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Abstract

Mobilising climate finance for climate change mitigation is a crucial part of meeting the ‘well-
below’ 2°C goal of the Paris Agreement. Climate finance refers to investments specifically in
climate change mitigation and adaptation activities, which involve public finance and the
leveraging of private finance. A large proportion of climate finance is Official Development
Assistance (ODA) from OECD countries to ODA-eligible countries. The evidence shows that
the largest proportion of climate finance for climate change mitigation has been channelled to
the development of renewable energy, with a much smaller proportion flowing to other crucial
forms of clean energy-related measures, such as demand-side management (DSM) (particularly
sustainable cooling) and carbon capture, usage and storage (CCUS). This forms the rationale
and aim of this synthesis paper: to review the role of climate finance to develop clean energy
beyond renewables. In doing so, the paper draws on practical policy and programme
experiences of some donor countries, such as the UK, and Development Finance Institutions
(DFIs). This paper argues that a greater amount of climate finance from OECD countries to
ODA-eligible fossil fuel-intensive emerging economies and developing countries is required for
sustainable cooling and CCUS, particularly in the form of technical assistance and clean energy
innovation.

Key Policy Insights

* Demand-side management (DSM) and carbon capture, usage and storage (CCUS) are
underfunded in climate finance compared with the promotion of renewables.

* Climate finance for sustainable cooling, in particular, represents just 0.04% of total ODA,
despite cooling projected to represent 13% of global emissions by 2030.

* Public investment in CCUS is limited at US $28 billion since 2007, despite the costs of
meeting the Paris Agreement estimated to be 40-128% more expensive without CCUS.

* Additional climate finance for these sectors should not come at the expense of funding for
renewables but should be complementary to it.

Key Words

climate finance; green finance; demand-side management (DSM); sustainable cooling; carbon
capture, usage and storage (CCUS); technical assistance; innovation

1. Introduction
A key part of the Paris Agreement (2015) is to make “finance flows consistent with a

pathway towards low greenhouse gas emissions and climate-resilient development”
(Article 2.1(c), UNFCCC, 2015). This includes a commitment to achieve at least US



$100 billion per year of climate finance flows from developed countries to developing
countries by 2020 for climate change mitigation and adaptation activities (UNFCCC,
2015). Another important part of the Paris Agreement is the commitment for developed
countries to provide capacity building support to developing countries for climate
change mitigation and adaptation activities (discussed further in section two).

A large proportion of climate finance is Official Development Assistance (ODA) from
OECD (Organisation for Economic Cooperation and Development) countries to ODA-
eligible non-OECD countries (listed on the Development Assistance Committee
(DAC)’s List of ODA Recipients). The evidence shows that the largest proportion of
climate finance that has focused on climate change mitigation activities has been
channelled to the development of renewable energy, with a much smaller proportion
flowing to other clean energy-related measures, such as demand-side management
(DSM) (e.g. energy efficiency and flexibility), carbon capture, usage and storage
(CCUS) or clean energy innovation (e.g. reducing emissions from sustainable cooling
technological innovations). This forms the rationale and aim of the paper: to review the
role of climate finance to develop clean energy beyond renewables. The paper aims to
answer the following review questions:

a) What are the contested definitions within the climate finance field and what new
definitions could resolve this?

b) What is the current status of climate finance globally and where are the funding
gaps?

c) How important is climate finance beyond renewables, such as for DSM (in
particular sustainable cooling) and CCUS?

Section two outlines the methodological approach to answer each of the review
questions; section three examines the contested definitions in the climate finance field;
section four reviews the current status of climate finance globally; section five discusses
the importance of clean energy options beyond renewables, and section six provides the
paper’s overall conclusions.

2. Review Methodology

This section summarises and justifies the methodological approach of the review. The
paper adopts Saunders et al.’s (2007) Research Process Onion theoretical framework to
structure the research design, as it provides an effective way to visualise and categorise
the scientific path from research philosophy to specific methods. Although it is perhaps
too categorical and excludes certain research ‘strategies’ (such as modelling), or
combined approaches (such as panel data analyses that combine cross-sectional and
longitudinal data), the conceptual framework is nonetheless useful. The research design
is visualised in figure one.

In the outermost sixth layer, this study fits into the pragmatism research philosophy,
which focuses on using methods that are well suited to meeting the research aims
(Morgan, 2007; Warren, 2015). This is in contrast to philosophical paradigms that give
less freedom in the methods and tools that could be employed and instead focus on the
approaches and strategies that should be employed, as can be the case with positivism
and interpretivism (Saunders et al., 2007; Warren, 2015). In the fifth layer, the
‘approach’ employed is inductive, as data are synthesised and theories are built from the



data rather than tested through hypotheses (Kellstedt and Whitten, 2013; Warren, 2015).
However, as the review questions are more exploratory in nature, the inductive
approach is more suitable for this research.

In the fourth layer, Saunders et al. (2007) identify seven main research ‘strategies’:
experiments, surveys, case studies, action research, grounded theory, ethnography and
archival research. For answering the three review questions, this study best fits the
category of archival research (in its broadest sense), as it primarily uses documents as
the sample for review and synthesis. In the third layer, this paper utilises a ‘mono-
method’ approach (evidence reviews) and in the second layer, the research is ‘cross-
sectional’ rather than ‘longitudinal’, as the nature of the review questions warrant a
more spatial-focused review (such as drawing on insights from case studies, in this case,
from the UK).

In the innermost first layer, the research ‘techniques and procedures’ refer to the
specific methods for data collection and data analysis. This research employs three
review techniques: a non-systematic scoping review to answer the first two review
questions and two systematic scoping reviews to answer the third review question (one
for DSM and one for CCUS). Evidence reviews are defined as the use of systematic
techniques to exhaustively collate and synthesise all of the evidence that has been
produced on a particular intervention or programme to better understand what works
and what does not (Petticrew and Roberts, 2006; Warren, 2018a; 2014a). Evidence
reviews are a crucial method not only for collating and synthesising the evidence base,
but also for determining the quality of previous evidence and extracting the most
amount of value from previous studies using systematic techniques (Warren, 2014a).
The method is commonly confused with literature reviews. However, Warren (2018a)
clarifies that: “the former is a method for collecting data for analysis, whereas the latter
is not a method, but instead aims to critique the current literature and to identify
research gaps”.

Systematic scoping reviews are a type of evidence review that are narrower in scope
than systematic reviews, but are resource-efficient in their ability to be conducted
quickly whilst remaining comprehensive and robust (Warren, 2018a). The two thematic
evidence reviews (for DSM and CCUS) were undertaken following an evidence review
protocol that applied systematic review techniques. Table one summarises the search
strategy (sources and search terms), the inclusion criteria and the quality assessment
scale adopted for each evidence review, and figure two shows the filtering process for
producing the final sample for each theme (including the percentage change in the
number of documents at key stages of the filtering process).

Quality assessment scales are an important part of evidence reviews, as they ensure that
each relevant document in the final sample is of a high enough quality to be used in the
synthesis (Warren, 2018a). This research adopted a scale that has been used in a number
of energy and climate research projects commissioned by the UK Department for
Business, Energy & Industrial Strategy (BEIS), such as BEIS (2017a; 2017b; 2016a;
2016b). Table one presents the evidence quality assessment scale and as per BEIS
(2017a; 2017b; 2016a; 2016b), documents must score at least two-thirds of the total
number of points to be included in the review (6/9 points). Further information and
background on evidence reviews in energy and climate policy can be found in Warren
(2018a). As figure two shows, for DSM (sustainable cooling), 32.2% (28 documents) of



the initial sample (87 documents) met the inclusion criteria and were considered
relevant to the synthesis and were of sufficient quality (at least 6/9 points on the scale)
to be included in the final sample. For CCUS, 9.3% (48 documents) of the initial sample
(516 documents) was included in the final sample.

3. Contested Definitions

This section aims to review key contested definitions and terminology in the climate
finance field, in order to bring them together under proposed common definitions. In
particular, the section focuses on varying definitions for: ‘climate finance’, ‘green
finance’, ‘technical assistance’, ‘capacity building’ and ‘transformational change’, and
as such, these terms will be the focus of this section.

Environmentally-focused financial flows have emerged as a growing area for financial
institutions and other investors. Part of this is driven by the growing push from
shareholders, governments and customers for more ethical investments and greater
transparency in the reporting of corporate investments. This moves historic business
engagement in sustainability issues from environmental compliance and corporate
environmental disclosure to minimal additional activities, such as corporate social
responsibility or corporate environmental management, where activities are an ‘add-on’
to core business functions, to ‘business sustainability’, where ethical investments are a
central part of core business functions. Concepts that are commonly associated with the
latter include the Triple Bottom Line (TBL — people (social), planet (environmental) and
profit (economic)) (Elkington, 1998), Creating Shared Value (CSV — generating
economic value in a way that also produces societal value by addressing its challenges)
(Porter and Kramer, 2011) and Responsible Investment (the selection, retention and
rejection process for investments is based on conventional financial decision-making
criteria along with moral considerations and Environmental, Social and Governance
(ESG) criteria) (Herringer et al., 2009; Syed, 2017).

The terms ‘green finance’ and ‘climate finance’ have been used interchangeably in both
the practitioner (‘grey’) literature and the academic literature, though some authors have
tried to distinguish between them (for example, Lindenberg (2014); Hohne ef al. (2012);
Zadek and Flynn (2013); PwC (2013); Bohnke et al. (forthcoming)). Overall, it is clear
that there are three key aspects that distinguish them. Firstly, green finance is the
umbrella term that covers all forms of environmental management, from enhancing
environmental goods and services to protecting against environmental damages.
Secondly, climate finance is a sub-set of green finance and focuses specifically on
climate change mitigation and adaptation. Thirdly, green finance includes all forms of
financial investors, such as private finance, public finance and other forms of finance,
but with a greater focus on private finance. In contrast, climate finance primarily
focuses on public finance and the leveraging of private finance. The review finds that
climate finance is usually used to invest in riskier projects or technical assistance
activities (defined below) where there is usually limited interest from private sector
investors due to the uncertain or unclear revenue streams (particularly in the case of
technical assistance activities). As a result, governments often provide climate finance
in the form of grants for technical assistance activities or concessional loans for riskier
projects (where interest rates are below those available on the market or through the use
of long grace periods (OECD, 2003)).



The academic literature on the topic is limited and this paper aims to contribute to
filling this gap. Much of the previous research on climate finance and green finance is
found in the practitioner ‘grey’ literature, with institutions such as Development
Finance Institutions (DFIs) (such as the World Bank Group) and Non-Governmental
Organizations (NGOs) dominating the previous research on the topic. To contribute to
filling this gap, this paper proposes the following definitions of green finance and
climate finance:

“Green finance refers to investments (including preparatory, capital and operational
costs) that enhance and protect environmental goods and services (including
biodiversity, pollution control and climate change activities), or mitigate and adapt to
environmental damages, which involve private finance, public finance and other forms
of finance.”

“Climate finance is a sub-set of green finance and refers to investments specifically in
climate change mitigation and adaptation activities, which primarily involve public
finance and the leveraging of private finance.”

This paper focuses on the role of climate finance, rather than green finance, in climate
change mitigation and the above definition is adopted. Figure three visualises the
differences between the definitions in diagrammatic form.

Two further terms where definitions are contested and used interchangeably are
‘technical assistance’ and ‘capacity building’. As with the definitions of ‘green finance’
and ‘climate finance’, much of the previous research on technical assistance and
capacity building is found in the practitioner ‘grey’ literature (such as DFIs, NGOs and
other development organizations) rather than the academic literature. To contribute to
filling this gap, this paper proposes the following definitions of technical assistance and
capacity building in the context of climate policy:

“Technical assistance refers to activities that facilitate capacity building, policy
development, knowledge-sharing and project preparation to enable the deployment of
technologies, actions and programmes to mitigate or adapt to climate change.”

“Capacity building refers to targeted activities that develop the technical and
institutional knowledge and skills necessary to enable the deployment of technologies,
actions and programmes to mitigate or adapt to climate change”.

The four definitions are based on the relevant documents in the evidence review,
primarily from DFIs and international organisations (for example, ADB, 2010; Caruso
and Ellis, 2013 (OECD); Climate Technology Centre and Network (CTCN), 2019;
UNFCCC, 2019; World Bank, 2018), key academic sources (for example, Markandya et
al., 2017; Haites, 2015) (see the bibliography for the full list) and the practical
experiences of the UK Government’s International Climate Fund (ICF) (for example,
UK Government, 2018a; 2018b, which is discussed further in section five). Figure four
visualises the differences between the definitions in diagrammatic form.

Technical assistance is the overarching term for non-capital projects and can be broken
down into three main categories: capacity building, policy and advisory, and project
preparatory. Capacity building technical assistance is focused on providing finance for



enhancing clean energy knowledge and skills within supported countries, including
facilitating (international) experts to undertake training for key stakeholders and
organising dissemination events to share knowledge and experiences. Policy and
advisory technical assistance refers to the provision of expert advice to support the
development of the policy, and regulatory or legislative frameworks required to enable
the development and deployment of clean energy technologies. Project preparatory
technical assistance supports specific clean energy projects by funding (or part-funding)
project proposals, feasibility studies, environmental, social, governance, economic and
financial assessments, and monitoring and evaluation activities. The viability of capital
projects is increased if grant-based technical assistance activities are linked to wider
loans to support the financing of the capital projects that they are supporting, or where
capital projects have a grant-based component. This is a common approach used by
DFIs such as the ADB (e.g. ADB, 2018).

The use of climate finance to support clean energy innovation is less common than
support for technical assistance or capital projects. However, technological, institutional
and process (TP&I) innovation (through research, development and demonstration
(RD&D)) can have an important impact on the development of bankable clean energy
capital projects if combined with technical assistance activities.

Linked to the discussions on technical assistance is how ‘transformational change’ is
defined. Climate finance has an important role in scaling up technical assistance
activities and can be effective in achieving transformational change when targeted at
specific clean energy technologies beyond renewables, such as CCUS, DSM and
promising clean energy innovation technologies in developing countries. Where RD&D
focuses on the pre-deployment stages of new technologies (low Technology Readiness
Levels (TRLs), transformational change primarily concentrates on the deployment stage
where developing countries can deploy and replicate the previously supported
technologies at scale. This paper defines transformational change as follows:

“Transformational change refers to the facilitation and realisation of the enabling
contextual conditions to allow clean energy technologies to be sustainably deployed
and replicated at scale”.

Table two provides examples of the key enabling contextual conditions. The degree of
transformational change is dependent on the number of key enabling contextual
conditions that are developed. This definition is adapted from the theory of change for
transformational change for the UK’s ICF (e.g. see UK Government, 2018a; 2018b), as
well as the academic literature, such as Warren (2017)’s Policy Transferability
Framework.

Transformational change focuses on the achievement of longer-term outcomes and
impacts and as such, it is a challenging concept for donor governments and DFIs to
monitor and to evaluate. This is an area of current applied research in the literature (for
example, see: Olsen et al., 2016; Olsen et al., 2015). As climate finance focuses on
climate change mitigation and adaptation, some studies, such as Winkler and Dubash
(2016), argue that there is a potential tension between climate finance and the wider
sustainable development objectives of developing countries, which are defined through
a national process. As such, in addition to important contextual factors, such as a stable
and supportive political and policy environment, private sector support, innovation and



local ownership (table two), an overarching clear link between climate finance and the
sustainable development goals (SDGs), such as reducing poverty, improving health,
improving education, fostering industry and infrastructure for economic growth, and
reducing inequality (such as achieving gender quality) is essential if climate finance is
to lead to transformational change in clean energy. This is particularly important for
promising new, innovative clean energy technologies beyond established renewable
energy technologies, such as hydro power, solar photovoltaics and onshore wind
(discussed further in section five).

4. Global Status of Climate Finance

This section reviews the current status of climate finance globally and progress against
the US $100 billion per year by 2020 goal. The notion of the 2°C goal and the US $100
billion per year by 2020 climate finance goal were introduced at COP 15 in 2009 as part
of the Copenhagen Accords. In 2010, at COP 16, the Green Climate Fund (GCF) and
the Adaptation Fund were established as part of the Cancun Agreements. The GCF
forms an important part of the UNFCCC’s financial mechanism for meeting the 2°C
goal and by 2014, it had US $10.3 billion of finance (GCF, 2019). However, under the
Trump Administration, the USA announced that it would reduce its US $3 billion
commitment to the GCF by US $2 billion (Bowman and Minas, 2019). Despite this, the
GCF is going through replenishment discussions in 2019-2020. At COP 24, in 2018,
Germany and Norway announced that they would double their contributions to the
GCF.

The GCF supports both climate change mitigation and adaptation, whereas the
Adaptation Fund focuses specifically on supporting the poorest and most vulnerable
countries and communities to adapt to climate change. Since 2010, the Adaptation Fund
has committed US $532 million to around 80 climate adaptation and resilience projects
(Adaptation Fund, 2019). At COP 24, just under US $129 million of commitments to
the Adaptation Fund were announced, which equates to its highest rate of finance
mobilisation for a single year.

Quantifying progress against the US $100 billion per year by 2020 goal is challenging
due to issues in data collection and methodological aggregation in determining what
counts as climate finance towards the target. Furthermore, data collection tends to be
based on publicly declared or published figures on a country-by-country basis, with
some countries being more transparent than others. Additionally, despite the political
prominence of the GCF and the Adaptation Fund, there are a large number of climate
funds of varying sizes globally, which makes the identification and aggregation of
climate finance flows challenging. For example, the Climate Investment Funds (CIFs)
were established in 2008 in support of the Bali Action Plan (which came out of COP
13). US $8.13 billion of funds have been committed by 14 donor countries, which is
held in two Trust Funds: the Clean Technology Fund (CTF) and the Strategic Climate
Fund (SCF) (CIF, 2019). In contrast, there are a large number of smaller multilateral
and single donor climate funds with capital of <US $200 million, such as the Asian
Development Bank’s multilateral Clean Energy Financing Partnership Facility (CEFPF)
(ADB, 2018).

The European Commission (2017) estimates that progress against the US $100 billion
per year goal was US $67 billion per year in 2015 and US $70-75 billion per year in



2017. This is based on a public declaration at COP 23 in Bonn in November 2017, and
the methodology behind the estimates was not provided. US $23.4 billion of the
estimate came from the EU (up from US $20.4 billion in 2015) (European Commission,
2017). The OECD has similarly struggled to produce up-to-date robust assessments of
the status of climate finance. For example, one of the latest update reports from the
OECD on this topic is from 2018, which simply states that: “updated estimates towards
the US $100 billion commitment will be needed in the run-up to 2020 before re-stating
an old assessment that US $62 billion had been mobilised in 2014 (Lamhauge and
Jachnik, 2018). The OECD highlights that methodologies to assess and estimate climate
finance mobilisation vary widely and there is considerable risk of double-counting
(Caruso and Ellis, 2013).

Some studies, such as Westphal et al. (2015) have modelled different scenarios for
meeting the 2020 goal (with a transparent methodology), in order to identify what is
required from public and private sources of climate finance. The study presents four
scenarios, and the results show that developed country climate finance alone will not
reach the goal (scenario one). If the leveraging of private finance is included, the goal
will only be met under a projection of high growth (of developed country finance) and
high leverage (of private finance) (scenario two). However, if climate finance from
DFIs, such as Multilateral Development Banks (MDBs), is added to this projection,
then the goal can be met under a projection of medium growth and medium leverage (of
both private finance and MDB finance). GBRW Consulting (2017) argues that MDBs
are forecast to represent US $30 billion of the US $100 billion goal. If climate-related
ODA is added to this projection, then the goal can be met under a projection of low
growth and low leverage (Westphal et al., 2017).

The current status of climate finance globally stems beyond the specific parameters and
sources that officially contribute towards the US $100 billion per year commitment to
also include private finance and wider sources of finance. Buchner ef al. (2017) estimate
that total climate finance was US $383 billion in 2016 (US $242 billion from private
actors and US $141 billion from public actors). This is a similar level to 2014 (US $388
billion) but down from the level in 2015 (US $437 billion), which could be explained in
part by the greater amount of climate investment announcements by private actors as a
result of the 2015 Paris Agreement. Climate finance from public actors was relatively
stable between 2012-2016 but climate finance from private actors increased from US
$241 billion in 2014 to US $299 billion in 2015 (Buchner et al., 2017).

The vast majority of climate finance from developed countries is channelled through
DFIs: the World Bank Group, the Asian Development Bank (ADB), the Inter-American
Development Bank (IADB), the African Development Bank (AfDB), the European
Bank for Reconstruction and Development (EBRD), the Asian Infrastructure
Investment Bank (AIIB) and the New Development Bank (NDB). However, by capital,
MDBs are much smaller than conventional financial institutions with even the largest
DFI (the World Bank) having capital of less than US $30 billion (in 2017). This
compares with the largest bank, the Industrial and Commercial Bank of China (ICBC),
which had capital of around US $270 billion in 2017 (GBRW Consulting, 2017).
Institutional investors, such as pension funds and insurance companies, represent
another potential large source of capital, though their climate investments have been
limited to date. Nevertheless, this highlights the importance of other financial



institutions and private sector actors in increasing the amount of climate finance
invested in developing countries, particularly higher-emitting emerging economies.

Despite the progress made on mobilising an increasing amount of climate finance
globally, investment in fossil fuels remains high. In 2016, investment in upstream and
downstream fossil fuels was US $825 billion (compared with US $383 billion of
climate finance) (Buchner et al., 2017), and in 2017 investment in fossil fuel supply was
US $790 billion (IEA, 2018a). For example, total finance from governments for new
coal projects was US $38 billion between 2013-2016 with US $28 billion in the pipeline
(Chen and Schmidt, 2017). In contrast, total finance from governments for new
renewable energy projects was US $25 billion between 2013-2016 with US $14 billion
in the pipeline (Chen and Schmidt, 2017). Furthermore, although global investment in
new coal-fired plants reduced in 2016 with 20 GW less coal commissioned, 40 GW of
new coal-fired plants was still commissioned (IEA, 2018a). This highlights the
importance of parallel climate policy that aims to increase the amount of climate finance
whilst reducing the amount of finance for fossil fuels, in order to meet the ‘well-below’
2°C goal of the Paris Agreement.

Piggot et al. (2018) argue that there is a strong rationale for countries to pursue a phase-
down in fossil fuel production (not just consumption) as part of the Paris Agreement
and the UNFCCC process. Similarly, Peake and Ekins (2017) highlight the important
need to divert scheduled investments in the fossil-fuel industry towards renewables,
energy efficiency, and other low or negative carbon technologies, in order to limit
temperature increases to 2°C. Alongside coal- and oil-based fuels, unabated natural gas
is also included within the group of fossil fuels and decarbonising natural gas across the
full gas chain (gas processing, gas production, industrial gas use and gas power) is an
area of current joint research between the World Bank, the ADB and the IEA with
funding from the UK’s ICF. Broto (2016) argues that gas-related projects will rarely be
eligible for climate finance, except in rare context-specific situations where they
provide energy access directly to households. However, in such situations, climate
finance is likely to fund technical assistance activities, such as detailed feasibility
studies on how to decarbonise proposed gas-related projects, rather than supporting
unabated gas projects themselves.

At COP 24, countries committed to start the process in 2020 of setting a new climate
finance goal beyond the current target of US $100 billion per year for the period after
2025 (WRI, 2018). Furthermore, countries agreed to undertake an assessment of the
climate finance needs of developing countries every four years (WRI, 2018).

5. Beyond Renewables

This section aims to summarise the findings from the two evidence reviews undertaken
for this paper that focused on underfunded areas of climate finance beyond renewables:
DSM (particularly sustainable cooling) and CCUS. As the syntheses below show, both
of these themes are crucial for support alongside renewables to meet the goals of the
Paris Agreement.

As discussed in section 5.1, sustainable cooling can make an important contribution to
meeting a whole range of SDGs from improving health and reducing hunger through
reduced food loss (from improved cold chains) to building sustainable cities and



communities. However, cooling is projected to represent 13% of global greenhouse gas
emissions by 2030 (GIZ Proklima, 2018) and currently just 0.04% of total ODA has
been committed to cooling (K-CEP, 2018). With the projected growth in demand for
cooling, it is important not only to scale-up the amount of climate finance for cooling,
but also to ensure that cooling is low carbon and does not exacerbate the climate
problem. Climate finance will play an important role in this regard.

As discussed in section 5.2, CCUS is particularly important in addressing the hard-to-
decarbonise sectors, such as industry (particularly energy-intensive industries that
cannot be electrified or use alternative lower carbon fuels) and transport (through clean
hydrogen production or clean electricity production). Limited climate finance has been
provided to CCUS to date, despite the growing evidence base highlighting its necessity
for keeping global temperature increases to ‘well-below’ 2°C (IPCC, 2018; 2014, and
IEA, 2016).

The review also identified other themes that are important from a climate mitigation
perspective but which are underfunded through climate finance, such as clean transport
and greenhouse gas removal technologies like direct air capture. However, as this paper
focuses primarily on the energy sector, further research should investigate these other
underfunded themes.

5.1 Demand-Side Management: Sustainable cooling

DSM refers to demand-side actions and programmes that seek to manage energy
consumption in order to meet various policy objectives, such as carbon emissions
reduction and energy security (Warren, 2019; 2018b; 2014b) In 2017, total global
investment in demand-side activities (beyond just climate finance) was US $236 billion
(IEA, 2018a). This compares with US $300 billion for renewable power in 2017 (IEA,
2018a). The figure primarily refers to investments in energy efficiency in buildings,
transport and industry rather than other forms of DSM, such as demand-side response,
energy conservation, smart technologies, on-site energy storage or on-site (clean
energy) generation. Public sources of climate finance for energy efficiency for climate
change mitigation were US $39 billion in 2015/2016, ahead of renewable energy
generation (US $34 billion) and sustainable transport (US $22 billion) (Buchner ef al.,
2017).

From a thematic perspective, within DSM, it is clear that sustainable cooling has
received limited attention in the climate finance space, despite the use of air
conditioners and electric fans currently representing 20% of the total electricity
consumption in buildings (and 10% of all global electricity consumption and 14% of
peak electricity demand), with CO, emissions from cooling tripling since 1990 to 1.13
billion tonnes (IEA, 2018b). The IEA (2018b) estimates that there are 1.6 billion units
currently around the world with a combined total electricity consumption of 2,000
TWh/year (over half of the existing units are in China and the USA). Furthermore, the
average energy efficiency of air conditioners is less than half of what is available for
consumers to buy (IEA, 2018b), highlighting that consumers are not buying the most
energy efficient units.

The IEA’s Efficient Cooling Scenario highlights that the efficiency of air conditioners
can be doubled through effective minimum energy efficiency performance standards



and consequently reducing energy demand from cooling by 45% by 2050 (IEA, 2018b).
Coupled with the decarbonisation of the power sector, emissions from cooling would
reduce to 150 mtCO, (13% of the 2016 level) (IEA, 2018b). R&D has an important role
to play as well. However, global investment in energy R&D was just US $27 billion in
2017 with two-thirds of this channelled towards low carbon technology innovation
(IEA, 2018b).

Of the 2.8 billion people living in the hottest parts of the world,
only 8% currently possess air conditioners (SEforAll, 2018). SEforAll (2018) estimates
that over 1.1 billion people face risks from a lack of access to cooling, which has
important benefits in alleviating poverty, improving health (through keeping vaccines
stable and food nutritious across the cold chain) and improving economic productivity.
Increasing access to cooling without associated improvements in energy efficiency
would lead to 2,800 TWh of additional electricity consumption than would otherwise be
required by 2050 with energy efficient air conditioners (IEA, 2018b). Even with energy
efficient air conditioners, total electricity consumption would still increase to 3,400
TWh by 2050 as access to cooling is improved (70% higher than in 2016) (IEA, 2018b).
Thus, in addition to efficient cooling, climate finance for RD&D into sustainable
cooling alternatives, such as natural refrigerants, utilising waste cooling (‘coolth’) from
industrial (and other) processes for district cooling, heat pumps, fuel switching, etc. will
also be required.

From a climate finance perspective, the Multilateral Fund under the 1987 Montreal
Protocol represents one of the few sources of climate finance for cooling. The fund was
established in 1991 and is specifically related to the Montreal Protocol and the phase
down of ozone-depleting substances, such as chlorofluorocarbons (CFCs) and halons.
To date the fund has committed US $3.6 billion to activities, such as industrial
conversion, training and capacity building (Multilateral Fund, 2019). In 2016, the Kigali
Amendment to the Montreal Protocol was agreed, with the aim of achieving an 80%
reduction in hydrofluorocarbons (HFCs) by 2047. It came into force in 2019. The Kigali
Cooling Efficiency Program (K-CEP) was established as a philanthropic programme to
support the Kigali Amendment; it estimates that just 0.04% of total ODA has been
committed to sustainable cooling (K-CEP, 2018), thus highlighting a large climate
finance gap.

Similarly, since its establishment in 1995, GIZ Proklima has been working on behalf of
the German Federal Ministry for the Environment, Nature Conservation and Nuclear
Safety (BMU) to disseminate ozone-friendly and climate-friendly cooling technologies
through its Green Cooling Initiative (GIZ Proklima, 2018). For example, a project on
refrigeration and air conditioning in Thailand is currently being funded through the
NAMA Facility (Nationally Appropriate Mitigation Actions) from 2016-2021 (EUR
14.7 million of funding) (NAMA Facility, 2017). The multilateral NAMA Facility has
donor funding from Germany, the UK, Denmark and the European Commission.
Technical assistance is a strong component of the Thailand project, as well as a new
project on cooling in Colombia funded also through the NAMA Facility. This highlights
the importance of technical assistance alongside RD&D funding to ensure that the
development of sustainable cooling technologies is coupled with the development of the
required technical and institutional knowledge, skills and capability (capacity building),
and the establishment of the necessary regulatory, legislative or policy frameworks, to
enable the deployment of those technologies. For example, providing technical



assistance to developing countries to design and implement the appliance efficiency
recommendations of the CLASP and SEAD (Super-efficient Equipment and Appliance
Deployment) initiatives would be one possible first step for addressing cooling
emissions in the buildings sector. These initiatives aim to provide governments and
industry stakeholders with the key resources to enable the promotion and
implementation of improved energy efficiency for appliances and equipment.

There are growing signs that cooling is moving up the climate finance agenda. For
example, the UK Government’s clean energy innovation programme, established in
2019, represents one of the few new sources of climate finance that targets sustainable
cooling innovation in developing countries (alongside two other themes: energy storage
and industrial decarbonisation, including CCUS) with links to Mission Innovation.
Mission Innovation is a global initiative of 23 countries and the European Commission
working to accelerate global clean energy innovation with the objective of making clean
energy widely affordable. Similarly, the World Bank is in the process of establishing a
Sustainable Cooling Initiative to identify how to scale-up finance for sustainable
cooling in developing countries.

The evidence review undertaken for this paper highlights the important need to increase
the amount of climate finance provided for sustainable cooling to help developing
countries to mitigate and adapt to climate change. IEA (2018b) describes cooling as
“one of the most critical blind spots in today’s energy debate”. Cooling is projected to
represent 13% of global greenhouse gas emissions by 2030 (GIZ Proklima, 2018) with
most of the growth coming from emerging economies and developing countries. Based
on current projections, overall energy demand from the cooling sector will increase by
90% by 2050 (7,500-9,500 TWh) (Peters, 2018) without increased investment in
innovation for sustainable cooling. As such, there is a crucial role for climate finance to
stimulate investment and innovation in sustainable cooling in these countries. In
particular, support for innovation (TP&I) alongside support for technical assistance
would contribute to developing the necessary enabling contextual conditions to achieve
transformational change, as summarised in table two. For example, climate finance
would help to reduce the barriers to private sector investment in sustainable cooling.

5.2 Carbon Capture, Usage and Storage (CCUS)

It is estimated that CCUS could capture around 90% of CO, emissions from point
sources, such as industrial processes or power plants, to prevent their release into the
atmosphere (Markewitz et al., 2012; Cuéllar-Franca and Azapagic, 2015) and then to
transfer them to a suitable site for long-term storage (Markewitz et al., 2012; IPCC,
2005) or to use the captured CO, in commercial products (Styring et al., 2011;
Markewitz et al., 2012). CO; can be captured through post-combustion, pre-combustion
or oxyfuel combustion (see Global CCS Institute (2018a) for further details).

Since 2007, just US $28 billion has been earmarked for large-scale CCUS, of which just
15% was spent due to the challenges of leveraging private finance from public finance
(IEA, 2018a). There are just 18 large-scale CCUS plants in operation and a further four
under construction (Global CCS Institute, 2018b). This compares with total global
investments of US $750 billion for renewables and US $236 billion for energy
efficiency in 2017 alone, as stated previously (IEA, 2018a). Estimates of the market
potential for CCUS range from a niche market (CSLF, 2013) to a US $800 billion



market (Global CO; Initiative (GCI), 2016). However, the CCUS evidence review
identifies that CCUS needs to make up 12-14% of carbon dioxide emissions reductions
in the power sector alone to meet the Paris Agreement’s “well below” 2°C target (IEA,
2016; IEA, 2013). The IPCC’s special report on Global Warming of 1.5°C re-
emphasises the critical need for CCUS (IPCC, 2018). Furthermore, current estimates
suggest that it will be considerably more expensive to meet the Paris Agreement targets
without CCUS; well-cited estimates range from at least 40% (IEA, 2016) to 138%
(between 29-297%) (IPCC, 2014) more. Despite the variation in the specific estimates
due to the challenges of modelling how costs will change over time for different
technologies, all estimates agree that costs are higher without CCUS.

Such evidence highlights that the applications of CCUS are particularly important in
achieving deep decarbonisation in the fossil-fuel intensive industrial sectors, such as
iron and steel, chemicals and petrochemicals, power and cement. [EA (2016) estimates
that in the IEA’s 2°C scenario, CCUS need to contribute up to 20% of the cumulative
emissions reductions in industrial processes in the production of iron, steel and cement
(29 GtCO,) through 2050.

Furthermore, CCUS has important applications in providing a low carbon source for
hydrogen production (such as to decarbonise space heating), a mechanism to allow
back-up capacity for peak supply-demand balancing purposes in the absence of non-
variable renewable alternatives (such as hydro power or geothermal power), and in
decarbonising the full gas chain, such as gas production, gas processing, industrial gas
use and gas power.

Similarly, as an alternative to CO, storage, evidence from on-the-ground experiences,
such as those captured through the UK government’s £70 million ODA international
CCUS programme (discussed further below) show that captured CO, can be utilised in
a number of industries, such as in the production of methanol, urea and polymers, and in
Enhanced Oil Recovery (EOR) and Enhanced Gas Recovery (EGR). This has been
particularly important in developing the commercial business models for CCUS.
However, further research is required to understand the lifecycle greenhouse gas
emissions reductions of each of these options to ensure that overall emissions are
reduced rather than (unintentionally) increased, which might be a risk in certain
contexts for EOR and EGR in particular.

To date, limited climate finance has been provided for CCUS. The existing climate
finance has primarily been provided through the UK government, the Australian
government (through the Global CCS Institute) and the Norwegian government. The
primary mechanism for the provision of climate finance for CCUS has been through
MDBs, in particular the World Bank’s CCUS Trust Fund (total of US $61.2 million of
climate finance) and the ADB’s CCUS Fund (which comes under the ADB’s wider
Clean Energy Partnership Financing Facility) (total of US $41.1 million of climate
finance) (UK Government, 2018b). Some countries, such as Norway and Japan, have
also provided climate finance bilaterally to specific countries (such as South Africa and
Indonesia, respectively). The UK government’s international CCUS programme is the
largest provider of climate finance to CCUS (£70 million), which is delivered through
MDBs (UK Government, 2018b). However, as with sustainable cooling, this is dwarfed
by the amount of climate finance that OECD countries are providing to renewables.



International initiatives, such as Mission Innovation, the IEA’s Greenhouse Gas
Emissions Reductions programme (IEA GHG) and the Carbon Sequestration
Leadership Forum (CSLF), highlight the important need for CCUS innovation and
RD&D to reduce the costs of CO, capture, which is considered an important barrier to
the deployment of CCUS (Mission Innovation, 2019; IEA GHG, 2018; CSLF, 2018).
However, costs will vary based on local contexts, such as labour costs, energy costs, the
particular technologies used and the specific applications (the type and size of the power
plant or industrial facility) (ADB, 2015). CO, utilisation may provide an important
mechanism to reduce costs and improve the commercial case for CO, capture,
particularly from industrial plants.

Estimates of the costs of CO, capture currently range from additional costs of 2% to
70% (Global CCS Institute, 2017). The costs vary due to differences in national and
local contextual conditions and the sectors where CCUS is applied. For example, the
ADB (2015) estimates additional costs of US $500 million to power plant construction
costs (for CO; capture, transportation and storage), whereas in India, CO; capture and
usage from industrial plants has been demonstrated as costing just US $20-40 tCO,, and
these costs are trying to be replicated in other countries (Carbon Clean Solutions, 2018).
In the UK, Element Energy ef al. (2014) estimate that the costs of industrial retrofit of
different CO, capture technologies are EUR €60 tCO, (iron and steel), EUR €75 tCO;
(cement), EUR €65 tCO; (petroleum) and EUR €10 tCO, (high purity sources). Pieri et
al. (2018) and the Global CCS Institute (2017) provide comprehensive reviews of the
costs of CCUS.

Alongside climate finance for innovation to reduce costs and improve the commercial
model for CCUS, a further important barrier to the development of CCUS in fossil fuel-
intensive emerging economies and developing countries is limited technical and
institutional knowledge, skills and capability. The role of climate finance to provide
technical assistance for CCUS is thus crucial, as has been the experiences of donors
such as the UK and Norway (UK Government, 2018b). Technical assistance activities
include undertaking feasibility studies, piloting CO, capture technologies, undertaking
site characterisation and test injections for CO, storage, supporting the establishment of
regulatory, policy or legislative frameworks to enable CCUS, undertaking CCUS
training events to build capacity, skills and knowledge, and supporting the
establishment of the necessary incentive structures to support CCUS demonstration and
ultimately accelerate the deployment of CCUS. The success of technical assistance
activities in countries such as Mexico, South Africa, China and Indonesia that have been
supported through the UK’s international CCUS programme indicates that increased
climate finance for such activities is necessary for achieving medium-term development
benefits, such as climate change mitigation, health improvements through local air
pollution reduction, economic benefits through new CCUS markets, job creation and
exporting expertise and technologies, and local poverty reduction (UK Government,
2018b). Thus, the role of climate finance for technical assistance is to develop the
enabling contextual conditions to achieve transformational change that are summarised
in table two. Figure five is an example of a summary theory of change from the UK’s
international CCUS programme (the circled factors are those that are the focus of the
monitoring and evaluation for the programme) (UK Government, 2018b).

The evidence review highlights the important need to increase the amount of climate
finance provided for CCUS to help fossil fuel-intensive emerging economies and



developing countries to mitigate the emissions from their growing industrial and power
sectors. Due to the global nature of climate change, this should complement the
introduction of policy incentives in advanced economies. For example, the USA’s 45Q
tax credit adjustments for CCUS is likely to increase CCUS development and
investment. The policy increases the current level of tax credits from US $10 tCO; to
US $35 tCO;, by 2024 for CO; utilisation (including EOR) and US $50 tCO, for
geological (saline) storage. It was introduced in February 2018 as part of the Bipartisan
Budget Act (providing the incentive for twelve years if construction begins before
2024) (USC 45Q, 2018). Similarly, the UK’s CCUS Action Plan, published in
November 2018, highlighted a suite of policies to enable the option to deploy CCUS in
the UK in the 2030s.

Providing policy, regulatory and legislative technical assistance to ODA-eligible
countries to learn from these experiences is thus an important enabling factor for
achieving transformational change in these countries. Furthermore, there is a critical
need for climate finance to develop increasingly important wider applications of CCUS,
such as to achieve deep industrial decarbonisation, to decarbonise the gas chain, for
peak demand balancing and to decarbonise hydrogen production, which are areas that
renewables have struggled to address to date. As argued at the start of this section,
climate finance beyond renewables should not be at the expense of funding for
renewables but complementary to it, as the focus of these technologies is particularly
relevant in addressing the hard-to-decarbonise sectors.

6. Conclusions

The paper aimed to review the role of climate finance in the development of clean
energy-related measures beyond renewables by employing evidence reviews using
systematic techniques to address three main areas: what the contested definitions are
within the climate finance field, what the current status of climate finance is globally
and where the funding gaps are, and how important climate finance is beyond
renewables, in particular focusing on DSM (specifically sustainable cooling) and
CCUS.

Definitions of climate finance, technical assistance, capacity building and
transformational change are particularly contested in the literature with terms such as
green finance and climate finance, or technical assistance and capacity building,
incorrectly used interchangeably. The climate finance literature is dominated by the
practitioner (grey) literature rather than the academic literature, and this paper aimed to
contribute to filling this gap by synthesising, clarifying and proposing holistic
definitions for each of these terms.

The current status of climate finance globally is mixed. Although US $383 billion of
climate finance was provided in 2016, investment in upstream and downstream fossil
fuels was US $825 billion. Similarly, although total global investment in DSM (beyond
just climate finance) was US $236 billion in 2017 and US $300 billion for renewables,
just US $39 billion of climate finance was provided for DSM (specifically energy
efficiency) in 2015/2016 and just US $34 billion was provided for renewables.

However, within DSM, just 0.04% of ODA has been provided for sustainable cooling to
date, despite overall energy demand from the cooling sector projected to increase by



90% by 2050 (7,500-9,500 TWh) and to represent 13% of global emissions by 2030.
Similarly, just US $28 billion has been invested in CCUS since 2007 (beyond just
climate finance), despite the evidence highlighting that it needs to make up 12-14% of
decarbonisation efforts by 2050, otherwise it would be at least 40% more expensive to
meet the ‘well-below’ 2°C goal of the Paris Agreement without CCUS. This is
primarily due to its important applications in decarbonising industrial sectors, the gas
chain, peak demand balancing and hydrogen production.

Overall, the review highlights that there is a crucial role for climate finance beyond
renewables, particularly for sustainable cooling (across the cold chain) and CCUS in
emerging economies and developing countries. This paper argues that climate finance
needs to target technical assistance and innovation, in order to enable the contextual
conditions that would allow less-supported clean energy options to be sustainably
deployed and replicated at scale.
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“carbon capture, usage and storage” or “carbon capture and
storage” AND investment OR funding OR finance

Inclusion Criteria

English language documents

Documents freely accessible online and downloadable

Snowballing reference lists

No geographical or temporal exclusions

Quality Assessment Scale

Clear and justified rationale (1 point) and research questions
(1 point)

Resource contributions acknowledged (1 point) and possible
conflicts of interest stated (1 point)

Peer reviewed by one reputable expert (1 point) or more than
one reputable expert (2 points)

Methods are suitable for the aims of the study (1 point)

Conclusions match the data presented (1 point)

Author(s) / publishing organisation(s) have a track record in
the area (1 point)

Table 1: the review protocol for the evidence reviews
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Supportive political environment
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Innovation (technologies, processes or institutions)
Private sector support (financial or non-financial such as
expertise, land or people resources)

Public sector support (financial or non-financial such as
expertise, land or people resources)

Replicability within countries

Transferability between countries

Local ownership

Table 2: key enabling contextual conditions to enable transformational change
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