers, foster innovation and facilitate
knowledge transfer (complexity of implementing new
technologies, readiness of climate-friendly technologies,
uncertainties and existing structures)

e Research and development policies incl. funding for
basic research, pilot and demonstration projects to
promote innovations

e Education, training and capacity building: Providing
education and training programmes to promote
awareness and skills for adopting low-carbon
technologies and practices

e Public awareness campaigns/acceptance: Raising public
awareness about the importance of decarbonisation and
the role of industries to address the lack of knowledge

and information (information and search costs)
Educational/informational/”Soft”

instruments e Knowledge sharing and transparency: Platforms for

sharing knowledge, promotion of collaborations, best
practices, and benchmarking among industries can
facilitate knowledge transfer

e Industry-specific guidance and toolkits: Developing
resources, guidelines, and toolkits to assist industries in
implementing decarbonisation strategies

e Carbon footprint: Measuring and tracking GHG emissions
associated with e.g., a product, activity, or organisation.
This creates clear standards for the industry that provide
a transparent basis for documenting reduction efforts
and measuring potentials

Page 75
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

The following figure summarises the main policy instruments and sorts them according to their level of the value
chain.

2.2.5 Industry concluding remarks

The industrial sector is a significant contributor to global greenhouse gas emissions, particularly from high-
emitting industries such as steel, cement, and basic chemicals. Industrial emissions have been increasing at a
faster rate compared to other sectors since 2000, and the sector accounts for a significant portion of global
emissions. An important consideration for industry decarbonisation though lies in the heterogeneity of emissions
sources in industry processes.

Achieving net-zero emissions in the industrial sector by mid-century requires a fundamental transformation of
existing industrial systems, an implementation of a range of available and emerging options beyond incremental
improvements in energy efficiency, and particular efforts in the Global South. These options include transformative
changes in energy and feedstock sourcing, materials efficiency, circular material flows, and international financial
support. Electrification utilising renewable electricity and hydrogen is gaining prominence as a crucial method for
emissions mitigation in the industry sector. Additionally, carbon capture and utilisation, as well as carbon capture
and storage, are envisaged to play essential roles in reducing residual emissions in heavy industries.

Each industrial sector presents unique opportunities for emissions reduction. For example, in the iron and steel
industry, comprehensive policies integrating material efficiency, recycling, and production decarbonisation are
needed. In the cement and concrete industry, implementing material efficiency measures and utilising alternative
cementitious materials can significantly reduce emissions. The chemical industry can reduce emissions by
employing alternative feedstocks such as hydrogen and carbon captured from the air or collected plastic waste.

However, achieving deep decarbonisation in the industrial sector is not without challenges. Economic, political,
and structural obstacles pose barriers to the required transformation. Geophysical, environmental, technological,
economic, sociocultural, and institutional factors need to be considered and addressed to accelerate the adoption
of climate-friendly technologies and practices. To address these barriers, supportive policies and action, including
research and development funding, regulation, financial incentives, and public procurement, are crucial for
decarbonisation. The regulatory framework should encourage investment and location decisions that favor low-
emission, innovative technologies and process solutions. Furthermore, international cooperation is essential to
address the global nature of energy-intensive industries and prevent carbon leakage. Achieving successful
decarbonisation necessitates additional funding, generation of employment opportunities, facilitation of
technology exchange, coordination with sub-national and non-traditional stakeholders, as well as influencing
societal attitudes and implementing new methods of global climate governance (Savacool et al. 2023).
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2.3 Transport

2.3.1 Main mitigation strategies in the transport sector: What changes/transformations
are needed in what timelines to achieve net-zero by mid-century?

2.3.1.1 Main mitigation strategies in the transport sector

The IPCC AR6 WGIII report stresses that development pathways taken by countries at all stages of economic
development impact GHG emissions and shape mitigation challenges and opportunities (see chapters 3 and 4).
This means that development choices and decisions, as well as enabling conditions for action largely determine
climate outcomes. Shifting development pathways to increased sustainability seems to be the only possible way
to deliver permanent emissions reductions at the scale required, accelerate efforts, and support transformation
in the sector. This is precisely one of the main recommendations of the Report, also for efforts to be taken in the
near- to medium-term (pp. 418 and 448-450). Mitigation strategies and their success depend on pathways taken
and their consequences, but also on narratives of a desired future and the mobilisation of resources to change
things through energetic, ambitious, and solution-oriented action.

Achieving net-zero emissions in the transport sector by mid-century requires multifaceted and fundamental
transformations. These encompass policy and regulatory measures, technological advancements, infrastructure
development, behavioural changes, social equity considerations (Dawkins et al., 2023), and international
cooperation. They presuppose strong political will, adequate resources, and concerted efforts from all
stakeholders to drive the necessary changes and achieve the emissions reductions within the required timeframe.
Moreover, sectoral decarbonisation strategies should be framed within an overall sustainable transport pathway,
which requires systematic efforts, coordination, synergy creation, and continuous progress monitoring (Wang-
Helmreich et al., 2022). In their recommendations, five essential axes are recognised for their central role in
achieving net-zero emissions in the transport sector:

e adapt decarbonisation strategies to different transport sub-sectors

e prioritise and significantly increase investment in zero-/low-carbon infrastructure

e massively invest in the development and rollout of zero-/low-emission technologies
e focus on a just transition to overcome social and political barriers

e increase international support and cooperation.

However, lower GHG emissions in developing countries require a comprehensive and context-specific approach
that considers their unique challenges, opportunities, and sustainable development priorities (Emodi et al, 2022).
This is because, in addition to policy interventions, it involves a combination of financial support, technology
transfer, capacity-building efforts, and international cooperation to enable a transition toward low-carbon and
sustainable transport systems.

The WGIII report of the IPCC's AR6 is highly confident that demand-side options and low-GHG emissions
technologies can reduce transport sector emissions in developed countries and limit emissions growth in
developing countries. According to the Report, electric vehicles powered by low-emissions electricity offer the
largest decarbonisation potential for land-based transport on a life cycle basis, while energy-efficiency
improvements and fuels like sustainable biofuels and low-emissions hydrogen can support mitigation benefits in
land-based transport in the short- and medium-term but require decarbonisation of the electricity system, a
massive increase in the production, and deployment of electric vehicles and cost reductions.

2.3.1.2 Policies and measures: What policies are needed to achieve net-zero by mid-century

To achieve a net-zero emissions target in the transport sector by mid-century, policymakers and stakeholders
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must adopt a holistic approach rooted in the Avoid-Shift-Improve (ASI) approach (Bakker et al, 2014). This
strategy entails a series of largely interconnected policies and measures geared toward a collective reduction in
GHG emissions while ensuring sustainable and efficient mobility. First, minimising the number and length of trips
is a foundational step. For instance, this can be achieved through comprehensive urban and transportation
planning that prioritises compact, pedestrian-friendly, and mixed-use urban environments. Implementing policies
that endorse telecommuting, flexible work hours, and strategies aimed at curbing the need for daily commutes,
along with promoting active modes of transportation like walking and cycling, can substantially curtail travel
demand. Additionally, land-use policies that foster local access to essential services can further diminish the
requirement for extensive travel. Second, shifting the remaining demand to low-emission modes is essential. This
involves, among others, investing in efficient and affordable public transportation systems, expanding cycling and
pedestrian infrastructure, and promoting ridesharing and carpooling. Implementing congestion pricing in urban
areas can incentivise the use of sustainable modes and reduce traffic congestion. Additionally, policies that support
electric vehicles, including incentives and charging infrastructure development, can facilitate the transition to low-
emission transportation options. Third, improving vehicle technology is critical for achieving net-zero emissions.
Governments should establish stringent vehicle emission standards, finance the adoption of cleaner fuels (e.g.,
via targeted incentives), and promote the development and deployment of zero-emission vehicles, such as battery
electric and hydrogen fuel cell vehicles. Investing in research and development to advance vehicle efficiency and
alternative propulsion technologies is imperative. The preceding points underscore the necessity for a departure
from the past trajectory and emphasise the extensive array of policies and measures required within a complex,
multifaceted, and interconnected strategy. Additionally, they stress the imperative of achieving a substantial
degree of public engagement and fostering collaborative partnerships among governments, industries, and
communities. These actions are indispensable to harmonise interests, ensure rational and effective policy
formulation, and facilitate the seamless and efficient implementation of these policies and measures, ultimately
culminating in the attainment of our goals.

In this regard, the following table presents some key strategies/policy fields and possible policy measures with a
strong mitigation potential and actors potentially involved in strategy/policy design and implementation:

Table 7: Strategies, policy measures with mitigation potential, and main actors involved in policy design (A=Avoid, S=Shift,
I=Improve)
Strategy/Policy Field Policy Measures Main actors/ stakeholders

e Scale up and accelerate transition to
electric vehicles for both passenger and

freight transport (S). National governments, transport
« Develop supportive policies and ministries, energy ministries,
Electrification of vehicles incentives (S, I). regulatory agencies, public
» Avoid fossil fuels and encourage the use | transportation authorities, urban
of renewable energy sources for planning departments, industry.

electrification to ensure emissions
reduction potential (A, S, I).

e Promote the use of low-carbon and
renewable fuels, such as advanced
biofuels and hydrogen (A, S). .

 Develop and scale up sustainable fuel National governments, energy

Decarbonisation and production technologies, along with ministries, regulatory agencies,

increased efficiency of policies and incentives that support their | fuel producers, research

fuels deployment (I). institutions, technology

e Improve the commercial viability of low- development agencies, industry.
carbon alternative fuels (I).

e Decrease energy intensity and improve
fuel quality (I).
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Sustainable public
transportation

Expand and improve public transportation
networks, making them more accessible,
efficient, and affordable (A, S, I).
Prioritise investments in electrified mass
transport systems like electric buses,
trams, and trains (I).

Discourage private road transport and
encourage modal shifts from road to rail
(A, S).

Support multimodal and sustainable
transport networks (I).

Incentives and infrastructure for walking,
cycling, and other non-motorised
transport modes (I).

Local authorities, transport
agencies, public transportation
authorities and operators,
vehicle manufacturers, urban
planning departments,
community representatives.

Infrastructure o
development

Invest in charging infrastructure for
electric vehicles, including fast-charging
stations, at strategic locations such as
highways, parking areas, and urban
centers (I).

Develop a comprehensive network of
alternative fueling infrastructure (I).
Improve transport networks and their
qualitative characteristics (I).

Improve rail and promote decarbonisation
of ports, as well as On-shore Power
Supply to ships at berth (I).

National governments, local
authorities, transport ministries,
urban planning departments,
infrastructure development
agencies, regulatory bodies,
industry.

Efficient and intelligent
transport systems

Implement intelligent transportation
systems, including smart traffic
management, real-time information
systems, and efficient logistics to optimise
transport operations and reduce
congestion (I).

Promote the use of advanced vehicle
technologies such as vehicle-to-vehicle
communication, autonomous driving, and
eco-driving techniques to improve fuel
efficiency and reduce emissions (I).

National governments, transport
ministries, research institutions,
universities, technology
development agencies, industry,
collaboration platforms.

Spatial planning and
sustainable urban
development

Encourage compact and sustainable
urban planning that reduces the need for
long-distance commuting and enables
active transportation modes (A, S).
Develop mixed-use neighbourhoods that
integrate residential, commercial, and
recreational areas to minimise travel
distances and promote walkability (A, S).

National governments, urban
planning departments, transport
ministries, local authorities,
research institutions,
universities.

Behavioural change and
demand management

Reduce overall travel demand and
encourage more sustainable modes of
transport (A).

Use awareness campaigns, education,
and information dissemination to promote
sustainable transport choices, and using
public transportation (S).

Congestion pricing and incentives for off-
peak travel, parking policies (S, I).

National governments, local
authorities, public, industry.

The specific timelines for the abovementioned changes/transformations vary across regions, since efforts
required, enabling conditions, and barriers differ greatly. The success of the strategies and policy measures is
uncertain, while their outcome and timelines cannot be easily predicted. These depend on the starting position of
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different regions and countries, regional and national targets, policies, governance, capacities, and available
resources. However, in order to achieve net-zero emissions in the transport sector by mid-century, it is crucial to
start implementing these changes promptly and accelerate efforts undertaken so far.

Page 82
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

2.3.2 Main mitigation enablers and barriers: Which factors are driving or holding up
change, or currently driving change in the wrong direction?

Mitigation enablers and barriers in the transport sector are to a certain extent universal, but they can also be very
different, depending on a regional or national context (including between developed/developing countries). The
table below provides a comprehensive overview of factors that can significantly contribute to or hinder emissions
reduction, as they have an effect on the decarbonisation strategies listed in Table 1. It identifies seven key fields
as crucial in terms of policy and governance, technology advancements and options, financial incentives and
investment, systemic changes, public awareness and behaviour, knowledge and technology, and international
cooperation. These key fields collectively address the multifaceted challenges and opportunities associated with
transitioning to a low-carbon transportation system. Policy and governance set the framework, technology
advancements drive innovation, financial incentives provide essential support, systemic changes restructure
transportation, public awareness drives demand, knowledge and technology enable effective solutions, and
international cooperation ensures a coordinated global effort. Within these fields, an analysis of enablers and
barriers has been conducted, categorised according to their relevance at either the macro or micro level. Macro-
level analysis provides a broad perspective on systemic issues, policy frameworks, overarching strategies and
global trends that may impact emissions reduction efforts. Micro-level analysis, on the other hand, delves into
specific, localised factors, including individual behaviours, technological innovations, and country/community-level
challenges. Together, macro and micro-level analyses create a comprehensive understanding of the complex
dynamics at play in the transport sector.

Table 8: Overview of factors contributing to emissions reduction

Enablers Barriers
Aspects Field Aspects
Macro-level
e Enhanced political commitment
and well-aligned multilevel Macro-level
governance.

e Lack of political commitment.

e Inconsistent or inadequate
policies, lack of supportive
policies, absence of long-term
planning.

e Clear and supportive policies
and regulatory framework.

e Ambitious targets but also
concrete emission reduction

actions. Policy and
. . . e Inadequate regulato
e Mainstreaming of sustalpable governance frameevork gagps anéy
Policy and deV_eIODment and SDC_;S_ i insufficiencies obstacles, regulatory
national transport policies and !
governance . , regulatory uncertainty.
other sectors, achievement of . I I
synergies. gaps, and Lo BT
Micro-level obstacles e Insufficient governance
L . structures, procedures, and
e Coordination across multiple tools

policy domains.

e Adequate dedicated governance
structures, procedures, and
tools.

e Increased participation in policy
design and implementation and
inclusive governance processes.

e Lack of enforcement
mechanisms for low-carbon
transport in many developing
countries

Technological

Macro-level Macro-level

Technology e Advancements in low-carbon limitations e Many low-carbon technologies
advanceme technologies, e.g., electric and still in early stages of
nts and vehicles, alternative fuels, readiness, development or not
options batteries, etc. infrastructure commercially viable for
e Smart infrastructure systems. gaps widespread use.
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e Leapfrogging opportunities for

developing countries.
Micro-level

e Improvements in battery
technology.

e Use of battery technology in
segments of transport sector.

e Improvements in ports, cargo
handling, passengers’ traffic,
smart systems in ports, OPS,
supply chains, etc,

e  Sitill limited range for electric
vehicles.

e Availability and costs of
critical minerals required to
manufacture lithium-ion
batteries and other renewable
power technologies.

e Limited access to sustainable
fuels.

Micro-level

e Shortcomings of putting
technological advancements
into use.

e Limited transportation
infrastructure, especially in
developing countries and in
rural areas.

Macro-level

e Adequate financial support in
form of grants, loans,
favourable financing options,
guaranties, etc.

e Financial resources allocation
toward low-carbon transport
solutions.

Micro-level

. : e Incentives and subsidies for
Financial

incentives .

investment

Macro-level

e Upfront costs and, in some
contexts, high investment risk
of transitioning to low-carbon
transport technologies and
infrastructure.

e High costs of electric vehicles
and infrastructure
investments required.

e Huge investments and
planning required for largely
missing infrastructure in

Systemic

low-carbon technologies. Economic EEMEIEETIE ERUTEES SUEh =8
Public and private sector and financial ;:harglngtntgtworkst o BLllfe
and investment in research and challenges, . I{::osllj?creaclo%nstiﬁn(te;nfsc;r

development, infrastructure affordability transition. Developing

development, and deployment o

of new technologies. .countrlies cannot afford to

e Technical support in order to invest in I(_)w-carbon transport

identify needs and adequate ltre“g‘;’ r;zgrlggﬁfeand

solutions, assist possible Macro-/Micro-level

investments and PPPs, secure o

funding opportunities and the e Limited access to adequate

use of available resources, etc. and sufficient financial
resources and funding.

e Very large parts of the
population in developing
countries cannot afford to buy
electric vehicles.

Macro-level
e Broad use of remote work.
. tSmﬁnn :no_blllty and smart cities Micro-level
. Ee-f:on:)n?glf:: Systemic o Increased demand for freight
changes transport and particularly last-

changes e Improvements in supply chains

and logistics
Micro-level

e Shared mobility.

mile delivery.
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Public

awareness

and

behaviour J

Macro-/Micro-level

Macro-level
e Persistently limited awareness
regarding environmental
issues and sustainable
transport
Micro-level
e Resistance to change,
maintenance of consumption

Knowledge
and
technology

Internation
al
cooperation

with regard to concrete
programs and actions on the
above.

Micro-level

Capacity building in developing
countries.

e Increased awareness and Behavioural e O e e
demand for sustainable changes, transl?;ortgticlm thitsret’c.
;r::sfacir’lgs&ions among the socio- e Vested interests, esp:ecially in
Public support. for sustainable econgmic indt{stries heavily reliant on
transport policies and practices. | conditions Z%SeslllaIgstS’sL%ap:jlyt::ahgsiE(s)rtetc

due to concerns about
profitability, job displacement,
or operational disruptions.

e High levels of poverty in
developing countries and
informal transportation
sectors and ways.

Macro-level
e Expanding and deepening of Macro-level
Micro-llécg‘lmedge. e Capacity insufficiencies and
. limited capacity building in

¢ Knowledge-sharing. developing countries.

e Sharing of know-how and best N Micro-level
practices exchange of Capacities . .

. . e Challenges in accessing and
experiences, expertise. adopting low-carbon

* Technology transferand technologies due to limited
technical support for developing technical capacity and
countries regarding sustainable expertise
transport transition and ’
emission reduction.

Macro-level
e Very complex environment
Macro-level and relationships among
. actors/stakeholders.

e Collaboration between Micro-level
countries, international .
organisations, NGOs, industry ° MaEyhdlrgereqt acltorz/ "
stakeholders, development Zt?f e ot er:s mvto \{et_ wit
cooperation agencies, financial | actorg / e iz e ey
institutions, and funds, etc. cgncrete Interests, many

stakeholders different roles and priorities,

capacity, etc.

e Difficulties for harmonised
and concerted action, serious
conflict potential.

o Different levels of action.
Communication between
levels is difficult and often not
possible.
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In addition to this analysis, and from a different perspective to that of Table 2, Table 3 presents a comprehensive
overview of factors that could significantly affect the implementation of the decarbonisation strategies described
above and related transformative processes in the transport sector and transport-related emissions, organised
around six main categories of feasibility: geophysical, environmental-ecological, technological, economic,
sociocultural, and institutional. These categories provide a structured framework for systematically assessing
prevailing conditions, contextual elements, and various constraints. They may be either challenges to or
opportunities for achieving transformative objectives, offering a perspective revolving around the feasibility of
decarbonising the transport sector.

Table 9: Overview of factors affecting the transformation in transport sector and transport-related emissions

Dimension Possible enhancements/possible barriers
Geophysical Enhancements
feasibility e Geophysical considerations to be integrated into transport planning, land use

and spatial planning.

e Favourable geography, landscape morphology and topography conditions to be
taken advantage of by designing and implementing or reshaping transport
systems.

e Exploitation of renewable energy sources for powering electric vehicles.
Exploitation of critical minerals required to manufacture lithium-ion batteries and
other renewable power technologies.

Barriers
e Adverse geography, landscape morphology and topography for transport
systems and services.
e Low potential in renewable energy sources and lack of critical resources.
e Availability and supply of critical materials.

Environmental- Enhancements
ecological e Vulnerability to climate risks and awareness of these risks.
feasibility e Strong environmental pressures (e.g., air pollution, noise pollution, congestion,

bottlenecks, etc.) that may prompt demand for more ambitious strategies and
policy measures.
e Environmental legislation.

Barriers
e Low level resilience of transport infrastructure and systems.
e Possible limitations through environmental legislation and designated protected

areas/zones.
Technological Enhancements
feasibility e R&D, rapid progress of problem-adequate technological solutions.

e Progressive automation and digitalisation of the transport sector, use of smart
solutions, advanced technologies, and innovation in the entire sector and in
different transport modes.

e Technology scalability.

e Development of seamless and efficient transport corridors, networks, and
logistic/supply chains, following high qualitative standards and procedures.

Barriers
e  Still low maturity level and technology readiness.
e High costs of state-of-the-art/cutting-edge technology.
e Limited access to new technology and insufficient technology transfer.

Economic Enhancements
feasibility e Decoupling strategies.
e Potential and opportunities for structural change, modernisation, rationalisation,
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and business profitability in the sector.

e Secure benefits in medium- and long-term.

e  Still very limited use of economic instruments and therefore plenty of room for
smart solutions and soft measures.

Barriers
e Structure of the economy and economic trends, especially in developing
countries.

e Poor economic conditions.

e Huge costs of transformations/changes in the sector.

e Upfront financing requirements.

e Limited access to capital/funding.

e Low efficiency of economic tools so far.

e Fear of possible adverse effects on employment and growth.
Sociocultural Enhancements
feasibility e Sustainability paradigm and dynamic.

e Public acceptance.

e Knowledge and information, environmental education.

e Gradual inclusion of actors/stakeholders and general public into policy design
and implementation.
Capacity-building measures.

e Focus events (e.g., floods, international meetings, cases before courts, activism,
etc.)

Barriers
e Adverse socioeconomic conditions.
e Maintenance of non-sustainable patterns, behaviour, and trends.
e Limited public engagement and support.

Institutional Enhancements
feasibility e Normative pressure. (e.g., Paris Agreement).
e Political acceptance, sustainability rhetoric, and gradual support by political
elites.

e Agenda 2030 and Sustainable Development Goals.
Incremental improvement of institutional capacity.
International cooperation, important intranational meeting (e.g., COP,
sustainable development conferences, G20 meetings, etc.), possibilities for non-
state actors to be heard and participate in decision-making.

e NGO activity.

Barriers

e Still low-level prioritisation in the political agenda.

e Limited adoption of targets and support by the administration at all levels.

e Very slow development of adequate and efficient governance structures and
processes.

e Very limited cross-sectoral coordination and policy integration of relevant non-
climate policies.

e Inadequacies of the international system/architecture regarding policy
implementation and governance.

e Limited power of civil society and organised interest groups in favour of the
environment and limited influence on the political processes and output.
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2.3.3 Typology of public policy and governance instruments

There is a wide range of policy and governance instruments available to public authorities supporting
decarbonisation / GHG emissions reduction in the transport sector. The table below provides a comprehensive
overview of policy options categorised into six main types of instruments. These instruments encompass
governance and planning, economic, regulatory, “non-economic”, educational and informational, international
cooperation, and other instruments. Each type of instrument is further delineated by public policy instruments,
the governance dimension involved, the anticipated results, and the underlying factors that facilitate or impede
their successful implementation and results, intricately linked to the prior discussion presented in Section 3.

Table 10: Overview of policy instruments

Instrument Public Policy Governance Expected Result Enablers/Barriers
Type Instruments Dimension P addressed
Long-term
strategies that
outline vision,
objectives, policies,
and measures for
sustainable and
low-carbon
transport systems,
Policy incorporating GHG
integration and reduction targets.
coherence. Coherent and
Multi-level holistic approach to
governance. transport planning.
Enhancement Policy integration
of institutional and coherence Political
capacity / among various commitment.
institutional sectors to align Policy
e Transport coordinatic_)n. goals a!nd_ actions integration and
strategies Collaboration for emissions coherer_lce.
e Inte rateci among reduction. Strategic
Governance t 9 t actors/stakehol Frameworks for planning.
and planning Emﬁ ders. integrated transport Regulatory
instruments . Brban g[.)atial Planning plgnr_wi_ng that framework.
and re-’gional ! procef:lures, prlorl’_clse Governance
planning technical sustainable modes structure,

’ dimension, and of transport, procedures and
participation / promote modal mechanisms.
stakeholder shifts, and optimise Enforcement
engagement. transport networks mechanisms
Monitoring and and systems to
assessing reduce emissions.
policy/strategy Integrating
implementatio sustainable urban,

n and spatial, and

feedback. regional planning
principles and land-
use and
development into
the planning
considerations and
development of
public
transportation
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systems in order to
reduce transport
demand, minimise
travel distances and
congestion,
promote walkability
and support
emissions
reduction.

Economic
incentives (tax
incentives or
rebates to
individuals or
businesses,
subsidies and
grants to
individuals,
businesses, or
organisations
to promote the
purchase or
adoption of
sustainable
transport
options,
lowering or
waiving
registration
fees for
vehicles,
incentives for
carpooling or
ridesharing,
voucher
programs for
low-income
individuals to
access public
transportation
or sustainable
transport
options, etc.).
Economic
disincentives
(carbon
pricing,
emission or
energy taxes
and levies,
particularly
fossil fuel

e Institutional
and regulatory
frameworks.

e Enhancement
of institutional
capacity and
implementatio
n/enforcement
mechanisms.

e Adequate
administrative
procedures.

e Monitoring
compliance,
assessing
implementatio
n and
feedback.

e Revenue
allocation.

e Capacity
building.

e Funding
mechanisms,
schemes and
capacities,
consulting, and
technical
support for
potential
investors.

Shift consumer
behaviour towards
sustainable
transport choices
and support the
transition to a low-
carbon and
sustainable
transportation
system.

Encourage and
promote the
adoption of
environment-
friendly and
energy-efficient
modes of transport.
Internalise negative
externalities of
transport.
Discourage
undesirable
behaviours or
activities associated
with transport in
favour of cleaner
and more
sustainable
alternatives.

Consumption
and production
patterns,
behaviour,
trends.
Decoupling,
system change,
structural
change,
rationalisation.
Economic
feasibility of
efforts.
Affordability,
financial support
for investments,
funding.
Technological
feasibility
through funding
and
investments.
Investment risk
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taxes and
levies,
congestion
charging, road
tolls, parking
fees, etc.).
Financial
support
schemes such
as grants, tax
credits or
subsidised
loans/loan
guarantees for
low-carbon or
zero-emission
technologies,
as

Funded by
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Public
investments
and funding.
e Establishing and
enforcing strict
emission standards
* E:?nu:\j;gx for vehicles and
e Monitoring promc_)te the
Compliance adoption of cleaner
: vehicle technologies
e Enhancement and market
of institutional transformation
f;g?:%:g ctli - tow_ard cleaner Consumptior_l
Vehicle n/enforcement VRl e - and production
emission mechanisms ¢ Reducec_l e:mlssmns pattems’
standards e ; by restricting t_he behaviour.
Speed limit P entry of polluting Standards,
and low- and public Ve EE ar thresholds and
emission participation incentivizing the limits.
Z0nes. « Policy ' use of low-emission Compliance.
Modal shift averliEife vehicles within Failure c_)f
policies B de5|gnated_areas. economic and
. cooperation * Implementing other
across policies to instruments.
. encourage a_modal
government shlf_t from private
departments vehlcl_es to more
the public ! sustainable modes
- . of transport, such
admlnlstra_tlon, e
and agencies. transportation,
cycling, and
walking.
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Educational
and
informational
instruments

Solid knowledge as

Other .
instruments

International .

cooperation

instruments o
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a necessary
background for !(r;owled_ge and
decisions. g‘ olzmatlor:j
Awareness raising, ackgroun /

e Knowledge- . sharing.
sharing. e Capacity behawou[’al CTELEE, Capacity

e Public building and ES;&';?%'IZQ building.
awareness stakeholder hoi Awareness and
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decision- infrastructure in the | e Financial and
making transport sector. technical
processes. o Stakeholder support.

e Participation in engagement. e Knowledge
international sharing,
emissions technology
reporting and transfer.
monitoring o Institutional
systems. development

e Research and and compliance.
development
collaborations.

e Knowledge
sharing
networks and
peer-to-peer
exchanges.

2.3.4 Transport concluding remarks

The transport sector has significant decarbonisation potential and can substantially contribute to carbon emissions
reduction and climate neutrality. To this end, the sector needs to better mainstream environmental considerations
and make some bold choices, but also to move onto a transformative path towards sustainability, taking a great
leap forward. While policy and governance provide the framework for goal setting and implementation efforts at
all levels, the transport sector’s transition also largely depends on all actors of the economy (e.g., businesses,
financial institutions, and the society overall), to shift to new patterns, behaviours, and trends, and thus towards
a new paradigm. Although technological advancements are a critical element of this difficult transition, by means
of innovative, state-of-the-art, or cutting-edge technological solutions for different problems, challenges and risks,
efforts should also focus on fundamental changes in our way of thinking mobility and related actions. However,
even incremental changes are very important and perhaps more likely in the short- to medium-term. Strategies,
policy measures, and instruments are hereby crucial, especially in consideration of critical synergies at the sectoral
policy level. It is critical to mobilise the necessary financial resources for this transition and support those who
cannot afford to be on board. Actors/stakeholders need to adapt to a new reality, embrace change, as well as
enhance and accelerate their efforts. Enablers or barriers will largely determine the outcome of the efforts. In any
case, significant results presuppose political will, effective governance and implementation work, cooperation,
and collaboration on the part of all parties involved in any given process. Developing countries could find new
ways to break away from existing global development trajectories, leverage the lessons learnt in developed
countries and eventually leapfrog technology stages, skipping less efficient and higher carbon-intensive transport
technologies; they could also develop new solutions that are more relevant to their national context or even prove
helpful in transforming the transport sectors in developed countries.
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2.4 Buildings

2.4.1 Introduction

As of 2019, buildings were responsible for 31% of global final energy demand 128 EJ). Residential buildings
consumed 70% of global building energy demand. Energy consumption in residential and non-residential buildings
accounted for 50% and 32% of the global CO2 emissions from buildings, respectively. From 1990 to 2019, space
heating dominated energy consumption in residential buildings globally, followed by water heating, cooking, and
small appliances. By 2050, global final energy demand from buildings is expected to range from 86 to 138 EJ in
different scenarios. Projections indicate a substantial global mitigation potential of at least 8.2 GtCO2, equivalent
to 61% of the baseline scenario. Developing countries contribute the most with 5.4 GtCO2, while developed
nations account for 2.7 GtCO2 (Cabeza et al., 2022a). Space heating demand is projected to decrease from 2020
to 2050 in all scenarios. Cooling demand is on the rise, partly due to increased room air-conditioner ownership
driven by rising wealth and higher ambient temperatures caused by global warming (Liddle & Huntington, 2021).

Global GHG emissions from buildings amounted to 12 Gt CO2-eq, 21% of total global emissions. (Pathak, Slade,
Pichs-Madruga, et al., 2022). Of these, 57% were indirect CO2 emissions from off-site generation of electricity
and heat, 24% were direct CO2 emissions produced on-site, and 18% were from the production of cement and
steel used for building construction and refurbishment. Halocarbon emissions accounted for 3% of global building
GHG emissions (Cabeza et al., 2022a).

Thus, buildings and their construction are key for achieving the Paris Agreement. So far, however, energy demand
in buildings has continually increased, driven by building floor growth in combination with improved energy access
and living standards(IEA, 2021e). Between 1990 and 2019, global CO2 emissions increased by 50%. This increase
resulted mostly from an increase of global indirect CO2 emissions of 92%, caused by the increase of fossil-based
electrification, while direct emissions decreased by 1% globally. In terms of regional distribution, emissions from
residential buildings in so-called developed countries decreased (except for Australia, Japan and New Zealand),
while they increased in so-called developing countries. Indirect emissions from non-residential buildings increased
in all regions, ranging between a growth of 1202% in Eastern Asia growth and 4% in Europe and Central Asia,
while direct emissions from non-residential buildings decreased by 51% in the latter regions. Embodied emissions
increased in all regions, ranging between 334% in Southern Asia and 4% in North America. In terms of future
scenarios, the IEA net-zero scenario projects 2050 emissions at 29 Mt CO2, compared to a range of between 1.7
Gt CO2 and 13.5 Gt CO2 in various reference scenarios (Cabeza et al., 2022a).

2.4.2 Main mitigation strategies in the target sector: What changes/transformations are
needed in what timelines to achieve net-zero by mid-century?

To achieve the Paris Agreement target, the building sector needs to be decarbonized through the following five
interlinked strategies:

1) First and foremost, improving building envelope performance is the most important measure to reduce
heating and cooling demand and is thus key for building decarbonisation. New construction offers the best
opportunity for deploying an energy efficient envelope. For existing buildings, energy renovation needs to be
deepened and accelerated (OECD/IEA, 2013).

2) Shift from fossil-fuel-based and low-efficient to low carbon heating, cooling, and cooking:

3) Energy efficient appliance and lighting: Ownership of appliance is expecting to increase rapidly in developing
economies. Ensuring best available energy efficient appliances to be used in these countries and only light-
emitting diode (LED) lamps to sold in the middle term is crucial for reducing building electricity demand and
net zero emissions of the building sector (Cabeza et al., 2022a; IEA, 2021d).

4) Minimize embodied carbon of building materials: Embodied energy and emissions in building materials will
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play an increasingly important role when buildings become more efficient (Urge-Vorsatz et al., 2020b).
Embodied emissions can be reduced by using low-carbon materials, in particular wood an earth, re-using
building materials, and extending lifetime of building components (Cabeza et al., 2022a; Churkina et al.,
2020).

5) Sufficiency measures: these measures avoid the demand of energy and materials and thus tackle the causes
of GHG emissions, but also make it easier to provide basic needs to all, through optimizing the use of buildings,
repurposing unused existing buildings, prioritizing multi-family homes over single-family buildings, and
adjusting the size of buildings to the evolving needs of households. In contrast to efficiency, sufficiency
includes consideration of distributional equity in the consumption of space and resources and aims at
delivering decent living standards for all within planetary boundaries (Cabeza et al., 2022a; Saheb, 2021)

The following table provides more details on the technical measures needed and the actors who would need to

take action.

Mitigation strategies Technical measures

® Well-insulated, thermal bridge
free building envelope

® Deploying passive cooling
methods to minimize the
yearly demand for air
conditioning.

® Utilizing passive heating
strategies, including optimal
building orientation towards

. the south, incorporating north
S1: Reducing energy demand and south-facing glazing,

through building envelope maximizing daylight

design and technologies, penetration, promoting natural
efficient operation ventilation, and implementing
a structure that efficiently
stores thermal energy.

® Energy efficient building
operation to reduce energy
demand and avoid rebound
effects.

(Bienvenido-Huertas et al., 2020;
Urge-Vorsatz et al., 2020a)

Table 11: Mitigation strategies and related technical measures and actors in the buildings-sector
Actors

® Property development, e.g.,

property development
companies, (social) housing
companies, investor-occupier
Financing, e.g., banks, equity
funders, public-private
partnership (PPP), insurances,
property valuers

Design, e.g., architects,
engineering consultants
Component supply, e.g.,
component manufacturers,
wholesale, and retail
Construction, e.g., general
management companies,
construction companies and
contractors, manufacturers of
pre-fabricated houses
Installation of systems, e.g.,
system suppliers, installation
contractors

Sale/Letting, e.g., property
development companies (as
sellers or landlords),
manufacturers of pre-
fabricated houses, housing
corporations, real estate
agents, landlords/landladies,
buyers, tenants
Commissioning, e.g.,
commissioning providers,
engineering consultants,
facility managers
Operation/Use, e.g., investor-
occupiers (as developers or as
buyers of completed
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buildings),
landlords/landladies, tenants,
employees, customers,
visitors, guests etc., facility
managers

® electrification through heat
pumps (Bloess et al., 2018).

® direct use of renewable
energies, e.g., solar thermal,
biomass energy (IEA, 2021d).

® increasing energy efficiency of
cooling equipment and the
dominant use of ultra-low
GWP refrigerants (Carbon
Trust, et al., 2020; IEA, 2018,
2021d).

® solar cooling solutions,
inc|uding air conditioners For building-level centralized

powered by PV and solar HVAC, the same as actors above;

thermal collectors combined For decentralized HVAC within
S2: Shift from fossil-fuel-based with a chiller (IEA, 2018). each apartment: tenants and
and low-efficient to low carbon ® district heating and cooling owners

heating, cooling, and cooking based on the direct use of
renewable energy, excess
heat, and renewable
electricity, in particular in
compact urban areas (Fonseca
& Schlueter, 2015; IEA, 2018)

For district heating/cooling:
municipal government, district
heating/cooling service provider,
utilities, building owners

® C(Clean and low carbon cooking
through efficient electric
cooking (based on renewable
electricity) and use of modern
bioenergy, such as improved
biomass cookstoves and bio-
sourced butane and propane
(bioLPG) based on municipal
solid waste other sustainable
biomass feedstock (IEA,
2021d).

Ensuring best available energy

$3: Use of highly energy efficient appliances to be used, in

efficient appliance and . . . . Consumers
lightin particular, in developing countries
ghting (IEA, 2021d)
S4: Minimize embodied Embodied emissions can be Building materials and components
carbon of buildings, which will  [LEEEEIE manufacturers
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play an increasingly important role (IC I l]s]fe)Ylals WY ale] (=5 a10lls[igle Design (e.g., architects,

when buildings become more
efficient

design: through adaptive
reuse and extending lifetime
of building components,
decreasing the total project
size, adopting more efficient
structural systems or
alternative construction

engineering consultants),
Sale/Letting (e.g., property
development companies (as sellers
or landlords), manufacturers of
pre-fabricated houses, housing
corporations, real estate agents,
landlords/landladies, buyers,

methods, employing tenant)
prefabricated systems or
components, and designing
with a focus on waste
minimisation (Jungclaus et al.,
2021)

® Substituting material by low-
embodied-carbon materials.
(Churkina et al., 2020)

® Establishing a value or limit
for a material characteristic
that dramatically reduces
embodied carbon content.
(Jungclaus et al., 2021)

Local government
Downsizing dwellings through
cohousing strategies a) involves
repurposing existing buildings and | Design (e.g., architects,

clustering apartments during engineering consultants)
renovations; b) prioritizing multi- | Sale/Letting (e.g., property

family buildings in new development companies (as sellers
developments over single-family or landlords), manufacturers of
homes (Kuhnhenn et al., 2020; pre-fabricated houses, housing
Mckinlay et al., 2017; Sandberg, corporations, real estate agents,
2018; Thomas et al., 2019) landlords/landladies, buyers,
tenant)

Property development

S5: Sufficiency measures

2.4.3 Policies and measures: What policies are needed to achieve net-zero by mid-
century?

The previous chapter shows that multiple types of barriers have impeded building decarbonisation, which cannot
be addressed by a single policy instrument. Thus, policy-makers need to find a balanced policy package?, which
combines a broad range of policy instruments that reinforce each other to decarbonise the building sector (Hoefele
& Thomas, 2011; Kern et al., 2017; Rosenow et al., 2017).

2 Policy mixes for sustainability transitions: an extended concept and framework for analysis. Res. Policy, 45 (8) (2016), pp. 1620-
1635, 10.1016/j.respol.2016.04.004
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The table below presents how the primary functions of these policy instruments address each type of barrier. The
description is shorthand for the complex reality and consider only the primary policy functions.

Table 12: Policy instruments and how they can address existing barriers in buildings

Barriers Primary functions: How policy instruments can address each barrier

o (S1-5) Policy roadmaps define clear targets, milestones, and
action plans for all decarbonisation strategies, providing a reliable
planning framework for market actors and reduce risk for investors

o (S1-5) Establishing a dedicated political body (ministry or
department) taking political responsibility related to building
decarbonisation, and coordination mechanisms among
ministries, and among national, subnational and local
governments, and for the involvement of various stakeholder
groups, are important for effective implementation of the roadmap

Governance (IEA, 2022a).
?nd LI (S1-3) Energy efficiency funds Dedicated funds by the
instruments

government or by energy companies provides stable funding
sources to financing the upfront costs of decarbonisation options
and can also address the split incentives by reducing the burden of
compliance by landlords;

o (S1-3) Removing subsidies for fossil fuel, carbon
financing, and energy taxes, levies and surcharges on
energy carriers reflecting their GHG emissions intensities a) levels
the playing field for low carbon heating by increasing the costs of

Institutional the fossil fuel alternatives for both upfront and operation costs

(IRENA, IEA and REN21, 2020); b) provides a long-term vision for

building decarbonisation.

e (S1-2,54) Building energy codes make building energy
efficiency and low carbon heating/cooling for buildings the
standard sending a clear signal to market actors. Progressive code
also include requirements on sufficiency and embodied emissions
(Cabeza et al., 2022b; World Green Building Council, 2019)

e (52) Phasing out fossil fuel boilers sends a signal to the
market on the exclusion of fossil fuel alternatives in the near- and
medium-future.

Regulatory
instruments

e (S3) Product-specific minimum Energy Performance
Standards (MEPSs), have proven to be most cost-effective
policy measure for boosting the efficiency of appliances, including
heating and cooling equipment (IEA, 2018; Urge-Vorsatz et al.,
2007).

o (S51-5) Leading by example in the decarbonisation of public
buildings helps to establish a vision of building sector
decarbonisation and raise investors' confidence.

\\Softll
instruments
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o (51-2, S5) Energy Efficiency Obligations can help financing
Governance upfront costs of decarbonisation options by obligating energy
and planning suppliers to carry out measures that deliver energy savings. In
instruments return, energy suppliers have the right of cost recovery for
organizing and funding energy efficiency programs (bigEE, n.d.;
Rosenow et al., 2019).

o (S1-3, S4) Financial incentives for highly energy efficient
buildings, heating and cooling system, and appliance, on-site
renewable energy, and manufacturing of low-embodied emission
building products may be required to overcome their higher
upfront costs and can take different forms, ranging from grants,
soft loans, rebates for purchasing products, to tax incentives,
targeting different target groups (Lowes et al., 2020) .

e (S5) Financial incentives promote the alternative forms of
housing such as communal housing and energy sufficiency
appliance (Thomas et al., 2019)

o (S1-2,4)Emission pricing mechanisms make investments in
building energy efficiency and on-site renewable energies more
attractive; revenues can be used to further support mitigation

. (Lowes et al., 2022b; Thomas et al., 2021)
Economic

instruments o (S1-2) Energy saving auctions call for competition among
market actors for funding budgets on energy efficiency projects in
a most cost-benefit manner.

e (S1-2) Financing instruments: Loans provide liquidity and
direct access to capital important in energy renovations and on-
site renewable energy deployment. Policy instruments in this
regard include low-interest loans, loan guarantees, combination of
grants and subsidised loans, setup of publicly capitalised entities
(Cabeza et al., 2022b). Other innovative mechanisms include On-
bill financing (OBF) in which utilities take over the investment and
consumers pay it back through a surcharge on the energy bill over
time. (Johnson et al., 2016). Property Assessed Clean Energy
(PACE) providing funds using specific bonds offered by municipal
governments to investors (Mills, 2016), revolving funds recovering
and reinvesting the savings generated (Setyawan, 2014)

e (S1-2) Building energy codes address split incentives by
requiring a reasonable level of energy efficiency of rental buildings

Regulatory (bigEE, n.d.).
instruments | , 55)Governments can set energy sales cap scheme to

incentivize suppliers to assist their customers in reducing their
electricity consumption (Thomas et al., 2019)
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o (S1-2) Policies promoting energy services Energy Service
Companies (ESCOs) can provide property owners information on
energy saving potentials and cost-effective holistic solutions for
energy renovation including low carbon heating & cooling solution
(Boza-Kiss et al., 2017), promotion can include e.g. financial
support, standards and certification, information provision and
capacity building.

“Soft” o (S1-2) Policies promoting intermediaries / one-stop shops
instruments (0SS), which provide property owners easy access to integrated
technical and financial information (Boza-Kiss et al., 2021).

e (S1-3, 4) Scaling up building decarbonisation options in
public buildings helps to increase market penetration and thus
reduce market prices for these technologies. Governments can
apply net zero embodied carbon standards for new public buildings
and large public building renovations (World Green Building
Council, 2019)

e (S2) District energy planning takes a systemic approach
integrating energy demand (considering energy performance of
new buildings and energy retrofits) and supply at district level;

Governance renewable-based modern district heating network in place.

and planning | ¢ (S2) Government promotes the development of efficient
instruments renewable-based district energy networks

e (S52) Mandatory planning requirements to investors regarding
building shape, size, and siting, and integration of low carbon

energy supply

Technological

o (S1-2,4) RD&D policies foster innovations of design concepts
for highly energy efficient buildings and novel heating/cooling
technologies, serial building renovations (big£E, n.d.), low-
embodied emission buildings(World Green Building Council, 2019).

“Soft”

. o (S1-2,4) Training and education to provide the workforce with
instruments

the necessary knowledge and skills (European Commission, 2011).

o (S1-2,4) Certification of qualified actors to ensure accurate,
optimal, and safe services and to enhancing confidence of
investors/users on the services delivered (bigEE, n.d.)

e (S1-2) Building rating and disclosure policies inform building
owners and occupants regarding the energy use of the building.
(bigEE, n.d.; BPIE, 2014; Subramanian et al., 2022).

“Soft” o (53) Energy labelling schemes for products inform
Sociocultural T consumers about energy consumption of the products, aiming to

pull the market towards higher efficiency (bigEE, n.d.). The labels
can also provide a basis for incentive programs (IEA, 2022a)

o (S1-2) Feedback measures, such as smart metering,
informative/comparative billing, energy saving contests, dedicated
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apps, combined with practical tips for energy-efficient behaviour
and its potential energy and cost savings, could potentially
motivate users to change their behaviour (b/gEE, n.d.).

e (S4) Requiring the disclosure of environmental data for
building products and materials in accepted forms (e.g.,
EPDs)(World Green Building Council, 2019)

e (S1-5) General information provision raises awareness about
decarbonisation options and their cost-effectiveness among key
stakeholders;,

e (S1-2)Policies supporting target energy advices helps
property owners to identify concrete energy saving opportunities
and to assess the related costs and benefits

e (S5) Policies supporting energy sufficiency advice to inform
consumers about their alternatives to save energy when they
purchase or use appliances (Thomas et al., 2019)

S1: Reducing energy demand through building envelope design and technologies, efficient operation
S2: Shift from fossil-fuel-based and low-efficient to low carbon heating, cooling, and cooking
S3: Use of highly energy efficient appliance and lighting

S4: Minimize embodied carbon of buildings, which will play an increasingly important role when buildings become
more efficient

S5: Sufficiency measures

2.4.4 Main mitigation enablers and barriers: Which factors are driving or holding up
change, or currently driving change in the wrong direction

Depending on implementation, mitigation action in the buildings sector can contribute positively to no less than
16 of the 17 Sustainable Development Goals (SDGs), which can be leveraged to promote respective activities.
Positive impacts are for example health and environmental benefits due to reduced local air pollution, poverty
alleviation due to decreased energy expenditures, job creation, and reducing gender inequalities by reducing the
need for collecting fuel wood (Cabeza et al., 2022a).

However, existing work has characterised incumbent buildings, construction and energy companies as an
institutionalised force actively perpetuating conservative, unsustainable building practices (Gibbs & O’Neill, 2015;
Lowes, Woodman, et al., 2020; Reda et al., 2021; Smith, 2007). Another fundamental issue is the high number
of relevant actors (constructors, building product producers, building managers, architects, engineers, owners,
occupants, investors, trades people, equipment manufacturers, suppliers, lenders, insurers, codes and standards
setters, zoning officials, realtors and others), many of which have low degrees of capacity and knowledge about
climate-friendly design options. Effective policies are therefore needed to align all of these actors towards
decarbonisation (Cabeza et al., 2022a; Hdéfele & Thomas, 2011). In addition, there is a broad range of further
barriers.

Table 1 summarises major barriers identified from literature review. The table categorises enablers and barriers
according to their relevance at either the macro or micro level. The macro-level includes systemic issues, policy
frameworks, overarching strategies and global trends that may impact emissions reduction efforts. The micro-
level analysis comprises specific, localised factors, including individual behaviours, technological innovations, and
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country/community-level challenges.

Table 13: Overview of factors affecting the transformation in the buildings sector and buildings-related emissions

Dimensions

Geophysical
feasibility

Environmental-
ecological
feasibility

Funded by

Enablers

Macro

Most sustainable building
technologies are not limited by
materials (Cabeza et al., 2022a)

Measures to promote
sufficiency, energy efficient
building
construction/renovations, as
well as low carbon heating and
cooling reduce natural resource
consumption (fossil fuels, metal
ores, minerals) associated with
final energy consumption
(Thema et al. 2017 in Pathak et
al., 2022)

Advanced construction methods
and reuse of building materials

can reduce consumption of raw
materials (Cabeza et al., 2022a)

Much room for improvements in
energy efficiency, especially in
developing countries (Cabeza et
al., 2022a)

Micro

Green roofs reduce heat gains
and losses (Cabeza et al.,
2022a)

New sustainable insulation
materials have been developed
(Cabeza et al., 2022a)

Barriers

Macro

Using biomass for heating and cooking may
reduce the available land for food
production (Cabeza et al., 2022a)

Potential regional scarcity of renewable
resources and low carbon construction
materials depending on scale of adoption
(Cabeza et al., 2022a)

Micro

Limited suitability of renewable-based
heating and cooling in certain buildings with
limited roof space for solar thermal,
historical/heritage buildings with planning
limits, etc. (IRENA, IEA, et al., 2020);

Production of sustainable materials requires
significant energy consumption (Cabeza et
al., 2022a)

Macro

Sufficiency and building energy
measures that reduce fossil fuel
demand can improve air quality
and biodiversity (Cabeza et al.,
2022a)

New building modelling
approaches can improve the
assessments of environmental
impacts (Cabeza et al., 2022a).

Macro

switch to more efficient appliances could
result in negative impacts from increased
resource use, which can be mitigated by
avoiding premature replacement and
maximising the recycling of old appliances
(Cabeza et al., 2022a)

Micro

Low carbon construction materials like wood
and bamboo normally use petroleum-based
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Micro

Clean heating and cooking can
reduce a) indoor air pollution
and thus adverse health impacts
on households; b) reduce fossil
fuel use for heating and cooking
and thus improve outdoor air
quality Karlsson et al. 2020;
Balaban and 22 Puppim de
Oliveira 2017; MacNaughton et
al. 2018; Levy et al. 2016 in
Pathak et al., 2022

Green roofs and walls and
reduced air pollution enhance
biodiversity (Cabeza et al.,
2022a)

Reducing water consumption
through reduced energy
demand (Cabeza et al., 2022a)

adhesives, which can release toxic gases
(Cabeza et al., 2022a)

Those materials could lead to an increased
water demand and support monoculture
forest production (Cabeza et al., 2022a)

Bioenergy may have both positive and
negative impacts on biodiversity (Cabeza et
al., 2022a)

Macro

Many advanced construction
methods are widespread in
developed countries (Cabeza et
al., 2022a)

Insulation technologies are
generally well-developed, while
transparent insulation materials
and phase change materials
need further R&D (Cabeza et
al., 2022a)

Sustainable heating and cooling
technologies are widely
implemented at all scales
(Cabeza et al., 2022a)

Hybridisation between several
technologies can achieve better
results (Cabeza et al., 2022a)

Macro

Challenges to the power grid system due to
the increasing electrification of heating and

cooling (Love et al., 2017; Lowes, Rosenow,
et al., 2020a).

Limited maturity of specific technologies
such as solar cooling (Sheldon et al., 2018);

Circular solutions have varying technological
complexity (Cabeza et al., 2022a)

It is difficult to use advanced construction
methods on larger scale projects (Cabeza et
al., 2022a)

Micro

Shortage of skilled workers for energy
retrofits and heat pumps installation (IEA,
2022b),

Lack of technical capacity of implementing
low-embodied-carbon building solutions and
applying life cycle approach (World Green
Building Council, 2019)

Lack of high quality, robust data for building
energy performance and life cycle analysis
of building materials (Cabeza et al., 2022a)
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Some bio-based materials such as bio-
concrete aren’t widely spread right now.
Others are still in research phase (Cabeza et
al., 2022a)

Missing technical support at local places to
implement technologies (Cabeza et al.,
2022a)

Macro

Jobs creation from investment
in building retrofits or the
construction of new energy
efficient buildings (International
Energy Agency, 2020 in Pathak
et al., 2022). estimated 9-30
jobs generated for every million
dollars of investment.

Micro

Improvements in labour
productivity (Cabeza et al.,
2022a)

Renewable energies have
become cost-effective in several
regions (Cabeza et al., 2022a)

Demand-side management
measures (e.g., Sensors,
controls, energy consumption
feedback measures) are mature
and usually cost-effective
(Cabeza et al., 2022a)

Macro

Increasing population, rapid urbanisation
and building stock growth drive increase in
energy demand, outweighing efficiency
improvements (Zhou et al., 2018; IEA,
2021b)

Micro

Incumbent heating infrastructure associated
with significant sunk costs invested by gas
utility companies (Lowes et al., 2022a;
Nadel, 2019)

Higher upfront costs and longer payback
time to invest in building energy efficiency
measures, renewable energy technologies,
and low-embodied carbon materials (e.g.
Urge-Vorsatz et al., 2020; Cohn & Esram,
2022; IEA, 2020), which is aggravated by
split incentives (Hofele & Thomas, 2011;
Cohn & Esram, 2022; IEA, 2020; IRENA et
al., 2020; IEA, 2022)

Potentially high operational costs for
electrification (IRENA et al., 2020; Lowes et
al., 2022; 1EA, 2022)

Lack of access to affordable finance by
investors (e.g., Climate Action Tracker,
2022), to a large extent due to lacking
technical knowledge among capital
providers, perception of high lending and
investment risk due to the lack of track
records of lenders, low collateral asset
value, long project lifetimes, high
performance risks, small size of individual
building projects and correspondingly high
transaction costs (G20 EEFTG, 2017).

It is costly for suppliers of components and
material to transition, which is aggravated
by high uncertainty about market demand
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for energy efficiency options (Hofele &
Thomas, 2011; Cohn & Esram, 2022; Park
et al., 2021).

Perception of higher costs of circular
construction methods (Cabeza et al., 2022a)

Sociocultural
feasibility

Macro

Improvement of energy security
and reduction of fossil fuel
dependence (Cabeza et al.,
2022a)

Micro

Energy efficiency measures
result in reduced energy
expenditures for households
and thus help to alleviate
poverty (Cabeza et al., 2022a)

Envelope, heating and cooling
improvements and efficient
appliances usually perceived as
increasing comfort and status
(Cabeza et al., 2022a)

Improved indoor temperature
and thermal comfort due to
improved building envelope and
adequate ventilation could a)
reduce winter mortality and
morbidity rates due to
respiratory and cardiovascular
diseases, arthritic and rheumatic
ilinesses, asthma, etc.
(Camprubi et al., 2016; Wilson
et al., 2016; Thema et al. 2017
in Pathak et al., 2022) b)
improve mental health caused
by chronic discomfort and high
energy bills Howden-Chapman
et al. 2012; Payne et al., 2015;
Wilson et al. 2016 in Pathak et
al., 2022).

Clean heating and cooking can
reduce the time that women
spend collecting fuel and thus
increase other activities
(Jeuland et al., 2018 in Pathak
et al., 2022)

Micro

Building occupants’ value and behaviour,
e.g. demand for more living space (Bierwirth
& Thomas, 2015).

Lack of information and knowledge about
building energy efficiency and low carbon
heating/cooling options along the whole
value chain (Hofele & Thomas, 2011; IEA,
2020; IRENA, IEA, et al., 2020; Mata et al.,
2021)

Barriers to new construction methods
include information interaction between
softwares, insufficient technical training for
employees, cultural resistance (Cabeza et
al., 2022a)

presence of volatile organic compounds in
biomaterials, which can impede social
acceptance (Cabeza et al., 2022a)

Energy performance improvements and
deployment of cleaner fuels can lead to
rebound effects (Cabeza et al., 2022b)

Embodied energy and carbon are not well
understood and there is false perception
that embodied carbon is relatively
insignificant(World Green Building Council,
2019)
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Bio-based materials can be well
accepted for being natural and
aesthetically pleasing, but in
many developing countries are
associated with low building
quality (Cabeza et al., 2022a)

Reduced consumption of natural
resources improves quality of
life (Cabeza et al., 2022a)

Efficient appliances are resulting
in lower energy bills and
decrease long term poverty
(Cabeza et al., 2022a)

Digitalisation can enable
dynamic tariff schemes,
management of peak demand,
reduce price volatility etc.
(Cabeza et al., 2022a)

Micro

Generally high acceptance and
promotion of renewable energy
systems in many countries
(Cabeza et al., 2022a)

Strong support for appliances
labelling and standards in many
countries (Cabeza et al., 2022a)

Micro

Mismatch between long-term commitment
needed given long lifetimes and investment
cycles on the one hand and short-term
election cycles on the other (UNEP, 2020)

Absence of clear policy signals to the
market, e.g. ambitious targets, roadmaps
and policy instruments such as building
codes, and lack of enforcement (Cabeza et
al., 2022a; Gaur et al., 2021; IEA, 2021a,
2022b; UN Climate Change, 2021). E.g., in
2020, still about two-thirds of countries
lacked mandatory building energy codes
(IEA, 2021b).

Permitting installation of fossil-fuel heating
in new buildings and replacement in existing
buildings (Lowes et al., 2022a)

Subsidies for fossil fuels and fossil boilers
(IRENA, IEA, et al., 2020).

Low or area-based energy prices for
residential use creating little incentives for
saving, e.g., in China (Zhu, 2020), Turkey
(Taranto et al., 2019), Mexico (WRI, 2019);

A lack of information and knowledge about
building energy efficiency and low carbon
heating/cooling options along the whole
value chain (Hofele & Thomas, 2011; IEA,
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2020; IRENA, IEA, et al., 2020; Mata et al.,
2021)

e A lack of reliable data on energy
performance and cost savings after the
implementation of measures (Criado-Perez
et al., 2020)

e barriers to the uptake of alternative
materials include perceptions of high cost,
ineffective allocation of responsibility,
industry culture, lack of skills of technicians
and companies, and the poor availability of
product and building-level carbon data and
benchmarks (Cabeza et al., 2022a)

e Legal and administrative barriers to
demand-side management (Cabeza et al.,
2022a)
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2.5 AFOLU

2.5.1 Introduction

Land, including its water bodies, provides the basis for human livelihoods and well-being through primary
productivity, the supply of food, freshwater and other ecosystem services (IPCC, 2019). In the context of national
greenhouse gas (GHG) inventories under the United Nations Framework Convention on Climate Change
(UNFCCC), AFOLU is the sum of the GHG inventory sectors Agriculture and Land Use, Land-Use Change and
Forestry (LULUCF) (Nabuurs et al., 2022). It includes activities related to agriculture, forestry, and land use that
contribute to GHG emissions or removals.

The AFOLU sector has unique characteristics that differentiate it from other sectors in the context of climate
change mitigation: the sector possesses the capacity to reduce emissions naturally (without relying solely on low
carbon technology), remove significant amounts of carbon from the atmosphere affordably, and provide raw
materials for mitigation efforts in other sectors, such as in power, industry or the built environment (Nabuurs et
al., 2022). AFOLU activities accounted for 13% of CO2 emissions, 44% of methane (CH4) emissions, and 81% of
nitrous oxide (N20) emissions globally from 2007 to 2016 (Nabuurs et al., 2022). However, there is a discrepancy
in the reported AFOLU GHG emissions fluxes magnitude because of alternative methodological approaches?.

By 2015, about three-quarters of the global ice-free land surface was affected by human use (IPCC, 2019). The
AFOLU sector can contribute up to 30% of global mitigation efforts in deep mitigation scenarios (Nabuurs et al.,
2022). Despite this potential, the AFOLU sector has only modestly contributed to global emissions reduction so
far (Nabuurs et al., 2022). During the period of 2010-2019, past policies achieved approximately 0.65 GtCO2 per
year of mitigation, which accounts for only 1.4% of global gross emissions (Nabuurs et al., 2022). The majority
of these emission reductions came from forestry measures (Nabuurs et al., 2022).

The implementation of AFOLU mitigation measures faces persistent barriers, including economic and political
feasibility or cultural values, governance, accountability, and institutional capacity (Nabuurs et al., 2022). Climate
change itself could become a barrier, although there is medium confidence that the capacity of natural sinks may
increase despite climate changes (Nabuurs et al., 2022). The ongoing loss of biodiversity reduces ecosystem
resilience to climate extremes and may jeopardise the attainment of AFOLU mitigation potentials (Nabuurs et al.,
2022). Overcoming the barriers mentioned before is crucial for achieving significant short-term mitigation.
Collaborative efforts are needed among diverse stakeholders, including businesses, producers, consumers, land
managers, indigenous communities, and policymakers, to establish favourable conditions for adopting response
strategies (IPCC, 2019). Different response options are available across various scales, forming a mix of measures
implemented by different parties, from local to global levels (IPCC, 2019). The success of these actions also relies
on broader scales, such as national and international markets, trade agreements, and consumer preferences
(IPCC, 2019). The land and food sectors struggle with fragmented institutions and limited interaction among
stakeholders at different levels (IPCC, 2019).

3 Three categories of processes contribute to GHG fluxes: direct human-induced effects, indirect human-induced effects and natural effects.
The IPCC and FAOSTAT use the 'managed land' concept, but FAOSTAT may overestimate anthropogenic fluxes. Bookkeeping models and
dynamic global vegetation models (DGVMs) estimate anthropogenic land GHG fluxes but may not include all relevant practices covered by
inventories. DGVMs tend to yield higher emissions estimates compared to bookkeeping models (Nabuurs et al., 2022).
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2.5.2 Main mitigation strategies in the target sector: What changes/transformations are
needed in what timelines to achieve net-zero by mid-century?

Table 14: Mitigation Options and GHG emission reduction potential in the AFOLU-sector

Sub-sector Mitigation Option Mitigation Potential (tCO2-eq
per year)*

Agriculture 4.1.(1.7.-6.7)°
1.8 (0.7 - 3.3)!

Carbon Sequestration (soil carbon managementin | 3.4. (1.4 - 5.5)°
croplands, agroforestry, and biochar)

Reduce CH4 and N,O emissions (improve enteric | 0.6 (0.3 - 1.3)°
fermentation, man'ure n?ana.lgement, nutrient 1.8 (0.7 - 3.3)"
management, and rice cultivation)

Forests and other ecosystem 7.3(3.9-13.1)°
4.2 (0-12.1)!

Protection (reduce deforestation, loss and | 4.0 (2.5-7.4)°
degradation of peatlands, coastal wetlands, and
grasslands)

Restoration (Afforestation, reforestation, peatland | 2.1 (0.8 - 3.8)°
restoration, coastal wetland restoration) 0.7 (0.07 - 6.8)!

Management (Improve forest management, fire | 1.2 (0.6 - 1.9)°
management)

Demand-sides measures shift to healthy diets, reduce food waste, and | 2.2 (1.1 -3.6)°
improved use of wood products

4 Option’s combined potential per sub-sector and mitigation strategy (average, span). Values refer to mitigation potential at <USD 100 tCO2-
eg-1. In the IPCC's ARG report this cost is deemed the price at which society is willing to pay for mitigation and is used as a proxy to estimate
the proportion of technical mitigation potential that could realistically be implemented. Higher mitigation is limited by technical potential and
requires more investment. Values illustrate the cumulative global estimates for the individual measures (sectoral potentials S) and IAM (I)
estimates where data is available (Nabuurs et al., 2022).
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BECCS - 1.6. (0.5 - 3.5)
1.8 (0.2 - 9.9)!

Two main approaches to estimating mitigation potentials are sectoral assessments and integrated assessment
models (IAM) (Nabuurs et al., 2022). Sectoral assessments focus on individual measures or sectors, while IAMs
assess the climate impact of multiple practices across sectors (Nabuurs et al., 2022). Three concepts—
additionality, permanence, and leakage—are critical in evaluating and designing effective climate change
mitigation strategies in the AFOLU sector (Nabuurs et al., 2022). Additionality aims for climate change mitigation
efforts in the AFOLU sector that go beyond business-as-usual scenarios, and also preventing double-counting of
emissions reductions. Permanence refers to long-term carbon storage or reduction, ensuring that the benefits
derived from mitigation projects in the AFOLU sector are sustained and not reversible. Leakage refers to
unintended consequences where emissions reductions in one area are offset by increased emissions in another,
undermining overall mitigation effectiveness (Nabuurs et al., 2022).

2.5.2.1 Agriculture®
Carbon Sequestration

e Soil carbon management in croplands involves agricultural practices that increase soil organic matter
and carbon sequestration, such as crop rotation, cover cropping, reduced tillage, and nutrient
management.

e Biochar is a carbon-rich material produced through low-oxygen heating of organic matter, possessing
long-lasting soil-enhancing properties when applied.

e Agroforestry encompasses land management approaches that integrate trees and shrubs with crops
and/or livestock, either concurrently or sequentially, fostering carbon sequestration, heightened land
productivity, diversified livelihoods, diminished soil erosion, enhanced water quality, and favourable
regional climates.

Reduce CH4 and N20 emissions:

e Improve enteric fermentation involves reducing methane emissions from ruminant animals (the
digestive process in ruminants is the primary source of CH4 emissions in agriculture) by modifying diet
composition, using supplements and additives, implementing vaccination programs, and adopting
livestock breeding and husbandry practices to enhance production efficiency and decrease emission
intensity per unit of product.

e Improved rice management encompasses practices such as enhanced water management, residue
handling, optimised fertiliser application, and the utilisation of soil amendments, aiming to reduce
methane and nitrous oxide emissions, optimise nutrient uptake, and improve soil fertility during rice
cultivation.

¢ Crop nutrient management entails optimising fertiliser use through strategies such as precise timing,
appropriate rates, and suitable fertiliser types to minimise nitrous oxide emissions from agricultural soils,
while integrated approaches like crop rotations, reduced tillage, and soil testing enhance nutrient uptake
and tailored approaches like the 4R nutrient stewardship ensure efficient nutrient supply while minimising
emissions.

°> The following mitigation options were derived from Nabuurs et al. (2022).
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e Manure management encompasses various practices such as anaerobic digestion, inhibitors,
composting, improved storage and application techniques, grazing practices, and dietary adjustments for
livestock, aiming to mitigate methane and nitrous oxide emissions, minimise nitrogen excretion, and foster
sustainable handling of manure.

2.5.2.2 FOLU
Protect

e Reduce deforestation and degradation involves implementing activities to prevent the loss and
disturbance of tree cover, thus conserving existing carbon pools in forest vegetation and soil.

e Reduce degradation and conversion of grasslands and savannas involves preventing the
conversion of these ecosystems into croplands, which helps avoid soil carbon losses and biomass carbon
loss due to vegetation clearing.

e Reduce degradation and conversions of peatlands activities The mitigation option involves
preventing the conversion of peatlands, which are carbon-rich wetland ecosystems with high
concentrations of organic soil. By avoiding vegetation clearing, fires, and peat decomposition from
drainage, emissions of above- and belowground biomass and soil carbon can be minimised.

e Reduce conversion of coastal wetlands Reducing the conversion of coastal wetlands, including
mangroves, marshes, and seagrass ecosystems, helps avoid emissions from above and below-ground
biomass and soil carbon through avoided degradation and loss.

Restore

o Afforestation, reforestation, and forest ecosystem restoration (A/R) encompass activities that
involve converting land into forested areas, with reforestation focusing on restoring forests on previously
forested land, afforestation targeting historically non-forested areas, and forest restoration emphasising
ecological integrity alongside managed forests.

e Peatland restoration involves the rehabilitation of degraded and damaged peatlands through activities
such as rewetting and revegetation. This restoration process increases carbon accumulation in vegetation
and soils while avoiding ongoing CO2 emissions.

e Coastal wetland restoration Coastal wetland restoration involves restoring degraded or damaged
coastal wetlands, including mangroves, salt marshes, and seagrass ecosystems. This restoration process
promotes the sequestration of "blue carbon" in wetland vegetation and soil.

Management

e Improved forest management refers to sustainable practices implemented in already managed
forests to enhance carbon stocks, improve wood quality and productivity, and mitigate the impacts of
disturbances

e Fire Management (Forest and Grassland/Savanna fires). Fire management involves the
prevention, detection, control, restriction, and overall management of fire in natural ecosystems with the
objectives of safeguarding life, property, and resources.

2.5.2.3 Demand-side measures

e Shift to sustainable healthy diets: Refers to promoting dietary patterns that prioritise individuals'
health and well-being while minimising environmental impact. These diets are characterised by a
transition towards plant-based consumption, reduced consumption of animal-based foods, especially from
ruminant animals.

e Reduced food loss and waste entails implementing strategies to minimise the loss and waste of edible
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food throughout the supply chain, involving investments in post-harvest technologies, incentives,
regulations, reporting targets, and behavioural changes to reduce waste at various stages and ensure
more efficient resource utilisation.

e Improved and enhanced use of wood products entails maximising the utilisation of harvested wood
for materials, emphasising carbon storage and material substitution, achieved through sustainable
management practices, prioritising long-lived products, extending product lifetimes, promoting recycling,
and utilising wood as a substitute for energy-intensive materials like concrete or steel to reduce lifecycle
emissions.

¢ Fostering energy self-consumption through renewable energy facilities (biomass, solar energy, etc.)
and reducing transport losses (thereby increasing energy efficiency). This allows to indirectly occupying
more land for energy purposes (areas occupied by solar infrastructure and power lines, bioenergy crops,
etc.) (IEA, 2023).

2.5.2.4 Bioenergy and BECCS

Bioenergy and Bioenergy with Carbon Capture and Storage (BECCS) refers to the utilisation of renewable biomass
sources to produce energy in the form of solid, liquid, or gaseous fuels, electricity, and heat. Bioenergy systems
can reduce greenhouse gas (GHG) emissions by replacing fossil fuels with renewable biomass, thus contributing
to climate change mitigation. When combined with carbon capture and storage (BECCS) and/or biochar
production, bioenergy systems can also provide negative emissions by storing biogenic carbon in geological,
terrestrial, or ocean reservoirs or in products. This approach has the potential to mitigate GHG emissions and
facilitate carbon dioxide removal (CDR).

2.5.2.5 Solar energy deployment in land

A quick energy transition means a significant deployment of solar power energy on land, which can lead to land
competition and local conflicts with other land resources (such as food), including impacts on biodiversity, carbon
emissions (due to land use changes) and landscape. To avoid these negative consequences and promote a
sustainable deployment of ground-based solar energy, some land-based measures can be adopted (Hernandez
et al., 2019):

e Prioritise construction of photovoltaic plants in areas not suitable for other uses. Example of
these suitable areas can be rooftops/buildings, on water bodies (e.g. floating solar photovoltaic panels),
or on degraded and contaminated land.

e Wind and solar repowering. Upgrading or retrofitting renewable energy sources components. It
exploits existing land sites, in which renewables have been operating for years.

e Spatial planning for the deployment of energy on land.
o Land protection of areas with ecological value such as forests or grasslands.

o Sitting of power energy infrastructure in places where they are more efficient (not only in
terms of land price), and also in areas with scarce vegetation, avoiding those that have productive
uses (e.g. forestland or cropland)

e Agrivoltaics: Solar-panel farms that provide biodiversity-friendly soil cover, and sustainable bioenergy.
It can be combined with croplands and grasslands. It allows ecological restoration of the land under and
around the PV panels (ENEL, 2022).
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2.5.3 Main mitigation enablers and barriers: Which factors are driving or holding up
change, or currently driving change in the wrong direction?

Table 15: Overview of factors affecting the transformation in the AFOLU sector and AFOLU-related emissions
Sub-sector = Dimension Enablers® Barriers’

e Soil carbon management in
croplands is feasible
anywhere, while in
grasslands, it is most
effective in areas where
degradation has occurred,
and soil organic carbon is
depleted

e  Maximising benefits  of
biochar application depends
on context-specific factors,
considering  factors like
feedstock, production
conditions, and post-
production treatments

e  Successful agroforestry
implementation relies on
contextual factors like water

availability, soil fertility, seed e Soil types, percolation/seepage
access, land policies, tenure rates, precipitation fluctuations,
systems, credit access, and water infrastructure and necessity
species suitability. Some of of irrigation, paddy surface level,
the co-benefits of its field size limit adoption of improved
implementation consist of a rice cultivation
Agriculture SRR better erosion control and an e Regional imbalances in nutrient
(including feas?biﬁty improved soil health (Jinger availability, including surpluses from
livestock) etal., 2022). _ over-fertilisation and shortages with
e Tailored nutrient chronic deficiencies, can hinder
management, such as 4R effective crop nutrient management
nutrient stewardship practices

optimises supply, minimises
emissions, and enhances
fertiliser performance

e Manure management
measures are applicable in
all regions. They hold
significant mitigation
potential in Developed
Countries and intensive
production systems. While
small-scale solutions like
anaerobic digestion and
manure spreading are
effective in Asia, the Pacific,
and Africa, developed
countries could prioritise
measures like tank or lagoon
covers and large-scale
anaerobic digestion for
intensive production systems

6 The following enablers for each individual mitigation option were derived from Nabuurs et al., 2022.
7 The following barriers for each individual mitigation option were derived from Nabuurs et al., 2022.
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Environmental-
ecological
feasibility

e Biochar has been associated
with persistent yield
response, improved crop
water use efficiency, and
reduced greenhouse gas and
ammonia emissions from
compost and manure, which
further enhance its mitigation
potential

e Agroforestry leads to
biodiversity that can support
natural pest control, nutrient
cycling, and overall
ecosystem stability.

e Practices of conservation
agriculture (crop
diversification, minimum soil
disturbance, etc.) decrease
land degradation and raise
sustainability and
biodiversity.

Agriculture in urban and peri-urban
areas enhances biodiversity as well as
human well-being (Nunez et al.,
2020).

Additional fertilisation inputs can
negate soil carbon sequestration,
potentially increasing N20
emissions

Agroforestry can alter habitats,
impacting plant and animal diversity
Rice water management practices
can have opposing effects on
methane (CH4) and nitrous oxide
(N20) emissions during the drying
period, potentially offsetting
mitigation benefits

Enteric fermentation measures risk
long-term effectiveness, ecological
impact from feed, additive toxicity,
and animal welfare

Climate change can affect nutrient
use efficiency and the effectiveness
of crop nutrient management
practices, impacting their mitigation
potential

Limited evidence suggests that
there may be eco-toxicity risks
associated with certain manure
management measures

Forest protection options like
reduced deforestation or avoided
forest conversion have moderate to
high potential leakage risk. This
situation is generated as a result
from displacing land use or
deforestation and, therefore,
reducing biodiversity (Nunez et al.,
2020).

Technological
feasibility

e Soil carbon management is
already widely deployed
globally, indicating a high
level of technology readiness

e [Extensive studies have
confirmed the long-term
persistence of biochar carbon
in soils, providing confidence
in its potential as a carbon
sequestration strategy

e Research about the
interactions between biochar,
soil, microorganisms, and
plants have provided insights
into the potential benefits
and optimisation of biochar
application

e Medium technical potential
for enteric CH4 emissions
reduction technologies,
research efforts in advancing
these technologies can create
a supportive environment

e Advancements in precision
fertilisation and  nutrient
management  technologies
enhance crop nutrient
efficiency and  fertiliser

Difficulty in monitoring and verifying
soil carbon management practices
poses a barrier to implementation
Concerns exist regarding soil carbon
storage capacity saturation and the
permanence of carbon
sequestration, potentially limiting
the effectiveness of these practices
The absence of widespread and
efficient biochar production facilities
may restrict the capacity to produce
and distribute biochar on a larger
scale

The lack of comprehensive
understanding, standardised
practices, and quality control
measures can undermine user
confidence in biochar as a mitigation
option

Early-stage development of manure
management measures can hinder
their practical implementation and
effectiveness

Farmers may require training and
guidance to implement nutrient
management practices correctly,
including understanding optimal
fertiliser delivery, rates, timing, and
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application (nutrient
management)

Agroforestry, to obtain
maximum vyields, requires
the development of technical
advisory (mainly for a careful
design and an initial
planning and monitoring), as
well as the establishment of
professional training and the
investment in R&D. One of
the benefits of this practice
is to increase the resilience
of livestock by improving
fodder production and
providing additional sources
of feed (Mosquera-Losada et
al., 2017).

types for their specific crops and soil
conditions

Fugitive emissions can diminish the
potential mitigation benefits of
biogas production, thereby limiting
the effectiveness of manure
management practices

There can be an antagonistic
relationship between greenhouse
gas and ammonia mitigation for
manure management practices

Regarding agroforestry, limited
access to some necessary
resources such as tree seeds or
machinery (IAEA & FAO, 2008).
Disease management is another
important barrier since its
complexity is higher than in
monoculture systems (Schroth et
al., 2000).

Economic
feasibility

Soil carbon management in
croplands and grasslands is
considered a low-cost option
Soil carbon management
practices in croplands and
grasslands  provide  co-
benefits for livelihoods,
biodiversity, water provision,
and food security
Agroforestry offers multiple
co-benefits beyond carbon
sequestration, such as
increased land productivity
(and, therefore, an increase
in income), diversified
livelihoods, decrease in
charges of
fertilisers/pesticides, reduced
soil erosion, and improved
water quality. Additionally, it
enhances the development of
local rural economy including
creating jobs and eco-tourism
(Augere-Granier, 2020).

The economic viability of
enteric fermentation
measures is an important
enabling condition for
widespread implementation
(e.g. circular economy is
amplified through the use of
biomass coming from trees).

The lack of adequate financial
resources and funding can hinder
the scaling up of biochar production
and implementation

Biochar production costs can be
high, particularly when operating at
a small scale, which may limit its
affordability and widespread
adoption

Agroforestry systems should be
carefully managed to avoid food
production impact compromising
crop and livestock productivity when
incorporating trees and shrubs.
Moreover, agroforestry benefits
take long periods to materialize,
making it less attractive to farmers
than other types of agriculture
(Luedeling et al., 2016).

Improved crop nutrient
management practices may be
inaccessible or expensive for
farmers due to limited access and
affordability of resources such as
precision fertilisers, organic
manures, composts or nitrification
inhibitors

High implementation costs,
especially for anaerobic digestion,
can pose a major obstacle to the
adoptions of manure management
measures

Sociocultural
feasibility

Soil carbon management
practices in croplands and
grasslands  provide  co-
benefits  for livelihoods,
biodiversity, water provision,
and food security

Agroforestry supports
recreational activities

Potential social barriers to the adoption

of new practices in agriculture can
be classified based on different
groups (Dorner et al., 2018)
including:

Behavioural: initial cost price
influence behaviour, difficulties also
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(hunting, fishing, horse-
riding, mountain  biking,
wildlife watching, etc.) as
well as offers a pleasant
looking landscape. There are
a lot of enablers for
agroforestry such as the
contribution to animal
welfare, the development of
student education
(Mosquera-Losada et al.,
2018), the reduction of risk
fires, etc.

The adoption of mitigation
measures for enteric
fermentation can provide co-
benefits such as enhanced
climate change adaptation
and increased food security
Improved rice management
benefits resource utilisation,
including water consumption
and fertiliser application,
water use efficiency, reduces
overall water use, enhances
drought adaptation, improves
yield, reduces production
costs and increases farm
income

Improved crop nutrient
management practices can
generate co-benefits such as
enhanced soil quality, carbon
sequestration in soils and
biomass, improved soil water
holding capacity, adaptation
capacity, increased crop
yields, higher farm incomes,
improved water quality, and
reduced air pollution

Manure management
measures can provide co-
benefits such as enhanced
nutrient recovery, improved
fertiliser value, and
secondary processes like
biogas production

in the adoption of new practices
(change of habits e.g. cutting trees
is frowned upon in some cultures),
etc.

Arguably efficient.

e Informational barriers (not
sufficient availability of
information).

e  Externalities: e.g. GHG emissions,
learning from others, etc.

e Risk and uncertainty: as for
example perceived risk due to not
consolidated markets related to
new farming activities, new skills
that should be developed, etc.

e  Regulation and policy: due to the
policies or the law. They can be a
barrier or decrease the speed to
the adoption of a policy.

e  Market structure and institutions
(failure in these areas that can
difficult the adoption, e.g. lack of
training programmes).

Examples:

e Implementation of soil carbon
management in croplands and
grasslands may face challenges in
specific regional contexts despite
low overall socio-cultural and
institutional barriers

e Social implications and inequalities
can arise in agroforestry systems
due to factors like land access,
credit, information, and resources.

e Improved rice management farms
may face challenges due to farmer
perceptions, pump ownership, and
difficulties in coordinating water
management practices among
neighbouring farms and pumping
stations

Institutional
feasibility

IPCC  guidelines  should
include a quantification
method for biochar
properties, enabling precise
assessment and reporting of
biochar's mitigation potential
in non-CO2 greenhouse gas
inventories

For successful agroforestry
implementation, support
systems should offer tools,
information, and resources
to farmers, including policy
reforms, improved extension

e Standardised methods and
protocols are needed for
monitoring, reporting, and verifying
the carbon sequestration and other
benefits resulting from biochar
application

e Implementing measures to mitigate
CH4 emissions from enteric
fermentation may face challenges
related to feeding and
administration practices as well as
legal restrictions on emerging
technologies

e In some jurisdictions, the
widespread application of certain
manure management measures like
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systems, and enhanced
market opportunities

nitrification inhibitors may be limited
due to concerns about residues in
food products

Unclear property rights of land in certain
regions could lead to agroforestry
being seen as an insecure practice
(Murken & Gornott, 2022).

Geophysical
feasibility

Coastal wetlands, particularly
mangroves, have substantial
carbon stocks

Especially  peat  forests
located in tropical regions
have high carbon stocks
Coastal wetland restoration
has significant mitigation
potential in countries with
extensive coastlines and
small island states where
wetlands contribute
significantly to carbon stocks

e  Reducing peatland conversion limits
the land available for alternative
uses such as agriculture or other
land-based mitigation options

e  Coastal wetlands could vanish from
coastal squeeze without adjacent
uplands for migration as sea levels
increase

e In severely degraded peatlands,
restoration of peatland hydrology
and vegetation may not be feasible

Environmental-
ecological
feasibility

Prioritising ecological
integrity in forest restoration
enhances the overall
effectiveness of afforestation
and reforestation

Strategic and sustainable
approaches to afforestation
and reforestation, taking into
account factors like location,
scale, tree species, and
management practices, can
maximise their benefits
Regional considerations, such
as surface albedo and land
conditions, further optimise
outcomes

Climate change underscores
the need for prioritising fire
management strategies in
response to more frequent
extreme fire weather events

e Climate change can harm coastal
wetlands, impacting productivity,
and sediment build-up, undermining
climate mitigation and conversion
reduction efforts

e Poorly planned afforestation can
lower water vyield, biodiversity,
causing local trade-offs

e Non-native species and
monocultures in afforestation and
reforestation can harm ecosystem
structure, function, and water
availability, especially in dry regions.

e C(Climate change can influence the
mitigation potential of afforestation
and reforestation by impacting
forest growth, composition, and
disturbances like fire.

e Rewetting of peatlands, while
reducing the risk of fire, may
mobilise salts and contaminants in
soils, posing a potential risk

e Coastal wetland restoration can
sequester carbon, but there are
potential offsets from increased
methane and nitrous oxide release
and carbonate formation, partially
counteracting the mitigation
potential of restoration efforts

While global estimates are
absent, regional studies proof
the mitigation benefits of

e Reducing deforestation  might
increase reliance on insecure
external funding.
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Pressures from agriculture, resource
exploitation, and infrastructure
drive deforestation

Avoiding grassland and savanna
conversion incurs annual operations
costs and opportunity costs for
foregone income

Converting peatlands poses a
challenge in balancing economic
losses from agricultural income with
mitigation benefits

Coastal wetland  preservation
conflicts with competing land uses,
such as aquaculture, agriculture,
and human development
Large-scale  afforestation  and
reforestation efforts may negatively
impact food security by driving up
food prices due to land competition
Restoration of peatlands drained
for agriculture could displace food
production at a local level,
potentially impacting local food
supply. However, impacts on
regional and global food security
are expected to be minimal

Economic
feasibility

Preserving biodiversity and
ecosystem services more
effectively and at lower costs
compared to
afforestation/reforestation
Controlled burning, as a
method of fire management,
is considered economically
effective in reducing fire
danger and stimulating
natural regeneration

Sociocultural
feasibility

Conserving grasslands brings
socio-economic, biodiversity,
water cycle, and
environmental benefits

Preserving coastal offers co-
benefits like  biodiversity

conservation, fisheries
production, and water
regulation

Afforestation and

reforestation provide co-
benefits and ecosystem
services, promoting climate
resilience, biodiversity, water
regulation, soil protection,
and renewable resources
Peatland restoration delivers
co-benefits for biodiversity,
water  regulation, flood
prevention, and fire risk
reduction, supporting
restoration projects

Reducing deforestation may restrict
local rights and access to forest
resources

Forest owners and managers may
be resistant to adopting new
management practices due to
perceived risks, uncertainties, or
conflicting economic interests

Fire management activities may
raise concerns about equity and
rights, particularly in relation to land
ownership, traditional practices, and
indigenous rights
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Coastal wetland restoration
offers co-benefits, including
enhanced water quality,
biodiversity, fisheries
production, and protection
from sea-level rise and
storms

Fire management offers
various co-benefits, such as
reduced air pollution,
prevention of soil erosion
and land degradation,
biodiversity conservation,
and improvement of forage
quality

Institutional
feasibility

To conserve carbon stocks in
grasslands, savannas, and
coastal areas, key strategies
include protected areas,

improved governance,
community forest
management, forest
certification, enhanced
policies, and integrated
planning

Collaborative planning,

enhanced frameworks, and
community involvement are
crucial for successful
restoration initiatives
Building capacity and
providing training programs
to enhance knowledge and
expertise in improved forest
management practices can
facilitate their adoption
Access to financial resources,
technology, equipment, and
infrastructure can enable
forest owners and managers
to implement and sustain
improved forest management
techniques

In regions with savannas,
existing methodologies and
experiences offer guidance
for implementation of
prescribed burning with low-

intensity fires
Effective fire management
requires preventive

measures, early detection
systems, and rapid response
capabilities to control fires
before they become
unmanageable

Unclear land tenure poses a barrier
for implementing measures to
reduce deforestation

Ineffective governance and
management practices fail to reduce
peatland conversion, lacking control
over drivers such as agriculture,
mining, and urban expansion

A potential barrier to peatland
restoration projects are inadequate
resources which can hinder the
engagement of local communities
and the maintenance of livelihoods
Coastal wetland restoration efforts
often fail to address underlying
degradation  drivers, including
pollution, habitat loss, and
unsustainable land use practices,
hindering successful restoration
Enhancing forest management
practices in one area can lead to
increased harvesting pressures or
deforestation in other areas
(leakage), undermining the
effectiveness of mitigation efforts
Existing institutional frameworks
and policies may not support or
incentivize improved forest
management practices, hindering
their adoption

Fire management is challenged by
legal and policy barriers, such as
regulations, permits, and conflicting
interests among stakeholders that
can hinder effective implementation
Inadequate governance that fails to
establish suitable structure and
coordination among organisations
and stakeholders, hampers the
implementation of fire management
strategies

Limited capacity, including
insufficient funding, trained
personnel, and equipment, can
hinder the effective implementation
of fire management strategies that
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require trained personnel,
resources, and infrastructure

BEENGESEE Geophysical
measures feasibility

Environmental-
ecological
feasibility

Wood products processing and
disposal can have environmental
impacts such as energy
consumption, water pollution, and
waste generation that must be
carefully managed to preserve the
overall benefits of wood products

Technological
feasibility

Research and innovation
drive sustainable and healthy
food alternatives

Technology and innovation
reduce food loss and waste
through improved storage,
logistics, and tracking
systems in the supply chain
Advanced manufacturing
technologies improve wood
product efficiency, lifespan,
and recycling, leading to
higher carbon storage and
reduced environmental
impacts

Economic
feasibility

Investment in R&D promotes
availability and affordability
of sustainable diets

Circular economy promotes
converting food waste into
valuable  resources like
fertiliser or renewable
energy, creating economic
opportunities and reducing
waste

Lack of financial resources,
technology, infrastructure, and
equipment can pose barriers to
implementing and sustaining
improved forest management
Limited accessibility and
affordability of sustainable and
healthy food options, such as fresh
fruits and vegetables, can hinder
their availability in certain regions or
communities, with cost
considerations exacerbating the
issue

Shifting to sustainable and healthy
diets can have negative economic
impacts on the agricultural sector,
especially for livestock farmers and
related industries

The food supply chain may not be
well-equipped to accommodate a
shift towards sustainable and
healthy diets, including adjustments
to infrastructure, distribution, and
processing systems to meet the
demand for plant-based and
sustainable food options
Inadequate infrastructure in
developing countries contributes to
food loss and waste due to
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insufficient storage, transportation,
and processing facilities

Limited funding and incentives
hinder the adoption of technologies
and practices to reduce food loss
and waste, including efficient post-
harvest handling, storage, and
waste management systems
Limited energy access hinders
efforts to reduce food loss and
waste in post-harvest processing
and refrigeration

Consumer preferences and
demand can drive market

Cultural and societal norms pose
challenges in changing dietary
habits due to resistance or lack of
acceptance of new food choices

Limited awareness and education
on the environmental and health
impacts of dietary choices hinder

Sociocultural forces and motivate the food the adoption of sustainable and
feasibility industry to provide more healthy food options
sustainable products Changing consumer attitudes and
habits is a complex challenge in
reducing food waste caused by
preferences and behaviours like
overbuying, discarding based on
appearance, and improper storage.
Supportive policies,
regulations, and incentives
at the local, national, and
international levels and
o stakeholder engagement
Institutional foster sustainable forest
feasibility management. Innovations
improve wood product
efficiency and recycling
capabilities
Marginal, abandoned and
degraded lands offer
potential of utilisation for
bioenergy and BECCS without
competing with other land Limited biomass availability and the
Bioenergy Geophysical uses need for sustainable sourcing

and BECCS®  BiER1s)1118%

in certain regions bioenergy
crops might not require
artificial irrigation, thereby
avoiding competition for
water with food crops

hinder biomass supply

cultivating bioenergy crops

depending on the level of

Eggllgo?cr:f: L on degraded land has the deployment Bioenergy and BECCS
feasitﬂlity potential to enhance soil can result in large expansion of
carbon levels and improve cropland area, significant
8 The enablers for Bioenergy and BECCS were derived from IPCC, 2019 and Nabuurs et al., 2022.
Page 126

Funded by
the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

the overall quality of

ecosystems, including
biodiversity, which
contributes to the
preservation of soil health,
counteracting land
degradation, mitigating
desertification, and

alleviating food insecurity
utilising low fossil fuel and
chemical inputs, along with
limited irrigation and
heat/drought tolerant
species on marginal land,
biofuel programs can
enhance ecosystem
adaptation.

deforestation, and increased
irrigation water use and water
scarcity

intensive agricultural practices for
high crop yields may impair soil
health (depletion of soil organic
matter) leading to land degradation
and desertification

the use of residues could result in
land degradation or decreased soil
organic matter

Spatially explicit data and
advanced modelling
techniques analyse factors
like crop productivity, land
use, carbon stocks, and

difficult to assess when bioenergy

Technological T and BECCS deployment negative
feasibility imprzves ags esps ments of impacts outweigh benefits
bioenergy and BECCS
potential, co-benefits, and
side effects
the production of bioenergy crops
and feedstocks can result in
Economic increased food prices and can lead
feasibility to higher share of the population at

the risk of hunger

Sociocultural
feasibility

Institutional
feasibility

The use of sustainable
biomass feedstocks,
including organic waste,
harvest residues, and
biomass processing by-
products, can provide an
enabling condition for
bioenergy and BECCS
Integrating bioenergy and
BECCS with other AFOLU
mitigation options, like
agroforestry and anaerobic
digestion, enhances their
effectiveness and generates
synergistic effects

Land use conflicts with other
mitigation measures such as
afforestation

Solar energy
deployment
on land

Geophysical
feasibility

Marginal, abandoned and
degraded lands offer
potential of utilisation for
solar land

Suitability of land for solar power:
geographical factors needed such
as elevation, minimum solar
irradiance, etc (Noorollahi et al.,
2016).
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Agrivoltaics and ecological
restoration measures of the
land under and around PV °
panels can add benefits on
biodiversity and ecosystems

Depending on the case study
particularities concentrated large
solar farms can affect landscape

. (ENEL, 2022). and also have impacts on
Environmental- If appropriately planned biodiversity.
ecological (avoiding their placement in e  Competition with other land uses:
feasibility carbon-rich land use types, e.g. cropland (agricultural lands are
such as forests), solar the best areas for solar energy
energy deployment can deployment) (Szabadi et al., 2023).
avoid carbon emissions with
respect fossil places.
Spatially explicit data and
advanced modelling
techniques analyse factors
solar irradiance, land use, e Difficult to assess when bioenergy
Technological carbon stocks, and and BECCS deployment negative
feasibility ecosystem properties impacts outweigh benefits
improves assessments of its
potential, co-benefits, and
side effects.
e The need of evacuate electricity in
: . . cases of large solar farms can
. Financing through Europe: . .
Economic iy increase the costs (new power grid
o~ energy transition
feasibility needed) that can make some areas

unfeasible.

Sociocultural

Enhance of local
communities or local actors.

Social opposition at local scale due
to the fact that they are perceived
as threat to their rich and diverse

effects

feasibility natural environment.
Integrating solar energy with
other AFOLU  mitigation . .
) ) . B e lLand use conflicts with other
gﬁﬂggzés tlll'lk: e?fgercl\t{ozigssé mitigation measures such as
Institutional d tlr Iven i afforesation
feasibility and generates synergistic

2.5.4 Policies and measures: What policies are needed to achieve net-zero by mid-

century?

Table 16: AFOLU policy options per mitigation strategies based on Nabuurs et al., 2022

Policies Agriculture

measures

Governance and | e

planning national

Development of | ¢ well-planned and | e

Demand-sides

Bioenergy and
BECCS

sustainable

comprehensive | e
food-system

Bioenergy
targets
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instruments roadmaps for approach for oriented reform | e integrated
sustainable afforestation and policies> e.g.: planning
fertilisation reforestation> F2F (EU Farm to approaches
(nutrient) e.g.: FOR COMM Fork Strategy)
management-> (EU Step.plng WP | o sustainable
e.g.: NITRATE EU Action to forest
EU (Nitrates Protect and
- . management
Directive) Restore the (wood
World’s Forests) products)>
e Improving law e.g.: DEF (EU
enforcement, Proposal for a
forest Regulation on
governance, and deforestation-
land tenure free products)
e proactive fire
management
e integrated
planning
approaches
e enhanced
framework
coastal wetland
restoration
Economic e emissions e emissions e R&D funding
instruments trading/carbon trading/carbon (sustainable
tax(offset) tax(offset)> food
o agr- e.g.: EU ETS (EU alternatives,
environmental Em|s§|ons wqoq product
payments/Paym Trading System) efficiency)
ent for | ¢ REDD+/Payment [ e taxes on food
ecosystem for Ecosystem waste
services (e.g. Services (PES) o public
SR e access to procurement
e removal of financial policies
adverse resources,
agriculture technology,
subsidies, equipment, and
insurance infrastructure for
incentives > sustainable forest
Bt management
AGR_COMM
(common
agricultural
policy (CAP)
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e beyond 2020)

e R&D funding
(biochar,
technologies for
enteric
fermentation,
water and
nutrient
management,
precision
fertilisation)

Regulatory e water efficiency [ @ legal measures | e improved shelf | e standards
instruments requirements for environmental life and
e land-use zoning Rletschel e (Circulating the GEREEAEl
. for
e set aside and economy to o
sustainability
protected areas produce )
. of biomass
e community forest SlEZ i and land-use
goods > e.g.:
management CEAP (EU N
(CFM) =R oW
circular
e standard and economy action
certification plan)
programme
e land-use
moratoriums
voluntary e emissions forest
actions and certification
agreements programs (FSC)

e supply chain
management
(food sector)

education/infor | e ecological e knowledge and | e educational

mational/”soft” service mapping expertise programs and

instruments and development in awareness
stakeholder- improved forest campaigns
based management through
guantification nudges,

e Savanna burning synergies with

emissions health polici
ea olicies

abatement P

methodologies e consumer

empowerment
(for sustainable
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and healthy
food options,
reduce food
waste)

e standardisation
and labelling>
e.g.: FIC (EU
Food
Information to
Consumers).

e market demand
and consumer
awareness

*The examples are policies already implemented that can be related to the proposed mitigation measures.

2.5.4.1 Governance aspects for the AFOLU sector

Roughly one-third of the mitigation efforts committed by countries in their NDCs for the year 2030 are projected
to stem from land mitigation strategies (IPCC, 2019). However, many of these strategies lack comprehensive
specifics. Among these, most countries focus on diminishing deforestation and enhancing forest sinks, while only
a few also incorporate practices such as soil carbon sequestration, agricultural management, and bioenergy
utilisation (IPCC, 2019).

The policy options listed in Table 2 are embedded into the complexity of various actors, processes, structures,
and traditional rules that govern collective behaviour.

Land tenure is critical for climate efforts in the AFOLU sector. In developing countries, informal customary land
tenure systems cover 65% of the land, with only 15% recognized by governments (IPCC, 2019). Much of the
world’s carbon is stored in biomass and soil on these territories (IPCC, 2019). Where customary systems are
unrecognised or weakened by governments, tenure insecurity disincentives climate change mitigation efforts
(IPCC, 2019).

Climate change mitigation in the AFOLU sector can be significantly improved by implementing adaptive institutions
(IPCC, 2019). Adaptive institutions are organisations designed to tackle complex challenges related to land
management, food systems, and water supply (IPCC, 2019). They prioritise learning through information sharing,
experimentation, and collaboration (IPCC, 2019). These institutions have flexible regulatory frameworks and focus
on creating innovative solutions by considering longer-term perspectives and alternative pathways for change
(IPCC, 2019). Their goal is to adapt and respond effectively to dynamic and uncertain conditions, driving
sustainable outcomes (IPCC, 2019).

2.5.4.2 Policy Packages

Sanz, Ruiz, and Rouhette present a concept of policy mixes, referring to the effective combination of individual
policy options into a cohesive package, aiming to facilitate transformative changes within the AFOLU sector
(2023). They have outlined five themes for categorising policy instruments, which have been tailored and applied
to the AFOLU sector for driving transformative shifts (Sanz et al., 2023):

e Directionality and stable frameworks for actions and sustained finance

e Technology and innovation in ways system of practices are deployed to accelerate implementation
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e Reshaping market for key commodity chains
e Policy coherence and integration within the subsectors and international coherence

e Public capacity and knowledge to enable the transition and reduce the risk of and potential social
and environmental impacts

Furthermore, they emphasise the crucial connections to adaptation, given the escalating impact of climate change
on diverse terrestrial and maritime ecosystems, which could potentially undermine mitigation strategies (Sanz et
al., 2023).

These themes are similar to the classification framework outlined in this report. Of significant importance, they
highlight that each of these themes serves distinct policy functions aimed at tackling particular barriers or
leveraging on enabling conditions (Sanz et al., 2023).

Table 17: Policy mixes in the AFOLU sector

Topic Policy Function | Potential Policy Options & Instruments
Directionality | Clarity and o Mitigation targets, laws defining overall policy direction/ambition
guidance

o Plans/strategies outlining overall decarbonisation visions and
sectoral interdependencies.

o Biodiversity protection laws
o Detailed Agriculture, Forest sector specific plans/roadmaps

o Land use and restauration laws and policies (i.e. reforestation and
afforestation)

o Land use laws and regulations, including land use conversion
moratoria (i.e. forest conversion)

o Land tenure legal frameworks

Sustained o Sustained finance mix of mechanisms to enable investments

finance o Stable funding for shifting systems of practices (i.e. up-front public

finance, subsidies, low interest loans, etc)

o Mutual consideration of species protection issues in climate finance
and climate-change impacts in biodiversity finance, payments for
ecosystem services (PES)

o Payments for environmentally sustainable practices, public
investment in structural adjustment towards “greener” agricultural

systems
Innovation Enhance public | o Public RD&D policies, incl. funding of basic research, pilot
Research demonstrators
De:llelopment o Support for innovation in MRV systems and business models
an i throughout AFOLU value chains
Demonstration
(RD&D) o Promoting of collaboration and knowledge exchange across
stakeholders
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o Farming innovation (rethinking transport, digitalisation, inputs, pest
and diseases control)

Accelerate o Direct subsidies and technical support to introduce high-impact,

early changes quickly implementable technical options (i.e. new breeds and
varieties) that can be easily accessed and do not require completely
new management practices or inputs

o Voluntary instruments of sustainable forest management
0 Education and training programs for practitioners (farmers and

foresters)

Reshaping of | o Regulating global markets for relevant primary goods and creating
existing incentives for deforestation free supply chains (i.e. industry standards
markets for supply chains)

o CO2 price in emissions trading schemes, tradeable offset schemes

o Food systems transformation regulations and circularity strategies
and plans

o Subsidies and tax incentives for consumer behavioural changes

o Other financial incentives low GHG emissions agriculture and forest
products

o Disincentives, i.e. taxes to products with embedded deforestation

Transparency | o Carbon footprint tracing systems

?nd i o Free-deforestation tracing and/or certification of goods
information
0 GHG emissions food print certifications
Policy Reducing o Circular economy measures across the food system
f:oherenf:e & | demand 0 Health policies towards healthy diets to reduce animal proteins
integration .
consumption
International o International agreements on coordination and orchestration of
coherence multiple actors
o Alignments with agreed multilateral frameworks (i.e. Warsaw
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Framework for REDD+)

o Common standards and rules for carbon markets

Socio- o Just transition policies, incl. transitional assistance policies for
economic displace communities
implications

o Structural policies such as welfare and increase the involvement of
indigenous and local communities in environmental policy in the
interests of sustainable land use

Regulatory o Regulatory alignment across subsectors (agriculture, Forestry and
environment other land uses)

o Simplification of regulatory environment
o Integrated land use policies

o Input standards, technology standards, performance (output)
standards

o Subsidised crop insurance subject to cross compliance requirements
has strengthened conservation incentives

o Promotion of alternatives to wood fuel (energy sector)

Knowledge & | Public capacity | o Institutional capacity to understand challenges of transformation in

. government bodies from local to national scale
Capacity

o Information systems for farmers, including early warning systems
for disturbances (fires, droughts, etc)

o Facilitating stakeholder engagements

o Public training and capacity building, i.e. extension services

Monitoring and | o Systems for monitoring and evaluation, and projects registries

evaluation o National forest monitoring systems, GHG inventories, Safeguards

information systems, verification of timber legality

Adaptation linkages o Impacts of climate change and needs for adaptation are considered
explicitly in mitigations instruments

Main sources of information: Kissinger et al. (2012), Nabuurs et al. (2022), DeBoe et al. (2020), OCED (2020),
and policy data bases indicated in the reference section.
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3 Ethiopia - Case Study

3.1 Big picture: Current national-sectoral decarbonisation status and
prospects

Ethiopia, with a population of approximately 126.5 million in 2023, stands as Africa's second most populous nation
after Nigeria and exhibits rapid economic growth, estimated at 7.2% in FY2022/23. Despite this, it remains one
of Africa's poorest countries, with a per capita gross national income of $1,020, aiming to attain lower-middle-
income status by 2025 which would imply an income greater than $1,135 (World Bank, 2024). Over the past 15
years, Ethiopia has maintained an impressive average annual GDP growth rate of nearly 10%, largely attributed
to substantial investments in public infrastructure. However, growth slowed in recent years due to various shocks,
including the COVID-19 pandemic. Although agriculture, employing over 70% of the population, remained
resilient, other sectors saw slowdowns. Positive strides in poverty reduction have been made, but inequality has
risen, and internal conflicts pose threats to ongoing development efforts. The government's 10-Year Development
Plan, based on the 2019 Home-Grown Economic Reform Agenda, seeks to sustain growth, promote private sector
involvement, enhance efficiency, and address macroeconomic challenges (World Bank, 2024).

Ethiopia has been embroiled in a civil war since late 2020, leading to a severe humanitarian crisis and stalling
climate policy advancements. Despite these challenges, Ethiopia submitted an updated Nationally Determined
Contribution (NDC) in July 2021, though without increasing its mitigation target ambition. The Climate Action
Tracker (CAT) rates Ethiopia's climate efforts as "Almost Sufficient," indicating they are close to a fair share of
global efforts but not fully aligned with limiting warming to 1.5°C (Climate Action Tracker, 2022). The updated
NDC is integrated into Ethiopia’s Ten-Year Development Plan (2020) and will update the 2011 Climate Resilient
Green Economy (CRGE) strategy, though no release date has been provided. Current projections suggest Ethiopia
will exceed its unconditional and conditional NDC targets by 2030, yet these do not account for the conflict's
potential impact on emissions. The IMF has projected a significant GDP growth rate drop in 2022 due to the
conflict (Climate Action Tracker, 2022).

Historical GHG emissions CLIMATEWATCH
Data source: Climate Watch; Location: Ethiopia; Sectors/Subsectors: Total including LUCF; Gases: All GHG; Calculation: Total; Show
data by Sectors.
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Figure 10: Historical GHG emissions Ethiopia
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Source: https.//www.climatewatchdata.org/

In figure 10, the historical greenhouse gas emissions in Ethiopia from 1990 until 2020 are shown with regard to
the different sectors. This data originates from Climate Watch, PIK, UNFCCC and GCP. If the data is compared to
the BAU scenario in table 18 as shown in Ethiopia’s NDC, the numbers differ which can have multiple reasons
such as different metrics, sectoral measurements or methodologies used. However, the trend that the land use
sector including livestock and agriculture accounts for most emissions in both sectors is visible in the NDC as well
as in the Climate Watch charts.

As the country reported to the UNFCCC, its GHG emissions in 1995, were 38 to 48 Mt COz¢, which rose to 150 Mt
CO2e in 2010. The main contributors are: livestock 43%, forestry 37%, crop 7% and other sectors (power,
transport, industry and building) 3% each. Under the BAU scenario, emissions are predicted to grow more than
double to about 400 Mt COze in 2030 (Michal, N. et al, 2015).

Table 18: GHG emission projections in BAU, unconditional and conditional pathways

BAU emission Unconditional emission | Conditional emission projection
projection (Mt CO,eq) | projection (Mt CO_eq) | (incl. unconditional) (Mt CO,eq)

2020 2025 2030 2025 2030 2030
Industry hi9 12.7 26.1 12.9 27.3 10.2 22.6
Energy 10.7 144 200 12.7 14.9 10.4 9.5
LUCF 125.0 1338 1402 1124 1.8 21.4 99.9
Livestock 1464 1695 1948  168.7 192.9 162.8 180.0
Managed Soils 5.8 8.1 11.0 8.0 10.9 8.0 10.6
Waste 9.1 10.3 11.5 9.4 9.5 6.0 29
TOTAL (Mt CO eq) 3029 348.8 4035 3243 347.3 218.8 125.8

Source: Updated NDC July 2021, p. 10

The updated Ethiopian NDC from 2021 (Table 18) shows the projected overall and sector-specific greenhouse
gas emissions from 2020 to 2030. For 2020 the Ethiopian government indicated emissions of 302.9 Mt CO: eq.
In a business as usual (BAU) scenario, those emissions would rise to 348.8 Mt CO2 eq in 2025 and 403.5 Mt CO2
eq in 2030. Those projections depend on the two versions of the Ethiopian NDC, the unconditional version which
shows the contribution depending on own resources and capabilities, and the conditional version which
incorporates international means of support for meeting more ambitions reduction goals. In an unconditional
scenario those emissions would decrease to 324.3 Mt CO2 eq in 2025 and 347.3 Mt CO2 eq in 2030. A conditional
emission projection scenario however projects 218.8 Mt CO2 eq in 2025 and 125.8 Mt CO2 eq in 2030 (a reduction
of 68.8%).

In this light, this paper examines the current enablers, barriers and policy options in five key sectors, namely
industry (3.2), energy (3.3), transport (3.4), buildings (3.5) and land use (3.6). Each sector is discussed in an
own chapter following the same structure: introduction, enablers and barriers, the current status of national
climate policy and policy recommendations based on the analysis. A detailed analysis of the enablers, barriers
and policy options can be found in sector-related tables in the annex (3.9).
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3.2 Industry

3.2.1 Current national-sectoral decarbonisation status and prospects

Ethiopia's industrial sector has been evolving rapidly over the past few decades, driven by diverse industries, a
growing workforce, and significant investments in infrastructure. The sector's composition reflects a mix of
traditional and modern industries, contributing substantially to the nation's economic development. Key sectors
within Ethiopia's industry include agriculture-based industries, manufacturing and construction, each playing a
pivotal role in shaping the country's industrial landscape.

In 2019/20 fiscal year, the industry sector has registered an average annual growth rate of 17.2% (TYDP, n.d.).
The final energy consumption of the country is roughly 40,000 GWh, of which only 3% is consumed by the
industry sector (Girma, K., 2023). Roughly 20% of the energy needs of Ethiopian industries are supplied by
electricity while more than 80% is provided by fossil fuels like oil and coal products (Sigra Group AS, 2019). The
industrial sector consumes 38% of the electricity generated primarily from hydroelectric sources. The industrial
sector in Ethiopia was expanding in terms of the number of firms, employment, output, value addition, exports,
and investment, however, in terms of GDP share, it remained low in 2019 at 7.4%. This is significantly below the
average for Africa and well below the 17% projected under GTP II (Gebeyehu W., 2022).

The manufacturing sector encompasses a wide range of activities, from textile and garment production to
machinery and chemical manufacturing (UNIDO, 2018). Government initiatives, such as the establishment of
industrial parks, have bolstered this sector, attracted foreign investment and boosted export potential (Fanuel et
al. 2022). Cement, steel, sugar, textiles, and leather are the five industries in Ethiopia that consume the greatest
amounts of energy. They use around 79% of the industrial sector's overall energy requirement (Sigra Group AS,
2019). Under the BAU scenario, the total industrial emissions are projected to rise by 16% each year, from 4 Mt
CO2e in 2010 to 71 Mt CO2 in 2030 (Mahlet, 2022). Ethiopia aims to cut the BAU based prediction by 64% in
2030. Off this, the industry intends to reduce emissions by 20 Mt COze (COMESA, n.d.).

3.2.2 National-sectoral mitigation enablers and barriers

3.2.2.1 Enablers

In terms of enablers, Ethiopia's industrial sector is supported by a variety of initiatives and policies designed to
promote manufacturing, enhance productivity, and align with climate goals through energy efficiency and
sustainability. The establishment of industrial parks across different geographical locations has been a significant
driver in encouraging manufacturing and export-oriented industries (UNIDO 2018). These parks not only provide
the necessary infrastructure but also create a conducive environment for businesses to thrive. Additionally, the
development of energy efficiency standards and labeling for products such as Electric Injera Mitad demonstrates
Ethiopia's commitment to reducing energy consumption and promoting sustainable practices within the
manufacturing sector (Danas Electric Engineering, 2015). Technological advancements and increased productivity
in large- and medium-sized manufacturing sectors further underscore the progress being made.

Financial incentives play a crucial role in fostering low-carbon solutions as well. Grants, loans, subsidies, tax
exemptions, carbon credits, and green bonds are effective mechanisms that are being used to lower the initial
costs and mitigate the risks associated with investing in these solutions (World Bank 2023) (UNDP 2021b).
Moreover, technical support measures such as energy audits, training, awareness campaigns, demonstration
projects, and technology transfer are essential for building the capacity and skills of industrial actors and
stakeholders. These efforts are instrumental in driving the sector towards more energy-efficient and
environmentally friendly practices (EEA, n.d.).

Policy and regulatory frameworks are also pivotal in supporting the implementation of energy efficiency and
renewable energy measures. Strategies such as the Climate-Resilient Green Economy (CRGE) strategy, the
National Electrification Program (NEP), and the Feed-in Tariff (FiT) program are key components of Ethiopia's
approach to promoting the growth of renewable energy sources and ensuring a sustainable industrial sector.
Yalew (2022) points out that the CRGE strategy as a cornerstone of Ethiopia's climate policy, aimed at achieving
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a green economy that is resilient to climate change (Yalew, 2022). These enablers collectively contribute to an
industrial sector that not only drives economic growth but also attempts to align with Ethiopia's climate goals,
ensuring a sustainable and energy-efficient future.

3.2.2.2 Barriers

Despite Ethiopia's efforts towards aligning its industrial sector with climate goals, several barriers persist, impeding
progress and sustainability. Those barriers are closely interlinked with the energy sector and while ambitious plans
such as the National Electrification Plan 2.0 have many enabling components in principle, they turn into barriers
if not sufficiently implemented. Traditional fuels, such as charcoal, fuel wood, dung cakes, and agricultural
residues, account for a staggering 87% of the country's energy consumption. This reliance not only poses severe
health and environmental risks but also highlights the urgent need for transitioning to cleaner energy sources. In
2019, a significant portion of the population, 55.2%, lived without access to electricity, underscoring the energy
accessibility challenges the nation faces (Girum, A.T., et al., 2021). In addition to these issues are the prevalent
lack of skilled manpower and maintenance capabilities, which hamper the efficient operation and upkeep of energy
infrastructure (Girum, A.T., et al., 2021).

The development of renewable energy technologies in Ethiopia is further hampered by a lack of investment capital
(Mulualem G.G. 2021). This financial constraint is critical, as substantial investment is required to drive innovation
and large-scale implementation of renewable energy solutions. Additionally, the country's institutional capacity
limits the effective utilisation and integration of renewable energy technologies (Negussie R. 1999). Without
robust institutions capable of managing and supporting these technologies, sustainable progress remains difficult.
This is also visible with the implementation of the NEP

Moreover, the industrial sector suffers from a lack of motivation and effective planning and monitoring, which are
essential for fostering a proactive and responsive industrial environment. Desalegn A. and Solomon N. (2021)
emphasize that coordination and cooperation among industrial actors and stakeholders are vital for achieving
cohesive and sustained industrial growth aligned with climate goals. The absence of such coordination leads to
fragmented efforts and diminished overall impact. These barriers collectively present significant challenges to
Ethiopia's industrial sector, underscoring the need for comprehensive strategies that address these multifaceted
issues to achieve a sustainable and climate-aligned industrial future.

3.9.1 (Quicklink to table on enablers and barriers)

3.2.3 Current status of national-sectoral climate policy

Ethiopia has implemented a variety of policies and measures aimed at fostering industrial growth while mitigating
the adverse effects of climate change.

Central to these efforts is the establishment of Monitoring, Reporting, and Verification (MRV) systems for the
industry and agriculture sectors. These systems, operationalized through significant investments and staffing,
ensure accurate tracking of emissions and adherence to climate goals (Climate Governance, 2020). The Ethiopian
Energy Authority (EEA) has developed energy efficiency programs and activity plans, including voluntary-based
energy audits for industries, promoting efficient energy use and reducing wastage (EEA, n.d.).

The formation of the Environmental Policy of Ethiopia underscores the government's commitment to
environmental protection. The Environmental Protection Authority (EPA), established through proclamation no.
9/1995, oversees comprehensive environmental protection. The policy, developed in 1997, includes stringent
emission limits for stationary sources, ensuring that industrial activities do not exceed the maximum allowable
levels of pollutants (ESIPC, n.d.). This regulatory framework is crucial in minimizing industrial pollution and
protecting public health.

Ethiopia's industrial policy, active since the early 2000s, employs a range of policy instruments to stimulate
industrialisation. This policy framework, supported by the Climate Resilient Green Economy (CRGE) Strategy, aims
to avoid reliance on outdated technologies and promote sustainable practices (CRGE, 2011). A significant step
towards reducing greenhouse gas emissions is the gradual phase-out of fossil fuels and fossil fuel boilers, despite
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predictions from the International Energy Agency (IEA) that fossil fuel consumption might rise in the coming years
(IEA, 2019). The Ethiopian government's revision of petroleum product subsidies since July 2022 is a proactive
measure to encourage the use of renewable energy sources and reduce fossil fuel dependence (Reporter, 2024).
The Green Manufacturing Strategy, introduced in 2019, offers tax exemptions for purchasing select testing
equipment, fostering innovation and the adoption of green technologies (GMSE, 2019). Environmental permits
and fees, managed by the EPA, ensure that potentially polluting businesses cannot operate without proper
authorisation. This regulatory approach allows the government to assess potential pollution and adjust permission
fees based on the probable environmental and economic impact (Krueger K, et al., 2012).

To attract investment in key sectors such as manufacturing, agriculture, and agro-processing, Ethiopia offers
extensive financial incentives. These include exemptions from customs charges on capital goods and building
supplies, along with substantial income tax exemptions for agricultural and manufacturing investments (EIC, n.d.).
The Ethiopian government has implemented various financial incentives, including the Scaling-Up Renewable
Energy Program (SREP), public-private partnership (PPP) policy, and fiscal incentives for renewable energy and
energy efficiency (EVR, 2022). Ethiopia is promoting the use of Energy Performance Certifications (EPCs) for the
industrial sector to achieve its goals under the Paris Climate Agreement and green economy vision. Ethiopian
Energy Authority plans national energy efficiency labelling scheme and energy audits for commercial, industrial,
and public sectors, as part of Green Economy strategy (Eucker et al., 2019).

The Ethiopian Cleaner Production Centre (ECPC) promotes resource efficiency in small and medium-sized
enterprises (SMEs) through the Joint UNIDO-UNEP Program on Resource Efficient and Cleaner Production (RECP)
(UNDP 2021a). This initiative supports the adoption of sustainable practices in the SME sector. Furthermore, the
Environmental Impact Assessment (EIA) process mandates that firms complete an EIA before starting certain
projects, ensuring that environmental considerations are integrated into their planning (Damtie M. and Bayou M.,
2008). The Ethiopian Standard Industrial Classification (ESIC) system aids in data collection and analysis for the
industrial sector, providing a structured approach to categorize industries into ten major groups (ESIC, 2010).
Collectively, these policies and measures create a robust framework for industrialisation in Ethiopia, emphasizing
sustainability and climate change mitigation. By promoting energy efficiency, regulating emissions, incentivizing
green practices, and ensuring environmental oversight, Ethiopia aims to achieve balanced industrial growth that
aligns with its climate goals and sustainable development objectives.

Table 19: Analysed policies in Ethiopia’s industry sector
Type of
instrument

Policy

Industrial Policy in Ethiopia, 201
Climate Governance, December 2020

Ethiopia’s Climate Resilient Green Economy, Green Economy strategy, 2011
Green Manufacturing Strategy for Ethiopia: Growing Industry Sustainably, 2019

Energy Efficiency Program and activity plan Ethiopian Energy Authority

Ethiopia Investment Policies and Incentives and opportunities

Environmental standards for industrial pollution control
Ethiopian Standard Industrial Classification (ESIC) (First Publication-January 2010)
Ethiopian Voluntary National Review, 2022

3.2.4 How to strengthen national-sectoral climate policy?

Ethiopia has made significant strides in aligning its industrial policies with national Science, Technology, and
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Innovation (STI) policies and intellectual property rights (IPR) frameworks. This alignment fosters an environment
conducive to innovation and the protection of new technologies and ideas, which is crucial for sustained industrial
growth. The establishment of comprehensive standards across various industrial processes further ensures that
industrial activities meet high environmental and operational benchmarks. These standards are detailed across
different parts, including guidance on interpretation, specific industrial sectors, general industrial effluents,
gaseous emissions, and noise limits. Such a structured approach promotes consistency and quality in industrial
operations.

Financial incentives play a pivotal role in attracting investment to the manufacturing sector. By offering
exemptions from taxes on select testing equipment and providing extensive support for laboratory and testing
facilities, the government creates an appealing environment for investors who comply with regulations. These
measures not only attract capital but also encourage adherence to environmental and operational standards.
Additionally, the government's focus on strengthening institutional capabilities by equipping them with skilled
personnel and necessary instruments further enhances the sector's capacity to innovate and improve efficiency.
The development of integrated toolkits aimed at building the capacities of National Cleaner Production Centers
highlights Ethiopia's commitment to sustainable industrial practices. These toolkits are designed to support
resource efficiency and cleaner production, helping industries minimize their environmental footprint. This
initiative aligns with global trends towards sustainability and positions Ethiopia as a forward-thinking player in
industrial development.

Despite these positive developments, several challenges remain that need to be addressed to strengthen the
sectoral policy in terms of climate change mitigation. One significant challenge is the lack of effective collaboration
among diverse bodies involved in the industrial ecosystem. The coordination among these actors is essential for
seamless technology transfer, research and development (R&D), and innovation efforts. Addressing this requires
creating robust frameworks that facilitate cooperation and communication among stakeholders. The imbalance
between fast-growing imports and slow-growing exports presents a structural challenge that affects the
economy's stability. Developing strategies to boost export growth while managing import levels is crucial. This
can involve enhancing the competitiveness of local industries through innovation, quality improvements, and
marketing strategies that open new markets for Ethiopian products.

Technological development and adoption practices are another area where the sector faces challenges. The usage
of outdated import technologies due to limited regulatory coverage and incentives hampers progress.
Strengthening regulations that govern technology transfer and providing more robust incentives for adopting new
technologies can help overcome this barrier. Additionally, addressing the weak coordination among ecosystem
actors can ensure that technological advancements are effectively disseminated and utilized. Regular monitoring
and inspections for employee health and safety are currently inadequate, which affects environmental and social
planning. Strengthening these monitoring mechanisms and ensuring regular inspections can help organisations
comply with health and safety standards. Moreover, promoting public awareness about environmental planning
through NGOs and activists can foster a more informed and proactive community that supports sustainable
practices. Lastly, the capacity problems and lack of awareness about the Environmental Impact Assessment (EIA)
process hinder its effectiveness. Developing comprehensive training programs for stakeholders involved in the
EIA process and creating effective mechanisms for its implementation can enhance its impact. Additionally,
making industry codes available and accessible can standardize practices and improve compliance across the
sector.

In conclusion, while Ethiopia has made considerable progress in developing its industrial sector, addressing these
challenges mentioned in the paragraph before is essential for further growth and effective climate change
mitigation. By enhancing collaboration, improving technological adoption, and strengthening regulatory
frameworks, Ethiopia can build a more resilient and sustainable industrial sector.
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3.3 Energy

3.3.1 Current national-sectoral decarbonisation status and prospects

In 2018, Ethiopia was placed as the 3™ largest CO2 emitter in the SSA region at 15 Mt CO: (Gideon et al, 2020).
Furthermore, the energy-related emission stood at about 19.5 Mt CO2 (elec. & heat, transport, other industries,
buildings and others) in 2020 (IRENA, 2023). The authors (Gideon et al, 2020) also outlined that the country
showed a massive carbonisation in its 1990-2017 CO2 emission levels which spiked by 450%. The contributing
factors for the rising CO2 emissions were found to be due to the effects of economy, population, and fossil fuel
mix in order of their influence. However, it is pointed out that energy intensity has a negative effect.

The BAU economic activity and development would lead to an overall GHG emission of 400 Mt CO2e by 2030 from
the baseline 150 Mt CO2e in 2010. Of these 2010 emissions, more than 85% came from the agricultural and
forestry sectors. The other (power, transport, industry and buildings) sectors contributed about 3% each following
agriculture and industry in the same year. The CRGE path targeted to achieve limiting the GHG emissions in 2030
to its baseline value — 150 Mt CO2e (CRGE, 2011).

The Climate Action Tracker (CAT) rated Ethiopia as “almost sufficient”, which highlights that it is not in line with
reaching the Paris Agreement of limiting warming to 1.5°C (ClimateActionTracker).

The revised national energy policy recognizes a vast spectrum ranging from the basic energy poverty, energy
security, inefficient value chain and lack of data TO [limited technological capacity and lack of
standards/regulations TO financing constraints and climate change. It scrutinizes the challenges across the whole
energy value chain for the different energy resources available.

The National Electrification Program v2.0 (NEP v2.0), which was first developed in 2017 and revised in 2019,
outlines the target of achieving universal electricity access (of 100%) by 2025 [ NEP 2.0]. The electrification target
was projected to have 65% grid access and 35% from off-grid solutions, mainly solar PV mini-grids.

The installed electricity capacity in 2022 was hydro (86%), wind (7%), and bioenergy (6%) (IRENA, 2023). Thus,
the electricity supply is heavily reliant on hydropower, and Ethiopia plans to further increase the installed capacity.
The total power demand is predicted to increase from 4 TWh (2010) to more than 75 TWh by 2030 (CRGE 2011).

In 2010, despite the huge renewable potential, biomass accounted for 92% of the total energy consumption
(ENEP!I, 2013). Traditional biomass use accounted for around 46% of forest degradation, which in turn was a
source of about 37% CO2 emissions (CRGE, 2011). Still, it is this polluting fuel that most of the population, nearly
96%, relies on to meet the cooking demand, where firewood is the first-ranking fuel for 82% of the population
(endev, MECS 2022). Only about 4.1% of all households use electricity as a primary cooking fuel.

Hydropower MW 45,000 <10 percent
Solar/day kWh/m? Avg. 5.5 <1 percent
Wind power GW 1,350 <] percent
Wind speed m/s >6.5

Geothermal MW 7.000 <! percent
Wood Million fons 1,120 50 percent
Agricultural waste Million tons 15-20 30 percent
Natural gas Billion m3 113 0 percent
Coal Million tons 300 0 percent
Oil shale Million tons 253 0 percent

Figure 11: Energy resources and exploitable potential (Ethiopia)
Source: NEP v2.0.
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3.3.2 National-sectoral mitigation enablers and barriers

3.3.2.1 Enablers

Ethiopia's energy sector is undergoing a transformative shift towards sustainability, heavily leveraging its vast
indigenous energy resources, particularly renewable resources. A significant portion of Ethiopia's electricity supply
already comes from renewable sources, with hydropower accounting for approximately 92% of the total (Hannah,
R. et al, 2022; Yalew, 2022). This renewable foundation is further strengthened by initiatives such as the
replacement of incandescent lamps with energy-efficient LEDs, spearheaded by the Ethiopian Electric Power
(EEP).

The Scaling Solar program, supported by the World Bank, provides financial and risk management assistance to
boost solar energy development in Sub-Saharan Africa, complementing Ethiopia's renewable energy efforts (FDRE
Ministry of Water Irrigation and Energy, 2019). However, the country faces a challenge with electricity tariff
reforms, balancing cost recovery with affordability, which risks pushing consumers towards non-renewable energy
sources. Programs like the National Improved Cook-Stove Program (NICSP) aim to reduce the use of traditional
biomass fuels (Richard S. et al, 2022; FDRE CRGE, 2011), promoting energy-saving practices such as turning off
lights, as advocated by the Ethiopian Petroleum and Energy Authority (EPEA).

The legal framework to unbundle government-owned electric power and utilities under the National Electrification
Program (NEP 2.0) is a crucial step towards increasing efficiency and transparency in the energy sector. This
framework also encourages private sector participation through Independent Power Producers (IPPs), fostering
a more competitive and innovative energy market (FDRE Ministry of Water Irrigation and Energy, 2019; MoWE
ENEP, 2013). Ethiopia is also focusing on rural energy solutions, with initiatives like the national biogas program
(NBPE), driven by SNV, and Solar Home Systems (SHS) targeting rural communities, health centers, schools, and
street lighting (FDRE Ministry of Water Irrigation and Energy, 2019).

These programs not only improve energy access but also contribute to environmental sustainability by reducing
reliance on traditional biomass and fossil fuels. Additionally, the promotion of energy-efficient electric mitads
(electrical injera stoves) and the energy efficiency labeling initiative by the EPEA aim to enhance consumer
awareness and adoption of efficient technologies. Overall, these enablers collectively support Ethiopia's climate
goals by promoting renewable energy sources, improving energy efficiency, and enhancing access to sustainable
energy solutions across the country. By integrating these diverse initiatives, Ethiopia is paving the way towards a
resilient and sustainable energy future.

3.3.2.2 Barriers

Despite Ethiopia's significant progress in aligning its energy sector with climate goals, several barriers continue to
impede development and hinder the sector's sustainability. The hydro-dominated power sector faces considerable
risks from the negative impacts of climate change, which can lead to variability in water availability and,
consequently, power generation (MoWE ENEP, 2013). Additionally, the transmission and distribution (T&D)
systems are less efficient and wasteful, contributing to energy losses and further straining the sector. The energy
generation portfolio remains limited, with an over-reliance on hydropower and unsustainable traditional biomass
usage, exacerbating environmental degradation and health issues (MOWE ENEP, 2013). The traditional three-
stone open fire stove is the primary predominant cooking technology facing multifaceted challenges on top of the
highly depleting biomass resource. These barriers to this sub-sector include lack of grid access and its unreliability,
unaffordable eCooking technologies and other efficient fuels (such as LPG), socio-cultural to traditional cooking
and lack of awareness. Other impediments also range from policy frameworks to sub-sectoral data and poor
sector investment lacking multi-stakeholder coordination (Richard S. et al, 2022; GIZ 2022). The recent
increments in electricity tariffs, aimed at cost recovery, have rendered electricity unaffordable for many
consumers, prompting a switch to non-renewable alternatives, thus undermining the shift towards sustainable
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energy sources. The sector also suffers from a lack of financing, which stifles growth and innovation (MoWE
ENEP, 2013).

The importation of sub-standard solar PV systems and components due to the absence of mandatory national
standards and laws further challenges the sector's reliability and efficiency (Gebreslassie, M. G., 2020; MoWE
ENEP, 2013). This problem is compounded by a lack of human and institutional capacity to effectively manage
and implement renewable energy projects (MoWE ENEP, 2013). Moreover, the absence of reliable and updated
data hampers informed decision-making and strategic planning, limiting the sector's ability to respond to
challenges and optimize resource allocation (ENEP, 2013). These barriers collectively hinder Ethiopia's energy
sector from achieving its full potential and aligning with the climate goals outlined in the Nationally Determined
Contributions (NDCs). Addressing these challenges is crucial for the country to build a resilient, efficient, and
sustainable energy sector that can support its economic development and environmental objectives.

3.9.1 (Quicklink to table on enablers and barriers)

3.3.3 Current status of national-sectoral climate policy

Ethiopia has made substantial efforts to regulate and structure its energy sector with policies that align with
climate change mitigation goals. The revised National Energy Policy (NEP) recognizes critical national energy
issues such as energy poverty, energy security, inefficient value chains, and the lack of reliable data (MoWE ENEP,
2013). This policy outlines the limitations in technological capacity, the absence of standards and regulations,
financial constraints, and the impacts of climate change. The Ethiopian National Energy Policy (ENEP) effectively
identifies specific energy sub-sectors, challenges, and policy issues, allowing for targeted interventions (MoWE
ENEP, 2013). This detailed approach aids in creating tailored policy objectives and instruments crucial for reducing
greenhouse gas emissions and improving energy efficiency (MoWE ENEP, 2013). However, the NEP lacks a specific
focus on renewable energy sources and detailed strategies for their deployment. It also overlooks essential
financial planning and fails to engage key stakeholders adequately (MoWE ENEP, 2013). These gaps hinder the
policy's effectiveness in promoting sustainable energy development and climate change mitigation. In summary,
while the NEP provides a solid foundation, it needs a stronger emphasis on RE, comprehensive financial planning,
and better stakeholder engagement to enhance its impact on climate change mitigation.

Another major initiative is the Ethiopia National Electrification Program 2.0 (NEP 2.0), which aims for universal
electricity access by 2025 (FDRE Ministry of Water Irrigation and Energy, 2019). This ambitious plan targets 65%
grid access and 35% off-grid solutions, primarily solar PV mini-grids, significantly increasing the use of renewable
energy sources (FDRE Ministry of Water Irrigation and Energy, 2019). However, a major challenge remains, with
no clear investment and financing schemes to achieve the targets.

Ethiopia’s Climate Resilient Green Economy (CRGE) strategy, launched in 2011, aims to avoid technology lock-in
and reduce greenhouse gas emissions (FDRE CRGE, 2011). The country's Nationally Determined Contribution
(NDC) sets a conditional target to reduce emissions by 220.59 Mt CO2e (53.5%) by 2030 from the 2010 business-
as-usual scenario, with an unconditional target of a 12.4% reduction (51.24 Mt CO2e) (GoE, 2020). The Growth
and Transformation Plan II (GTP II) further supports these efforts by promoting economic growth through
sustainable energy practices (National Planning Commission, 2016).

The Ethiopian government has implemented several financial incentives and tax subsidies to promote renewable
energy technologies. These incentives include exemptions from customs duties on capital goods and building
materials, as well as income tax exemptions for agricultural and manufacturing investments (UNDP, 2021a)
(UNDP, 2021b). These measures are designed to attract more foreign investments in the renewable energy sector
and stimulate local market growth. To enhance energy efficiency, Ethiopia has introduced standards and labeling
for home appliances and initiated energy efficiency programs for buildings. The Ethiopian Petroleum and Energy
Authority (EPEA) has conducted training and capacity-building activities for electric mitad and stove manufacturers
to improve energy efficiency and promote efficiency labelling (Viegand Maagge A/S, 2023; EEA, Energy Center,

Page 145
Funded by

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

2018). Furthermore, the government has mandated a power factor (PF) of 0.9 for industrial consumers to
incentivize for operating above 0.95 PF, encouraging the adoption of energy-efficient technologies (Ethiopian
Energy Authority, 2018).

Table 20: Analysed policies in Ethiopia’s energy sector

Type
instrument

Policy

Growth and Transformation Plan II
Climate Resilient Green Economy Strategy
Ethiopian National Energy Policy (revised, draft)
National Electrification Plan 2.0

Energy efficiency standards and labelling for some products like Electric Injera Mitad manufacturing

Financial incentives and tax subsidies

3.3.4 How to strengthen national-sectoral climate policy?

To overcome the barriers in the sector, Ethiopia needs to strengthen its regulatory frameworks and implement
effective policies that promote private investment in renewable energy. Enhancing research and development
(R&D) for innovation, fostering international collaboration for technology transfer, and improving institutional
capacities are crucial steps. Economic incentives such as feed-in tariffs (FiTs) and tax exemptions can further
stimulate growth in the renewable energy sector. Establishing clear performance and technical standards for
renewable energy technologies, along with professional training and capacity-building programs, will ensure the
sustainable development of Ethiopia's energy sector and contribute significantly to climate change mitigation.
Renewable energy targets — establish clear and quantified renewable energy targets, with a focus on time-bound
and precise implementation strategies.

Modern energy access — this can be done by identifying and prioritizing sub-sectoral decarbonisation potential
such as the cooking sub-sector by promoting energy efficiency, access to fuel substitutes like LPG among various
users such as in refugees and a switch to low-carbon alternatives (like replacing with biofuels, hydrogen (H2),
ammonia, syngas). Moreover, a steady and massive renewable energy capacity expansion leveraging Ethiopia’s
abundant renewable resources will also aid the E-cooking solution.

Policy instruments and regulatory Framework — Develop a clear and reliable regulatory framework to attract and
create an enabling environment for private investment in renewable energy, and to also ensure performance and
technical standards of renewable energy technologies. In addition to formulate effective policies including
behavioural interventions and economic incentives.

R&D and international collaboration — strengthening and funding the R&D, developing institutional capacities and
establishing international cooperation that will facilitate knowledge exchange and effective technology transfer
for low- or net-zero emission in the country.

3.4 Transport

3.4.1 Current national-sectoral decarbonisation status and prospects

Transport plays a critical role in the national economy, which is highly dependent on perishable agricultural
products. The road (freight and construction vehicles, and merely from passenger vehicles) and air transports in
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Ethiopia account about 75% and 23%, respectively, of all the transport-related emissions, with the inland water
transport contributing very little to the sectoral emissions (CRGE 2011). The transport sector emission is expected
to increase from about 5Mt CO: of the 2010 BAU emission to 40 Mt COz in 2030 (an average of nearly about 11%
p.a.), of which the main emission contributors are the freight and passenger transport sub-sectors. However, in
its INDC, Ethiopia intends to achieve 10 Mt CO2 emission reductions from this sector by 2030 (INDC 2015), of
which, the largest potential would be from electric rail development for freight sub-sector with about 8.9 Mt CO2
reductions seconded by bioethanol and biodiesel use (nearly 1 Mt CO2) (CRGE 2011).

Ethiopia had more than 1.2 mil. registered vehicles at the end of Jul 2020, of which, about 53% of the vehicles
are registered in the capital, Addis Ababa [Yonas A., The Reporter, 2020]. The transport sector in Ethiopia is
predominantly run by imported fossil fuels, which account for about 4% of the final energy consumption [FDRE
Ministry of Planning and Development, 2022]. The process of industrialisation, urbanisation, and more trade
interactions led to an annual rate of increase of more than 10% in total fleet size (Kaleab E. & Mengesha Y.,
2023). The transport sector facing the challenges of high fuel consumption and air pollution due to the large
number of old vehicles, is currently in the process of banning the import of combustion engine automobiles
(Zachary S., 2024). It is also recently reported that the number of electric vehicles, both imported and locally
assembled, in Ethiopia has reached 100,000 (Addis Standard (X), 2024).

Moreover, the GoE is working on transport infrastructure expansion and promoting its efficient use for sustainable
economic growth through an integrated transport infrastructure and logistics plan (FDRE CRGE, 2011). To
achieve the emission abatement potential from the transportation sector, the GoE in its CRGE strategy projected
to enhance fuel efficiency through efficiency standards; develop an electric rail system powered by renewable
energy; enhance the public transportation system in the capital (Addis Ababa); and expand biofuel
use. Additionally, the LT-LEDS (Long-term Low Emission and Climate Resilient Development Strategy) states three
emission mitigation targets in the sector electrification: max ambition scenario, NDC-aligned scenario, and late
action scenario with a reduction target of 15%, 10%, and 7% by 2030 respectively, with 75% target each by
mid-century (FDRE Planning and Development Ministry, 2020].

3.4.2 National-sectoral mitigation enablers and barriers

3.4.2.1 Enablers

Ethiopia's transport sector is advancing climate change mitigation through a range of initiatives aimed at
modernizing infrastructure and promoting sustainable practices. Key efforts include constructing an electric rail
network and enhancing urban transport in Addis Ababa with light rail and rapid bus transit systems (FDRE CRGE,
2011). These measures aim to reduce individual car usage, thereby lowering emissions. Financial incentives, such
as facilitating bank loans and offering tax reductions or exemptions for the taxi market, encourage the adoption
of newer, more efficient vehicles, making the transition to greener transport options financially viable (Ministry of
Finance, 2021).

The importation of electric vehicles (EVs) and hybrids (HEVs) is increasing, supporting the reduction of fossil fuel
dependence and greenhouse gas emissions (FDRE Ministry of Planning and Development, 2020; Carrie H., 2024).
Promoting EVs helps build a cleaner, more sustainable transport system. Most recently the GoE announced an
import ban on combustion vehicles, which will further promote the role of EVs (Zachary S., 2024). Additionally,
introducing fuel efficiency standards for cargo and passenger vehicles helps reduce the carbon footprint of the
transport sector (Ministry of Transport, 2017).

The policy on non-motorized transport (NMT) further supports sustainable mobility by encouraging walking and
cycling, thus reducing reliance on motorized transport (Ministry of Transport, 2020). Efforts to substitute imported
fossil fuels with clean biofuels (ethanol and biodiesel) contribute to carbon emission reductions (FDRE CRGE,
2011).
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Ethiopia has substantial potential to replace traditional biomass fuels and fossil fuels with biomass resources
derived from crop residues, which can play a crucial role in rural development, reducing energy poverty, and
lowering greenhouse gas emissions. Although Ethiopia is rich in renewable energy resources, much of this
potential remains untapped, and the country continues to grapple with energy poverty, inefficiency, and insecurity
(Tolessa, 2023). Utilizing biomass generated during agricultural production, such as crop residues, can
significantly contribute to bioenergy production. By adopting modern biomass conversion technologies like
anaerobic digestion, fermentation, combustion, gasification, and pyrolysis, Ethiopia can generate gaseous and
liquid transportation fuels, electricity, and heat (Tolessa, 2023). This modern and renewable biomass energy
planning is particularly vital for Ethiopia, where the agricultural sector is the primary source of biomass resources.
By harnessing these resources, Ethiopia can develop bioenergy programs that not only provide a sustainable
energy source for households but also offer alternative fuels and electricity for the transportation sector, thereby
reducing dependence on fossil fuels and enhancing energy security (Tolessa, 2023).

The government has also increased subsidies on imported petroleum fuels to discourage the use of old, inefficient
vehicles and promote the importation of newer, more efficient models (Ministry of Trade & Regional Integration,
2022). However, this policy has begun to challenge economic welfare and contributed to a high inflation rate of
about 34% in 2022 (Statista, 2024). Overall, these enablers highlight Ethiopia's comprehensive approach to
climate change mitigation in the transport sector, integrating infrastructure development, financial incentives, and
regulatory measures to foster sustainable transportation.

3.4.2.2 Barriers

The Ethiopian transport sector faces significant barriers to climate change mitigation, primarily due to a lack of
vast oil reserves, leading to reliance on imported petroleum fuels. This dependence exacerbates the issues caused
by an aging vehicle fleet that is highly fuel-inefficient and contributes substantially to greenhouse gas emissions
(FDRE Planning and Development Ministry, 2020; FDRE CRGE, 2011). Additionally, the access to and availability
of electricity is currently limited which poses a barrier for the transformation towards electric vehicles (Tolessa,
2023).

The underdeveloped transport infrastructure, characterized by insufficient road networks, heavy traffic
congestion, lack of safe cycling lanes, and poor pedestrian networks, further increases fuel consumption and
emissions (Ministry of Transport, 2020). Additionally, high import taxes on vehicles make newer, more efficient
cars unaffordable for most, while a shortage of financial resources limits the ability to invest in necessary
infrastructure improvements. These barriers collectively hinder efforts to create a sustainable and efficient
transport system, posing significant challenges to Ethiopia's climate change mitigation goals.

3.9.1 (Quicklink to table on enablers and barriers)

3.4.3 Current status of national-sectoral climate policy

Ethiopia's transport sector is undergoing significant transformations with a range of policies aimed at promoting
sustainability and mitigating climate change. The Non-motorized Transport Strategy (NMTS) is a cornerstone of
these efforts, targeting clean, safe, and efficient transport systems. The strategy aims to enhance public transport
in cities like Addis Ababa, alongside necessary infrastructure development. From 2020 to 2029, the NMTS is set
to develop safe, efficient, and accessible walking and cycling networks, supporting a substantial modal shift where
80% of motorized trips are conducted via public transport and non-motorized means by 2029 (FDRE Ministry of
Transport, 2020).

To support this, Ethiopia has implemented various initiatives to develop high-quality pedestrian and bicycle
networks, greenways, street lighting, intersection improvements, and bicycle-sharing systems (Ministry of
Transport, 2020). The strategy also includes trade policies, street design standards, and parking management to
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create a comprehensive non-motorized transport infrastructure. Additionally, the Ministry of Transport and
Logistics has been tasked with assessing the existing landscape, evaluating each sub-sector, defining a national
transport strategy, prioritizing investments, and outlining implementation needs (FDRE Ministry of Transport and
Logistics, 2022). While these measures would increase livability through urban planning and improved mobility,
they still lack integrated planning and coordination with other sectors (FDRE Ministry of Transport and Logistics,
2022). Furthermore, they would also require large infrastructure investments, which is still lacking.

One of the key components in reducing emissions from the transport sector is the implementation of vehicle
emission standards and efficiency measures. The government aims to achieve a per capita GHG emission
reduction of 64% by 2030 from 2010 levels. Enacting fuel efficiency standards is expected to result in a reduction
of approximately 3.1 Mt CO2e by 2030 (CRGE, 2011; Ministry of Transport, 2017). To curb the import of old,
inefficient vehicles, the government has imposed very high taxes on their importation, which can reach up to
500% of the normal vehicle price, depending on the vehicle's age, type, and engine capacity. This policy is
designed to discourage the use of old vehicles and promote the importation of newer, more efficient models
(Tadesse S., 2022).

In 2024, the government took a significant step by announcing an import ban on vehicles with combustion engines
(Zachary S., 2024). This aligns with Ethiopia's broader goal of reducing reliance on fossil fuels. The government
also promotes the use of biofuels such as bioethanol and biodiesel to replace fossil fuel imports, which are
currently the predominant transport fuels (FDRE CRGE, 2011).

Ethiopia’s 10-year transport prospective plan includes a substantial investment of about 74 billion birr from various
sources, including public-private partnerships (PPP), government funding, and foreign grants (Tewodros T.,
2022). This investment will help mobilize funding from national and local sources to implement NMT projects
(FDRE Ministry of Transport, 2020). To encourage the adoption of electric vehicles (EVs), the government has
implemented tax reductions and exemptions for the importation of new vehicles and EVs, while imposing high
import taxes on old vehicles (Tadesse S., 2022). Further initiatives include providing loans for the taxi market to
purchase new fuel-efficient locally assembled vehicles (Ministry of Finance, 2021) and conducting awareness
campaigns to promote e-mobility. For example, recently a one-month free transport ride in Addis Ababa by EVs
was introduced to encourage public acceptance and use (Xinhua, 2022). Capacity building efforts are also
underway to train local engineers and planners in implementing these new transport strategies. Overall, these
policies highlight Ethiopia's commitment to transforming its transport sector into a sustainable, efficient, and
environmentally friendly system. By focusing on non-motorized transport, enhancing public transport,
implementing stringent vehicle standards, and promoting the use of clean fuels and electric vehicles, Ethiopia is
making significant strides towards mitigating climate change and improving urban mobility.

Table 21: Analysed policies in Ethiopia’s transport sector
Type of
instrument

Policy

Ethiopia Non-Motorized Transport Strategy/NMTS 2020-2029
Climate Resilient Transport Sector Strategy
Ethiopian Transport Masterplan - Policy and Strategy 2022-2052

Ethiopian National Transport Policy

Capacity building and training
Awareness campaigns
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3.4.4 How to strengthen national-sectoral climate policy?

The transport sector in Ethiopia undergoes significant transformations. As reviewed in the chapter above, positives
of this strategy include improved livability, urban planning, and mobility. The focus on cleaner and efficient
transport is set to enhance air quality and public health, while contributing to foreign currency savings by reducing
fossil fuel imports. High import taxes and an import ban on old vehicles may stimulate domestic vehicle
manufacturing and increase the importation of electric vehicles (EVs). Moreover, these policies modernize the
transport sector, improving the quality and accessibility of public transport.

However, the strategy faces several challenges. There is a lack of integrated planning and coordination with other
sectors, necessitating substantial infrastructure investments. Behavioural changes, such as shifting to non-
motorized transport, are difficult to ensure. Implementing vehicle emission standards requires significant
investment and technological upgrades, potentially making new vehicles and EVs unaffordable and inaccessible
to many. Securing sufficient funding for these initiatives remains a challenge, as does the development of
necessary infrastructure, such as EV charging stations. Moreover, the current limited access to and availability of
electricity presents an obstacle to the transition to electric vehicles (Tolessa, 2023). Efforts to raise public
awareness about e-mobility, including campaigns and initiatives like a one-month free EV ride, are positive steps
towards behavioral change.

However, these initiatives often fall short in effectively reaching a diverse audience, limiting their impact.
Despite these challenges, Ethiopia’s commitment to transforming its transport sector highlights significant strides
toward mitigating climate change and improving urban mobility through comprehensive and multifaceted policies.

Transport-Land-Use-Environment Policies — develop integrated policies that consider the transport, land-use, and
environmental factors achieving sustainable and climate-friendly transport services.

Infrastructure development and investment — expand and improve cycling and pedestrian networks by creating
pedestrian-friendly infrastructure and establishing dedicated safe cycling lanes to promote environmentally
friendly transportation options. Additionally, to also allocate sufficient investment on zero/low-Carbon transport
infrastructure for enhancing public transport networks and encouraging safe and affordable ridesharing and
carpooling.

Technology and efficient transport system — to promote and emphasize on the adoption of e-mobility as well as
embracing digitalisation for efficient transport system by optimizing the transport operations and improving
transport management. Use the largely untapped potential of biomass residues to replace fossil fuels, generate
electricity for transport and decrease the use of traditional biomass.

Emission targets and sectoral regulations — this is mainly developing clear emission targets and implementing
sectoral regulations by also establishing continuous and rigorous monitoring and control mechanisms for
greenhouse gas (GHG) emissions in the sector. In addition, it is essential to develop strategies for mitigating the
impacts of population growth and urbanisation, such as by promoting efficient and sustainable transport options.

3.5 Buildings

3.5.1 Current national-sectoral decarbonisation status and prospects

Global greenhouse gas emissions from buildings accounted for 21% of total global emissions. (Pathak, Slade,
Pichs-Madruga, et al., 2022). These emissions are primarily from energy use for heating, cooling, and cooking,
and from the production of building materials. Projections indicate that there is significant global mitigation
potential in this sector (Cabeza et al., 2022). Buildings and their construction are therefore key to achieving the
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Paris Agreement. To date, however, energy demand in buildings has been steadily increasing, driven by the
growth of the building stock combined with improved energy access and living standards (IEA, 2021). The global
mitigation strategy for the building sector consists of five pillars: improved envelope performance, low-carbon
heating, energy-efficient appliances and lighting, minimizing the embodied carbon of building materials, and
developing sufficiency measures. Ethiopia is well aware of the challenges and strategies that are central to the
sector and intends to limit GHG emissions from this sector to 5 MtCO2e, as stated in its NDC targets (Tsafos &
Carey, 2020), while recent projections show an increase to 10 MtCO2e by 2030.

In 2020, 100% of Ethiopia’s power generation was renewable with 96% from hydro power projects (IEA, n.d.).
51% of the country’s population had access to electricity and 8% had access to clean cooling fuels (IRENA,
2022). Of the total final energy consumption, residential and commercial sectors consumed nearly 87.4% and
1.4%, respectively. Residents in informal settlements use a mix of hydroelectric (modern/ renewable energy) and
44% use Charcoal and firewood (traditional) energy for cooking (Berhe, 2019). Although per capita energy
consumption in Ethiopia has been increasing, e.g., from 23 Kilo Watt hour (kWh) in 2000 to 70 kWh by 2014, this
is significantly lower than the average per capita energy consumption across all African countries (500 kWh per
capita) (Berhe, 2019). Households that use charcoal and firewood for cooking have higher primary energy
intensity than households that use electricity (Ejigu, 2016). Incandescent lamps, fluorescent tubes and compact
fluorescent lamps are often used. The share incandesce lamps is higher than the latter. Conventional storage
type boilers and compact instant water heaters are used for water heating. However, their share is small. In some
cold regions, charcoal stove is used for heating water (Ejigu, 2016). Typical construction materials such as cement,
hollow concrete blocks (HCB), and reinforcement bars (rebars) contribute to about 94% of the embodied energy
consumption and 98% of the CO2 emissions, besides generating significant construction waste (Taffese & Abegaz,
2019).

3.5.2 National-sectoral mitigation enablers and barriers

3.5.2.1 Enablers

Mitigation strategies to reduce embodied energy and CO2 emissions in Ethiopia's buildings sector are critical for
addressing climate change. Energy-efficient cement production is essential, given the high energy intensity of
conventional cement (Taffese & Abegaz, 2019). By adopting alternative materials and using prefabricated and
recyclable materials, the sector can significantly lower its carbon footprint. Passive building design features, such
as high thermal mass and low wall-to-window ratios, offer substantial energy consumption reductions across
various Ethiopian climates, although there's a prevailing belief that space cooling and heating are often
unnecessary (Zeleke et al., 2022; Baron & Donath, 2016).

Additionally, focusing on cooking, which has a high energy savings potential, followed by lighting, can further
reduce energy demand. In rural areas without electricity, alternatives like candles, kerosene lamps, firewood, and
solar energy are used for lighting (Ejigu, 2016). Promoting solar cookers, biogas, and liquid biofuels as substitutes
for solid biomass in cooking can further enhance energy efficiency and reduce emissions (SE4All, 2013).
Government housing programs and real estate developers can play a crucial role in scaling up the use of solar
hot water systems (SE4AIl, 2013).

Additionally, the enforcement of building codes, coupled with training programs for adherence to these standards,
are necessary steps to ensure sustainable construction practices (Taffese & Abegaz, 2019). Collectively, these
strategies and enablers can significantly contribute to climate change mitigation in Ethiopia's buildings sector by
reducing energy consumption and lowering CO2 emissions.

3.5.2.2 Barriers

The buildings sector in Ethiopia faces several barriers that hinder effective climate change mitigation efforts. One
of the primary challenges is the shortage of skilled professionals and the unavailability of green building materials
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and technologies in the local market, which limits the implementation of sustainable construction practices and
energy-efficient designs (Gelan, 2022). This deficiency is further complicated by a strong cultural preference for
biomass in cooking, driven by the taste of the food, traditional practices, and entrenched consumption habits.
This reliance on biomass contributes significantly to CO2 emissions and deforestation (Kebede et al., 2022).
Unfortunately, buildings in Ethiopia still exhibit significant deficiencies in materials and implementation, such as
fire suppression systems and earthquake protection. Additionally, issues like corruption and health and safety
concerns persist. (GIZ, 2020).

Research by Taffese and Abegaz (2019) revealed that cement, HCBs, and rebars are the primary energy
consumers and major contributors to CO2 emissions. Together, they accounted for 94% of the embodied energy
and 98% of the CO2 emissions. Additionally, the waste generated by cement, HCBs, and rebars surpassed national
limits by 148%, 159%, and 157%, respectively, which underlines the saving potential in this area. Therefore,
Ethiopia needs to intensify its research on construction materials to explore ways to lower embodied energy and
reduce CO2 emissions (Taffese & Abegaz, 2019).

There is also a pervasive lack of awareness about green buildings and their benefits. An example is the lack of
national building energy codes which could promote energy efficiency (Taffese & Abegaz, 2019). This is
compounded by a common perception that green buildings are prohibitively expensive, which discourages both
developers and consumers from investing in sustainable construction (Gelan, 2022). The absence of institutions
dedicated to evaluating and certifying sustainable buildings creates a significant gap in ensuring quality and
recognition for green building initiatives (Anshebo et al., 2022).

Furthermore, the lack of a comprehensive policy and regulatory framework for green buildings, along with a
limited understanding of their benefits among policymakers, hampers the adoption and promotion of sustainable
building practices (Gelan, 2022). There are also no clear targets, milestones or dedicated action plans for the
sector which makes long-term planning difficult (Climatescope, 2022). Collectively, these barriers create a
challenging environment for advancing climate change mitigation in Ethiopia's buildings sector, necessitating
targeted interventions to address these issues and promote sustainable development.

3.9.1 (Quicklink to table on enablers and barriers)

3.5.3 Current status of national-sectoral climate policy

Ethiopia has its fair share of regulatory, informative and market-based instruments addressing the building sector.
However, the large number of actors involved in the development of the sector will also become a problem in
Ethiopia. The capacity and knowledge for climate-friendly construction still needs to be developed largely in order
to align all relevant actors towards decarbonisation (Cabeza et al., 2022).

In terms of governance and planning instruments, the National Adaptation Plan of Ethiopia outlines a
comprehensive approach to enhance energy efficiency and mitigate climate change in the buildings sector through
the National Energy Efficiency Action Plan (NEEAP). NEEAP promotes energy-efficient appliances, establishes
energy efficiency standards, and implements energy management systems across various sectors, including
industry, transportation, and buildings (EnergyPortal.eu, 2023). This plan is critical for reducing energy
consumption and lowering greenhouse gas emissions in the buildings sector.

Additionally, three regulatory instruments were identified. The fourteen Ethiopian Building Code of Standards
(EBCS) provide detailed construction guidelines covering all aspects of building, including structural elements,
energy efficiency, and system design, ensuring uniform standards and promoting sustainable construction
practices (GIZ, 2020). They cover the entire construction process of single, two and multi-family buildings,
including structural elements, electrical systems, plumbing, heating, ventilation and air conditioning, energy
efficiency requirements, as well as all other components of the construction sector (GIZ, 2020). As a part of the
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implementation of the building code, a construction council oversees the construction sector and ensures that
players comply with uniform standards set by the code (GIZ, 2020). Although the EBCS send a positive signal to
market actors the country still lacks standards for energy efficiency in buildings and low-carbon heating and
cooling measures which could be formulated in the form of national building energy codes (Taffese & Abegaz,
2019).

Product-specific Minimum Energy Performance Standards (MEPS) introduced by the Ethiopian Standards Agency
are another significant step towards climate change mitigation. MEPS have already been established for AC
induction motors and CFL lighting, with plans to expand these standards to other household appliances, including
cookstoves and injera baking appliances (Sigra Group AS, 2019; Eludoyin et al., 2021). The MEPS have also
proven to be a cost-effective policy measure for boosting the efficiency of appliances. Finally, the 2019 Ethiopian
standard for Clean Cook Stove and Clean Cooking Solution further supports this by setting performance
requirements for electric cooking appliances, aligning with international standards (Sieff et al., 2022).

In terms of market-based instruments, financial incentives for renewable energy products, particularly solar
rooftop systems play a crucial role. Since 2018, off-grid energy products have been exempted from certain taxes,
although inconsistent tax policy interpretation has posed challenges. The updated 2022 tax code aims to provide
clearer guidelines, ensuring solar products are more affordable and accessible (Clasp & UK Aid, 2022). This is
complemented by initiatives like the Solar Lighting in Rural Ethiopia project, which establishes solar lighting
centers to provide solar panels and lanterns to rural households, along with training and microloans to facilitate
adoption (UNFCCC, n.d.; LWF, 2023). Additionally, Ethiopia's renewable energy auctions have successfully driven
down solar PV project costs, making renewable energy more competitive and attractive. The country's
procurement programs have achieved some of the lowest solar PV project prices in sub-Saharan Africa (US$c
2,53/kWh), demonstrating the potential for scaling renewable energy deployment (Kruger et al., 2019).

Finally, information instruments play a crucial role in decarbonizing the sector. National energy efficiency
labelling schemes and energy audits in the industrial, commercial, and public sectors are part of Ethiopia’s strategy
to enhance energy efficiency and promote sustainable energy use (Eucker et al., 2019). Training and education
initiatives, such as the Solar Lighting in Rural Ethiopia program and the establishment of a solar competence
center in Addis Ababa, are essential for building local capacity in solar energy. These programs train solar
engineers and technicians, enabling them to start businesses and contribute to rural electrification efforts
(UNFCCC, n.d.). By providing training, product development, testing, and assembly services, these initiatives
ensure that knowledge and expertise in solar energy are developed and utilized effectively within the country
(UNFCCC, n.d.).

Overall, these policies and initiatives collectively contribute to climate change mitigation in Ethiopia's buildings
sector by promoting energy efficiency, renewable energy adoption, and sustainable construction practices, while
also building local capacity and awareness.

Table 22: Analysed policies in Ethiopia’s buildings sector
Type of
instrument

Policy

National Adaptation Plan of Ethiopia

Ethiopian Building Code of Standards (EBCS)

Product-specific minimum Energy Performance Standards (MEPSs)

2019 Ethiopian standard for Clean Cook Stove and Clean Cooking Solutions
Financial Incentives (Renewable energy/solar rooftop)

Solar Lighting in Rural Ethiopia
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Renewable Energy Auctions

Energy Labelling Schemes
Training and Education (part of Solar lighting in Rural Ethiopia)

3.5.4 How to strengthen national-sectoral climate policy?

Decarbonizing the building sector in Ethiopia faces multiple barriers that cannot be resolved with a single policy
instrument. Policymakers must develop a balanced policy package that combines a variety of mutually reinforcing
measures to achieve effective decarbonisation (Hoefele & Thomas, 2011). Establishing roadmaps and coordination
mechanisms is crucial, setting clear targets, milestones, and action plans for all decarbonisation strategies across
ministries and between national, sub-national, and local governments, involving various stakeholder groups.
Regulatory standards should be enforced, such as the Building Code of Standards, along with developing and
enforcing building energy codes for both residential and national buildings, and implementing product-specific
minimum energy performance standards (MEPS) to reduce construction waste and emissions while promoting
energy efficiency.

Financial incentives, including tax breaks, can help offset the higher upfront costs of energy-efficient buildings,
heating and cooling systems, appliances, on-site renewable energy, and the production of low-emission building
products. Loans or grants could be provided for implementing energy efficiency measures, and carbon taxes could
be collected to further reduce emissions (OECD, n.d.). Information instruments, such as increased research into
construction materials, can help reduce waste and emissions. Currently, Ethiopia is not fully equipped to tackle
these challenges. Despite rapid growth, the country lacks institutions to assess and certify sustainable buildings
(Anshebo et al., 2022), and there is a deficit in policy and regulatory frameworks for green buildings, as well as
a lack of understanding among policymakers about the benefits of green buildings. On the technical side, Ethiopia
faces a shortage of skilled professionals, green building materials, and technologies in the local market (Gelan,
2022). Addressing these issues requires comprehensive policies and coordinated efforts to promote sustainable
building practices and enhance the capacity for innovation in the building sector.

3.6 Land Use

3.6.1 Current national-sectoral decarbonisation status and prospects

The updated Ethiopian Nationally Determined Contribution (NDC) released in July 2021 highlights significant
potential within the Land Use Change and Forestry (LULUCF) sector for mitigating greenhouse gas (GHG)
emissions. According to the NDC, this sector holds substantial promise for emission reductions, with a conditional
emission projection scenario indicating a potential decrease of -99.9 Mt CO2 eq by 2030, compared to a Business-
as-Usual (BAU) scenario of 140.2 Mt CO2 eq and an unconditional projection of 91.8 Mt CO2 eq (NDC 2021). The
document emphasizes two primary pillars for leveraging this potential: extensive reforestation efforts and
improving the efficiency of household biomass energy use for cooking and baking.

In Ethiopia, methane emissions pose a significant challenge within the Agriculture, Forestry, and Other Land Use
(AFOLU) sector, with the agricultural sector alone accounting for 79,311 Mt CO2 eq in 2020 (World Bank 2023).
The livestock sector is identified as a major contributor to GHG emissions, with a BAU scenario projecting
emissions to reach 194.8 Mt CO2 eq by 2030. However, under the conditional scenario, emissions could potentially
decrease to 180 Mt CO2 eq, and under the unconditional scenario, they are projected at 192.9 Mt CO2 eq (NDC
2021). Moreover, the Managed Soils sector has been introduced to distinguish between emissions from livestock
and crop production. By 2030, emissions from this sector are expected to amount to 10.6 Mt CO2 eq in the
conditional scenario, with projections of 10.9 Mt CO2 eq in the unconditional scenario and 11.0 Mt CO2 eq in the
BAU scenario (NDC 2021). This sector-specific differentiation underscores the complexity of emissions sources
within the AFOLU sector and highlights the need for targeted mitigation strategies. Moreover, deforestation for
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agriculture and biomass use contributes significantly to higher emissions. The widespread use of traditional
biomass for energy, particularly in rural areas, leads to deforestation and increased CO2 emissions, exacerbating
climate change (Tolessa 2023). Methane emissions, primarily from the agricultural sector, further compound the
problem, as livestock production is a major source of this potent greenhouse gas (Holden, 2022).

The Ethiopian NDC underscores the critical role of the LUCF sector in achieving substantial emission reductions
through reforestation and improved biomass energy utilisation. Addressing methane emissions from agriculture
and enhancing management practices in both livestock and crop production are pivotal for achieving Ethiopia's
emission reduction targets and advancing climate resilience in the AFOLU sector.

3.6.2 National-sectoral mitigation enablers and barriers

3.6.2.1 Enablers

The current state of the Ethiopian land use sector, which encompasses agriculture, livestock, and forestry, reveals
a multifaceted approach towards emission reduction and climate change mitigation. The strategies outlined
highlight the necessity of enhancing carbon storage, adopting sustainable management practices, and improving
the efficiency of agricultural practices.

One of the key enablers is to improve the land use to enhance their role in carbon storage. This includes
reforesting 3 million hectares of land by 2030 and restoring existing forests to improve their carbon sequestration
capabilities (NDC 2021, 12). Moreover, carbon storage in grasslands can be improved through plant diversity,
improved grazing management and biodiversity restoration (Bai and Cotrufo 2022). These measures are critical
as they directly address the need to increase carbon sinks, thereby reducing atmospheric CO2 levels. The share
of agricultural land under sustainable management practices is another significant focus (NDC 2021, 12).
Sustainable practices include reducing pre-harvest losses and minimizing the conversion of land for agricultural
infrastructure, which can help maintain soil health and reduce emissions from land use changes. Mechanizing
agriculture through the replacement of cattle and oxen with tractors is proposed to enhance efficiency (NDC 2021,
13). This mechanisation can potentially reduce methane emissions from livestock and improve the overall
productivity of the agricultural sector.

In the livestock subsector, there are several enablers aimed at improving efficiency and reducing greenhouse gas
(GHG) emissions. This includes the use of oilseeds in animal feed to enhance feeding efficiency and the promotion
of improved breeds of cows, which are more productive and have a lower GHG intensity per unit of agricultural
GDP (NDC 2021, 13). Additionally, a shift in the livestock composition is suggested, favoring poultry over cattle
due to the lower emissions associated with poultry production. This shift also includes promoting a demand shift
from beef to chicken (NDC 2021, 13).

Reducing the use of residential biomass through the adoption of electric stoves, improved cookstoves, and
renewable biofuels is another enabler (NDC 2021, 12). This transition is aimed at lowering emissions from
traditional biomass use, which is prevalent in rural areas and contributes significantly to deforestation and air
pollution. Increasing access to finance for farmers is crucial for enabling adaptation to climate change. Financial
support allows farmers to invest in long-term crops and trees, which can help prevent soil erosion and crop failures
(Holden 2022). Moreover, reforming land management and providing land tenure security through land
certificates can incentivize farmers to make long-term investments in sustainable practices, further contributing
to climate change mitigation (Holden 2022).

In summary, Ethiopia's land use sector is actively pursuing a range of strategies aimed at reducing emissions and
enhancing resilience to climate change. These include improving carbon storage in grasslands and forests,
adopting sustainable agricultural practices, enhancing the efficiency of the livestock sector, transitioning to cleaner
energy sources in households, and supporting farmers through financial access and secure land tenure. Each of
these measures is crucial for achieving the country's climate goals and ensuring sustainable land use practices.
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3.6.2.2 Barriers

The Ethiopian land use sector also faces several significant barriers that hinder efforts toward emission reduction
and climate change mitigation. These barriers include environmental, economic, and infrastructural challenges
that complicate sustainable development and climate resilience.

One of the primary environmental barriers is the impact of higher average temperatures and greater variability in
rainfall, which alter the environment for crops and exacerbate soil erosion (Holden 2022). These changes make
it difficult for farmers to maintain productivity and adapt to shifting climate zones, which are increasingly affecting
agricultural practices in Ethiopia (Zeleke et al. 2022).

Unsustainable land management practices, including the excessive use of chemical fertilizers and pesticides, lead
to soil degradation and loss of fertility. These practices undermine the long-term productivity of the land, making
it more difficult to sustain agricultural yields and contributing to environmental degradation. The lack of
sustainable practices further exacerbates soil erosion and degradation, reducing the land'’s ability to function as a
carbon sink (Zeleke et al., 2022). Low agricultural productivity is another barrier, driven by environmental
degradation and limited mechanisation of agriculture. The sector remains predominantly reliant on traditional
farming methods, with minimal use of modern equipment. This limited mechanisation hampers efficiency and
productivity, making it challenging to improve agricultural outputs and reduce emissions (GIZ, 2018).

The lack of access to finance for farmers is a critical economic barrier. Without financial resources, farmers
struggle to invest in sustainable practices, mechanisation, or long-term crops that could enhance productivity and
resilience to climate change (Holden 2022). Additionally, low private investment in the agricultural sector further
limits opportunities for growth and development, perpetuating cycles of low productivity and economic
vulnerability. Food insecurity remains a pressing issue, directly impacting the development of the Agriculture,
Forestry, and Other Land Use (AFOLU) sector (Bakala, 2016). Persistent food insecurity hinders efforts to
implement sustainable practices and improve productivity, as immediate survival needs often take precedence
over long-term sustainability goals. This, in turn, affects the overall development and resilience of the sector,
making it more vulnerable to climate change impacts (Bakala, 2016; Holden, 2022).

In summary, the Ethiopian land use sector faces numerous barriers to emission reduction and climate change
mitigation, including environmental challenges, unsustainable land management practices, low agricultural
productivity, limited mechanisation, and significant economic constraints. Addressing these barriers is essential
for enhancing the sector's sustainability and resilience, ultimately contributing to the country's climate goals and
development objectives.

3.9.1 (Quicklink to table on enablers and barriers)

3.6.3 Current status of national-sectoral climate policy

The Ethiopian land use sector has a nhumber of policies in place aimed at emission reduction, adaptation, and
climate change mitigation. These policies reflect a comprehensive approach, although implementation and
achieving specific goals remain challenging. In general, it has to be noted that it is difficult to assess the progress
and effectiveness of land use policies as for now. The sector is characterized by a gap which exists between
ambitious goals on the one hand and policies as well as international financial support on the other. Ethiopia has
a vision for 2030, which is to be an African Beacon of prosperity. One of the six strategic pillars is to build a
climate resilient green economy.

As stated in the NDCs, Ethiopia plans to transform large parts of the AFOLU sector into carbon sinks at least in
the conditional scenario. This is in line with the findings in the global sectoral knowledge synthesis which states
that medium confidence exists that the capacity of natural sinks may increase despite climate change (Naabuurs
et al. 2022). A large part of the Ethiopian policy to create carbon sinks is based on tree planting projects which
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have yet to show if they can be an effective measure.

In terms of governance and planning instruments, the Ten-Year Development Plan (2021-2030) aims to
significantly increase national forest coverage from 15.5% to 30% and the coverage of wildlife habitats from
8.6% to 14% (FDRE 2021). This plan also includes increasing land use efficiency from 33% to 100% in existing
irrigation schemes and integrating industrial, infrastructural, and agricultural land use with nature protection
(FDRE 2021). However, the plan lacks detailed direct policies on how these goals will be achieved, highlighting a
potential gap between targets and actionable strategies.

Additionally, the Climate-Resilient Green Economy (CRGE) Strategy launched in 2011, targets reducing agricultural
emissions, protecting and expanding forests, and adopting energy-efficient technologies across various sectors,
including transport and industry (CAT, 2022). The CRGE strategy has identified 60 interventions to reduce GHG
emissions to 150 mtCO2e by 2030, down from a business-as-usual projection of 400 mtCO2e (FDRE, 2020; CAT,
2022). The CRGE is currently under review, and the updated version is awaited to provide further direction.

The CRGE anticipates that agricultural crop production will rise significantly from 19 million tonnes to 71 million
tonnes by 2030. This projected growth is mainly attributed to the expanded use of fertilizers and the increased
acreage dedicated to agriculture. Consequently, this surge in production is expected to result in an increase in
emissions from 12Mt CO2e to 60Mt CO2e. (FDRE 2011, p. 15). There is no indication that emissions have
decreased in the period since the CRGE strategy came into effect. There is no method in place to attribute the
potential decrease in emissions to the CRGE strategy or the initiatives driven specifically by the CRGE strategy. In
other words, even if Ethiopia’s national GHG emissions could have reliably been assessed as decreasing since
2010, there are no grounds for suggesting that this decrease would have been due to CRGE implementation. The
CRGE has a stronger focus on agriculture than on forestry, but nevertheless includes key forestry-related strategic
interventions that can contribute to adaptation, such as land use planning, forest monitoring, pest and disease
control, payment for ecosystem services etc (FDRE 2020, p. 66).

Overall, there is still a lack of strategic planning regarding agroforestry systems. Those should be carefully
managed to avoid food production impact compromising crop and livestock productivity when incorporating trees
and shrubs. Moreover, agroforestry benefits take long periods to materialize, making it less attractive to farmers
than other types of agriculture (Luedeling et al., 2016). Despite reforestation efforts, Ethiopia lost over 8kha of
forest in 2021 and 2022. The number has decreased every year since 2019 (positive trend).

Additionally, three regulatory instruments have been examined. The Ethiopian Livestock Master Plan (LMP)
(2015-2020) targeted improvements in genetics, feed, and health services to boost productivity in key livestock
value chains (FAO 2015). While this plan set ambitious targets, its impact on emission reduction and climate
adaptation remains to be fully assessed. The Lowlands Livelihoods Resilience Project (2019-2025) aims to improve
the resilience of pastoral and agro-pastoral communities, addressing climate adaptation by enhancing livelihoods
in vulnerable regions (World Bank 2024). The National Forest Sector Development Program (NFSDP) (2016-2025)
serves as a master plan for sustainable forest management, informing policies and interventions to transform the
forest sector (FDRE 2018a).

Green Legacy Campaigns have been successful in massive tree planting efforts, with billions of trees planted from
2019 to 2022 (CAT 2022). This initiative plays a crucial role in enhancing carbon sequestration and improving the
ecosystem. National REDD+ Strategy (2018-2030) aims to reduce deforestation, forest degradation, and enhance
forest carbon stock by promoting conservation and restoration of forest ecosystems. It contributes to the CRGE
strategy and aims for the forest sector to achieve 50% of the total emission reduction (FDRE 2018b). REDD+
also focuses on sustainable financing for forest management, conservation, and restoration.

In terms of market-based instruments, the National Biogas Program (2007), with goals of constructing 14,000
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biogas plants, aims to reduce reliance on biomass and lower emissions from residential energy use. While the
program has been renewed, its success in achieving targets is unclear (Kamp and Forn 2016).

The National REDD+ Strategy for Ethiopia (NRS), spanning from 2018 to 2030, is a pivotal policy framework
aimed at bolstering the nation's role in global climate mitigation efforts through enhanced forest and land
management practices. Aligned with Ethiopia's Climate Resilient Green Economy (CRGE) strategy and its 2030
greening targets, the NRS focuses on curbing deforestation and forest degradation, while concurrently boosting
forest carbon stocks via conservation and restoration initiatives. Central to its objectives are strengthening
governance structures, building local capacities for sustainable forest management, and fostering an enabling
environment conducive to long-term forest preservation. By successfully implementing REDD+, the strategy
envisions maximizing Ethiopia's forest sector's mitigation potential, targeting to contribute 50% of total emission
reductions. This strategic approach not only aims to secure sustainable financing for forest management,
conservation, and restoration efforts but also anticipates the forest sector to play a significant economic role,
projected to contribute 11.2% to the national GDP (FDRE, 2018).

In terms of information instruments, the Program of Adaptation to Climate Change (EPACC) (2010) focused
on adapting agriculture to climate change, identifying climate-sensitive infrastructure, and informing subsequent
climate strategies like the CRGE and Growth and Transformation Plans (FAO 2016). Another promising approach
is the Participatory and Integrated Land Use Planning (ILUP) project since it faces many challenges in the
Ethiopian land use sector. It adopts a multi-level approach to enhance participatory and intersectoral land use
planning. It strengthens the capacities of land management, civil society, and the private sector to develop, legally
anchor, and pilot these plans, with a focus on peri-urban and rural areas with high land competition. The project
also invests in training, increasing the number and quality of graduates and skilled workers. By bolstering the
regulatory and institutional framework at national and regional levels, the ILUP project promotes sustainable
resource use, holistic settlement planning, and prevents land use disputes, contributing to good governance and
creating a favourable investment environment (GIZ, 2022).

In conclusion, the absence of integrated land use policy and land use plan not only contributes to forest loss but
also reinforces unsustainable land use and land cover changes at large, which is detrimental sustainable economic
development of Ethiopia. To this end, the preparation and effective implementation of a national framework for
an integrated national land use plan, (currently under preparation and led by the Prime Minister’s Office), should
be finalized to address Ethiopia’s persistent land management issues. There is also a clear gap in cross-sectoral
coordination, joint planning and implementation of projects and programs. Finally, the sector is guided by
numerous policies targeting emission reductions and climate adaptation. While these policies provide a robust
framework, their success depends on effective implementation, addressing barriers such as financing,
mechanisation, and sustainable practices. Enhancing policy clarity and execution will be crucial in meeting
Ethiopia's climate goals and ensuring sustainable development in the AFOLU sector.

Table 23: Analysed policies in Ethiopia’s land use sector

Type
instrument

Policy

Ten-year development plan (2021-2030)
Climate Resilient Green Economy (CRGE) Strategy Ethiopia 2011

Livestock Master Plan

Lowlands Livelihoods Resilience Project

National Forest Sector Development Program (NFSDP) of Ethiopia
National Biogas Program 2007

National REDD+ Strategy 2018-2030

Program of Adaptation to Climate Change (EPACC) Ethiopia 2010
Integrated Land Use Planning in Ethiopia (ILUP)
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3.6.4 How to strengthen national-sectoral climate policy?

To strengthen Ethiopia's national climate policy in the land use sector, it is essential to develop comprehensive
land use plans with clear targets and milestones, such as reforesting 3 million hectares by 2030. Ethiopia’s NDC
formulates the ambitious goal to transform the AFOLU sector into a carbon sink if international support is provided
(conditional NDC). Land in Ethiopia was used in most areas in an uncontrolled and unplanned fashion without
considering natural resource conservation and environmental sustainability (Haddis, 2017). Although the Ten-
year development plan mentions targets for the land use sector, Ethiopia still requires detailed regional master
plans accompanied by policy measure tailored to the specific regional needs. Those exist mostly in urban centres
at the moment. Therefore, an overall effective land use strategy underpinned with policy measures is still missing.
Without coordination the emission reduction targets will not be reached.

Enhancing regulatory frameworks to promote sustainable agricultural practices and enforcing minimum energy
performance standards for agricultural machinery will help reduce emissions and improve efficiency. Providing
financial incentives, such as tax breaks, grants, and low-interest loans, can encourage investments in sustainable
practices and technologies. Strengthening institutional capacity through training programs and updating curricula
on sustainable land use planning is vital. Increasing access to finance for farmers will enable investments in long-
term crops and trees, while promoting research and innovation in sustainable practices and technologies.

Transitioning rural households to cleaner energy sources, like electric stoves and renewable biofuels, will help
reduce deforestation and CO2 emissions. Enhancing monitoring and evaluation frameworks to regularly assess
policy effectiveness and ensure compliance is crucial. Addressing food insecurity through integrated strategies,
such as crop diversification and improved storage facilities, will support sustainable practices without
compromising immediate food needs. By implementing these measures, Ethiopia can enhance its land use sector's
sustainability and achieve its climate goals.

3.7 Conclusion

This section has examined the current enablers, barriers, and policy options in five key sectors: industry, energy,
transport, buildings, and land use. Each sector was discussed in its own chapter, following a consistent structure:
Introduction, enablers and barriers, the current status of national climate policy, and policy recommendations
based on the analysis. For a more detailed analysis, sector-related tables outlining enablers, barriers, and policy
options can be found in the annex.

Ethiopia's industrial sector has made significant progress in aligning with national Science, Technology, and
Innovation (STI) policies and intellectual property rights frameworks, fostering innovation and adherence to high
standards. Financial incentives and government support for laboratory and testing facilities attract investment
and encourage compliance with environmental and operational benchmarks. However, the sector faces
challenges, such as inadequate collaboration among stakeholders, an imbalance between imports and exports,
and the use of outdated technologies. Strengthening coordination, enhancing technological adoption, and
improving regulatory frameworks are essential to overcoming these obstacles. Addressing these challenges will
further Ethiopia's efforts in climate change mitigation and the sustainable development of its industrial sector.
Overcoming barriers in Ethiopia's energy sector necessitates robust regulatory frameworks and effective policies
to attract private investment in renewable energy. Enhancing R&D for innovation, fostering international
collaboration for technology transfer, and improving institutional capacities are critical. Economic incentives such
as feed-in tariffs and tax exemptions can stimulate sector growth. Establishing clear performance and technical
standards for renewable energy technologies, coupled with professional training and capacity-building programs,
will ensure sustainable energy development. Setting quantified renewable energy targets, promoting modern
energy access, and expanding renewable energy capacity will significantly contribute to climate change mitigation
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and the overall resilience of Ethiopia's energy sector.

The Ethiopian transport sector faces several challenges, including limited access to electricity, inadequate
infrastructure for EVs, high costs of implementing new technologies, and behavioural resistance to non-motorized
transport. Additionally, there are funding constraints and a lack of integrated planning with other sectors. Despite
these obstacles, there are promising enablers for this transition. Policy support, such as high import taxes and
bans on old vehicles, can stimulate domestic vehicle manufacturing and EV imports. Public awareness campaigns
and integrated transport-land-use-environment policies can promote sustainable transport practices. Investing in
infrastructure for pedestrian and cycling networks, along with leveraging biomass residues for electricity
generation, can enhance eco-friendly transport options. Setting clear emission targets and enforcing rigorous
GHG monitoring will help regulate environmental impacts. Overall, these strategies underscore Ethiopia's
commitment to a climate-resilient and efficient transport system.

The Ethiopian building sector faces several challenges including a lack of institutions to assess and certify
sustainable buildings, an underdeveloped policy and regulatory framework for green buildings, and limited
awareness among policymakers about their benefits. Additionally, there is a shortage of skilled professionals,
green building materials, and technologies in the local market. Potential enablers to address these issues include
developing clear roadmaps and coordination mechanisms, enforcing regulatory standards such as building energy
codes and minimum energy performance standards, and providing financial incentives like tax breaks and grants
to offset the higher costs of energy-efficient buildings and technologies. Moreover, investing in research and
development for construction materials can further reduce waste and emissions, supporting the sector's
transformation towards sustainability.

Strengthening Ethiopia's national climate policy in the land use sector requires the development of comprehensive
land use plans with clear targets which are supported by implementing policies. Enhancing regulatory frameworks
and providing financial incentives will promote sustainable agricultural practices and reduce emissions.
Strengthening institutional capacity through training and updated curricula, increasing access to finance for
farmers, and promoting research and innovation are vital steps. Transitioning rural households to cleaner energy
sources and improving monitoring and evaluation frameworks will further support sustainability. Addressing food
insecurity through integrated strategies will ensure that immediate needs are met without compromising long-
term goals. By implementing these measures, Ethiopia can significantly enhance the sustainability of its land use
sector and achieve its climate goals.
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3.9.1 Enablers and Barriers

3.9.1.1 Industry

Table 24: Industry - National-sectoral mitigation enablers and barriers
Dimension

Funded by

Enablers

The development of industrial parks, in
different geographical location of the country
encourages manufacturing and export-
oriented industries (UNIDO, 2018).

Barriers

Development of energy efficiency standards
and labeling for some products like Electric
Injera  Mitad  manufacturing  (Danas,
E.E.,2012).

At present, the largest share of energy
consumption 87% is dominated by traditional
fuels (charcoal, fuel wood, dung cakes, and
agricultural residues) which still pose various
health and environmental risks. In the country,
55.2% of population is living without access to
electricity in 2019 (Girum, A.T. et al, 2021).

Advancements with regard to technology and
increases in productivity in large- and
medium-sized manufacturing sectors.

Lack of skiled manpower and lack of
maintenance (Girum, A.T. et al, 2021).

Grants, loans, subsidies, tax exemptions,
carbon credits, and green bonds are examples
of financial incentives and mechanisms that
decrease the upfront costs and risks of
investing in low-carbon solutions (World Bank,

Lack of investment capital is the top challenge for
the development o¢ renewable energy
technologies (Mulualem G.G., 2021).

2023),

(UNDP, 2021).

Energy  audits, training, awareness | The lack of institutional capacity has hindered the
campaigns, demonstration projects, and | utilisation of renewable energy technologies

technology transfer are examples of technical
support and capacity growth that develop the
skills and knowledge of industrial actors and
stakeholders (EEA, n.d.).

Ethiopia (Negussie R., 1999).

Policy and regulatory frameworks that support
the implementation of energy efficiency and
renewable energy measures, such as the
Climate-Resilient Green Economy (CRGE)
strategy (Yalew, 2022), the National
Electrification Program (NEP), and the Feed-in
Tariff (FiT) program to promote the growth of
renewable energy sources.

Lack of motivation and lack of effective planning
and monitoring. Challenges to create
coordination and cooperation among industrial
actors and stakeholders (Desalegn A. and
Solomon N., 2021).
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3.9.1.2 Energy

Table 25: Energy - National-sectoral mitigation enablers and barriers
Dimension

Funded by
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Enablers

Indigenous energy resources, of which there
is huge exploitable potential of the renewable
resources, fig 2. (NEP v2.0).

Barriers

Negative impacts of climate change on hydro-
dominated power sector [ENEP, 2013].

An already renewable electricity supply
(hydropower, about 92%); replacement of
incandescent lamps by LEDs, a measure by
the EEP.

Less efficient and wasteful T&D; poor energy
generation portfolio/mix; unsustainable
traditional biomass use [ENEP, 2013].

Scaling Solar - World Bank financial and risk
management support program for Sub-
Saharan Africa; double-edged electricity tariff
reform, for cost recovery in contrast to
unaffordability and economic challenge for
consumers (pushing to switch to other non-
renewable sources).

Tariff increment leading to unaffordability and
consumers tend to switch to other alternatives
(often to non-renewables); lack of financing in
general [ENEP, 2013].

National improved cook-stove program, to
reduce traditional biomass fuel use (NICSP);
promoting energy saving, such as turning of
lights, an initiative by the EPEA.

Legal framework to unbundle the government
owned electric power and utilities [NEP 2.0];
regulatory framework for private sector
participation in the sector via IPPs; energy
efficient electric mitads, initiative of energy
efficiency labelling by the Ethiopian Petroleum
and Energy Authority (EPEA); national biogas
program (NBPE) — rural communities mainly,
initiative by SNV; Solar Home Systems (SHS)
for rural community applications, institutions
such as health centres/posts, schools, street
lighting, etc..

Sub-standard solar PV systems/components
importation due to lack of mandatory national
standards and laws; lack of human and
institutional capacity; lack of reliable and updated
data [ENEP, 2013].
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Table 26: Transport - National-sectoral mitigation enablers and barriers
Dimension

Enablers

Barriers

Lack of vast oil reserves leads to sole dependence
on imported petroleum fuels.

Roads infrastructure development — construct
electric rail network, improve urban transport
in Addis Ababa (light rail and rabid bus

An already existing old fleet which is highly
contributing to fuel inefficiency and GHG
emissions; still underdeveloped transport
infrastructure, such as lack of sufficient road

transit), mass  transport enhanced by | networks, heavy traffic congestions leading to
implementing the public transport fleet. increased fuel consumption and emission, there
Using large untapped biomass residue | are no sufficient/safe/efficient cycling lanes
potential and replace fossil fuels and | despite some trails, insufficient and unsafe
traditional biomass (Tolessa, 2023). pedestrian networks, etc.; insufficient and poor
parking infrastructure.

Facilitate bank loans and tax | High import tax on vehicles and leading to
reduction/exemptions privileges for taxi | unaffordability for the majority; shortage of
market. finance.

Increasing importation of electric vehicles
(EVs) and hybrids (HEVSs).

Introducing fuel efficiency standards for the
cargo and passenger vehicles; the policy on
non-motorized transport, i.e., the NMT
strategy; substitute imported fossil fuels with
clean fuels from biofuels (ethanol and
biodiesel); lifting government subsidy on
imported petroleum fuels (gasoline, diesel,
etc.) to inhibit the use of old inefficient
vehicles and promote new vehicles
importation, despite it started to challenge the
economic welfare, and fuelled the already
high inflation rate of about 34% in 2022.

3.9.1.4 Buildings
Table 27: Buildings -

National-sectoral mitigation enablers and barriers

Mitigation strategies to reduce embodied
energy and CO2 emissions from buildings
include (Taffese & Abegaz, 2019): Energy-
efficient cement production, adoption of
alternative materials, use of prefabricated and
recyclable materials.
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Passive building design features such as high
thermal mass and low wall to window ratio
have a significant potential to reduce energy
consumption in various climates of Ethiopia
(Zeleke et al., 2022), although there is a
perception among stakeholders that space
cooling and heating are not necessary in most
areas of Ethiopia (Baron & Donath,
2016). Cooking has a high potential for
energy savings followed by lighting. In rural
areas without access to electricity, candles,
kerosene lamps, firewood and solar energy
are used for lighting (Ejigu, 2016).

Lack of skilled professionals, green building
materials and technologies on the local
market (Gelan, 2022).

Solar cookers, biogas and liquid biofuels could
be used as substitutes for solid biomass for
cooking (SE4AIl, 2013).

There is still a high preference to use biomass for
cooking owing to the taste of the cooked food,
cultural practices and consumption habits
(Kebede et al., 2022). Lack of awareness for
green buildings and a perception that green
buildings are expensive (Gelan, 2022).

The market for solar hot water systems could
be enhanced by government housing
programmes and real-estate developers
(SE4All, 2013). Introduce building code and
create training programmes for building codes
and standards (Taffese & Abegaz, 2019).

There are no institutions to evaluate and certify
sustainable buildings in Ethiopia (Anshebo et al.,
2022). Lack of policy and regulatory framework
for green buildings and lack of understanding of
the benefits of green buildings by policy makers
(Gelan, 2022).

Table 28: Land Use - National-sectoral mitigation enablers and barriers

Dimension

Funded by

Enablers

Grasslands could be improved in order to
function as carbon storage. Reforest land in
order to function as carbon storage (3 million
ha of land by 2030) (NDC 2021, 12). Restore
forests in order to improve their function as
carbon storage (NDC 2021, 12).

Barriers

Higher average temperatures and greater
variability in rainfall leads to a changing
environment for crops and soil erosion (Holden
2022).

The share of agricultural land under
sustainable management practices should be
increased (NDC 2021, 12). Pre-harvest losses
and land converted for agricultural
infrastructure could be reduced (NDC 2021,
12).

Deforestation for agriculture and biomass use
leads to higher emissions. Methane emissions are
highest in the agricultural sector.

Unsustainable land management including the
use of chemical fertilizers and pesticides can lead
to soil degradation. Climate zones are changing
in Ethiopia (Zeleke et al. 2022).
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Low agricultural  productivity @ due to

environmental degradation.

Reduce the use of residential biomass through
electric stoves, improved cookstoves and
renewable biofuels (NDC 2021, 12). The
agriculture could be mechanized through the
replacement of cattle/oxen by tractors (NDC
2021, 13). Feeding could be improved through
the use of oilseeds (NDC 2021, 13). Efficiency
and productivity in the livestock subsectors
could be enhanced measures by number of
improved cows and the GHG intensity of
agricultural GDP (NDC 2021, 13).

Limited mechanisation of the agriculture.

Through increased access to finance, farmers
are able to adapt to climate change, plant
longer-term crops and trees and prevent soil
erosion and crop failures (Holden 2022).

Lack of access to finance for farmers.
Low agricultural productivity due to limited
private investment.

Unsustainable land management and land use.
Food insecurity harms development in the AFOLU
sector.

Reform land management and provide land
tenure security through land certificates for
rural landholders is an incentive for long-term
investments against climate change among
farmers (Holden 2022). The share of poultry
compared to cattle could be improved and a
demand shift from beef to chicken could be
promoted (NDC 2021, 13).

3.9.2 Policy Options

Table 29: Industry - Status of instruments and policies

Type
instrument

Status / Is the policy in place?

Climate Governance: Monitoring, Reporting
and Verification (MRV) systems have been
established for industry and agriculture, to be
operationalised through adequate
investments and staffing (Climate
Governance, 2020).

Energy Efficiency Program and activity plan:
energy efficiency plants are developed by

What are challenges for issue this
policy or enforce this policy?

Positives: Improvement of the Industrial
Policy's alignment with the national
Science, Technology, and Innovation (STI)
policy and intellectual property rights (IPR)
policies.

Develop the ability to methodically create
action plans that include Monitoring and
Evaluation (M & E) for policies and

Funded by
the European Union
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Voluntary based energy audits for industry performance of implementation.

Challenges: Innovation efforts and
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challenges; Effective collaboration across
these diverse bodies is by nature a major
challenge; The imbalance between fast-
growing imports and slow-growing exports
creates a structural, systemic challenge
with no simple solution. (UNCTAD, 2020)

Formation of the Environmental Policy of
Ethiopia: Environmental protection is a top
priority for the Federal Democratic Republic of
Ethiopia's government. With the proclamation
no. 9/1995, it created the Environmental
Protection Authority (EPA) and gave it legal
authority to oversee environmental protection
in its entirety. Ethiopia's Environmental Policy
was developed and authorized by the
government in April 1997 (ESIPC, n.d.). For
emission limits from stationary sources , the | Positives:

maximum allowable level of pollutants from a | The Standards are presented for four
site, process, stack, vent, etc. are presented | different parts: Part 1-Guidance on
within this document . Interpretation of this Document on
Standards Part; 2-Standards for Specified
Industrial Policy in Ethiopia: Since the early | Industrial ~ Sectors; Part  3-General
2000s, Ethiopia has actively pursued an | Standards for all other Industrial Effluents;
industrial policy using a wide range of policy | Part 4-Standards for all other Industrial
instruments (Altenburg A, 2010), (Oquba, | Gaseous Emissions and Part 5-Standards
2018) . for Noise Limits.

Green Economy Strategy: the nation has | Challenges:

developed the Climate Resilient Green | Weak technological development and
Economy (CRGE) Strategy to avoid lock-in in | adoption practices, as well as the usage of
old technology (CRGE, 2011) outdated import technologies. This is
Gradual phase-out of fossil fuels and fossil fuel | brought about by lack of coordination
boilers: One of the most important steps in | among  ecosystem  actors, limited
lowering greenhouse gas emissions and | regulatory coverage and limited incentives
addressing climate change is the gradual | to control technology transfer and R&D
phase-out of fossil fuels and fossil fuel boilers | (Gebeyehu, 2022).

in Ethiopian industry.

Thought the International Energy Agency
(IEA) predicted that Ethiopia's final energy
consumption from fossil fuels to increase in
the next years (IEA, 2019), the Ethiopian
government has taken a number of steps to
promote renewable energy sources and
minimize dependence on fossil fuels. For
example, the government has been revising
subsidies for petroleum products since July
2022 as part of a plan to phase out subsidies
at gas pumps (Reporter, 2024).

Green Manufacturing Strategy: (2019): Positives:
Government offered no-tax for purchase of | The financial incentives encourages
select testing equipment (GMSE, 2019). investors to be involved in to the
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Environmental Permits and Fees: manufacturing sectors positively
Environmental Protection Authority ("EPA") a | respecting rules and regulation (EIC, n.d.).
straightforward permitting power, such that | Strengthen institutional capability by
potentially polluting businesses cannot open | providing skilled personnel and providing
or continue to operate without a permit | sufficient instruments (such as laboratory
directly from the EPA. For emission limits from | testing equipment, kits and reagents).

stationary sources, the government may | Government offered no-tax for purchase of
evaluate potential pollution and raise the | select testing equipment (GMSE, 2019)

permission fee based on probable | Challenges: lack regular monitoring and
environmental harm and economic damage to | inspections for employee health and safety
locals when enterprises request for licenses | that would guide organisations toward

(Krueger K, et al, 2012). effective  environmental and social
Financial incentives: planning
Ethiopia offers a wide range of incentives to | Inadequate public awareness—

investments in growing sectors like | environmental planning is not adequately
manufacturing, agriculture, and agro- | promoted by NGOs and activists (GMSE,
processing. These incentives include an | 2019).

exemption from customs charges on capital
goods and building supplies, a nine-year
income tax exemption for agricultural
investment, and a six-year income tax
exemption for manufacturing and agro-
processing (EIC, n.d.).

Ethiopian Cleaner Production Centre (ECPC):
The project promoting Resource Efficiency in
Small and Medium-Sized Enterprises It was
developed by UNEP and was implemented
under the framework of the Joint UNIDO-
UNEP Program on Resource Efficient and
Cleaner Production (RECP) in Developing and
Transition Economies (ECPC, 2024).
Environment Impact Assessment (EIA) | Positives:

Process: For emission limits from stationary | The project aims to develop an integrated
sources , mandates that firms complete an | toolkit that will be used to develop the
Environmental Impact Assessment (EIA) | capacities of National Cleaner Production
before to starting specific projects in order to | Centers.

guarantee that environmental factors are | Challenges: Lack of Awarenes; capacity
incorporated into their planning (Damtie M. | problem; Absence  of  Effective
and Bayou M., 2008). Mechanisms for the EIA Process; Industry
Ethiopian Standard Industrial Classification | codes are not available

(ESIC): Industry codes are not available.
However, there is "Ethiopian Standard
Industrial Classification (ESIC)". ESIC is used
by government to collect and analyse data on
the country’s industrial sector (ESIS, 2010).
Industries are divided into 10 major groups by
the ESIC. The ESIC categorize s industries into
ten main groups.
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Table 30: Energy - Status of instruments and policies

Draft revised National Energy Policy:
recognizes the national energy issues such
as energy poverty, energy security,
inefficient value chain and lack of data. It
also outlines the status of limited
technological capacity and lack of
standards/regulations, as well as financing
constraints and climate change impact.
(MoWE, 2013).

Increasing installed capacity from
renewable energy resources, the GoE
targeted a 25 GW generation capacity
increase by 2030, mainly from hydro,
geothermal, and wind [IEA, 2019].
National Electrification Program 2.0:
outlines the target of achieving universal
electricity (of 100%) by 2025 [NEP 2.0].
The electrification target was projected to
have 65% grid access and 35% from off-
grid solutions, mainly solar PV mini-grids
(MoWIE, 2019)

National Biogas Program Ethiopia —
financing and construction of 14,000 biogas
digesters within 5 years; job creation and
economic development; contribute to
mitigate deforestation and GHG emissions;
etc. (NBPE, 2007).

Committed NDC: Reduce by 220.59 Mt
CO2e (53.5%) by 2030 from the 2010 BAU
scenario in the conditional target
Reduction of 12.4% (51.24 Mt CO2e) in the
unconditional target.

Positives: (EP) It identifies specific
sub-sectors of (consumption, sources,
etc. sub-sectors), challenges and
policy issues, and highlight the need to
address those through tailored policy
objectives and instruments.
Challenges: It lacks focus on RE,
mentioning the need for the
development of all RE sources. As the
varfous infrastructure development is
eminent, financing scheme and source
Is overlooked and had shallow relevant
key stakeholder engagements.
Positives: (IIC) It has a vision for
energy security and improved energy
access.

Challenges: No clear and materialized
investment and financing scheme.
Positives: (NEP) Aspires to ensure
equitable energy access.

Challenges: Very ambitious target
without strict and quantified
disaggregate RE targets; institutional
capacity remains as a main problem.
Positives: (NBP) Promotes access to
clean cooking, economic and
environmental benefits for users.
Challenges: Access to finance for rural
community (affordability) and lack of
technical expertise.

Positives: (NDC) Promote sustainable
energy transition, land use, and other
sectors.

Challenges: Weak accurate monitoring
and evaluation, and financing
(especially for the conditional

NDC).

Energy efficiency standards and labelling
for home appliances

Started initiative for buildings energy
efficiency standards and labelling.
Mandatory power factor (of 0.9) for
industrial consumers.

The CRGE strategy outlined RE targets from
various resources.

Home appliances’ energy efficiency labelling
schemes (electric stoves and mitads)

Positives: Some existing international
partnerships and cooperation help in
institutional capacity development.
Challenges: Lack of adequate technical
and institutional capacity, finance.

No clear and reliable legal/regulatory
framework, schemes and policies that
promote, attract, and create enabling
environment for private investment in
renewable energy in Ethiopia.
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Building energy efficiency labelling initiative.

Financial incentives and tax subsidies for
renewable energy technologies.

Energy auditing and labelling for the
building sector (recent initiatives).

Promote IPP such as for utility scale solar
PV power generation (bulk electricity sells
to the utility company).

Initiatives and campaigns for replacement of
incandescent lamps with CFLs/LED.

Positives: favours the national energy
supply mix; the energy efficiency helps
in in energy consumption reduction.
Challenges: Weak supportive
regulatory framework for private
investment and lack of transparency.

For the market  promotion and
dissemination, the EPEA conducted trainings
and capacity building activities for electric
mitad/stove manufacturers in selected cities
for energy efficiency improvement and
foreseen efficiency labelling.

Positives: It contribute to a significant
energy efficiency improvement as it's
the main sub-sector having huge
consumption in the residential sector.
Challenges: There still exist lack of
technical capacity of manufacturers,
put a challenge in its sustainable
implementation and their compliance.

Status / Is this policy in place?

Non-motorized Transport Strategy (NMTS):
Clean, safe, and efficient transport targets-
Promote public transport in cities like the
capital - Addis Ababa, and required
infrastructure development. The NMTS 2020-
2029 stated the development of Safe,
efficient, and accessible walking and cycling
networks [FDRE Ministry of Transport,

2020].

Non-motorized transport initiative and policy
(cycling, walking) outlined by modal shift
targets by 2029 such as 80% of motorized
trips by public transport and NMT [FDRE
Ministry of Transport, 2020].

Enhance public transport service
Implementation of initiatives to develop high-
quality pedestrian networks, bicycle
networks, greenways, street lighting,
intersection improvements, bicycle sharing,
rental systems, trade policies, street design
standards, parking management, etc.

Assess the existing landscape, evaluate each
sub-sector, define the national transport

What are the challenges for issue
this policy or enforce this policy?

Positives: It support liveability and
good urban planning, and improved
mobility.

Challenges: Lacks integrated planning
and coordination with other sectors, it
also requires large infrastructure
investment, and difficult to ensure
behavioural change such as for
‘shifting’.
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strategy, prioritize investments, and outline
implementation needs [FDRE Ministry of
Transport and Logistics, 2022].

Vehicle emission standards and efficiency
(per capita GHG transport sector emission
reduction of 64% by 2030 from the 2010
level). Enacting fuel efficiency standards is
also envisioned to achieve emission reduction
of about 3.1 Mt CO2e by 2030 [CRGE, 2011;
Ministry of Transport, 2017].

The GoE imposed very high tax system for
importing old vehicles, planning to completely
ban in the future. Import taxes (VAT, excise,
surtax, withholding, etc. taxes) could reach
as high as 500% depending on vehicle age,
type and engine capacity), particularly highly
discouraging importation of old vehicles
[Tadesse S., 2022].

In 2024, the government announced an
import ban on vehicles with combustion
engines (Zachary S., 2024)

Use of biofuels (bioethanol, biodiesel) to
highly replace the fossil fuels import which is
the predominant transport fuel.

Positives: Cleaner and efficient
transport sector and improving air
quality (hence health); contributes to
foreign currency saving due to import
reduction.

High import taxes and an import ban
could result in 1) Domestic
manufacturing of vehicles and 2)
Boosting imports of electric vehicles
Challenges: Implementation of
emission standards will pose difficulty;
it requires investment and technology
upgrade which then create
unaffordability and accessibility.

The GoE, in its 10-year transport prospective
plan, has planned to invest about 74 bin in
the sector from various sources including
PPP, government funding, foreign grants, etc.
[Tewodros T., 2022].

Mobilize funding from national and local
sources to implement NMT projects [FDRE
Ministry of Transport, 2020].

Ethiopia implements tax
reductions/exemptions for new vehicle and
EVs importation.

Imposed high import taxes for old vehicles
[Tadesse S., 2022].

Initiatives to provide loans for the taxi market
for new fuel-efficient vehicles.

Positives: Modernisation of the
transport sector, enhance the sector
including better quality and
accessibility, esp. of the public
transport system.

Challenges: Getting sufficient funding
would still be a challenge; affordability
for new vehicles and EVs even with
the tax laws; the need for
infrastructure development including
charging stations for EVs.

Awareness creation campaign for the use of
e-mobility, such as a 1-month free transport
ride by EVs.

Capacity building of local engineers, planners,
etc.

Promote the use of non-motorized mobility,
cycling, walking; facilitate the use of public
and mass transport.

Positives: Create public awareness
about e-mobility in big cities.
Challenges: Weak in terms of
effectiveness in reaching the diverse
community or audience for the
intended behavioural change and
awareness.

Page 180
Funded by

the European Union




Type
instrument

D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

Table 32: Buildings - Status of instruments and policies

Status / Is this policy in place?

National Adaptation Plan of Ethiopia: The
NEEAP proposes a variety of energy efficiency
measures for various sectors, such as
industry,  transportation, and buildings
(EnergyPortal.eu, 2023). Under NEEAP, major
initiatives include promoting energy efficient
appliances, establishing energy efficiency
standards, and labeling as well as
implementing energy management systems in
industries (EnergyPortal.eu, 2023).

What are the challenges for issue
this policy or enforce this policy?
Positives: Government promotes the
development of efficient renewable-
based energy networks and standards

Challenges: There is no net-zero
emissions target or long-term carbon

reduction strategy  (Climatescope,
2022). There are still significant
deficiencies in the materials and

implementation of buildings in Ethiopia
(GIZ, 2020).

Dedicated funds by the government or
by energy companies could provide
stable funding sources to financing the

upfront costs of decarbonisation
options.  Ethiopia has not vyet
implemented this.

Clear targets, milestones and a

dedicated action plan is missing to this
point.

Ethiopian Building Code of Standards
(EBCS): The fourteen Ethiopian Building Code
standards provide detailed instructions for
construction  standards  regarding the
operational requirements, system design,
handover, inspection and maintenance of
construction (GIZ, 2020). They cover the
entire construction process of single, two and
multi-family buildings, including structural
elements, electrical systems, plumbing,
heating, ventilation and air conditioning,
energy efficiency requirements, as well as all
other components of the construction sector
(GIZ, 2020). As a part of the implementation
of the building code, a construction council
oversees the construction sector and ensures
that players comply with uniform standards
set by the code (GIZ, 2020).

Product-specific minimum Energy
Performance Standards (MEPSs): MEPS for AC
induction motors and CFL lighting have
already been introduced by the Ethiopian
Standards Agency, following a request from
Ethiopia's Energy Authority (Sigra Group AS,
2019). MEPS are also planned for electrical
appliances for household appliances, including

Positives: Building energy codes make
building energy efficiency and low
carbon heating/cooling for buildings the
standard sending a clear signal to
market actors.

MEPSs have proven to be most cost-
effective policy measure for boosting
the efficiency of appliances.

Challenges: Ethiopia does not have
national building energy codes (Taffese
& Abegaz, 2019).

Ethiopia does not have an energy sales
cap system that could incentivize
suppliers to help their customers reduce
electricity consumption.

Phasing out fossil fuel boilers would
send a signal to the market on the
exclusion of fossil fuel alternatives in
the near- and medium-future.
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appliances used for injera baking, cooking,
refrigeration, washing, air conditioning and
water heating (Eludoyin et al.,, 2021).
Implementation plans are also in place.
Implementation plans have been put in place
for the full adoption of MEPS for lighting,
cookstoves and injera baking by 2020, 2025
and 2026 respectively.

2019 Ethiopian standard for Clean Cook Stove
and Clean Cooking Solution: Locally produced
electric injera baking stoves, Mitads, are
covered under a voluntary MEPS scheme and
a further MEPS for electric cookstoves is
foreseen. The 2019 Ethiopian standard for
Clean Cook Stove and Clean Cooking Solution,
Performance Requirements and Test Methods
(ES 6085: 2019) conforms to the international
clean cooking standard 1SO19867-1 (Sieff et
al., 2022). The standard covers electric
cooking appliances with a volume of less than
1501 and a capacity of less than 20kW,
intended for domestic use, small-scale
enterprise, and institutional settings.

Financial incentives (Renewable energy/solar
rooftop): A standard economic policy has been
developed and implemented by the
government to address inconsistent tax
interpretations and application of taxes and
duties on solar products (Clasp & UK Aid,
2022). Since 2018, aside from duty tax, excise
tax, and surtax, off-grid energy products were
also exempt from 15% VAT and 2%
withholding tax if they were not used
commercially (Clasp & UK Aid, 2022).
However, due to inconsistent tax policy
interpretation, additional customs duties were
applied to appliances used in off-grid and
weak-grid areas as their use is difficult to
categorize (Clasp & UK Aid, 2022). The new
updated tax code for 2022 set in place tariffs
to be applied to imported solar products and
some PURE (Clasp & UK Aid, 2022). According
to the tax code, all solar products and SWPs
are subject to a 5% duty tax and a 15% VAT,
and solar system components are exempt
from duty tax (Clasp & UK Aid, 2022).

Solar Lighting in Rural Ethiopia: As part of this
project, solar lighting centers are established
across Ethiopia to provide solar lighting to
rural Ethiopian households (UNFCCC, n.d.). In

Positives: In Ethiopia, the explicit
carbon price is not levied. An implicit
price on carbon emissions through fuel
excise taxes accounted for 6.1% of
emissions in 2021 and remained
unchanged from 2018 (OECD, 2022).

Tax incentives can help overcome the
higher up-front costs of highly energy-
efficient buildings, heating and cooling

systems and appliances, on-site
renewable energy, and the
manufacture of low-embodied

emissions building products.

Challenges: There are no loans or
grants provided to implement energy
efficiency measures (e.g., wall or loft
insulation or double glazing) in
buildings (Climatescope, 2022).

Neither carbon taxes nor other GHG
emissions taxes are collected in Ethiopia
(OECD, n.d.).
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addition to selling, installing, and maintaining
solar systems, solar centers also offer training
and microloans to households who are unable
to cannot afford to purchase solar systems
themselves (UNFCCC, n.d.). The project
makes available solar panels and lanterns to
the disadvantaged families in Ethiopia (LWF,
2023).

Renewable Energy Auctions: Renewable
energy auctions of Ethiopia have the potential
to become a model for other countries in the
region (Kruger et al.,, 2019). With its
procurement programs, the country has twice
achieved the lowest solar PV project prices in
sub-Saharan Africa (Kruger et al., 2019). In
2016, the tender was awarded for the 100 MW
Metehara solar PV project to ENEL Green
Power at US$c 5,85/kWh and in 2019, ACWA
Power awarded two 125 MW (total Capacity
250 MW) solar projects at one of the cheapest
tariff rates of US$c 2,53/kWh over 25 years
(Kruger et al., 2019).

Energy labelling schemes: A national energy
efficiency labelling scheme and energy audits
to be conducted in the industrial, commercial
and public sectors are among the energy
efficiency strategies intended to be
implemented by the Ethiopian Energy
Authority (EEA) and the Green Economy
strategy (Eucker et al., 2019).

Training and Education: As a part of the Solar
Lighting in Rural Ethiopia program, an
international solar energy school has
established to train solar engineers especially
for rural electrification (UNFCCC, n.d.). After
graduation, it is possible for solar technicians
to start their own businesses in villages
(UNFCCC, n.d.). As part of this initiative, a
solar competence center has been established
in Addis Ababa to ensure that the knowledge
and know-how associated with solar energy

Positives: General information provision
raises awareness about decarbonisation
options and their cost-effectiveness
among key stakeholders.

Training and education to provide the
workforce ~ with  the  necessary
knowledge and skills will enhance the
confidence of investors.

Challenges:
Ethiopia should provide general
information that raises awareness

about decarbonisation options and their
cost-effectiveness among key
stakeholders.

Certification of qualified actors to
ensure accurate, optimal, and safe
services and to enhancing confidence of

Funded by

are developed and utilized in the country | investors/users on the services
(UNFCCC, n.d.). Training, product | delivered.
development, testing, and assembly are the
services provided by the solar competence
center (UNFCCC, n.d.).
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Table 33: Land Use - Status of instruments and policies
Type of
instrument

Status / Is this policy in place?

Ten-year Development Plan: Active 2021-
2030. Includes many goals on the AFOLU
sector but it remains unclear how those goals
will be achieved through direct policies.
The main focus area of the environment and
climate change plan is ensuring sustainable
development by developing, enriching,
maintaining and protecting the country’s
natural environment, forests, wild life and
other biodiversity resources.

Targets Land Use:

e Increase national forest coverage from
15.5% to 30%, and increase the coverage
of wild life habitats from the present area
of 8.6% to 14% (p. 73)

e Increase land use efficiency from 33% to
100% in 20 existing irrigation schemes

e Link industrial, infrastructural and
agricultural land use with the protection of
nature

(FDRE 2021)

Climate-Resilient Green Economy (CRGE)
Strategy Ethiopia 2011: According to CAT, the
strategy aims to reduce agricultural
emissions, protectand  expand forests,
expand renewable electricity generation, and
adopt energy  efficient  technologies in
transport, industry and the built environment
(CAT 2022)

New developments: The Ethiopian
government is reviewing the existing CRGE
Strategy. The current version published back
in 2011 with visions for 2025. The release of
the updated CRGE was planned for Q1 2020
but has been postponed. There is no further
information available on content.

Main pillar regarding land use:

Protecting and re-establishing forests for their
economic and ecosystem services, including
as carbon stocks, adoption of agricultural and
land use efficiency measures

The CRGE strategy identified 60 potential
interventions to reduce GHGs below the BAU
of 400mtCO2e by 2030, possibly even keeping
it on par with a 2010 emission level of 150
mtCO2e.

What are the challenges for issue
this policy or enforce this policy?

Positives: National roadmaps regarding
agriculture and FOLU exist. Target
setting for different areas in the sector.
Challenges: The current plans still lack
clearly defined policy measures for
achieving the emission reduction
targets.

Land in Ethiopia was used in the past in
an uncontrolled and unplanned fashion.
This is likely to continue without cross-
sectoral coordination and  joint
planning.

Funded by

the European Union

Page 184




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

(FDRE 2020, CAT 2022)

Livestock Master Plan: The Ethiopia Livestock
Master Plan (LMP) is a sectoral policy
document at the national level covering the
period of 2015-2020. The LMP is a five-year
development implementation plan or
‘roadmap’, to be used to implement the
Growth and Transformation Plan II (GTP II).
The LMP sets out investment interventions—
better genetics, feed and health services,
which, together with complementary policy
support—could help meet the GTP II targets
by improving productivity and total production
in the key livestock value chains for poultry,
red meat-milk, and crossbred dairy cows (FAO
2015)
Lowlands Livelihoods Resilience Project:
Improve livelihood resilience of pastoral and
agro-pastoral communities in Ethiopia. World
Bank funded project, implemented by Ministry
of Irrigation and Lowlands Development
(MILLS). Closing Date will be 2025 and start
was in 2019 (World Bank 2024)
National Forest Sector Development Program
(NFSDP) of Ethiopia: The National Forest
Sector Development Program (NFSDP) is
expected to serve as a master plan for the
enhancement of sustainable forest
management in Ethiopia from 2016-2025. The
three volumes of the NFSDP publication
inform forest-related policies, interventions
and activities to transform the forest sector in
Ethiopia.
Green Legacy Campaigns:
e First: Plant 4 billion trees in 2019.
e Second: Plant 5 billion seedlings in 2020,
achieved in August 2020 (reportedly).
e Third: Plant 20 billion trees until 2022
including agroforestry trees
(CAT 2022)

Positives: A forest sector master plan
exists. Project-level actions in the forest
sector such as tree-plantings.
Challenges:

Land tenure security is not sufficient
which prevents farmers and other
landholders from making long-term
investments.

The LMP focused mainly on economic
productivity and neglected emission
targets.

National Biogas Program 2007: This policy
aims to develop the biogas sector in Ethiopia.
The Specific objectives are to:
e attract and strengthen institutions and
organisations for the development of a
national

biogas sector;
e construct 14,000 biogas plants in the four
selected regions over a period of 5 years;

Positives: While designing the REDD+
Strategy Ethiopia reached a level of
80% attention to the strategies design
components which is a good number in
comparison to other countries.
https://www.mdpi.com/2071-
1050/10/12/4781

Challenges:
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e ensure continued operation of the biogas
plants installed under  the NBP;
e maximize the benefits of all biogas plants
installed.

The policy was renewed several times and it
is unclear if the goals where achieved.

An analysis on barriers and drivers can be
found in (Kamp and Forn 2016).

National REDD+  Strategy 2018-2030:
Implementation in cooperation with UNFCC.
The National REDD+ Strategy (NRS)
contributes effectively to a large part to the
Climate Resilient Green Economy (CRGE)
strategy and Ethiopia's greening targets in
2030, while maximizing national co-benefits
thereby adding to the global climate change
mitigation efforts through improving forest
resource and land management.

The strategy focuses on  reducing
deforestation, forest degradation and
enhancing forest carbon stock by promoting
conservation and restoration of forest
ecosystems; strengthening governance and
development of local capacities and putting in
place enabling environment for sustainable
forest management.

The Vision: To see that the successful
implementation of REDD+ guarantee that the
forest sector achieves its mitigation potential.
The forestry sector, with REDD+ as its major
mitigation lever, will contribute 50% of the
total emission reduction.

Sustainable financing through REDD+ will
support investment in forest management,
forest conservation, and forest restoration.
The forest sector contributes 11.2% to the
national GDP
https://faolex.fao.org/docs/pdf/eth178847.pd
f (p.38)

Ethiopia lost over 8 kha of forest in
2021-2022. Although, the number has
decreased every year since 2019 forest
losses remain a challenge (SOURCE).

Program of Adaptation to Climate Change
(EPACC) Ethiopia 2010: Adapt agriculture to
climate change. Identify climate sensitive
infrastructure  and community level
vulnerability. The program informed the
Ethiopian Climate Resilient Green Economy
Strategy and the Growth and Transformation
plans. The program concluded presumably in
2010 (FAO 2016).

Challenges: Information scarcity about
AFOLU sector in general. Lack of
monitoring  methods hinder the
development of coordinated and cross-
sectoral plans for decarbonisation.
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Integrated Land Use Planning in Ethiopia
(ILUP): The Participatory and Integrated Land
Use Planning (ILUP) project adopts a multi-
level approach to enhance participatory and
intersectoral land use planning. It strengthens
the capacities of land management, Ccivil
society, and the private sector to develop,
legally anchor, and pilot these plans, with a
focus on peri-urban and rural areas with high
land competition. The project also invests in
training, increasing the number and quality of
graduates and skilled workers. By bolstering
the regulatory and institutional framework at
national and regional levels, the ILUP project
promotes sustainable resource use, holistic
settlement planning, and prevents land use
disputes, contributing to good governance
and creating a favorable investment
environment (GIZ, 2022).
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4 Kenya - Case Study

4.1 Big picture: Current national-sectoral decarbonisation status and
prospects

Kenya is located on the East African coast of the Indian Ocean. With a population of approximately 51.5 million
people (Kenya National Bureau of Statistics, 2024), it spans an area of around 580,370 sg.km. Over the past
decade, Kenya's economy has outperformed that of low- and middle-income countries (LMICs). Recently,
however, the slowdown in the pace of poverty reduction in conjunction with COVID-19 pandemic have emphasised
the vulnerability of many households. Although the Kenyan economy is recovering from the pandemic and is
forecast to grow by an average of 5.4% in 2022-24, the ongoing drought and imported global inflation have been
especially challenging (World Bank Group, 2022).

Kenya has made significant progress in establishing a well-diversified energy mix and more than doubled its
electrification rate between 2014 and 2018. The government has increased the connectivity to urban and rural
areas through a combination of off-grid and grid-tied systems. Renewable energy resources such as geothermal,
wind, and hydropower have played a significant role in the progress toward clean energy and energy access goals
(Kleinman Center for Energy Policy, 2023). The next figure shows the cumulative installed capacity as of December
2023.

Interconnected Capacity g:z:::,i:y Off-grid I:::;Ile d % Total
(MW)

(Mw)

Technology

Capacity e Installed

Installed Effective

Hydro 839.3 810.4 33.0 0.1 872.4 25.00%

Geothermal  BEZUNY 841.1 3.7 = 943.7 27.04%

Thermal 572.8 562.4 21.3 35.6 629.7 18.05%

Wind 435.5 525.5 = 0.6 436.1 12.50%

Solar 210.3 210.3 196.2 3.9 410.4 11.76%

Bioenergy 2.0 2.0 111.8 = 113.8 3.26%

Imports 200.0 200.0 = = 200.0 =

WHRC = = 83.5 = 83.5 2.39%

Total 3,199.9 3,051.7 449.5 40.1 3,689.5 100.00%

Figure 12: Installed, Effective and Captive Power Capacity as of December 2023
Source: (Energy & Petroleum Regulatory Authority, 2024)

Kenya has one of the lowest carbon-intensive power systems in East Africa (Kahlen et al., 2021). Although due
to population growth and increasing economic activity, Kenya’s emissions have risen in recent years (see Figure
13), according to the World Bank, emissions are currently not a concern for Kenya’s economy, accounting for only
0.1% of global emissions annually (World Bank Group, 2023a).

Climate change poses a significant threat to the growth trajectory of Kenya, which is why global initiatives to
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combat this phenomenon, particularly by reducing GHG emissions, if successful, also present beneficial prospects
for the Kenyan economy. It is estimated that the Kenyan economy suffered between 2010-2020 socio-economic
losses of 3-5 percent of its gross domestic product due to the impacts of climate change (International Food
Policy Research Institute, 2023, NDC). This underscores the urgent need for investments to strengthen adaptation
and resilience to these impacts and identify strategies to mitigate vulnerability.

Overall, as a small contributor to GHG emissions, Kenya has the potential to make a positive contribution to the
global climate change mitigation effort, by maintaining its current low carbon emissions policies in power
production and introducing similar policies for all sectors (World Bank Group, 2023b).

Figure 13 shows the greenhouse gas emissions by sector from 1990 to 2020.-°

L Agriculture
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Transport
10 million t Industry
JF Buildings

Manufacturing and construction

L 7\ e——
‘MW_'M —0—\_\-'_.7 Waste
— —nEnu ig —— - oe —L~ Aviation and shipping
ot \ —— 1 Electricity and heat
\ ~ Other fuel combustion

— Fugitive emissions
_— Land-use change and forestry

I 1 I 1 1 I
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Data source: Climate Watch (2023) OurWorldInData.org/co2-and-greenhouse-gas-emissions | CC BY

Figure 13: Greenhouse gas emissions by sector, Kenya
Source: (ClimateWatch, 2023)

Without further action, Kenya's emissions from the energy sector could rise from around 20 Mt CO2e in 2021 to
around 130 Mt in 2050. Under ‘Business As Usual’ (BAU), most of the increase in emissions will come from
transport and industries, driven by population growth, and economic growth (Ministry of Energy & Petroleum,
2023a).

Kenya has set itself targets for reducing its GHG emissions: The country submitted an updated NDC under the
Paris Agreement in December 2020 that includes mitigation and adaptation contributions and an emission
reduction of 32% below BAU by 2030 (including LULUCF) (Climate Action Tracker, 2022a), compared to 30% in
the initial one (Updated NDC). It addresses the severe socio-economic losses resulting from extreme weather
events and climate change impacts on the country's economy. Recognising its dependence on climate-sensitive
natural resources, Kenya aims to pursue a low-carbon, climate-resilient development pathway through this
contribution. While the first NDC foresaw a conditional target, with the updated NDC the country commits to

9 Note: Greenhouse gas emissions are measured in tonnes of carbon(ii) oxide equivalents over a 100 year timescale
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mobilise 13% of the needed budget no longer by international resources but by itself (Ministry of Environment
and Forestry, 2020). However, the updated NDC does not contain sectoral mitigation targets. On the sectoral
initiatives: Kenya has not signed the Global Methane (https://www.globalmethanepledge.org/) and the Coal Exit
Pledges. Figure 14 illustrates the progress of climate action as of May 2022 (Climate Action Tracker, 2022a).

KENYA OVERALL RATING
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BASED ON MODELLED DOMESTIC PATHWAYS+
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<+ Modelled domestic pathways reflects a global economic efficiency perspective with pathways for different temperature ranges derived from global least-cost models

Figure 14: Kenya's climate action progress as at May 2022
Source: (Climate Action Tracker, 2022a)

4.2 Industry

4.2.1 Current decarbonisation status and prospects

Kenya’'s industry is the largest in the Eastern African region, highlighting its crucial role in Kenya's economy and
those of its neighbours (Ho, 2019). As of 2020, this sector was responsible for 17% of Kenya’s GDP, ranking third
after agriculture and services (Statista, 2022). According to the original NDC baseline, emissions from the
industrial processes sector are expected to increase from 3.3 MtCO2e in 2015 to 5.9 MtCO2e by 2030. Despite
this rise, the sector's share of total national emissions is anticipated to remain steady at approximately 6%
(excluding LULUCF) (Ministry of Environment and Natural Resources, 2017). Emissions in the industry sector
mainly stem from cement and charcoal manufacturing industries (Ministry of Environment and Natural Resources,
2017). Cement production is considered a key industry, experiencing a rising demand both within Kenya and from
neighbouring nations. Meanwhile, charcoal production predominantly relies on traditional, less efficient methods,
and largely operates within an informal sector (Ministry of Environment and Natural Resources, 2017).

The top priority action for the industrial sector in the National Climate Change Action Plan (NCCAP) 2018-2022 is
on the implementation of the Nationally Appropriate Mitigation Action (NAMA) for the charcoal sector targeting
an abatement of approximately 1.2 MtCO2e by 2030 (Government of Kenya, 2018). Cement manufacturers
(estimated at 0.23 MtCOze) have been shifting from fuel oil to coal to reduce costs, making the sector a significant
potential consumer of coal. This development eliminates the potential usefulness of any climate action
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improvements as a means of reducing emissions in the cement sector.

According to the original NDC baseline, absolute emissions from the industrial sector are projected to grow from
3.3 MtCO2e (2015) to 5.9 MtCOze (2030) while the contribution of industrial process emissions to total national
emissions is expected to roughly remain at 6% (excl. LULUCF). Under the current lower bound policy projections,
absolute emissions are projected to increase to 6.7 MtCOe in 2030. The sector’s target is to reduce emissions by
0.8 MtCOz2e by 2030, corresponding to 2% of the original overall emissions reduction target of 30% by 2030
(Ministry of Environment and Natural Resources, 2017).

4.2.2 National-sectoral mitigation enablers and barriers

The industrial sector faces numerous barriers that hinder climate mitigation options, but there are also enablers
that support climate action. The enablers and barriers are categorized and explained in more detail in Table 6
(annex) and summarized below:

Geophysical feasibility: With a domestic market of over 50 million people, Kenya is a leading economy in sub-
Saharan Africa, serving as an economic, commercial, financial, and logistics hub of East Africa (International Trade
Administration, 2022). Kenya possesses significant underground wealth, with around 970 minerals nationwide,
including base metals, precious metals, rare earth and radioactive minerals. Mrima Hill, in the coastal county of
Kwale, has one of the top five rare earth deposits in the world, and the region also contains niobium deposits
projected to have a value of $35 billion (CA Global, n.d.).

Environmental and ecological feasibility: However, there are huge environmental risks associated with
mining activities, such as when toxic chemicals are used in heavy mineral separation processes in vulnerable
ecological systems, like the Wasini channel (Abuodha, 2002). This coastal area, with its fragile coral reefs and
wildlife, is a crucial part of the economy, supplying a living for many people on the coastline. Besides mining
activities, deforestation, soil erosion, flooding, poaching, and pollution can also be consequences of industrial
activities.

Technological feasibility: Kenya is a leading African state in information and communication technologies
(ICT), showcasing significant advancements in this sector. The country's robust digital economy is poised for
substantial growth, with projections indicating it will contribute 9.24% to Kenya's GDP by 2025. Kenya stands out
among African countries for its advanced ICT skills development; these skills encompass a wide range, from basic
digital literacy, including the use of mobile phones, mobile banking, the internet, and social media, to more
advanced competencies in data analytics, app development, and network management. There are a humber of
government and private initiatives that have addressed ICT skills. However, these focus on literacy and basic
skills, which is not enough for a rapidly growing society with high youth unemployment (Domingo, 2023). The
Kenya Energy Transition and Investment Plan (ETIP) identifies several challenges, including cost premium for
hydrogen direct reduced iron (DRI), high costs of Carbon Capture and Sequestration (CCS) implementation
(cement sector) and immature market and high capital cost of heat pumps for low-temperature heat processes
(Ministry of Energy & Petroleum, 2023a).

Economic feasibility: Kenya experiences a strong flow of foreign direct investment, particularly in finance and
insurance, renewable energy, trade, manufacturing, communication, and education sectors. Numerous private-
equity entities operate in Kenya, including multilateral institutions like the International Finance Corporation (IFC)
and the African Development Bank, as well as bilateral bodies such as the U.S. International Development Finance
Corporation (DFC) (World Bank Group, 2023b).

Sociocultural feasibility: Kenya boasts a young, growing, and educated English-speaking population with high
technological fluency. As part of Kenya Vision 2030, the Kenya Industrial Research and Development Institute
(KIRDI) is being transformed into a world-class research institution through capacity-building initiatives and
equipment upgrades. However, to ensure long-term and widespread benefits from economic growth, Kenya must
address the participation gap of poor and rural households, who have largely been left out of the GDP growth,
with a poverty rate of 38.6% in 2021 (World Bank Group, 2023b). The country also faces challenges such as
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inequality in educational and other opportunities, weak job creation, and persistently low productivity growth.
Additionally, a smaller share of women is employed in the industry sector, highlighting the need for more inclusive
development strategies.

Institutional feasibility: Kenya, a member of the British Commonwealth, also enjoys strong bilateral and
multilateral trade relationships as a member of the East African Community (EAC), Common Market for Eastern
and Southern Africa (COMESA), and the Africa Continental Free Trade Area (AfCFTA). The government has
implemented pro-business reforms, including regulations on starting businesses, obtaining access to electricity,
registering property, protecting minority investors, and streamlining the business insolvency process
(International Trade Administration, 2022). As part of Kenya Vision 2030, Special Economic Zones have been
established as key enablers for the manufacturing sector, aiming to drive industrialisation and social
transformation to attract investment (SEZ Authority, n.d.).

4.2.3 Current status of national-sectoral policy

4.2.3.1 Industry

The Kenyan Government, recognising that the industry sector has stagnated at around 10% of GDP for the last
two decades, concluded that a coherent National Industrialisation Policy was essential for advancing industrial
development. The Kenya Vision 2030 aims to make Kenya a middle-income, newly industrialising country with a
high quality of life. In line with this, the National Industrialisation Policy Framework was established, with the
vision “to be the leading industrialised nation in Africa with a robust, diversified and globally competitive
manufacturing sector", aiming for 15% annual industrial growth rate, to make Kenya Africa's top industrial
investment destination and boost employment and wealth creation (Republic of Kenya, 2012).

Additionally, the Constitution of Kenya (2010) prioritises sustainable development and the protection of natural
resources. The Mining Act of 2016 and the Mining Bill of 2015 designate the government the trustee of mineral
resources.

Kenya's National Industrialisation Policy Framework, developed through extensive consultation with public sector,
private sector, civil society, development partners, and non-governmental stakeholders, reflects a comprehensive
approach and it includes robust mechanisms for monitoring and evaluation. However, Kenya's industrial sector
confronts formidable challenges such as low value addition, inadequate market information leading to restricted
market access and a narrow export base, high costs of infrastructural services affecting competitiveness, scarcity
of skilled industrial human resources, limited access to affordable long-term finance, high industrial land costs,
and inadequate attraction of local and foreign direct investment (Republic of Kenya, 2012). Addressing these
challenges is crucial for advancing Kenya's industrialisation goals and enhancing economic growth.

The Kenya Energy Transition and Investment Plan (ETIP) identifies several challenges in the different sectors and
outlines required policy actions. The policy measures envisaged in the ETIP are included in the respective policy
categories.

In the area of governance and planning instruments, many areas of the policy package (Quicklink to
synthesis of existing knowledge - industry: 2.2) have been considered, such as long-term planning and strategy.
The Kenya ETIP foresees midterm infrastructure plans — especially for new value chains — to enable the private
sector to anticipate decarbonisation options available.

Kenya's adoption of the Energy (Appliances’ Energy Labelling and Performance) Regulations in 2016, enforced by
the Energy and Petroleum Regulatory Authority (EPRA), mandates a register of appliances meeting Minimum
Energy Performance Standards (MEPS) (Karanja, 2021). This encompasses refrigerators, air conditioners, motors,
and fluorescent lamps, ensuring that only energy-efficient products can be legally sold. This initiative incentivizes
manufacturers and retailers to produce and distribute energy-efficient appliances, promoting sustainability and
reducing energy consumption. However, the country faces challenges from multiple regulatory frameworks at
both county and national levels, alongside diverse levies and fees imposed by county governments. These
complexities hinder the wholesale and retail trade sectors from fully capitalising on opportunities across different
counties, thereby limiting growth and investment potential.
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Regarding regulatory instruments, Kenya has a labelling regulation in force, while ETIP envisions stricter
energy efficiency standards, especially for new construction and major renovations and the required use of heat
pumps where possible.

Regarding market-based instruments, ETIP lists possible public procurement to achieve a critical mass for
decarbonised products. Furthermore, it mentions the development of incentive schemes which mitigate
unprofitable shares of investments in new clean technologies (for example CCS applications).

Kenya has developed domestic legislation and institutional frameworks to regulate carbon market engagement in
line with Kenya's intention to utilise voluntary cooperation under Article 6 of the Paris Agreement (Ministry of
Environment and Forestry, 2020). In 2023, Kenya introduced the Climate Change (Amendment) Act, 2023. Tt will
regulate carbon projects and trading in Kenya; coupled with the possible introduction of a carbon tax and
environmental excise taxes to combat emissions (Nduba-Banja et al., 2023). Prior to the amendment of the
Climate Change (Amendment) Act, carbon finance and carbon markets in Kenya were not legally protected. In
the past there have been complaints and allegations of exploitation of Kenyan farmers and local communities by
carbon project proponents, distorted benefit-sharing agreements, misreporting or measurement of carbon
emission reductions and forced evictions. The amended Climate Change Act now provides for the establishment
of a national carbon registry in Kenya and regulates the trading of carbon credits. Carbon trading projects must
now undergo a mandatory environmental and social impact assessment in accordance with Kenyan environmental
laws (Murungi-Omondi, 2024). The National Assembly Budget and Appropriations Committee has approved the
draft Carbon Credit Trading and Benefit Sharing Bill (‘Carbon Trading Bill’), 2023, for formal introduction to
parliament. The bill aims to establish a regulatory framework for carbon credit trading and benefit sharing, create
a Carbon Trading and Benefit Sharing Authority, regulate carbon trading businesses, and set up a Carbon Credit
Trading Tribunal (ENSight, 2023).

Other possible instruments that are currently missing in the policy package are e.g. subsidies and grants to
address the lack of capital and to invest in cleaner technologies, tax incentives and investments in clean energy
supply chains (Quicklink to synthesis of existing knowledge - industry: 2.2)

Regarding information instruments, Kenya has established the Kenya National Cleaner Production Centre
(KNCPC) as part of the global UNEP/UNIDO National Cleaner Production Centre program with a mission to build
national capacity for Resource Efficient and Cleaner Production application in enterprises through awareness
creation, training, project implementation, and policy advice for increased enterprise productivity and sound
environmental management. Other policies and measures with regard to information, education and capacity
building measures are missing like training programs, guidance and toolkits or measuring the carbon footprint in
the industry sector.

The next table lists the individual policies and measures in the industrial sector. Further information, including a
brief description and an assessment of the effectiveness of the policies, can be found in the annex (Quicklink:
4.9.1.)

Table 34: Kenya’s policy package (industry sector)
Type of
instrument

Status

Kenya Vision 2030 (2008)
Governance e National Industrialisation Policy Framework (2012)

and planning e Constitution of Kenya (2010)

instruments e Mining Act of 2016; Mining Bill (2015)

e Kenya Energy Transition & Investment Plan 2023-2050

e Energy (Appliances’ Energy Labelling and Performance) Regulations (2016)

Regulatory
instruments

Market-based o Climate Change (Amendment) Act (2023)
instruments e Carbon Credit Trading and Benefit Sharing Bill (2023) (the "Carbon Trading Bill")
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Inf i
. aformation ¢ Kenya National Cleaner Production Centre (KNCPC) (2000)
instruments

4.2.4 How to strengthen national-sectoral policy

Kenya has introduced several key policy instruments regarding the industrial sector!?. These include the long-
term Kenya Vision 2030 and the National Industrialisation Policy Framework. The recently introduced market-
based instruments (Climate Change Amendment Act and the Carbon Trading Bill) also address significant existing
problems with carbon projects.

Regarding the barriers described under sociocultural feasibility, capacity building and training need to get more
attention from the government. This could mean for example investing in training programs to equip the industrial
workforce with skills needed for green technologies and sustainable practices or financial assistance to industries
transitioning to lower emissions operations.

Given the country's rich mineral resources and fragile ecosystems, clear guidelines are needed to regulate the
trade-off between potential economic gains and environmental risks. The Mining Act of 2016 aims to position
Kenya as the most attractive location for mining investments in Africa and to improve the country's global
competitiveness. Environmental protection was not neglected in the law; but how well these aspects are
addressed depends on the relationship between the regulations on environmental management and their
interactions with the related legislation on environmental issues, i.e. EMCA, Water Act, etc. (KPMG, 2016).

To strengthen Kenyan climate policy in the industry sector, establishing a National Climate Change Fund that will
oversee the mobilisation and disbursement of climate finance is important. However, the source of funds remains
a challenge. Additionally, the government should enable greater access to finance and funding for energy audits
and advisory services aimed at increasing the energy efficiency of business processes (Ministry of Energy, 2020b).

4.3 Energy

4.3.1 Current decarbonisation status and prospects

Over 94% of Kenya'’s electricity is generated from renewable energy sources, making emissions from electricity
and heat relatively low. This is particularly impressive, as 20 years ago fossil fuels accounted for the majority of
electricity generation (EMBER, 2024). Geothermal energy is the most significant source, with an estimated
potential of 10,000MW, but current installed capacity is under 863MW (International Trade Administration, 2024).
Over 30% (2020) of Kenya'’s electricity comes from hydropower (Energy & Petroleum Regulatory Authority, 2023),
which poses challenges during periods of low water levels, necessitating fossil-fuel thermal generation. Reliance
on costly energy imports, including crude petroleum which accounts for 25% of the national import bill,
significantly slows economic growth in the country (Ministry of Foreign Affairs, 2018).

The total electrical energy generated grew by 5.03% from 12,652.74GWh in 2022 to 13,289.63 GWh in 2023
(Energy & Petroleum Regulatory Authority, 2023).

Table 35: Energy generated between 2022 and 2023

Technology 2021/2022 2022/2023 % Change

10 with regard to specific instruments, only overarching recommendations can be provided here. Given the industry-specific differences in
requirements, barriers, and enablers, it is essential to develop tailored solutions for each industry branch.
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Hydro 3,348.71 2,569.18 -23.28%

Thermal 1,647.75 1,395.49 -15.31%

Wind 2,052.26 2,201.72 7.28%

Geothermal 4,953.15 6,035.00 21.84%

Bagasse/Biogas 0.38 0.21 -44.83%

Imports 337.5 644.07 90.83%

Solar 312.99 443.95 41.84%

Total 12,652.74 13,289.63 5.03%

Source: (Energy & Petroleum Regulatory Authority, 2023)

Geothermal energy generation increased by 21.84% due to new capacity from Olkaria 1 Unit 6 and the Sossian
Geothermal plants. While hydro generation declined due to extended drought periods (Ambani, 2023), the gap
was filled by increased energy imports from the Ethiopia-Kenya HVDC link and expanded wind and solar resources.
Electricity imports surged by 90.83%, with wind and solar generation increasing by 7.28% and 41.84%,
respectively (Business Today, 2023).

A comparison of the energy generated between the financial year 2021/2022 and the financial year 2022/2023 is
provided in the table above.

Kenya aims for 100% renewable energy by 2030 as mentioned in the Kenya Energy Transition & Investment Plan
2023 (Ministry of Energy & Petroleum, 2023b) and plans to supply green hydrogen to future green industries by
2040 (IRENA, 2023). With regard to green hydrogen, Kenya is part of the Africa Green Hydrogen Alliance (AGHA)
(www.gh2.de/agha). However, the (outdated in some areas) Kenya Vision 2030 (vision2030.go.ke) envisaged
that around 12% coal-generated capacity by 2040, including the currently in the “announced” state 960MW coal-
fired power plant expected to start commercial operation in 2034.

Rising economic activities and population growth have increased domestic energy demand, primarily met by
foreign energy imports. Kenya'’s updated NDC predicts energy will be the leading contributor to emissions by 2030
due to increased fossil fuel consumption for electricity, heating, and transportation (Ministry of Environment and
Forestry, 2020). In view of Kenya's target of 100% renewable energies in the electricity supply, it may come as
a surprise that the electricity sector is listed here. However, this can be explained by the fact that plans for the
Lamu Coal Power Station are already at an advanced stage.

Figure 15 illustrates the evolution of CO2 emissions from coal and oil since 2000.
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Figure 15: Evolution of CO2 emissions by fuel in Kenya since 2000
Source: (International Energy Agency, n.d.)

The Ministry of Energy's 20-year least-cost power development (2010 to 2030) proposes the inclusion of nuclear
power in the energy mix, citing its favourable cost efficiency compared to geothermal and coal. Nuclear energy
is proposed here as an integral part of the power generation portfolio to make the power generation mix "robust"
with a low carbon footprint. The target confirmed in 2016 of bringing 1000 MWe of nuclear power plant capacity
online by 2025 and 4000 MWe by 2033 underlines the commitment to nuclear energy as an important part of the
energy infrastructure (Ministry of Energy & Petroleum, 2023c; Nuclear Power & Energy Agency, n.d.). In view of
the long planning and implementation period for the construction of a nuclear power plant, however, it is not
clear how the plans can be put into practice. Additionally, there is strong public reaction to both planned power
options. It should be noted that an earlier attempt at constructing a coal plant in Lamu failed because of strong
public opposition (Kimeu, 2024; Obura, 2019).

4.3.2 National-sectoral mitigation enablers and barriers

The energy sector faces numerous barriers that hinder climate mitigation options, but also enablers exist that
support climate action. The enablers and barriers are categorised and explained in more detail in the annex
(Quicklink 4.9.2) and summarised below:

Geophysical feasibility: Kenya possesses significant renewable energy potential, including geothermal, wind,
offshore wind, solar, biomass, and biofuels. Regarding hydropower, as already indicated above, reductions in
reservoir levels, caused by climate change induced droughts, decrease hydroelectric generation, leading to greater
use of fossil fuels, which increase greenhouse gas emissions and the cost of living (Ministry of Environment and
Natural Resources, 2016c). Furthermore, while Kenya has abundant renewable energy resources, more than half
of Kenyan households still rely on wood fuel and dirty fuels (animal dung) for cooking.

Environmental and ecological feasibility: With a significant renewable energy potential, there is a critical
need to ensure the resilience of the energy infrastructure. Balancing environmental concerns with economic
growth presents a challenge, forcing the country to make decisions and trade-offs in its pursuit of sustainable
development. This challenge is evident in the sharp rise in energy demand and the controversial plans to generate
electricity from coal and even nuclear.

Technological feasibility: In 2020, losses in electricity transmission increased from 18% to 23%, highlighting
significant inefficiencies in the system (Government of Kenya, 2018; Ministry of Environment and Forestry, 2021).
Additionally, the national grid struggles with inadequate capacity to integrate new intermittent power generation
sources, such as solar and wind, while aging and lack of maintenance lead to frequent grid stability issues (Ministry
of Environment and Forestry, 2018, p. 3). To address these issues and reduce dependence on biomass fuels like
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charcoal and wood, there is a pressing need to improve access to modern energy sources and services.

Economic feasibility: The high initial costs of renewable energy technologies are a major barrier. It is imperative
that Kenya achieves energy security and accessibility to meet the increasing energy demand. If there are
foreseeable supply gaps with regard to renewable energy, there could be a decision to continue using fossil fuels.
But if fossil fuel projects go ahead, they will lock Kenya into a high-carbon, high-cost, and high-pollution energy
system that will wreak havoc on communities, natural systems (the long known ‘resource curse’), and the climate
(Rapid Transition Alliance, 2022). Given the low renewable costs, financing and climate funding should be made
available to Kenya and other Sub-Saharan countries to address the issue. A new and rapidly expanding solution
is the "Productive Renewables Energy Uses", which in essence facilitates income and this in turn enables paying
off the renewables production unit (World Resources Institute, 2024).

Sociocultural feasibility: In 2021, the share of the population with access to electricity in Kenya increased
from 36% in 2014 to 76.54% (Statista, 2024). This is due in particular to the massive expansion of renewable
energies; Kenya has successfully increased energy generation across all scales, from large-scale wind and solar
farms to microgrids serving rural areas, while lately the increase in Commercial and Industrial applications is
significant with captive power increasing almost monthly (GET.invest, n.d.). The diversity of technologies and
business models ensures there is an energy solution available for every requirement (Rapid Transition Alliance,
2022). Barriers include the inability of population to meet the cost of electrification and inability of the government
to meet the cost of extending its power grid.

Institutional feasibility: The government, supported by various development partners, is actively promoting
energy efficiency through regulatory enactments and institutional programs. Simultaneously, it has implemented
policies facilitating easier access to financing for renewable energy initiatives. However, the predominant focus
among local stakeholders remains on enhancing household energy access rather than on energy efficiency
initiatives. While Kenya has introduced net metering and feed-in tariffs, implementation allowing businesses and
individual customers to sell surplus electricity back to the grid is still limited (EPRA, n.d.-a).

Counties in Kenya often have different interests than the Ministry of Energy, particularly regarding resource
management and grid expansion responsibilities. The policy landscape is influenced by stakeholders representing
various energy technologies and socio-technical setups. Smaller entities like the Kenyan Renewable Energy
Association (KEREA) advocate for their perspectives, distinct from larger bodies such as the Kenya Private Sector
Alliance (KEPSA) and the Kenyan Association of Manufacturers (KAM), which prioritise least-cost energy solutions,
often favouring fossil fuels despite alternatives. In parallel Kenya as member of international institutions and
organisations is obliged to implement globally approved energy policies. This dynamic will shape the way the
national visions of development prevail in energy policy decisions (Newell & Phillips, 2016).

4.3.3 Current status of national-sectoral policy

Kenya has liberalised its energy sector and has recently made significant progress in formulating a renewable
energy policy (Kiplagat et al., 2011). With a very high proportion of renewable energy, Kenya's electricity mix is
one of the most sustainable in the world. However, the political commitment to a sustainable electricity supply
must be consistently pursued - in particular the plans for coal-fired power generation must be reconsidered for
this reason and the plans to close all coal-fired power plants by 2040 must be consistently implemented (World
Resources Institute, 2023).

Kenya takes a holistic approach: even though the main strategies in the governance and planning
instruments are assigned to the energy sector, the strategies include other sectors as well:

The Bioenergy Strategy 2020-2027 (Ministry of Energy, 2020a) launched by the Ministry of Energy aims to
promote bioenergy as a key sector for Kenya’s economic development. It aligns with national and county
renewable energy priorities to deliver modern energy solutions through innovation and consultation. As the
inaugural strategy, it provides guidelines and identifies interventions to develop and sustainably utilise bioenergy
resources from 2020-2027. Key features include a coordination mechanism at the Department of Renewable
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Energy, adaptive planning with multi-stakeholder consultations, and a focus on learning and feedback. The
strategy does not set hard quantitative targets but offers guidance on achievable outcomes for the short-term
(2020-2022) and medium-term (2023-2027). The Kenya Energy Transition & Investment Plan (ETIP) provides a
harmonised roadmap for the energy sector with a holistic approach that includes the investment requirement for
its implementation. It sets the stage for the development of energy sector targets to be incorporated into future
National Blueprints. 7he Kenya National Energy Efficiency and Conservation Strategy (NEECS) (Ministry of Energy,
2020b) is the roadmap towards achieving energy efficiency goals that will have an overall positive impact on
Kenya's economy. Improving energy efficiency will help reduce the demand for fossil fuels and related greenhouse
gas emissions as well as improve energy security — but beyond this, it is considered as one of the priority areas
to enhance the quality of life of the Kenyan citizens. The Kenya National Adaptation Plan 2015-2030 (NAP)
(Ministry of Environment and Natural Resources, 2016a) builds on the foundation laid by the National Climate
Change Response Strategy (NCCRS). This NAP aims to consolidate the country’s vision on adaptation supported
by macro-level adaptation actions that relate to the economic sectors and county-level vulnerabilities to enhance
long-term resilience and adaptive capacity. The NAP includes various proposed actions in land use, energy, and
transport sectors. The National Climate Change Action Plan (NCCAP) 2018-2022 sets out the path towards low-
carbon climate-resilient development in a manner that prioritizes adaptation. It encourages the mainstreaming of
adaptation and mitigation actions across sectors and levels of government and the engagement and participation
of key stakeholders, including the private sector, development partners, and the public in climate change
processes and interventions.

A central regulatory instrument is Kenya’s Energy Act, 2019 which consolidates and updates laws in the energy
sector, repealing the previous Energy Act, the Geothermal Resources Act, and the Kenya Nuclear Electricity Board
Order No. 131 of 2012. This new Act aims to unify energy-related laws, define national and devolved government
functions, exploit renewable energy sources, regulate petroleum and coal activities, and manage electricity supply
and usage. With its enactment, responsibility now shifts to the executive branch to further develop the sector.

In terms of market-based instruments, the Renewable Energy Feed-in Tariff (FiT) System is now established
in the new Energy Act, providing additional legislative support for the 'Feed-In Tariffs Policy on Wind, Biomass,
Small-Hydro, Geothermal, Biogas, and Solar Resource Generated Electricity' (FiT Policy) initiated by the Ministry
of Energy in 2008. This policy aims to promote renewable energy generation and its distribution through local
networks, encourage the adoption and innovation of renewable energy technologies, and reduce greenhouse gas
emissions and Kenya's reliance on non-renewable energy sources. The current FiT Policy and its tariff structures
will remain in effect under the new Act until new subsidiary legislation is developed, which may adopt or update
the existing policy. Furthermore, financial policy permits the full or partial deduction of tax obligations on
renewable energy investments. Evidence mostly supports this instrument as it enhances the return on investment.
According to Kenya’s VAT Act (2013) and the amended VAT Act (2014), renewable energy investors are exempt
from value-added tax and import duties on both temporary and permanent materials and equipment needed for
constructing renewable energy projects. In Kenya, for example, the government has implemented several energy
taxes to promote sustainable energy consumption and raise revenue for public expenditure. The main energy tax
in Kenya is the excise duty on petroleum products, applied to petrol, diesel, and kerosene at a rate of KES 18.05
per litre (about 0,14 US$), KES 12.12 per litre (about 0,09 US$), and KES 7.89 per litre (about 0,06 US$),
respectively. The revenue generated from the tax is used to fund various public expenditures, such as
infrastructure, health, and education (Akinyi Addero, 2023).

With regard to informational instruments the dimate Change Act establishes frameworks for reporting and
monitoring climate-relevant information, promoting transparency, and setting targets for reducing GHG emissions.
The Energy Act and the National Climate Change Action Plan also include provisions for the dissemination of
information related to energy production, consumption, and efficiency. In addition, to increase public
understanding of renewable energy benefits and climate change impacts a Public Awareness Campaign and
Education Program was implemented (media, workshops, etc.). By improving access to relevant information and
fostering greater public and stakeholder engagement, these measures support more informed decision-making,
promote the benefits of renewable energy, and drive the effective implementation of climate mitigation strategies
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in the energy sector. However, despite efforts to disseminate data and best practices, there are barriers such as
limited reach to remote or underserved areas, lack of updated information, and insufficient resources for effective
communication (for more information on poverty levels and unserved remote communities: Statista (2024):
Demographics of Kenya. URL: https://www.statista.com/study/87991/demographics-of-kenya/).

The next table lists the individual policies and measures. Further information, including a brief description and an
assessment of the effectiveness of the policies, can be found in the annex (Quicklink 4.9.2).

Table 36: Kenya’s policy package (energy sector)
Type of
instrument

Status

Kenya Energy Transition & Investment Plan (ETIP) 2023-2050
e Bioenergy Strategy 2020-2027

e Kenya National Adaptation Plan 2015-2030

e Kenya National Energy Efficiency and Conservation Strategy (NEECS)
Regulatory e Kenya Energy Act (2019)

instruments

Governance
and planning
instruments

e Feed-in tariff (FiT) on electricity generated from wind, biomass, and small hydropower
(2008); extended to geothermal, biogas, and solar energy (2010)

o Kenya VAT Act (Tax relief on renewable energy investments)

e Climate Change Act (2016)

e Energy Act (2019)

e Renewable Energy Feed-in Tariff Act

e National Climate Change Action Plan

e Public Awareness Campaign and Educational Programs

Market-based
instruments

Information
instruments

4.3.4 How to strengthen national-sectoral climate policy

The Kenyan government formulated several plans and strategies with ambitious targets for the energy sector,
such as the plan to close all coal-fired power plants by 2040. It is particularly noticeable that the strategies are
not limited to just one sector, but always take other sectors such as transportation or buildings into account; the
ETIP for example covers important aspects like renewable energies, green hydrogen, e-mobility, energy storage
and clean cooking.

But the implementation and reporting of climate change actions face several challenges: weak or non-existent
coordinating units and technical capacity, especially at the county level; poor coordination among actors, leading
to duplication and risk of double counting; and an unclear NCCAP implementation and reporting process due to
ambiguous roles and responsibilities. Additionally, inadequate financial resources hinder progress, as many
institutions fail to allocate or mobilize sufficient funds. The private sector and CSOs show low response rates in
reporting, despite training efforts, indicating a lack of appreciation for reporting importance. Furthermore, reduced
support from development partners in 2019-2020 contributed to low achievements in some areas during this
period.

The ambitious net zero target contrasts with the growing hunger for energy and the growing population. And to
promote renewable energy, fiscal incentives outlined in law but not yet practiced should be implemented. The FiT
policy needs restructuring for greater revenue certainty, involving stakeholders like the World Economic Forum
and conducting research to refine the policy and its benefits. Efficiency improvements should include establishing
a one-stop shop and clear guidelines for government discussions, enhancing energy efficiency regulations with a
standards and labelling program, compiling an inventory of current regulations and compliance, and identifying
Kenyan-made goods that could benefit from energy efficiency labelling, along with the support needed to promote
these goods.
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4.4 Transport

4.4.1 Current decarbonisation status and prospects

Kenya’s transport sector accounts for 8.3% of its total GDP. As the largest consumer of petroleum products in
Kenya, the sector significantly contributes to the GHG emissions. The rail sub-sector was responsible for 0.13
MtCO2 emissions in the year 2015. This is the highest recorded value in the rail subsector in the country’s historical
emission profile and is an indication of the growing activities within the sub-sector. It is assumed that the spike
in 2015 was driven by increased activity during construction of the Standard Gauge Railway as fuel data recorded
may have included values of all fuel used during the transportation of materials and equipment, used in
construction of the Standard Gauge Railway (SGR). The aviation sub-sector was responsible for roughly 0.2
MtCO2e emissions in 2015. On the other hand, road transport contributed to about 6,9 MtCO2e as summarised
below in Table 37.

Road Transport Fuel type 2015 (tonnes of fuel) 2015 (tCO2e) %o of fuel type
Diesel 44,694 144,741 3.6
Petrol 667,358 2,099,024 73.7
Diesel 218,879 708,833 17.5
Petrol 23,899 75,170 2.6
Heavy goods vehicles Diesel 871,117 2,821,081 69.6
Buses Diesel 116,847 378,404 9.3
Motorcycles Petrol 214,338 674,151 23.7
Diesel 1,251,537 4,053,059 100
Petrol 905,595 2,848,345 100
Total 2,157,132 6,901,404
Table 18: Fuel consumption and emissions by vehicle category and fuel Source: (Ministry of Transport, Infrastructure,
Housing, Urban Development and Public Works, 2020)

Passenger Cars

Light commercial vehicles

All categories

Kenya has put measures in place to promote the shift from road to rail and the country is developing legal and
policy frameworks to promote the use of electric vehicles; it adopted the electric vehicle pledge at COP26. The
country agreed that it will accelerate the transition to zero emissions vehicles in their market. Greater
electrification of the transport sector can therefore make a major contribution to achieving Kenya'’s transport
sector goal of reducing emissions by 3.46 MtCO2e against the baseline in 2030 (EPRA, n.d.-a). The Ministry of
Roads and Transport launched Kenya's first Electric Mobility (e-mobility) Draft Policy, which aims to guide the
development of electric mobility in all modes of transportation — road, rail, air and maritime — by providing a
framework for the transition from the use of conventional internal combustion engine (ICE) vehicles (Ministry of
Roads and Transport, 2024a).

4.4.2 National-sectoral mitigation enablers and barriers

The transport sector faces numerous barriers that hinder climate mitigation options, but also enablers exist that
support climate action. The enablers and barriers are categorised and explained in more detail in the annex
(Quicklink 4.9.3) and summarised below:

Geophysical feasibility: Kenya has significant renewable energy potential, including geothermal, wind, solar,
biomass, and biofuels, (a Bioenergy Strategy was published in 2021 to provide a pathway to a sustainable
bioenergy future), which can enhance the capacity to decarbonise its transport sector. However, a challenge to
the sector’s electrification may be that at the same time as the country has an ambition to increase the sector’s
electrification, it also needs to invest in modernising access to energy in households and electrifying the remaining
20-30% of the population. That is why large investments not only in electricity supply, but importantly in
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transmission and distribution infrastructure will be needed. There needs for integrated planning, or the objectives
of one sector can compete with the ones in another sector. Furthermore, there are several geophysical barriers
such as uneven terrain, underdeveloped infrastructure, and susceptibility to climate impacts like flooding and
droughts. These challenges complicate the development and implementation of sustainable transport solutions.

Environmental and ecological feasibility: The increased demand for fossil fuels in transportation leads to
high greenhouse gas emissions as the sector consumes at least 70% imported petroleum products. In addition,
public transportation is dominated by low-capacity minibuses, and traffic congestion in cities like Nairobi
exacerbates fossil fuel consumption and local air pollution, impacting public health (Ministry of Environment and
Natural Resources, 2016c) ((Ministry of Environment and Natural Resources, 2016). Even though the number of
electric vehicles in Kenya is increasing (Ambani, Brian (2024): Kenya electric vehicles uptake goes up five-fold.
14™ April 2024. In: The East African. URL: https://www.theeastafrican.co.ke/tea/business/kenya-electric-vehicles-
uptake-goes-up-five-fold-4589332#), their share is still relatively low and cannot yet contribute to reducing
emissions in the transport sector. However, there are programs to ease traffic congestion and improve
intersections, such as the construction of pedestrian bridges, the improvement of crosswalks in Nairobi, a smart
traffic system on Nairobi's western ring roads and initiatives such as tree planting, landscaping and the
construction of sidewalks.

Technological feasibility: In Kenya, there is a comprehensive engagement of the private sector to promote
shifting cargo from road to rail, and government involvement in an e-mobility pilot with UN-Environment,
deploying 50 electric motorcycles in Kisumu. Additionally, support from The Deutsche Gesellschaft fiir
Internationale Zusammenarbeit GmbH (GIZ) helps identify barriers in the EV business. Significant barriers exist,
such as the lack of climate-proof infrastructure, poorly developed energy infrastructure limiting alternative energy
adoption, limited charging and fuelling infrastructure, and the high cost of technology, including efficient vehicles,
charging stations, and other e-mobility infrastructure (Wiesmann et al., 2014).

Economic feasibility: A significant enabler is the reduction of excise duty on electric vehicles, as proposed in
the Finance Bill of 2019, which lowers the duty from 20% to 10%, making electric vehicles more affordable.
However, a major barrier is the high cost associated with replacing existing vehicles with more fuel-efficient ones.
This financial burden limits the widespread adoption of cleaner, more efficient vehicles, hindering progress toward
a sustainable transport sector (Ministry of Finance and Economic planning, 2016).

Sociocultural feasibility: Enablers include increased public awareness campaigns and potential job creation in
the green transport sector (Ministry of Energy & Petroleum, 2023a). However, barriers such as public resistance
to change (e.g. to electric vehicles), economic inequality making sustainable transport options unaffordable for
many, a lack of a skilled workforce to support and maintain green technologies.

Institutional feasibility: Kenya's institutional feasibility for a climate-friendly transport sector includes support
from international institutions and NGOs as key enablers. If this support can provide essential funding, expertise,
and advocacy to drive sustainable transport initiatives then it will serve Kenya well. However, significant barriers
exist, such as a lack of coordination between various government agencies and resource limitations. These
barriers hinder the effective planning, implementation, and management of sustainable transport projects.

4.4.3 Current status of national-sectoral policy

Kenya’s public transport system is privately operated, with the road transport network served by matatus
(minibuses), taxis (traditional and ride-hailing services), bodabodas (motorcycles), and tuk-tuks (three-wheelers).
The transport sector consumes about 72% of all petroleum products imports. Among the outlined objectives in
Kenya’s Nationally Determined Contribution (NDC) are to increase the adoption of electric vehicles, improve fuel
economy performance, and reduce CO2 emissions in the transport sector (Ministry of Transport, Infrastructure,
Housing, Urban Development and Public Works, 2021). The National Energy Efficiency and Conservation Strategy
(2020) envisions that by 2025, 5% of all registered vehicles in Kenya will be electric powered, compared to nearly
zero currently. Similarly, the Long-Term Strategy for GHG emissions reduction aims at net zero by 2050 targeting
transition to e-mobility (EnergyCapital&Power, 2024; ESI Africa, 2023; Ministry of Roads and Transport, 2024b).
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The electricity used now for electric vehicles comes from the national grid, but a strategic plan is underway to
enhance more abundant and reliable electricity supply, including constructing the controversial nuclear plant by
NuPEA at the coast region.

A Transport Sector Climate Change Annual Report (Republic of Kenya, 2023b) is regularly published, highlighting
key strategies for the coming years and listing measures and programs to promote sustainable transport.
Challenges and recommendations for additional measures are also included. This Annual Report is the basis for
this chapter.

The Ministry of Roads & Transport is dedicated to enhancing transport services and infrastructure to boost trade,
improve connectivity, and enhance service delivery. The Climate Change Coordination Unit (CCCU) within the
State Department for Transport continues to implement, monitor, and report mitigation and adaptation measures
in accordance with the dimate Change Act (2016) and global reporting requirements under the Paris Agreement.

The transport sector is characterised by governance and planning instruments. Many goals and strategies
have been implemented to reduce GHG emissions. The Ministry of Roads and Transport published an updated
Integrated National Transport Policy (Ministry of Roads and Transport, 2024c) in March 2024, which includes
climate protection aspects. This policy is currently being revised to further integrate climate change and other
sustainability elements. To achieve energy transition for a Net Zero Economy, the Kenya Energy Transition and
Investment Plan (ETIP) (Ministry of Energy & Petroleum, 2023a) mentions some key technology interventions for
the transport sector. These are for cars and motorcycles: 1) Improve new cars efficiency standards and encourage
public transport usage, 2) Shift the market of new cars and 2 wheelers to electric with ca. 30% compound annual
growth rate, 3) Shift the whole fleet to electric as old cars and motorcycles retire; for freight trucks and buses 1)
Improve new efficiency standards on freight trucks and buses, 2) Shift trucks and buses to electric and hydrogen;
for aviation and shipping: 1) Implement new efficiency improvements and biofuels when available.

To strengthen public transport, especially from road to rail, the East African Rail Masterplan completed the
standard gauge railway (SGR) from Nairobi to Naivasha in 2019, shifting 30% of freight from road to rail.
Additionally, 4,678,000 tons of freight were shifted from road to rail from Mombasa to Nairobi. However, it must
be mentioned that the rail system is currently diesel powered. The Nairobi Railway Masterplan was implemented
to upgrade the Nairobi commuter rail system, transporting 2.3 million people in 2022. Regarding bus
transportation, 70 km of the Bus Rapid Transport system for Nairobi were constructed. For climate change
adaptation, 3,098 km of roads have been climate-proofed — 1,570.4 km by the Kenya National Highways Authority
(KeNHA) and 1,539.23 km by county governments. Efficiency improvements for heavy-duty trucks are also being
addressed. To promote electromobility, pilot projects for buses and 3 & 2 wheelers vehicles were tested in Nairobi.
With regard to the expansion of the transportation network in Kenya, the Chinese Belt&Road Initiative should
also be mentioned: In 2017, the first section of Kenya's Chinese-built railroad opened. Two years later, work on
the tracks in the middle of the country was halted and the master plan to connect the country with other
landlocked countries in East Africa appears to have been abandoned (Soy, Anne (2023): China’s Belt and Road
Initiative: Kenya and a railway to nowhere. In: BBC. 14™ October 2023. URL: https://www.bbc.com/news/world-
africa-67101736).

Electric vehicles are also addressed by regulatory and non-economic instruments. Sfandards were
introduced for the sale of electric vehicles. Euro4 regulations were implemented for trucks to reduce emissions.
There is a vehicle age limit for importation to 8 years and also inspections exist, although there is a lack of
capacities and resources (Mbandi et al., 2023). A draft reqgulation on the prevention of pollution from shipping is
in progress, in accordance with the international convention on the prevention of pollution from ships. For aviation,
regulations have been published under the Carbon Offsetting and Reduction Scheme for International Aviation
(CORSIA).

Market-based instruments are completely lacking in Kenya's transport sector policy package, representing a
significant gap that needs to be addressed to overcome barriers related to financing and incentives for switching
to climate-friendly alternatives.
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In the area of information instruments, campaigns, projects and research activities have been and are being
conducted. This includes e.g. a study on the electrification of 2 and 3-wheelers (https://unhabitat.org/join-
us/calls/conducting-market-research-on-2-and-3-wheelers-in-kenya-with-a-focus-on-electric) was conducted and
recommendations were implemented to enable the switch to electricity. Further feasibility studies are ongoing
regarding alternative marine power sources, sustainable aviation fuels, and the installation of shore power
infrastructure for four berths. Additionally, educational and capacity-building programs have been implemented
to overcome the lack of information and awareness. Fifteen climate change focal points from transport agencies
were trained on climate change planning, budgeting, and advancing transport and climate strategies. Moreover,
300 people participated in webinars on fuel economy and electric mobility options, and driver sensitisation in eco-
driving was implemented.
The next table lists the individual policies and measures. Further information, including a brief description and an
assessment of the effectiveness of the policies, can be found in the annex (Quicklink 4.9.3).
Table 19: Kenya's policy package (transport sector)
Type of
instrument

Status

e Climate Change Coordinating Unit (CCCU)

e Integrated National Transport Policy reviewed

e Climate Change Act

e Construction of 70km of the Bus Rapid Transport for Nairobi. Construction of a total of 33
km of non-motorized transport facilities.

e East African Rail Masterplan

e 4,678,000 tons of freight from Mombasa to Nairobi shifted from road to rail.

e Road vehicle inspection standards adopted.

e Implementation of functional traffic light systems at key junctions and intelligent
transportation systems.

e Nairobi Railway Masterplan to upgrade Nairobi commuter rail system

e 3,098 km of roads climate-proofed

e Improving heavy-duty truck efficiency

e Electric public buses /3 & 2 wheelers vehicles are being piloted in Nairobi

e Draft regulation on the prevention of air pollution from shipping

e Euro-4 compliance for all new truck (2023)

e Draft CORSIA regulation

e Standards for electric vehicles

e Vehicle age limit for importation (8 years)

Governance
and planning
instruments

Regulatory
instruments

Market-based
instruments

e A study on the electrification of 2 and 3-wheelers was conducted

e Fifteen climate change focal points from the transport agencies trained on climate change
planning, budgeting, and advancing transport and climate strategies. Three hundred people
participated in webinars on fuel economy and electric mobility options.

e Driver sensitisation in eco-driving

o Feasibility study ongoing alternative source of marine power / sustainable aviation fuels
/on the installation of shore power infrastructure for four berths

Information
instruments

4.4.4 How to strengthen national-sectoral climate policy

Already, the number of passenger cars is increasing steadily with rising incomes. This growth is accompanied by
expanded roads and highways and the associated impacts on climate and local air pollution. Therefore, the
transportation sector is highly relevant in Kenya, and the country has set goals to reduce greenhouse gas
emissions in this sector, including passenger cars, freight trucks, buses, aviation, and shipping.
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Enhanced vehicle emission and fuel efficiency standards, a transition to alternative fuels, and investment in public
transportation have proven to be effective strategies for achieving Kenya's climate protection goals. These
measures also offer the added benefits of improved air quality and better health outcomes (Mbandi et al., 2023).
However, significant gaps remain in implementation that need to be addressed promptly.

A key pillar is public transportation, which is still underdeveloped and dominated by minibuses (matatus). There
are already initial efforts to expand public transportation, which need to be strengthened and expanded.
Additionally, transferring freight transportation from road to rail holds great potential.

The Kenya Energy Transition and Investment Plan (ETIP) identifies targets, such as the National Energy Efficiency
and Conservation Strategy's goal for 5% of new cars to be electric by 2025 and measures to achieve an average
fuel consumption of 6.5 litres per 100 kilometres for light-duty vehicles by 2025. However, both targets have yet
to be adequately addressed by policy and are currently under development.

To promote climate-friendly transportation, financial incentives are necessary, which are currently lacking in the
policy package but could make electric and fuel cell vehicles cost-competitive and affordable. Possible measures
from the ETIP include purchasing tax credits, low-emission zones, vehicle trade-in programs, free parking, and
lower vehicle registration costs. Efficiency improvements and the development of suitable infrastructure for
electromobility are also needed. Lastly, consumers need to be educated and trained. Regulatory measures such
as those included in the NDC can also make a decisive contribution to reducing emissions.

Overall, it is essential to implement the measures consistently and ensure effective monitoring. Adequate
capacities and resources must be available to carry out these measures (Mbandi et al., 2023).

4.5 Buildings

4.5.1 Current decarbonisation status and prospects

The Building, Mining and Construction Sector represents a broad, diverse but closely linked sector. Under the
Kenya Association of Manufacturers (KAM), Building, the Mining & Construction Sector is represented by four
subsectors namely Building and Construction Accessories, Cement Manufacturing, Precast & Ready-Mix Concrete,
and Quarry and Mining sub-sectors. In 2019, the construction and the mining & quarry industry contributed 5.6%
and 0.7% of Kenya'’s Gross Domestic Product (GDP) respectively (Bomett et al., 2021). Since then, the sector’s
contribution has been following an upward trend. In 2020, the construction industry added 7.1% to Kenya's GDP.
It is worth noting that the sector's contribution to the Kenyan economy has followed an upward trend since 2016
(Statista, 2021).

4.5.2 National-sectoral mitigation enablers and barriers

The building sector faces numerous barriers that hinder climate mitigation options, but also enablers exist that
support climate action. The enablers and barriers are categorised and explained in more detail in the annex
(Quicklink 4.9.4) and summarised below:

Geophysical feasibility: Kenya’s different climatic zones can support the adaptation of various building designs
and technologies, promoting climate-friendly building policies. However, extreme weather events like intense
rainfalls have affected various regions in Kenya, including the Coastal area, Central areas including Nairobi, the
Western Highlands, Rift Valley, Lake Victoria Basin, South-eastern lowlands and North-eastern regions. The
associated flooding and impact on buildings is often due to a combination of factors, including poor urban
planning, development in riparian areas and outdated drainage systems in urban areas (Trium Limited
Consultancy., 2024).

Environmental and ecological feasibility: Eco-friendly construction materials and technologies are gaining
popularity in Kenya. The country is leading in sustainable construction practices by using recycled materials,
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renewable energy solutions, green building certifications, water and energy-efficient technologies, and sustainable
waste management systems, making construction more environmentally conscious. On the other hand, the local
climate context is not considered sufficiently during the design and construction phases of the most modern
buildings (Ministry of Energy, 2020c). One reason for this is that national building regulations have not been
updated to include provisions for heating or cooling systems in buildings. As a result, emissions are rising, albeit
not at the level of the global North.

Technological feasibility: In terms of technological feasibility, Kenya is well positioned in the building sector:
Since 2006, the Kenya Association of Manufacturers (KAM) has hosted the national Centre for Energy Efficiency
and Conservation (CEEC) and is involved in program administration on behalf of the Ministry of Energy. From
2011 to 2015, UN-Habitat and UN Environment implemented the "Promoting Energy Efficiency in Buildings in East
Africa" program. Additionally, the International Finance Corporation (IFC) entered into an agreement with the
Kenya Green Building Society (KGBS) to promote a greener construction sector in Kenya. This partnership involves
KGBS marketing IFC's EDGE green building software and certification program to the Kenyan property industry
and collaborating on future technical trainings. However, challenges persist in the clean cooking sector — which
mostly uses firewood and charcoal, including insufficient research, development, and innovation, lack of modern
fuels, the use of inefficient cookstoves due to high upfront costs, and an inadequate number of testing labs for
appliances, cookers, and fuels (Ministry of Energy, 2020b).

Economic feasibility: The promotion of green buildings and energy efficiency technologies faces several
economic challenges. There is a lack of public sector like subsidies and a general market support for green
buildings (IEA, 2019a) and insufficient financial support for developing local testing labs needed for energy
efficiency research and development activities (Munene et al., 2019a). Additionally, homeowners are reluctant to
replace inefficient devices with more efficient ones due to the high costs associated with these upgrades.
Furthermore, households lack motivation to purchase energy efficiency technologies because of their low
purchasing power (Munene et al., 2019a).

Sociocultural feasibility: In collaboration with the Ministry of Industrialisation and Enterprise Development and
leveraging Global Environment Facility funding, UNDP has helped Kenya to introduce minimum energy
performance standards and administered comprehensive campaigns aimed at informing retailers and consumers
of the need to improve energy efficiency in residential, commercial, and industrial sectors; the Minimum Energy
Performance Regulations make it mandatory for selected electrical appliances to achieve MEPS (Ministry of Energy
2020). Despite these efforts, the rapid growth of building stock, primarily due to the increase in the number of
hotel and institutional buildings (Ministry of Energy, 2020b), poses additional challenges. Many households
continue to use low-efficiency cookstoves due to a preference for and lack of knowledge about improved
cookstoves and fuels (Ministry of Energy, 2020b). Furthermore, there is a significant lack of awareness and
inadequate knowledge among distributors and customers regarding energy efficiency and energy labels (Munene
et al., 2019a).

Institutional feasibility: The Kenya Green Building Society (KGBS) is an independent, non-profit membership-
based society registered with the World Green Building Council as its Kenya Chapter. Recognised by the Ministry,
KGBS is mandated to run certification schemes for the built environment, advocate for green buildings, and train
green building professionals. Several bilateral agencies have either direct energy efficiency programs in Kenya or
broader energy sector programs with strong energy efficiency components, such as USAID's Power Africa flagship
program, GIZ's Program for Energy Efficiency in Buildings (PEEB), the multi-donor Energising Development
(EnDev) Kenya project, and direct support for energy efficiency activities. Despite these initiatives, challenges
persist in the nascent market for green buildings (EDGE, 2023), including the lack of support for mandatory
energy audits, particularly for large residential projects, no phasing-out of inefficient energy technologies, lack of
enforcement of minimum energy performance standards (MEPs) (Ministry of Energy, 2020), and the insufficient
capacity of enforcement agencies to promote compliance with MEPs (Munene et al., 2019a).
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4.5.3 Current status of national-sectoral policy

Kenya’s Climate Change Act, 2016 provides a framework within the state Department for Public Works for action
that promotes low carbon, climate resilient development practices within the construction industry. It further aims
to reduce greenhouse gas emissions that are projected to increase because of population and economic
development such as building and construction. Actions to decrease climate change threats are expected to
reduce GHG emissions by 30% by 2030. The building and construction sectors have a large potential in reducing
GHG emissions because building material, technologies and processes have substantial carbon footprint (Kenya
Building Research Centre, n.d.).

In terms of governance and planning instruments, Kenya has not set net zero targets (Climate Action
Tracker, 2022).

Regarding regulatory instruments since the mid-1960s, Kenyan construction codes have been based on British
standards, but they are now transitioning to European construction guidelines (Eurocodes) (Copenhagen Centre
& Building Efficiency Accelerator, 2018a). Although a draft energy efficiency building code for Kenya has been
published (Kenya, State Department for Public Works, 2022, as cited in UN Environment Programme, 2022), it
has not yet taken effect (UN Environment Programme, 2022a). To comply with the code, buildings must conserve
energy, utilise passive and natural cooling methods, and use natural daylight (Climate Action Tracker, 2022a).
The code also considers the use of PV and wind energy in new housing developments, along with solar hot water
for bathrooms. Kenya adopted the Energy Labelling and Performance regulations in 2016, with the EPRA
responsible for registering appliances that meet the Minimum Energy Performance Standards (MEPS) (Okadia,
2023a). MEPS are set for six electrical appliances, including motors, air conditioners, fridges, CFLs, magnetic
ballasts, and fluorescent lamps, with plans to include more product categories such as LEDs, computers, TVs, and
cookstoves by 2025. However, high initial investment costs are considered a barrier to the use of efficient lighting
products (Ministry of Energy, 2020b).

There are several economic instruments that can be listed for Kenya: The CFC Stanbic and Cooperative Bank
offer $33 million in green credit lines for energy efficiency projects, and HF Group has launched a credit facility
for green mortgages supported by IFC (Copenhagen Centre & Building Efficiency Accelerator, 2018b). The
government has announced the establishment of a Super E£SCO operated by the Kenya Power and Lighting
Company to develop and implement energy efficiency projects (UN Environment Programme, 2021). The Kenya
Green Bond Program, initiated in 2017, supports financial sector innovation, and the first green bond was issued
in 2019 to raise KSh 4.3 billion for eco-friendly housing for university students (Green Finance Platform, 2019).
Despite these initiatives, challenges include a lack of incentives for green building financing (EDGE, n.d.), limited
financial incentives for energy efficiency in buildings (Copenhagen Centre & Building Efficiency Accelerator,
2018b), an underdeveloped ESCO market (SEFA, 2021), and no explicit carbon pricing, though fuel excise taxes
indirectly address emissions (OECD, 2022).

A number of information instruments are in place in Kenya, including several international green building
rating systems like Green Star Kenya, EDGE or LEED (EDGE, n.d.). The first energy /abe/ was introduced in 2019
(Okadia, 2023b), with the EPRA implementing a five-star rating scheme for appliances like refrigerators, air
conditioners, and motors, and plans to include more appliances (EPRA, n.d.-b). A digital campaign called
#KenyaEnergyLabel was initiated by CLASP and EPRA to educate consumers (Blair & Wekongo, 2020). Pilot
studies on feedback measures, such as the installation of smart energy meters in Mombasa's Kongowea Market,
are underway, with more planned for public buildings (Covenant of Mayors, 2023). The Technical University of
Kenya (TUK) offers a Green Building course, and various colleges provide craft certificates in solar installation.
Projects like "Solar Learning For Women" provide fraining in solar technology and entrepreneurship (Solarafrica,
n.d.). However, Kenya's Green Building Market is still developing, and both distributors and consumers lack
awareness of energy efficiency. Price is the primary consideration for consumers due to unfamiliarity with energy
ratings (Munene et al., 2019b). The clean cooking sector needs more innovation, research, and financial support
for local testing labs and academic institutions to enhance energy efficiency research and development (Ministry
of Energy, 2020; Munene et al., 2019).
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The next table lists the individual policies and measures. Further information, including a brief description and an
assessment of the effectiveness of the policies, can be found in the annex (Quicklink 4.9.4).

Table 20: Kenya's policy package (building sector)
Type of
instrument
Governance
and planning
instruments

Status

Energy efficiency building code for Kenya (draft)

Regulato
9 Y e Energy Labelling and Performance regulations (2016)

INStrUmMEnts e  Minimum Energy Performance Standards (MEPS)
Market-based e Green credit lines for energy efficiency projects
instruments e Kenya Green Bond Program (2017)

e Green Building Systems in Kenya
Information e Energy label (2019)
instruments e Feedback measures

e Training programs

4.5.4 How to strengthen national-sectoral climate policy

For Kenya to improve the governance and planning frameworks, it is crucial: With a growing population, to
establish standardised guidelines for the construction and maintenance of green buildings, as well as regulations
specifying the standards that new buildings must meet to be energy-efficient and environmentally friendly need
to be implemented. For now, the country lacks standardised guidelines for the construction and maintenance of
green buildings, and there are no legislations or regulations specifying the standards that new buildings must
meet to be energy-efficient and environmentally friendly. Consequently, environmentally friendly design, the
reduction of carbon footprints, and green construction practices are rarely considered by the Kenyan construction
industry (The National Treasury and Economic Planning, 2023).

One problem that has not yet been adequately addressed in policy measures is the high proportion of biomass in
Kenyan homes: Buildings accounted for around 67% of total final energy consumption in the country in 2019 and
this high figure is mainly due to the use of biomass for cooking in private households, where biomass accounted
for 64% of the total energy supply. Around 75% of Kenyan households use wood (firewood and charcoal) as their
primary cooking fuel. Although there are programs in place aiming at clean cooking (Ministry of Energy, 2022),
residential cooking fuels caused an estimated 24.8 MtCO2e of GHG emissions, or about a quarter of Kenya's total
emissions, and led to 21,500 premature deaths from illnesses caused by cooking-related air pollution (NewClimate
Institute & EED Advisory, 2021). Although clean cooking is not explicitly prioritised as a mitigation measure in the
NCCAP, the plan recognises that improving the efficiency of cooking with biomass is an important measure to
achieve the recommended emissions reduction target for the energy demand sector (Government of Kenya,
2018). While the building sector as a whole is not addressed in the NCCAP, it is an important component of
achieving Kenya's energy demand and energy efficiency reduction targets (Climate Action Tracker, 2022b).

4.6 AFOLU

4.6.1 Current decarbonisation status and prospects
Land-use
The main land use in Kenya is agricultural land (48.5%). Outside of agricultural land, forest land covers only

6.3% of total land area, of which 96% of naturally regenerating forest. A detailed description of land use is
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provided in Table 3.

Table 21: Area by land-use in 2010 and 2020 in Kenya

Land use (1000ha) 2010 2020
Land area 56,914 56,914
Agricultural land 27,320 27,630
Cropland 6,020 6,330
Arable land 5,500 5,800
Permanent crops 520 530
Permanent meadows and pastures 21,300 21,300
Forest land 3,616 3,611
Naturally regenerating forest 3,464 3,458
Planted Forest 153 153
Other land 25,978 | 25,673

Source: (Food and Agriculture Organisation of the United Nations, 2024)

The biggest share in Kenya’s current emissions comes from land-use, land-use change and forestry; it has
contributed almost one third of the country’s total emissions on average over the last 20 years (Climate Action
Tracker, 2022a). With view to the country’s economy, the agricultural sector is crucial: 28% of the GDP is
generated here, 80% of Kenya'’s rural workforce are employed in the sector (World Bank & CIAT, 2015). According
to the NDC baseline, until 2030 absolute agricultural emissions are projected to grow from 34 MtCOze in 2015 to
41.6 MtCO2e in 2030 (Ministry of Environment and Natural Resources, 2017). To reduce methane emissions,
improving livestock-keeping practices, feeding regimes and agroforestry systems are options (World Bank & CIAT,
2015).

Kenya's food system emissions remained stable in absolute level over the past decade (2010-2020) at around 63
MtCO2 eq (Martius et al., 2023). Building a large forest-related carbon sink has contributed to curbing emissions
significantly between 2010 and 2020. So far, the largest sources of emission in Kenya’s food system are enteric
fermentation (56% of total emissions), manure left on pasture (24%), and food waste disposal (11%). Altogether,
these three categories account for 91% of all food system emissions (Martius et al., 2023).

Kenya is prioritising Carbon Credits (Nduba-Banja et al., 2023) and has launched a nationwide afforestation plan
led by President Ruto, targeting the planting of 15 billion trees by 2032. This initiative aims to reduce greenhouse
emissions, halt and reverse deforestation, and restore 5.1 million hectares of deforested and degraded
landscapes, aligning with the African Landscape Restoration Initiative inaugurated on December 22, 2022. By
focusing on afforestation and restoration efforts, Kenya aims to enhance its carbon sequestration capacity and
leverage Carbon Credits to mitigate climate change impacts effectively (Republic of Kenya, 2023a).

4.6.2 National-sectoral mitigation enablers and barriers

Kenya's economy is highly dependent on climate-sensitive sectors such as agriculture, water, fisheries, forestry,
and energy. The most vulnerable sectors happen to be the agricultural and water sectors, where land degradation
remains a threat to the provision of environmental services and the ability of smallholder farmers to meet the
growing demand for food and income (Ministry of Environment and Natural Resources, 2016b). Over 84% of
Kenya’s land area is arid and semi-arid, with poor infrastructure and other developmental challenges, leaving less
than 16% of the land area to support over 80% of the population (Ministry of Environment and Forestry, 2020).
The enablers and barriers are categorized and explained in more detail in Table 14 (annex) and summarized
below:
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Geophysical feasibility: Enablers include reforestation programs aimed at achieving a tree cover of at least
10%, addressing the current forest cover of 7.4%. Additionally, effective land use planning and zoning help
segregate and identify forest areas for conservation. However, due to economic aspects, the protection of the
forest in Kenya is at risk and the protective measures are in danger of being lifted. Other barriers are soil erosion
and water scarcity (National Environment Management Authority, n.d.).

Environmental and ecological feasibility: The promotion of climate-smart agriculture with efficient livestock
management systems, the focus on Sustainable Land Management (SLM) to minimize degradation, rehabilitate
degraded lands, and increase food production, and the mainstreaming of climate change considerations into
environmental audits, impact assessments, and strategic assessments are enables. However, barriers include
ongoing land conversion of forests, wetlands, and other natural habitats into urban or agricultural areas,
contributing to deforestation, habitat loss, carbon release, and reduced biodiversity. Effective land use planning
and zoning for conservation are also needed.

Technological feasibility: Effective technological solutions require robust infrastructure, advanced
methodologies for sustainable land management, and innovative approaches to combat climate change - the
necessary financial resources are not available in Kenya. The absence of detailed technological advancements,
insufficient implementation of modern agricultural practices, and the need for better integration of technology
into land-use policies hinder progress. Collaboration with international organisations and adherence to global
standards could facilitate the adoption of advanced technologies and enhance Kenya’s capacity for sustainable
land management in the face of climate challenges.

Economic feasibility: Enablers are income and employment opportunities for the agriculture and food sector.
Barriers include the lack of clear sources of climate finance for conservation and sustainable forest management
over the medium and long term. Additionally, arid and semi-arid lands are particularly vulnerable to climate
change impacts, especially without sufficient investments in resilience-building mechanisms. These economic
challenges hinder the adoption and implementation of climate-friendly practices and sustainable land
management in Kenya.

Sociocultural feasibility: Positive effects are the community involvement and educational programs that
promote sustainable land management practices. Cultural norms that emphasize environmental protection and
conservation also support these efforts. In addition, collaboration with local communities can integrate traditional
knowledge into modern conservation strategies. However, barriers also exist like inadequate standards and
training, limited knowledge, limited access to resources, high cost of inputs, and the need for broader education
and awareness of the impacts of climate change on land use practices (Phiri et al., n.d.).

Institutional feasibility: Enablers include collaboration with international and national organisations to address
land degradation, such as the Kenya Strategic Investment Framework (KSIF) with the World Bank and TerrAfrica,
and significant commitments to sustaining natural resources through agreements like UNCCD, UNFCCC, CBD.
Additionally, guidelines and standards for establishing green zones, as required by the Forest Act 2016, have been
developed, linking with county physical planning and development control functions. However, barriers include
inadequate or weak land use regulations and policies that may fail to address climate change concerns and
promote unsustainable practices, leading to ongoing land degradation in watersheds, agricultural areas,
rangelands, and settled areas.

4.6.3 Current status of national-sectoral policy

Kenya's land-use policy package is characterized by governance and planning instruments and by economic
instruments. A number of policy measures have been implemented here, aimed in particular at creating
awareness, strengthening capacity building and addressing financial barriers. However, there is an explicit lack of
instruments that provide information or that educate relevant actors. Regulatory instruments have also been
insufficiently implemented in the AFOLU sector in Kenya and should therefore be given greater consideration in
the future policy design.
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To address the barriers of limited awareness, capacity building and financing, some governance and planning
instruments were implemented in Kenya. A key player in the implementation of measures is the Kenya Forest
Service, a State Corporation in the Ministry of Environment, Climate Change and Forestry. In addition, many
planning and strategic measures have been implemented, such as the Forest Conversation and Management Act,
the Community Land Act or the National Forest Program. The 2023-2027 Strategic Plan aims to expand forest
and tree cover for climate mitigation and adaptation, conservation and protection of forests for climate change
resilience, economic development and livelihood improvement, organisational capacity building and collaboration.
With regard to forests, two key measures can be mentioned here. This is the National Plan for achieving 30%
tree cover by 2032 and a campaign launched in 2022 to plant 15 billion trees by 2032. Furthermore, to overcome
the lack of financing and for capacity building, the Lake Victoria Environment Management Program (LVEMP) is
in place that was financed together with the United Republic of Tanzania and the Republic of Uganda. The aim is
to enhance collaborative management of trans-boundary natural resources in the Lake Victoria Basin among EAC
Partner States, to improve environmental management of targeted pollution hotspots and rehabilitate selected
degraded sub-catchments, benefiting the communities reliant on the Lake Victoria Basin's natural resources. The
objective of the Kenya Climate Smart Agriculture Strategy 2017-2026s to adapt to climate change, build resilience
of agricultural systems while minimizing emissions for enhanced food and nutritional security and improved
livelihoods. The Agricultural Sector Development Strategy and the Agricultural Productivity and Agribusiness
project aim to transform the sector into an innovative commercially oriented and modern industry against the
backdrop of constantly changing conditions due to climate change.

The policy package in AFOLU has a particular focus on governance and planning instruments with goals and
strategies for the coming years. However, bioenergy and food system reform have not yet been comprehensively
implemented. This is particularly critical in view of the droughts in Africa caused by climate change: according to
a UN report, droughts have caused losses of more than 70 billion dollars over the last 50 years and have made
23 million people food insecure, mainly in Ethiopia, Kenya and Somalia (UNCCD 2023).

Regulatory instruments, such as the Forest Conservation and Management Act and the National Climate
Change Action Plan, set standards and provide guidelines for sustainable land management and forest
conservation. These regulations create a structured environment for implementing climate-smart agricultural
practices and integrating renewable energy solutions, ensuring that projects align with national climate goals. By
providing legal and regulatory support, these instruments facilitate compliance, attract investment, and drive
effective implementation of mitigation strategies. However, challenges are the inconsistent enforcement of
regulations and gaps in the regulatory framework. Instruments such as water efficiency requirements, land-use
zoning or standard and certification programs are still lacking.

Economic instruments have also only been implemented by a Project to strengthen climate resilience in the
Lake Victoria Basin. The project, which will benefit the people of Siaya and Busia in the west of the country, is
funded with $5 million from the United Nations Framework Convention on Climate Change (UNFCCC). Other
instruments, such as agri-environmental payments / payments for ecosystem services, access to financial
resources and technology for sustainable forest management or taxes on food waste still form a gap in the policy
package.

Only a few measures have been implemented in the area of information instruments. Knowledge and expertise
development, education programs and awareness raising campaigns could help to make the sector more climate
friendly. The Socio-Economic Atlas of Kenya to visualize the present, envisioning a sustainable future and the
ClimDev-Africa program, which stands for Climate for Development in Africa, and which is an initiative of the
African Union Commission (AUC), the United Nations Economic Commission for Africa (ECA) and the African
Development Bank (AfDB), were implemented here.

The next table lists the individual policies and measures. Further information, including a brief description and an
assessment of the effectiveness of the policies, can be found in the annex (Quicklink 4.9.5).
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Table 22: Kenya's policy package (AFOLU sector)

:I'ype of Status

instrument

e Kenya Forest Service, a state Corporation in the Ministry of Environment, Climate Change
and Forestry (2007)

e Forest Conversation and Management Act (2016)

e Comprehensive Africa Agriculture Development Program (CAADP)

e The National Forest Program (2016-2030)

e The National Plan for achieving 30% tree cover by 2032

e 2023-2027 Strategic Plan

e Campaign launched in 2022 to plant 15 billion trees by 2032

e National Spatial Plan 2015-2045

e Community Land Act

e Lake Victoria Environmental Management Project (LVEMP)

e The Climate for Development in Africa (ClimDev-Africa) Program

e Kenya Climate Smart Agriculture Strategy 2017-2026

e Agricultural Sector Development Strategy

e Agricultural Productivity and Agribusiness Project

o Kenya's National Wildlife Strategy 2030

e National Climate Change Action Plan

e Forest Conversation and Management Act

e Agriculture Sector Transformation and Growth Strategy

e Geothermal Development Policy

e Land Use Planning and Management Frameworks

Governance
and planning
instruments

Regulatory
instruments

Market-based
instruments
Information e Socio-Economic Atlas of Kenya visualizing the present, envisioning a sustainable future
instruments e The Climate for Development in Africa (ClimDev-Africa) Program

e Project to strengthen climate resilience in the Lake Victoria Basin.

4.6.4 How to strengthen national-sectoral climate policy

The policy package for the AFOLU sector is not yet very advanced and has a clear focus on planning and
governance instruments. There are also challenges in the policy package due to weak policies, poor coordination
and collaboration between institutions and weak enforcement. The financing of measures is also still inadequate
and should be expanded. The country needs to transform its agricultural systems to make it more resilient while
minimising greenhouse gas emissions.

The Kenya Climate-Smart Agriculture Program (2015-2030) will be crucial in this context to implement measures
to reduce greenhouse gas emissions: Agriculture is the primary industry in Kenya So anything positive or negative
happening in this space is crucial to the national economy.

To strengthen the existing policies, increasing financial and technical support is imperative. Many of the challenges
in the AFOLU sector stem from insufficient funding and lack of access to advanced technologies. A large part of
the funding is conditional on international support (NDC Partnerships, https://ndcpartnership.org/country/ken)
(Climateworks Foundation, 2021). The government should work towards securing more climate finance.
Additionally, creating incentives for private sector investments in sustainable land management practices would
help bridge the funding gap. Providing farmers and land managers with access to modern technologies and
training programs would improve productivity and sustainability while ensuring that input on the National Climate
Change Fund addresses the unique needs of the agricultural sector. These initiatives could include climate-smart
agriculture techniques, efficient water management systems, and renewable energy solutions tailored for
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agricultural use.

4.7 Conclusion

Kenya has significantly increased its electrification rate in recent years while investing heavily in renewable
resources such as solar, geothermal, hydropower and wind. Despite its low emissions (0.1% globally), climate
change poses a significant threat to the country’s economy, costing between 3 to 5% of GDP each year. Kenya
has adopted an Energy Transition and Investment Plan focused on decarbonisation. The plan requires significant
investment and is underpinned by strong governance and supportive policies.

Kenya is facing the challenge of rising GHG emissions amidst a growing population and increasing economic
activities. The country is targeting a 32% GHG emission reduction compared to BAU by 2030, in line with its
Nationally Determined Contribution (NDC) under the Paris Agreement, aiming for a low-carbon, climate-resilient
development pathway. Although the country is rated "almost sufficient" by the Climate Action Tracker, plans to
introduce coal power by 2040 could impede its green energy goals, even as it aims for 100% renewable energy
by 2030 and explores green hydrogen by 2040.

Kenya has established policy options for climate risk management to enhance mitigation mechanisms and
adaptation capacities. The country has ratified the Paris Agreement and developed a Climate Change Act and a
National Adaptation Plan (NAP). The 2010 Constitution of Kenya and the National Climate Change Response
Strategy are some of the fundamental legal and institutional documents that address climate change
management. However, there are several enablers and barriers that need to be considered. This report highlights
sector-specific enablers and barriers in Kenya’s industry, energy, building, transport, land-use sectors and how
they affect current mitigation efforts. Some enablers include the existence of significant renewable energy
potential, the introduction of a reforestation program to enhance efforts toward increasing tree cover, and
increased collaboration with national and international organisations. On the other hand, land and environmental
degradation, lack of climate proof infrastructure and the increase in fossil fuel demand, particularly in the transport
sector, are some of the barriers identified.

The following are some of the sectoral policies and initiatives that are relevant to climate change mitigation and
adaption: The Least Cost Power Development Plan (2021-2030), Kenya Climate Smart Agriculture Strategy, Forest
Conservation and Management Act of 2016 and the National Forest Programme (2016-2030), Vision 2030, Wildlife
Conservation and Management Act, 2013, The National Drought Management Authority Act, 2016, The Kenya
Water Act, 2016, Draft Energy and Petroleum Policy, 2015, the Renewable Energy and Energy Efficiency
Regulations 2012, Integrated National Transport Policy, National Solid Waste Management Bill, 2017, Greening
initiatives were implemented in different sectors, and National Spatial Plan 2015-2045.

To strengthen national sectoral climate policy, a multifaceted approach is proposed, encompassing efforts directed
to financing, energy, agriculture, capacity building, and institutional frameworks. Initiatives include establishing a
National Climate Change Fund for better mobilisation and disbursement of climate finance, enhancing access to
funds for energy efficiency audits, implementing fiscal incentives for renewable energy, and revising the Feed-in
Tariff (FiT) policy for more reliability in renewable energy revenues. The strategy also emphasises the importance
of supporting the agricultural sector with climate-friendly technologies, enhancing climate change awareness and
resilience through sector-specific trainings, and fostering better coordination among agencies. It also proposes to
strengthen the monitoring, evaluation, and legislative process for climate action, and to promote integrated
climate considerations in policy, planning, and investments.
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4.9 Annex
4.9.1 Industry

4.9.1.1 National-sectoral mitigation enablers and barriers

Table 23: Overview of enablers and barriers (industry sector)
Dimension Enablers

Kenya’s domestic market: over 50 million
people; the country is a leading economy in
sub-Saharan Africa: economic, commercial,
financial, and logistics hub of East Africa
(International Trade Administration, 2022)

Geophysical Variety of geographical features, including
feasibility savannas, the Great Rift Valley, mountain
highlands, and the coastline along the Indian
Ocean

Among the leading producers of high value
gemstones including ruby, tsavorite,
sapphire, spinel and others

Barriers

Availability and accessibility of renewable
resources like solar, wind, hydropower, and
geothermal energy. Additional challenges
include inadequate infrastructure, high initial
costs, limited access to financing, and a
shortage of local technical expertise. Policy and
regulatory uncertainties, land use conflicts, and
market structure issues further complicate the
adoption process.

Kenya possesses significant underground
wealth, with around 970 minerals nationwide
incl. base metals, precious metals, rare earth

. and radio-active minerals
Environmental-

ecological Mrima Hill, in the coastal county of Kwale,
feasibility has one of the top five rare earth deposits in
the world; region also contains niobium
deposits projected to have a value of $35
billion (CA Global, n.d.)

Huge environmental risks with regard to mining
activities; e.g. when toxic chemicals are used in
heavy mineral separation processes in
vulnerable ecological systems (e.g. Wasini
channel; coastal area with fragile coral reefs and
wildlife as well as crucial part of the economy as
it supplies a living for a large number of people
on the coastline) (Abuodha, 2002)

Beside mining activities, deforestation, soil
erosion, flooding, poaching, and pollution can
also be consequences of industrial activities

Kenya is among African states a leader with
Technological regard to ICT (information and

feasibility communication technologies); digital
economy is expected to contribute to 9.24%
of country’s GDP by 2025 (Domingo, 2023)

Several governmental and private initiatives
addressing ICT skills, but focus mainly on
literacy and basic skills; not enough for rapidly
growing society with high youth unemployment

Strong flow of foreign direct investment,
particularly in the finance and insurance,
renewable energy, trade, manufacturing,
communication, and education sectors.
Economic There are a variety of private-equity entities
feasibility present in Kenya, including multilateral
institutions, such as the International Finance
Corporation (IFC), the African Development
Bank, and by bilateral bodies, including the
U.S. International Development Finance
Corporation (DFC) (International Trade

High initial investment costs for renewable
energy projects and limited access to affordable
financing options pose significant challenges.
The lack of financial incentives and supportive
government policies further discourages
investment. Additionally, market structure
issues, such as the dominance of established
energy providers, and uncertainty in future
industrial energy demand affect the
attractiveness and scalability of renewable
energy projects.
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Administration, 2022; World Bank Group,
2023b)

Kenya must ensure that benefits of economic
growth are more widely shared and sustained
long term; poor and rural households have not
participated much in Kenya’s GDP growth
Sociocultural (poverty rate: 38.6% of population in 2021)
feasibility Transformation of KIRDI into a ‘world class (World Bank Group, 2023b)

research institution” (Kenya Vision 2030):
capacity building initiatives, upgrading
equipment of the institute

Young, growing and educated English-
speaking population with a high fluency in
technology

Inequality of educational and other
opportunities, weak job creation, and
persistently low productivity growth; smaller
share of women working in the industry sector

Strong bilateral and multilateral trade
relationships: Kenya is a member of the East
African Community (EAC), Common Market
for Eastern and Southern Africa (COMESA),
and the Africa Continental Free Trade Area
(AfCFTA) (International Trade

AT el 2022, Bl el TS Eele) Regulatory uncertainties, fragmented policies,

A02515) and insufficient government incentives. There is
Government has initiated pro-business often a lack of coordination among various

Institutional reforms including regulations on starting governmental agencies, leading to overlapping

feasibility businesses, obtaining access to electricity, and inconsistent regulations that hinder project
registering property, protecting minority development. Additionally, inadequate support
investors, and streamlining the business for capacity building and technical training limits
insolvency process (International Trade the ability of institutions to effectively manage
Administration, 2022; World Bank Group, and implement renewable energy initiatives.
2023b)

Special Economic Zones (Part of Kenya Vision
2030): Key enabler to the manufacturing
sector which aims at delivering
industrialisation and social transformation for
investment attraction (SEZ Authority, n.d.)

4.9.1.2 Current status of national-sectoral climate policy

Table 24: Overview of policies and measures (industry sector)
Type of
instrument

What are challenges for issue this policy or

icvi ?
Status / Is the policy in place? enforce this policy?

Constitution of Kenya 2010: Provides Positives: National Industrialisation policy
Governance guidance on the use and protection of framework: has been developed through a
and planning natural resources. Sustainable development, | consultative process involving the public sector,
instruments a key aspect of trade development, is private sector, civil society, development
enshrined in the Constitution as a core partners and non-governmental stakeholders;
therefore, takes into account a broad variety of
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national value and principle of governance
(Karanja, 2021)

Mining Act of 2016; Mining Bill 2015:
Vests ownership of mineral resources in the
government as trustee of the people of
Kenya

Kenya Vision 2030: Aim to create "a
newly-industrialising, middle income country
providing a high quality of life to all its
citizens in a clean and secure environment"
(Karanja, 2021)

National Industrialisation policy
framework: In line with the Vision 2030
aspirations; “The overarching policy objective
is to enable the industrial sector to attain and
sustain annual sector growth rate of 15%
and make Kenya the most competitive and
preferred location for industrial investment in
Africa leading to high employment levels and
wealth creation”

stakeholders; recognises the role of agriculture
for the country, the role of micro and small as
well as medium and large industries, training
and education of people. Includes monitoring
and evaluation.

Challenges: “The challenges and weaknesses
affecting Kenya’s Industrial sector include: low
value addition; Inadequate market information
resulting to limited market access and narrow
export base; high cost of infrastructural services
leading to uncompetitiveness; inadequate skilled
industrial human resource; limited access to
affordable long term finance; high cost of
industrial land; limited industrial subcontracting
linkages; influx of counterfeit, dumping and
substandard goods thereby reducing production
capacities; limited technology transfer; and low
attraction of local and foreign direct
investment.” (Karanja, 2021)

Kenya adopted the Energy (Appliances’
Energy Labelling and Performance)
Regulations in 2016. The Energy and
Petroleum Regulatory Authority (EPRA)
maintains a register of appliances that meet
the MEPS, covering four main categories;
refrigerators, air conditioners, motors and
fluorescent lamps; it is illegal to sell
appliances in the Kenyan market that do not
meet these specified energy efficiency
standards. This also leads to positive
developments on the supply side as
manufacturers and retailers are given the
incentive to manufacture and sell energy-
efficient products for the Kenyan market.
(Okadia, 2023a)

Positives: Comprehensive framework aimed at
addressing climate change and promoting
renewable energy technologies. Policies like the
Climate Change Act of 2016 and the National
Climate Change Action Plan provide clear
guidelines and targets for reducing greenhouse
gas emissions. These regulations have created a
supportive environment for renewable energy
projects, attracting both local and international
investments. Additionally, the policy emphasis
on integrating climate change considerations
into national and sectoral development plans has
increased awareness and action across various
industries. These merits demonstrate Kenya's
commitment to sustainable development and its
proactive approach to mitigating climate change
impacts.

Challenges: Numerous regulatory frameworks
at both county and national Government levels,
along with other regulatory agencies overseeing
business registration, licensing, and trading
permits. County governments impose varying
levies and fees, hindering the sector's full
exploitation of wholesale and retail trade
opportunities across different counties. These
regulatory complexities limit growth and
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investment potential within the country's trade
sector

Climate Change (Amendment) Act,
2023; will regulate carbon projects and
trading in Kenya; coupled with the possible
introduction of a carbon tax and
environmental excise taxes to combat
emissions (ENSight, 2023)

Carbon Credit Trading and Benefit
Sharing Bill, 2023 (the "Carbon Trading
Bill"); bill aims to establish a regulatory
framework for carbon credit trading and
benefit sharing, create a Carbon Trading and
Benefit Sharing Authority, regulate carbon
trading businesses, and set up a Carbon
Credit Trading Tribunal 30/08/2024 15:40:00

Positives: These policies have introduced
mechanisms such as feed-in tariffs and tax
incentives that encourage investment in
renewable energy projects by making them
financially viable and attractive. The use of
market-based instruments has stimulated
private sector participation and innovation in the
renewable energy sector, leading to increased
capacity and diversity of energy sources.
Additionally, these instruments help create a
competitive market environment, driving down
costs and improving efficiency. Overall, market-
based policies have been effective in mobilizing
resources and fostering a transition towards
sustainable energy solutions in Kenya.

Challenges: The majority of unpriced
emissions from energy use were from the
industry sector (OECD, 2022)

Kenya National Cleaner Production
Centre (KNCPC): Established in July 2000
as part of the global UNEP/UNIDO National
Cleaner Production Centre program with a
mission to build national capacity for
Resource Efficient and Cleaner Production
application in enterprises through awareness
creation, training, project implementation,
and policy advice for increased enterprise
productivity and sound environmental
management.

Positives: These policies emphasize the
dissemination of critical information, raising
awareness, and educating stakeholders about
the benefits and opportunities of renewable
energy. Initiatives such as public awareness
campaigns, training programs, and information-
sharing platforms have been instrumental in
building technical capacity and fostering
community support for renewable energy
projects. By improving access to relevant data
and best practices, these information
instruments enhance decision-making processes
and empower industries and communities to
adopt sustainable energy solutions.
Consequently, they play a vital role in driving
Kenya's transition towards a more resilient and
low-carbon economy.

Challenges: Despite efforts to disseminate
information and raise awareness, there are gaps
in reaching all relevant stakeholders, particularly
in remote and rural areas. Limited access to up-
to-date and reliable data hampers informed
decision-making and project planning.
Additionally, the lack of coordinated and
consistent communication strategies among
government agencies and stakeholders leads to
fragmented information dissemination.
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Insufficient technical training and educational
programs further limit the capacity of industries
and communities to implement renewable
energy solutions effectively.

4.9.2 Energy

4.9.2.1 National-sectoral mitigation enablers and barriers

Table 25: Overview of enablers and barriers (energy sector)
Dimension Enablers

Kenya possesses significant renewable
energy potential, including geothermal, wind,
solar, biomass, and biofuels. harnessing of
abundant renewable resources like solar,
wind, and geothermal energy, which are
crucial for effective climate change
mitigation. By capitalizing on the country's
favorable geophysical conditions, such as
high solar irradiance, strong wind patterns,
and significant geothermal potential, Kenya
Geophysical can significantly reduce its dependence on
feasibility fossil fuels and lower greenhouse gas
emissions. These efforts not only enhance
the country's energy security and diversify its
energy mix but also stimulate economic
growth through the development of
renewable energy infrastructure and
technology. Leveraging geophysical
advantages supports a sustainable transition
to cleaner energy sources, aligning with
broader climate goals and fostering long-
term environmental benefits.

Barriers

However, the full potential of these resources is
hindered by geographic and infrastructural
challenges. Solar and wind energy, while
abundant in certain regions, require substantial
land and infrastructure investments to harness
effectively. Hydropower is seasonally dependent,
and geothermal resources, predominantly in the
Rift Valley, require significant upfront capital and
technical expertise. Reductions in reservoir
levels can decrease hydroelectricity generation,
leading to higher prices and greater use of fossil
fuels, which increases GHG emissions (Ministry
of Environment and Natural Resources, 2016c),
Also more than one-half of Kenya’s households
use wood fuel for cooking.

Emphasis on integrating renewable energy
technologies with sustainable environmental
practices. By prioritizing the development of
renewable sources like solar, wind, and
geothermal, Kenya reduces reliance on fossil
e e i fuels, leading to lower greenhouse gas
ecological emissions and a smaller carbon footprint.
feasibility These technologies generally have a lower
environmental impact compared to
conventional energy sources, contributing to
the preservation of natural ecosystems and
biodiversity. Additionally, the implementation
of environmental assessments and best
practices in project design helps mitigate

While renewable energy sources offer significant
climate change mitigation advantages, their
development can have environmental
consequences. For example, large-scale solar
farms and wind turbines may affect land use
and wildlife habitats, while hydropower projects
can impact river ecosystems and aquatic life.
Geothermal energy, although less invasive,
requires careful management to avoid issues like
land subsidence and water contamination.
Balancing environmental concerns and economic
growth: given the predicted rising energy
demand vs. controversial plans to generate
electricity from coal
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potential ecological disruptions, ensuring that
renewable energy projects align with
environmental conservation goals while
supporting climate change mitigation efforts.

Promotion and integration of advanced
renewable energy technologies, which play a
critical role in climate change mitigation. By
adopting and adapting cutting-edge
technologies such as efficient solar panels,
wind turbines, and geothermal systems,
Kenya can effectively harness its renewable
energy resources and improve energy
efficiency. Technological advancements also
facilitate the reduction of greenhouse gas
emissions and enhance the reliability and
scalability of renewable energy projects.
Furthermore, the focus on technological
feasibility supports innovation, builds local
expertise, and fosters a competitive
renewable energy sector, ultimately
contributing to a sustainable and low-carbon
energy future.

Limited access to advanced and cost-effective
renewable energy technologies, as well as a
shortage of local expertise for their
implementation and maintenance. High initial
costs of technology and infrastructure can be
prohibitive, and there may be difficulties in
adapting international technologies to local
conditions. Additionally, technological
constraints such as inefficient energy storage
solutions and inadequate grid integration
capabilities can hinder the effective deployment
of renewable energy projects. Losses in
electricity transmission increased from 18% to
23% in 2020 , i(Government of Kenya,
2018)adequate capacity for integration of
intermittent power generation in the national
grid, inadequate LPG infrastructure for cylinder
filling, storage, and distribution (Ministry of
Environment and Forestry, 2018) are also strong
barriers. Access to modern energy services is
required to reduce biomass (charcoal and wood)
fuel dependency.

Long-term cost benefits and economic
growth potential associated with renewable
energy technologies. By investing in
renewable energy, Kenya can reduce its
reliance on expensive fossil fuels and lower
energy costs over time. The development of
renewable energy projects can stimulate job
creation, attract investment, and drive
innovation in the sector. Additionally,
renewable energy technologies offer the
potential for stable and predictable energy
prices, enhancing energy security and
economic stability. These economic
advantages contribute to the broader goal of
climate change mitigation by making
renewable energy a more viable and
attractive option for sustainable
development.

high initial investment costs for renewable
energy projects and limited access to affordable
financing options. The economic viability of
these projects is often constrained by the
substantial capital required for technology,
infrastructure, and grid integration. Additionally,
the lack of sufficient financial incentives and
supportive policies can deter private sector
investment. Market uncertainties and
competition from established energy sources
further complicate the economic landscape.
Overcoming these challenges necessitates
innovative financing mechanisms, enhanced
government support, and policies that make
renewable energy investments more attractive
and economically feasible. It is imperative for
Kenya to attain energy security and accessibility
to address the increasing energy demand.
Foreseeable supply gaps with regard to
renewable energy, might be closed by
continuous use of fossil fuels (Rapid Transition
Alliance, 2022).
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Greater community engagement and
acceptance by involving local populations in
the planning and implementation of
renewable energy projects. Renewable
energy initiatives can enhance energy access
in remote or underserved areas, improve
living standards, and create local job
opportunities. Additionally, these projects
often align with traditional values of
environmental stewardship and sustainability,
which can further boost community support
and participation. Emphasizing sociocultural
feasibility helps ensure that renewable
energy transitions are inclusive, equitable,
and supportive of broader social and cultural
goals. With an exponentially growing
population, the share of people with access
to electricity is also rising as well (26% in
2014 to 76.54% in 2021) (Statista, 2024)

Kenya has expanded energy generation
across various scales, including utility-scale
wind and solar farms as well as rural
microgrids and a wide range of technologies
and business models cater to diverse energy
needs. This diversity ensures there is an
appropriate energy solution available for
every requirement in Kenya.

Potential resistance from local communities due
to land use conflicts, cultural differences, or
perceived threats to traditional lifestyles.
Renewable energy projects can sometimes
disrupt local practices or land use, leading to
opposition or delays. Additionally, there may be
a lack of local awareness or understanding of
the benefits of renewable energy technologies,
which can affect community buy-in and
participation. Other barriers include the inability
of population to meet the cost of electrification
and inability of the government to meet the cost
of extending its power grid

The government, in cooperation with several
development partners, is promoting energy
efficiency improvements in multiple ways,
including through enacting energy
regulations and implementing programs and
projects at the institutional level (Ministry of
Energy, 2020b).

The government has adopted several policies
that have simplified access to finance for
renewable energy projects.

Most local stakeholders and activities are related
to increasing household energy access rather
than energy efficiency (Ministry of Energy,
2020b).

The current regulatory framework does not
allow firms and individual customers to sell
excess electricity back to the grid (Murphy &
Harris, 2014).

Counties vs Ministry of Energy conflict: Dispute
over resource control and grid extension
responsibilities (Newell & Phillips, 2016)

e Influence of different stakeholders:
Representation of energy technologies and
socio-technical arrangements crucial in policy
enactment.

e Role of smaller business associations: Kenyan
Renewable Energy Association (KEREA)
advocating distinct viewpoints compared to
larger bodies like KEPSA and KAM.

o Industry associations' stance: Larger bodies
favoring least-cost energy solutions, potentially
overlooking renewable energy alternatives.
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4.9.2.2 Current status of national-sectoral climate policy

Table 26: Overview of policies and measures (energy sector)
Type of
instrument

What are challenges for issue this policy

icv i ?
Status / Is the policy in place? or enforce this policy?

Positives: Establishment of comprehensive
frameworks that support climate change
mitigation and the growth of renewable energy
technologies. Effective policies, such as the
Climate Change Act and the National Energy
Policy, provide clear guidelines and targets,
creating a stable environment for investment
and development. Strong governance
Bioenergy Strategy 2020-2027: Aims to structures and planning instruments facilitate
promote bioenergy as a key sector for Kenya’s coordinated efforts across various government
economic development; provides guidelines and agencies, ensuring that renewable energy
identifies interventions to develop and sustainably | projects are effectively integrated into national
utilize bioenergy resources from 2020-2027 development plans. These regulatory and
governance measures promote transparency,
accountability, and long-term strategic
planning, which are crucial for achieving
sustainable energy goals and advancing
climate resilience.

Kenya Energy Transition & Investment Plan
(ETIP) 2023-2050: Provides a harmonized
roadmap for energy sector; sets the stage for the
development of energy sector targets to be
incorporated into future National Blueprints

L EUER Kenya National Adaptation Plan 2015-2030:
and aims to consolidate the country’s vision on
planning adaptation supported by macro-level adaptation
LELCL LR actions that relate to the economic sectors and
county-level vulnerabilities to enhance long-term
resilience and adaptive capacity; includes Challenges: Fragmented and inconsistent
proposed actions in the sectors energy, land use policy frameworks that hinder effective climate
and transport change mitigation and renewable energy
development. Regulatory uncertainties and
overlapping mandates among different
governmental bodies can create confusion and
inefficiencies. Additionally, inadequate
enforcement of existing regulations and a lack
of clear, long-term strategic planning can
impede the successful implementation of
renewable energy projects.

Kenya National Energy Efficiency and
Conservation Strategy: roadmap towards
achieving energy efficiency goals; overall positive
impact on Kenya's economy (e.g. reduced
demand for fossil fuels and related GHG
emissions)
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Kenya Energy Act (2019) consolidates and
updates laws in the energy sector; repealing the
previous Energy Act, the Geothermal Resources
Act, and the Kenya Nuclear Electricity Board Order
No. 131 of 2012. Aims to unify energy-related
laws, define national and devolved government
functions, exploit renewable energy sources,
regulate petroleum and coal activities, and
manage electricity supply and usage

Positives: The Act establishes clear mandates
for increasing renewable energy integration
into the national grid and sets out mechanisms
for regulatory oversight and enforcement. It
supports the development of renewable energy
projects through incentives such as feed-in
tariffs and streamlined approval processes,
fostering a more attractive investment climate.
Additionally, the Act emphasizes energy
efficiency and environmental sustainability,
contributing to Kenya's broader climate goals
and encouraging a transition to a cleaner,
more resilient energy sector.

Challenges: Delays in regulatory processes
and difficulties in translating policies into
effective action. Additionally, the Act's
incentives and support mechanisms may not
be sufficiently robust or well-targeted to attract
the needed investment in renewable energy.
Regulatory inconsistencies and limited capacity
within enforcement agencies can also hinder
the effective oversight and integration of
renewable energy projects, affecting overall
progress toward climate change mitigation
goals.

Renewable Energy Feed-in Tariff part of the
new Kenya Energy Act. Aims to promote
renewable energy generation and its distribution
through local networks, encourage the adoption
and innovation of renewable energy technologies,
and reduce greenhouse gas emissions and
Kenya's reliance on non-renewable energy
sources

Kenya’s VAT Act (2013) and amended VAT
Act (2014): renewable energy investors are
exempt from value-added tax and import duties
on both temporary and permanent materials and
equipment needed for constructing renewable
energy projects

The VAT Act, while intended to lower costs for
renewable energy equipment, may face
challenges in consistent application and
ensuring that benefits reach all relevant
stakeholders. The Renewable Energy Feed-in
Tariff Act can encounter difficulties with
delayed payments, regulatory bottlenecks, and
financial sustainability of the tariff rates.
Additionally, the success of these instruments
depends on effective monitoring and
enforcement, which can be undermined by
administrative inefficiencies and inadequate
infrastructure. These challenges can limit the
overall impact of the policies on accelerating
renewable energy adoption and achieving
climate change mitigation goals.

e Climate Change Act (2016):
Establishes frameworks for reporting and
monitoring climate-related information,
promoting transparency, and setting

Positives: Development and implementation
of policies and regulations designed to
enhance transparency and facilitate the
dissemination of critical information on climate
change mitigation and renewable energy
technologies. These efforts include establishing
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targets for reducing greenhouse gas
emissions.

e Energy Act (2019): Includes provisions
for the dissemination of information
related to energy production,
consumption, and efficiency, supporting
the development and implementation of
renewable energy projects.

e Renewable Energy Feed-in Tariff Act:
Provides information on tariffs for
renewable energy producers, ensuring
financial predictability and encouraging
investment in renewable energy
technologies.

¢ National Climate Change Action
Plan: Outlines strategies for enhancing
climate resilience and includes measures
for improving access to and dissemination
of climate-related information.

e Public Awareness Campaigns and
Educational Programs: Government
initiatives and partnerships aimed at
increasing public understanding of
renewable energy benefits and climate
change impacts, through media,
workshops, and community outreach.

platforms for sharing data, conducting public
awareness campaigns, and providing technical
guidance on best practices for renewable
energy adoption. By improving access to
relevant information and fostering greater
public and stakeholder engagement, these
measures support more informed decision-
making, promote the benefits of renewable
energy, and drive the effective implementation
of climate mitigation strategies in the energy
sector.

Challenges: Inadequate coverage and
accessibility of critical information, leading to
gaps in public awareness and stakeholder
engagement. Despite efforts to disseminate
data and best practices, there may be barriers
such as limited reach to remote or underserved
areas, lack of updated information, and
insufficient resources for effective
communication. Additionally, fragmented or
inconsistent information can create confusion
and hinder informed decision-making.

4.9.3 Transport

4.9.3.1 National-sectoral mitigation enablers and barriers

Table 27: Overview of enablers and barriers (transport sector)

Dimension Enablers

Kenya possesses significant renewable
energy potential, including geothermal, wind,
solar, biomass, and biofuels, that enhance
the capacity to decarbonise the transport
sector.

Geophysical
feasibility

Barriers

Uneven terrain, underdeveloped infrastructure,
and susceptibility to climate impacts like flooding
and droughts

Decongestion programs and junction
improvements. Actions undertaken include
the construction of footbridges,
improvements to Pedestrian crossing points
in Nairobi City County, Intelligent Transport

Environmental-
ecological
feasibility

The increase in fossil fuel demand in the
transportation sector contributes significantly to
GHG emissions. The transport sector uses at
least 70% of imported petroleum products.
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System within Nairobi Western Ring roads,
tree planting, landscaping and beautification,
and Construction of walkway.

Public transport is dominated by minibuses with
low passenger capacity. Traffic congestion in
Nairobi and other cities and major towns,
especially during peak hours, contributes to GHG
emissions through the use of more fossil fuels
and increases local air pollution, which has
profound health implications. ((Ministry of
Environment and Natural Resources, 2016a)

Comprehensive engagement of the private
sector to promote the shift of cargo from
road to rail.

The government is involved in an E-mobility
pilot with UN-Environment, where they will
engage the City of Kisumu and Kenya Power
& Lighting Company Limited through the
deployment of 50 electric motorcycles on a
pilot basis. Through the support of GIZ, the
government is also engaging the private
sector to identify impediments in the EV
business (EPRA, n.d.-a).

Lack of climate-proof infrastructure- integration
of climate change risks and opportunities in the
design (Ministry of Environment and Natural
Resources, 2016c). For instance, a robust
transport network is essential to accommodate
emergency services and planning, particularly
concerning emergency evacuations.

Poorly developed energy infrastructure limits the
adoption of alternative forms of energy, such as
electricity in the transportation sector.

High cost of technology, including efficient
vehicles, loading stations, and other
infrastructure pertinent to e-mobility (Murphy &
Harris, 2014).

Reduction of excise duty on electric vehicles:
The Finance Bill of 2019 has proposed a
reduction on the excise duty for all vehicles
with electric motors for propulsion (BEVs)
from 20% to 10% (EPRA, n.d.-a).

High cost to replace vehicles with those of low
fuel efficiency.

Job creation and public awareness
campaigns

Public resistance to change, economic inequality
making sustainable transport options
unaffordable, lack of skilled workforce

Support from international institutions, NGOs

Lack of coordination and resource limitations

4.9.3.2 Current status of national-sectoral climate policy

Table 28: Overview of policies and measures (transport sector)

Type of
instrument

Governance
and planning
instruments

Status / Is the policy in place?

e Climate Change Coordinating Unit
(CCCU) is a focal point with persons from
relevant departments and agencies
(Republic of Kenya, 2023b)

e Integrated National Transport Policy
reviewed to include climate change and
other sustainability elements.

¢ Climate Change Act

e Construction of 70km of the Bus Rapid
Transport for Nairobi. Construction of a

What are challenges for issue this policy or
enforce this policy?

Positives: Kenya's climate policy has several
merits that collectively promote sustainable
development and resilience against climate
change. It aligns with international agreements
like the Paris Agreement, encouraging
renewable energy development and reducing
reliance on fossil fuels. The policy emphasizes
environmental conservation, sustainable
resource management, and climate-smart
agriculture, enhancing food security and carbon
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total of 33 km of non-motorized
transport facilities.

East African Rail Masterplan:
Extension of standard gauge railway
(SGR) from Nairobi to Naivasha
completed in 2019 shifting 30% freight
from road to rail

4,678,000 tons of freight from Mombasa
to Nairobi shifted from road to rail. Road
vehicle inspection standards adopted.
Implementation of functional traffic light
systems at key junctions and intelligent
transportation systems.

Nairobi Railway Masterplan to
upgrade Nairobi commuter rail system
(transported 2.3m people in 2022)
3,098 km of roads climate-proofed -
1,570.4 km by Kenya National Highways
Authority [KeNHA] and 1,539.23 km by
county governments.

Improving heavy-duty truck efficiency
Electric public buses /3 & 2 wheelers
vehicles are being piloted in Nairobi
(Republic of Kenya, 2023b)

sequestration. It also focuses on resilience and
adaptation to protect vulnerable communities
and sectors, while fostering green job creation
and economic growth. Supported by the Climate
Change Act of 2016, the policy ensures
coordinated climate action through a robust
legal and institutional framework. Public
participation, technological innovation, and
access to international climate finance are also
key components, enhancing governance,
accountability, and the overall effectiveness of
Kenya's climate initiatives.

Challenges: Kenya's climate policy faces
several challenges that hinder its effectiveness.
Financial constraints limit the implementation of
climate initiatives, as accessing international
funds involves complex procedures. Institutional
and governance issues, such as lack of
coordination between national and county
governments and insufficient technical expertise,
further impede progress. Public awareness and
engagement in climate action need to be
enhanced for widespread support. Technological
and infrastructural limitations make adopting
clean technologies difficult, especially in rural
areas. Vulnerable communities face significant
adaptation challenges, lacking resources and
knowledge to implement effective strategies.
Political and economic factors, such as instability
and the pressure for rapid development, can
disrupt climate action plans. Additionally, gaps in
data collection and monitoring systems hinder
the evaluation of progress, and enforcing legal
frameworks requires robust mechanisms and
resources. Addressing these challenges is crucial
for the successful implementation of Kenya's
climate policies and achieving sustainable
development goals.

Regulatory
instruments

Draft regulation on the prevention of air
pollution from shipping (international
convention on prevention of pollution
from ships)

Euro-4 compliance for all new truck
(2023)

Draft CORSIA regulation

Positives: Kenya's air pollution regulation policy
has several merits that contribute to
environmental protection and public health. The
policy aligns with international standards,
ensuring that Kenya adheres to global best
practices in air quality management. It promotes
the reduction of emissions from key sources
such as transport, industry, and energy
production by encouraging the adoption of
cleaner technologies and fuels. The policy also
emphasizes monitoring and enforcement, with
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e Standards for electric vehicles (Republic
of Kenya, 2023b)

e Vehicle age limit for importation (8
years)

established institutions responsible for tracking
air quality and ensuring compliance with
regulations. Overall, Kenya's air pollution
regulation policy is comprehensive, promoting a
healthier environment and contributing to the
country's sustainable development goals.

Challenges: Kenya's air pollution regulation
policy faces several challenges that impact its
effectiveness. Financial constraints limit the
ability to implement and enforce air quality
measures, as adequate funding is required for
monitoring systems and regulatory enforcement.
Institutional weaknesses, such as insufficient
technical expertise and coordination between
agencies, further hinder policy execution. Public
awareness of air pollution issues remains low,
leading to limited community engagement and
compliance. Additionally, rapid urbanisation and
industrialisation increase pollution sources faster
than regulatory measures can be adapted.
Technological limitations and outdated
infrastructure pose barriers to adopting cleaner
technologies and reducing emissions. Political
and economic pressures, such as prioritizing
economic growth over environmental protection,
can also undermine regulatory efforts.
Addressing these challenges is crucial for
improving air quality and protecting public
health in Kenya.

The Kenyan government eliminated subsidies for
super petrol, but later reinstated them to curb
the rising prices of petrol, kerosene and diesel
(Okadia, 2023b; The Cable, 2023).

Positives: On the positive side, these
instruments create economic incentives for
reducing greenhouse gas emissions by putting a
price on carbon, which encourages businesses
and individuals to adopt cleaner technologies
and practices. They can generate revenue that
can be reinvested in sustainability projects and
foster innovation.

Challenges: However, challenges include the
risk of market volatility and economic impact,
particularly for industries heavily reliant on
carbon-intensive processes. Implementing these
instruments effectively requires robust
regulatory frameworks and monitoring systems
to prevent fraud and ensure transparency.
Additionally, there can be resistance from
stakeholders who may face increased costs or
economic disruptions.
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Information

instruments

A study on the electrification of 2 and 3-
wheelers was conducted, and
recommendations were implemented to
enable the switch to electricity.

Fifteen climate change focal points from
the transport agencies trained on
climate change planning, budgeting, and
advancing transport and climate
strategies. Three hundred people
participated in webinars on fuel
economy and electric mobility options.

Additional to improving heavy-duty truck

Positives: Public awareness campaigns and
stakeholder engagement are integral, fostering
community involvement and support for air
quality initiatives. Additionally, the policy
supports research and development to find
innovative solutions for air pollution control.

efficiency, driver sensitisation in eco-
driving was implemented

e Feasibility study ongoing alternative
source of marine power / sustainable
aviation fuels /on the installation of
shore power infrastructure for four
berths (Republic of Kenya, 2023b)

4.9.4 Buildings

4.9.4.1 National-sectoral mitigation enablers and barriers

Table 29: Overview of enablers and barriers (building sector)

Dimension Enablers Barriers

Different climatic zones can support the
adaptation of various building designs and
technologies, promoting climate-friendly
building policies

Intense rainfalls cause flooding in combination
with poor urban planning, development in
riparian areas and outdated drainage systems in
urban areas have negative impacts on the
building sector

Geophysical
feasibility

The lack of consideration of local climate context
during the design and construction phases of
the most modern buildings (Ministry of Energy,
2020c)

Environmental-
ecological
feasibility

The Kenya Association of Manufacturers
(KAM) — through an agreement with the
Ministry of Energy, since 2006 KAM has
hosted the national Centre for Energy
Efficiency and Conservation (CEEC) and is
involved in program administration on behalf
of the Ministry of Energy

During 2011-2015, UN-Habitat and UN
Environment implemented a program

The insufficient research, development and
innovation in clean cooking sector (Ministry of
Energy, 2020c)

Technological
feasibility

The use of inefficient cookstoves due to high
upfront expenditure (Ministry of Energy, 2020c)

The inadequate number of testing labs for
appliances, cookers and fuels (Ministry of
Energy, 2020c)
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“Promoting Energy Efficiency in Buildings in
East Africa”. The program’s main target was
to promote the construction of at least
400,000 energy efficient housing units
through the provision of technical assistance
on the design and implementation of new
houses in the region

International Finance Corporation (IFC)
entered into an agreement with the Kenya
Green Building Society (KGBS) to promote a
greener construction sector in Kenya.
Through the agreement, KGBS markets IFC’s
EDGE green building software and
certification program to the Kenyan property
industry and collaborates on future technical
trainings

feasibility

The lack of public sector support for green
buildings (IEA, 2019b)

The lack of financial support for the
development of local testing labs to support
energy efficiency R&D activities (Munene et al.,
2019b)

The reluctance of homeowners to replace the
inefficient devices with the efficient ones due to
their high costs (Munene et al., 2019b)

The lack of motivation of households to
purchase energy efficiency technologies due to
their low purchasing power (Munene et al.,
2019b)

Sociocultural
feasibility

In collaboration with the Ministry of
Industrialisation and Enterprise Development
and leveraging Global Environment Facility
funding, UNDP has helped Kenya to
introduce minimum energy performance
standards and administered comprehensive
campaigns aimed at informing retailers and
consumers of the need to improve energy
efficiency in residential, commercial and
industrial sectors.

The rapid growth of building stock, mainly
derived from the growth in the number of hotel
and institutional buildings (Ministry of Energy,
2020c)

The use of cookstoves with low efficiency due to
the preference and lack of knowledge of the
improved cookstoves and fuels (Ministry of
Energy, 2020c)

The lack of awareness of distributors and
customers regarding energy efficiency (Munene
et al., 2019b)

The inadequate knowledge of distributors and
customers regarding energy label (Munene et
al., 2019b)
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The Kenya Green Building Society (KGBS) —
an independent, non-profit membership-
based society registered with the World
Green Building Council as its Kenya Chapter.
KGBS has strong Ministry acknowledgement
and is mandated to run certification schemes
for the built environment, advocate for green
buildings and train green building
professionals.Error! Bookmark not
defined.

Institutional

feasibility A number of bilateral agencies have either
direct energy efficiency programs in Kenya or
broader energy sector programs which target
generation and access, but have strong
energy efficiency components. Examples of
these programs include the Power Africa
flagship program of USAID; the Program for
Energy Efficiency in Buildings (PEEB) of GIZ;
the multi-donor Energising Development
(EnDev) Kenya project; and direct support to
the energy efficiency activities

The nascent market for green buildings (EDGE,
n.d.)

The lack of support for mandatory energy audits
particularly for large residential projects
(Munene et al., 2019b)

No phasing-out of inefficient energy
technologies (Munene et al., 2019b)

The lack of enforcement of MEPs (Ministry of
Energy, 2020c)

The lack of capacity of the enforcement
agencies to promote compliance with the MEPs
(Munene et al., 2019b)

4.9.4.2 Current status of national-sectoral climate policy

Table 30: Overview of policies and measures (building sector)
Type of

icy i ?
— Status / Is the policy in place?

Kenya has not set a net zero targets (Climate
Action Tracker, 2022c).

Standardised guidelines for the construction
Governance and maintenance of green buildings are

and planning lacking (The national treasury and economic
instruments planning, 2022). There are no legislations or
regulations specifying the standards that new
buildings must meet to be energy-efficient
and environmentally friendly (The national
treasury and economic planning, 2022).

What are challenges for issue this policy or
enforce this policy?

Challenges: Environmentally friendly design,
the reduction of carbon footprints, and green
construction practices are rarely considered by
the Kenyan construction industry (The national
treasury and economic planning, 2022).

Since the mid-1960s, Kenyan construction
codes have been based on British standards,
but they will be now fully based on European
construction guidelines (Eurocodes)
Regulatory (Copenhagen Centre & Building Efficiency
instruments Accelerator, 2018b). There has been a draft
energy efficiency building code published
for Kenya (Kenya, State Department for
Public Works, 2022, as cited in UN
Environment Program, 2022), but it has not

Challenges: High initial investment cost is
considered as a barrier to the use of efficient
lighting products (Ministry of Energy, 2020c).
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yet taken effect (UN Environment
Programme, 2022b).

To comply with the code, buildings must do
their utmost to conserve energy, utilise
passive and natural cooling methods, and
use natural daylight (Climate Action Tracker,
2022c). PV and wind are both considered in
the code for use in new housing
developments with solar hot water for
bathrooms (Climate Action Tracker, 2022c).

The Energy Labelling and Performance
regulations were adopted in Kenya in 2016
(Okadia, 2023b). The EPRA is responsible for
the registration of appliances that meets the
MEPs (Okadia, 2023b). The MEPs are set for
six electrical appliances, including motors, air
conditioners, fridges, CFLs, magnetic
ballasts, and fluorescent lamps (Ministry of
Energy, 2020c). It is aimed that more
product categories such as LEDs, computers,
TVs, and cookstoves will be added to the
MEPs coverage by 2025 (Ministry of Energy,
2020c).

The CFC Stanbic and Cooperative Bank offers
$33 million in green credit lines to the
energy efficiency projects. In addition,
HF Group has launched a credit facility for
green mortgages with the support from IFC
(Copenhagen Centre & Building Efficiency
Accelerator, 2018b).

The Kenyan government has announced the
establishment of a Super ESCO, which will
be operated by the Kenya Power and
Lighting Company. The Super ESCO will be
responsible for the development and
implementation of energy efficiency projects
in public and private sectors (UN
Environment Programme, 2021).

The Kenya Green Bond Program was
initiated in 2017 with the aim of supporting
financial sector innovation through the
development of a domestic green bond
market. A number of key developments have
occurred since it was established, including
the recent issuance of Kenya's first green
bond in 2019. With the issuance of Climate

Challenges: There are a few Real Estate
Investment Trusts (REITs) while there are no
incentives for green building financing in the
country (EDGE, n.d.).

The programs aiming to provide financial
incentives for energy efficiency in the building
sector are limited (Copenhagen Centre &
Building Efficiency Accelerator, 2018b).

Solar and wind generation equipment, and clean
cooking solutions, are among the renewable
energy products that would benefit from a VAT
exemption under the Finance Act 2021 (GOGLA,
2021).

Kenya does not impose an explicit

price on carbon. In 2021, fuel excise taxes, a
form of implicit carbon pricing, were responsible
for 18.9% of the emissions (OECD, 2022).

Currently, Kenya’s ESCO market is
underdeveloped due to limited experience of
ESCOs, high cost for project development and
inadequate knowledge and understanding of
financial institutions about energy efficiency
projects (SEFA, 2021).
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Bonds Certified, KSh 4.3 billion will be raised
to provide eco-friendly, affordable housing to
5,000 university students in Nairobi (Green
Finance Platform, 2019).

Positives: CLASP initiated a digital campaign
called #KenyaEnergyLabel in collaboration with
EPRA to educate customers about the benefits
and utility of the new energy label (Blair &
Wekongo, 2020).

On feedback measures, there are some pilot
studies underway: Installation of smart energy
meters at Kongowea Market in Mombasa County
is one of them. More installations for public
buildings, including hospitals and the Governor’s
office are planned (Covenant of Mayors, 2023).

In terms of building ratings and performance | The Technical University of Kenya (TUK) offers a

disclosure, the following international green Green Building course (EDGE, n.d.).

building rating systems are available: ) . )
There are colleges offering craft certificate in

e Green Star Kenya which certified solar installation:

0.04 million sgm from 2017 to 2020 . .
e Baringo Technical College

e EDGE which certified 0.3 million sqgm Nuu Technical and Vocational Coll
from 2015 to 2020 ° uu Technical and Vocational College

e LEED certified 0.06 million sgm from o el st a el ey

Information 2012 to 2020 (EDGE, n.d.) e Kenya Coast National Polytechnic

instruments The first energy label of Kenya was (Kenyaplex, n.d.)

introduced in 2019 (Okadia, 2023b). The
EPRA uses a five-star energy rating scheme
where the highest-performing appliances
receive five stars and the lowest receive one
(EPRA, n.d.-b). Energy labelled appliances
currently include refrigerators, air Challenges:
conditioners, and motors but more
appliances including lighting will be included
soon (Okadia, 2023b).

There are projects such as “Solar Learning For
Women” providing training on solar
technology and entrepreneurship (Solarafrica,
n.d.).

Kenya's Green Building Market is in its infancy
and is being developed gradually (EDGE, n.d.).

Both distributors and consumers are unaware of
the energy efficiency. The customers are
unfamiliar with the different star ratings and the
distributors are unable to explain to the
consumers what exactly they mean. Therefore,
the price of a product is the only factor
considered by the customers to make a
purchasing decision (Munene et al., 2019b).

The clean cooking sector lacks innovation,
research, and development (Ministry of Energy,
2020c): More financial resources should be
allocated for the development of local testing
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labs to support R&D. In addition, Kenyan
academic institutions should receive more
financial support for the research and
development in energy efficiency (Munene et al.,
2019b).

4.9.5.1 National-sectoral mitigation enablers and barriers

Table 31: Overview of enablers and barriers (AFOLU sector)

Dimension

Geophysical
feasibility

Environmental-
ecological
feasibility

Funded by

Enablers

Policies such as the National Climate Change
Action Plan and the Forest Conservation and
Management Act aim to optimize land use
and improve forest management, while the
Agricultural Sector Transformation and
Growth Strategy promotes climate-smart
agricultural practices suited to local soil and
climatic conditions. Additionally, the
Geothermal Development Policy capitalizes
on Kenya's geothermal potential, particularly
in the Rift Valley, to provide a sustainable
energy source. These measures align land
and resource management with Kenya’s
geophysical features to enhance carbon
sequestration, reduce emissions, and
integrate renewable energy technologies
effectively within the AFOLU sector.
Reforestation program: Increased efforts
toward achieving a tree cover of at least
10% of land area. Kenya has a forest cover
of 7.4%, 3.6% short of the constitutionally
accepted 10% forest cover (National
Environment Management Authority, n.d.).

Land use planning and zoning done to
segregate and identify forest areas for
conservation (Government of Kenya, 2018).

R

Challenges in aligning land and resource
management with diverse geophysical
conditions. These barriers include insufficient
data on local geophysical features, which
complicates effective land use planning and
implementation of climate-smart practices.
Inadequate infrastructure and investment in
geophysical research limit the ability to optimize
land for carbon sequestration and renewable
energy projects. Additionally, conflicts over land
use between agricultural expansion, forestry,
and renewable energy projects can hinder
comprehensive planning and integration.
Overcoming these barriers requires improved
data collection, investment in geophysical
research, and better coordination among sectors
to align land management with climate goals
and renewable energy initiatives.

Promotion of climate-smart agriculture with
emphasis on efficient livestock management
systems.

Sustainable Land Management (SLM) has, in
recent years, been of focus due to its
potential to minimise degradation,
rehabilitate degraded lands, and increase
food production (Ministry of Environment and
Natural Resources, 2016c)..

Land Conversion: The ongoing conversion of
forests, wetlands, and other natural habitats into
urban or agricultural areas contributes to
deforestation and habitat loss, releasing stored
carbon and reducing biodiversity (Ministry of
Environment and Natural Resources, 2016c).

Land use planning and zoning done to segregate
and identify forest areas for conservation.
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Climate change mainstreamed into
environment audits, environmental impact
assessments, and strategic environmental
assessments (Government of Kenya, 2018).

Supportive policies, technological innovation,
and capacity-building initiatives. The
government’s focus on research and
development, alongside partnerships with
international organisations, facilitates the
deployment of advanced technologies in
sustainable agriculture, forestry, and
renewable energy. Policies that provide
technical guidelines, training programs, and
access to modern tools and practices help
enhance the adoption of climate-smart
technologies. Additionally, financial support
for technology transfer and pilot projects aids
in demonstrating and scaling up successful
innovations. These enablers collectively
enhance the technological capabilities
needed to advance climate change mitigation
and integrate renewable energy solutions
effectively Collaboration with international
organisations / knowledge exchange

limited access to advanced technologies and
insufficient technical expertise. High costs
associated with acquiring and implementing new
technologies can be prohibitive for local farmers
and forestry managers. There is also a lack of
infrastructure and support systems to facilitate
the adoption and maintenance of innovative
technologies. Additionally, gaps in research and
development, combined with inadequate training
programs, hinder the effective utilisation of
climate-smart technologies and renewable
energy solutions. Addressing these barriers
requires investments in technology transfer,
capacity building, and infrastructure
development to enhance technological feasibility
and support climate change mitigation efforts
Absence of technological advancements,
insufficient implementation of modern
agricultural practices

targeted financial incentives, supportive
policies, and innovative financing
mechanisms that facilitate the adoption
of climate-friendly practices and
renewable energy technologies.
Programs such as carbon credits and
subsidies for sustainable agriculture and
reforestation help offset initial costs and
attract investment. Additionally,
government policies that promote
public-private partnerships and provide
risk mitigation tools contribute to a
more attractive investment climate.
Access to international climate finance
and development funds further supports
economic feasibility by providing
necessary capital and resources. These
enablers collectively help lower financial
barriers, making climate change
mitigation and renewable energy
technologies more economically viable.

high initial costs and limited access to financing
for climate change mitigation and renewable
energy projects. Investments in sustainable
agricultural practices, reforestation, and
renewable energy technologies often require
significant capital, which can be prohibitive for
smallholders and local communities.
Additionally, there is a lack of financial
incentives and support mechanisms to
encourage investment in these areas. Economic
uncertainty and market risks further deter
private sector participation. Addressing these
barriers involves developing innovative financing
solutions, providing targeted subsidies and
incentives, and improving access to capital to
make climate-friendly practices and technologies
economically viable for all stakeholders in the
AFOLU sector. Lack of clear sources of climate
finance for conservation and sustainable forest
management in the medium and long term
(Murphy & Harris, 2014). Arid and semi-arid
lands are particularly vulnerable to climate
change impacts, especially in the absence of
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sufficient investments in mechanisms to build

resilience.
Community involvement and educational Inadequate standards and training, limited
programs to promote sustainable land knowledge, limited access to resources, high
Sociocultural management practices. costs, need for broader education and
feasibility awareness

Collaboration with local communities can
integrate traditional knowledge into modern
conservation strategies.

Collaboration with international and national | Inadequate or weak land use regulations and
organisations to address the land policies may fail to address climate change
degradation problem through various concerns and promote unsustainable practices
programs and initiatives. The Kenya Strategic | (University of Cape Town, 2019). Despite the
Investment Framework (KSIF) for sustainable | legislative and policy push, Kenya’s watersheds,
land management is one of such agricultural, rangelands, and settled areas
collaborations with the World Bank and continue to face extensive land degradation.
TerrAfrica aimed at scaling up SLM
interventions and investments in Kenya
(Ministry of Environment and Natural

Institutional Resources, 2016b).

feasibility Significant commitments toward sustaining
natural resources through various
agreements (such as UNCCD, UNFCCC, CBD,
SDGs) (Ministry of Environment and Natural
Resources, 2016b).

Guidelines and standards for the
establishment of green zones, as required by
the Forest Act 2016, developed, which
require linkage with County physical planning
and development control functions
(Government of Kenya, 2018).

4.9.5.2 Current status of national-sectoral climate policy

Table 32: Overview of policies and measures (AFOLU sector)
Type of
instrument

What are challenges for issue this policy or

1 i ?
Status / Is the policy in place? e [

e Kenya Forest Service, a state Positives: establishment of integrated policy
Corporation in the Ministry of frameworks and enhanced inter-agency
Governance Environment, Climate Change and coordination. Comprehensive planning instruments,
and Forestry (2007) such as the National Climate Change Action Plan
B * Forest Conversation and quklines e ek amblious gt fo clmate
Instruments Management Act (2016) g L . .
change mitigation and renewable energy adoption.
e The National Forest Program Effective governance structures facilitate
(2016-2030) stakeholder engagement and ensure that policies
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Comprehensive Africa
Agriculture Development
Program (CAADP): African
governments agreed to allocate at
least 10% of national budgets to
agricultural growth rates or at least
6% per annum. Targets for reducing
poverty, increasing productivity,
improving sustainability and use of
natural resources

The National Plan for achieving 30%
tree cover by 2032

2023-2027 Strategic Plan with the
aim to expand forest and tree cover
for climate mitigation and adaptation,
conservation and protection of forests
for climate change resilience,
economic development and livelihood
improvement, organisational capacity
building and collaboration (Kenya
Forest Service, n.d.)

Campaign launched in 2022 to plant
15 billion trees by 2032 (The National
Treasury and Economic Planning,
n.d.)

National Spatial Plan 2015-2045
(Ministry of Lands and Physical
Planning, n.d.)

Community Land Act

Lake Victoria Environmental
Management Project (LVEMP)
(together with United Republic of
Tanzania, Republic of Uganda)

The Climate for Development in
Africa (ClimDev-Africa) Program is
an initiative of the African Union
Commission (AUC), the United
Nations Economic Commission for
Africa (ECA) and the African
Development Bank (AfDB)
(www.climdev-africa.org).

Kenya Climate Smart Agriculture
Strategy 2017-2026. The objective
of the policy is to adapt to climate
change, build resilience of agricultural
systems while minimizing emissions

are well-coordinated and implemented consistently.
Supportive institutional frameworks and capacity-
building initiatives further strengthen governance
and planning capabilities, promoting the successful
integration of climate-smart practices and
renewable technologies. The protection of forests is
an important aspect in addressing desertification,
land degradation and drought. There are ambitious
goals to protect land / forests

Challenges: inadequate coordination among
various governmental and non-governmental
bodies, leading to fragmented and sometimes
conflicting policies. The lack of integrated planning
and insufficient stakeholder engagement can result
in poorly executed climate change mitigation
strategies and inefficient implementation of
renewable energy projects. Additionally, limited
resources and capacity for effective governance
and planning can hinder the development and
execution of comprehensive and cohesive
strategies. These challenges underscore the need
for improved coordination, better resource
allocation, and more inclusive planning processes to
enhance the effectiveness of climate and energy
policies Kenya has struggled with deforestation in
recent years and policies may be changed in the
short term.

In recent years, many projects in the areas of
agriculture, land use and forests have been
completed.
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for enhanced food and nutritional
security and improved livelihoods
(Ministry of Agriculture, Livestock and
Fisheries, 2017)

o Agricultural Sector Development
Strategy

¢ Climate Change Act

e Agricultural Productivity and
Agribusiness Project

o Kenya's National Wildlife
Strategy 2030

o National Climate Change Action
Plan: Outlines strategies for
optimizing land use and improving
forest management, taking into
account Kenya's diverse geophysical
conditions to enhance carbon
sequestration and reduce emissions.

e Forest Conservation and
Management Act: Promotes
sustainable forestry practices that
align with Kenya's geophysical
features, aiming to increase forest
cover and improve carbon sink

capacity.

e Agricultural Sector
Transformation and Growth
Strategy: Encourages the adoption
of climate-smart agriculture practices
tailored to Kenya’s diverse soil and
climatic conditions, which can
improve soil carbon storage and
reduce greenhouse gas emissions.

e Geothermal Development Policy:
Leverages Kenya's geothermal
potential, particularly in the Rift
Valley, to provide a renewable energy
source that complements AFOLU
activities by reducing reliance on
fossil fuels.

e Land Use Planning and
Management Frameworks:
Address land degradation and
optimize land use based on

Positives: Establishment of clear and enforceable
frameworks that promote climate change mitigation
and the adoption of renewable energy technologies.
Regulatory instruments, such as the Forest
Conservation and Management Act and the National
Climate Change Action Plan, set standards and
provide guidelines for sustainable land
management and forest conservation. These
regulations create a structured environment for
implementing climate-smart agricultural practices
and integrating renewable energy solutions,
ensuring that projects align with national climate
goals. By providing legal and regulatory support,
these instruments facilitate compliance, attract
investment, and drive effective implementation of
mitigation strategies

Challenges: Challenges such as inconsistent
enforcement of regulations and gaps in regulatory
frameworks. The complexity and overlap of
different regulations can create confusion and
hinder effective implementation of climate
mitigation and renewable energy initiatives.
Additionally, limited resources and capacity for
monitoring and enforcing compliance can weaken
the impact of these regulations. Fragmented or
outdated policies may also fail to address emerging
issues or align with current climate goals.
Addressing these barriers requires streamlining
regulatory processes, improving enforcement
mechanisms, and ensuring that policies are
regularly updated and effectively communicated to
stakeholders. Regulatory instruments are missing in
Kenya with regard to the AFOLU sector
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geophysical factors, promoting
practices that enhance carbon
sequestration and support sustainable
land management.

Positives: Introduction of financial incentives and
supportive regulatory frameworks that promote
investment in climate-friendly practices and
renewable energy technologies. Market-based
instruments, such as carbon credits and tradeable
emissions permits, provide economic incentives for
reducing greenhouse gas emissions and adopting
sustainable land management practices. The
implementation of these instruments is supported
by clear policies and robust market infrastructure,
which facilitate transparent trading and investment.
Additionally, financial mechanisms such as subsidies
and grants further encourage the adoption of
renewable energy and climate-smart technologies
by reducing financial barriers and enhancing
economic feasibility.

e Project to strengthen climate
resilience in the Lake Victoria Basin.

Market- The project, which will benefit the

based people of Siaya and Busia in the west Challenges: Limited market infrastructure and

instruments of the country, is funded with $5 insufficient liquidity for trading carbon credits and
million from the United Nations emissions permits. The complexity of market-based
Framework Convention on Climate mechanisms can deter participation due to high

Change (UNFCCC) (Afrik21, 2021). transaction costs and a lack of clarity. Additionally,
the effectiveness of these instruments can be
undermined by inadequate monitoring and
verification systems, which impact the credibility
and reliability of carbon credits and other tradable
assets. Furthermore, there may be resistance from
stakeholders due to perceived financial risks or lack
of understanding of market-based incentives.
Addressing these barriers requires improving
market infrastructure, enhancing transparency and
monitoring, and building capacity to support
effective implementation of market-based
instruments. The measures have so far focused on
one project. Comprehensive measures for financial
support are not yet in place
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e Socio-Economic Atlas of Kenya
visualizing the present, envisioning a
sustainable future
(https://www.kenya-atlas.org/)

e The Climate for Development in
Africa (ClimDev-Africa) Program is
an initiative of the African Union
Commission (AUC), the United
Nations Economic Commission for
Africa (ECA) and the African
Development Bank (AfDB)
(www.climdev-africa.org).

Positives: Enhanced transparency and improved
stakeholder engagement in climate change
mitigation and renewable energy initiatives. Policies
and regulations that support information
dissemination and knowledge sharing help raise
awareness about climate-smart practices and
renewable technologies. By providing access to
reliable data, technical guidance, and best
practices, these measures facilitate informed
decision-making and encourage the adoption of
sustainable practices in agriculture and forestry.
Improved communication also fosters greater public
and community involvement, supporting the
effective implementation of climate mitigation
strategies and the integration of renewable energy
technologies in the AFOLU sector. The Socio-
Economic Atlas offer high-resolution spatial
depictions and analyses of data. The combination of
geographic and socio-economic data enables
policymakers and experts to gain a spatial
understanding of dynamics affecting Kenya
(Wiesmann et al., 2014)

Challenges: insufficient dissemination and
accessibility of relevant data and best practices.
There may be gaps in reaching all stakeholders,
particularly in rural or remote areas, leading to
limited awareness and engagement with climate
change mitigation and renewable energy
technologies. Inadequate resources for information
campaigns and fragmented communication
strategies can also impede effective knowledge
sharing. Additionally, the lack of up-to-date and
comprehensive data on AFOLU practices can hinder
informed decision-making. Overcoming these
challenges requires enhancing data collection,
improving information dissemination channels, and
ensuring that communication efforts are inclusive
and targeted to all relevant audiences.
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5 Sri Lanka — case study

5.1 Big picture: Current national-sectoral decarbonisation status and
prospects

Sri Lanka (LKA), an island in the Indian Ocean, is a lower middle-income country with a population of 22 million
and spreads across an area of 65,610 sq.km. Being a small island, Sri Lanka has a high population density of
~354 persons per sq.km, ranking 40th in the world. The country has been grappling with significant challenges
in recent years, including prolonged effects of the COVID-19 pandemic, a severe economic crisis and increasing
vulnerability to climate change impacts that has led to a decline in per capita GDP, reaching $3474 by mid-2022
(Central Bank of Sri Lanka, 2022a). The Sri Lankan economy is primarily driven by the services and industrial
sectors, followed by agriculture (Central Bank of Sri Lanka, 2023a).

The energy sector is expected to play a crucial role in LKA's path to achieve the ambitious carbon neutral target
by 2050 (Ministry of Environment, 2021a). However, the current primary energy mix relies heavily on imported
petroleum products followed by biomass and hydropower. This dependence on imported fossil fuels makes the
country vulnerable to global price fluctuations and supply disruptions, as experienced during the recent economic
crisis. Therefore, making the most out of locally available energy resources and promoting the use of cleaner
fuels has become a national prerogative (Ministry of Power and Energy, 2019).

Sri Lanka’s geographic location and economic structure leave it highly vulnerable to the impacts of climate change.
The country experienced an increase in the frequency and intensity of extreme weather events such as the
devastating floods and landslides in October 2023 that affected several districts (Reliefweb, 2023). Droughts have
also become more frequent and severe, particularly in the dry zone, impacting agricultural productivity and
livelihoods. Changes in rainfall has also introduced significant challenges for agriculture and water resources
management in Sri Lanka (World Bank, 2024) further straining the nation’s economy.

The economic crisis in the country has compounded these challenges, leading to shortage of essential goods. In
September 2022, the country reported the highest ever inflation rate in South Asia at 69.8% (Central Bank of Sri
Lanka, 2023b). Additionally, the Sri Lankan Rupee has depreciated by 80% against the US Dollar in 2022 (Central
Bank of Sri Lanka, 2022a). The country’s foreign exchange reserves have been slowly depleted, and the
government has had difficulties importing essentials. This includes fuels, leading to extensive power outages,
disruptions in transportation, and shortages of medicine impacting healthcare services across the country. The
economic hardships have caused widespread social unrest, with protests erupting across the country demanding
government action to address the crisis.

Despite the challenges, the Sri Lankan government is pursuing measures to counter climate change and promote
economic recovery. The initiatives range from investment in renewable energy generation and sustainable
agriculture to disaster risk reduction. The government is also seeking international financial assistance to support
these efforts.

In 2020, LKA’s total greenhouse gas (GHG) emissions were 36.9 MtCO2e (Climate Watch, n.d.) (Figure 1). The
energy sector (power, transport, buildings, other fuel combustion) contributes to ~59% while agriculture
contributes to 14% of total GHG emissions constituting the leading emitting sectors of Sri Lanka. The industrial
sector contribution accounted for ~8% and non-combustion emissions including waste, land-use and land-use
change accounted for ~13% (Climate Watch, n.d.).

As a signatory of the Paris Agreement, Sri Lanka first submitted their Nationally Determined Contribution (NDC)
in September 2016 (Ministry of Mahaweli Development and Environment, 2016). The overall mitigation target
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was to reduce GHG emissions by 20% in the energy sector (4% unconditional, 16% conditional) and by 10% in
other sectors (transport, industry, forestry, and waste) by 2030. The reductions are compared to the Business as
Usual (BAU) scenario where no GHG mitigation action is taken.

Energy ® Agriculture ® Waste ® Industrial Processes ® Land-Use Change and Forestry

COze 2020
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Figure 10: Sri Lanka’s Historic GHG emissions.
Source: (Climate Watch, n.d.)

The next NDC of Sri Lanka was released in July 2021 (Ministry of Environment, 2021a) which was subsequently
amended in September 2021. The key amendment between the two versions was that the government of Sri
Lanka ambitiously advanced the carbon neutral target from 2060 to 2050. It was highlighted that the ambitious
plans to decarbonize the power sector by substantially increasing the share of renewables would have a strong
impact on GHG mitigation in Sri Lanka. The latest NDC states 14.5% of GHG reductions during the 2021-2030
period from power, transport, industry, waste, forestry and agriculture. This is further facilitated by the
commitment to increase the forest cover to 32% by land area by 2030. A summary of the GHG reduction targets
across the sectors for the period of 2021-2030 is given in Table 1.

Table 33: Sri Lanka’s GHG emission reduction targets as outline in NDCs.
(Ministry of Environment, 2021a)

Target GHG emission reduction % compared to the BAU# scenario
Sector — —
Unconditional Conditional Overall
Industry 4 3 7
Power 5 20 25
Transport 1 3 4
Buildings No explicit target is mentioned in the NDCs
Waste Management 8.5 2.5 11
AFOLU | Forestry* 2 5 7
Agriculture (including livestock) | 4 3 7

* Carbon sequestration capacity is expressed here
# Business-As-Usual scenario, representing emissions without any mitigation action
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5.2 Industry

5.2.1 Current decarbonisation status and prospects

Sri Lanka’s industrial sector contributes significantly to the economy and employment, but also to GHG emissions.
The sector relies heavily on biomass and fossil fuels for energy, with cement manufacturing being a major emitter
of non-energy related GHG emissions (UNIDO, 2020). While energy consumption emissions are relatively well-
accounted for, there is limited data on the emissions from industrial processes and product use. The heavy reliance
on biomass and fossil fuels makes the sector vulnerable to fluctuations in fuel prices and supply chain disruptions
caused by climate-related events. Current plans to reduce GHG emissions in the industry sector will account for
a 7% reduction during the 2021 — 2030 period (Ministry of Environment, 2021a).

Sri Lanka’s industrial sector is led by the textile and apparel industry which includes the production of garments,
textiles, and accessories(UNIDO, 2024). However, the textile industry, which is a major export earner, is
vulnerable to water scarcity caused by droughts and extreme weather events. In addition, there are solid and
industrial tire manufacturing, boat and ship building, ceramics, tea, coconut-based products, gems and jewellery,
food and beverages industries spread across the country.

Sri Lanka is a well-known tourist destination; a vital industry in Sri Lanka originated from its scenic beauty,
historical sites, and cultural attractions (Sri Lanka Tourism Development Authority, 2024). However, tourism also
notably contributes to GHG emissions due to energy-intensive activities such as transportation and
accommodation.

The current trajectory for mitigating the GHG emissions from the industry sector leads with fuel switching and
improving energy efficiency, followed by implementing resource efficient cleaner production practices. In the
cement industry, it is identified to reduce GHG emission from clinker production by amending standards to allow
more substitutes for clinker.

GHG Emission Projection and Emission Reduction Targets (Industry Sector)
7,000

Unconditional - 4% w.r.t. BAU
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Figure 11: Emission reduction projections in the industry sector.
(Ministry of Environment, 2021a)

5.2.2 National-sectoral mitigation enablers and barriers

The industrial sector faces humerous barriers that hinder climate mitigation options, but also enablers exist that
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support climate action. The enablers and barriers are categorized and explained in more detail in Table 6 (annex)
and summarized below:

Geophysical feasibility: Sri Lanka possesses ample biomass resources such as agricultural residues and wood
waste in certain regions (Maheepala and Jayasinghe, 2018). However, widespread adaptation and establishing a
sustainable supply chain is limited as the industrial sector is geographically dispersed. In addition, Sri Lanka’s
agriculture sector is highly vulnerable to climate change impacts can further hinder the availability of sustainable
biomass resource (Ministry of Environment, 2005). The diversity in geography and type of industries poses
difficulties to adapt and monitor Resource Efficient Cleaner Production practices (Hemakumara and Dissanayake,
2020). Additionally, there is potential to transform existing industrial zones into eco-industrial parks, promoting
the concept of a circular economy due to the diversity of industries present in Sri Lanka (Karunarathne and
Madhushan, 2021). However, the land is limited and infrastructure for waste collection, sorting, and recycling
hampers circular economy practices.

Environmental and ecological feasibility: There is a potential for pollution and resource depletion reduction
through resource efficient cleaner production practices (RECP) (Ministry of Environment, 2005), the benefits of
industrial eco-parks for resource sharing and waste minimisation (Karunarathne and Madhushan, 2021), and the
circular economy's potential for resource conservation. Tri-generation can enhance energy efficiency and lower
emissions, while clinker substitution can significantly cut GHG emissions from cement production. However,
barriers include the risk of unsustainable biomass sourcing leading to deforestation, trade-offs in RECP and circular
economy practices, and potential compromises in cement quality from clinker substitution.

Technological feasibility: Enablers include established technology for biomass boilers and efficient combustion,
adaptable RECP technologies and methodologies, globally established eco-industrial park models (Karunarathne
and Madhushan, 2021), and the increasing global adoption of circular economy principles. Additionally, mature
tri-generation technologies are available. However, barriers include high upfront costs for SMEs to apply RECP
technologies and upgrades, significant changes required in business practices for adopting circular economy
models, high initial investment and complex implementation for tri-generation technologies, and limited access
to finance and technology transfer for SMEs (Ministry of Industry and Commerce, 2015).

Economic feasibility: Climate mitigation options include reduced fossil fuel dependency through sustainable
biomass, RECP, and circular economy practices aiming to reduce fuel costs in the long run. Tri-generation serve
as an option to lower energy costs and enhance energy security for energy intensive industries, while clinker
substitutions reduce production costs and carbon footprint in cement production. Policy incentives and market
mechanisms further drive the adoption of low-carbon technologies. However, barriers include the short-term costs
of implementing RECP and circular economy practices, the need for coordinated stakeholder collaboration, lack
of support for new business model uncertainties, limited market acceptance of low-carbon cement, and economic
instability in Sri Lanka affecting investment decisions (Fernando, 2021).

Sociocultural feasibility: Sri Lanka could benefit from job creation and improved working conditions through
sustainable biomass supply chains and RECP practices, community benefits from eco-industrial parks, tri-
generation facilities, and circular economy initiatives. Promoting low-carbon construction materials can highlight
their advantages while raising awareness and fostering stakeholder engagement is crucial for success. However,
barriers include resistance from industries accustomed to fossil fuels, lack of awareness and technical capacity,
especially in the cement and manufacturing sectors, perceived risks of low-carbon materials, the need for mindset
shifts towards sustainable consumption, and general lack of awareness about climate change issues among
stakeholders.

Institutional feasibility: Enablers include crucial government support through policies and incentives for
climate mitigation options. Strong institutions and coordination mechanisms are essential for effective
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implementation, although there are still some gaps in LKA despite efforts. However, barriers also exist like the
lack of clear regulations, standards, enforcement, and monitoring mechanisms, which hinder RECP adoption,
circular economy practices, and low-carbon cement production etc. Additionally, limited financial incentives,
regulatory support, and institutional capacity and resources also pose significant challenges.

5.9.1 (Quicklink to table on enablers and barriers)
5.2.3 Current status of national-sectoral policy

Industry

As early as 1969, the Industrial Development Act (Parliament of Ceylon, 1969) was introduced, which
implemented initiatives for industrial development, though it did not focus on climate protection. Since that time,
there have been developments in Sri Lanka to promote a climate-friendly industry. Today, the aim of the Sri
Lankan Government is to create a competitive and sustainable industry that has minimal damage to the
environment. To achieve this, a national industrial policy strategic plan is being formulated by the Ministry of
Industries.

In the area of governance and planning instruments, many areas of the policy package (2.2 Quicklink to
report synthesis of existing knowledge) have been considered, such as long-term planning, initiatives and
partnerships.

In Sri Lanka, there are current developments to implement a National Policy for Industrial Development (NaPID)
(Fernando, 2021). The policy aims to create a globally competitive, high value-added, innovative, technology,
and knowledge-based industry with minimal environmental impact. However, the policy has not yet been
implemented, partly, due to comprehensive coordination issues between different ministries and agencies. The
effectiveness of the policy requires a strong political will and commitment to the principles of sustainable
development.

Another central measure taken is the National Environment Action Plan (NEAP) (Ministry of Environment, 2022),
which outlines strategies and actions to address environmental challenges and achieve sustainable development
in Sri Lanka explicitly including the industrial sector. Structural and informational barriers are addressed by
establishing structures (like environmental agencies) and enforcing ministries to monitor and implement
measures. Training programs and workshops are also being conducted, as well as dialogue formats with different
stakeholders. However, the NEAP still faces the challenge of financing particularly for SMEs.

The National Cleaner Production Policy (Ministry of Environment, 2005) has already achieved CO2 and waste
reductions. This policy encourages the adoption of cleaner production practices by industries in Sri Lanka to
minimize waste, conserve resources, and prevent pollution, with the objective of sustainable development,
enhanced environmental quality, improved eco-efficiency, and poverty alleviation. The policy led to the
establishment of the National Cleaner Production Centre (NCPC) which so far has been responsible for raising
awareness and built capacity within the industrial sector. However, the challenge of closing the information gaps
and the lack of knowledge (especially among SMEs) has not yet been fully achieved.

To support SMEs, the National Policy Framework for SMEs (Ministry of Industry and Commerce, 2015) has been
implemented with a focus on raising awareness and capacity buildings on resource efficiency and clean production
methods. Addressed barriers are information deficits and lack of financial resources, even if there is still room for
improvement in terms of funding. Another element of the governance framework is the Sustainable Consumption
and Production Policy Sri Lanka (Ministry of Environment, 2019), which works across a number of sectors and
highlights the importance of sustainable consumption and production practice to further minimise the use of
natural resources, toxic materials and waste generation. However, there is lack of mechanisms in place to enforce
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the compliance by industries.

Regarding regulatory instruments, Sri Lanka primarily employs standards and regulations on waste generation
and disposal. The policy package lacks permits and licenses and measures to implement extended producer
responsibility (for the whole lifecycle). There are three central regulatory measures affecting the industry in Sri
Lanka. The Industrial Discharge Standards (Central Environmental Authority, 2020; Environmental Management
Department, 2022)sets limits on the discharge of pollutants from industrial facilities into water bodies but lacks a
comprehensive approach on environmental impacts from energy consumption and air pollution. The second
regulation is the National Emission Standards for Stationary Combustion Sources (Central Environmental
Authority, 2019), which sets emission limits for air pollutants from stationary combustion sources, such as boilers,
furnaces, and turbines, in industrial and commercial facilities. However, this does not count explicitly for fugitive
and process emissions. It only aims to improve air quality and reduce GHG emissions. The third regulation is the
Hazardous Waste Management Regulations (Central Environmental Authority, 2008) that aims to control the
generation, collection, transportation, storage, treatment, and disposal of hazardous waste. All above regulatory
instruments lack enforcement and monitoring due to limited resources and capacity within regulatory
agencies. To regularise and include environmental considerations into the procurements Green Procurement
Policy (Government of Sri Lanka, 2017) has been introduced. Although projects with a demonstration character
are primarily implemented and the activities remains limited in scope and scale.

Sri Lanka currently lacks market-based instruments, and most of the instruments are either in draft or
planning stages. The government has developed a new Green Bond Framework (Mediwake, 2023) outlining the
eligibility criteria, project categories, and reporting requirements for green bond issuances. Otherwise, there are
still some gaps in the area of market-based instruments. No Carbon Tax and Emission Trading Scheme has yet
been implemented. There have been discussions and initial steps, but no implementation has yet taken place.
Further subsidies and grants or tax incentives to promote a climate-friendly industry that could address economic
benefits (like high initial investments) are also lacking.

Information instruments in Sri Lanka include the National Green Reporting System (Ministry of Environment,
2011), that aims to encourage organisations to publicly disclose the environmental performance, including GHG
emissions, resource consumption, and waste management practices. In addition, the Industrial Energy Audit
Program (National Cleaner Production Centre, 2020) was implemented to promote energy efficiency and
conservation in the industrial sector by conducting energy audits to identify potential energy-saving opportunities
and to recommend appropriate measures. Despite its successes, the program's reach is still limited (especially for
SME due to lack of awareness, financial constraints, or perceived high costs).

The next table lists the individual policies and measures. Further information, including a brief description and an
assessment of the effectiveness of the policies, can be found in the annex in Table 7.

Table 34: Sri Lanka’s policy package (industry sector)
Type of
instrument

Status

The National Policy for Industrial Development in Sri Lanka (not yet implemented) (NaPID)
National Cleaner Production Policy (2005)

Industrial Development Act (IDA) of Sri Lanka (No.36 of 1969)

National Environment Action Plan (NEAP) (2022)

National Policy Framework for Small and Medium Enterprise (SME) Development — 2018
Sustainable Consumption and Production (SCP) Policy of Sri Lanka (2019-2030)

Industrial Discharge Standards (2002)
National Emission Standards for Stationary Combustion Sources (2019)

Governance
and planning
instruments

Regulatory
instruments
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Hazardous Waste Management Regulations (2000)

|\ ETIGEELEG I Green Procurement Policy (2017)

instruments Green Bonds (2023)

Information National Green Reporting System (NGRS) of Sri Lanka
instruments Industrial Energy Audit Program of Sri Lanka

5.2.4 How to strengthen national-sectoral policy

The industrial sector!! can substantially reduce emissions by encouraging cleaner production technologies,
resource efficiency practices, and circular economy models. Operationalizing policies like the National Cleaner
Production Policy and the National Environment Action Plan provide a suitable policy framework. The National
Plan for Industrial Development in Sri Lanka that is currently formulated and not yet implemented has the potential
to foster innovation and to attract green investment in industry. The task now is to implement the policy quickly.
In this regard, political will is needed and a commitment to sustainable development principles.

The existing regulatory standards provide a good basis for developing the industry towards climate neutrality.
However, there is potential to expand the existing standards (with a focus on water, waste, harmful pollutants)
to other areas, such as energy efficiency, circular economy, or GHG emissions. The national-sectoral policy
package could also be strengthened by additional economic instruments. So far, the focus has been on public
procurement, which is an important lever for promoting low-emission products and exploiting economies of scale.
However, there is still potential in the area of financial support for industry. In particular, innovative products and
new production processes can be made more attractive for industry by implementing financial incentives or other
economic instruments.

Capacity building through awareness and education programs (e.g. building up technical expertise) is also
important, especially with regard to the implementation of new policy measures. The general resistance of certain
industries to the perceived risks and uncertainties of moving to novel technologies and business models acts as
one major hurdle. In Sri Lanka, information and training measures are already in place and could be expanded.
Best practice examples and cooperation with other countries are also relevant here.

Regarding SMEs, financial incentives, technical assistance, and capacity-building programs would be crucial for
diffusing cleaner production practices. Integrating environmental concerns into industrial development strategies
and strengthening monitoring and enforcement of environmental standards are major steps toward sustainable
growth.

5.3 Energy

5.3.1 Current decarbonisation status and prospects

Sri Lanka's energy sector is import-dependent; 43% of the primary energy supply is imported Petroleum (both
crude oil and refined petroleum) products (SLSEA, 2019). In 2018, about USD 4 billion was spent on fuel imports,
which approximately accounts for about 33% of LKA’s non-petroleum export earnings (Asian Development Bank,
2019). Due to the fossil fuel dependency, Sri Lanka is highly vulnerable to global price fluctuations and supply
disruptions caused by geopolitical events or climate-related disasters in oil-producing regions. Just about one-
third of LKA’s primary energy use comes from indigenous biomass. The rest is from petroleum, coal and

11 Wwith regard to specific instruments, only overarching recommendations can be provided here. Given the industry-specific differences in
requirements, barriers, and enablers, it is essential to develop tailored solutions for each industry branch (cement, textile and clothing industry,
solid and industrial tire production, boat and shipbuilding, ceramics, tea, coconut products, etc).
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renewables including a major share from large hydro.

Coal is imported for the sole purpose of power generation whereas petroleum is used in both the transport and
power sectors. Recent explorations indicate that the country has natural gas and other petroleum reserves in the
northwest of the Island (Ministry of Highways Road Development and Petroleum Resource Development, 2019).
However, commercialisation of these reserves is not expected in the short or medium time horizon.

Power generation in LKA is dominated by coal (33%) and oil (16%) followed by large hydro (34%) and other
renewable sources (17%) (CEB, 2022). The large hydro power share makes the power system vulnerable to
droughts and changing rainfall patterns caused by climate change. This has led to power outages and disruptions
in electricity supply.

The country is nearly 100% electrified, the highest rate in the South-Asian region. The peak power consumption
was approximately 2,717MW whereas installed power capacities are about 4,400MW in 2020 (CEB, 2022). The
average emission factor for 2020 was estimated to be 0.5294 kg-CO2/kWh.

The key target for decarbonising the power sector is to increase the share of electricity generated by renewable
sources; predominantly solar and wind to 70% by 2030. Notably, the “Battle for Solar Energy” program (SLSEA,
n.d.) has spurred a significant increase in rooftop solar installations. Simultaneously, the Energy Efficiency
Improvement & Conservation (EEI&C) program (Wickramasinghe, 2009) including operation demand side
management has been actively promoting energy-efficient appliances and practices to reduce electricity demand.
Furthermore, it has been decided to halt further coal power with transitioning existing oil-based plants to use
natural gas (Ministry of Environment, 2021a).

Overall, implementation of the current NDCs will result in GHG emission reduction by 25% from the power
generation sector during 2021 — 2030 period. Emission reduction projections in electricity (power) sector are
illustrated in the next figure.

GHG Emission Projection and Emission Reduction Targets (Power Sector)

30,000 i
| Unconditional - 5% w.r.t. BAU
| (8,819,000 MT in absolute ER for 2021-2030) i

25,000 | Conditional - 20% w.r.t BAU W

| (39,274,000 MT in absclute ER for 2021-2030) T

. 20,000

=

[=]

S 15,000

E

o

S 10,000

5,000

o {
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

BAU scenario — = 5% Unconditional Target ——125% Unconditional + Conditional Target

Figure 12: Emission reduction projections in electricity (power) sector.
(Ministry of Environment, 2021a)

National-sectoral mitigation enablers and barriers

The energy sector faces numerous barriers that hinder climate mitigation options, but also enablers exist that
support climate action. The enablers and barriers are categorized and explained in more detail in Table 8 (annex)
and summarized below:

Geophysical feasibility: Enablers include abundant solar and wind resources, excellent topography for
hydropower, and biomass availability from agricultural waste (Ministry of Power and Energy, 2019). Additionally,
potential exploration the natural gas resource in the Mannar basin, new renewable technologies like ocean and
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geothermal energy can replace carbon intensive energy sources to support climate action (Ministry of
Environment, 2021a). Conversely, barriers include the intermittent nature of renewable energy sources, land
availability and environmental concerns of large-scale projects. In addition, there is still uncertainty about the
technical and economic feasibility of alternative renewable energy sources.

Environmental and ecological feasibility: Reduced GHG emissions and air pollution compared to fossil fuels,
potential for carbon neutrality, energy savings across various sectors, and diversification of the energy mix to
reduce reliance on conventional sources are potential benefits of energy policy (Climate Change Secretariat of Sri
Lanka, 2012). On the other hand, there are also potential negative impacts on biodiversity and land use from
large-scale energy projects (Batel, 2018), environmental impacts of natural gas extraction and transportation,
and the need for careful assessment of potential environmental impacts of new technologies such as geothermal
and wave energy.

Technological feasibility: Mature technologies for solar PV, wind, and small hydro exist, along with growing
expertise in biomass power generation. Energy-efficient appliances, lighting, and building design are well-
established (Sugathapala, 2020), and proven technology are available for natural gas power plants. There's also
potential for developing local expertise in renewable energy and low-carbon technologies. Barriers arise from the
need for grid integration and storage solutions for intermittent renewables alongside substantial reinforcement of
existing electricity grid infrastructure, significant investment in additional infrastructure for natural gas, limited
local expertise and R&D resources, and dependence on foreign technology and expertise.

Economic feasibility: Enablers include decreasing costs of renewable energy technologies, potential for long-
term cost savings, increased energy security with diversified fuel sources, and improved reliability and quality of
electricity supply through grid upgrades (Ministry of Power and Energy, 2019). However, barriers include high
upfront investment costs for renewable energy projects, potential grid instability with high renewable energy
penetration, lack of access to financing for energy efficiency upgrades, especially for low-income households and
SMEs, high costs for replacing old appliances, risk of stranded assets with the shift to natural gas, cost recovery
mechanisms impacting electricity tariffs, and high costs and risks associated with pilot projects and long
commercialisation lead times.

Sociocultural feasibility: In Sri Lanka, there is a growing public awareness and acceptance of renewable
energy, particularly for rooftop solar PV supported by government incentives for rooftop solar and in addition
initiatives to promote energy-efficient appliances (Sugathapala, 2020). However, also barriers exist like the
resistance from communities affected by large-scale renewable energy projects, resistance to changing behaviour
and habits, concerns about the safety of natural gas infrastructure, and disruptions in electricity services during
grid upgrades and maintenance (Batel, 2018).

Institutional feasibility: The government has implemented supportive policies and initiatives for renewable
energy development, financial incentives for rooftop solar, and institutions like the Sustainable Energy Authority
supporting DSM programs, pilot projects, and research. Additionally, established regulatory frameworks for energy
efficiency standards, electricity tariffs, and grid management are in place. However, barriers include regulatory
obstacles, bureaucratic delays, regulatory hurdles, lack of institutional coordination within long-term energy
planning, limited enforcement of energy efficiency standards, insufficient capacity for monitoring and evaluation
of DSM programs, and limited financial resources and technical capacity for project implementation and grid
modernisation.

5.9.2 (Quicklink to table on enablers and barriers)
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5.3.2 Current status of national-sectoral policy

The energy sector in Sri Lanka is undergoing a radical transformation, with great movement on renewable sources
of energy. The National Energy Policy focuses on key three pillars; ensure energy security, equity, and
sustainability by diversifying the energy mix and reducing dependence on fossil fuel resources. The government
is actively encouraging the use of renewable sources of energy, such as solar, wind, hydro, and biomass. The
country's long-term goal of carbon neutrality in the power sector by 2050 reflects its commitment toward a
sustainable energy future.

With the Electrification Policy (Asian Development Bank, 2023a), Sri Lanka aimed to achieve universal electricity
access by 2016, bringing power to all households, businesses, and public institutions. Today, the country is nearly
100% electrified, the highest rate in the South-Asian region. However, the power generation sector is still
dependent on imported fuels (coal and petroleum) and the significant potential on solar and wind energy due to
favourable geophysical conditions is still largely untapped.

Sri Lanka’s energy policy is shaped by governance and planning instruments like the National Energy Policy
(Government of Sri Lanka, 2019) introduced in 2019 and the Energy Sector Plan for a Knowledge-based Economy
(Ministry of Power and Energy, 2015). The first one is a comprehensive framework aimed at transforming the
country's energy sector to be sustainable, secure, and affordable. It prioritizes maximizing the development and
utilisation of domestic renewable energy sources to diversify the energy mix, reduce reliance on imported fossil
fuels, and ensure equitable access to clean and reliable energy for all Sri Lankans. The policy has successfully
driven an increase in renewable energy capacity, particularly in solar and wind power. The ‘Battle for Solar Energy’
(SLSEA, n.d.) program was introduced to promote the setting up of small solar power plants on the rooftops of
households, religious places, hotels, commercial establishments and industries. This program aims to add 1,000
MW of solar energy by 2025 and 1,500 MW by 2030. However, while progress has been made in rooftop solar,
large-scale renewable energy projects, such as wind and hydro, have faced delays due to various factors, including
land acquisition issues, environmental concerns, and financial constraints.

Another planning instrument is the Energy Sector Development Plan for a Knowledge-based Economy, which aims
to guide Sri Lanka's energy sector towards a knowledge-based economy, focusing on energy security, efficiency,
and sustainability. However, the plan's target of reducing annual energy demand growth by 2% through
conservation and efficiency measures has not been fully achieved.

To strengthen the institutional capacity and to promote renewable energy and energy efficiency measures, the
Sri Lanka Sustainable Energy Authority (SLSEA) was established (Parliament of the Democratic Socialist Republic
of Sri Lanka, 2007). It plays a crucial role in overcoming institutional barriers. However, the SLSEA faces
challenges in securing adequate financial resources to fully implement its mandate and scale up its programs and
projects. Additionally, it remains a challenge to comprehensively consider grid integration and storage solutions
in policy formulation and implementation.

Regulatory instruments include the Sr/ Lanka Electricity Act (Government of Sri Lanka, 2009), which provides
the legal framework for the energy sector, including the regulation of power generation, transmission, and
distribution. It enables the government to set standards for energy efficiency and renewable energy integration
and enforce compliance through licensing and penalties. Over the years, several amendments (Parliament of the
Democratic Socialist Republic of Sri Lanka, 2013) have been taking place for promoting renewable energy
generation such as standardized power purchase agreements. However, provisions for smart grids, energy
storage and DSM are still limited. The Regarding regulatory instruments, further policies and measures are missing
like limits on emissions of new plants, quota on using renewables, environmental codes, etc. (see synthesis report
Quicklink 2.1). Mandatory energy efficiency standards and labelling are already in place for lighting systems and
ceiling fans but requires expansion to other common appliances across different sectors.

In terms of market-based instruments, a Feed-in Tariff (FiT) (PUCSL, 2011) has been implemented to address
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economic barriers on renewable energy investments. It offers long-term contracts to renewable energy producers,
guaranteeing the purchase of electricity at a fixed tariff, typically higher than the grid electricity price. However,
one major challenge is the financial sustainability of the FiT scheme. The fixed tariffs can be higher than the
average electricity generation cost, potentially leading to increased electricity prices for consumers in the long
run. Furthermore, frequent revisions of FiT is likely to discourage long-term investments. Another measure
supporting renewable energy expansion is the Net-Metering Scheme (CEB, n.d.; PUCSL, 2023). It allows
consumers to generate their own electricity using renewable energy sources, primarily rooftop solar, and offset
their consumption from the grid. This has successfully incentivized the widespread adoption of rooftop solar PV
systems. While it addresses the challenge of lacking financial incentives, the high upfront costs of installing solar
PV systems can be a barrier, especially for low-income households, limiting their participation in the program.
Targeted subsidies or financing mechanisms to make renewable energy more accessible to all is still missing in
Sri Lanka. Also, in the area of market-based instruments is the Sr7 Lanka Green Finance Taxonomy (Central Bank
of Sri Lanka, 2022b)., introduced in 2022 and therefore in its early stages. It is a classification system that defines
and categorizes economic activities considered environmentally sustainable.

A significant gap exists regarding informational instruments. There is growing awareness and acceptance of
renewable energy but also resistance to changes in behaviour and habits, and in large projects. Education and
training programs, R&D, and public awareness campaigns are still gaps in the energy policy package. The National
Energy Benchmarking Portal (NEBP) (U.S. Embassy in Sri Lanka, 2023)_is the only instrument addressing
information barriers. Developed by SLSEA, the NEBP is a digital platform aimed at tracking and benchmarking
energy efficiency initiatives in the industrial, commercial, and government sectors. It allows organisations to
voluntarily submit their energy consumption data for comparison against sector-specific benchmarks, promoting
energy conservation and efficiency.

The next table lists the individual policies and measures. Further information, including a brief description and an
assessment of the effectiveness of the policies, can be found in the annex in Table 9.

Table 35: Sri Lanka’s policy package (energy sector)
Type of
instrument

Status

National Energy Policy (2019)
Energy Sector Development Plan for a Knowledge-based Economy 2015-2025
National Electrification Policy (2016):

Sri Lanka Sustainable Energy Authority Act No. 35 of 2007

Regulatory Sri Lanka Electricity Act No. 20 of 2009

instruments Electricity (Amendment) Act, No.31 of 2013 of Sri Lanka

Renewable Energy Feed-in Tariff Scheme

Net-metering

Sri Lanka Green Finance Taxonomy

Governance
and planning
instruments

Market-based
instruments

Information
instruments

National Energy Benchmarking Portal (NEBP) of Sri Lanka

5.3.3 How to strengthen national-sectoral climate policy

The energy sector has been actively engaged in climate policy implementation. However, when evaluating the
policy package, it becomes clear that there are still numerous gaps, particularly in the area of economic and
informational instruments. Existing instruments could also be expanded in order to extend the good approaches
that are already in place to other actors and sectors to actually achieve high GHG emission savings.

Accelerating large-scale renewable energy projects should be pursued while addressing grid stability concerns

Funded by Page 255 of 357

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

with investments in energy storage and smart grid technologies. Adequate investments in grid infrastructure and
energy storage solutions are needed to address these challenges.

Policymakers should prioritize aggressive energy efficiency measures, streamline the regulatory framework for
renewable energy integration, and ensure the financial sustainability of the feed-in tariff scheme. Expanding and
mandating participation in the National Energy Benchmarking Portal across sectors would significantly contribute
to broader energy conservation. Exploring innovative financial mechanisms, like the Sri Lanka Green Finance
Taxonomy, and addressing data verification issues can help the country reduce GHG emissions and achieve NDC
targets.

5.4 Transport

5.4.1 Current decarbonisation status and prospects

Sri Lanka's transport sector currently faces a decline in public transport usage and increasing GHG emissions due
to the dominance of private vehicles. There is minimal role played by air and sea transportation modalities. Rail
transport is concentrated around the city of Colombo (commercial capital) and nearby sub-urban areas for
commuting (JAICA, 2014). To address these challenges, the government is focusing on revitalizing public
transport, improving energy efficiency, and promoting environmentally sustainable transport practices (Asian
Development Bank, 2012).

There is a tendency to use more private transport than public transport in Sri Lanka. The current composition of
6.4 million road vehicle fleet is 54% motorcycles, 16% three-wheelers (motor tricycles), and 11% motor cars,
with only 1% of buses (Ministry of Environment, 2021a). Major mass public-transport projects such as the Light
Rail Transit project offered in 2019 by the Japanese government was delayed significantly due to political and
economic unrest in the country between 2019 and 2023, however, recent developments suggest a potential
revival (News First, 2024). Consequently, there is a substantial increase in traffic congestions leading to reduced
fuel economy and increased GHG emissions. Regardless of the Euro 4 emission standards and vehicle emission
testing program currently put in place by the government, a considerable share of inefficient vehicles is in
operation causing further increase in GHG emissions (Mobility Alliance, 2022).

Unlike the power sector, far less efforts have been taken towards decarbonising the transport sector. Current
NDCs only take account for a GHG reduction of 4% from the transport sector, as illustrated in the next figure.

GHG Emission Projection and Emission Reduction Targets (Transport Sector)

16,000 —
Unconditional - 1% w.r.t. BAU £ =

Conditional - 3% w.r.t BAU -

14,000
12,000
10,000

8,000

€0, in '000 MT

6,000
4,000

2,000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
BAU scenario — —1% Unconditional Target ——4% Unconditional + Conditional Target

Figure 13: Emission reduction projection (transport sector)
(Ministry of Environment, 2021a)
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Several initiatives are already in place to improve public transportation such as a dedicated bus lane system in
urban areas to provide a faster and more reliable service aiming to reduce traffic congestions. There are railway
upgrades and expansion taking place to provide more efficient transport service. Several multi-modal transport
hubs were initiated integrating various modes of transport like busses, trains, and taxis for seamless passenger
transfer. In addition to the actions already taking place there have been several government announcements on
electrification of public buses (Climate & Clean Air Coalition, 2022) and Colombo sub-urban railways (Ministry of
Transport and Highways, 2013).

5.4.2 National-sectoral mitigation enablers and barriers

The transport sector faces humerous barriers that hinder climate mitigation options, but also enablers exist that
support climate action. The enablers and barriers are categorized and explained in more detail in Table 10 (annex)
and summarized below:

Geophysical feasibility: Enablers include the provisions already set to improve and expand existing road and
rail infrastructure while they are first build, develop Bus Rapid Transit (BRT) and Light Rail Transit (LRT) systems
in major cities (Ministry of Transport, 2009), and utilize the suitable climate and terrain for walking and cycling.
Additionally, rivers and canals offer potential for inland water transport. However, barriers include limited land
availability for new infrastructure in urban areas, terrain challenges for rail expansion, limited rail connectivity to
some industrial areas and ports, and significant seasonal water level changes in inland water systems.

Environmental and ecological feasibility: Sri Lanka's transport sector is a significant contributor to national
GHG emissions, with road transportation accounting for over 80% of transport emissions (Ministry of
Transportation and Civil Action, 2020). Understanding the enablers and barriers to GHG mitigation in this sector
is crucial for achieving its emission reduction goals. Reduced congestion, air pollution, and GHG emissions through
efficient transport systems and public transport shifts are potential benefits of an effective policy package (Mobility
Alliance, 2022). Non-motorized transport modes offer zero emissions, while inland water transport and
electric/hybrid vehicles can significantly lower emissions (Bastida-Molina et al., 2020). Improved vehicle fleet
efficiency also reduces fuel consumption and emissions. However, also potential environmental impacts from new
infrastructure construction, such as land use change and habitat loss are possible. Additionally, air pollution and
safety concerns affect non-motorized transport in urban areas, and inland water transport may harm aquatic
ecosystems. Electric vehicles need a clean electricity grid to maximize their environmental benefits.

Technological feasibility: Technologies for intelligent transport systems are already available, as well as for
traffic management, and electric mobility (Higueras-Castillo et al., 2023). Existing rail infrastructure can be
upgraded for freight transport, and technologies for intermodal transport, such as containerisation, are available.
BRT and LRT technologies are mature and widely used globally (Ministry of Transport, 2009), and electric and
hybrid vehicle technologies are readily accessible. However, policy measures also involve high upfront investment
costs for technology upgrades and infrastructure, the need for investment in rail infrastructure and logistics,
careful planning and integration of BRT and LRT systems with existing transport networks, limited charging
infrastructure outside urban areas, and substantial retrofitting costs for older vehicles, which can be challenging
for some income groups.

Economic feasibility: Enablers include the potential for taxes promoting public transport to generate substantial
government revenue and improved transport efficiency reducing fuel costs and travel time, boosting productivity.
Public transport can offer lower operating costs and fares compared to private vehicles (Pallawala, 2019), with
job creation potential in the sector. Rapid Transit systems can enhance travel times and reliability, while electric
vehicles have lower operating costs due to reduced fuel and maintenance expenses. Barriers include high upfront

Funded by Page 257 of 357

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

investment costs for BRT and LRT infrastructure, high costs of electric vehicles, potential negative impacts of
public transport taxes on low-income groups, the need for government subsidies to keep public transport
affordable, fare competitiveness with private vehicles, limited range of electric vehicles, and concerns about
battery life.

Sociocultural feasibility: There is a potential for improved accessibility, safety, and comfort for passengers,
increased convenience for urban residents through Rapid Transit modes, and a growing global trend towards
electric mobility (Higueras-Castillo et al., 2023). Developed road infrastructure also contributes to better road
safety and reduced travel time for commuters. However, other issues must also be considered like resistance to
changing travel habits and preferences, negative perceptions of public transport due to overcrowding,
unreliability, and safety concerns, cultural preference for motorized transport, limited public awareness and
demand for inland water transport, unfamiliarity with electric vehicles, and resistance from the automotive
industry and used vehicle importers to adopt fuel-efficient technologies.

Institutional feasibility: The Ministry of Transport and Highways is able to coordinate and implement transport
system improvements (Ministry of Transport, 2009). The Department of Motor Traffic can enforce fuel efficiency
standards, while public transport operators like the Sri Lanka Transport Board and Sri Lanka Railways should be
strengthened and modernized. The Road Development Authority can lead infrastructure development, and
existing tax and regulatory mechanisms can be adapted to promote public transport. Government incentives and
policies can also support electric vehicle adoption (Pallawala, 2019). However, coordination challenges among
agencies, limited institutional capacity for planning and implementation, lack of political will to prioritize public
transport investment, limited financial resources and technical capacity for large-scale upgrades, and the need
for regulations and standards for electric vehicle charging infrastructure exist.

5.9.3 (Quicklink to table on enablers and barriers)

5.4.3 Current status of national-sectoral policy

In the area of governance and planning instruments, the MNational Transport Policy (Ministry of
Transportation and Civil Action, 2020) is a central strategic instrument, though it currently exists only as a draft
and has not been officially adopted. It aims to guide the development of a safe, efficient, and sustainable transport
system in Sri Lanka. It emphasizes prioritizing public transport, integrating different modes of transport, and
reducing the sector's environmental impact. For example, the policy promotes the development of sustainable
transport infrastructure such as dedicated bus lanes and cycling paths. The importance of improving energy
efficiency and fuel economy in the transport sector is highlighted as a means of contributing to reduced emissions
and lower fuel costs. However, as the policy is still in draft form, not only is its regulatory power limited, but its
financing is also not secured.

Already implemented is the Urban Transport Development Plan (JAICA, 2014), which was developed with
assistance from the Japan International Cooperation Agency and aims to address the growing challenges of
urbanisation and traffic congestion in major cities. It outlines strategies for improving public transportation,
managing traffic demand, and promoting sustainable transport modes (bus rapid transit, light rail transit). For
instance, some concrete measures are the integration of different modes of transport through the development
of multi-modal transport hubs (MMTHSs), traffic demand management, parking management, etc. However,
implementation obstacles exist, including funding constraints and land acquisition issues.

The Integrated Road Investment Program (Asian Development Bank, 2023b) also contributes to promoting a
climate-friendly mobility with a smaller scope. It primarily aims to improve rural connectivity and modernize roads,
but also includes measures for climate adaptation. Overall, in Sri Lanka, there is a lack of comprehensive
strategies, goals, and urban/spatial/regional planning to consider the transport sector holistically and implement
coordinated and long-term climate protection measures. Notably, the topic of modal shift policies has been
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insufficiently addressed.

In addition to the framework for sustainable mobility, specific policy measures have also been implemented. As
a regulatory measure, the National Emission Standards (Central Environmental Authority, 2019) for new
vehicles, which align with Euro-4 standards, can be mentioned first. It sets maximum permissible limits for various
pollutants emitted by vehicles. The implementation has led to a significant reduction in emissions of harmful air
pollutants such as particulate matter (PM), nitrogen oxides (NOx), and carbon monoxide (CO) from new vehicles.
This is also related to the Motor Vehicle Act (Parliament of the Democratic Socialist Republic of Sri Lanka, 2009a).,
which mandates periodic inspection of vehicles to ensure compliance with emission and safety standards. This
helps to identify and address high-emitting vehicles, contributing to improved air quality and reduced emissions.
However, this requires robust enforcement mechanisms and regular monitoring of vehicle emissions. The act also
expands to speed limits depending on the area and vehicle type, though it is not explicitly linked to climate policy
yet. Vehicle imports (Ministry of Transport and Highways, 2016) are also addressed through regulatory measures.
This typically include age restrictions and emission standards for low-emission vehicles. This has helped to improve
the overall fuel efficiency and emissions profile of the vehicle fleet in Sri Lanka. Tax incentives for low-emission
vehicles were also introduced, but due to the lack of funding, these incentives are not effective as they do not
sufficiently reduce costs compared to high-emission vehicles. Vehicle import regulations are not currently a part
of a comprehensive strategy to reduce emissions from the transport sector.

Other economic instruments include Road User Charges (RDA, 2024), which, although currently only applied
to certain expressways in Sri Lanka and not explicitly implemented as a comprehensive policy instrument for
climate change mitigation, can be a mechanism to promote sustainable transport. By making driving more
expensive, they can incentivize the use of public transport and other low-emission modes. The Fuel Price
Mechanism (Ministry of Transport and Highways, 2011) has yet to realize its full potential, as Sri Lanka is yet to
integrate carbon taxes into the fuel pricing mechanism, particularly focusing on fuels for road transport. Continued
fuel subsidies, particularly for diesel, distort market signals, encourage overconsumption of fuel, and undermine
the impacts of GHG emissions. Fuel prices in Sri Lanka are not fully cost-reflective, failing to account for the
negative externalities of fuel consumption, such as air pollution and climate change impacts. This leads to under-
pricing of fossil fuels and discourages the transition to cleaner alternatives.

The mentioned instruments are supported by information instruments. The Measurement, Reporting, and
Verification (MRV) Framework (Climate Change Secretariat of Sri Lanka, 2019) for the Transport Sector in Sri
Lanka is a system designed to track and assess the progress of climate actions and their impacts in the transport
sector. It involves collecting and analysing data on GHG emissions, mitigation actions, and their effectiveness in
reducing emissions. This has addressed the issue of the lack of information and monitoring of environmental data
well, but the measures fall short of their potential as the necessary capacities for systematic data collection have
not yet been established. Studies have also been conducted on how a Nationally Appropriate Mitigation Action
(NVAMA) (UNDP, 2015) can be implemented, investigating the introduction of electric buses. Further barriers were
identified, such as financial resources, developing charging infrastructure, and training personnel. Public
awareness campaigns and knowledge-sharing measures remain a gap in the policy package, as do measures to
promote international cooperation.

The next table lists the individual policies and measures. Further information, including a brief description and an
assessment of the effectiveness of the policies, can be found in the annex in Table 11.

Table 36: Sri Lanka’s policy package (transport sector)
Type of
instrument

Status

Governance National Transport Policy (2020) — Draft
and planning Urban Transport Development Plan (2014)
instruments Integrated Road Investment Program (2023)
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National Emission Standards for Vehicles (2018)

Motor Vehicle Act (2007)

Regulations on Vehicle imports in Sri Lanka

(U ETIGEELEE G Fuel Pricing Mechanism

instruments Road User Charges

Information Measurement, Reporting, and Verification (MRV) Framework for the Transport Sector in Sri Lanka
instruments NAMA Design Document for the Transport Sector of Sri Lanka: Electric Bus Rapid Transit System

Regulatory
instruments

How to strengthen national-sectoral climate policy

Only a limited number of measures have been taken to reduce GHG emissions in Sri Lanka's transport sector.
Strengthening climate policy involves finalizing and implementing the National Transport Policy, expanding public
transportation infrastructure, implementing Traffic Demand Management measures, and encouraging non-
motorized transport options.

Firstly, the National Transport Policy, currently in draft form, needs to be officially adopted to provide a robust
regulatory framework for sustainable transport development. Its adoption could set a clear strategic direction for
the transport sector's decarbonisation including incentives for potential investment on infrastructure and clean
technologies. Effective implementation requires robust coordination among various institutions. Establishing a
centralized coordinating body can streamline efforts and improve communication among stakeholders. Enhancing
the capacity of existing institutions through training and resource allocation can ensure they are equipped to
enforce regulations and implement sustainable transport initiatives. Developing clear regulations and emission
standards for emerging technologies, such as electric vehicle charging infrastructure, is also essential.

Economic instruments need refinement to effectively promote sustainable transport. Integrating carbon taxes into
the fuel pricing mechanism and phasing out fuel subsidies would create market signals that encourage the
transition to cleaner alternatives. A comprehensive approach to road user charges and incentives for cleaner
vehicles could contribute to achieving emission reduction targets. Increasing tax incentives for low-emission
vehicles to make them more cost-competitive is also vital.

Strengthening the MRV-framework and fast-tracking the Nationally Appropriate Mitigation Action for electric buses
are also relevant. Public awareness campaigns and knowledge-sharing initiatives are crucial to changing travel
habits and increasing acceptance of sustainable transport options. These campaigns should focus on the benefits
of public transport, non-motorized transport modes, and electric vehicles. Additionally, promoting international
cooperation and leveraging global best practices can enhance the effectiveness of local policies.

Alongside all above measures, it is also important to establish a comprehensive social protection mechanism to
mitigate adverse effects on affordability, particularly those who are struck by the ongoing economic crisis. This
could include targeted subsidies for the less well-off, public transport fare discounts or even direct cash transfers
to help with rising costs. Moreover, expanding and improving public transportation infrastructure can provide
cheaper options other than owning private cars.

In conclusion, strengthening Sri Lanka's transport policy requires a multi-faceted policy package involving
institutional coordination, economic incentives, public awareness, international cooperation, and innovative
funding. These measures will collectively promote a sustainable, efficient, and climate-friendly transport sector in
Sri Lanka.

5.5 Buildings

5.5.1 Current decarbonisation status and prospects

Sri Lanka’s NDC does not explicitly layout a separate GHG emission reduction targets for the building sector.
However, the mitigation efforts related to the building sector are integrated into the targets set out across other
sectors, particularly the energy sector.

Sri Lanka'’s building sector is currently expanding particularly in the urban areas with high rise developments and
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hospitality projects (Jayalath and Gunawardhana, 2017). There is also a high growth in individual housing unit
constructions using conventional methods and materials which are natural resource intensive. Most of such
constructions are conducted informally without adhering to regulations or quality standards (Senadeera et al.,
2019). This hinders the implementation of sustainable practices and data collection for monitoring emissions.

In addition to the natural resource depletion, the sector's GHG emissions are accounted of the production of
building materials like cement, calcite, and steel. Although the industrial sector, including construction, accounts
only for 2.5% of Sri Lanka’s total GHG emissions (Ministry of Environment, 2021a), the indirect emissions from
energy consumption and transportation associated with construction are significant.

The Green Building Certification is active in Sri Lanka including guidelines for sustainable construction (Ministry
of Urban Development and Housing, 2020) and Energy Efficient Building Codes (SLSEA, 2021). Although these
regulatory frameworks are in place, the widespread adoption is hindered by weak stakeholder engagement and
financial resources. It has been identified in the Energy Efficient Building Code that most significant opportunities
for GHG emission reduction lie in the planning and design stages of building projects. In addition, plans are being
made to implement mandatory building codes, energy efficiency standards for appliances, and green building
certifications to drive the adoption of sustainable practices in the building sector of Sri Lanka.

5.5.2 National-sectoral mitigation enablers and barriers

The building sector faces numerous barriers that hinder climate mitigation options, but also enablers exist that
support climate action. The enablers and barriers are categorized and explained in more detail in Table 12 (annex)
and summarized below:

Geophysical feasibility: Sri Lanka's diverse climatic zones can support the adaptation of various building
designs and technologies, promoting climate-friendly building policies (Herath et al., 2018). However, these zones
also pose significant barriers due to their vulnerability to extreme weather events such as floods, cyclones, and
droughts (Climate Change Secretariat of Sri Lanka, 2010). The frequency of these events has increased over the
years, influenced by changes in the climate of the Bay of Bengal.

Environmental and ecological feasibility: The building sector can benefit from using locally sourced, low-
impact materials for informal housing (Ministry of Urban Development and Housing, 2020), and there are
opportunities for green infrastructure techniques like green roofs, rainwater harvesting, and grey water
management (Herath et al., 2018). However, environmental impacts from resource extraction and construction
waste disposal pose significant barriers if sustainable practices are not followed (Athapaththu et al., 2016).
Additionally, rapid urbanisation is causing land-use changes and habitat loss, further complicating efforts to
implement climate-friendly building policies (Abeysekera et al., 2016).

Technological feasibility: Enablers include access to modern construction techniques and materials, along with
a growing interest in sustainable technologies like Compressed Stabilised Earth Block (CSEB) and solar PV for
buildings. These factors promote climate-friendly building policies. However, barriers include the limited adoption
of sustainable practices due to cost and lack of awareness (Athapaththu et al., 2016), as well as a shortage of
skilled labour for implementing advanced technologies.

Economic feasibility: Climate-friendly building policies are supported by opportunities for cost savings through
energy-efficient design and renewable energy integration, along with government incentives for green building
certifications (Ministry of Urban Development and Housing, 2020). However, barriers include the high upfront
costs of sustainable materials and technologies (Senadeera et al., 2019) and limited financial mechanisms and
incentives for low-income housing to adopt sustainable designs.

Sociocultural feasibility: The ongoing energy crisis and high energy bills are driving public interest in
sustainable living and green building concepts, promoting climate-friendly building policies. However, barriers
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include a strong cultural preference for traditional designs and materials, which may hinder the adoption of some
sustainable practices. Additionally, there is a lack of awareness about the benefits of sustainable buildings
(Athapaththu and Karunasena, 2018).

Institutional feasibility: Sri Lanka's climate-friendly building policies benefit from established institutions like
the Green Building Council and the Urban Development Authority, which authorize Green Building certification
schemes (Ministry of Urban Development and Housing, 2020). Additionally, government policies are being
developed to promote sustainable urban planning (Ministry of Environment, 2019). There are established
institutions in Sri Lanka responsible for establishing building codes and regulations such as the Department of
Buildings and Construction Industry Development Authority (CIDA) functioning under the Ministry of Urban
Development and Housing. However, these institutions lack capacity for monitoring and reinforcing the building
codes and regulations nationwide (Senadeera et al., 2019). In addition, there is a lack of comprehensive data on
building energy performance and emissions which are essential aspects of tracking the level of GHG emissions
from the building sector.

5.9.4 (Quicklink to table on enablers and barriers)

5.5.3 Current status of national-sectoral policy

In Sri Lanka, a policy package has been implemented to promote climate-friendly new construction and existing
buildings. This package comprises a governance framework, regulatory instruments, as well as economic and
informational measures.

In terms of governance and planning instruments, two political bodies are mainly responsible for building
policies, namely the Ministry of Urban Development and Housing, which is the primary responsible for formulating
and implementing national policies related to urban development and housing, including building regulations and
standards, and the Urban Development Authority (UDA), which is a statutory body under the Ministry of Urban
Development and Housing and is responsible for planning and regulating urban development activities, including
enforcing building codes and regulations in urban areas. The Sri Lanka Sustainable Housing and Construction
Roadmap 2020-2050 (Ministry of Urban Development and Housing, 2020) outlines a comprehensive strategy for
transitioning Sri Lanka's housing and construction sector towards sustainability. The roadmap provides a holistic
and long-term vision for sustainable housing and construction, covering the entire lifecycle of buildings from
planning to demolition (including urban planning, building design, materials, operations, appliances, clean energy,
demolition, and resilience). Several capacity building programs and workshops have been conducted to enhance
the knowledge and skills of professionals in the industry. However, it is important to note that there is a lack of
comprehensive data on the environmental performance of the building stock in Sri Lanka. This makes it difficult
to accurately assess the impact of the implementation of the roadmap and identify areas for improvement.
Another overarching regulation is the Protection of the Construction Industry Development Act, No.33 of 2014
(Parliament of the Democratic Socialist Republic of Sri Lanka, 2014), which aims to develop and regulate the
construction industry in Sri Lanka, to ensure quality standards, to increase professionalism and to promote
sustainable practices. The Construction Industry Development Authority (CIDA) was established to control and
implement the Act's provisions. To address the lack of information, CIDA has initiated training programs and
workshops for construction professionals to enhance their knowledge and skills. However, it also has to be
mentioned that significant portion of the construction sector in Sri Lanka operates informally, with many small-
scale projects being undertaken without adherence to regulations or standards. This hinders the implementation
of sustainable practices and makes it difficult to monitor emissions from the sector. As cooling is very relevant for
Sri Lanka, the National Cooling Policy (Ministry of Environment, 2021b) was formulated as a strategy to address
the growing demand in Sri Lanka while minimizing the environmental impact. The document has not yet been
officially adopted, but it aims to focus on improving access to cooling, increasing energy efficiency, reducing GHG
emissions and protecting the ozone layer.
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Regulatory instruments in particular include the Energy Efficiency Building Code (EEBC) (SLSEA, 2021), which
is a key instrument for promoting a climate-friendly building sector. The EEBC aims to improve the energy
performance of buildings by setting minimum requirements for energy efficiency in design, construction, and
operation. It covers various aspects, including building envelope, HVAC systems, lighting, and appliances. The
introduction of the EEBC has raised awareness among architects, engineers, and builders about the importance
of energy efficiency in building design and construction, although there is still potential for further capacity building
programs. However, it should be noted that the Building Codes currently only apply to commercial buildings,
industrial facilities, and large-scale housing developments exceeding specific criteria (e.g., floor area, power
demand, air conditioning capacity). Expanding the scope to include smaller residential buildings would have a
greater impact on overall energy consumption and emission reductions. Energy Efficiency Standards and Labelling
Program (SLSEA, n.d.) is set to reduce energy consumption from buildings by applying standards and providing
consumers to choose efficient appliances. Expanding the scope to include other energy-consuming appliances,
like televisions and washing machines, would further enhance the impact. While awareness has increased, some
consumers still prioritize price over energy efficiency when purchasing appliances. Continued awareness
campaigns and education programs are needed to encourage a shift towards more sustainable consumption
patterns. However, these standards do not cover other aspects of building energy consumption such as building
design and insulation.

There is still a large gap in the policy package when it comes to economic instruments. Many of the measures
already mentioned will only develop their full potential if financing is secured. Examples of economic instruments
include energy efficiency obligations, financial incentives (for highly energy efficient buildings, alternative forms
of housing etc.), loans and grants.

In contrast, Sri Lanka has introduced a number information instruments, although these focus primarily on
labels and certificates. The first of these is a Voluntary Green Building Certificate (Green Building Council of Sri
Lanka, 2023). The number of certified green buildings in Sri Lanka has been steadily increasing, indicating a
growing demand for sustainable buildings and a positive shift in the market. Furthermore, some buildings in Sri
Lanka have achieved international LEED Certification, demonstrating its potential for green building development.
This has increased awareness and acceptance of climate-friendly construction, particularly in commercial
buildings, as homeowners and small-scale developers still face challenges like higher costs and lack of awareness.
Certificates are not only an informational instrument but can also be counted among the market-based
instruments. They can provide developers and building owners with an incentive to introduce environmentally
friendly building technologies and practices. A Green Labelling System for Sustainable Building Materials and
Products (GREENSL) (Green Building Council of Sri Lanka, 2022) is also available. This is a voluntary, third-party
certification system that evaluates, and labels sustainable building materials and products based on their
environmental performance across their lifecycle. Acceptance, however, is still limited. Many manufacturers and
builders still opt for conventional materials due to cost considerations or lack of awareness about the benefits of
sustainable alternatives.

Finally, it should be noted that in addition to the policy measures mentioned, the policy package for buildings also
lacks other policies such as policies promoting energy services, public procurement and R&D policies.

The next table lists the individual policies and measures. Further information, including a brief description and an
assessment of the effectiveness of the policies, can be found in the annex in Table 13.
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Table 37: Sri Lanka’s policy package (building sector)
Type of
instrument
Governance Sri Lanka Sustainable Housing and Construction Roadmap 2020-2050
=L EL LI Construction Industry Development Act, No.33 of 2014
instruments National Cooling Policy (Draft)

Energy Efficiency Building Code (EEBC) of Sri Lanka

Energy Efficiency Standards and Labelling Program.

Status

Regulatory
instruments

Market-based
instruments

Information Green Building Certifications in Sri Lanka
instruments Green Labelling System for Sustainable Building Materials and Products (GREENSL) in Sri Lanka

5.5.4 How to strengthen national-sectoral climate policy

First of all, improving governance and planning frameworks is crucial. In strengthening Sri Lanka's building sector
climate policy, the government must finalize and implement the National Sustainable Housing and Construction
Roadmap while addressing financial barriers and data gaps. Developing a comprehensive data collection system
to monitor the environmental performance of buildings is essential for assessing the impact of implemented
policies and identifying improvement potentials.

Strengthening the enforcement of existing regulations and expanding the scope of the Energy Efficiency Building
Code (EEBC) to include smaller residential buildings can significantly enhance energy efficiency across the sector.
Energy efficiency standards and labelling are currently only available for a few selected appliances. This regulation
could be extended to other products and building technologies. Circular economy aspects could also be addressed
more strongly here.

Furthermore, introducing more robust financial incentives, such as subsidies, tax rebates, and low-interest loans
for green building projects, can encourage investment in energy-efficient technologies and materials. Additionally,
establishing a fund for climate-resilient infrastructure can ensure consistent financial support for both new
constructions and the renovation of existing buildings. This is still the biggest gap in the policy package.
Investing in technological innovation and capacity building is another key area. Promoting R&D in sustainable
building technologies, such as advanced insulation materials, energy-efficient appliances, and renewable energy
systems, can drive technological advancements in the sector.

Another key area in the Sri Lanka policy package for buildings are labelling and certification measures. In this
regard, making green building certifications mandatory for some projects and increasing GREENSL-certified
products could encourage broader sustainable practices. In addition, enhancing energy efficiency labeling
programs to include more appliances and increase consumer awareness is crucial. Also, considering the informal
construction sector, incentivizing sustainable building practices, and extending the Energy Efficient Building Code
to smaller residential buildings would significantly reduce GHG emissions.

Additionally, expanding capacity-building programs and training for architects, engineers, and construction
workers on the latest sustainable building practices can enhance the overall quality and sustainability of
construction projects.

5.6 AFOLU

5.6.1 Current decarbonisation status and prospects
Out of the 65,610 km? of land in LKA, 35% is used for agriculture and about 30% remains as forests (Department
of Land Use Policy Planning, 2016). Home gardens account for 18% of the total land area. The main agricultural
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products in LKA are rice/paddy, tea, rubber, and coconut. About 70% of the land available for agriculture is used
for these major crops. The overall agricultural production contributes to about 7% of LKA's GDP whereas the
sector has been the livelihood for more than 1.65 million smallholder farmers (Central Bank of Sri Lanka, 2023a).
Most of these smallholder farmers lack access to modern technology and practices, leading to low productivity
and high emissions.

According to the NDCs, Sri Lanka aims to reduce the GHG emissions in the forestry sector and in the agriculture
and livestock sector by 7%, as illustrated in the next figure. This is planned to be achieved by current policy
formulations aimed at promoting sustainable agriculture and environmentally conscious farming. This includes
modernizing agriculture practices, using renewable energy, reducing water usage, and improving value addition
and waste management in both crop and livestock sectors (Ministry of Agriculture, 2021).

GHG Emission Projection and Emission Reduction Targets (Agri & Livestock Sector)

7,000 . Unconditional - 4% w.r.t. BAU
Conditional - 3% w.r.t BAU

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
BAU scenario — —4% Unconditional Target — 7% Unconditional + Conditional Target

Figure 14: Emission reduction projection (agriculture and livestock)
(Ministry of Environment, 2021a)

The forest cover in Sri Lanka has been severely degraded due to land conversion for agriculture, plantations, and
development activities like highway construction (Sri Lanka UN-REDD Programme, 2017). At the same time there
have been natural forest fires. Deforestation remains a significant challenge to Sri Lankas'’s high biodiversity and
has led to landslides, soil erosion and flooding, particularly in the wet zone.

One of the key highlight targets of Sri Lanka’s NDCs is to increase the forest cover to 32% of the total land area
by 2030 and subsequently increase the natural carbon sequestration capacity by 7% compared to the BAU
scenario (Ministry of Environment, 2021a). To enhance carbon sequestration, the government is planning to
prioritize reforestation, restoration of degraded land and agroforestry initiatives. Key strategies here are first to
promote sustainable forest management practices and secondly to engage the public sector in those initiatives.
To disaster risk reduction and climate change adaptation, it has been identified to utilize nature-based solutions
such as mangrove restoration and forest conservation on steep slopes (Ekanayake and Theodore, 2017).
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Carbon Sequestration Capacities and NDC Targets (Forestry Sector)
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Figure 15: Carbon Sequestration Capacity Projections (Forestry Sector)

(Ministry of Environment, 2021a)

National-sectoral mitigation enablers and barriers

The AFOLU sector faces numerous barriers that hinder climate mitigation options, but also enablers exist that
support climate action. The enablers and barriers are categorized and explained in more detail in Table 14 (annex)
and summarized below:

Geophysical feasibility: Enablers include diverse climatic zones and soil types suitable for various tree species
(Ekanayake and Theodore, 2017), diverse agro-ecological zones suitable for various crops and livestock systems,
and potential for expanding renewable energy generation in rural areas (solar, biogas)(Department of Land Use
Policy Planning, 2016). However, barriers include limited land availability due to competing land uses like
agriculture and urbanisation, and vulnerability to extreme weather events such as droughts and floods, which can
negatively impact reforestation efforts, crop yields, and livestock production (Climate Change Secretariat of Sri
Lanka, 2012).

Environmental and ecological feasibility: Reforestation and afforestation efforts (De Zoysa, 2017), along
with sustainable agriculture practices (Ministry of Environment, 2015) are enablers improving soil health,
biodiversity and water resources. Forests are crucial to contribute to carbon sequestration and provide essential
ecosystem services (Mattsson, 2012). The long-term success of these initiatives needs to address the barriers
such as invasive plant species threatening native ecosystems, intensive agriculture practices leading to soil erosion
and water pollution, and overgrazing and deforestation for agricultural expansion (Balasooriya et al., 2015;
Ekanayake and Theodore, 2017).

Technological feasibility: Access to modern forestry techniques and technologies such as remote sensing, GIS
and drones as well as improved tree varieties and agroforestry systems is an important factor (Mattsson, 2012).
Improved plant varieties, precision farming technologies and efficient irrigation systems are also available. In
addition, the current energy crisis has sparked interest in renewable energy applications in agriculture, such as
solar-powered irrigation pumps and biogas digesters. However, barriers are also available and include limited
uptake of these technologies due to high costs and lack of awareness among smallholder farmers (Jayalath and
Gunawardhana, 2017), who face significant upfront costs and limited access to technology and technical capacity.

Economic feasibility: Enablers consist of income and employment opportunities from forest-based industries
(De Zoysa, 2017), incentives from carbon credits and payments for ecosystem services, and increased productivity
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and reduced input costs through efficient resource management and technology adoption. Additionally, there is
potential for higher income through value addition and market access for diversified crops and livestock products.
However, barriers include high upfront costs for reforestation and forest management, competing economic
interests in land use (such as energy generation, agriculture, and tourism), and high investment costs for
technology adoption and infrastructure development for sustainable agricultural practices (Mattsson, 2012).

Sociocultural feasibility: The society's strong cultural and spiritual connection to forests supports community-
based forest management models, fostering participation and ownership (De Zoysa, 2017). However, barriers
include land tenure issues, conflicts over forest resources, and a lack of awareness and capacity among local
communities regarding sustainable forestry practices. Moreover, resistance to change and adoption of new
technologies among traditional farmers pose challenges. Additionally, land tenure issues and social inequalities
can impede access to resources and opportunities within the farming community.

Institutional feasibility: Existing policies and institutions for forest conservation and management, along with
government agencies supporting agriculture and livestock development, serve as enablers. Initiatives promoting
sustainable agriculture practices and renewable energy adoption also contribute positively. However, weak
enforcement of forestry regulations and illegal logging hinder deforestation reduction efforts (Ekanayake and
Theodore, 2017). Limited coordination among different agencies involved in agriculture and land-use poses a
challenge. Additionally, the weak enforcement of environmental regulations in the agricultural sector further
complicates the implementation of climate-friendly policies.

5.9.5 (Quicklink to table on enablers and barriers)

5.6.2 Current status of national-sectoral policy

In Sri Lanka, there is potential through diverse climatic zones, soil types, and suitable areas for the expansion of
renewable energies. Also, the strong cultural and spiritual connection of the Sri Lankan society to forests is
important. On the other side, the sector faces challenges such as extreme weather events, intensive agriculture,
water pollution, and loss of biodiversity. Therefore, it is crucial to focus on the AFOLU sector and implement
measures to promote climate protection. The AFOLU sector is characterized by governance and planning
instruments. The National Environment Action Plan (NEAP) 2022-2030 (Ministry of Environment, 2022) outlines
strategies and actions to address environmental challenges and achieve sustainable development in Sri Lanka. It
encompasses various sectors, including land use, with a focus on sustainable land management, biodiversity
conservation, and climate change adaptation and mitigation. However, the NEAP still lacks robust monitoring and
evaluation mechanisms to track progress towards its goals.

Another policy addressing multiple areas is the National Climate Change Policy (Climate Change Secretariat of Sri
Lanka, 2012). It also encompasses mitigation and adaptation strategies across various sectors, including land use
(forestry and agriculture). The policy has implemented initiatives for forest conservation, reforestation, and
afforestation. These efforts have contributed to increasing carbon sequestration and enhancing the resilience of
ecosystems to climate change impacts. However, the policy lacks specific and quantifiable targets for GHG
emission reduction. Limited availability of reliable and comprehensive data on land use and land-use change
(LULUC) makes it challenging to monitor the progress of the policy's implementation and assess its impact on
GHG emissions.

The National Physical Planning Policy (National Physical Planning Department, 2019) provides a comprehensive
framework for guiding land use and development in Sri Lanka. It aims to promote sustainable development by
integrating economic, social, environmental, and climate considerations into land use planning decisions. The
policy identifies different zones for urban development, conservation, and agriculture, based on environmental
and climate considerations. This can help minimize land-use conflicts and promote climate-resilient development.
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As mentioned earlier, stakeholder engagement, closing data gaps and enforcing clear political will are crucial.

In addition, the National Land Use Policy (Department of Land Use Policy Planning, 2016) specifically addresses
the AFOLU sector. It provides a framework to ensure proper land utilisation, balancing competing demands for
food security, economic development, and environmental conservation. The policy recognizes the importance of
sustainable livelihoods and climate resilience, but it lacks specific and quantifiable targets for reducing emissions.
Conflicts between agriculture, urbanisation, infrastructure development, and conservation persist. The National
Forest Policy (Ministry of Agriculture Lands and Forestry, 1995) aims to ensure the conservation, management,
and sustainable development of forests in Sri Lanka. The policy has led to the establishment and expansion of
protected areas, conserving biodiversity, and contributing to carbon sequestration. Despite the policy's objectives,
deforestation and forest degradation continue to be significant challenges in Sri Lanka due to illegal logging,
encroachment, and unsustainable land-use practices.

Reducing emissions from deforestation and forest degradation while promoting sustainable forest management,
biodiversity conservation, and community livelihoods is the goal of the National REDD+ Strategy. The National
REDD+ Investment Framework and Action Plan (NRIFAP) (The Ministry of Mahaweli Development and
Environment, 2017) established a National REDD+ Steering Committee and a REDD+ Secretariat, providing a
strong institutional structure for implementing REDD+ activities and coordinating efforts among different
stakeholders.

In the area of regulatory instruments, three measures can be mentioned here, although especially standards
and certification are still missing. Firstly, the Forest Conservation and Management Act (FCMA) of Sri Lanka
Parliament of the Democratic Socialist Republic of Sri Lanka, 2009b) aims to regulate timber and forest produce
transport and addresses issues related to forest conservation and utilisation. The Act emphasizes sustainable
management of forest resources, including the utilisation of forest produce, promoting a balance between
conservation and the use of forest resources for livelihoods and economic development. The second regulatory
measure is the Land Development Ordinance of Sri Lanka (Ministry of Justice, 1935). Although ecological criteria
play a role in its implementation, some provisions of the ordinance are outdated and do not reflect the current
understanding of land use and environmental sustainability. The third measure is the Soi/ Conservation Act (The
Ministry of Agriculure Development and Agrarian Services, 2009), which focuses on the conservation of soil
resources, prevention, and mitigation of soil erosion, and protection of land against damage by floods, salinity,
alkalinity, waterlogging, and drought. The Act was enacted in 1951 and amended in 1996, and some of its
provisions are outdated and do not align with current challenges and scientific understanding of soil conservation
and climate change. A review and update of the Act is necessary to ensure its effectiveness in addressing
contemporary issues.

Among the market-based instruments, Payment for Ecosystem Services (PES) (Kallesoe and Alwis, 2005) is
a main policy. It is a mechanism where beneficiaries of ecosystem services, such as carbon sequestration,
watershed protection, or biodiversity conservation, provide financial or other incentives to landowners or
managers who maintain or enhance those services. Initially, only pilot projects were implemented, but the concept
of PES is gaining traction in Sri Lanka, with increasing awareness among government agencies, NGOs, and local
communities about its potential benefits for both environmental conservation and economic development. Since
the measure is still in an early stage, there are still implementation deficits. Clear guidelines and regulations are
needed to ensure transparency, accountability, and fair distribution of benefits.

Another policy to address economic barriers is the Green Financing System (Central Bank of Sri Lanka, 2022b),
which was established to finance investments in projects that promote environmental sustainability and climate
action. In Sri Lanka, this includes loans, grants, and other financial mechanisms designed to support sustainable
agriculture and forestry practices, and renewable energy in the AFOLU sector. An example is financial support to
smallholder farmers for adopting sustainable agricultural practices, such as organic farming and agroforestry.
However, challenges in implementation remain. Many farmers and small businesses face challenges in accessing
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green finance options due to limited financial literacy, collateral requirements, and complex application
procedures. Additionally, the policy package in the area of economic instruments could be expanded through, for
example, taxes on food waste, public procurement, and access to financial resources.

The barriers of missing information and acceptance, as in many other sectors, are only addressed by a few
measures. The National Land Use Information System (Sri Lanka Survery Department, n.d.) is a centralized
database and platform designed to collect, manage, analyse, and disseminate land-use and land-cover (LULC)
data in Sri Lanka. The system enables the creation of detailed land-use maps and the analysis of land-use change
over time. Measures to inform different stakeholders (knowledge and expertise development, educational
programs, consumer empowerment, food information) or to convince them of climate-friendly activities and
investments are lacking so far and could be an important and effective addition to the existing policy package.
The next table lists the individual policies and measures. Further information, including a brief description and an
assessment of the effectiveness of the policies, can be found in the annex in Table 15.

Table 38: Sri Lanka’s policy package (AFOLU sector)
Type of
instrument

National Environment Action Plan (NEAP) 2022-2030 of Sri Lanka
National Climate Change Policy (2012)

National Land Use Policy (2016)

National Forest Policy (1995)

National Physical Planning Policy (2017-2050)

National REDD+ Strategy Sri Lanka

Forest Conservation and Management Act (FCMA) of Sri Lanka (2009 Amendment to the Forest
Regulatory Ordinance of 1907)

instruments Land Development Ordinance of Sri Lanka

Soil Conservation Act

(BT EELEEEEE Payments for Ecosystem Services (PES)

instruments Green Financing

Information
instruments

Governance
and planning
instruments

National Land Use Information System (NLUIS)

5.6.3 How to strengthen national-sectoral climate policy

To enhance Sri Lanka's AFOLU sector climate policy, the government must strengthen land-use conflict resolution,
monitoring, and enforcement mechanisms. This is also important to track the progress of existing policies like the
National Environment Action Plan and the National Climate Change Policy. Developing comprehensive databases
and regular reporting frameworks can ensure greater transparency and accountability.

Furthermore, clear, quantifiable goals for reducing emissions and improving land-use practices are needed.
Strengthening institutional coordination is another critical step. Improving collaboration among various
government agencies involved in land use, forestry, and agriculture will streamline efforts and enhance policy
implementation.

With regard to specific policy measures, policies like the National Forest Policy and Forest Conservation Ordinance
need updating to integrate climate change adaptation strategies and address illegal logging and unclear land
tenure. Additionally, addressing the financial barriers is necessary. Expanding access to green financing options
and providing financial incentive programs can empower different actors like farmers to adopt sustainable
practices. Expanding Payments for Ecosystem Services schemes, promoting sustainable land management
practices, and ensuring adequate funding for conservation are essential.

Promoting public awareness and education on sustainable practices can foster acceptance. Implementing
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educational programs and campaigns to inform different stakeholders about the benefits of climate-friendly
activities and investments is an important step. Increased awareness and access to green financing, improved
national land Use information system data, and integrating climate change considerations into agricultural policy
can significantly reduce GHG emissions and achieve targets for climate protection.

5.7 Conclusion

Sri Lanka is currently facing an economic crisis with the prolonged effects of COVID-19 leading to a decline in per
capita GDP, inflation and shortage of essential goods. In addition, Sri Lanka is prone to climate change impacts
and is among the highly vulnerable countries. Despite these setbacks, the government has taken ambitious
measures to address the climate change and rebuild the economy.

Emission reduction from the industrial sector of Sri Lanka is plausible by shifting toward cleaner production
technologies, resource management and the principles of circular economy. These can be facilitated through
operationalising policies such as the National Cleaner Production Policy, the National Environment Action Plan,
and the National Plan for Industrial Development. It is also essential to enforce existing regulatory standards to
include energy efficiency, circular economy principles, and GHG emissions, along with the additional financial
incentives for green investments, could strengthen the policy structure. To overcome such a resistance, therefore,
an organisation will need to engage in capacity building and awareness programs to promote the new technologies
and business models.

The key proposals for the energy sector would need to adopt a proactive approach of developing utility-scale and
residential-scale renewable energy projects, more investments in energy storage and smart-grid technologies and
refines the level of dedication to aggressive energy efficiency standards. The regulatory framework needs to be
streamlined for renewable energy integration and ensuring the financial sustainability of the feed-in tariff
schemes. This is crucial for attracting investments to achieve the ambitious renewable energy targets thereby
ensuring a secure and affordable energy supply. It is also recommended that the National Energy Benchmarking
Portal is enhanced/expanded and mandated across all other sectors also to report annually to promote broader
energy efficiency goals.

The transport sector leading with annual GHG emissions so far has the least level of activities conducted to reduce
GHG emissions. Finalizing and enforcing transport infrastructure and public transport, setting up Traffic Demand
Management programs, and promoting non-motorized means of transport are highly important for the transport
sector. To achieve a faster emission reduction several actions must take place. These include taking a carbon
taxation system into the fuel pricing mechanism, gradual reduction in fuel subsidies and setting-up economic
instruments to promote sustainable transport choice. Improvement of the MRV framework and expedited
implementation of NAMA and electric buses, combined with public awareness will encourage a transition to a
climate-friendly and sustainable transport sector in Sri Lanka.

Finalizing and implementing the National Sustainable Housing and Construction Roadmap to address financial and
data gaps is crucial to the building sector. To drive the adoption of energy-efficient building materials and
technologies, the enforcement of current regulations that govern the sector, expanding the scope of the Energy
Efficiency Building Code to include smaller residential buildings and introducing green building projects are
essential. Investing in technological innovation, capacity building and promoting green building certifications and
labelling programs will further enhance the sustainability of the building sector.

To enhance the climate policy in AFOLU sector, in Sri Lanka, it requires strengthening land-use conflict resolution,
monitoring, and enforcement. Develop comprehensive databases, as well as regular reporting frameworks, will
ensure transparency and accountability. It is important to set clear and quantifiable goals to reduce emissions,
improve land-use practices, as well as strengthen institutional coordination. Furthermore, updating relevant
policies like the National Forest Policy and Forest Conservation Ordinance to include climate change adaptation
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strategies, and address issues like illegal logging and unclear land within tenure are essential. It is also important
to ensure that Sri Lanka has access to green financing, promote sustainable land management practices, and
public awareness raising through educational programs.

Overall, Sri Lanka needs better coordination among government agencies, aligning national goals with local
implementations, and simplifying bureaucratic processes for effective sectoral climate policy. Financial resources
must be secured, institutional capacity built, and policies executed effectively. Market-based instruments, like
carbon pricing, should be incentivized. Improved data collection and knowledge sharing will enable effective
decision-making and public awareness.

Policy implementation must consider local contexts and needs. Community-based approaches should be
encouraged to empower local participation and tailor solutions. Social equity considerations ensure vulnerable
communities are protected, and policies are inclusive. Regional differences must be acknowledged in policy
design, requiring an understanding of socioeconomic factors and tailoring solutions accordingly.

By incorporating these recommendations, Sri Lanka can overcome barriers, accelerate progress toward climate
goals, and achieve a sustainable future where national aspirations align with local realities. This requires
continuous policy monitoring and assessment, adapting to new challenges and opportunities. Prioritizing
coordinated action, efficient implementation, and equity-based solutions will pave the way toward a climate-
resilient and prosperous Sri Lanka that thrives in a changing world.
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5.9 Annex
5.9.1 Industry

5.9.1.1 National-sectoral mitigation enablers and barriers

Table 39: Overview of enablers and barriers (industry sector)
(Fernando, 2021; Hemakumara and Dissanayake, 2020, Karunarathne and Madhushan, 2021, Maheepala and
Jayasinghe, 2018; Ministry of Environment, 2005)

Dimension Enablers Barriers
Ample biomass resources available (e.g. Geographic constraints may limit sustainable
agricultural residue, wood waste) to establish a | biomass availability in certain regions.
sustainable biomass supply for industries in Sri The types of industries are geographically

Lanka. dispersed. Therefore, the widespread adaptation
Resource efficient cleaner production practices and monitoring of RECP may be challenging.
(RECP) are applicable to most industrial Eco industrial parks may face the challenge
processes and sectors across Sri Lanka. limited land availability and suitability.
(c=[]0]1) A1 There is a potential to convert existing industrial | There is a lack of infrastructure and systems for
feasibility zones to eco-industrial parks. waste collection, sorting and recycling which
Adapting circular economy concept can be may hinder the use of circular economy
facilitated by the diversity of industries available | concepts.
in Sri Lanka. Limited availability of suitable sites within the
Tri-generation is suitable for many industrial industrial zones to establish tri-generation
zones as they are with high energy demands for | plants.
electricity, heating, and cooling. Limited availability of alternative material as
substitutions to for clinker.
SN EL Y Reduction in pollution and resource depletion There is potential for unsustainable biomass
F1Eele) [o1e[[o=1 I8 can be achieved through RECP. sourcing if not managed properly leading to
feasibility deforestation and land degradation.
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Industrial eco-parks have significant potential
for resource sharing, waste minimisation, and
pollution reduction.

Significant potential for resource conservation,
waste reduction and pollution prevention
through circular economy.

Tri-generation can significantly improve energy
efficiency and reduce emissions compared to
separate generation of electricity, heating and
cooling.

Clinker substitution can reduce GHG emissions
significantly from cement production.

Some RECP practices and circular economy
practices may require trade-offs with other
environmental goals.

Substitutions for clinker production can create a
trade-off between clinker reduction and cement

quality.

There is established technology existing in Sri
Lanka for biomass boilers and efficient
combustion.

RECP technologies and methodologies are
available and adaptable.

Eco-industrial park models and technologies are
well established globally.

Circular economy principles and practices are
increasingly adopted worldwide.
Tri-generation technologies are mature and
available.

Application of RECP technologies and upgrades
still come with high upfront costs for SMEs.
Adoption of circular economy models may
require significant changes in business practices.
High initial investment costs and complex
implementation for tri-generation technologies in
Sri Lanka.

There is limited access to finance and
technology transfer for SMEs in Sri Lanka.

Sustainable biomass can reduce fuel costs and
dependence on fossil fuels in the long run.
RECP and circular economy practices bring (long
term) cost savings through resource
optimisation and waste reduction.
Tri-generation can reduce energy costs and
improve energy security.

Clinker substitutions can reduce production costs
and carbon footprint of cement.

Policy incentives and market mechanisms can
drive adoption of low carbon technologies.

Short term costs of implanting RECPs and
circular economy practices may deter some
industries.

Require coordinated planning and collaboration
among multiple stakeholders to adopt eco-
industrial parks and tri-generation.

Lack of support to face with the uncertainties
and risks associated with new business models
within circular economy.

Current market acceptance of low-carbon
cement may be limited due to performance
concerns.

Current economic instability and fluctuating
mark conditions can affect investment decisions.

Sustainable biomass supply chains and RECP
practices offer potential job creation and
improved working conditions.

Eco-industrial parks, tri-generation facilities, and
circular economy initiatives offer community
benefits and engage consumers.

Low-carbon construction materials can be
promoted to emphasize the benefits.

Raising awareness and fostering stakeholder
engagement are crucial for the success of all
initiatives.

There is still resistance from industries
accustomed to fossil fuels and lack of awareness
/technical capacity may hinder adoption of
certain RECP practices. Especially the cement
and manufacturing industries have concerns to
adopt low-carbon material due to perceived risks
and uncertainties.

There is a need for mindset/behaviour shifts
towards sustainable consumption.

Lack of awareness and understanding of climate
change issues among stakeholders.
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Institutional

feasibility

initiatives.

Government support through policies and
incentives is crucial for biomass energy, eco-
industrial parks, circular economy, tri-generation
facilities, and low-carbon cement adoption.
Strong institutions and coordination mechanisms
are essential for effective implementation of all

Lack of clear regulations, standards,
enforcement, and monitoring mechanisms
hinder sustainable biomass sourcing, RECP
adoption, eco-industrial park development,
circular economy practices, and low-carbon
cement production.

Limited financial incentives and regulatory
support also pose challenges for RECP, tri-
generation, and low-carbon cement initiatives.
Additionally, limited institutional capacity and
resources for can hinder overall progress.

Current status of national-sectoral climate policy

Table 40: Overview of policies and measures (industry sector)

Type of
instrument

Status / Is the policy in
place?

The National Policy for
Industrial Development
in Sri Lanka (NaPID) is
currently formulated and
presented to the Cabinet of
Sri Lanka. It has granted
approval for inclusion in Sri
Lanka’s National Policy
Framework (2023 — 2048)
by the Committee on
Economic Stabilisation
Revitalisation and Growth
Enhancement. (Fernando,
2021).

The policy aims to create a
globally competitive, high
value-added, innovative,
technology, and
knowledge-based industry
with minimal environmental
impact.

Governance
and planning
instruments

What are challenges for issue this policy or enforce this
policy?

Positives: The NaPID aligns well with sustainable development
goals, fosters innovation and aims to attract green investments. It
also provides a comprehensive framework for industrial development
with sustainability at its core.

Challenges: The NaPID is not yet implemented. Implementation
and enforcement could be challenging due to the need for
coordination across multiple ministries and agencies. The policy's
effectiveness hinges on strong political will and commitment to
sustainable development principles.

National Cleaner
Production Policy
(2005): This policy
encourages adoption of
cleaner production
practices by industries in Sri
Lanka to minimize waste;
conserve resources; and
prevent pollution, with an
objective of sustainable
development, enhanced
environmental quality,

Positives: The policy led to the establishment of the National
Cleaner Production Centre (NCPC), which provides technical
assistance and training to industries on cleaner production practices.
This has helped raise awareness and build capacity within the
industrial sector.

Under this policy Several CP projects have been implemented in
various industries, leading to significant reductions in waste
generation, energy consumption, and water usage. These projects
have demonstrated the economic and environmental benefits of
cleaner production.
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improved eco-efficiency,
and poverty alleviation
(Ministry of Environment,
2005)

The principles of cleaner production have been integrated into
sectoral policies for agriculture, tourism, and construction, promoting
a more holistic approach to sustainable development.

Challenges: Despite the efforts of the NCPC, awareness and
adoption of cleaner production practices remain low among many
small and medium-sized enterprises (SMES) due to financial
constraints, lack of technical expertise, and perceived high initial
investment costs.

The policy was formulated in 2005 and may not fully address the
current environmental challenges and emerging technologies. A
review and update of the policy are necessary to ensure its relevance
and effectiveness in the current context

Industrial Development
Act (IDA) of Sri Lanka
(No.36 of 1969)
(Parliament of Ceylon,
1969) This act oversee and
implement industrial
development initiatives.

Positives: The act established the Industrial Development Board
(IDB), and it has been instrumental in providing financial and
technical assistance to industries, facilitating technology transfer, and
promoting investment in the industrial sector.

Challenges: The Act primarily focuses on economic development
and does not adequately address environmental sustainability
concerns. There is a need to integrate environmental considerations
into industrial development strategies and practices.

While the IDB provides support to industries, there is a need for
more targeted assistance for small and medium-sized enterprises
(SMEs) to enhance their competitiveness and adopt sustainable
practices.

National Environment
Action Plan (NEAP)
(2022): This action plan
outlines strategies and
actions to address
environmental challenges
and achieve sustainable
development in Sri Lanka.
It explicitly includes the
industry sector, with a
focus on resource
efficiency, pollution control,
and climate change
mitigation (Ministry of
Environment, 2022).

Positives: The NEAP has initiated efforts to integrate environmental
considerations into sectoral policies and plans, including those related
to industry. This is reflected in the increased focus on sustainable
industrial practices in recent policy discussions and initiatives.

The NEAP has outlined plans for building capacity within
environmental agencies and relevant ministries, which can improve
their ability to monitor and enforce environmental standards in the
industrial sector. Some training programs and workshops have been
conducted in this regard.

The NEAP recognizes the importance of public-private partnerships in
addressing environmental challenges and has begun to facilitate
dialogues and collaborations between government, industry, and civil
society organisations.

Challenges: The NEAP's implementation is still in its early stages,
and adequate funding remains a major challenge. Securing sufficient
financial resources is crucial for implementing programs and projects
related to industrial pollution control, resource efficiency, and climate
change mitigation.

The NEAP emphasizes the need for technology transfer and capacity
building to enable industries to adopt cleaner production technologies
and practices. However, progress in this area has been slow,
particularly for small and medium-sized enterprises (SMESs) that lack
the financial resources and technical expertise to adopt new
technologies.
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National Policy
Framework for Small
and Medium Enterprise
(SME) Development —
2018: (Ministry of Industry
and Commerce, 2015) This
policy aims to create a
conducive environment for
the growth and
development of Small and
Medium Enterprises (SMES)
in Sri Lanka. It focuses on
six core areas: enabling
environment, modern
technology, entrepreneurial
culture, access to finance,
market facilitation, and
research and development.

Positives: The policy emphasizes the importance of resource
efficiency and cleaner production practices. Several programs and
initiatives have been launched to support SMEs in adopting cleaner
technologies and processes, including training, awareness raising,
and financial incentives.

The policy has led to increased awareness among SMEs about the
environmental impacts of their operations and the importance of
adopting sustainable practices.

The policy encourages the development of green businesses and
provides support for SMEs involved in renewable energy, waste
management, and other environmentally friendly sectors.
Challenges: While the policy recognizes the importance of financial
access for SMEs, there is a lack of dedicated funding mechanisms
and incentives specifically targeted at green investments. This can
hinder the adoption of cleaner technologies and sustainable practices
by SMEs, particularly those facing financial constraints.

The implementation and monitoring of the policy's environmental
provisions remain weak. There is a need for stronger coordination
among relevant agencies and more effective monitoring mechanisms
to ensure that SMEs are adhering to environmental standards and
adopting sustainable practices.

Sustainable
Consumption and
Production (SCP) Policy
of Sri Lanka (2019-
2030) (Ministry of
Environment, 2019): This
policy aims to promote
sustainable consumption
and production patterns in
all sectors, including
industry, by minimizing the
use of natural resources,
toxic materials, and waste
generation throughout the
product lifecycle. It focuses
on resource efficiency,
cleaner production, and
sustainable lifestyles.

Positives: The policy has raised awareness among stakeholders,
including industries, about the importance of sustainable
consumption and production practices. This has led to increased
interest in resource efficiency, waste reduction, and eco-friendly
products. Several pilot projects have been implemented to
demonstrate sustainable consumption and production practices in
various industries, showcasing the benefits of resource efficiency and
waste reduction.

The policy has supported capacity-building initiatives for industries,
providing training and technical assistance on cleaner production,
eco-design, and sustainable supply chain management.

Challenges: Stronger enforcement mechanisms are needed to
ensure compliance by industries.

The policy lacks strong financial incentives, such as tax breaks or
subsidies, to encourage industries to adopt sustainable practices.
Providing financial support can help overcome the high initial
investment costs associated with cleaner technologies and processes.
While awareness among industries has increased, consumer
awareness about sustainable products and their benefits remains low

Industrial Discharge
Standards (2002): This
regulation sets limits on the
discharge of pollutants from
industrial facilities into
water bodies, aiming to
protect water quality and
prevent environmental
pollution (Central
Environmental Authority,

Positives: The standards have led to a measurable decrease in the
discharge of harmful pollutants into water bodies, contributing to
improved water quality and aquatic ecosystem health.

The existence of these standards has encouraged industries to invest
in wastewater treatment technologies and adopt cleaner production
practices. This has led to increased compliance with environmental
regulations and reduced the negative impact of industrial activities on
water resources.

Challenges: The standards primarily focus on regulating the
discharge of pollutants into water bodies and do not comprehensively
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2020; Environmental
Management Department,
2022)

address other environmental impacts of industrial activities, such as
air pollution and energy consumption. Expanding the scope of the
standards to cover a wider range of environmental impacts would
align them more closely with the NDCs' comprehensive approach to
climate change mitigation.

Updating the standards to incorporate more stringent limits and
advanced treatment technologies is essential.

National Emission
Standards for Stationary
Combustion Sources
(2019): (Published under
the National Environmental
Act No. 47 of 1980) This
regulation sets emission
limits for air pollutants from
stationary combustion
sources, such as boilers,
furnaces, and turbines, in
industrial and commercial
facilities. It aims to improve
air quality and reduce
greenhouse gas (GHG)
emissions. (Central
Environmental Authority,
2019)

Positives: The standards have contributed to a reduction in
emissions of harmful air pollutants like sulfur dioxide (SO2), nitrogen
oxides (NOx), and particulate matter (PM) from industrial sources.
The standards incentivize industries to adopt more efficient
combustion technologies and practices, leading to reduced fuel
consumption and lower GHG emissions.

The existence of these standards has encouraged industries to invest
in pollution control technologies and practices, leading to increased
compliance with environmental regulations.

Challenges: The standards focus on stationary combustion sources
and do not cover all sources of industrial emissions. For example,
emissions from industrial processes and fugitive emissions are not
adequately addressed.

Many industries still rely on outdated and inefficient technologies that
contribute to higher emissions. The government needs to incentivize
the adoption of cleaner and more efficient technologies through
financial mechanisms and technical assistance programs.

Hazardous Waste
Management
Regulations (2000): This
regulation, under the
National Environmental Act,
aims to control the
generation, collection,
transportation, storage,
treatment, and disposal of
hazardous waste. It defines
hazardous waste, sets
standards for handling and
disposal, and establishes a
licensing system for waste
management facilities.
(Central Environmental
Authority, 2008)

Positives: The regulations provide a comprehensive legal framework
for managing hazardous waste, including definitions, classifications,
and procedures for handling and disposal. This is crucial for ensuring
the safe and environmentally sound management of hazardous
waste.

The regulations encourage the adoption of environmentally sound
technologies for hazardous waste treatment and disposal, such as
incineration, stabilisation, and solidification. This promotes the use of
safer and more sustainable practices in waste management.
Challenges: Sri Lanka lacks adequate infrastructure for the safe
treatment and disposal of hazardous waste. This includes a shortage
of licensed treatment and disposal facilities, as well as insufficient
capacity for handling the increasing volume of hazardous waste
generated by industries.

Despite the existence of regulations, enforcement and monitoring
remain a major challenge due to limited resources and capacity
constraints within regulatory agencies. This can lead to non-
compliance by industries and illegal dumping of hazardous waste.

Green Procurement
Policy (2017): This policy
aims to integrate
environmental
considerations into the

Positives: Several pilot projects have been implemented to test and
demonstrate the feasibility of green public procurement in the
industrial sector, including the procurement of energy-efficient
appliances, LED lighting, and recycled paper. These projects have
showcased the benefits of green procurement in terms of cost
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public procurement
process, promoting the
purchase of goods,
services, and works with
lower environmental
impacts (Government of Sri
Lanka, 2017)

savings, reduced environmental impact, and improved product
quality.

The policy has successfully raised awareness among government
agencies about the importance of considering environmental impacts
in procurement decisions.

Challenges: While the policy provides a framework for green
procurement, its implementation remains limited in scope and scale.
Many government agencies still prioritize price and quality over
environmental considerations due to budget constraints and lack of
awareness about the long-term benefits of green procurement.

The availability of green products and services in the local market
can be limited, especially for specialized items. This can make it
difficult for government agencies to find suitable suppliers who meet
the environmental criteria.

Carbon Tax and
Emission Trading
Schemes (OECD, 2022)

Challenge: Sri Lanka has not yet implemented carbon tax schemes,
and a nationwide Emissions Trading Scheme (ETS). There have been
discussions and initial steps towards exploring this mechanism.

Green Bonds (Mediwake,
2023)

Positives: The government has developed a Green Bond Framework
currently functioning with the Colombo Stock Exchange (Colombo
Stock Exchange, n.d.), outlining the eligibility criteria, project
categories, and reporting requirements for green bond issuances.
This provides a clear structure for attracting investments in green
projects.

Challenges: The concept of green bonds is still relatively new in Sri
Lanka, and there is limited awareness and understanding among
potential issuers and investors. This can hinder the growth of the
green bond market.

National Green
Reporting System
(NGRS) of Sri Lanka: The
NGRS is a voluntary
reporting framework that
encourages organisations
to publicly disclose their
environmental
performance, including
greenhouse gas emissions,
resource consumption, and
waste management
practices (Ministry of
Environment, 2011).

Positives: NGRS has promoted greater transparency and
accountability within the industrial sector by requiring companies to
disclose their environmental performance. This allows stakeholders,
including investors, consumers, and the government, to assess
companies' environmental impact and make informed decisions.
The NGRS recognizes companies that demonstrate strong
environmental performance through awards and public recognition,
which can serve as an incentive for other companies to adopt
sustainable practices.

Challenges: The NGRS is currently voluntary, and participation
rates, especially among SMEs, remain low. This limits the
comprehensiveness of environmental data available for the industrial
sector.

Industrial Energy Audit
Program of Sri Lanka:
This program functions
under the National Cleaner
Production Centre (National
Cleaner Production Centre,

Positives: The program has successfully conducted numerous
energy audits across various industries, identifying areas where
energy can be saved through the implementation of energy-efficient
technologies and practices. The program also provides technical
assistance and recommendations on how to implement best
practices.
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saving opportunities and
recommend appropriate
measures.

2020) to promote energy Challenges: Despite its successes, the program's reach is still
efficiency and conservation | limited. Many SMEs have not yet benefited from energy audits due to
in the industrial sector by factors such as lack of awareness, financial constraints, or perceived
conducting energy audits to | high costs. The broader adoption of energy audits across the

identify potential energy- industrial sector, particularly among SMEs, remains a challenge.

5.9.2 Energy

5.9.2.1 National-sectoral mitigation enablers and barriers

Table 41: Overview of enablers and barriers (energy sector)

(Batel, 2018, Climate Change Secretariat of Sri Lanka, 2012, Ministry of Environment, 2021a; Ministry of Power

and Energy, 2019; Ouedraogo, 2019, Sugathapala, 2020)
Dimension Enablers
Abundant solar and wind resources, suitable
terrain for hydropower, and availability of
biomass from agricultural waste.
Availability of natural gas resources in the
region (e.g. Mannar basin) to be used in oil
power stations converted to use natural gas.
Geophysical Potential for exploring new renewable energy
feasibility technologies such as ocean energy, wave
energy and geothermal energy.

Barriers

Intermittent nature of solar and wind energy.
Land availability constraints for large-scale
projects. Environmental impacts of large hydro
projects.

Limited awareness of demand-side management
(DSM) benefits among some consumers and
businesses.

There may be a dependence on imported
natural gas.

High upfront investment is required for grid
modernisation.

There is uncertainty about the technical and
economic feasibility of alternative energy
sources.

Reduced GHG emissions and air pollution
compared to fossil fuels.

Potential for carbon neutrality, energy
savings (in the residential, commercial,
industrial sector), and diversification of
energy mix to reduce reliance on
conventional sources.

Environmental-
ecological
feasibility

Potential negative impacts on biodiversity and
land use from large-scale biomass plantations.
Potential rebound effect, i.e. increased energy
consumption due to lower costs with DSM.
Environmental impacts of natural gas extraction
and transportation to the coastal areas of Sri
Lanka.

Potential environmental impacts of new
technologies (e.g. geothermal, wave) need to be
carefully assessed.

Mature technologies for solar PV, wind, and
small hydro including a growing expertise in
biomass power generation.

Technological Mature technologies for energy-efficient
feasibility appliances, lighting, and building design are
available.

Proven technology for natural gas power
plants.

Need for substantial electricity infrastructure
upgrades/reinforcements to transmit renewable
electricity efficiently.

Need for grid integration and storage solutions
for intermittent renewables.

Need for significant investment in infrastructure
(pipelines, LNG terminals) for natural gas.
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Opportunity to develop local expertise and
technology capabilities in renewable energy
and other low-carbon technologies.

Technical challenges in integrating renewable
energy into the grid.

Limited local expertise and resources for R&D.
Dependence on foreign technology and
expertise.

Decreasing costs of renewable energy
technologies. Potential for long-term cost
savings and energy security (also for energy
efficiency measures).

Increased energy security with diversified
fuel sources.

Grid upgrades lead to improved reliability
and quality of electricity supply.

High upfront investment costs for renewable
energy projects. Potential for grid instability with
high RE penetration.

Lack of access to financing for energy efficiency
upgrades, especially for low-income households
and SMEs.

High upfront costs for replacing old appliances
and equipment.

Shifting to natural gas has the risk of stranded
assets if the transition to renewable energy
accelerates.

Cost recovery mechanisms for grid investments
may impact electricity tariffs.

High upfront costs and risks associated with
pilot projects of new technologies. Long lead
times for commercialisation in Sri Lanka.

Growing public awareness and acceptance of
renewable energy.

Government incentives for rooftop solar.
Government initiatives to promote energy-
efficient appliances to reduce high
investment costs.

There is resistance from communities affected
by large-scale renewable energy projects. (e.g.
Mannar wind power plant extension).
Resistance to change in behaviour and habits
lead to limited DSM opportunities.

Concerns about the safety of natural gas
infrastructure as it is new to Sri Lanka.
Disruption of electricity services during grid
upgrades and maintenance.

There are number of supportive policies and
initiatives for renewable energy development
(like financial incentives for rooftop solar).
Existence of institutions like the Sustainable
Energy Authority to support DSM programs,
pilot projects and associated research.

There are established regulatory frameworks
for energy efficiency standards, electricity
tariffs, and grid management.

Regulatory barriers, bureaucratic delays, and
lack of institutional coordination within long-
term energy planning.

Limited enforcement of energy efficiency
standards and lack of capacity for monitoring
and evaluation of DSM programs.

Limited financial resources and technical
capacity for project implementation and grid
modernisation.
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5.9.2.2 Current status of national-sectoral climate policy

Table 42: Overview of policies and measures (energy sector)
Type of
instrument

Governance
and
planning
instruments

Status / Is the policy in
place?

National Energy Policy
(2019) is a comprehensive
framework aimed at
transforming the country's
energy sector towards
sustainability, security, and
affordability. It prioritizes
maximizing the
development and utilisation
of domestic renewable
energy sources to diversify
the energy mix, reduce
reliance on imported fossil
fuels, and ensure equitable
access to clean and reliable
energy for all Sri Lankans.
(Government of Sri Lanka,
2019)

What are challenges for issue this policy or enforce this
policy?

Positives: The policy has successfully driven a significant increase in
renewable energy capacity, particularly in solar and wind power. This
is evidenced by the 'Battle for Solar Energy' program, which aims to
add 1,000 MW of solar energy by 2025 and 1,500 MW by 2030.

The policy has encouraged various DSM initiatives, including
promoting energy-efficient appliances and equipment, resulting in
reduced energy consumption and GHG emissions.

Supports the conversion of existing fuel oil power plants to natural
gas and the establishment of new natural gas plants.

Encourages R&D in new and emerging renewable energy sources,
such as ocean and geothermal energy, to further diversify the energy
mix and reduce reliance on fossil fuels.

Challenges: While progress has been made in rooftop solar, large-
scale renewable energy projects, such as wind and hydro, have faced
delays due to various factors, including land acquisition issues,
environmental concerns, and financial constraints.

The increasing penetration of intermittent renewable energy sources
like solar and wind poses challenges for grid stability and
management. Adequate investments in grid infrastructure and
energy storage solutions are needed to address these challenges.

Energy Sector
Development Plan for a
Knowledge-based
Economy 2015-2025
(Ministry of Power and
Energy, 2015)

This plan aims to guide Sri
Lanka's energy sector
towards a knowledge-based
economy, focusing on
energy security, efficiency,
and sustainability. It sets
ambitious targets for
renewable energy, energy
efficiency, and reducing the
sector's carbon footprint.

Positives: The plan has contributed to a significant increase in
renewable energy capacity, particularly solar PV, energy efficiency
improvements, and DSM programs.

Challenges: The plan's target of reducing annual energy demand
growth by 2% through conservation and efficiency measures has not
been fully achieved, indicating a need for more aggressive
implementation of energy efficiency programs.

The plan's implementation requires effective coordination among
various government agencies and stakeholders. However, there have
been challenges in ensuring seamless collaboration and timely
execution of projects.

National Electrification
Policy (2016): This policy
aimed to achieve universal
electricity access in Sri
Lanka by 2016, bringing
electricity to all households,
businesses, and public
institutions. It also focused
on improving the quality

Positives: By expanding the electricity grid and increasing
generation capacity, the policy has strengthened Sri Lanka's energy
security and reduced the risk of power outages.

Challenges: While the policy successfully achieved universal access,
it primarily focused on extending the grid and increasing generation
capacity, with limited emphasis on promoting energy efficiency and
sustainable practices.
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and reliability of electricity
supply and promoting the
use of renewable energy
sources (Asian
Development Bank, 2023a).

Sri Lanka Sustainable
Energy Authority Act
No. 35 of 2007
(Parliament of the
Democratic Socialist
Republic of Sri Lanka,
2007) establishes the Sri
Lanka Sustainable Energy
Authority (SLSEA) with the
mandate to promote and
develop renewable energy
resources, implement
energy efficiency measures,
and conserve energy
resources. It also provides
for the declaration of
Energy Development Areas
and regulates renewable
energy projects.

Positives: The Act successfully established the SLSEA, providing a
dedicated institution for promoting renewable energy and energy
efficiency. The SLSEA has played a crucial role in developing and
implementing policies, programs, and projects that contribute to
reducing GHG emissions in the energy sector since its inception.
The SLSEA has been instrumental in promoting the growth of
renewable energy in Sri Lanka, particularly through the
implementation of the "Battle for Solar Energy" program, which has
led to a significant increase in rooftop solar installations.

The SLSEA has supported research and development in renewable
energy and energy efficiency, fostering innovation and the
development of new technologies that can further reduce GHG
emissions.

Challenges: The SLSEA faces challenges in securing adequate
financial resources to fully implement its mandate and scale up its
programs and projects. This can hinder the pace of renewable
energy development and energy efficiency improvements.

The regulatory framework for renewable energy and energy
efficiency still needs further development and streamlining. There are
challenges related to grid integration, licensing procedures, and tariff
structures that can create barriers for investors and developers.

Sri Lanka Electricity Act
No. 20 of 2009
(Government of Sri Lanka,
2009): This act provides
the legal framework for the
electricity sector, including
the regulation of power
generation, transmission,
and distribution. It enables
the government to set
standards for energy
efficiency and renewable
energy integration, as well
as enforce compliance
through licensing and
penalties.

Positives: The Act allows for the licensing of renewable energy
power plants and the establishment of feed-in tariffs, providing a
regulatory framework for the growth of renewable energy in Sri
Lanka.

The Act empowers the Public Utilities Commission of Sri Lanka
(PUCSL) to issue regulations and standards for energy efficiency,
promoting the use of energy-efficient appliances and equipment in
the energy sector.

Challenges: While the Act aims to promote competition, the
electricity market in Sri Lanka remains largely dominated by the
Ceylon Electricity Board (CEB). This can limit the potential for
innovation and cost reduction in the sector.

The Act provides for grid modernisation to accommodate renewable
energy integration. However, progress in this area has been slow due
to financial constraints and technical challenges.

Electricity (Amendment)
Act, No.31 of 2013 of Sri
Lanka (Parliament of the
Democratic Socialist
Republic of Sri Lanka,
2013): This is an
amendment to the

Positives: The amendment introduced standardized PPAs for
renewable energy projects, streamlining the process for developers
and investors, thereby promoting renewable energy generation. This
aligns with the NDCs' goal of increasing the share of renewable
energy in the energy mix.

Challenges: The amendment does not explicitly address the need
for energy storage solutions, which are essential for integrating
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Electricity Act of 2009 and
introduces provisions for
the promotion and
regulation of renewable
energy generation,
including the establishment
of standardized power
purchase agreements and
the authorisation of new
generation plants.

intermittent renewable energy sources like solar and wind into the
grid. This can hinder the full potential of renewable energy in
ensuring a stable and reliable electricity supply.

The existing grid infrastructure may not be adequately equipped to
handle the increasing penetration of renewable energy. Investments
in grid modernisation and smart grid technologies are needed to
ensure smooth integration and avoid grid instability.

The amendment primarily focuses on the supply side of electricity
generation and does not address the potential for demand-side
management (DSM) to reduce energy consumption and peak
demand.

Energy Efficiency
Standards and Labelling
Program was introduced
by the Sri Lanka Standards
Institute (SLSI) and SLSEA
promotes energy-efficient
appliances and equipment
(SLSEA, n.d.)

Positives: There is already compiled and published energy efficiency
standards for lighting systems and ceiling fans. Voluntary labelling
scheme is available for refrigerators and these standards are now
being expanded towards air conditioning and electric motors. In
addition, minimum energy performance standards (MEPS) provide a
level playing field in competitive markets by discouraging the worst
performing products without diminishing consumer choice.
Challenges: The range of appliances to which the energy efficiency
standards being applied, and availability of labelling are limited.
Furthermore, there is lack of enforcement and monitoring on the said
standards.

Renewable Energy
Feed-in Tariff Scheme:
The FiT scheme in Sri
Lanka is a policy
mechanism designed to
accelerate investments in
renewable energy
technologies. It offers long-
term contracts to
renewable energy
producers, guaranteeing
purchase of electricity at a
fixed tariff, typically higher
than the grid electricity
price. This incentivizes the
development of renewable
energy projects by assuring
a stable revenue stream
(PUCSL, 2011)

Positives: The FiT scheme has successfully stimulated substantial
growth in Sri Lanka's renewable energy sector, particularly in solar
and wind power. It has attracted numerous private sector
investments, contributing to the diversification of the energy mix and
reduction of greenhouse gas emissions.

The scheme has been particularly beneficial for small-scale projects,
such as rooftop solar installations, enabling households and
businesses to generate their electricity and contribute to the national
grid.

Challenges: One major challenge is the financial sustainability of
the FiT scheme. The fixed tariffs can be higher than the average
electricity generation cost, potentially leading to increased electricity
prices for consumers in the long run.

The government has periodically revised the FiT rates, leading to
uncertainty among investors and potentially discouraging long-term
investments in renewable energy projects.

Net-metering : The Net
Metering schemes in Sri
Lanka allows consumers to
generate their own
electricity using renewable
energy sources, primarily
rooftop solar, and offset

Positives: Net metering has successfully incentivized the widespread
adoption of rooftop solar PV systems in Sri Lanka, particularly among
residential and commercial consumers. This has resulted in a
substantial increase in renewable energy generation and contributed
to reducing greenhouse gas emissions in the electricity sector.

Net metering empowers consumers to become active participants in
the energy transition by generating their own clean electricity. This
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their consumption from the
grid (CEB, n.d.; PUCSL,
2023)

can foster a sense of ownership and engagement in sustainable
energy practices.

Challenges: The increasing penetration of rooftop solar can pose
challenges for grid stability and management due to its intermittent
nature. Investments in smart grid technologies and energy storage
solutions are needed to address these challenges and ensure a
reliable electricity supply.

The high upfront costs of installing solar PV systems can be a barrier
for low-income households, limiting their participation in the net
metering scheme. The government could consider providing targeted
subsidies or financing mechanisms to make renewable energy more
accessible to all.

Sri Lanka Green Finance
Taxonomy: Launched in
2022, The Sri Lanka Green
Finance Taxonomy (SLGFT)
is a classification system
that defines and
categorizes economic
activities considered
environmentally
sustainable. It serves as a
guide for investors,
businesses, and financial
institutions to identify and
invest in green projects,
aligning financial flows with
environmental objectives
(Central Bank of Sri Lanka,
2022b).

Challenges: The SLGFT is still in its early stages of implementation,
and its full impact on green investments in the energy sector is yet to
be realized. Building awareness and capacity among financial
institutions and investors is crucial for its effective adoption. In
addition, SLFGT is yet to be integrated with other relevant policies
such as the National Energy Policy and the NDCs.

National Energy
Benchmarking Portal
(NEBP) of Sri Lanka
(U.S. Embassy in Sri Lanka,
2023): Developed by the
Sri Lanka Sustainable
Energy Authority (SLSEA),
the NEBP is a digital
platform aimed at tracking
and benchmarking energy
efficiency initiatives in the
industrial, commercial, and
government sectors. It
allows organisations to
submit their energy
consumption data for
comparison against sector-
specific benchmarks,
promoting energy
conservation and efficiency.

Positives: The NEBP enables the collection and analysis of energy
consumption data from various sectors, providing valuable insights
into consumption patterns and potential areas for improvement. This
increased transparency aligns with the NDCs' emphasis on data-
driven decision-making for climate action.

The portal allows organisations to compare their energy performance
against established benchmarks, fostering a competitive environment
that encourages energy conservation and efficiency. This aligns with
the NDCs' goal of promoting energy efficiency in all sectors.

By analysing energy consumption data, the NEBP can help identify
areas where energy efficiency can be improved, leading to reduced
energy consumption and GHG emissions.

Challenges: Currently, the NEBP focuses on supermarkets and the
financial sector. While these are important sectors, expanding its
coverage to other energy-intensive sectors like manufacturing and
hospitality would be crucial for achieving broader impact and meeting
the NDCs' goals for overall energy sector emission reductions.

The participation of organisations in the NEBP is currently voluntary.
Making it mandatory for certain sectors or large energy consumers
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could significantly enhance its effectiveness in promoting energy
efficiency and achieving emission reduction targets.

Ensuring the accuracy and completeness of data submitted by
organisations is essential for reliable analysis and benchmarking.
Implementing robust data verification mechanisms and providing
support to organisations for data collection and reporting could
address this challenge.
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5.9.3 Transport

5.9.3.1 National-sectoral mitigation enablers and barriers

Table 43: Overview of enablers and barriers (transport sector)

(Bastida-Molina et al., 2020, Higueras-Castillo et al., 2023, Ministry of Transport, 2009; Ministry of Transportation

and Civil Action, 2020; Mobility Alliance, 2022, Pallawala, 2019)

Dimension Enablers

Existing road and rail infrastructure can be
improved and expanded.

Potential for developing Bus Rapid Transit
(BRT) and Light Rail Transit (LRT) systems in
major cities.

Suitable climate and terrain for walking and
cycling is available in many areas.

Existing rivers and canals offer potential for
inland water transport.

Geophysical
feasibility

Barriers

Limited land availability for new infrastructure in
urban areas. Terrain challenges for rail
expansion in some regions.

Limited rail connectivity to some industrial areas
and ports.

There are significant seasonal water level
changes in inland water systems.

Reduction in congestion, air pollution, and
GHG emissions through efficient transport
systems including a shift to public transport.
Air pollution and safety are of concern in
using non-motorised transport, particularly in
urban areas.

Feasibility of non-motorised ways as a zero-
emission transport mode.

In-land water transport has potential for
lower emissions compared to road transport
and tourism development.

Electric and hybrid vehicles have the
potential for significant reductions in air
pollution and GHG emissions from road
transport.

Improved vehicle fleet efficiency leads to
reduced fuel consumption and emissions
from existing vehicles.

Environmental-
ecological

feasibility

Potential environmental impacts of new
infrastructure construction (e.g., land use
change, habitat loss).

In-land water transport may have negative
impacts on aquatic ecosystems and water
quality.

Electric vehicles (EVs) require clean electricity
grid to maximise environmental benefits.

Technologies for intelligent transport
systems, traffic management and electric
mobility are already available.

Existing rail infrastructure can be upgraded
for freight transport. Technologies for
intermodal transport (e.g., containerisation)
are available.

BRT and LRT technologies are mature and
widely implemented globally.

Electric and hybrid vehicle technology is
mature and available.

Technological
feasibility

High upfront investment costs for technology
upgrades and infrastructure.

Need for investment in rail infrastructure and
logistics for efficient freight handling.

BRT and LRTs require careful planning and
integration with existing transport systems in
urban areas.

Limited charging infrastructure, particularly
away from urban areas.

Cost of retrofitting older vehicles with fuel-
efficient technologies can be substantial for
some income groups.
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Introduction of taxes to promote public
transport can generate substantial revenue
for the government.

Improved transport efficiency can reduce fuel
costs and travel time, boosting economic
productivity.

Public transport can lead to lower operating
costs and fares compared to private vehicles.
Potential for job creation in the public
transport sector.

Rapid Transit systems can have improved
travel times and reliability for commuters.
Lower operating costs for electric vehicles
due to lower fuel and maintenance costs.

High upfront investment costs for BRT and LRT
infrastructure.

High upfront costs of electric vehicles.

If not implemented carefully, the taxation to
promote public transport may affect low-income
groups.

Requires government subsidies to maintain
affordability of public transport.

Fare structures in public transport and Rapid
Transit modes need to be affordable and
competitive with private vehicles.

Limited range of electric vehicles and concerns
about battery life.

Potential for improved accessibility, safety,
and comfort for passengers with improved
transport sector.

Rapid Transit modes have increased
accessibility and convenience for urban
residents.

Growing global trend towards electric
mobility.

Developed road infrastructure leads to better
road safety and reduced travel time for
commuters.

Resistance to change in travel habits and
preferences.

Negative perception of public transport (e.g.,
overcrowding, unreliability, personal safety).
Cultural preference for motorized transport may
hinder shift to non-motorized modes.

Limited public awareness and demand for inland
water transport.

Lack of awareness and familiarity with electric
vehicles.

Resistance from the automotive industry and
used vehicle importers to retrofit means of fuel-
efficient technologies.

There are number of established institutions
related to the transport sector: Ministry of
Transport and Highways can coordinate and
implement transport system improvements /
The Department of Motor Traffic can
implement fuel efficiency standards and
regulations.

Existing public transport operators (e.g., Sri
Lanka Transport Board) can be strengthened
and modernized.

Sri Lanka Railways can implement and
manage the upgrades to rail transport.

Road Development Authority can lead road
infrastructure development.

Existing tax and regulatory mechanisms can
be adapted to promote public transport.
Government incentives and policies can
promote electric vehicle adoption.

Coordination challenges among different
agencies and stakeholders. Limited institutional
capacity for planning and implementation.
Lack of political will and commitment to
prioritize public transport investment.

Limited financial resources and technical
capacity for large-scale upgrades in the
transport systems.

Need for regulations and standards for electric
vehicle charging infrastructure.
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5.9.3.2 Current status of national-sectoral climate policy

Table 44: Overview of policies and measures (transport sector)

:I'ype of Status / Is the policy in place? W!1at al:e challenges for issue this policy or enforce
instrument this policy?
National Transport Policy Positives: The policy strongly advocates for prioritizing
(2020 - Draft): The draft National | public transport over private vehicles. Furthermore, there is
Transport Policy builds on the strong emphasize in improving intermodal connectivity

existing policy established in 2009 between rail, road, and water-based transport, which can
(Ministry of Transport, 2009), with | enhance efficiency and reduce emissions by optimizing the
aims to guide the development of a | use of different modes for specific needs.

safe, efficient, and sustainable The policy promotes the development of sustainable
transport system in Sri Lanka. It transport infrastructure, such as dedicated bus lanes, cycling
emphasizes prioritizing public paths, and pedestrian walkways, which can encourage the
transport, integrating different use of low-carbon transport modes and reduce congestion.
modes of transport, and reducing The importance of improving energy efficiency and fuel

the sector's environmental impact economy in the transport sector is highlighted as a means of
(Ministry of Transportation and Civil | contributing to reduced emissions and lower fuel costs.
Action, 2020) Challenges: The policy remains in draft form and has not
been officially adopted, limiting its legal and regulatory power
to drive change in the transport sector.

Implementing the proposed measures, such as expanding
public transport and developing sustainable infrastructure,
requires significant financial investments. Securing adequate
funding remains a challenge, especially in the context of Sri
Lanka's economic difficulties.

Urban Transport Development | Positives: The UTMP prioritizes the development of public
Plan (2014): The Urban Transport | transportation systems, including bus rapid transit (BRT) and
Master Plan (UTMP) in Sri Lanka, light rail transit (LRT) in Colombo. This is evident in the
developed with assistance from ongoing implementation of the Colombo BRT project.

JICA (Japan International The plan promotes the integration of different modes of
Cooperation Agency), aims to transport through the development of multi-modal transport
address the growing challenges of | hubs (MMTHSs). This can facilitate seamless transfers
urbanisation and traffic congestion | between different modes, encouraging their use and

in major cities. It outlines strategies | reducing reliance on private vehicles.

for improving public transportation, | The plan includes Traffic Demand Management (TDM)
managing traffic demand, and strategies like congestion pricing and parking management to
promoting sustainable transport discourage private vehicle use and incentivize the use of
modes (JAICA, 2014) public transport, contributing to reduced emissions and
congestion.

Challenges: The implementation of rail-based rapid transit
systems like LRT has faced delays and setbacks due to
various factors, including funding constraints and land
acquisition issues.

The implementation of TDM measures, such as congestion
pricing, requires strong political will and effective
enforcement mechanisms. However, progress in this area has
been slow, limiting the impact of these measures on reducing
traffic congestion and emissions

Governance
and planning
instruments
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Integrated Road Investment
Program (2023): The Integrated
Road Investment Program (iRoad)
(Asian Development Bank, 2023b),
supported by the Asian
Development Bank (ADB), is a
multi-tranche financing facility
aimed at improving rural
connectivity with a focus on
upgrading provincial and local
roads, as well as strengthening
road asset management capacities.
It is planned to improve the
efficiency of rural transport thereby
lower vehicle emissions in the long-
run.

Positives: The program has successfully upgraded a
significant number of provincial and local roads, improving
access to markets, healthcare, education, and other essential
services for rural communities. This indirectly contributes to
reducing emissions by shortening travel distances and
improving the efficiency of transport.

The program has incorporated climate resilience
considerations into road design and construction, such as
improving drainage and using climate-resilient materials. This
helps to ensure that the upgraded roads can withstand
extreme weather events and continue to function effectively
in the face of climate change.

Challenges: The program primarily focuses on road
infrastructure and does not explicitly address the need to
shift towards more sustainable modes of transport, such as
public transport or non-motorized options.

National Emission Standards
for Vehicles were adopted in line
with the Euro 4 standards in 2018
(Central Environmental Authority,
2019). This regulation aims to
reduce emissions of harmful
pollutants and GHGs from the
transport sector by setting
maximum permissible limits for
various pollutants emitted by
vehicles. This was published under
the Sri Lanka National
Environmental Act No.47 of 1980.

Positives: The implementation of Euro 4 standards has led
to a significant reduction in emissions of harmful air
pollutants such as particulate matter (PM), nitrogen oxides
(NOx), and carbon monoxide (CO) from new vehicles. This
aligns with the NDCs' objective of improving air quality and
protecting public health.

Euro 4 standards often encourage the use of more fuel-
efficient technologies in vehicles, contributing to lower fuel
consumption and reduced GHG emissions.

Challenges: The Euro 4 standard applies only to new
vehicles, while a significant portion of the vehicle fleet still
consists of older, less efficient models with higher emissions.
This limits the overall impact of the policy on reducing
emissions from the transport sector.

The effective implementation of emission standards requires
robust enforcement mechanisms and regular monitoring of
vehicle emissions. However, there are challenges in ensuring
compliance due to limited resources and capacity constraints
within regulatory agencies.

Motor Vehicle Act (2007): This
act consolidates and amends the
laws relating to motor traffic in Sri
Lanka. It covers various aspects of
vehicle registration, licensing, road
safety, and traffic management
(Parliament of the Democratic
Socialist Republic of Sri Lanka,
2009a).

The Motor Traffic Act (2012)
(Chapter 203) expands the
regulation to speed limits, though it
is not explicitly linked to climate

Positives: The Act empowers the relevant authorities to
prescribe emission standards for vehicles as a significant step
of reducing greenhouse gas emissions from the transport
sector.

The Act mandates periodic inspection of vehicles to ensure
compliance with emission and safety standards. This helps to
identify and address high-emitting vehicles, contributing to
improved air quality and reduced emissions.

The Act provides for the regulation and promotion of public
transport services, including buses and trains.

Under the act, vehicle speed limits are enforced depending
on the vehicle type and area (built-up area, non-built-up
area).
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policy yet (Ministry of Transport,
2012)

Challenges: A significant portion of Sri Lanka's vehicle fleet
consists of older, less fuel-efficient models with higher
emissions. The Act does not have specific provisions for
phasing out or incentivizing the replacement of these older
vehicles.

The Act does not explicitly address fuel efficiency standards
for vehicles, which is a key factor in reducing GHG emissions.
While the adoption of Euro 4 standards indirectly promotes
fuel efficiency, more direct measures could be implemented.
The vehicle speed limits do not explicitly enforce or linked
related to climate policy yet.

Regulations on Vehicle imports
in Sri Lanka: Sri Lanka has
implemented regulations (Ministry
of Transport and Highways,
2016)on vehicle imports aimed at
controlling the quality and age of
imported vehicles, promoting fuel
efficiency, and reducing emissions.
These regulations typically include
age restrictions, emission
standards, and tax incentives for
low-emission vehicles.

Positives: The age restrictions on imported vehicles have
limited the inflow of older, less fuel-efficient models, which
tend to have higher emissions. This has helped to improve
the overall fuel efficiency and emissions profile of the vehicle
fleet in Sri Lanka.

The government has introduced tax incentives and reduced
import duties for hybrid and electric vehicles, incentivizing
their purchase and promoting the adoption of cleaner
technologies.

Challenges: Despite incentives for hybrid and electric
vehicles, taxes on newer, more fuel-efficient vehicles in
general can be high, making them unaffordable for many
consumers. This can slow down the transition to a cleaner
vehicle fleet.

The regulations on vehicle imports are not currently a part of
a comprehensive strategy to reduce emissions from the
transport sector. A more holistic approach that combines
import regulations with measures like improving public
transport, promoting non-motorized transport, and
implementing fuel economy standards would be more
effective.

The ongoing economic crisis in Sri Lanka has led to further
restrictions on vehicle imports, which can hinder the
transition to cleaner vehicles and slow down the progress in
reducing emissions from the transport sector.

Fuel Pricing Mechanism (OECD,
2023): Sri Lanka's fuel pricing
mechanism has traditionally
involved government control over
retail prices, with adjustments
made periodically to reflect changes
in global oil prices and exchange
rates. However, in recent years,
there have been discussions and
proposals to introduce a more
automatic and transparent pricing
mechanism.

Challenges: Sri Lanka is yet to integrate carbon taxes into
the fuel pricing mechanism, particularly with a focus on the
fuels for road transport.

Although an automatic fuel pricing formula was approved in
2018 (Ministry of Transport and Highways, 2011), its
implementation has been delayed due to political resistance
and concerns about potential social and economic impacts.
The continued fuel subsidies, particularly for diesel distort
market signals, encourage over consumption of fuel and
undermine the impacts of GHG emissions.

The current tax structure is not well-aligned with
environmental objectives, as it imposes higher taxes on
gasoline than diesel, favouring private car owners over public
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transport and freight transport, which are generally more
fuel-efficient.

Fuel prices in Sri Lanka are not fully cost-reflective, failing to
account for the negative externalities of fuel consumption,
such as air pollution and climate change impacts. This leads
to under-pricing of fossil fuels and discourages the transition
to cleaner alternatives.

Road User Charges: Proposed for
certain highways in Sri Lanka to
generate revenue for infrastructure
development and potentially
influence traffic flow.

While not explicitly implemented as
a comprehensive policy instrument
for climate change mitigation, Sri
Lanka has implemented tolls on
certain expressways. There is a
potential of road user charges as a
mechanism to manage traffic
congestion, promote sustainable
transport, and generate revenue for
infrastructure development (RDA,
2024)

Positives: Road user charges can be used as a tool to
manage traffic congestion, particularly in urban areas. By
making driving more expensive, they can incentivize the use
of public transport and other low-emission modes.
Challenges: Road user charges are currently limited to
specific expressways and have not been implemented as a
comprehensive policy instrument across the road network.
There is no overarching framework for road user charges in
Sri Lanka, which could outline clear objectives, pricing
mechanisms, and revenue allocation strategies.
Implementing road user charges requires significant
investment in infrastructure, such as electronic toll collection
systems. It also necessitates public awareness campaigns
and effective enforcement mechanisms.

Measurement, Reporting, and
Verification (MRV) Framework
for the Transport Sector in Sri
Lanka (Climate Change Secretariat
of Sri Lanka, 2019): The MRV
framework is a system designed to
track and assess the progress of
climate actions and their impacts in
the transport sector. It involves
collecting and analysing data on
GHG emissions, mitigation actions,
and their effectiveness in reducing
emissions.

Positives: The MRV framework enhances transparency in
the transport sector's climate actions by providing a
systematic approach to data collection and reporting. This
allows for better assessment of progress towards the NDCs'
emission reduction targets and holds stakeholders
accountable for their commitments.

The implementation of the MRV framework has led to
improved data collection and analysis in the transport sector,
providing a more accurate picture of the sector's emissions
and the impact of mitigation measures.

Challenges: Building capacity within relevant agencies to
effectively collect, analyse, and report data under the MRV
framework remains a challenge. Training and technical
assistance are needed to ensure the proper implementation
and utilisation of the system.

Despite improvements in data collection, there are still gaps
and limitations in the availability and quality of data,
particularly for certain sub-sectors and modes of transport.
This can hinder the accuracy and comprehensiveness of the
MRV system.

NAMA Design Document for the
Transport Sector of Sri Lanka:
Electric Bus Rapid Transit
System (UNDP, 2015): This
document proposes a Nationally

Positives: An initial feasibility assessment for the
introduction of electric buses in the Galle BRT system has
been completed, providing valuable insights into the
technical, financial, and operational aspects of the project.
The NAMA is aligned with several national policies and plans,
including the National Action Plan for the Haritha Lanka
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Appropriate Mitigation Action
(NAMA) for Sri Lanka focused on
the promotion and adoption of
electric buses within a Bus Rapid
Transit (BRT) system.

Program (National Council for Sustainable Development,
2009), the NDCs, the National Transport Policy, and the
Urban Transport Master Plan (Climate Change Secretariat of
Sri Lanka, 2019). This demonstrates a strong policy
commitment to sustainable transport solutions.

The proposed NAMA has the potential to significantly reduce
GHG emissions from the transport sector by replacing diesel
buses with electric buses in the BRT system.

Challenges: The implementation of the NAMA requires
significant financial resources for procuring electric buses,
developing charging infrastructure, and training personnel.
Securing adequate funding remains a challenge, as the NAMA
document explicitly states the need for external support.

The integration of electric buses into the existing BRT system
requires careful planning and technical expertise to ensure
smooth operation and reliable charging infrastructure.

There is a need for increased public awareness and
education about the benefits of electric buses and their role
in reducing emissions and improving air quality. This can help
create public support and acceptance for the project.

5.9.4 Buildings

5.9.4.1 National-sectoral mitigation enablers and barriers

Table 45: Overview of enablers and barriers (building sector)
(Athapaththu et al., 2016; Climate Change Secretariat of Sri Lanka, 2010; Herath et al., 2018; Ministry of
Environment, 2019, Ministry of Urban Development and Housing, 2020; Senadeera et al., 2019)

Dimension

Geophysical
feasibility

Environmental-
ecological
feasibility

Technological
feasibility

Enablers

Sri Lanka has a diverse climatic zone which
can be beneficial for the adaptation of
various building designs and technologies.

Barriers

The diverse climatic zones are inherently
vulnerability to extreme weather events (floods,
cyclones, and droughts) requires resilient
construction.

The frequency of extreme weather events in Sri
Lanka resulted due to the changes in climate of
the Bay of Bengal has increased over years.

For the informal house unit construction,
there is potential for using locally sourced,
and low-impact materials.

There are ample opportunities available for
green infrastructure techniques (green roofs,
rainwater harvesting, grey water
management).

There can be environmental impacts of resource
extraction and construction waste disposal if
sustainable practices are not adhered to.

Rapid urbanisation is leading to land-use change
and habitat loss.

There is ample access to modern
construction techniques and materials in Sri
Lanka and within the South Asia region.

A growing interest is there in sustainable
building technologies such as Compressed
Stabilised Earth Block (CSEB) as a

Limited adoption of sustainable practices due to
cost and lack of awareness.

There is lack of skilled labour for implementing
advanced technologies in Sri Lanka.
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sustainable alternative to traditional burnt
clay brick or concrete blocks. In addition,
solar PV as a sustainable energy source for
buildings.

Ample opportunities are there for cost
savings through energy-efficient design
(passive design strategies) and renewable
energy integration.

Government incentives are available for
green building certifications.

There is a high upfront cost for sustainable
materials and technologies.

Financial mechanisms and incentives are limited
for low-income housing to adopt sustainable
building design and construction.

Due to the ongoing energy crisis and high
energy bills, there is growing attention on
the public of sustainable living and green

Sri Lanka is a country with a diverse cultural
preference for traditional designs and materials
which may hinder the adaptation of some
sustainable building practices.

building concepts.

Lack of awareness about the benefits of
sustainable buildings.

certification schemes.

Green Building Council and Urban
Development Authority are already
established to authorise Green Building

Government policies are being developed to
promote sustainable urban planning.

There is limited enforcement of adhering to
building codes and regulations.

So far there is a lack of comprehensive data on
building energy performance and emissions.
Weak institutional capacity for monitoring and
enforcement.

5.9.4.2 Current status of national-sectoral climate policy

Table 46: Overview of policies and measures (building sector)

Type of
instrument

Status / Is the policy in
place?

Sri Lanka Sustainable
Housing and Construction
Roadmap 2020-2050 (Ministry
of Urban Development and
Housing, 2020): This roadmap
outlines a comprehensive strategy
for transitioning Sri Lanka's
housing and construction sector
towards sustainability. It covers
various aspects, including urban
planning, building design,
materials, operations, appliances,
clean energy, demolition, and
resilience.

What are challenges for issue this policy or enforce this
policy?

Positives: The roadmap provides a holistic and long-term vision
for sustainable housing and construction, covering the entire
lifecycle of buildings from planning to demolition.

The roadmap has raised awareness among stakeholders about
the importance of sustainable building practices and the potential
for reducing GHG emissions in the sector. Several capacity
building programs and workshops have been conducted to
enhance the knowledge and skills of professionals in the industry.

The roadmap emphasizes the importance of green building
certifications, such as those offered by the Green Building Council
of Sri Lanka (GBCSL) and the Urban Development Authority
(UDA). This has led to increased interest in green building design
and construction, contributing to energy efficiency and resource
conservation.

The roadmap promotes the use of resource-efficient materials
and technologies, such as compressed stabilized earth blocks
(CSEBs) and solar energy, which can reduce the environmental

Funded by
the European Union

Page 297 of 357




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

impact of construction and operation of buildings.

Challenges: The adoption of sustainable building technologies
and materials can be costly, particularly for low-income
households and small-scale projects. The lack of adequate
financial incentives and support mechanisms hinders the wider
adoption of green building practices.

There is a lack of comprehensive data on the environmental
performance of the building stock in Sri Lanka. This makes it
difficult to accurately assess the impact of the roadmap's
implementation and identify areas for improvement.

Construction Industry
Development Act, No.33 of
2014 (Parliament of the
Democratic Socialist Republic of
Sri Lanka, 2014): This Act aims to

develop and regulate the
construction industry in Sri Lanka,
ensuring  quality  standards,

enhancing professionalism, and
promoting sustainable practices.
It established the Construction
Industry Development Authority
(CIDA) to oversee and implement
the Act's provisions.

Positives: The establishment of CIDA has provided a dedicated
institution to oversee the development and regulation of the
construction  industry, including promoting sustainable
construction practices. CIDA has initiated training programs and
workshops for construction professionals to enhance their
knowledge and skills in sustainable construction practices.

The Act mandates the registration and grading of contractors
based on their capacity and specialisation, ensuring that
construction projects are undertaken by qualified professionals,
which can indirectly contribute to better quality and more
sustainable construction practices.

The Act mandates the development of a National Policy on
Construction, which includes provisions for promoting sustainable
and environmentally friendly construction practices.

Challenges: Significant portion of the construction sector
operates informally, with many small-scale projects being
undertaken without adherence to regulations or standards. This
hinders the implementation of sustainable practices and makes it
difficult to monitor and control emissions from the sector.

The Act does not provide specific financial incentives or
mechanisms to encourage the adoption of sustainable
construction practices. This can be a barrier for smaller
businesses and individual homeowners who may not have the
resources to invest in more expensive green building
technologies.

National Cooling Policy
(Draft) (Ministry of Environment,
2021b): The Draft National
Cooling Policy (NCP) aims to
address the growing demand for
cooling in Sri Lanka while
minimizing its environmental
impact. It focuses on improving

Positives: The draft policy strongly emphasizes energy
efficiency in the cooling sector, aligning with the NDCs' goal of
reducing energy consumption and GHG emissions in the building
sector. It proposes measures such as promoting energy-efficient
appliances, developing minimum energy performance standards
(MEPS), and implementing labelling programs.

The policy encourages the adoption of sustainable cooling
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access to cooling, enhancing | solutions, such as passive cooling techniques and district cooling
energy efficiency, reducing GHG | systems, which can significantly reduce energy consumption and
emissions, and protecting the | GHG emissions.

ozone layer.
The policy addresses the issue of refrigerant management,
aiming to phase out ozone-depleting substances (ODS) and
hydrofluorocarbons (HFCs) in line with the Montreal Protocol.
This can contribute to mitigating climate change, as HFCs are
potent greenhouse gases.

Challenges: The policy is still in draft form and has not been
officially adopted, limiting its regulatory power to drive change in
the cooling sector.

Implementing the proposed measures, such as promoting
energy-efficient appliances and developing renewable energy-
based cooling systems, requires significant financial investments.
Securing adequate funding remains a challenge, especially for
low-income households and small businesses.

Promoting sustainable cooling practices requires raising
awareness among consumers and businesses about the benefits
of energy efficiency and alternative cooling solutions.
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Energy Efficiency Building
Code (EEBC) of Sri Lanka
(SLSEA, 2021): Introduced in
2020 by the Sri Lanka Sustainable
Energy Authority, the EEBC aims
to improve the energy
performance of buildings by
setting minimum requirements for
energy efficiency in design,
construction, and operation. It
covers various aspects, including
building envelope, HVAC systems,
lighting, and appliances.

Positives: The EEBC provides a legal framework for enforcing
energy efficiency standards in buildings, which aligns with the
NDCs' goal of promoting energy conservation and reducing GHG
emissions in the building sector.

The code mandates energy performance assessments for certain
types of buildings, providing a benchmark for evaluating their
energy efficiency and identifying areas for improvement.

The introduction of the EEBC has raised awareness among
architects, engineers, and builders about the importance of
energy efficiency in building design and construction. This has led
to increased consideration of energy-saving measures in new
building projects.

Challenges: The EEBC currently applies only to commercial
buildings, industrial facilities, and large-scale housing
developments exceeding specific criteria (e.g., floor area, power
demand, air conditioning capacity). Expanding the scope to
include smaller residential buildings would have a greater impact
on overall energy consumption and emission reductions.

The EEBC does not offer financial incentives for building owners
to adopt energy-efficient measures beyond the minimum
requirements. Providing incentives, such as tax breaks or
subsidies, could encourage greater uptake of energy-efficient
technologies and practices.

Many stakeholders in the building sector, especially smaller
builders and contractors, may lack the technical expertise to
design and construct energy-efficient buildings. Capacity building
programs and technical assistance are needed to bridge this gap
and facilitate compliance with the code.

Energy Efficiency Standards

and Labelling Program:
Promotes energy-efficient
appliances and equipment

(SLSEA, n.d.).

Positives: The program encourages the use of energy efficient
appliances and equipment leading to reduced energy
consumption from buildings. This also translates to lower GHG
emissions from power generation.

The manufacturers are also incentivised to produce more energy-
efficient products to meet the standards and be available to
consumers seeking energy saving options.

Challenges: The program applies only for appliances while other
aspects of building energy consumption such as building design,
insulation and lighting remain unaddressed.

Especially in a market with a large informal sector, it is
challenging to ensure the compliance with the energy efficiency
standards and labelling.
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Green Labelling System for
Sustainable Building
Materials and Products
(GREENSL) in Sri Lanka (Green
Building Council of Sri Lanka,
2022): This is a voluntary, third-
party certification system that
evaluates, and labels sustainable
building materials and products
based on their environmental
performance across their lifecycle.
It aims to encourage the use of
environmentally friendly materials
in the construction industry.

Positives: GREENSL has increased awareness among industry
professionals and consumers about the environmental impacts of
building materials. It has established a benchmark for sustainable
materials, encouraging manufacturers to improve their products.

The label provides a recognizable mark for environmentally
friendly products, helping consumers make informed choices and
creating a demand for sustainable materials.

The use of GREENSL®-certified materials can significantly reduce
the environmental impact of construction projects, including
lower embodied energy, reduced waste generation, and
improved resource efficiency.

Challenges: GREENSL is a voluntary certification, and its
adoption remains limited. Many manufacturers and builders still
opt for conventional materials due to cost considerations or lack
of awareness about the benefits of sustainable alternatives.

The current range of certified products under GREENSL is still
relatively limited, particularly for certain categories of building
materials. This can restrict the choices available to builders and
designers who want to use sustainable materials.

Green Building Certifications
in Sri Lanka: Green building
certifications(Green Building
Council of Sri Lanka, 2023) and
aim to promote sustainable
construction practices by
providing a framework for
designing,  constructing, and
operating buildings with reduced
environmental impact.

Positives: Green building certifications have raised awareness
about sustainable construction practices and have helped to
establish a benchmark for environmental performance in the
building sector.

Certifications provide a market-based incentive for developers
and building owners to adopt green building technologies and
practices, leading to reduced energy consumption, water usage,
and waste generation.

The number of certified green buildings in Sri Lanka has been
steadily increasing, indicating a growing demand for sustainable
buildings and a positive shift in the market. Furthermore, some
buildings in Sri Lanka have achieved international LEED
certification, demonstrating its potential for green building
development.

Challenges: While green building certifications are gaining
traction in the commercial sector, their adoption in the residential
sector, particularly for affordable housing, remains limited. This
is due to the perceived higher costs associated with green
building practices and lack of awareness among homeowners and
small-scale developers.

Green building certifications are currently voluntary in Sri Lanka.
Making them mandatory for certain types of buildings, such as
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government buildings and large commercial projects, could
significantly increase their adoption and impact.

5.9.5 AFOLU

5.9.5.1 National-sectoral mitigation enablers and barriers

Table 47: Overview of enablers and barriers (AFOLU sector)
(Balasooriya et al., 2015; Central Environmental Authority Sri Lanka, 2016, Climate Change Secretariat of Sri
Lanka, 2012; De Zoysa, 2017; Department of Land Use Policy Planning, 2016, Ekanayake and Theodore, 2017;
Jayalath and Gunawardhana, 2017; Mattsson, 2012; Ministry of Environment, 2015)

Dimension

Geophysical
feasibility

Environmental-
ecological
feasibility

Technological
feasibility

Economic
feasibility

Enablers

Diverse climatic zones and soil types are
suitable for various tree species.

Diverse agro-ecological zones in Sri Lanka
are suitable for various crops and livestock
systems.

There is potential for expanding renewable
energy generation in rural areas (solar,
biogas).

Barriers

Limited land availability due to competing land
uses (agriculture, urbanisation).

The vulnerability to extreme weather events
(droughts, floods) can affect reforestation
efforts, crop yields and livestock production.

Reforestation and afforestation can improve
soil health, biodiversity, and water resources.
Natural forests act as carbon sinks and
provide ecosystem services.

Sustainable agricultural practices (e.g.,
agroforestry, organic farming) can improve
soil health, water quality, and biodiversity.
Reduced use of chemical fertilizers and
pesticides can mitigate environmental
pollution. Furthermore, livestock manure
management systems can reduce methane
emissions.

Invasive plant species can threaten native
ecosystems.

Intensive agriculture practices can lead to soil
erosion, water pollution, and loss of biodiversity.
Overgrazing and deforestation for agricultural
expansion can worsen environmental
degradation.

There is access to modern forestry
techniques and technologies (e.g., remote
sensing, GIS, drone technology) including
the availability of improved tree varieties and
agroforestry systems.

Improved crop varieties, precision agriculture
technologies, and efficient irrigation systems
are available.

Due to current energy crisis, there is growing
interest in renewable energy applications for
agriculture (e.g., solar-powered irrigation
pumps, biogas digesters).

Limited adoption of technology due to cost and
lack of awareness among smallholder farmers.
Smallholder farmers need to bear high upfront
costs and have limited access to technology.
Lack of awareness and technical capacity among
farmers can hinder the uptake in sustainable
agricultural practices.

Forest-based industries can provide income
and employment opportunities.

Carbon credits and payments for ecosystem
services can incentivize sustainable forestry
practices.

High upfront costs are there for reforestation
and forest management.

There are number of competing economic
interests in land use such as energy generation,
agriculture, and tourism.
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High investment costs for technology adoption
and infrastructure development to adapt
sustainable agriculture practices.

Improved productivity and reduced input
costs can be realised through efficient
resource management and technology
adoption.

There is potential for increased income
through value addition and market access for
diversified crops and livestock products.

Many people, especially in rural areas, have
insecure land rights due to unclear or informal
tenure arrangements. This lack of secure tenure
can hinder investments in land improvement and
sustainable practices.

Conflicts over forest resources, and lack of
awareness and capacity among local
communities regarding sustainable forestry
practices.

Some traditional farmers show resistance to
change and adopt to new technologies.

Land tenure issues and social inequalities can
hinder access to resources and opportunities
among the farming community.

The Sri Lanka society has a strong cultural
and spiritual connection to forests.
Therefore, community-based forest
management models can promote
participation and ownership.

Sociocultural
feasibility

There are existing policies and institutions for
forest conservation and management (e.g.,
Forest Department, National REDD+
Investment Framework).

Various government agencies and policies
exist in supporting agriculture and livestock
development (e.g., Department of
Agriculture, Ministry of Livestock).

There are also initiatives promoting
sustainable agriculture practices and
renewable energy adoption in the sector.

Weak enforcement of forestry regulations and
illegal logging will be incapable of reducing
deforestation.

There is limited coordination and cooperation
among different agencies involved in agriculture
and land-use.

The enforcement of environmental regulations in
the agricultural sector remains weak so far.

Institutional
feasibility

5.9.5.2 Current status of national-sectoral climate policy

Table 48: Overview of policies and measures (AFOLU sector)
Type of What are challenges for issue this policy or enforce this
instrument policy?
Positives: The NEAP promotes sustainable land management
practices across sectors, aiming to minimize land degradation,
soil erosion, and deforestation.

Status / Is the policy in place?

National Environment Action
Plan (NEAP) 2022-2030 of Sri
Lanka (Ministry of Environment,

Governance
and
planning
instruments

2022): This action plan outlines
strategies and actions to address
environmental challenges and
achieve sustainable development
in Sri Lanka. It encompasses
various sectors, including land
use, with a focus on sustainable

The NEAP emphasizes the protection and expansion of
protected areas, including forests, wetlands, and other critical
ecosystems. This contributes to biodiversity conservation and
carbon sequestration, supporting the NDCs' climate change
mitigation goals.

The NEAP promotes climate-smart agriculture practices, such
as water-efficient irrigation, drought-resistant crops, and
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land management, biodiversity
conservation, and climate change
adaptation and mitigation.

integrated pest management. These practices can enhance
agricultural productivity, reduce vulnerability to climate change
impacts, and contribute to climate change mitigation.
Challenges: Land use changes, such as deforestation for
agriculture or urbanisation, continue to pose a significant
challenge to sustainable land management and biodiversity
conservation. Balancing competing land use demands remains
a complex issue.

The NEAP lacks robust monitoring and evaluation mechanisms
to track progress towards its goals and assess the
effectiveness of implemented measures. This makes it difficult
to identify gaps and areas for improvement.

National Climate Change
Policy (2012) (Climate Change
Secretariat of Sri Lanka, 2012):
This policy, adopted in 2012,
serves as the overarching
framework for addressing climate
change in Sri Lanka. It
encompasses mitigation and
adaptation strategies across
various sectors, including land use
(forestry and agriculture).

Positives: The policy has spurred initiatives for forest
conservation, reforestation, and afforestation. These efforts
have contributed to increasing carbon sequestration and
enhancing the resilience of ecosystems to climate change
impacts.

Encourages the adoption of sustainable agricultural practices,
such as organic farming, agroforestry, and water-efficient
irrigation. These practices can reduce GHG emissions from
agriculture and enhance soil health and water management.
Challenges: Land-use change, driven by factors such as
urbanisation, infrastructure development, and agricultural
expansion, continues to be a major challenge. Balancing
competing land use demands while ensuring environmental
sustainability and climate resilience remains a complex issue.
The policy lacks specific and quantifiable targets for GHG
emission reduction in the land-use sector. This makes it
difficult to track progress and assess the effectiveness of the
policy.

Limited availability of reliable and comprehensive data on land
use and land-use change (LULUC) makes it challenging to
monitor the progress of the policy's implementation and assess
its impact on GHG emissions.

National Land Use Policy
(2016): Provides a framework to
ensure proper land utilisation,
balancing competing demands for
food security, economic
development, and environmental
conservation. It aims to guide
decisions on land allocation,
productivity improvement, and
conversion of agricultural land to
other uses (Department of Land
Use Policy Planning, 2016).

Positives: The policy prioritizes food security and agricultural
development, recognizing their importance for sustainable
livelihoods and climate resilience.

The policy promotes rational land allocation and prioritizes
increasing land productivity before considering the conversion
of agricultural land to other uses. This approach can help
minimize deforestation and land degradation, contributing to
carbon sequestration.

Challenges: The policy lacks specific and quantifiable targets
for reducing emissions and improving land-use practices. This
makes it difficult to measure progress and assess the policy's
contribution to achieving the NDCs' goals.

The policy emphasizes the need for balancing different land
use demands, but conflicts between agriculture, urbanisation,
infrastructure development, and conservation persist.
Resolving these conflicts and ensuring sustainable land use
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practices require strong governance and effective coordination
among stakeholders.

National Forest Policy (1995):
This policy aims to ensure the
conservation, management, and
sustainable development of forests
in Sri Lanka. It focuses on
protecting natural forests,
promoting sustainable forestry
practices, and enhancing the
contribution of forests to national
development and climate change
mitigation (Ministry of Agriculture
Lands and Forestry, 1995).

Positives: The policy has led to the establishment and
expansion of protected areas, conserving biodiversity, and
contributing to carbon sequestration.

The policy promotes sustainable forest management practices,
such as selective logging and reforestation, which can help
maintain forest health and productivity while reducing
emissions from deforestation and degradation.

Challenges: Despite the policy's objectives, deforestation and
forest degradation continue to be significant challenges in Sri
Lanka due to illegal logging, encroachment, and unsustainable
land-use practices. Stronger enforcement and monitoring
mechanisms are needed to address these issues.

Unclear land tenure and ownership issues can create conflicts
and hinder the implementation of sustainable forest
management practices, especially in areas with overlapping
claims and competing interests.

National Physical Planning
Policy (2017-2050): This policy
package provides a comprehensive
framework for guiding land use
and development in Sri Lanka. It
aims to promote sustainable
development by integrating
economic, social, environmental,
and climate considerations into
land use planning decisions
(National Physical Planning
Department, 2019).

Positives: The policy explicitly aligns with the 17 Sustainable
Development Goals, including those related to climate action
(SDG 13), sustainable cities and communities (SDG 11), and
life on land (SDG 15). This reflects a commitment to holistic
development that considers environmental and social factors
alongside economic growth.

The policy identifies and demarcates different zones for urban
development, conservation, and agriculture, based on
environmental and climate considerations. This can help
minimize land-use conflicts and promote climate-resilient
development.

The policy encourages the integration of green infrastructure,
such as parks, urban forests, and green corridors, into urban
planning. This can contribute to carbon sequestration, improve
air quality, and enhance the resilience of urban areas to
climate change impacts.

Challenges: The policy's integration with other sectoral
policies, such as agriculture, forestry, and energy, needs to be
strengthened to ensure a cohesive approach to sustainable
land use and climate action.

The availability of accurate and up-to-date data on land use
and land cover change is crucial for effective planning and
monitoring. However, there are still data gaps that need to be
addressed to inform decision-making and evaluate the policy's
impact.

The successful implementation of the policy requires strong
political will and commitment from all levels of government, as
well as active engagement and participation of diverse
stakeholders, including local communities, civil society
organisations, and the private sector.
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National REDD+ Strategy Sri
Lanka: Sri Lanka's National
REDD+ Strategy (The Ministry of
Mahaweli Development and
Environment, 2017), formalized as
the National REDD+ Investment
Framework and Action Plan
(NRIFAP) 2018-2022, aims to
reduce emissions from
deforestation and forest
degradation (REDD+) while
promoting sustainable forest
management, biodiversity
conservation, and community
livelihoods.

Positives: The NRIFAP established a National REDD+ Steering
Committee and a REDD+ Secretariat, providing a strong
institutional structure for implementing REDD+ activities and
coordinating efforts among different stakeholders.

Sri Lanka has successfully developed and submitted its Forest
Reference Emission Level (UN-REDD Sri Lanka, 2017) to the
UNFCCC, which serves as a benchmark for measuring emission
reductions from deforestation and forest degradation.

The country has developed a National Forest Monitoring
System to monitor forest cover and carbon stocks, providing
crucial data for assessing the effectiveness of REDD+
interventions.

Challenges: Unclear land tenure and ownership rights can
create conflicts and hinder the implementation of REDD+
activities, especially in areas with overlapping claims and
competing interests.

Illegal logging and encroachment continue to pose significant
threats to forests in Sri Lanka. Strengthening law enforcement
and monitoring mechanisms is crucial for the success of
REDD+ initiatives.

While the NRIFAP identified potential funding sources, securing
adequate and sustained financing for REDD+ activities remain
a challenge. This can hinder the implementation of projects
and programs aimed at reducing deforestation and forest
degradation.

Forest Conservation and
Management Act (FCMA) of
Sri Lanka (2009 Amendment
to the Forest Ordinance of
1907) (Parliament of the
Democratic Socialist Republic of
Sri Lanka, 2009b): This act
consolidates and amends the laws
first established as the Forest
Ordinance in 1907 relating to the
conservation, protection, and
sustainable management of forest
resources in Sri Lanka. It aims to
regulate timber and forest produce
transport, and addresses issues
related to forest conservation and
utilisation.

Positives: The FCMA has strengthened the legal framework
for forest conservation and protection in Sri Lanka. It has
provisions for declaring Conservation Forests and establishing
Management Plans for them, ensuring better protection of
these critical ecosystems.

The Act emphasizes sustainable management of forest
resources, including the utilisation of forest produce. This
promotes the balance between conservation and the utilisation
of forest resources for livelihoods and economic development.
Challenges: The FCMA does not explicitly address the impacts
of climate change on forests, such as increased risk of forest
fires, droughts, and pests. Integrating climate change
adaptation strategies into forest management plans is crucial
for ensuring the long-term resilience of forest ecosystems.
While the Act recognizes the role of communities in forest
conservation, their involvement in decision-making and
management processes is often limited. Empowering local
communities and ensuring their meaningful participation in
forest management can enhance the effectiveness and
sustainability of conservation efforts.

Land Development Ordinance
of Sri Lanka: This ordinance,
established in 1935 (Ministry of
Justice, 1935) and amended
multiple times, governs the

Positives: The ordinance imposes restrictions on the
conversion of agricultural land to other uses, requiring permits
and approvals from relevant authorities. This can help to
prevent deforestation and land degradation, contributing to
carbon sequestration and climate change mitigation.
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systematic development and
alienation of state land in Sri
Lanka. It includes provisions on
land classification, allocation, and
restrictions on land use to ensure
sustainable development and
prevent environmental
degradation.

Challenges: Some provisions of the ordinance are outdated
and do not reflect the current understanding of land use and
environmental sustainability. The ordinance needs to be
updated to incorporate modern concepts like climate-smart
agriculture, ecosystem-based adaptation, and sustainable land
management practices.

Soil Conservation Act (The
Ministry of Agriculure
Development and Agrarian
Services, 2009): focuses on the
conservation of soil resources,
prevention, and mitigation of soil
erosion, and protection of land
against damage by floods, salinity,
alkalinity, waterlogging, and
drought. It aims to enhance soil
productivity and restore degraded
land.

Positives: The Act empowers the Minister of Agriculture to
declare conservation areas where soil erosion or land
degradation is a threat. This allows for the implementation of
specific regulations and measures to protect these areas,
contributing to carbon sequestration and climate change
mitigation.

The Act outlines various measures for soil conservation, such
as the construction of terraces, bunds, and drains, as well as
the planting of cover crops and trees. These measures can
help to reduce soil erosion, improve water retention, and
enhance soil fertility, contributing to sustainable agriculture
and climate resilience.

Challenges: Many farmers and landowners lack awareness of
the importance of soil conservation and the available
techniques and technologies. There is a need for more
comprehensive awareness campaigns and capacity building
programs to promote sustainable land management practices.
The Act was enacted in 1951 and amended in 1996, and some
of its provisions may be outdated and not aligned with current
challenges and scientific understanding of soil conservation
and climate change. A review and update of the Act is
necessary to ensure its effectiveness in addressing
contemporary issues.

While the Act addresses soil erosion and land degradation, it
does not explicitly address the specific challenges posed by
climate change, such as changing rainfall patterns, increased
temperatures, and extreme weather events. Integrating
climate change adaptation strategies into soil conservation
measures is crucial for ensuring the long-term resilience of
agricultural systems.

Payments for Ecosystem
Services (PES) (Kallesoe and
Alwis, 2005): PES is a mechanism
where beneficiaries of ecosystem
services, such as carbon
sequestration, watershed
protection, or biodiversity
conservation, provide financial or
other incentives to landowners or
managers who maintain or
enhance those services.

Positives: Several pilot PES projects have been implemented
in Sri Lanka, primarily focusing on watershed protection and
forest conservation. These projects have demonstrated the
potential of PES to incentivize sustainable land management
practices and contribute to climate change mitigation and
adaptation.

The concept of PES is gaining traction in Sri Lanka, with
increasing awareness among government agencies, NGOs, and
local communities about its potential benefits for both
environmental conservation and economic development.
Challenges: PES implementation in Sri Lanka is still in its
early stages, and the number of projects and their scale
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remain limited. Scaling up PES schemes to achieve significant
impact on GHG emissions and land-use change is a major
challenge.

The lack of a comprehensive legal and institutional framework
for PES can hinder its widespread adoption and
implementation. Clear guidelines and regulations are needed to
ensure transparency, accountability, and fair distribution of
benefits.

Green Financing: Green
financing refers to financial
investments in projects and
initiatives that promote
environmental sustainability and
climate action. In Sri Lanka
(Central Bank of Sri Lanka,
2022b), this includes loans,
grants, and other financial
mechanisms designed to support
sustainable agriculture and
forestry practices, renewable
energy in the AFOLU sector.

Positives: Several banks and financial institutions in Sri Lanka
have introduced green credit lines specifically targeting
sustainable agriculture and renewable energy projects. These
credit lines offer favourable terms and conditions, such as
lower interest rates and longer repayment periods, to
incentivize investments in environmentally friendly projects.
The Central Bank of Sri Lanka has developed a Green Bond
Framework to facilitate the issuance of green bonds by the
government and private sector entities. These bonds can be
used to finance projects in the AFOLU sector that contribute to
climate change mitigation and adaptation.

Some initiatives provide financial support to smallholder
farmers for adopting sustainable agricultural practices, such as
organic farming and agroforestry.

Challenges: Many farmers and small businesses in the AFOLU
sector lack awareness of available green financing options and
face challenges in accessing them due to limited financial
literacy, collateral requirements, and complex application
procedures.

Financial institutions may perceive investments in the AFOLU
sector as risky due to factors like climate change vulnerability,
price volatility of agricultural commodities, and limited track
record of successful projects. This can lead to higher interest
rates or reluctance to lend to the sector.

National Land Use
Information System (NLUIS):
The NLUIS is a centralized
database and platform designed to
collect, manage, analyse, and
disseminate land-use and land-
cover (LULC) data in Sri Lanka. It
aims to provide comprehensive
and up-to-date information on
land use patterns and changes,
supporting evidence-based
decision-making for sustainable
land management and climate
action (Sri Lanka Survery
Department, n.d.)

Positives: The NLUIS has successfully compiled land-use data
from various sources, including government agencies, surveys,
and satellite imagery. This centralized database provides a
valuable resource for understanding land-use patterns and
trends, which is crucial for assessing the AFOLU sector's
contribution to GHG emissions and identifying areas for
mitigation and adaptation.

The system enables the creation of detailed land-use maps and
the analysis of land-use change over time. This information is
essential for monitoring deforestation, forest degradation, and
agricultural expansion, all of which are key drivers of GHG
emissions in the AFOLU sector.

Challenges: While the NLUIS has made significant progress in
data collection, challenges remain in ensuring the accuracy and
completeness of the data, particularly for certain regions and
land-use categories. This can affect the reliability of the
analysis and its usefulness for decision-making.
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Land use patterns can change rapidly, especially in areas
undergoing rapid urbanisation or agricultural expansion. The
NLUIS needs to be regularly updated to reflect these changes
and provide timely information for decision-makers.
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6 Ukraine — Case Study

6.1 Big picture: Current national-sectoral decarbonisation status and
prospects

With a total land area of 603,549 km2, Ukraine is the second largest country in Europe located in Eastern Europe
at the Black Sea (SSSU, 2023; WorldData.info, n.d.). The topography is rather flat except for the Crimean and
Carpathian Mountains and the country is dominated by the Dnieper River and more than 73 thousand other,
mostly transboundary rivers. Ukraine is a resource rich country with mineral resources in high concentrations and
close proximity to each other (large reserves of coal, iron ore, natural gas, manganese, salt, oil, gold, lithium,
aluminium, graphite, copper, sulphur, kaolin, peat, titanium, nickel, magnesium, timber, and mercury), as well as
conventional and unconventional hydrocarbon resources (UNECE, 2023). The World Bank assess Ukraine as highly
vulnerable to the impacts of climate change as increased temperatures, increasingly variable precipitation
patterns, floods, heat waves and more intense and frequent droughts (World Bank Climate Change Knowledge
Portal, n.d.). Boundaries of spring frost are expected to shift with expected impacts on the agriculture sector.
Impacts on the amount and quality of water resources affect uses in the energy sector (UNECE 2023a).

Ukraine has a total population of 41.134 million (SSSU, 2023) with a low population density of about 68 persons
per sq.km and experiencing continued negative population growth for more than two decades (World Bank
Climate Change Knowledge Portal, n.d.). Several unforeseen “shocks” challenged, had and have an impact on the
country, its people and economy.

e Collapse of the former Soviet Union in 1991 and subsequent economic transformation challenges,
e Recession following the economic crisis of 2008 ending a boom between the years 2000-2008,
e Unprovoked Russian aggression 2014/2024 and war.

Ukraine is classified as a lower middle-income country ranking 56th in the world in 2020 by the size of nominal
GDP in absolute terms (Government of Ukraine, 2021). In 2023, gross domestic product (GDP) was USD 178.76
billion with 5.3% annual growth after 28.8 collapse in 2022 stemmed from Russian invasion and GDP per capita
at USD 5181.4 (World Bank Group, 2024). The economy is dominated by industry and the agriculture sector
(Government of Ukraine, 2021) being heavily impacted by the ongoing war. Estimated GDP losses in 2022 reflect
a major disruption of economic activities. This includes damage to productive assets and infrastructure, logistical
problems, labour force losses, ruined supply-demand chains, uncertainty and elevated risks (UNIDO, 2023).
Ukraine became independent in 1991 when the Soviet Union dissolved and declared neutrality. Since 2014 when
Russia annexed Crimea, Ukraine is in a military conflict with Russia and in an ongoing war since the Russian
invasion in February 2022. With the evolving military conflict and change in government in 2014, political
orientation shifted towards the European Union (Association Agreement). Already in 2011, Ukraine became a
contracting Party to the Energy Community Treaty involving commitments to reform legislative frameworks, in
particular to enable private participation in the electricity and gas sectors (OECD, 2021).

In particular important for Ukraine’s climate and decarbonisation policies is this EU alignment. Ukraine applied in
2022 for EU-Membership and has official EU candidate status. Accession negotiations opened in June 2024
(European Commission, n.d.). Replacing annual Association Implementation Reports, the European Commission
provides annual enlargement reports on Ukraine to the European Council. Reporting includes an assessment of
Ukraine’s alignment of its laws with the EU acquis in six thematic clusters and 33 acquis chapters. Among those
the level of preparation of Ukraine on the cluster “green agenda and sustainable connectivity” regarding transport
policy, energy as well as environment and climate change (European Commission, 2023a and 2023b).

Policy formulation and Implementation
The Ministry of Environment Protection and Natural Resources (MEPR) is responsible state policy on environmental
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protection and climate change. It reports to the Cabinet of Ministers. Other ministries and agencies also have an
impact on environmental protection and climate change in Ukraine: the Ministry of Energy, the Ministry of
Communities, Territories and Infrastructure Development (MCTID), the Ministry of Agriculture, and the State
Agency for Energy Efficiency and Energy Saving, which reports to the MCTID. The National Centre for GHG
Emission Inventory compiles Ukraine’s GHG inventory and reports to MEPR.

Greenhouse Gas Emissions

In 2021, Ukraine’s GHG emissions, including land use, land use change and forestry (LULUCF), totalled
341.5 million tonnes of CO2 equivalent (Mt CO2e) — a huge decrease from 911.4 Mt CO2-eq in 1990 (Figure 1).
CO2 accounted for around two-thirds of total GHG emissions in 2021; CH4 for 21% and N20 for 13% (MEPR
2023). The share of energy-related emissions was recorded at 64% of total GHG emissions in 2021. The industrial
processes and product use (IPPU) were responsible for 18% of total GHG emissions, agriculture for 14%, and
waste contributed only 4% to total GHG emissions (Figure 22). The major reduction achieved in GHG emissions
is attributed to deindustrialisation of the economy and economic stagnation. Ukraine’s carbon intensity, however,
remains one of the highest in the world exceeding the global and European average levels, despite the recent
trends in reducing the greenhouse gas emissions and indicating the need for investment to modernise its energy,
industry, agriculture and transport sectors (Zanizdra, 2022). It has to be generally mentioned that access to data
after 2021 is difficult as legal entities are not obliged to report to the SSSU since the invasion. Some data is
classified by the government as confidential after Russia launched missiles attacks on energy infrastructure and
therefore not publicly available. This report hence uses latest available data. Some analysis and ratings such as
the Climate Action Tracker have suspended their rating for Ukraine “as the country defends itself from the unlawful
Russian invasion”.
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Figure 16: GHG emissions by sector in 1990-2021 (Mt CO2e)
Source: IFA, 2023

Ukraine managed to successfully decouple economic growth and greenhouse gas emissions. Although Ukraine’s
real GDP increased by 47% in 2021 over 2000, total GHG emissions decreased by 16% over this period.

The electricity and heat generation were responsible for almost half of CO2 emissions in 2020 but its emissions
were 41% lower than in 2000 (Figure 23). The second-and third-highest emitters in 2020 were industry, which
registered a decrease of 57% of CO2 emissions, and households, whose emissions dropped 61% over twenty
years. Total emission from transport, which is only the fourth largest source of emissions in Ukraine, fell by 19%
in 2020 over 2000 (IEA, 2023. Note: The IPCC and the IEA methodologies yield different estimation of CO2
emission by countries.).
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Figure 17: CO2 emissions by sector in Ukraine in 2000-2020 (Mt COz)
Source: IEA, 2023

Historically, removals in the Land-Use Change and Forestry sector were almost -40 Mt COze in 1990 (Climate
Watch, 2022). Removals were continuously decreasing thereafter and since 2011 the sector has become a net
source due to national practices of cropland and grassland management and forestry (MEPR 2021 and 2023).
There were different drivers for CO2 emission decline in 2000-2020 (figure 24). Some emission decrease is
attributed to significant population and industrial decline since the war with Russia began in 2014. Some of it
stems from lower carbon and energy intensity of the economy over this period. The electricity generation also
declined in Ukraine from 171 TWh in 2000 to 148 TWh in 2020 but carbon intensity of electricity generation also
improved due to higher shares of nuclear and renewables over this period.
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Figure 18: CO2 emissions drivers, Ukraine 2000-2020
Source: IEA, https.//www.iea.org/countries/ukraine
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Ukraine ratified the Paris Agreement in September 2016 and in its first nationally determined contribution (NDC)
pledged to reduce its net GHG emissions to 40% below the 1990 level by 2030, a target that has already been
met. In July 2021, it submitted an updated first NDC to the UNFCCC with a commitment for an economy-wide
net domestic reduction of 65 % of GHG emissions by 2030 compared to 1990 (Government of Ukraine, 2021a).
The Government of Ukraine stresses that the NDC target includes GHG emissions and targets for its uncontrolled
and occupied territories on the basis of expert assessments as detailed information on the economic activities
and GHG emissions on those territories is not available. The updated NDC target covers all GHGs and the following
sectors: energy; industrial processes and product use; agriculture; land use, land-use change and forestry and
waste. Ukraine employed a TIMES-Ukraine integrated system modelling for analysing sectoral potentials on which
the updated first NDC was based. The model analysis developed at the Institute of Economics and Forecasting of
Ukraine’s National Academy of Sciences.determined the climate change mitigation actions in electricity and heat
production, industry, buildings, transport, agriculture, forestry, land use and land use change and waste
management sectors (MEPR, 2021). Total investment needs were estimated at €102 bn, from which €93 bn had
to be allocated to energy sectors and industrial processes (Ibid)). The documented emissions of 2021 show that
targets have already been met in 2021 as they were 62.5% below 1990 levels including LULUCF and 64.8%
excluding LULUCF (Government of Ukraine, 2023). The updated NDC of 2021, moreover included a net zero
target for 2060 (Government of Ukraine, 2021a) and highlights that Ukraine has started to actively implement
energy efficiency and environmental protection policies and promotes economic modernisation with key legislative
and regulatory act and includes a list of strategies and plans already approved. However, compared to the
modelled domestic pathways, the Climate Action Tracker rated Ukraine's updated NDC target as highly
insufficient (CAT, 2021).

Before the unprovoked Russian invasion, Ukraine planned various measures in the sectors, in particular retiring
old coal-fired power plants, large renewables deployment, using biomass for heat production, increasing energy
efficiency in buildings and reducing natural gas pipeline leaks (MEPR, 2021). Despite the devastation of war and
economic breakdown, the Ukrainian Government pursues its transition to net zero in times of war. Approving the
“Energy Strategy of Ukraine through 2050” in May 2023 it increased climate ambition aiming to meet the net-
zero target ten years earlier in 2050 (Government of Ukraine 2023). Regarding sectoral decarbonisation,
projections and planning of sector strategies and policies are difficult as Russia's war has caused massive damage
and destruction in the Ukrainian energy, industry, transport, agriculture and building sectors.

Implications of war

Russia’s invasion of Ukraine in February 2022 resulted in tragically upended lives and casualties among civilian
population. As of July 31, 2024, the Office of the UN High Commissioner for Human Rights recorded 35,160
civilian casualties in Ukraine: 11,520 killed and 23,640 injured (United Nations, 2024). One-third of Ukraine’s
population is estimated to be displaced due to Russia’s invasion of the country.

The World Bank reports 29.1% GDP decline in 2022, and its estimates, recovery and reconstruction need across
social, productive, and infrastructure sectors total at least $411bn by June 2023, which is more than 2 times the
2021 GDP of Ukraine (World Bank Group, 2023). KSE Institute documented only the total amount of damage to
residential and non-residential real estate, other infrastructure amounted to more than $157.2 bn (at replacement
cost) as of January 2024 (KSE, 2024).

Assessments of Ukrainian climate policy has been suspended by initiatives such as the Climate Action Tracker
(CAT, 2022) or the Climate Change Performance Index (CPPI, 2024). (Green) recovery strategies and plans have
been developed and discussed in international conferences not least with a view to sectoral decarbonisation
strategies and policies, but amount and implementation depend on the end of war. Green recovery strategies and
finance programs are discussed in a series of recovery conferences, for example the Ukraine Recovery Conference
in June 2024 in Berlin (URC, 2024).

Not least, Russia’s war in Ukraine also had an impact on global climate as a result of substantial GHG emission.
The total GHG emissions attributable to 18 months of war are estimated at 150 Mt CO2-eq. (de Klerk et. al.,
2023), which is more than the annual emission of highly industrialized Belgium (Figure 25). The estimate
constitutes of warfare, fires caused by war, refugees, civil aviation, reconstruction needs and Nord Streams 1 and
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2 sabotage. The direct damage from the warfare are estimated at 37 Mt CO2-eq (ibid). They consist of fuel used
at combat field, the use of carbon-intensive explosives, steel, and other materials, the increase in ammunition
production, concrete as construction material used by Russians for fortifications construction. Additional GHG
emissions are associated with the manufacturing of military equipment that has been destroyed and damaged
during the war, as well as long-distance arms delivery.
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Figure 19: 7otal GHG from the first 18 months of Russian invasion, Mt CO2-eq., %
Source: de Klerk et. al,, 2023

6.2 Industry

Current decarbonisation status and prospects

Ukraine"s economy is still one of the most energy intensive ones (figure 26). The industrial sector is dependent
on gas (UNECE, 2023a) and contributes significantly to the economy and employment (nearly 2.2 million people
excluding agroindustry and construction sector). In 2021, industrial manufacturing accounted for 10% of Ukraine’s
GDP. The majority of industrial enterprises are SMEs with less than 250 employees. Main activities of industry
except agroindustry are the following:

e Manufacturing of basic metals and fabricated metal products,

e Mining and quarrying,

e Manufacturing of rubber and plastics products, as well as other non-metallic mineral products,
e Machine building.

Main exported industrial products in 2020 were iron ore and concentrates, flat-rolled products of iron, cast iron
processing, ferro-alloys, and pipes made of cast iron and ferrous metals (UNIDO, 2023). Most important export
goods were ferrous metals, electrical machinery and nuclear reactors, boilers and machinery.
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Figure 20: Energy intensity in Ukraine"s industry sector.
Source: (UNECE 2023)

The sector is characterized by energy intensive production and activities. Infrastructure is energy inefficient due
to underinvestment over a long period. Industrial processes and product use are responsible for 18 percent of
greenhouse gas emissions in Ukraine. Among industrial processes, metal production accounts for 66.7 percent,
chemical industries for 17.48 percent and mineral products for 12.06 percent of greenhouse gas emissions from
industrial processes and product use (MEPR, 2023). In 2021 — before the war, the most emission-intensive regions
were Donetsk, Dnipropetrovsk, Zaporizhzhia and Ivano-Frankivsk (UNIDO, 2023). Outdated and inefficient
production technologies remain in use across the entire region (Industrial Decarbonisation Accelerator, n.d.).
Therefore, the industrial sector, especially Ukraine's metal industries, have a large potential to rapidly reduce
greenhouse gas emissions through energy efficiency measures, innovation and investment in new technology. In
the National Economic Strategy up to 2030 (Government of Ukraine, 2021b) investment needs (foreign and
domestic) of the industry sector were estimated at at least USD 20 billion by 2030 to modernise production
facilities and reduce emissions. Moreover, investment needs of the mining sector were estimated at about USD 7
billion by 2030 to conduct geological exploration to expand its mineral resource base.

Implications of war

The war has the third largest impact on the industry of Ukraine infrastructure and housing in terms of total value
of damages and asset losses. Total losses across commerce and industry amounted to USD 173.2 billion with
total damage to facilities estimated at USD 15.6 billion, as of December 2023 (World Bank, et al., 2024). As of
January 2024, the Kyiv School of Economics (KSE, 2024) assessed the total damage to the assets of enterprises
at USD 13.1 billion and at least 426 large enterprises were damaged or destroyed since the beginning of the war.
Total reconstruction and recovery needs for the commerce and industry sector were estimated at USD 20.8 billion
over 10 years. In terms of emissions, in 2023, damage to industry and utilities is assessed as additional
14.4 Mt CO2-eq. of GHG emissions (KSE, 2023).
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6.2.1 National-sectoral mitigation enablers and barriers

The industrial sector faces numerous barriers that hinder climate mitigation options, but also enablers exist that
support climate action. The enablers and barriers are categorized and explained in more detail in the Annex (Table
73) and are summarized below:

Geophysical feasibility: Regions with high potential for renewables (solar and wind) may emerge as exporters
of hydrogen or become hubs for the production of green / blue iron or steel. However, currently areas with high
potential are mainly in areas of military conflict so capacity of renewables and land (new sites) are constrained
(Devlin et. al., 2024) and not safe until the end of war. The agriculture and forestry sector have a large potential
to provide biomass for use as bioenergy (Was et al, 2022; Vasylyshyn et al., 2022). Regarding tri-generation /
Combined Heat and Power, this is suitable for many industrial zones as they are characterized by high energy
demands for electricity, heating, and cooling.

Environmental and ecological feasibility: There is a significant potential for resource conservation, waste
reduction and pollution prevention through circular economy and the reduction of pollution and resource depletion
can be achieved through RECP. A transformation towards green steel production has a potential for resource
conservation, waste reduction and pollution reduction / prevention. Furthermore, Eco-Industrial Parks have
significant potential for increasing resource efficiency, waste minimisation, pollution reduction and increasing
environmental benefits (Ministry of Economic Development and Trade of Ukraine, n.d.). Finally, tri-generation can
significantly improve energy efficiency and reduce emissions compared to separate generation of electricity,
heating and particularly cooling.

Technological feasibility: RECP technologies and methodologies are available and adaptable. However, RECP
Investment levels for new technologies and modified equipment remained small after establishment of RECP
Center, indicating an untapped potential for more expensive technological solutions with higher impacts (EU4
Environment) for technical knowledge reasons. As well, circular economy principles and practices are increasingly
adopted worldwide. As there is almost no waste-processing technology and no European-style landfills in Ukraine
(Yevstihnieieva, 2022) this might be a barrier for the introduction of waste management technology and Circular
Economy. Tri-generation technologies are mature and available. Eco-industrial park models and technologies are
well established globally. Application in Ukraine is supported by the Government of Switzerland and UNIDO.

Economic feasibility: Circular Economy is an underdeveloped issue in Ukraine, but resource efficient cleaner
production practices (RECP) are applicable in industrial processes and sectors in Ukraine. RECP and circular
economy practices result in (long term) cost savings through resource optimisation and waste reduction. The
increased use of biomass contributes to the reduction of Ukraine’s dependence on fossil fuels (natural gas) in
the long run. However, as the focus in Ukraine is rather on waste management, waste reuse/recycling than on
CE (UNIDO, 2023), a barrier to the adoption of circular economy models may be that they require significant
changes in business practices. Regarding Eco-Industrial Parks, a barrier could be the need for coordinated
planning and collaboration among multiple stakeholders which is required to set up these parks. Experience with
implementation of “usual” Industrial Parks shows management and planning difficulties. Moreover, there might
be a lack of available skilled labour in EIPs. A barrier to the decarbonisation of the industry sector is that the
current instability/war has strong impact on investment decisions. Generally, a limited overall flow of investment
into industrial energy efficiency improvements (Industrial Decarbonisation Accelerator, n.d.) is observed, enabler
for improving energy efficiency would be policy incentives and market mechanisms that drive adoption of low
carbon technologies. Another economic enabler for decarbonisation in industry could be the cost saving potential
of tri-generation (Combined Heat and Power).

Sociocultural feasibility: Sustainable biomass supply chains and RECP practices offer a potential for job
creation and improved working conditions. Eco-industrial parks offer community benefits. Raising awareness and
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fostering stakeholder engagement are crucial for the success of all initiatives. A lack of awareness /technical and
financial capacity may hinder adoption of RECP practices. Moreover, limited awareness and knowledge on
trigeneration and modern energy technologies among central and local authorities and district heating utilities
(USAID ESP, 2024) is a barrier to implementation.

Institutional feasibility: The RECP Center of Ukraine was established with support of an EU Programme. but
so far, there was a lack of Government incentive mechanisms for RECP (EU4 Environment, 2022) to unfold more
impact. A further enabler could be a waste management information system, which should simplify the system of
accounting and reporting, submission of declarations and implementation of permitting procedures that should
be introduced after entry into force of the Waste Management Law in 2023 (WTO, 2023). But a barrier is that no
modern waste management system was in place before the war (Lindskog, 2023) despite strategies and
management plans. An enabling factor for decarbonisation of the industry sector is the amendment of Ukraine’s
Law on Industrial Parks regarding the EIP approach which is in the public consultation phase. (UNIDO, 2024)
However, currently the lack of clear regulations, standards, enforcement, and monitoring mechanisms hinders
the use of biomass, RECP roll out, eco-industrial park development, and circular economy practices in general.
An EIP related national standard is under development since June 2024 (UNIDO, 2024) which might improve this.
6.9.1 (Quicklink to table on enablers and barriers)

6.2.2 Current status of national-sectoral policy

Ukraine has no formalized industrial strategy. An order of the Cabinet of Ministers of Ukraine on approval of the
strategy for the development of the industrial complex of Ukraine for the period up to 2025 had been drafted in
2017 but not been approved (UNIDO, 2023). Industry chapters are integrated in other strategies such as the
National Economic Strategy until 2030.

Governance and planning instruments: The objectives of economic and industrial development are described
in the National Economic Strategy until 2030 adopted in 2021. General goals are the establishment of a
favourable environment for business development and investment, achievement of competitiveness in the
international market, development of innovations and modernisation of economic sectors, development of human
potential, and ensuring equal rights and opportunities for women and men in all spheres of society. Pollution and
climate change related issues are not focus areas and the industry chapter does not directly mention emission
reduction as priority. Implementation will be reviewed in 2024 and 2027. The Strategy of Environmental
Safety and Adaptation to Climate Change until 2030 approved in 2021 contains strategic goals including
the reduction of industrial pollution, creation of an effective chemical safety system, ensuring the rational use of
natural resources, as well as the creation of the legal and economic framework for the introduction of waste
management systems (Government of Ukraine, 2021c; UNIDO, 2021). The National Waste Management
Strategy of 2017 is based on requirements of the EU Directive on Waste Management: It should regulate the
area of waste management and the introduction of certain elements of circular economy (Environment, People,
Law, 2022).

Regulatory instruments: In 2009, the Law on Promotion of Biological Fuels Production and Use was
approved: The main objectives to be achieved by promotion of biofuels were to save fossil fuels, decrease
dependency from energy imports, increase energy security, and decrease negative impacts on the environment
caused by burning fossil fuels. The Law introduced a definition of biofuels and its types (bioethanol, biogas,
biomass, biodiesel, etc.) and promotes companies™ engagement in production and sale of biofuels. Biofuel types
are subject to certification (except for products for own consumption). During the sale, the producer is obliged to
present to the buyer documenting the quality of the fuel. Production of bioethanol can be conducted by licensed
entities of which the Cabinet of Ministers keeps a registry. The National Waste Management Plan until 2030
approved in 2019 should further develop and specify the National Waste Strategy. Implementation of the tasks
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and objectives of the plan would require further related and more specific legislation.

Market-based instruments: Ukraine adopted a Carbon Tax covering CO2 emission from stationary sources
in the industry, power and buildings sectors in 2011 with a marginal tax rate of €0.003/tCO2. The carbon tax is
currently again at a low level at UAH10/tCO2 (around €0.25/tCO2 at December 2023 exchange rate) and remains
one of the lowest carbon prices worldwide (Neuweg, 2023; World Bank, 2020). At this tax rate, the carbon tax
cannot affect the production and consumption decision in the economy and consequently, cannot lead to
substantial GHG emissions reductions. A weak motivating role of environmental taxes and low investment activity
of industry are assessed as barriers not providing conditions for effective decarbonisation and digitalisation of the
industrial complex (Zanisdra, 2022).

Information instruments

As part of the Europeans EaP Green programme UNIDO supported Ukraine in setting up a Resource Efficient and
Cleaner Production Centre (RECPC) in 2013. RECPC supported more than 170 companies to improve resource
efficiency and environmental performance. Despite RECPC there appears little attention for saving opportunity
(material flows, circular economy). Investment levels for new technologies and modified equipment remained
small, indicating an untapped potential for more expensive solutions with higher impacts. Incentive mechanisms
are lacking (EU4Environment, 2022.).

The next table lists the individual policies and measures. Further information, including a brief of the policies, can
be found in the Annex (Table 74).

Table 49: Ukraine" s policy package (industry sector)
Type of
instrument

Status

National Economic Strategy for the period up to 2030
Strategy of Environmental Safety and Adaptation to Climate Change until 2030 (2021).
National Waste Management Plan until 2030 (2019)

Governance
and planning
instruments

Law on Promotion of Biological Fuels Production and Use (2009)

Law on waste management reform (2022) replacing law on waste adopted 1998
Law on Alternative Fuels (2000, amended 2009 and 2012)

(U ETIGEELEEG Y Carbon Tax (2011)

instruments Tax Code: Excise Tax

Information RECPC established (2013)

instruments

Regulatory
instruments

6.2.3 How to strengthen national-sectoral climate policy

Challenges for the industry sector are the reduction of carbon consumption and energy consumption per unit of
output, and the modernisation of industrial enterprises with the best available technologies. Challenges for heat
supply are to increase heat production from biofuels by 30%, and to modernise central heating systems.
Challenges for waste management are to implement best practices in the waste management hierarchy, and to
utilise methane from solid and liquid waste.

Ukraine s Net Zero Scenario projects that negative emissions from power and heat through carbon capture and
storage and direct air capture could offset remaining emissions from industry to achieve Net Zero by 2050
(Institute for Economic Forecasting, 2023).
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As it has been assessed that the Ukraine Carbon Tax is ineffective in strengthening energy efficiency and reducing
carbon emissions (Breuning, 2021) efforts to introduce a range of measures to achieve emission reduction goals
call for a revision of Ukraine’s carbon pricing strategy. A successful transition towards effective carbon pricing
should include a gradual increase of carbon tax with revenue allocation to support vulnerable customers and
industrial energy efficiency measures and a speed up of the introduction of Ukrainian ETS and consider its linkage
to EU’s ETS to ensure the tax revenue from steel and power industries stays in Ukraine instead of flowing to the
EU after CBAM introduction: The absence of an effective carbon pricing is an important barrier on the path towards
net-zero. Ukraine is planning to establish a national ETS in 2025, in line with its obligations under the Ukraine-EU
Association Agreement. Ukraine adopted a framework law in 2019 on measurement, reporting and verification
(MRV), which is one of the initial steps required to set up an ETS but other progress in establishing ETS is limited
so far. An additional element Ukraine’s policymakers should consider when choosing an optimal carbon pricing
solution is the EU Carbon Border Adjust Mechanism (CBAM), which will first apply to sectors that could already
be covered by Ukraine’s ETS: iron and steel, aluminium, cement, fertilisers and electricity. Imports from these
sectors would be subjected to a border carbon tax unless a carbon tax was paid on them in Ukraine. According
to a KSE study, iron and steel and electricity exports would be affected the most by the CBAM (KSE, n.d.). Thus,
the annual exports losses from steel industry will amount to €513-739 m while annual losses of electricity
exporters are estimated at €108-125 m. Given the substantial emission reduction by Ukraine over 1990 and
extensive damages to both steel and electricity produces from the war, Ukraine needs to ask for a grant period
of CBAM implementation which can be used to establish and link the ETS-Ukraine with the ETS-EU.

Regarding Ukraine's metal producing industry, decarbonisation of iron and steel production has a large
greenhouse gas reduction potential based on retrofitting of existing facilities for partial fuel switching to biomass
or hydrogen, or carbon management. Achieving very low and zero emissions in steel production can be
accomplished through high-capture CCS or direct hydrogen utilisation, resource efficiency and material
substitution, process integration and optimisation.

6.3 Energy

Current decarbonisation status and prospects

The energy mix of Ukraine relies on fossil fuels and energy imports. In 2020 before the war, fossil fuels (coal,
crude oil, oil products and natural gas) accounted for 70% of the total primary energy supply. Nuclear energy
accounted for 23 % of total primary energy supply and provided the base load and more than half of total
electricity generation (in 2021). Renewables (wind and solar) accounted for 7 % of total primary energy supply
including almost 5% bioenergy from waste (UNECE, 2023a). In comparison, in the energy mix in the year 2000,
renewables did not play any role, and bioenergy was on a low level (figure 27).
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Figure 21: Total primary energy supply (mtoe). Ukraine 1999-2022

Source: (UNECE 2023)

In the National Economic Strategy up to 2030 (Government of Ukraine, 2021b) investment needs (foreign and
domestic) of the energy sector were estimated at least as USD 25 billion by 2030 to replace generating capacity
and modernise the energy infrastructure.

Decarbonisation could lead to a doubling of electricity demand, which could be supplied by solar and wind
generation increasing their share from 12% in 2020 to appr. 80% in 2050 (UNECE, 2023a). Nuclear, hydropower
and bioenergy would complement these sources. The estimated potential Ukraine s bioenergy sector is very large
compared to current, 2021 volumes of production, with benefits regarding decentralisation of energy supply
ensuring independence from natural gas and reducing dependence on other types of fuel (UNECE et.al., 2023):
For example, biomethane/biogas development potential has been estimated as 1719 ktoe biomethane in 2035
compared to 125 ktoe biogas in 2021. The estimated potential of solid biomass is 10.1 Mtoe in 2035 compared
to 4.2 Mtoe in 2021 (ibid).

Implications of war

Russia’s unprovoked invasion also poses a huge challenge for a resilience of Ukrainian energy sector. The
availability of power and heat for civilians is being compromised by Russian attacks on critical energy infrastructure
and other targets. The largest source of war related GHG emissions stems from civilian infrastructure damages
and its post-war reconstruction needs. The destruction of Nova Kakhovka dam by Russian military forces to empty
the reservoir and resulting the downstream flood is an act of ecocide for which Russia should be accounted for in
line with the international law. Total GHG emissions from this sector are estimated at 54.7 Mt CO2-eq. and
continue increasing with war. From October 2022 to March 2023 Russia launched 33 extensive attacks with more
than 1000 missiles and kamikaze drones targeting primarily electricity generation and grid facilities and other
energy assets. In 2022, about 50% of Ukraine’s generating capacities and transformer substations had been
damaged or occupied. Renewable energy has also been affected as up to 40% of solar and 90% of wind electricity
generation was lost (Ministry of Energy of Ukraine, 2023b). The emissions from the sabotage of the Nord Stream
1 and 2 pipelines on 26 September 2022 is estimated at 14.6 Mt CO2-eq. (de Klerk, 2023).

Amid the continuous attacks on energy infrastructure and energy security, the Bioenergy Association of Ukraine
appealed the World Biogas Association (WBA) for help in supporting the urgent need for decentralised energy
solutions on the basis of bioenergy, biogas represents a key technology to achieve this. WBA has agreed the
request and called on their members and the international biogas community to help supply Ukraine with surplus
and second-hand anaerobic digestion (AD) and biogas systems (WBA, 2024).

6.3.1 National-sectoral mitigation enablers and barriers

There are many enablers that support climate and decarbonisation policies in the energy sector but the sector
also faces numerous barriers that hinder climate mitigation options. The enablers and barriers are categorized
and explained in more detail in the Annex (Table 75) and are summarized below:

Geophysical feasibility: Ukraine starts from an energy sector based on coal, (imported) natural gas and
nuclear. It has large domestic natural gas reservoirs. Ukraine has an abundant untapped potential for renewable
energy. Solar, wind have increased but are still on a lower level in the energy mix (UNECE, 2023). There is suitable
terrain for additional hydropower and geothermal energy potential has almost not been exploited (Demchuk and
Liventseva, 2023). There is a large potential for bioenergy from agriculture waste. Increasing the share of
renewables is accompanied by risks from the intermittent nature of solar and wind energy. Under the current
conditions of war, potentials cannot be exploited in east and south regions of Ukraine.
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Environmental and ecological feasibility: Decarbonizing Ukraine’s energy sector has a high potential of
reducing Ukraine's energy sector greenhouse gas emissions and other pollutants related to mining activities
(coal). There might be environmental impacts of intensified domestic natural gas extraction or new (larger)
hydropower projects.

Technological feasibility: Globally, mature renewables technologies are available but grid stability,
transmission infrastructure in Ukraine might by bottlenecks to greater solar PV integration (Bilek et. al., 2024).
Battery technology is a research focus globally. Globally, expertise in biomass power generation is growing. The
currently underutilized extensive natural gas transmission system and underground storage facilities can
potentially store the entire existing potential of biomethane production in Ukraine (up to 10 billion m3 per year)
(UNECE, 2023b). Low level of policy support for research, development and demonstration (RD&D) for bioenergy
related novel technologies is a barrier for wider deployment. There is proven technology for natural gas power
plants. Mature technologies for energy-efficient appliances, lighting, and building design are available.

Economic feasibility: Diversification of the energy mix increases energy security and has the potential to
decrease dependence on imports. There are decreasing costs of renewable energy technologies having a potential
for long-term cost savings. Implementation of energy efficiency measures reduces energy cost in the medium
and long-term. Market structure, high upfront investment cost, tax rates on biofuels, subsidy structure, and a lack
of incentives generally are economic barriers (Bilek et. al., 2024). Regarding nuclear fuel, Ukraine aimed to reduce
its dependence on Russian nuclear fuel switching to US fuel (Szulecki and Overland, 2023).

Sociocultural feasibility: Diversification results in new jobs but net balance with job losses must be assessed.
Trust issues regarding large scale introduction of solar PV and prejudice against bioenergy (food security) might
be a barrier for acceptance.

Institutional feasibility: There is a number of regulations and initiatives for renewable energy development
(feed in tariff etc.) and energy efficiency but enforcement level appears low. FiT remains only for households. In
legislation, it was replaced by auctions and contracts for difference. Auctions on large capacities were promised
but delayed since 2020. The first auctions were promised for the fall of 2024.The bioenergy sector has a high
potential for growth, but a supportive regulatory environment is essential to attract investment and to support
existing businesses. Complex procurement procedures for investments in renewables and related technologies
like energy storages by SOE and imperfect competition and private participation at the heat supply market are
barriers for diversification.

6.9.2 (Quicklink to table on enablers and barriers)

6.3.2 Current status of national-sectoral policy

The energy sector in Ukraine has been transformed to some extent in the past and is “under attack” in the
ongoing war. The current National Energy Policy can be described as strategically driving transformation but
having to safeguard daily business and consistent implementation. There are two key pillars: ensure energy
security (short-term), and sustainability by diversifying the energy mix and reducing dependence on fossil fuel
resources (mid-/longterm).

Governance and planning instruments: Ukraine has a considerable tradition of developing energy sector
related government strategies and plans. In 2017, the Energy Strategy of Ukraine (ESU) 2035 was approved
but an assessment showed limited effects (Zachmann et. al., 2019). The Energy Strategy of Ukraine until
2050 approved in 2023 is an energy roadmap focusing on the development of nuclear and renewable power
generation capacity and on the modernisation and automatisation of transmission and distribution systems, in
order to achieve carbon neutrality in the energy sector by 2050. Ukraine aims to strengthen energy security and
the sustainability of its energy system and wants to join the unified energy system of Ukraine (UES) to the
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European network of electricity transmission system operators (ENTSO-E). Ukraine announced to achieve climate
neutrality by 2050, ten years earlier then announced in its updated NDC in 2021. As updated in the Ukraine
Plan (2024) it outlined green recovery projections and investment needs. In June 2024, the National Energy
and Climate Plan (NECP) was approved. The NECP defines key targets for 2030, reaffirming the updated NDC
targets and net zero for 2050 and adding specific sub-targets. It has been prepared in about one year and
approved under conditions of war and was driven by the EU accession process. Focus areas are decarbonisation,
energy efficiency, energy security, internal energy market (electricity, gas including bioenergy and oil) as well as
research, innovation and competitiveness. For each focus area, it identifies existing, additional, and planned
policies and measures and summarizes these in an 6 page overview table on policies and measures.

Regulatory instruments: Feed in and incentive tariffs have been enforced to promote renewables. The Feed
in Tariff for electricity producers from RES (2008) promoted investments for power generation through
non-conventional sources of fuel using non-fossil technologies and granted the green FIT to investors until end
of 2029. However, it was effective only for projects implemented until 2020. Auctions for new capacities are
delayed but may be introduced as required secondary legislation was adopted in 2023-2024. The Incentive
tariff for heat energy from RES (2017) grants investors implementing gas substitution projects a legislatively
fixed tariff for heat. Basic biofuel regulation has been approved in 2008.

Market-based instruments: Ukraine"s Tax Code can be mentioned, for example the Excise Tax on Electricity.
Energy taxes account for a high share of environmentally related tax revenue. Apart from the carbon tax covered
in the industry section, this results mainly from the excise tax on electricity. A challenge is that tax revenue
fluctuates, therefore it difficult as basis for expenditure for renewables support measures.

Information instruments: The NECP list several measures, for example a Modernisation of educational
programs to address skills gap in the green transition and renewable energy sector.

The next table (table 69) lists these policies and measures. Further information, including a brief description and
an assessment of the effectiveness of the policies where available, can be found in the Annex (Table 76).

Table 50: Ukraine"s policy package (energy sector)
Type of
instrument
Governance National Energy and Climate Plan of Ukraine covering the period 2025-2030 (approved June 2024)
ELGEELLIL B Ukraine Plan (2024)
instruments Clean Energy Roadmap (2023)

Feed in tariff for electricity producers from RES (2008), secondary legislation 2023/24
Incentive tariff for heat energy from RES (2017)
Law on Promotion of Biological Fuels Production and Use (2009)
W ETIGEELEEG I Carbon Tax (2011)
instruments Tax Code: Excise Tax on Electricity
Information
instruments

Regulatory
instruments

Educational programs address skills gaps in the green transition and renewable energy sector

6.3.3 How to strengthen national-sectoral climate policy

In its updated NDC, Ukraine the Government of Ukraine, 2021 listed as success factors for the energy sector
transformation and for achieving the NDC (Government of Ukraine, 2021):

¢ Implementation of the National plan on reduction of emissions from large combustion plants;
e Integration of the unified energy system of Ukraine into the energy system of continental Europe (ENTSO-
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E);
e Construction of up to 2 GW of peak and semi-peak shunting heat generation and 0.5 GW of frequency
control support systems;
e Generation of nuclear energy in the amount of not less than 50% of the primary energy supply, taking
into account the need to build new power units and maintaining independence from Russian nuclear fuel;
e Maintaining the transit of natural gas through the territory of Ukraine in the amount of 40-55 billion m3
per year and preventing the completion of the Nord Stream 2 project as such, which poses a threat to
the energy security of Ukraine and the EU;
e QOvercoming energy poverty of consumers;
¢ Significant increase in the share of electricity and heat production from renewable sources;
e Full-scale implementation of a program on just transition of coal regions.
[ )
These and other goals are the basis for scenarios and related strategic policies and measures. Despite all war
challenges, Ukraine presented its vision of the path to achieve net zero emissions by 2050 at COP28 (Ministry of
Energy of Ukraine, 2023a). The vision is based on decarbonisation, massive renewables development, deployment
of new technologies as hydrogen, small-modular reactors (SMR) and green steel, and energy efficiency. The
modelling through 2030 and 2050 was performed by the US Net Zero Initiative and the Institute for Economic
Forecasting employing the TIMES-UA model used for modeling, for example the first NDC of Ukraine and other
energy and climate related government strategies and plans. TIMES-UA is a linear optimization energy system
model providing a bottom-up technology-rich representation of the energy system of Ukraine for the longterm
estimation of the energy dynamics (ibid). The Government of Ukraine called the presentation Net Zero Strategy
until 2050. Specific challenges for the energy (power) sector are to increase solar and wind power to 30% in
electricity generation mix by 2030, deploy ultra-flexible gas generation and electricity storages capacities, reduce
the use of coal-fired power plants, and gradually close coal mines while implementing programmes to transform
coal regions including programmes for workers (just transition).
The reference (business-as-usual) scenario assumes no changes in policies and development of economy and
energy sector as compared to 2020. In this scenario coal continues to play an important role in energy supply
through 2050. The Net Zero Base Scenario assumes the achievement of net zero emission by 2050 and is
supposed to be based on the base case scenario of the Energy Strategy of Ukraine through 2050. Finally, the Net
Zero Intense Scenario reflects the vision of the Office of the President of the post-war recovery presented at the
Ukraine Recovery Conference London in 2023 and contains massive adoption of new technologies like green steel
and hydrogen.
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Source: Ministry of Energy of Ukraine, 2023a.

In the net zero scenarios there is rapid phasing out of coal by 2035 and very fast deployment of variable
renewables (solar and wind), bioenergy and nuclear. In the Net Zero Intense Scenario the TPES in 2050 is much
bigger than in two other scenarios due to large exports of green steel and hydrogen.

Electrification plays a key role in decarbonisation of energy demand, so electricity production grows considerably
in Net Zero Scenarios (figure 27_2). Wind and solar will account for the most production increase. In the Net Zero
Intense Scenario the wind is responsible for over 250 TWh in 2050 compared to 156 TWh of total electricity
generation in 2020. Although the wind offshore and onshore potential is substantial in Southern Ukraine, the war
over South of Ukraine with Russia increases the risks of such investments in the region, which in turn substantially
increase the costs of investments in wind generation.
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Figure 27_2: Electricity generation by scenario in 2020-2050, TWh
Source: Ministry of Energy of Ukraine, 2023a.

The power and heat sectors are projected to be net negative by 2040. Negative emissions from power and heat
through carbon capture and storage and direct air could offset the remaining emission from industry and energy
supply achieving net zero by 2050. The timeline of total emission decline is very similar between Net Zero Base
and Intense scenario as both of them must meet the 2050 net zero target.

Regarding specific sector policies, existing regulation such as the Carbon Tax of 2011 has to be improved by
setting an effective tax rate, the announced ETS has to be adopted and implemented, many other regulation as
for example envisaged in Ukraine s National Economic and Climate Plan would have to be implemented in a
shorter time than usual, as time from announcement of a strategic objective to implementation of specific
regulation appears to be very long. Several policies to exploit potentials depend on the end of war.
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6.4 Transport

6.4.1 Current decarbonisation status and prospects

Greenhous gas emissions in the transport sector include emissions from fuel combustion in all transport modes.
In 2021, emissions amounted to amounted to 33.67 Mt of CO2e which is 70 % decrease compared to 1990 levels
(figure 28) but a 5.82 % increase compared to 2020. The by far largest share of total transport related emissions
was contributed by road transport with 24.98 Mt of CO2e (74.2 %) and the second largest share came from other
types of transportation with 7.99 Mt of CO2e (23.74%) including emissions from combustion of natural gas by
drives of gas pumping units of compressor stations of main gas pipelines, machinery for agriculture work, as well
as activities of off-road vehicles. Other transport modes had marginal shares: railways 0.42 Mt of CO2e, civil
aviation 0.19 Mt of CO2e, and waterway transport 0.08 Mt of CO2e (MEPR, 2023). Other information on modal
split such as shares of non-motorized transport or public transport is not available.
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Figure 22: Transport Emissions Ukraine(kt CO2e), 1990-2021.
Source: Own compilation of time series data (UNFCCC, 2024).

Regarding pollution related to transport, Ukraine, ranked 8th in Europe and 43rd in the world among the countries
with the most polluted air in 2020, According to experts, the country’s annual losses from environmental pollution
by vehicles are estimated at 2.5 billion euros. This situation is caused, first of all, by the aging of vehicles, because
the average age of the car fleet in Ukraine is 22.7 years, which is two times higher than the average in the
countries of EU (11.5 years). Therefore, the carbon trace of road transport in Ukraine has been assessed as being
“terrible” (Abuselidse et. al., 2023).

Prospects for emission reduction are high as Ukraine supports the European objectives for sustainable and smart
mobility, it has significant potential for rail and inland water transport, an intends in the near future to redistribute
transport traffic between transport modes, in particular road and rail transport (ibid).

Implications of war
Transport infrastructure and the vehicle fleet suffered significant damage: Already at the end of 2022, was
estimated at USD 28.5 billion (KSE, 2022) and assessed as additional 14.3 Mt CO2-eq. of GHG emissions. Civilian

Funded by Page 325 of 357

the European Union




D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

transport infrastructure is a target for Russian military attacks. After about half a year of war, 25,000 km highways,
500 km railways, 315 bridges, and 111 railway stations were destroyed. Losses due to destroyed public transport
reached USD 657 million and for private vehicles damage amounted to USD 1.7 billion USD or about 200,000 cars
(UNECE, 2023). The closure of the Siberian airspace by Russia to Western airlines and the closure of Ukraine’s
airspace to commercial traffic increased the distance of air routes between Europe and Asia and as estimated
increased the global GHG emissions by 18.0 Mt CO2-eq (de Klerk, 2023).

National-sectoral mitigation enablers and barriers

The transport sector faces humerous barriers that hinder climate mitigation options, but also enablers exist that
support climate action. The enablers and barriers are categorized and explained in more detail in the Annex (Table
77) and summarized below:

Geophysical feasibility: In Ukraine, there are suitable climate conditions and terrain for walking and cycling in
many areas (non-motorized transportation). Rivers and canals offer additional potential for sustainable inland
water transport (Alekseievska et.al., 2023). Ukraine’s existing road and rail infrastructure can be improved and
expanded when not damaged and has to be reconstructed where destroyed.

Environmental and ecological feasibility: As pollution from road transport and traffic amounts are high,
reduction in congestion, air pollution, and GHG emissions through sustainable transport modes including walking
and cycling could be enables for decarbonisation in the transport sector. Additional potential environmental
impacts of new infrastructure construction, reconstruction could be barriers. Experiences worldwide demonstrate
that non-motorized ways are feasible as a zero-emission transport mode. A shift to public transport has benefits
for the reduction of congestion, air pollution, and greenhouse gas emissions. In-land water transport has potential
for lower emissions compared to road transport. On the other hand, increased In-land water transport may have
negative impacts on aquatic ecosystems and water quality. Again, the increase in numbers of electric and hybrid
vehicles has the potential for significant reductions in air pollution and GHG emissions from road transport. But it
must be considered that electric vehicles require decarbonized electricity supply to maximise environmental
benefits. Improved vehicle fleet efficiency leads to reduced fuel consumption and emissions from existing vehicles.

Technological feasibility: Technologies for intelligent transport systems, traffic management and electric
mobility are globally available. Existing rail infrastructure can be upgraded for freight transport. Technologies for
intermodal transport (e.g., containerisation) are available. Electric and hybrid vehicle technology is mature and
available. But limited charging infrastructure is a barrier. Regarding retrofitting potentials, high upfront investment
costs for technology upgrades may be barriers. In addition, concerns about limited range of electric vehicles and
concerns about battery life exist. As another cost, factor, cost of retrofitting older vehicles with fuel-efficient
technologies can be substantial. Even before war, main and regional routes deterioriated and the share of tracks
to be repaired and modernized is more than 40 % with increasing tendency (Abuselidse et. al., 2023) without
including damages from war.

Economic feasibility: Introduction of taxes to promote public transport can generate substantial revenue for
the government. Improved transport efficiency can reduce fuel costs and travel time, boosting economic
productivity. Improved public transport can lead to lower operating costs and fares compared to private vehicles.
Potential for job creation in the public transport sector. Lower operating costs for electric vehicles due to lower
fuel and maintenance costs. Low cost of non-motorized transport in urban areas. The lower costs are confronted
with high cost of infrastructure repair, modernisation and optimisation as there is a need for investment in rail
infrastructure (e.g. high share of non-electrified rail transport). High upfront costs of electric vehicles are
comparatively high. Not least, the modal shift might require subsidies to maintain affordability of public transport.

Sociocultural feasibility: The potential for improved accessibility, safety, and comfort for passengers
associated with an improved transport sector is an enabler for decarbonizing the transport sector. There is a
growing global trend towards electric mobility. But at the same time there is a lack of awareness and familiarity
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with electric vehicles. Resistance to change travel habits and preferences is also widespread just as a negative
perception of public transport (e.g., overcrowding, unreliability, personal safety). Air pollution and safety are of
concern in using non-motorised transport, particularly in urban areas and non-motorised modes promote physical
health (Panasiuk, 2022). However, acceptance and use of bicycles as a primary transport mode remain limited in
Ukraine (ibid) because of cultural preference for motorized transport and infrastructure gaps. Finally, there
appears to be limited awareness and demand for inland water transport.

Institutional feasibility: Government incentives and policies can promote the electric vehicle market. Existing
tax and regulatory mechanisms can be adapted to promote public transport and transport mode optimisation. But
there is a priority for road and rail transport and a lack of political will and commitment to prioritize public
transport. Moreover, Ukraine's inland waterways currently play a secondary role/ are secondary priority in the
country's transportation system. several reforms needed to create sustainable logistic system with green inland
water transport (Alekseievska et. al., 2023).

6.9.3 (Quicklink to table on enablers and barriers)

6.4.2 Current status of national-sectoral policy

Governance and planning instruments: In 2018, Ukraine has adopted a National Transport Strategy of
Ukraine until 2030 (Government of Ukraine, 2018). It describes the vision of government on priorities for
transport policy and a framework for the modernisation of the transport sector in Ukraine. It has four priority
areas and contains a problem analysis, task description and expected results for each of the priority areas.
However, objective related to sustainable transport such as decarbonisation measures, greenhouse gas emission
reduction is not an explicit focus, the electrification of the sector appears not a priority, and electric vehicles are
not prominently mentioned. Criticism focuses on the very low speed of legal and institutional adjustments and
reforms related to the strategy but admitted that this is affected by Russia’s military aggression (European
Commission 2023b). The National Energy and Climate Plan (2024) has a specific focus on decarbonisation,
includes transport objectives, as well as existing and planned transport measures.

Regulatory instruments: There are a number of regulations that address the transport sector such as the Law
"On Amendments to the Customs Code of Ukraine (2020). The law aims to stimulate the development of the
electric transport industry in Ukraine".

Market-based instruments: The Law "On Amendments to of the Tax Code of Ukraine and some
legislative acts of Ukraine on stimulating the development of electric transport in Ukraine” (2020)
has the objective to stimulate the use of electric vehicles and charging stations/infrastructure in order to support
an annual increase of the electric vehicle fleet in Ukraine of 3% as forecasted in preparing Ukraine"s updated
NDC (Abuselidse et. al., 2023). It provides for fiscal incentives that should increase the interest in electric car
ownership. At the same time, because of VAT exemptions, no customs duty is levied on imports of electric vehicles
to stimulate imports (Government of Ukraine, 2024). There are mixed interpretations of the effectiveness: Some
estimate the result is not sufficient to achieve decarbonisation goals in transport (Abuselidse et. al., 2023)
However, the Government estimated the incentives as successful. Although effectiveness of tax benefits was not
directly evaluated, the number of electric cars increased ten time between 2018 and 2023 from 7,439 units to
72,435 units (Government of Ukraine, 2024)

The next table lists these policies and measures. Further information, including a brief description and an
assessment of the effectiveness of the policies where available, can be found in the Annex (Table 78).

Table 51: Ukraine’s policy package (transport sector)
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Type of

instrument

Governance National Energy and Climate Plan (2024)
and planning National Transport Strategy of Ukraine until 2030 (2018)
instruments

Regulatory Law "On Amendments to the Customs Code of Ukraine (2020)

instruments

VEE SR Law "On Amendments to of the Tax Code of Ukraine and some legislative acts of Ukraine on
instruments stimulating the development of electric transport in Ukraine”

Information

instruments

6.4.3 How to strengthen national-sectoral climate policy

Challenges for the transport sector are to increase the share of electric cars to 15% of annual car registrations
by 2030, increase the share of biofuel use, develop low-carbon public transport, and support non-motorized
transport to increase their share in the modal split. A particular role in decarbonizing the transport sector and
reducing greenhouse gas emissions plays the shift from road to rail transport and its optimisation (Abuselidse et.
al., 2023). Elements of this optimisation strategy would involve reforms of the tariff regulation of railway
transportation, overcoming deficiencies of locomotive traction (e.g. via revies of planned purchases of
locomotives), modernisation of rail infrastructure (e.g. electrification of all tracks), in combination with the
optimisation of the structure of road transport (e.g. by implementing a legal framework for traffic optimisation).
This strategy is projected to reduce carbon emissions of the transport sector according to objectives of Ukraine’s
updated NDC.
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6.5 Buildings

6.5.1 Current decarbonisation status and prospects

With 28 %, the residential buildings sector is the second largest final energy consumer in Ukraine (UNECE, 2023).
Households are the major users of natural gas. Energy efficiency is low but high potential remains largely
untapped due to limited investments. A high demand in residential heating is combined with inefficient building
infrastructure leading to high energy intensity in the buildings sector (figure 29). Therefore, the residential sector
accounts for a large part of the energy related emissions in Ukraine, in 2018, the buildings sector accounted for
approximately 8% of Ukraine’s total GHG emissions. Dating back to the Soviet Union before 1991, the building
stock needs to be modernized as energy consumption per square meter of most buildings is high, three times
higher than modern class B energy-efficient buildings. In the National Economic Strategy up to 2030 (Government
of Ukraine, 2021b) total investment needs, foreign and domestic, of the buildings sector were estimated at USD
120 billion by 2030 to renovate 100 per cent of the entire stock of old housing.
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Figure 23: Energy intensity in Ukraine" s residential buildings sector.
Source: (UNECE 2023)

Implications of war

A main barrier for decarbonisation policies in the buildings sector is the ongoing war. According to the Third Rapid
Damage and Needs Assessment by the World Bank (World Bank et al., 2024) the sector’s damages and estimated
recovery needs are the highest across all sectors. Thus, the costs of damages in the housing sector are estimated
at US$55.9 billion while the recovery needs for the housing sector are estimated at US$80.3 billion across the
long term (2024-2033) (ibid). Building reconstruction is estimated to lead to 25.9 Mt CO2-eq.

6.5.2 National-sectoral mitigation enablers and barriers

More generally, the building sector faces numerous barriers that hinder climate mitigation options, but also
enablers exist that support climate action. The enablers and barriers are categorized and explained in more detail
in the Annex (Table 79) and are summarized below:
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Geophysical feasibility: Ukraine has a larger potential for biomass energy as a fuel source for heating and hot
water services in the municipal sector (UNDP, 2016). The High solar potential could also be utilised for solar PV
in buildings. Measures to promote sufficiency, energy efficient building construction/renovations, as well as low
carbon heating and cooling reduce natural resource consumption (fossil fuels, metal ores, minerals) associated
with final energy consumption. Advanced construction methods and reuse of building materials can reduce
consumption of raw materials although most sustainable building technologies are not limited by materials.
Installation of green roofs reduce heat gains and losses. Globally, new sustainable insulation materials have been
developed and are available.

Environmental and ecological feasibility: Sufficiency and energy measures in buildings that reduce fossil fuel
demand can improve both air quality and biodiversity. The decarbonisation in the buildings sector has a potential
to generate co-benefits in health, energy affordability and jobs (OECD, 2022). Many opportunities are available
for green infrastructure techniques that have an positive environmental effect (green roofs, rainwater harvesting,
gray water management). A switch to more efficient appliances could result in negative impacts from increased
resource use, which can be mitigated by avoiding premature replacement and maximising the recycling of old
appliances.

Technological feasibility: Many advanced construction methods are widespread in developed countries.
Insulation technologies are generally well-developed. Sustainable heating and cooling technologies are globally
available. There might be additional challenges to the power grid system due to the increasing electrification of
heating (and cooling). There are risks of limited adoption of sustainable practices due to cost, lack of awareness,
and pressure to rebuild, as well as shortages of skilled workers for energy retrofits and e.g. heat pumps
installation.

Economic feasibility: Opportunities for cost savings through energy-efficient design (passive design strategies)
and renewable energy integration. Demand-side management measures (e.g., sensors, controls, energy
consumption feedback measures) are mature and usually cost-effective. Utility-scale solar PV, and the accelerated
installation of small-scale distributed solar PV in the residential sector and public buildings (schools and hospitals)
have already significantly increased system resilience (Bilek et. al., 2024). Barriers result from high upfront costs
and longer payback time to invest in building energy efficiency measures, renewable energy technologies, and
low-embodied carbon materials. As well, financial mechanisms and incentives are limited.

Sociocultural feasibility: Build-back-better principle is a strong motivation and guiding principle although there
is a lack of information and knowledge about building energy efficiency and low carbon heating/cooling options
and a lack of awareness about the benefits of sustainable buildings.

Institutional feasibility: Generally high priority and promotion of renewable energy systems by government
and coordination between national and sub-national governance levels is necessary. There is a lack of
comprehensive data on building energy performance and emissions. There are no government policies being
developed to promote sustainable urban planning.

6.9.4 (Quicklink to table on enablers and barriers)

6.5.3 Current status of national-sectoral policy

A comprehensive policy strategy for the decarbonisation of the building sector has not been approved in Ukraine.
Governance and planning instruments: There is no explicit government strategy for decarbonisation of
the buildings sector. Objectives regarding the development of the residential / buildings sectors are contained in
a number of energy focused strategies and plans. However, in December 2023, the government adopted and
approved specific policy measures and instruments aiming at hitting the set in the document targets for
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decarbonisation, in particular net zero energy consumption in the sector by 2050 (MITCD, 2023c). The
implementation of the STMB is divided into three stages. At the first stage in 2024-2030, the government sets
the ambitious targets for total energy consumption decrease in the sector. It plans to modernise more than 3
million buildings at the first stage and projects potential annual savings at 66.7 TWh and 2.9 TWh for heating and
electricity respectively which would enable to reach around €3 bn annual savings. The total annual decrease of
the total final energy consumption of the buildings is projected at 5.9 Mtoe by 2030, 12.8 Mtoe by 2040, and 18.4
Mtoe in the ambitious scenario assuming Ukraine will be on track to hit the net-zero target for buildings by 2050.
To monitor the progress over approved targets in STMB, the Cabinet of Ministers of Ukraine (CMU) also approved
the Operational Plan of Measures for the Implementation of the STMB in 2024-26 (MITCD, 2023a). The strategic
goals in the plan are the following: keep the high priority of the policy of increasing the energy efficiency of
buildings at the state and local level, ensure complex and integrated approaches to thermal modernisation,
overcoming energy poverty, create the market-playing filed for large-scale thermal modernisation of buildings,
accelerating the pace of deep thermal modernisation of public buildings, sustainable and targeted financing of
thermal modernisation, development of human capacity, digitalisation and innovations. Each of these goals is
assigned a list of detailed measures with deadlines for an effective monitoring of the STMB implementation.

In December 2023, the CMU also approved the Concept of the State Targeted Economic Program to Support
Thermal Modernisation of Buildings until 2030 (STEPSTMB, MITCD, 2023b). The document aims at increasing the
number of thermal modernisation projects of residential buildings and public buildings, increasing the number of
buildings with close to zero energy consumption, which will contribute to strengthening Ukraine's energy
independence and resilience. The STEPSTMB defines the list of possible incentives for population, public and
private entities to speed up the energy efficiency improvement in the building sector in 2024-2026. The costs of
of STEPSTMB financing is estimated at UAH 172.9-934.3 billion.

Regulatory instruments: Ukraine has adopted laws to implement the EU Energy Performance of Buildings
Directive and align them with the Energy Efficiency Directive, promoting nationwide modernisation of buildings,
replacement of low-efficiency boilers, substitution of fossil-fired heating systems and nationwide reconstruction
of residential buildings.

Market-based instruments: Programmes such as the Energy Efficiency Fund (EEF) or the Warm Loans
Programme have been established to drive financing towards more efficient buildings envelopes and buildings
technical systems. The EEF-law defines the legal, economic, and organisational foundations for the establishment
and operation of the Energy Efficiency Fund. The objective is to support energy efficiency and energy savings
initiatives and introduce incentive and support measures for energy efficiency improvements and energy saving
in buildings. It is aligned to the national plan for energy efficiency, objectives to reduce CO2 emissions under the
Paris agreement, and upholding Ukraine's international obligations in the area of energy efficiency. Has been
assessed as effective instrument (European Commission, 2023a).

Information instruments: With the order 'On approval of Technical Regulation on energy labelling of
energy consumer products' (2022) a framework has been developed for energy labelling, providing consumers
with information about their energy consumption and allowing them to make informed choices (Government of
Ukraine, 2024). The label is in line with the EU energy label scheme. It aims to raise consumer awareness about
energy efficiency. Suppliers and distributors of appliances must ensure that products have label related
information (level of efficiency of energy consumption) and product information sheets. Suppliers must ensure
accuracy and provide technical documentation. The label has been amended for a broader product scope.

The next table (table 71) lists the individual policies and measures. Further information, including a brief
description and an assessment of the effectiveness of the policies, can be found in the Annex (table 80).

Table 52: Ukraine’s policy package (buildings sector)
Type of
instrument

Status
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Long-term Strategy of Thermal Modernisation of Buildings (STMB) until 2050

Operational Plan of Measures for the Implementation of the STMB in 2024-26

Concept of the State Targeted Economic Program to Support Thermal Modernisation of Buildings
until 2030

Regulatory Several laws to implement the EU Energy Performance of Buildings Directive and align them with
instruments the Energy Efficiency Directive

VETEELE Energy Efficiency Fund (EEF)
instruments Warm Loans Programme

Information
instruments

Governance
and planning
instruments

Technical Regulation on energy labelling of energy consumer products' (2022)

6.5.4 How to strengthen national-sectoral climate policy

Challenges for the buildings sector are to thermally modernise 1.3% of Ukraine’s total buildings annually, install
high-efficiency boilers, replace fossil energy sources with renewable ones, and to construct new buildings that
have close to zero energy consumption.
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6.6 AFOLU

6.6.1 Current decarbonisation status and prospects

Out of the 60 million ha of land in Ukraine, 42.7 million ha (70,8 %) is agriculture land and of that 33 million ha
is arable land. 14% is used for agriculture. About 16% is covered by forests. The main agricultural products in
Ukraine are oil seeds and crops. Agriculture, forest and fishery production contributed to about 7.4% of Ukraine’s
GDP in 2023 (Worldbank Group, n.d.) and the sector employs 14 % of the population (USAID, 2022). In 2019,
agriculture value added per agricultural land hectare was USD 355 (KSE Institute, 2021). Accounting for 41% of
total exports, agriculture products were Ukraine s most important exports in 2021 and the country played a
critical role for the global supply of oilseeds and grains (USAID, 2022).

In 2021, the share of the agriculture sector in total GHG emissions without LULUCF was 14.4 %. The major
emission sources were agricultural soils (80.0 % of the total emissions) and enteric fermentation (15% of the
total emissions). Compared to 1990, emissions decreased by 45.9 % but compared to 2020, emissions increased
by 12.8 % mostly due to emissions in agricultural soils. The LULUCF sector includes both emissions and removals
of carbon dioxide, as well as emissions of CH4, and N20. In 2021, the LULUCF sector was a net source of
emissions with 14.2 Mt CO2e compared to net removals of 31.4 Mt CO2e 1990. The main reason was a change
in agriculture management system on croplands resulting in a change from 4.6 Mt CO2e of removals in 1990 to
48.3 Mt CO2e of emissions in 2021. The forest sector experienced a shift from deforestation trends during 1996—
2000 to reforestation between 2000 and 2020 (in Ukraine-controlled territories). This trend reversal appears to
be the result of amendments and enhancements in national forest management legislation (Shumilo et. al., 2023).
In the National Economic Strategy up to 2030 (Government of Ukraine, 2021b) investment needs (foreign and
domestic) of the agriculture sector were estimated at around USD 50 billion by 2030 in total to achieve good land
conditions, develop agrotechnology and stimulate R&D. In the forest sector, cost for achieving the NDC goals
were assessed as EUR 3 billion over 2021-2030 (MEPR, 2021).

Implications of war

Fires in forest areas in close proximity to the frontline are also a significant source of GHG emissions leading to
additional 22.2 Mt CO2e emissions during the first 18 months of war (de Klerk et al., 2023).

National-sectoral mitigation enablers and barriers

The enablers and barriers are categorized and explained in more detail in the Annex (table 81) and are
summarized below:

Geophysical feasibility: Ukraine has diverse climatic zones and soil types and is famous for a large share of
rich black soil. There is potential for expanding renewable energy generation areas (solar, biogas). The
vulnerability to climate change impacts (droughts, floods) can affect reforestation efforts, crop yields and livestock
production.

Environmental and ecological feasibility: Reforestation and afforestation can improve soil health,
biodiversity, and water resources. Natural forests act as carbon sinks and provide ecosystem services. Sustainable
agricultural practices (e.g., agroforestry, organic farming) can also improve soil health, water quality, and
biodiversity. Intensive agriculture practices can lead to soil erosion, water pollution, and loss of biodiversity.
Deforestation (in occupied regions) can worsen environmental degradation.

Technological feasibility: Due to the current energy crisis, there is growing interest in renewable energy
applications for agriculture (e.g., solar-powered irrigation pumps, biogas digesters). At the same time, a lack of
awareness and technical capacity among farmers can hinder the uptake in sustainable agricultural practices.
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Economic feasibility: Forest-based industries can provide income and employment opportunities. Carbon
credits and payments for ecosystem services can incentivize sustainable forestry practices. Improved productivity
and reduced input costs can be realized through efficient resource management and there are number of
competing economic interests in land use such as energy generation, agriculture, and tourism that maybe a
barrier to the decarbonisation od the AFOLU sector the same holds for high investment costs for technology
adoption and infrastructure development to adapt sustainable agriculture practices.

Sociocultural feasibility: (not applied here)
Institutional feasibility: There are policies and institutions for forest conservation and management.

6.9.5 (Quicklink to table on enablers and barriers)

6.6.2 Current status of national-sectoral policy

Governance and planning instruments: The NECP focuses on agriculture and some forest measures.
Criticism on a draft of the NECP focuses on the non-representation of LULUCF sector as no data was provided in
the sections on “Current situation and projections based on existing policies and measures” and “Impact
assessment of planned policies and measures” (Ecoaction, 2024). As the LULUCF sector has the potential for net
removals, it plays a key role in achieving climate neutrality Apart from forests, absorption and carbon storage can
result from cropland, steppe and grassland, wetlands, settlements, and other land. Therefore, these land uses
should be addressed with measures to strengthen the removal capacity by preserving existing natural carbon
stocks (in soils and ecosystems), increasing carbon stocks through ecosystem restoration, soil protection
measures, restoration of degraded lands, implementation of sustainable agricultural practices. The Strategy of
Agriculture and Rural development of Ukraine until 2030 (Ministry of Ministry of Agrarian Policy and Food
of Ukraine, 2024) aims at providing a clear definition of priorities and the creation of favorable conditions for the
development of agriculture and rural areas in Ukraine.

Regulatory instruments: Law "On Approval of the Concept of the National Target Program for Land
Use and Protection". The Objective is the reduction of soil degradation and related the reduction of greenhouse
gases. Expected results are to reduce agricultural development (by 5%) and ploughed land (by 10%), to optimise
the structure of the agricultural landscape; to increase the productivity of agricultural land (by 40-50%) through
the rational use of organic, organo-mineral and mineral fertilizers and chemical meliorants on acidic and saline
soils. Increase the area of land with natural landscapes to a level sufficient to preserve landscape and biological
diversity (up to 10.5% of the total area of the country), conserve degraded, unproductive and technologically
polluted land (Ecoaction, 2024). As the NECP includes a goal for increasing the area of arable land from which
crops will be harvested until 2050 this contradict other declared goals such as to reduce the area of arable land
by removing slopes. The National Program for the Formation of the National Ecological Network of
Ukraine for 2000—-2015 (2020) organsises participation in the Emerald network aiming at the creation of
special sites for biodiversity and endangered species conservation, implementation of EU environmental-protecti
(on legislation, and policies harmonized across the global network (Shumilo et. al., 2023)

Market-based instruments: (not covered here)

Information instruments: The National Forest Inventory of Ukraine (2006) provides statistically
substantiated information on quantitative and qualitative indicators of the state and dynamics of forests, their
resource potential for the needs of the state administration, strategic planning of forestry, state forestry cadastre,
environmental monitoring, international reporting on forests.
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The next table (table 72) lists these policies and measures. Further information, including a brief description and
an assessment of the effectiveness of the policies where available, can be found in the Annex (table 82)

Table 53: Ukraine’s policy package (AFOLU sector)
Type of
instrument
Governance
and planning
instruments

Status

National Energy and Climate Plan (2024)
Strategy of Agriculture and Rural development of Ukraine until 2030

Law "On Approval of the Concept of the National Target Program for Land Use and Protection"
National Program for the Formation of the National Ecological Network of Ukraine for 2000-2015
(2020)

Regulatory
instruments

Market-based
instruments
Information
instruments

National Forest Inventory of Ukraine (2006)

6.6.3 How to strengthen national-sectoral climate policy

Challenges for the agriculture sector are to increase the use of minimal- or zero-tillage technologies, a transition
to fertilisers with slow nutrient release, to increase the share of organic land to 3% by 2030 and to increase
biogas production and use. This is planned to be achieved by current policy formulations aimed at promoting
sustainable agriculture and environmentally conscious farming. Measures should include modernizing agriculture
practices, using renewable energy, reducing water usage, and improving value addition and waste management
in both crop and livestock sector. Challenges for the forestry sector are to increase forested areas and make a
transition towards sustainable forest use. According to the updated NDC and the related analysis report, Ukraine
aims to reduce the GHG emissions in the LULUCF sector by 9.4 % and plans to achieve a greenhouse gas emission
sequestration in the sector of 9 million tonnes of CO2-eq. The share of forested should increase to 18% (MEPR,
2021). Systemic reforms of the forest industry's governance, an improved regulatory framework, increased
transparency and control over logging, and a complete inventory of the forest fund are needed.
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6.7 Conclusion

Russia’s unprovoked war in Ukraine has caused massive damage and destruction. It created and still creates huge
economic and environmental challenges in Ukraine. The first 18 months of war resulted in an additional
150 Mt CO2e GHG emissions, which may increase considerably as duration of the war is uncertain (De Klerk et.
al., 2023). The ongoing war also increases the costs of project financing for Ukraine making investments in
renewables and other climate neutral technologies unprofitable. It focuses the priority of the government on
military and social support at the expense of education, health, or climate mitigation measures.

At the same time, the Russian invasion marked a breakout of the past for Ukraine. The resilience of the energy
sector in particular and economy as a whole now depends on whether Ukraine will be able to make its electricity
sector a more distributed one. It can be done through investments in distributed renewable sources, digitalisation
of the grid and increasing energy efficiency in all sectors.

Ukraine demonstrated very good strategic planning and ambitious target setting to meet its pledges to the Paris
Agreement and now plans to achieve the net-zero by 2050 ten years earlier than initially agreed. It submitted its
first updated NDC to the UNFCCC in 2021, approved the integrated National Energy and Climate Plan up to 2030
in June 2024, and presented its vision of net-zero by 2050 at COP28.

The progress towards net-zero GHG emission requires simultaneous action on several fronts. The NECP includes
a 6-page overview table of existing and planned policies and measures focusing on decarbonisation, energy
efficiency, energy security, internal energy market (electricity, gas including bioenergy and oil) as well as research,
innovation and competitiveness in different sectors. However, implementation of specific regulations is often
criticized as slow and not ambitious enough. The transport and buildings sectors, heavily affected by war, have
been less addressed in the past then energy, industry and agriculture but are central for recovery plans. Finally,
the Ukraine’s ability to meet its 2050 net-zero target depends on whether it can access financing from developed
countries, the private sector, international financial institutions, and other donors for climate modernisation
projects. Therefore, the creation of market-playing field is a pre-requisite of the successful transition.

The absence of effective carbon pricing is an important barrier on the path towards net-zero. The current carbon
tax is very low to impact production and consumption decision within the economy and the plan to establish
Ukrainian ETS in 2025 in line with its obligations under the Ukraine-EU Association and Enlargement Agreements
may be delayed by the unprovoked Russian war. At the same time an effective carbon tax along with an ETS and
phasing out energy subsidies will enable Ukraine to create an effective energy pricing mechanism including pricing
the externalities. The introduction of the domestic carbon pricing would also enable to lower the impact of CBAM
introduction by the EU, which aimed at ensuring that ambitions climate actions in the EU does not lead to climate
leakage.
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6.9.1 Industry

6.9.1.1 National-sectoral mitigation enablers and barriers

Table 73: Overview of enablers and barriers (industry sector)

Dimension

Geophysical
feasibility

Environment
al-ecological
feasibility

Technologic
al feasibility

Economic
feasibility

Enablers

Biomass resources available (e.g. agricultural
residue, forests) to establish sustainable
biomass supply for industries in Ukraine (Was
et.al, 2022, Vasylyshyn et.al. , 2022).
Trigeneration / Combined heat and Power is
suitable for many industrial zones as they are
with high energy demands for electricity,
heating, and cooling.

Regions with high potential for renewables
(solar and wind) may emerge as exporters of
hydrogen or become hubs for the production of
green / blue iron or steel.

Barriers

Green steel production dependent on availability
of low carbon/ renewable energy, solar wind
capacities, nuclear. Capacity might be
constrained (Devlin et. al., 2024

Availability of space for new green steelmaking
sites nearby high-quality renewables

Reduction in pollution and resource depletion
can be achieved through RECP.

Industrial Eco Industrial Parks have significant
potential for increasing resource efficiency,
waste minimisation, pollution reduction and
increasing environmental benefits (Ministry of
Economic Development and Trade of Ukraine,
n.d.).

Significant potential for resource conservation,
waste reduction and pollution prevention
through circular economy.

Tri-generation can significantly improve energy
efficiency and reduce emissions compared to
separate generation of electricity, heating and
particularly cooling.

Green steel production has a potential for
resource conservation, waste reduction and
pollution reduction / prevention

RECP technologies and methodologies are
available and adaptable.

Eco-industrial park models and technologies are
well established globally. Application in Ukraine
is supported by the Government of Switzerland
and UNIDO

Circular economy principles and practices are
increasingly adopted worldwide.

Tri-generation technologies are mature and
available.

RECP Investment levels for new technologies
and modified equipment remained small after
establishment of RECP Center, indicating an
untapped potential for more expensive
technological solutions with higher impacts (EU4
Environment)

Almost no waste-processing technology and no
European-style landfills in Ukraine
(Yevstihnieieva, 2022)

Sustainable biomass can reduce dependence on
fossil fuels (natural gas) in the long run.

Little attention for saving opportunity (material
flows) of RECP.
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Sociocultural
feasibility

Institutional
feasibility
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RECP and circular economy practices bring (long
term) cost savings through resource
optimisation and waste reduction.

Resource efficient cleaner production practices
(RECP) are applicable in industrial processes and
sectors in Ukraine.

Tri-generation can reduce energy costs.

Policy incentives and market mechanisms can
drive adoption of low carbon technologies
improving energy efficiency.

Require coordinated planning and collaboration
among multiple stakeholders to adopt eco-
industrial parks. Experience with implementation
of IPs shows management and planning
difficulties

Availability of skilled labour in EIPs

Current instability/war has impact on investment
decisions.

Adoption of circular economy models may
require significant changes in business practices.
Currently CE focus on waste reuse/recycling only
(UNIDO, 2023).

Generally, limited overall flow of investment into
industrial energy efficiency improvements
(Industrial Decarbonisation Accelerator, n.d.)

Sustainable biomass supply chains and RECP
practices offer potential job creation and
improved working conditions.

Eco-industrial parks offer community benefits.
Raising awareness and fostering stakeholder
engagement are crucial for the success of all
initiatives.

Lack of awareness /technical and financial
capacity may hinder adoption of RECP practices.
Limited awareness and knowledge on
trigeneration and modern energy technologies
among central and local authorities and district
heating utilities (USAID ESP, 2024)

RECP Center established through EU
Programme.

Amendment of Ukraine"s Law on Industrial
Parks regarding the EIP approach is in public
consulation phase. (UNIDO, 2024)

A waste management information system, which
should simplify the system of accounting and
reporting, submission of declarations and
implementation of permitting procedures should
be introduced after entry into force of Waste
Management Law in 2023 (WTO, 2023)

Lack of Government incentive mechanisms for
RECP(EU4 Environment)

No modern waste management system in place
in Ukraine before war (Lindskog, 2023).

Lack of clear regulations, standards,
enforcement, and monitoring mechanisms
hinder use of biomass , RECP roll out, eco-
industrial park development, circular economy
practices. EIP related national standard is under
development since June 2024 (UNIDO, 2024)

6.9.1.2 Current status of national-sectoral climate policy

Table 54: Ukraine Overview of policies and measures (industry sector)
Type of

instrument

Governance
and planning
instruments

Status / Is the policy in
place?

National Economic
Strategy for the period
up to 2030 (Government
of Ukraine, 2021b)
approved by Decree
179/2021: The Strategy
aims to ensure the
appropriate level of
welfare, self-realisation,

policy?

What are challenges for issue this policy or enforce this

Positives: The Strategy contains the net zero goal for 2060 as
reported in Ukraine s updated NDC. Mission contains reference to
SDGs. Decarbonisation is one element of the guidelines, principles
and values in economic policy. Efficieny objectives in several sectors.
Challenges: Focus is on growth and attraction of foreign
investment. The climate and SDG components of the strategy would
have to be implemented by regulation. Unclear how Net Zero should
be achieved, no focus of greenhouse gas mitigation, no climate
mitigation and adaptation sections. Strategy mentions inconsistent
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Regulatory
instruments
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security, rights and
freedoms of every citizen of
Ukraine through innovative
economic growth.

policies and incomplete reforms in the past. The agriculture section
mentions climate change only as reason for better irrigartion efforts
(adaptation), industry mentions high energy intensity in context
decreasing competitiveness.

Strategy of
Environmental Safety
and Adaptation to
Climate Change until
2030 (2021).

Positives: Strategic goals include the reduction of industrial
pollution, creation of an effective chemical safety system, ensuring
the rational use of natural resources, as well as the creation of the
legal and economic framework for the introduction of waste
management systems (Government of Ukraine, 2021c; UNIDO, 2021)

National Waste
Management Strategy
(2017)

Strategy based on
requirement of EU Directive
on Waste Management

Positives: Strategy that should regulate the area of waste
management and the introduction of certain elements of circular
economy. (Environment, People, Law, 2022)

Challenges: Implementation of the tasks and objectives of these
strategies and programs is impossible without further relevant
legislation.

National Waste
Management Plan until
2030 (2019)

Positives: Should further develop and specify National Waste
Strategy

Challenges: Implementation of the tasks and objectives of the plan
needs further relevant legislation.

Development of corporate
investments in the
purchase of climate
technologies and renewable
energy solutions

Law on waste
management reform
(2022) replacing law on
waste adopted 1998

Positives: Objective is to improve the waste management system,
determine the legal, organisational, economic and control
mechanisms. Measures should prevent or reduce waste generation,
mitigate the negative impacts from waste management, and facilitate
reuse and recovery as secondary raw materials and energy
resources. Entered into force in July 2023

Challenges: Due to delays of the parliament in adopting the draft
Law of Ukraine “"On Waste Management” other necessary legislative
changes were also delayd and could not be implemented
(Environment, People, Law, 2022)

Law on Alternative
Fuels (2000, amended
2009 and 2012):
Framework for financial
mechanisms to stimulate

Positive: Objectives were to save energy resources and reduce
dependence on imports, to reduce environmental impacts by using
various kinds of waste as raw material for the production of
alternative fuels. Support for developing scientific and technical basis
of production of alternative fuels, support for entrepreneurship. It
aims to prevent the creation of monopolies of alternative fuels.
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biofuels and other Amendments to introduce biofuel blending mandates and to
alternative fuels introduce a steady increase in biofuels share of the fuel mix to 20%
of the total amount of fuel consumption in 2020.
Challenges:
Carbon Tax 2011 Positives: Tax was already introduced in 2011.

Challenges: Marginal tax rate at the beginning (EUR 0.003 /tCO2)
and was gradually increased thereafter by a rate not much higher
than inflation. In 2019 a larger increase was implemented but with a
carbon tax of EUR 0.33 /tCO2, Ukraine still had one of the lowest
carbon prices worldwide (Neuweg, 2023; World Bank, 2020) and
currently it is down to around €0.25/tCO2 in December 2023. It has
been shown that the Carbon Tax was ineffective in strengthening
energy efficiency and reducing carbon emissions (Breuning, 2021).
Efforts to introduce a range of measures to achieve emission
reduction goals call for a revision of Ukraine’s carbon pricing strategy

Market-
based
instruments

Tax Code: Excise Tax on Positives: Energy taxes account for a high share of environmentally
fuel produced domestically | related tax revenue. (Neuweg, 2023)

and imported Challenges: Revenue fluctuates, therefore difficult as basis for
expenditure for renewables support measures.

Positives: RECPC supported more than 170 companies to improve
resource efficiency and environmental performance.

Resource Efficient and Challenges: Despite the operation of the RECPC still there appears
Cleaner Production little attention for saving opportunity (material flows, circular
Centre (RECPC) economy).

established in 2013 Investment levels for new technologies and modified equipment
remained small, indicating an untapped potential for more expensive
solutions with higher impacts. Incentive mechanisms are lacking
(EU4Environment, 2022.).

Information
instruments

6.9.2 Energy

6.9.2.1 National-sectoral mitigation enablers and barriers

Table 75: Overview of enablers and barriers (energy sector)
Dimension Enablers Barriers

Abundant untapped renewable energy Intermittent nature of solar and wind energy.

potential (solar, wind, hydropower) suitable Regions with high potentials in war zone.

terrain for hydropower,

potential for bioenergy from agricultural

waste.
Geophysical High availability of natural gas resources in
feasibility the region (e.g. Dnipro-Donetsk region in the

east, the Carpathian region in the west, and
the Black Sea-Sea of Azov region in the
south) to be used in e.g. oil power stations
converted to use natural gas.

High Potential for hydropower
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Potential for geothermal energy in three
regions (Transcarpathian (west), Steppe
Crimea (south) and Dnipro-Donetsk basin
(east). Total geothermal potential estimated
at 438*10° kWh p/ year. Annual technically
achievable energy potential of geothermal
energy equivalent to 8,4 Mtoe, use can save
around 10 becm of natural gas. (Demchuk
and Liventseva, 2023).

Reduced GHG emissions and air pollution of
solar and wind compared to fossil fuels.
Potential for carbon neutrality, energy
savings (in all sector), and diversification of
energy mix to reduce dependence on gas.

Environmental impacts of intensified natural gas
extraction

Potential environmental impacts of new
hydropower

Mine closure might violate hydrological regime
and lead to flooding of soil surface;

release of methane from closed mines to the
surface. (Government of Ukraine, 2018a)

Mature technologies for solar PV, wind, and
hydro generally available including a growing
expertise in biomass power generation.
Battery technology as R&D focus globally
Mature technologies for energy-efficient
appliances, lighting, and building design are
available.

Proven technology for natural gas power
plants.

Underutilized extensive natural gas
transmission system and underground
storage facilities can potentially store the
entire existing potential of biomethane
production in Ukraine (up to 10 billion m3
per year) (UNECE, 2023b)

Policy support for research, development and
demonstration (RD&D) for bioenergy related
novel technologies.

Grid stability, transmission infrastructure as
bottleneck to greater solar PV integration (Bilek
et. al., 2024)..

Generally decreasing costs of renewable
energy technologies. Potential for long-term
cost savings and energy security (also for
energy efficiency measures).

Increased energy security with diversified
fuel sources and decreased dependence on
foreign energy sources / imports
Bioenergy production promotes
decentralisation, create new jobs, and
generate funds for local budgets instead of
making payments for imported natural gas
(UNECE, 2023b)

High tax rates for biofuels, lack of incentives.
Upfront investment costs for renewable energy
projects.

Structure of the wholesale market, (price caps,
high levels of debt across the electricity system,
including those on the renewable and balancing
markets, inadequate incentives for investors and
fundamental barriers (Bilek et. al., 2024)
Residential electricity and natural gas price
subsidies, price caps in electricity markets

Acceptance may increase because of new
jobs

Prejudice that the development of bioenerfy
sector could affect food security.

To ensure the environmental, social and
economic benefits of bioenergy are maximised,
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regulations and certificates would have to be
introduced, and partnerships promoted to
ensure sustainability of biomass feedstock and
the entire supply chain.

Trust issues regarding Solar PV (Bilek et. al.,
2024).

FiT remains only for households. In legislation,
it was replaced by auctions and contracts for
difference. Auctions on large capacities were
promised but delayed since 2020. The first
auctions were promised for the fall of 2024.
Lack of biofuel legislation, regulation (UNECE
et.al., 2023)

Bioenergy would need policy support in the form
of biofuel blending quotas, mandates and
obligations; grants, subsidies and tax rebates for
bioenergy projects (Irena, 2023)

Corporate governance of state-owned
enterprises (SOE) must be improved

Complex procurement procedures for
investments in renewables and related
technologies like energy storages by SOE
Competition and private participation at the heat
supply market must be ensured.

There is a number of regulations and
Institutional initiatives for renewable energy development
feasibility (feed in tariff etc) and energy efficiency.

6.9.2.2 Current status of national-sectoral climate policy

Table 76: Overview of policies and measures (energy sector)

Type of Status / Is the policy in  What are challenges for issue this policy or enforce this

instrument place? policy?
National Energy and Positives:
Climate Plan (NECP) of | The NECP defines key targets for 2030, reaffirming the updated NDC
Ukraine covering the targets and adding specific sub-targets. Has been approved under
period 2025-2030: conditions of war, driven by EU accession process. A broad
Comprehensive strategy stakeholder Consultation took place to discuss the draft plan. Focus is
aimed at coordinating on decarbonisation, energy efficiency, energy security, internal
energy and climate policies | energy market (electricity, gas including bioenergy and oil) as well as
(L) =G E (=0 to ensure sustainable research, innovation and competitiveness. Identifies for each focus
and development and economic | area existing, additional, and planned policies and measures.
planning recovery of Ukraine. Challenges: Critical need for funding, investment needs estimated
50 LS Approved by Cabinet of at a total of USD 41.5 billion (Energy Community, 2024). Challenges
Ministers June 2024. have to be solved resulting from contradictory government decisions
in the past, e.g. on carbon tax rate, coal mining. For example, in
2020, the Cabinet of Ministers adopted an order prioritising coal use
in Ukraine’s power sector to strengthen the domestic coal industry in
2023 it affirms to phase out from state owned coal power plants.
Generally, the NECP identifies as main problems: 1. Continuation of
the war and the need to take into account its consequences,
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uncertainty regarding the scale of destruction and the pace of
recovery. Therefore, uncertainty on pace and success of
implementing, specific policies and measures. Need for continuous
monitoring of the NECP implementation and continuous high-level
discussions on adapting to changing circumstances. 2. Economic
downturn, associated energy poverty might lead to political
unwillingness to apply energy pricing instruments. 3. Weakened
capacity of state institutions to simultaneously manage crises in the
conditions of war, fulfill key functions in implementing NECP related
policies and measures, and considering the challenge of their reform
in accordance with EU legislation. 4. Accumulated significant debt in
the natural gas and electricity supply chains.

Energy Strategy 2050
(Approved April 2023).
Framework strategy
focuses on the
development of nuclear and
renewable power
generation capacity and on
the modernisation of the
energy infrastructure.

Positives: focuses on the sector development in order to achieve
carbon neutrality in the energy sector by 2050. Ukraine aims to
strengthen energy security and the sustainability of its energy system
and wants to join the unified energy system of Ukraine (UES) to the
European network of electricity transmission system operators
(ENTSO-E). Addresses barriers such as grid stability and
automatisation of transmission and distribution systems. Strategy is
based on sector pathways.

Challenges: Many uncertainties regarding implementation because
of war damages and duration of war. Has been complemented by
several recovery plans such as the Ukraine Plan projecting priorities
investment needs and uncertainties.

National Economic
Strategy for the period
up to 2030
(Government of
Ukraine, 2021b)
approved by Decree
179/2021: The Strategy
aims to ensure the
appropriate level of
welfare, self-realisation,
security, rights and
freedoms of every citizen of
Ukraine through innovative
economic growth.

Positives: The Strategy contains the net zero goal for 2060 as
reported in Ukraine s updated NDC. Mission contains reference to
SDGs. Decarbonisation is one element of the guidelines, principles
and values in economic policy. Efficieny objectives in several sectors.
Challenges: Focus is on growth and attraction of foreign
investment. The climate and SDG components of the strategy would
have to be implemented by regulation. Unclear how Net Zero should
be achieved, no focus of greenhouse gas mitigation, no climate
mitigation and adaptation sections. Strategy mentions inconsistent
policies and incomplete reforms in the past. Agriculture section
mentions climate change only as reason for better irrigartion efforts
(adaptation), industry mentions high energy intensity in context
decreasing competitiveness.

Feed in tariff for
electricity producers
from RES (2008):
Regulatory framework to
promote investments for
the generation of power
through non-conventional
sources of fuel
(renewables)

Positives: The framework promotes investments for power
generation through non-conventional sources of fuel using non-fossil
technologies. Ukraine agreed to grant the green FIT to investors until
end of 2029. The regulations set green FITs in euros at one of the
highest levels in the world, with an annual decrease until 2030.
Exchange risks is passed to the government.

Challenges: After fixed FITs for power plants commissioned until
2013, the green FITs were reduced gradually until 2017. Between
2017 and 2020 the FITs were more significantly reduced due to
increasingly payment obligations due to success of the measure and
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substantially increased installed capacity of RES from 2010 to 2019
(OECD, 2021). So, it was effective only for projects implemented
until 2020. Auctions for new capacities are delayed but may be
introduced as required secondary legislation was adopted in 2023-

2024.
Incentive tariff for heat | Positives: Investors implementing gas substitution projects receive
energy from RES a legislatively fixed tariff for heat from alternative sources at 90% of
(2017). the tariff for heat from gas for the needs of budgetary institutions
and the population. Thus, they have guarantees of return on their
investments.
Law on Promotion of
Biological Fuels Positives: Four objectives should be achieved by promotion of
Production and Use biofuels The law introduces a definition of biofuels and its types
(2009) (bioethanol, biogas, biomass, biodiesel, etc.). Companies can engage
Main objectives are to save | in production and sale of biofuels. Biofuel types designed for sale as
fossil fuels, decrease market products are subject to certification (except for products for
dependency from energy own consumption). During the sale, the producer is obliged to
imports, increase energy present to the buyer documentation confirming the quality of the
security; and decrease the | fuel. Production of bioethanol can be conducted by licensed entities
negative impact on the of which the Cabinet of Ministers keeps a registry.
environment caused by Challenges: Low enforcement, registry still not operable.

burning fossil fuels.

Positives: Energy taxes account for a high share of environmentally
. related tax revenue. Apart from the carbon tax covered in the

Tax Code: Excise Tax on . . . . .

SEeiehy industry section, this results mainly from the excise taxes on

Market- electricity (Neuweg, 2023)

based Challenges: Revenue fluctuates, therefore difficult as basis for

instruments expenditure for renewables support measures.

Positives:
Challenges:.

Modernisation of
educational programs to
address skills gap in the
green transition and
renewable energy sector

Information
instruments

6.9.3 Transport

6.9.3.1 National-sectoral mitigation enablers and barriers

Table 77: Overview of enablers and barriers (transport sector)
Dimension Enablers Barriers
Existing road and rail infrastructure can be
improved and expanded when not damaged
Geophysical and has to be reconstructed where
feasibility destroyed.
Suitable climate and terrain for walking and
cycling in many areas.
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Rivers and canals offer potential for
sustainable inland water transport
(Alekseievska et.al., 2023).

Reduction in congestion, air pollution, and
GHG emissions through sustainable transport
modes including walking and cycling.
Feasibility of non-motorised ways as a zero-
emission transport mode.

Reduction in congestion, air pollution, and
GHG emissions through a shift to public
transport.

In-land water transport has potential for
lower emissions compared to road transport.
Electric and hybrid vehicles have the
potential for significant reductions in air
pollution and GHG emissions from road
transport.

Improved vehicle fleet efficiency leads to
reduced fuel consumption and emissions
from existing vehicles.

Potential environmental impacts of new
infrastructure construction, reconstruction.
Increased In-land water transport may have
negative impacts on aquatic ecosystems and
water quality.

Electric vehicles (EVs) require decarbonized
electricity supply to maximise environmental
benefits.

Technologies for intelligent transport
systems, traffic management and electric
mobility are globally available.

Existing rail infrastructure can be upgraded
for freight transport. Technologies for
intermodal transport (e.g., containerisation)
are available.

Electric and hybrid vehicle technology is
mature and available.

High upfront investment costs for technology
upgrades.

Even before war, main and regional routes
deterioriated and the share of tracks to be
repaired and modernized is more than 40 %
with increasing tendency (Abuselidse et. al.,
2023) without including damages from war.
Limited charging infrastructure.

Concerns about limited range of electric vehicles
and concerns about battery life.

Cost of retrofitting older vehicles with fuel-
efficient technologies can be substantial.

Introduction of taxes to promote public
transport can generate substantial revenue
for the government.

Improved transport efficiency can reduce fuel
costs and travel time, boosting economic
productivity.

Improved public transport can lead to lower
operating costs and fares compared to
private vehicles. Potential for job creation in
the public transport sector.

Lower operating costs for electric vehicles
due to lower fuel and maintenance costs.
Low cost of non-motorized transport in urban
areas

High cost of infrastructure repair, modernisation
and optimisation. Need for investment in rail
infrastructure.

High upfront costs of electric vehicles

Modal shift might require subsidies to maintain
affordability of public transport.

Potential for improved accessibility, safety,
and comfort for passengers with improved
transport sector.

Acceptance and use of bicycles as a primary
transport mode remain limited (Panasiuk, 2022)
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Rapid Transit modes can increase
accessibility and convenience for urban
residents.

Growing global trend towards electric
mobility.

Air pollution and safety are of concern in
using non-motorised transport, particularly in
urban areas.

Non-motorised modes promote physical
health (Panasiuk, 2022).

because of cultural preference for motorized
transport and infrastructure gaps.

Resistance to change travel habits and
preferences.

Negative perception of public transport (e.g.,
overcrowding, unreliability, personal safety).
Limited awareness and demand for inland water
transport.

Lack of awareness and familiarity with electric
vehicles.

Existing tax and regulatory mechanisms can
be adapted to promote public transport and
transport mode optimisation.

Government incentives and policies can
promote electric vehicle market.

Ukraine's inland waterways currently play a
secondary role/ are secondary prority in the
country's transportation system. several reforms
needed to create sustainable logistic system
with green inland water transport (Alekseievska
et. al., 2023)

Lack of political will and commitment to
prioritize public transport.

6.9.3.2 Current status of national-sectoral climate policy

Table 78: Overview of policies and measures (transport sector)

Type of
instrument

Governance
and planning
instruments

Status / Is the policy in place?

National Economic and Climate
Plan (2024):

Transport objectives, existing and
planned measures are included in
the decarbonisation cluster of the
NECP.

What are challenges for issue this policy or enforce
this policy?

Positives: The NECP includes list of sectoral regulation
regarding electric vehicles, charging infrastructure, public
transports and some government assessment of results
(success of policy) of existing policies and expected results of
additional policies

National Transport Strategy
(2018b):

Vision of government on priorities
for transport policy and framework
for the modernisation of the
transport sector in Ukraine

Positives: Single strategy for the transport sector, not
subsumed to other priorities. It explains the government'’s
strategic approach to the transport sector development. Four
priority areas are 1. Competitive and efficient transport
system, 2. Innovative development of the transport industry
and global investment projects. 3. Safe, clean and energy-
efficient transport. 4. Seamless mobility and interregional

integration

Challenges: Speed of legal and institutional adjustments
and reforms related to the strategy remains very slow and is
affected by Russia’s military aggression (European
Commission 2023b). Decarbonisation and greenhous gas
emission reduction is not an explicit focus, the electrification
of the sector is not a priority, electric vehicles are not
prominently mentioned. Rather a macro perspective.
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National Transport Action Plan
2021-2024 (cited in EU
Commission, 2023b)

Regulatory Law "On Amendments to the Challenges: Same criticism and Government assessment as
LS LS Customs Code of Ukraine to for the Tax code amendment.

stimulate development of the
electric transport industry in
Ukraine" (2020)

Law "On Amendments to of the | Positives: Objective to stimulate the use of electric vehicles
Tax Code of Ukraine and some | and charging stations/infrastrusture to support an annual
legislative acts of Ukraine on increase of the electric vehicle fleet of 3% as forecasted in
stimulating the development of | preparing Ukraine s updated NDC (Abuselidse et. al., 2023)
electric transport in Ukraine” Fiscal Incentives should increase interest in electric car
(2020) ownership. At the same time, no customs duty is levied on
imports of electric vehicles (Government of Ukraine, 2024) as
VAT exemption on the import of electrical vehicles was
extended until 31 December 2022.

Challenges: Is estimated to be not sufficient to achieve
decarbonisation goals in transport (Abuselidse et. al., 2023)
However, the Government estimated the incentives as
successful. Although effectiveness of tax benefits was not
directly evaluated, the number of electric cars increased ten
time between 2018 and 2023 from 7,439 units to 72,435
units (Government of Ukraine, 2024)

Market-
based
instruments

Information
instruments

6.9.4 Buildings

6.9.4.1 National-sectoral mitigation enablers and barriers

Table 79: Overview of enablers and barriers (building sector)
Dimension Enablers Barriers
Ukraine has a larger potential for biomass
energy as a fuel source for heating and hot
water services in the municipal sector
(UNDP, 2016)
High solar potential could be utilised for solar
PV at buildings
Measures to promote sufficiency, energy
efficient building construction/renovations, as
well as low carbon heating and cooling
reduce natural resource consumption (fossil
fuels, metal ores, minerals) associated with
final energy consumption
Advanced construction methods and reuse of
building materials can reduce consumption of
raw materials but most sustainable building

Geophysical
feasibility
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technologies are not limited by materials
(Cabeza et al., 2022a)

Green roofs reduce heat gains and losses
New sustainable insulation materials have
been developed and are available

Sufficiency and building energy measures
that reduce fossil fuel demand can improve
air quality and biodiversity

Decarbonisation in the buildings sector has
potential to generate co-benefits in health,
energy affordability and jobs. (OECD, 2022)

Many opportunities available for green
infrastructure techniques that have an
positive environmental effect (green roofs,
rainwater harvesting, gray water
management).

switch to more efficient appliances could result
in negative impacts from increased resource
use, which can be mitigated by avoiding
premature replacement and maximising the
recycling of old appliances

Many advanced construction methods are
widespread in developed countries
Insulation technologies are generally well-
developed, while transparent insulation
materials and phase change materials need
further R&D

Sustainable heating and cooling technologies
are widely implemented at all scales

Challenges to the power grid system due to the
increasing electrification of heating and cooling
Limited adoption of sustainable practices due to
cost, lack of awareness, and pressure to rebuild.
Shortage of skilled workers for energy retrofits
and heat pumps installation

Ample opportunities are there for cost
savings through energy-efficient design
(passive design strategies) and renewable
energy integration.

Demand-side management measures (e.g.,
sensors, controls, energy consumption
feedback measures) are mature and usually
cost-effective.

Utility-scale solar PV, and the accelerated
installation of small-scale distributed solar PV
in the residential sector and public buildings
(most notably schools and hospitals) have
significantly increased system resilience
(Bilek et. al.,2024)

High upfront costs and longer payback time to
invest in building energy efficiency measures,
renewable energy technologies, and low-
embodied carbon materials

Financial mechanisms and incentives are limited

Due to the ongoing energy crisis and high
energy bills, there is growing attention on
the public of sustainable living and green
building concepts.

Build back better principle as motivation and
guiding principle

Lack of information and knowledge about
building energy efficiency and low carbon
heating/cooling options.

Lack of awareness about the benefits of
sustainable buildings.
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Generally high priority and promotion of
renewable energy systems by government,
aim to increase share of renewables.

Coordination between national and sub-national
governance levels necessary..

Lack of comprehensive data on building energy
performance and emissions.

No government policies are being developed to
promote sustainable urban planning.

6.9.4.2 Current status of national-sectoral climate policy

Table 80: Overview of policies and measures (building sector)

Type
instrument
Governance
and
planning
instruments

Regulatory
instruments

Market-
based
instruments

Information
instruments

of Status / Is the policy in

place?

There is no explicit strategy for
decarbonisation of the buildings
sector. Objective regarding the
development of the residential
/buildings sectors are contained
in a number of energy focused
strategies and plans.

What are challenges for issue this policy or enforce this
policy?

Minimum energy performance
requirements of buildings

Law on Energy Efficiency
Fund (2017):

The Law defines the legal,
economic, and organisational
foundations for the establishment
and operation of the Energy
Efficiency Fund

Positives: The objective is to support energy efficiency and
energy savings initiatives and introduce incentive and support
measures for energy efficiency improvements and energy saving
in buildings. It is aligned to the national plan for energy efficiency,
objectives to reduce CO2 emissions under the Paris agreement,
and upholding Ukraine's international obligations in the area of
energy efficiency. Has been assessed as effective
instrument (European Commission, 2023a). Since its
fullscale launch between September 2019 and July 2022, thermal
renovations have been fully or almost fully completed in over 200
multi-apartment buildings, and more than 650 projects are in
preparation. The EEF has been one of the few effective state
institutions which continued providing support to beneficiaries in
2022 even after the outbreak of the war. organisational and
technical capacity of the state market surveillance body needs be
strengthened. At present, there is no legislation to incentivise
investments in high-efficiency combined heat and power
generation. Regulations to help improve the efficiency of district
heating systems, especially of heat distribution networks, could
further strengthen the framework for modernisation.

Order 'On approval of Technical
Regulation on energy

Positives: Label in line with EU energy label scheme.
Programme aims to raised consumer awareness about energy
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labelling of energy consumer
products' (2022) framework for
energy labelling, providing
consumers with information about
their energy consumption and
allowing them to make informed
choices (Government of Ukraine,
2024).

efficiency. Suppliers and distributors of appliances have to ensure
that products have label related information ( level of efficiency
of energy consumption) and product information sheets Suppliers
must ensure their accuracy and provide technical documentation.
Amended for broader product scope,

6.9.5 AFOLU

6.9.5.1 National-sectoral mitigation enablers and barriers

Table 81: Overview of enablers and barriers (AFOLU sector)

Dimension

Geophysical
feasibility

Environmental-
ecological
feasibility

Technological
feasibility

Economic
feasibility

Sociocultural
feasibility

Institutional
feasibility

Enablers

Diverse climatic zones and soil types, large
share of rich black soil.

There is potential for expanding renewable
energy generation areas (solar, biogas).

Barriers

The vulnerability to climate change impacts
(droughts, floods) can affect reforestation
efforts, crop yields and livestock production.

Reforestation and afforestation can improve
soil health, biodiversity, and water resources.
Natural forests act as carbon sinks and
provide ecosystem services.

Sustainable agricultural practices (e.g.,
agroforestry, organic farming) can improve
soil health, water quality, and biodiversity.

Intensive agriculture practices can lead to soil
erosion, water pollution, and loss of biodiversity.
Deforestation (in occupied regions) can worsen
environmental degradation.

Due to current energy crisis, there is growing
interest in renewable energy applications for
agriculture (e.g., solar-powered irrigation
pumps, biogas digesters).

Lack of awareness and technical capacity among
farmers can hinder the uptake in sustainable
agricultural practices.

Forest-based industries can provide income
and employment opportunities.

Carbon credits and payments for ecosystem
services can incentivize sustainable forestry
practices.

Improved productivity and reduced input
costs can be realised through efficient
resource management and technology
adoption.

There are number of competing economic
interests in land use such as energy generation,
agriculture, and tourism.

High investment costs for technology adoption
and infrastructure development to adapt
sustainable agriculture practices.

There are existing policies and institutions for
forest conservation and management.

Funded by
the European Union

Page 355 of 357



D6.6 — Report on drivers, barriers, and policy analysis @ COMPACT

6.9.5.2 Current status of national-sectoral climate policy

Table 82: Overview of policies and measures (AFOLU sector)
Type of
instrument

Governance
and
planning
instruments

Status / Is the policy in place?

National Energy and Climate
Plan (2024)

What are challenges for issue this policy or enforce this
policy?

Positives: The NECP focuses on agriculture and some forest
measures.

Challenges: Criticism on a draft of the NECP focuses on the
non-representation of LULUCF sector as no data was provided
in the sections on “Current situation and projections based on
existing policies and measures” and “Impact assessment of
planned policies and measures” (Ecoaction, 2024). As the
LULUCEF sector has the potential for net removals, it plays a
key role in achieving climate neutrality Apart from forests,
absorption and carbon storage can result from cropland,
steppe and grassland, wetlands, settlements, and other land.
Therefore, these land uses should be addressed with measures
to strenghthen the removal capacity by preserving existing
natural carbon stocks (in soils and ecosystems), increasing
carbon stocks through ecosystem restoration, soil protection
measures, restoration of degraded lands, implementation of
sustainable agricultural practices.

Strategy of Agriculture and
Rural development of Ukraine
until 2030 (Ministry of Ministry of
Agrarian Policy and Food of
Ukraine, 2024)

The strategy aims at providing a
clear definition of priorities and
the creation of favorable
conditions for the development of
agriculture and rural areas in
Ukraine.

Positives: The strategy has seven goals: sregthen
institutional capacity, achieve food security, ensure the
sustatinability of the agricultural sector by m climate oriented
agriculture, aintaining a stable and fair income of producers
and by increasing their competitiveness, effective use of land
(demining, land reform), modernisation of the agriculture
sector, and creation of conditions for the development of rural
areas.

Challenges: Incomplete reforms, e.g. the land reform that is
on the agenda since the 1990s .

National Program for the
Formation of the National
Ecological Network of Ukraine
for 2000—2015 (2020):
Organsises participation in the
Emerald network aiming at the
creation of special sites for
biodiversity and endangered
species conservation,
implementation of EU
environmental-protecti (on
legislation, and policies
harmonized across the global
network (Shumilo et. al., 2023)

Positives: Ukraine achieved a total reforestation area of
11.17 £ 1.45th. ha at the dedicated sites before the beginning
of the conflict and 17 £+ 1.74 th. ha from 2000 to 2020 on the
Ukraine-controlled territories.

Challenges: Deforestation rates of territories under Russian
control with similar bio-physical characteristics36 and the same
war-related vulnerability factors indicate that the separation of
ecosystems from environmental-protection institutions and
policies through the occupation of territory led to dramatic
degradation of the environment and loss of ecosystem
sustainability

Law "On Approval of the
Concept of the National Target

Positives: Objective is the reduction of soil degradation and
related the reduction of greenhouse gases. Expected results

Funded by
the European Union
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Regulatory Program for Land Use and are to reduce agricultural development (by 5%) and ploughed
LG EL I Protection” land (by 10%), to optimise the structure of the agricultural
landscape; to increase the productivity of agricultural land (by
40-50%) through the rational use of organic, organo-mineral
and mineral fertilizers and chemical meliorants on acidic and
saline soils. Increase the area of land with natural landscapes
to a level sufficient to preserve landscape and biological
diversity (up to 10.5% of the total area of the country),
conserve degraded, unproductive and technologically polluted
land (Ecoaction, 2024).

Challenges: As the frameeork strategy NECP includes a goal
for increasing the area of arable land from which crops will be
harvested until 2050 this contradicts other declared goals such
as to reduce the area of arable land by removing slopes.

Positives: Provides statistically substantiated information on
quantitative and qualitative indicators of the state and
dynamics of forests, their resource potential for the needs of
the state administration, strategic planning of forestry, state
forestry cadastre, environmental monitoring, international
reporting on forests.

131 )i 5 National Forest Inventory of
540 LG Ukraine (2006)
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