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Introduction: Energy Efficiency Financing
and Market-Based Instruments

Unlocking energy efficiency potential is a key strategy for managing energy
demand growth and cost-effectively reducing carbon emissions. The International
Energy Agency estimates that the world will require a cumulative global investment
of $24.5 trillion to tap into all available cost-effective energy efficiency potential up
to 2040. Nevertheless, the global market fails in delivering this full potential of
energy efficiency. This book is a collective volume of research papers aimed at
enabling this trillion-dollar energy efficiency financing through financial and
market-based instruments.

It is noted that more than 80 countries across the world have already taken
significant strides toward improved energy efficiency with policy instruments such
as energy efficiency standards and labeling schemes implemented over the last
decades. However, financial and market-based instruments have a huge potential in
helping public and private sectors to gain access to cost-effective strategies and
technologies that could reap further energy savings. Financial and market-based
instruments are essential as they deliver a price signal, which provides an incentive
for firms to invest in innovation or implement more energy-efficient technologies
and deliver energy savings while minimizing costs. These instruments can have
significant advantages for governments, supporting the fiscal sustainability of
governments’ energy efficiency efforts, requiring less enforcement than regulation,
and based on the market flexibility to the most cost-efficient technologies.

Financial measures include all policies and measures that assist with financing
activity to improve energy efficiency. This could take the form of publicly funded
loans or grants and/or subsidies for energy efficiency investment, or policies that
raise funds for energy efficiency policy or encourage third-party financing of energy
efficiency activities and investment, such as public—private partnerships.

Market-based instruments refer to a set of policy frameworks specifying the
outcome (e.g., energy savings and cost-effectiveness) to be delivered by market
actors, without prescribing the delivery mechanisms and the measures to be used. It
creates a market for energy efficiency improvements or energy savings directly
through instruments such as energy efficiency obligations, voluntary agreements,
and auction mechanisms. Under obligations, energy utility companies are required
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to deliver efficient outcomes aligned with white certificate programs or energy
efficiency resource standards. There could also be voluntary agreements, where
users commit to deliver efficient outcomes on their own accord. Auctions are
another avenue that allows bids for specific efficiency outcomes.

This book’s contributors are a diverse mix of experts, practitioners, and
researchers who have a great deal of experience with different dimensions of energy
efficiency and financing mechanisms. This book starts with analyzing the driving
forces of energy efficiency trends and investment flows in Asia and beyond. The
subsequent part gives an in-depth review of energy efficiency financing and
market-based instruments implemented primarily across the Asian regions.
Thereafter, the authors investigate experiments with energy efficiency financing
schemes in key jurisdictions and provide lessons and experience for enabling
broader end-user and market player access to energy efficiency finance. The fol-
lowing are the specific contents of the book’s chapters.

Financing energy efficiency requires a thorough understanding of historical and
future energy efficiency trends. In Chapter 1, “Understanding Cross-Economy
Dynamics of Energy Efficiency: Driving Factors and Stylized Patterns,” Liu and
Zhong investigate driving forces behind these trends across 59 major economies in
the world. Despite substantial heterogeneity across economies, economy-wide
energy intensity has improved overall between 2000 and 2017. The authors dis-
entangle the role of technological effect and economic structure in shaping the
patterns of energy intensity changes across countries. For the long-run distribution
of energy intensity, it is found that around 21% of sample economies would stay at
levels lower than the world average. This shows a persistent gap in energy effi-
ciency across countries and highlights the importance of promoting energy effi-
ciency financing in major emerging Asian economies, which tend to be ranked at
the low end of the track.

In “Off-Balance Sheet Equity: The Engine for Energy Efficiency Capital
Mobilization,” Ablaza, Liu, and Llado conduct an in-depth evaluation of diverse
market barriers that persist in impeding access to energy efficiency financing. They
suggest that traditional debt and self-financed projects will not sufficiently promote
energy efficiency investments, which most companies would regard as a noncore
activity. The energy service company (ESCO) market provides an alternative to
shift project risks to third parties and facilitates collateralization of energy savings
and engagement of small and medium-sized enterprises. The authors review the
progress of the ESCOs landscape in a diverse sample of Asian economies,
including the People’s Republic of China (PRC), Japan, the Republic of Korea,
India, Malaysia, Thailand, Philippines, Singapore, and Taipei,China. However, the
authors point out that the ESCOs usually do not have creditworthy balance sheets
due to their nascent stage in most of these markets. To effectively mobilize and
de-risk sizable capital for energy efficiency, there is a need to introduce new
financing modalities and facilities, such as ESCO performance contracts, public—
private partnership transactions, ESCO guarantee funds, super-ESCOs, and other
equity channels.
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In “Review of Voluntary Agreements on Energy Efficiency: Promoting Energy
Efficiency Financing in ASEAN Countries,” Kim and Liu provide detailed accounts
of how voluntary agreements have been able to contribute to achieving energy
efficiency targets in the PRC, Finland, Japan, the Netherlands, and the UK. By
drawing lessons from these countries’ experiences, the authors note that ambitious
and realistic target settings, effectively enforceable incentives and penalties, and a
strong monitoring and evaluation mechanism are three design elements of a
well-functioning voluntary agreement. However, the authors also note that each
country’s unique conditions must be considered, and transparency must be ensured
to maximize the effectiveness of voluntary agreements.

In “R&D Investments in Energy Efficiency, Economic Impact, and Emissions
Abatement,” Yin and Chang focus their theoretical study on the research and
development (R&D) investments in supply-side energy efficiency aimed at
improving efficiency in the energy production process. Their climate—economy
model allows for exploring the impact of these R&D investments on economic
welfare, energy transition, and climate change. With the support of simulation
analysis of three emission abatement scenarios, the authors conclude that policy
makers need to seriously consider R&D in supply-side energy efficiency because
those investments can bring about significant economic benefits in enhancing gross
domestic product and consumption.

Part II follows with specific regional case studies.

In “Nexus of Energy Efficiency and Energy Access in ASEAN: Trends and
Financing Schemes,” Liu and Noor review the energy efficiency financing land-
scape across the member states of the Association of Southeast Asian Nations
(ASEAN), which have collectively committed to reducing energy intensity by 30%
by 2025. This chapter discusses policy instruments and assesses innovative
financing schemes in those emerging economies with diverse development levels.
The authors suggest revising fossil fuel subsidies to address the nexus of energy
efficiency and energy access, notably in underserved markets. Meanwhile, they
recommend that transparent and accountable financing, reporting, and verification
systems should be implemented to track energy efficiency financing effectiveness.

In “The Role of Fiscal Incentives and Market-Based Incentives in Promoting
Energy Efficiency in the Industrial Sector: Case Studies from Asia,” Sarker,
Taghizadeh-Hesary, Mortha, and Saha analyze the policy strategies of four Asian
countries (PRC, India, Indonesia, and Japan) with large greenhouse gas emissions
and energy efficiency strategies. The chapter first reviews the type of instruments
that can be used to reduce energy intensity. Then, it identifies the advantages and
weaknesses and the effectiveness of the instruments discussed in the case studies.
Fiscal incentives such as tax cuts and market-based instruments are shown to be
efficiently reducing energy intensity. The study also highlighted the role of vol-
untary agreements and careful planning in successfully improving energy efficiency
in the PRC.

In “Promoting Energy Efficiency through Foreign Direct Investments: Evidence
from South Asian Countries,” Nepal, Paija, Taghizadeh-Hesary, and Khatri
investigate the impact of foreign direct investment on industrial energy intensity by
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incorporating economic growth, energy prices, industry value-added, and carbon
emissions in the South Asian countries for the period 1990-2018. Based on
empirical evidence, this chapter suggests that energy efficiency policies should be
implemented for sustainable development, environmental benefits, and reducing the
energy intensity to lead to long-term growth gains.

In “The Effect of Global Value Chain participation and position on Energy
Efficiency in Belt and Road Countries,” Sun, Acquah, Liu, and Taghizadeh-Hesary
seek to add to the pioneering body of the literature on the Belt and Road Initiative
(BRI) of the PRC by focusing on a sample of 36 European countries and evaluating
their global value chain participation and positions before and after the BRI, and the
impact on energy efficiency investment. The empirical result showed no statistically
significant prediction of the global value chain participation in energy efficiency
investment before and after the BRI. The chapter provides policy recommendations
on fostering energy efficiency and green investments in the BRI European
countries.

Part III provides country case studies.

In “District Heating Business Models and Policy Solutions: Financing
Utilization of Low-Grade Industrial Excess Heat in the People’s Republic of
China,” Liu, Hu, Dean, and Yao investigate the recent experiment of the PRC to
utilize low-grade industrial excess heat to improve the energy efficiency of dis-
tricting heating systems. They provide critical analysis of how various business
models and heat pricing mechanisms can help overcome key barriers to investing in
district heating energy efficiency projects. The authors believe that split incentives,
third-party access, and the lack of energy resource mapping need to be targeted. The
integration level of production, transmission, and distribution activities in a given
district heating system will largely determine business models’ choice.

In “Market-Led Energy Efficiency Transformation in India: A Deep Dive into
the Perform, Achieve, Trade (PAT) Scheme,” Sarangi and Taghizadeh-Hesary
focus on analyzing market-based approaches for energy efficiency interventions,
with specific thrust on the PAT scheme in India. Mapping the energy efficiency
policies points to the gradual transitioning from a regulatory regime to a
market-based arrangement. An analysis of the PAT scheme indicates that the
scheme is designed dynamically and has enormous energy-saving potential.
However, there is a lack of clarity at the policy level and operational anomalies that
could generate dampening effects on future energy efficiency investments. Policy
streamlining becomes imperative for the successful implementation of this scheme.

In “Financing of Energy Efficiency in Public Goods: The Case of Street Lighting
Systems in Indonesia,” Irsyad, Nepal, Liu, Anggono, and Taghizadeh-Hesary
examine the case of financing public infrastructure for improved energy efficiency
such as streetlights. While the government budget in Indonesia constrains energy
efficiency financing in public facilities, the ESCO market has failed to channel
private capital despite some efforts by the government. The authors give an in-depth
analysis of the regulatory landscape of the ESCOs in the country. They suggest
concrete measures to revise the valuation of energy savings benefit in the tendering
process and the energy performance contract design. They also propose establishing
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a super-ESCO to unlock the potential of the private sector ESCOs and design
auction mechanisms to enable the most cost-effective solutions.

In “The Viability of Green Bonds as a Financing Mechanism for
Energy-Efficient Green Buildings in ASEAN: Lessons from Malaysia and
Singapore,” Kapoor, Teo, Azhgaliyeva, and Liu investigate why green bond
financing is more widely adopted in energy-efficient green buildings in Malaysia
and Singapore when compared to the rest of the world. With insightful case studies,
they survey the key success factors to widen the use of green bonds to finance green
buildings. They find that the market fundamentals need to ensure green bond
issuance information, endorse buildings’ energy performance standards, and pro-
mote local currency bond financing through domestic investors.

In “Energy Efficiency Financing in Viet Nam: Current Status and Solutions
Toward Market-Based Mechanism Adoption,” Dang and Taghizadeh-Hesary assess
energy efficiency financing in Viet Nam and provide market-based policy recom-
mendations. In Viet Nam, energy efficiency and conservation play an increasingly
important role in serving sustainable economic development goals by tackling the
threat of energy supply insecurity, while enhancing resource efficiency and effec-
tiveness. In the national energy efficiency program, the government set the target of
saving 7% of the energy consumption from 2019 to 2030. Although there are a
number of fiscal measures with major government-led financing facilities dedicated
to energy-efficient technologies with preferential term loans coupled with technical
assistance, the energy efficiency investment in Viet Nam is still at a nascent stage. It
leaves enormous room for development in the coming time. The chapter’s major
recommendations include focusing on the dedicated energy efficiency facilities to
an energy-intensive industry, promulgating necessary regulation and policies to
facilitate ESCOs, and amending and revising the electricity pricing policy to
increase users’ motivation to energy-efficient technologies. Besides, building a
comprehensive energy efficiency database system should be more focused.

Overall, this book provides innovative and sensible directions for energy effi-
ciency financing, focusing on developing Asia. The chapters collectively obtain
recommendations for existing program designs and identify the next steps toward
designing and implementing new government and private sector interventions.
Many developing countries are expected to direct their efforts toward accelerated
green, resource-, and energy-efficient technologies and practices across their
economies. While many governments have designed and rolled out incentives and
financing schemes to help the market scale up the deployment of energy efficiency
solutions and services, it now becomes imperative to understand if the incentives
and financing programs are indeed delivering according to their original objectives.
Besides, it is essential to see how these programs can be strengthened through the
remainder of their established tenures if new financial vehicles, products, or
mechanisms will have to be structured and rolled out to engage the companies
outside the reach of the existing programs.
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We hope that this broad-ranging mix of research papers will offer valuable
insights on the experiences and lessons of energy efficiency financing drawn from
major jurisdictions and open our minds to innovative financing mechanisms for
energy efficiency prosperity worldwide.

Yang Liu
Farhad Taghizadeh-Hesary
Naoyuki Yoshino
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Driving Factors of Energy Efficiency
Financing



Chapter 1 )
Understanding Cross-Economy ki
Dynamics of Energy Efficiency: Driving
Factors and Stylized Patterns

Yang Liu and Sheng Zhong

Abstract Energy plays a key role in economic development. Improving energy
efficiency through the use of financing instruments requires a thorough under-
standing of energy efficiency dynamics. This study investigates the driving factors
of energy efficiency that are necessary for decision makers to focus on, and char-
acterizes the long-run tendency of energy efficiency. This is based on a dataset
covering 59 major economies in the world from 2000 to 2017. First, this chapter
adopts an index decomposition approach to quantify the driving factors. The results
show an overall improvement in energy efficiency between 2000 and 2017, which
is driven by a technology-led efficiency effect as well as an economic structure
effect, despite the heterogeneity across economies. Second, the transition matrix
approach based on the Markov chain is employed to explore the steady state
distribution of energy efficiency, in which around 21.23% of sample economies
would stay at levels lower than the world average. The results suggest the persistent
gap in energy efficiency across economies and highlight the importance of energy
efficiency financing for those economies in which energy efficiency is low ranking
or deteriorates, which are mostly emerging Asian economies.

Keywords Energy efficiency - Decomposition « Transition matrix - Convergence
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1.1 Introduction

Energy is an essential factor of production. From an economic growth theory point
of view, energy can directly affect total factor productivity, given the extended
production function that incorporates capital, labor, and energy (Stern 2011). The
extent of effectiveness to which energy resources are allocated and consumed can
be measured by energy efficiency, that is, the inverse of energy intensity. The
improvement in energy efficiency has the potential of increasing economic
cost-effectiveness while reducing environmental externality, and is therefore a
major macroeconomic concern for policy makers, the business community, and
academic researchers. A strand of empirical literature in economics has examined
the causal effect of economic performance on energy use (Ozturk 2010; Costantini
and Martini 2010), but policy interventions through energy efficiency financing can
decouple the growth of energy use from economic growth.

There has long been a global consensus on improving energy efficiency in the
policy agenda, for example, the United Nations Sustainable Development Goal
(SDG) 7 titled “affordable and clean energy” (United Nations 2015). The global
tracking framework under the “Sustainable Energy for All” initiative has found that,
energy efficiency progress would probably remain at only two-thirds of the rate that
is required to achieve the 2030 target (World Bank and IEA 2017). If this cannot be
changed, SDG 7 would be greatly challenged. To have a well-designed financing
strategy, it requires a thorough understanding of the historical trends of energy
efficiency. A recent report by the King Abdullah Petroleum Studies and Research
Center (KAPSARC 2018) also provides an overview of the trends of industrial
energy efficiency in the People’s Republic of China (PRC) and Saudi Arabia, and
shows the important role of industrial strategy in reducing energy intensity.

For major emerging Asian economies, energy efficiency financing is particularly
important in the pursuit of sustainable development. The example shown in Fig. 1.1
is useful. In either 2000 or 2017, the economies that are relatively low ranking (i.e.,
below 2 on both axes) are mostly emerging Asian economies, whereas the devel-
oped and high-income economies are more energy efficient. Between 2000 and
2017, the majority of economies achieved improvements in energy efficiency, as
most data points are distributed above the 45-degree line. There are several
exceptions in which energy efficiency deteriorates, which are mostly emerging
Asian economies. This study seeks to outline the historical dynamics of energy
efficiency and investigate the driving factors of such dynamics, which are necessary
for decision makers of energy efficiency financing to focus on. Further, it explores
whether the disparity in energy efficiency would be persistent.

This chapter will follow a two-step approach. First, it analyzes the historical
trends of energy efficiency and driving factors, using a set of economies at different
stages of development over the period 2000 to 2017. Using the Logarithmic Mean
Divisia Index-I (LMDI-I) decomposition approach, this chapter quantifies the
efficiency effect and economic structural effect. Despite the heterogeneity in the
results across economies, this chapter confirms the pervasiveness of such empirical
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Fig. 1.1 Energy efficiency in 2000 and 2017. Notes Energy efficiency is calculated as the value
added per unit of energy use, by summing up all sectors by economy. See Sect. 1.3.1 for a detailed
discussion. The list of economies is presented in Table Al. ASEAN Association of Southeast Asian
Nations, EU European Union, NAFTA North American Free Trade Agreement. Source Authors’
elaboration using data from ADB-MRIO C62 (ADB 2020), and the IEA World Energy Statistics
and Balances (IEA 2020)

patterns: the efficiency effect as well as the structure effect contribute to the
reductions in energy intensity. Regarding the energy efficiency financing in a cer-
tain economy, the focusing area and magnitude of financing instruments should be
wisely designed on the basis of the local circumstances, including both stages of
economic development and technological competence. For those Asian economies
in which efficiency effect is share increasing, the financing efforts towards tech-
nological change would be essential.

Further, this chapter explores the issue whether the disparity in energy efficiency
between economies, as shown in Fig. 1.1, would narrow down. To do so, this
chapter employs the well-established transition matrix approach that is based on the
Markov chain. This approach can make full use of historical cross-economy data
and characterize the long-run distribution of energy efficiency in the steady state,
whereas the conventional econometric convergence methods are not able to do so.
The analysis finds that the cross-economy gap in energy efficiency would be per-
sistent, as approximately 21.23% of those economies initially distributed in the
lower tails of the distribution, most of which are emerging Asian economies
(Fig. 1.1), would be trapped in the low-ranking groups of energy efficiency, if no
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additional interventions take place. Therefore, this finding justifies the need for
policy interventions through energy efficiency financing in the pursuit of inclusive
and sustainable development, in particular, for the majority part of emerging Asian
economies, in order to enhance financing effectiveness.

Throughout this chapter, the focus is on stylizing the pervasive empirical pat-
terns and characterizing the steady state distribution of energy efficiency. This
chapter contributes to the literature by harmonizing the most recent sectoral data
and examining the common patterns of energy efficiency dynamics among a wide
range of economies. It also addresses the issues of inclusiveness and equality in the
study of energy efficiency. The findings in this chapter can provide useful infor-
mation that can guide the direction and priority of energy efficiency financing
policies. In addition, the empirical findings in this paper could serve as a starting
point for economy-specific case studies in the future. The remaining parts of the
chapter are structured as follows. Section 1.2 provides a brief literature review.
Section 1.3 presents the historical trends of energy efficiency across economies, and
derives the driving factors affecting changes in energy intensity, using the index
decomposition analysis. Section 1.4 introduces the Markov chain transition matrix
for the distribution of relative energy efficiency and discusses the findings.
Section 1.7 concludes and discusses policy implications.

1.2 Literature Review

In the literature, there has been a series of studies focusing on the gaps between the
best practices of energy efficiency applications and the actual level (Allcott and
Greenstone 2012; Gillingham and Palmer 2014). Gillingham et al. (2009) sum-
marize the common market and behavioral failures relevant to energy efficiency
improvements and propose typical policy options, most of which are built on
financing instruments, such as pricing strategy (e.g., real-time and market pricing)
and energy and/or emissions taxes, loan programs, research and development tax
credits, and public funding for early market adoption. For the United States in
particular, Gillingham et al. (2006), Allcott and Greenstone (2012) provide an
overview of the public financing programs related to energy efficiency, across
various economic sectors. Beyond the United States cases, Retallack et al. (2018)
review 10 cases across developed economies and major emerging economies, and
highlight the importance of suitable policy framework and technical assistance.
Following this finding, this chapter further investigates the trends and drivers of
energy efficiency using a wider range of economies at different stages of economic
development, which can provide stylized and quantitative information for energy
efficiency financing.

There exists a rich body of literature on energy intensity or energy efficiency,
most of which looks into the drivers and trends of energy intensity. The economic
specialization and technological competences of an economy may change along the
development process. Thus, the influential drivers that affect the growth of energy
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efficiency may change as well. The decomposition analyses, either the index
decomposition analysis or the structural decomposition analysis, are able to dis-
tinguish between the effect due to changes in energy efficiency and the other factors
driving energy consumption (Ang et al. 2010, 2015; Ang 2005). Depending on the
periods and/or economies, the literature finds mixed results on the importance of
energy intensity effect and economic structural effect. Some studies provide evi-
dence of a greater role of technological change in reducing energy consumption
(Voigt et al. 2014; Ma and Stern 2008; Wing 2008; Welsch and Ochsen 2005). In
contrast, structural change (for example, as measured by sectoral value added
shares) can play a greater role (Huntington 2010; Mulder and de Groot 2012). Some
studies employ production theory to assess the effects due to technological change,
changes in the capital-labor-energy ratio, output structure, and trade-facilitated
technology spillovers in energy efficiency changes (Wang 2013; Wan et al. 2015).
By adopting the econometric approaches from development economics, the con-
vergence analysis in energy economics focuses on energy related indicators instead
of income, and has generated a huge empirical literature (see, e.g., Duro and Padilla
(2011), Jakob et al. (2012), Liddle (2009), Miketa and Mulder (2005), Mulder and
de Groot (2012), Liddle (2010), Huang et al. (2017). The literature does not come to
any conclusions regarding whether energy intensity converges across economies or
sectors. Most prior studies support the convergence of energy intensity for the
sample of developed countries, but reject the convergence hypothesis if using a
broader sample including developing countries (Le Pen and Sevi 2010).

One of the fundamental questions in development economics revolves around
economic inequality across economies: whether the disparity in national income
between economies is growing or declining as time progresses. There has been a
collection of literature applying convergence analysis. The mainstream methodol-
ogy in convergence literature, either in development economics or energy eco-
nomics, investigates the absolute level and growth rate of a set of variables, i.e.,
o-convergence and B-convergence, as developed through a series of important
works by Barro (1991), Barro and SalaiMartin (1992), SalaiMartin (1996) on
economic growth. From an economic theory point of view, the c-convergence
approach seeks to confirm the declining trend in the variation of the target vari-
able’s differentials across economies. The B-convergence approach looks at the
negative correlation between initial level of the target variable and its growth rate
(Wan et al. 2015). However, the issue is whether an economy would eventually
“stay” in the steady state if it exists.

The standard approach that tests convergence is largely based on econometric
estimations: simplify the entire dynamic process of the variable under research (for
example, national income per capita or labor productivity) by using its average
growth rate; then estimate the effect of the initial level of the target variable on its
average growth rate while controlling for some static characteristics variables.
A negative regression coefficient of the initial target variable would indicate a
tendency of convergence. This is because it provides some evidence that the
economy in which the target variable is lower initially tends to grow faster,
assuming that the growth rate tends to decline when approaching the steady state.
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Such an empirical method assumes implicitly that each economy in the sample
should have a smooth growth trajectory and is not affected by large external shocks
except in the initial period (Quah 1993).

In addition, traditional econometric approaches will only capture the dynamics
of those economies that are more influential in terms of economic size. These
techniques cannot tell us anything about how the most energy intensive economies
(e.g., bottom 10%) are catching up with the most energy efficient ones (e.g., top
10%). The empirical results based on the distribution approach is more informative
as it shows the long run tendency on how economies in the sample are distributed.

1.3 Energy Efficiency Development Between 2000
and 2017

1.3.1 Improved Energy Efficiency

The focus of this section is on outlining the historical trends of energy efficiency.
The energy efficiency indicator used in this chapter is defined as the value added per
unit of energy use. To derive the energy efficiency, the sectoral value added data are
obtained from the multiregional input—output tables developed by the Asian
Development Bank (ADB-MRIO). The current edition of the ADB-MRIO, i.e., the
2020 release, covers 62 individual economies and the rest of the world, including a
wide range of emerging Asian economies (e.g., ASEAN, Central Asia, East Asia,
and South Asia), each of which contains 35 sectors. This dataset provides detailed
sectoral data over time and thus is more suitable for the analysis in this chapter. It
has been used in ADB’s flagship publication series of Key Indicators for Asia and
the Pacific since 2015 (ADB 2015, 2020). The full list of economies is presented in
Table A1l and the full list of sectors is in Table A2. All monetary data are deflated
in 2015 US dollars by using the deflators obtained from the UNCTAD Statistical
Database (UNCTAD 2020).

The sectoral energy use data (in kilotons of oil equivalent, Ktoe) are taken from
the International Energy Agency’s (IEA) World Energy Statistics and Balances
(IEA 2020). As the sector classifications differ between the ADB data and IEA data,
this chapter defines 20 standardized sectors in accordance with classifications in the
International Standard Industrial Classification Revision 4 (United Nations 2007).
The sector concordance table is shown in Table A2. Due to data availability, the
complete dataset covers 59 economies (excluding Bhutan, Fiji, Maldives, and rest
of the world [ROW]) for 2000 and a continuous timespan from 2007 to 2017. The
analysis in this chapter only considers those productive sectors that generate value
added (through either producing physical goods or providing services), and thus it
excludes the residential sector.

Figure 1.2 depicts the distribution of energy efficiency (Panel A) and the dis-
tribution of relative energy efficiency (Panel B) for 59 economies. As shown in
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Panel A, the curve shifts downward and to the right side over time. In particular, the
curve for 2017 has a longer tail to the right side of the horizontal axis. This means
the energy efficiency across economies has been enhanced over years. This finding
is consistent with that in Fig. 1.1. Section 1.3.2 will further investigate the factors
that have led to such changes. Panel B shows the distribution of relative energy
efficiency, in which each economy’s level of energy efficiency is compared to the
world level. The value “1” on the horizontal axis represents the world level. The
curve slightly shifts to the right side as well. In particular, the area below the curve
within the smaller-than-one interval shrank in 2017 as compared to 2007 and 2000,
suggesting that more economies have upgraded their rankings of energy efficiency
and shifted toward the world average level. Also, in 2017, the number of economies
that rank as highly efficient ones (e.g., with a relative energy efficiency more than 3)
increased. However, Panel B does not tell anything about how the distribution will
evolve: whether the gap in energy efficiency between the least energy efficient
economies and the most efficient ones tends to narrow down or increase as time
progresses. Section 1.4 will further stylize patterns of the distribution in the long
run.

1.3.2 Driving Factors of Energy Efficiency

The aforementioned analysis has shown the pervasive trend of improved absolute
level of energy efficiency across economies between 2000 and 2017 (Panel A of
Fig. 1.2). Identifying the factors that affect such changes will guide policy makers
and the business community to design better strategies for energy efficiency
financing. To do so, this chapter adopts the well-established Logarithmic Mean
Divisia Index-I (LMDI-I) multiplicative decomposition technique (Ang 2005, 2015;
Ang and Liu 2001). Specifically, the aggregate energy intensity of an economy, I,
can be expressed as follows:

V, E;

=y 22
IVVl

(1.1)

where E; and V; indicate the energy use and value added of the i — th productive
sector. V is the total value added of all sectors.

Let S; denote the value added share % and /; the energy intensity % Then, based

on Eq. (1.1), the change in aggregate energy intensity between time ¢ and time O, 1’—3,
can be expressed as a product of two factors: Dy,, the effect due to changing
economic structure (as measured by the changes in sectoral shares of value added in
the economy); and D;,,, the effect due to changes in energy efficiency (as measured
by the changes in energy intensity).
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Fig. 1.2 Distribution of energy efficiency and relative energy efficiency. Notes Each curve in each
panel is plotted by covering 59 economies in the ADB-MRIO C62 (2020 release), excluding
Bhutan, Fiji, Maldives, and ROW (rest of the world). Table A1 presents the full list of economies.
The relative energy efficiency in Panel B is compared to the world level, which is represented by
the value “1”. The density is based on the kernel estimation (Epanechnikov kernel). Source
Authors’ elaboration using data from IEA (2020) and ADB (2020)
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where o; = (g — 5—2)/(111% — 1n€—§). B: = (I' =1°)/(InI' — InI°). Here, o; and f;
are two weights of the i — th sector.

There has been influential literature using alternative decomposition factors
based on the Kaya identity, for example, the population effect and the effect due to
growth of gross domestic product per capita (Zheng et al. 2020). But those alter-
native approaches are not able to capture the effects at the sector level, which is
more relevant to energy efficiency financing. Specifically, Egs. (1.2) and (1.3) are
applied to each of all economies in the sample between 2000 and 2017. Table B1
presents the full decomposition results.

Figure 1.3 depicts the distribution of decomposition factors over the entire study
period, together with the line X = 0. As shown in Fig. 1.3, it is evident that the
most parts of both curves are located on the left side of the line X = 0. This
indicates for most economies both structure effect and efficiency effect contribute to
the decline in energy intensity. Along the larger-than-zero interval on the horizontal
axis, the area below the curve of structure effect is slightly larger than that of
efficiency effect, meaning that more economies achieve energy efficiency progress
through economic structural changes. In particular, the peak of the curve of effi-
ciency effect is much lower than that of the curve of structure effect. On the left side
to the line X = 0, the curve of efficiency effect has a longer tail. This means the
magnitude of efficiency effect has a larger variation among the economies in the
sample.

Table B1 in Appendix B provides the full decomposition results. Among all 59
economies, 51 economies have reduced their energy intensities between 2000 and
2017. Regarding the decomposition factors, 48 economies have seen the
smaller-than-one structure effect, whereas 44 economies have the efficiency effect
reducing aggregate energy intensity. There is heterogeneity across economies in
terms of the direction and magnitude of the two effects. In several economies in
which aggregate energy intensity has increased over the sample period, sectoral
energy efficiency has generally grown (except for Lithuania), whereas the structure
effect lowers (or slightly increases) the aggregate energy intensity. In particular, the
economies that have seen both intensity-increasing effects are all less developed
economies, which are mostly located in Asia, for example, Bangladesh and Viet
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Fig. 1.3 Distribution of decomposition results between 2000 and 2017. Notes Each curve is
plotted by covering the decomposition results (in log points) for 59 economies, excluding Bhutan,
Fiji, Maldives, and ROW (rest of the world). See Table Al for the full list of economies and
Table B1 for the full decomposition results. The density is based on the kernel estimation
(Epanechnikov kernel). On the horizontal axis (in log points), if the value is smaller (larger) than O,
it means the effect lowers (increases) energy intensity; a value of O indicates neutral effect. Source
Authors’ elaboration

Nam. For large developed and emerging economies, for example, France, Germany,
India, Indonesia, Japan, the Republic of Korea, the PRC, the United Kingdom, and
the United States, the efficiency effect plays a primary role in reducing the aggregate
energy intensity, whereas changes in economic structures have a smaller reduction
effect or even slightly drives the growth of aggregate energy intensity. There are
also several economies in which the structure effect plays a larger role in reducing
aggregate energy intensity, including both high-income and/or Organisation for
Economic Co-operation and Development economies and emerging economies, for
example, Australia, Denmark, Finland, the Lao People’s Democratic Republic,
Singapore, and Thailand.

The decomposition analysis in this section has several important implications for
designing a proper strategy of energy efficiency financing. To improve aggregate
energy efficiency, the financing effort can target technological change and inno-
vation toward reductions in sectoral energy intensity, promoting economic devel-
opment of sectors with higher energy efficiencies, or combining both. The proper
strategy of energy efficiency financing should be designed based on the local
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circumstances of the economy, that is, the stage of economic development and
technological competence. For example, the energy efficiency financing projects
should invest more in technological change for those economies with an
intensity-increasing efficiency effect. As more economies have the efficiency effect
increasing aggregate energy intensity, there is larger potential for financing projects
to improve energy efficiency through technological change. This has high relevance
to sustainable development, as those economies with declining aggregate energy
efficiencies are mostly less developed and emerging economies in Asia.

1.4 Distribution Dynamics of Energy Efficiency

The analysis in this section seeks to characterize the distribution of relative energy
efficiency in the long run. Panel B of Fig. 1.1 reveals that there has been a trend for
those energy-inefficient economies to catch up with the world average level,
whereas those very efficient economies tend to progress more. If such a historical
trend would be persistent in the future, it implies a disparity in energy efficiency
between emerging economies and those developed ones, and thus the inclusiveness
aspect of sustainable development would be greatly challenged. To analyze this,
this chapter adopts the well-established distribution approach that has been exten-
sively used in the literature of per capita gross domestic product convergence and
productivity distribution.

This section will shed light on how the economies catch up in energy efficiency
from the perspective of distribution dynamics. To be more precise, the analysis here
focuses on how the entire distribution of energy efficiency evolves over time and
converges toward a steady state. By doing so, the analysis will reflect the mobility
of energy efficiency that occurs not simply within large representative economies or
the initial year, but across a diversified set of economies and all years where the data
are available. The results can provide useful information supporting a better design
of energy efficiency financing strategy.

1.5 Distribution Approach

This chapter uses a distribution approach with the transition matrix to explore the
mobility of energy efficiency. In contrast to standard econometric approaches, it is
not necessary to introduce the assumption regarding the stability of growth path for
the distribution approach. Specifically, the distribution of the target variable that
maps its dynamics can be taken into account over the entire sample period. More
research on convergence in development economics has been shift towards the laws
that shape the distribution (Maasoumi et al. 2007), but the transition matrix can
provide simple but intuitive characterizations of the future distribution tendency,
which is the goal of this session. This method has been a standard analytical tool
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applied to the areas of firm productivity (Bartelsman and Dhrymes 1998; Baily et al.
1996) and income distribution (Quah 1993, 1996). Recently the distribution
approach has been applied to energy studies (Cheong and Wu 2018; Li et al. 2019;
Shi et al. 2020). This chapter draws on the approach similar to Li et al. (2019) and
applies this approach to cross-economy dynamics of energy efficiency.

Specifically, each economy’s energy efficiency is compared to the average level
of the world. Thus, the energy efficiency disparity between economies is expressed
in terms of the relative ranking in the world, rather than the exact magnitude. To do
so, let F, denote such a distribution of economies’ relative energy efficiency in time
t.

The relationship between F; and its future distribution in time # + 1, F; |, can be
obtained through the following equation:

F,+1:M*Ft (14)

where M is a Markov transition matrix of 5 * 5 dimension.

The intuition here is that the current distribution is determined by the distribution
in the previous year (i.e., Markov process). As we consider economies’ rankings, all
economies are allocated into five groups, from the least to the most energy efficient.
Hence, the matrix M contains the probability for each economy moving from one
group to another between two continuous years.

The distribution in the future time 7+, F;,, can be obtained through the
iteration of Eq. (1.4) as follows:

Fiyy = M°F, (1.5)

If the parameter s is sufficiently large, according to the property of the Markov
process, matrix M will converge into a stable one, namely, the Ergodic distribution.
This also means the long-run distribution F; ; ; will not change anymore. Note that the
Ergodic distribution in the analysis should only be interpreted as a characterization of
the long-run tendency, rather than a precise forecast. The energy efficiency disparity
between economies declines, if the majority of economies in the long run are dis-
tributed in the group in which the relative level of the world (i.e., the value 1) is
located, otherwise the gap in relative energy efficiency across economies is persistent.

1.6 Distribution of Energy Efficiency in the Steady State

The data that cover a continuous timespan from 2007 to 2017 are used in the
analysis in this section. All 59 major economics are classified into five groups
regarding their relative energy efficiencies. The grouping bounds are based on the
quantiles of their initial level of relative energy efficiencies, i.e., the relative energy
efficiency in 2007, as shown in Table 1.1. By doing so, the third group contains the
world level (i.e., the value one), and the numbers of economies in the groups larger
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or smaller than the world level would be identical. Therefore, by definition,
economies in Group 1 are the least energy efficient, each of which has a relative
energy efficiency below 20% quantile of the sample in the initial year, namely, 0.58,
meaning 42% below the world average level. Group 3 is the group in which the
world average, 1, is assigned. Group 5 is the highest relative energy efficiency
group, each of which has a relative energy efficiency above top 20% of the sample,
namely, 1.82, meaning 82% higher than the world average level.

Based on historical data from 2007 to 2017, the one-period transition matrix is
calculated covering all 59 economies in the sample under research. Equation (1.5)
is employed to derive the Ergodic distribution in the long run. These results are
summarized in Table 1.2. The groups in the row and column headers represent the
places in which economies are located at time ¢ and at time 7 + 1, respectively. The
value in such a5 * 5 matrix indicates the probability of economies shifting from the
row group to column group after one period. Then, the last column gives the
number of economies that have been located in the row group over the period
2007-2017. If the transition takes place many times, on the basis of Eq. (1.5), each
row of the 5 * 5 transition matrix will converge to the same limit, which is the
Ergodic distribution presented in the last row.

As shown in Table 1.2, it is not surprising that there is a persistence in energy
efficiency mobility in the short run. The values on the diagonal of transition matrix
range between 0.8614 and 0.9633, suggesting that an economy from a certain group
is very likely to stay in the same group after one period (with a probability of at
least 0.8614). For example, the economy in Group 1 has a probability of 0.9633 to
stay in the same group in the next period, and only has a probability of 0.0367 to
upgrade to Group 2. For those least efficient economies in Group 1, it is not possible
to leapfrog to Groups 3-5 that are more energy efficient in the short run. Similar
findings can also be found in Group 5, in which the most energy efficient economies
are most likely to maintain their positions in the world. The economies initially
located in Groups 2—4 might move up or down to neighboring groups. For Group 2
and Group 4, the probability of moving up is higher than that of moving down,
suggesting a tendency of upgrading their energy efficiencies in the world. For
economies in Group 3 containing the world average level, however, the probability
of energy efficiency deterioration is higher.

Table 1.1 Group bounds based on relative energy efficiency in 2007, relative to world level

Group 1: (0, 0.58) 0%-20% quantile 11 economies (18.64%)
Group 2: (0.58, 0.84) 20%—-40% quantile 12 economies (20.34%)
Group 3: (0.84, 1.25) 40%—-60% quantile 13 economies (22.03%)
Group 4: (1.25, 1.82) 60%—-80% quantile 12 economies (20.34%)
Group 5: >1.82 80%—-100% quantile 11 economies (18.64%)

Notes The world level is 1 and located in Group 3. The full list of economies is presented in
Table Al. Bhutan, Fiji, Maldives, and rest of the world are not included in the analysis. The group
bounds are calculated on the basis of the quantiles in the initial year (i.e., 2007), and fixed over the
entire period under research. By doing so, the groups are almost equal-sized only in the initial year.
Source Authors’ calculation
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Table 1.2 One-period transition matrix of relative energy efficiency, relative to world level

Attimet+ 1
Group 1 | Group 2 | Group 3 | Group 4 | Group 5 | Total number

Group 1 | 0.9633 | 0.0367 0 0 0 109
. Group2 | 0.0396 | 0.8614 | 0.0990 0 0 101
Attimet 703 0| 00584 09124 0.0292 0 137
Group 4 0 0] 0.0165| 0.9256| 0.0579 121
Group 5 0 0 0] 0.0574| 0.9426 122

Ergodic distribution | 0.1102 | 0.1021 | 0.1732| 0.3059 | 0.3085

Notes Group bounds are presented in Table 1.1. Group 1 is the least energy efficient group (below
the bottom 20% quantile of the sample). Group 3 contains the world average level, i.e., the value
one. Group 5 is the most energy efficient group (top 20% quantile of the sample). Source Authors’
calculation

Figure 1.4 compares the initial distribution with the Ergodic distribution of
economies in each group. In the initial year, each group contains about 18.64%—
22.03% of all 59 economies. However, the distribution changes greatly in the long
run. More economies tend to be distributed in the groups with higher relative
energy efficiency. For example, most economies concentrate in the high relative
energy efficiency groups, Group 4 and Group 5, in which shares grow to 30.59%
and 30.85%, respectively. In the lower-than-average groups, the changes in shares
show similar tendencies of energy efficiency improvement. Group 1, the group with
the lowest relative energy efficiency, the share of economies drops greatly from
about 18.64% to 11.02%, whereas the share decreases at a larger scale in Group 2
(from 20.34% initially to 10.21% in the Ergodic distribution). The share in Group 3,
in which the world average is assigned, slightly declines to 17.32% in the steady
state distribution.

The comparison clearly shows that most economies tend to improve their energy
efficiencies greatly, but there is no tendency for the energy efficiency disparity to
decline over time. In total 21.23% of economies in the sample would still be
distributed in the groups below the world average level. The dataset in this chapter
covers mostly developed economies and large emerging economies. The majority
of emerging economies and the least developed economies are not considered in the
current analysis, while the data are not detailed to do so.

Regarding the design of energy efficiency financing strategy, the results in this
section have important implications and high relevance to sustainable development.
The results highlight that if no random shocks or additional interventions take
place, the disparity in energy efficiency between developed economies and those
less developed ones could not be changed—eventually 21.23% of the economies
that are initially the least energy efficient would be “trapped” in the same positions.
Therefore, this justifies the importance of energy efficiency financing. In this regard,
the interventions through diversified financing instruments, which target either
technological change or economic structure change (as discussed in Sect. 1.3), are
essential for those economies that are least energy efficient (mostly emerging Asian
economies). More importantly, a large share of economies in the dataset are
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Fig. 1.4 Comparison between initial distribution and ergodic distribution Notes Group bounds are
summarized in Table 1.1. Group 1 is the least energy efficient group. Group 3 contains the world
average level, namely, the value one. Group 5 is the one with the highest energy efficiency. The
initial distribution and ergodic distribution are based on Tables 1.1 and 1.2, respectively. Source
Authors’ elaboration

developed economies, i.e., those in Group 4 and Group 5, whereas the current
dataset does not include those resource-rich economies in Africa and Middle East,
and the majority of the least developed ones. The disparity in energy efficiency may
be larger and more persistent than the estimates in this section.

1.7 Conclusions and Policy Implications

A well-designed energy efficiency financing strategy requires a thorough under-
standing of energy efficiency and should be evidence-based. This chapter has
focused on the historical trends of energy efficiency and the steady state distribution
in the long run. The analysis is based on the newly developed data of value added
and energy use, covering 59 economies in the world over the timespan from 2000 to
2017, each of which contains 20 standardized sectors. The data reveal a robust trend
of improvement between 2000 and 2017, in the distribution of energy efficiency as
well as in the distribution of relative energy efficiency. Using the LMDI-I
decomposition approach, this chapter has further identified that technology-led
efficiency effect as well as economic structure change contribute to the reduction in
the absolute level of energy intensity. Such empirical patterns are pervasive given a
diversified set of economies, despite the heterogeneity of the factors.

Further, this chapter adopts the Markov chain transition matrix to investigate the
steady state distribution of relative energy efficiency for all economies in the
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sample. The results highlight a persistent gap in energy efficiency between the
developed economies and those less developed ones—most economies would be
distributed toward either the lower end or the upper end of the whole distribution in
the long run. Around 61.8% of the economies in the sample tend to shift toward the
highly energy efficient groups, as a share of the sample economies are developed
ones, whereas around 21.23% of the sample economies will be trapped in the least
energy efficiency groups.

Two parts of the analyses feature profound implications for energy efficiency
financing. First, policy interventions through various energy efficiency financing
instruments would play a primary role in narrowing the gap in global energy effi-
ciency. To enhance the effectiveness of intervention, the financing efforts should
focus on those economies in which energy efficiency is relatively low-ranking or
deteriorates, which are mostly emerging Asian economies. This will require a strong
international cooperation mechanism in which international development institu-
tions, such as ADB, the World Bank, and the International Monetary Fund, can play
a role. Second, the technological change and innovation toward energy efficiency
improvement are essential. This includes the technological change in the economies
with lower energy efficiency, as well as in those energy inefficient sectors. This is
also what Acemoglu (2002), Acemoglu et al. (2012) have proven by using an
augmented growth model with clean and/or dirty inputs. Specifically, financing
projects should target promoting the sharing of knowledge and best practice from the
developed economies and/or energy efficient sectors, and more coordinated actions,
such as technology transfer and harmonization of energy efficiency standards. These
projects should also encourage the collaboration between the public sector, academic
community and private sector. This also has been summarized in Retallack et al.
(2018). Third, economic structure change can also play a role. The energy efficiency
financing should optimize economic structures. This suggests promoting the
development of those sectors that are energy efficient. In addition, the radical
directed innovation toward energy efficiency can bring the “creative destruction”
that greatly reshapes the economic structure. Fourth, a well-designed energy effi-
ciency financing strategy should be a package of diversified and tailored instruments.
The priority area and extent of the financing efforts should be based on the economic,
social, and technological circumstances of the economy.

In addition, it is important to note that the approach of the Markov chain tran-
sition matrix used in this chapter does not consider the randomness and potential
interventions, for example, energy efficiency financing. It is not plausible to expect
that the future will strictly follow the trends of the past. In addition, changes in
consumer preferences and behaviors can play a crucial role in shaping future
economic structure, which has been well summarized in Allcott and Mullainathan
(2010). The future distribution dynamics in energy efficiency, presented in this
study, can be considered as a base case scenario if no such external disturbances
occur. Thus, this study will provide a meaningful benchmark to compare with any
forecasting studies. With better access to sector-specific data, future research may
better assess the impact of economic structural change on the shape of
cross-economy distribution in energy efficiency.
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Appendix A Economies and Sectors

Table A1 Economies in ADB-MRIO

Category | Abbreviation | Economy Category | Abbreviation | Economy
ASEAN | BRU Brunei Darussalam EU AUT Austria
INO Indonesia BEL Belgium
CAM Cambodia BGR Bulgaria
LAO Lao People’s Democratic CYP Cyprus
Republic
MAL Malaysia CZE Czech Republic
PHI Philippines GER Germany
SGP Singapore DEN Denmark
THA Thailand SPA Spain
VIE Viet Nam EST Estonia
Central KAZ Kazakhstan FIN Finland
Asia KGZ Kyrgyz Republic FRA France
East PRC People’s Republic of UKG United Kingdom
Asia China
HKG Hong Kong, China GRC Greece
JPN Japan HRV Croatia
KOR Republic of Korea HUN Hungary
MON Mongolia IRL Ireland
TAP Taipei,China ITA Italy
Others AUS Australia LTU Lithuania
BRA Brazil LUX Luxembourg
SWI Switzerland LVA Latvia
FIJ Fiji MLT Malta
NOR Norway NET Netherlands
ROW Rest of the World POL Poland
RUS Russian Federation POR Portugal
TUR Turkey ROU Romania
South BAN Bangladesh SVK Slovak Republic
Asia BHU Bhutan SVN Slovenia
IND India SWE Sweden
MLD Maldives NAFTA | CAN Canada
SRI Sri Lanka MEX Mexico
NEP Nepal USA United States
PAK Pakistan

Note Myanmar is not included in the current ADB-MRIO tables. Bhutan, Fiji, Maldives, and rest of the
world (ROW) are not included in the analysis in this chapter, as the IEA World Energy Statistics and
Balances do not include energy use data for these economies. ASEAN Association of Southeast Asian
Nations, EU European Union, NAFTA North American Free Trade Agreement. Source Authors’ based on
ADB-MRIO C62 (Asian Development Bank 2020)
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Table A2 Sector concordance table

Y. Liu and S. Zhong

Sectors used Sector classification in IEA World
in this chapter | Energy Statistics and Balances

Sector classification in ADB-MRIO

Sector 1 Agriculture/forestry Agriculture, hunting, forestry, and
Fishing fishing

Sector 2 Mining and quarrying Mining and quarrying

Sector 3 Food and tobacco Food, beverages, and tobacco

Sector 4 Textile and leather Textile and leather

Sector 5 Wood and wood products Wood and products of wood and cork

Sector 6 Paper pulp and printing Pulp, paper, paper products, printing, and
publishing

Sector 7 Energy industry own use Coke, refined petroleum, and nuclear fuel
Electricity, gas, and water supply

Sector 8 Chemical and petrochemical Chemicals and chemical products

Sector 9 Non-specified industry Non-specified industry (rubber and
plastics, manufacturing, n.e.c.; recycling)

Sector 10 Nonmetallic minerals Nonmetallic minerals

Sector 11 Nonferrous metals Basic metals and fabricated metal

Iron and steel

(nonferrous metals and iron and steel)

Sector 12 Machinery Machinery (machinery, n.e.c., electrical
and optical equipment)
Sector 13 Transport equipment Transport equipment
Sector 14 Construction Construction
Sector 15 Road Inland transport (road, rail, and pipeline
Rail transport)

Pipeline transport

Sector 16 Domestic navigation Water transport (world marine bunkers
and domestic navigation)

Sector 17 Domestic aviation Air transport (world aviation bunkers and
domestic aviation)

Sector 18 Non-specified transport Other supporting and auxiliary transport
activities; activities of travel agencies

Sector 19 Comm. and public services ADB-MRIO sectors 19-22 and sectors
27-34

Sector 20 Residential Private households with employed

persons

Note Sector 20, the residential sector, is not included in the analyses. n.e.c. not elsewhere
classified. Source Authors’ elaboration based on IEA World Energy Statistics and Balances (IEA

2020) and ADB-MRIO C62 (ADB 2020)
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Appendix B

Table B1 Full LMDI-I decomposition results between 2000 and 2017

21

Category Economy Change in energy Structure Efficiency
intensity effect effect
ASEAN Brunei Darussalam 1.3665 0.4612 2.9629
Cambodia 0.9815 1.0903 0.9003
Indonesia 0.6444 0.9567 0.6735
Lao People’s Democratic 0.9875 0.8940 1.1046
Republic
Malaysia 0.6154 0.9269 0.6640
Philippines 0.7288 0.7855 0.9277
Singapore 0.7346 0.8049 0.9127
Thailand 0.8212 0.7176 1.1443
Viet Nam 1.4657 1.2455 1.1768
Central Kazakhstan 1.2465 0.4824 2.5843
Asia Kyrgyz Republic 0.7197 0.9992 0.7203
EU Austria 0.9738 0.7990 1.2187
Belgium 0.7920 0.7888 1.0040
Bulgaria 0.6539 0.9641 0.6783
Croatia 0.8283 0.8660 0.9565
Cyprus 0.8385 0.8232 1.0186
Czech Republic 0.6616 0.8524 0.7762
Denmark 0.7868 0.8121 0.9689
Estonia 0.7568 0.8292 0.9126
Finland 0.8245 0.7106 1.1602
France 0.7904 0.9249 0.8545
Germany 0.8589 1.0393 0.8264
Greece 0.9346 0.9613 0.9722
Hungary 0.8066 0.9019 0.8943
Ireland 0.5105 0.7380 0.6917
Italy 0.8597 0.9919 0.8667
Latvia 0.7733 0.8810 0.8778
Lithuania 0.7445 1.0801 0.6893
Luxembourg 0.7203 0.7235 0.9956
Malta 1.0196 0.6454 1.5751
Netherlands 0.7771 09118 0.8523
Poland 0.7088 1.0550 0.6718
Portugal 0.8647 0.9008 0.9599
Romania 0.5131 1.0610 0.4836
Slovak Republic 0.5638 0.8568 0.6581
Slovenia 0.7854 1.0090 0.7784
Spain 0.7981 0.8656 0.9220
Sweden 0.6459 0.7904 0.8172
United Kingdom 0.6000 0.8720 0.6880

(continued)
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Table B1 (continued)

Category Economy Change in energy Structure Efficiency
intensity effect effect
East Asia Taipei,China 0.6609 0.9189 0.7192
Hong Kong, China 0.5669 0.5455 1.0391
Japan 0.6994 0.9320 0.7504
Republic of Korea 0.6743 0.9086 0.7422
Mongolia 0.5680 0.9412 0.6035
People’s Republic of China 0.6731 0.8635 0.7794
NAFTA Canada 0.8505 0.9242 0.9203
Mexico 0.8465 0.8664 0.9771
United States 0.7222 0.9345 0.7729
South Asia | Bangladesh 1.5177 1.0800 1.4054
India 0.8018 1.0258 0.7816
Nepal 1.9202 0.8592 2.2350
Pakistan 0.9049 0.9072 0.9974
Sri Lanka 0.6206 4.8944 0.1268
Others Australia 0.7657 0.7929 0.9657
Brazil 1.1133 0.8553 1.3017
Norway 0.6419 0.8797 0.7297
Russian Federation 0.7674 0.8505 0.9023
Switzerland 0.7034 1.0141 0.6936
Turkey 1.0978 0.9988 1.0991

Notes Myanmar is not included in the current ADB-MRIO tables. Bhutan, Fiji, Maldives, and rest of the world
(ROW) are not included in this table, as the IEA World Energy Statistics and Balances do not include energy use data
for these economies. The product of the two factors is equal to the change in energy intensity. ASEAN Association of
Southeast Asian Nations, EU European Union, LMDI-I Logarithmic Mean Divisia Index—I. NAFTA North American
Free Trade Agreement. Source Authors’ calculation
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Chapter 2 )
Off-Balance Sheet Equity: The Engine ki
for Energy Efficiency Capital

Mobilization

Alexander Ablaza, Yang Liu, and Mikhael Fiorello Llado

Abstract The International Energy Agency (IEA) estimates that $24.5 trillion of
energy efficiency (EE) investments will be needed through 2040. Debt- and
self-financed projects are expected to contribute only one-third of this capital due to
multiple barriers. On the one hand, self-financed projects require upfront capital
from companies’ budgets to be spent on EE, which most would regard as a noncore
activity. On the other hand, multiple parties face hurdles in a debt-financed project:
(i) banks deem EE transactions too small and risky, and (ii) most energy service
companies (ESCOs) do not have creditworthy balance sheets. Leasing agreements
also have unattractive rates and extract too much project value from ESCOs and/or
end users. Altogether, these constraints call for nonmainstream, off-balance sheet
financial structures that will shift project risks to third parties and facilitate market
benefits, such as collateralization of energy savings and engagement of small and
medium-sized enterprises. Such structures include ESCO performance contracts,
public—private partnership transactions, ESCO guarantee funds, super ESCOs, and
other equity channels. These financing modalities require development in both the
ESCO and energy performance contracting sector and EE policies, which could
effectively mobilize and de-risk significant capital volumes.
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2.1 Energy Efficiency Outlook

Technical efficiency improvements, defined by the International Energy Agency
(IEA) as a reduction in “the amount of energy used per unit of activity,” resulted in
a 4% lower global demand for energy due to improvements made from 2016 to
2018 (IEA 2018a). Efficiency gains between 2015 and 2018 displaced 3.5 billion
tons of carbon dioxide, equivalent to $100 billion avoided capital expenditure in
2018.

In the 2018 edition of its annual Energy Efficiency Report, the IEA revealed its
Efficient World Scenario (EWS), wherein the global economy would increase
twofold through 2040 at the expense of “only a marginal increase in energy
demand.” The key condition in making this happen is that, under the EWS, all
“cost-effective energy efficiency opportunities between now and 2040 will be
implemented. Compared to the New Policies Scenario (NPS), which simply
accounts for existing strategies and policies under commitments per country under
the Paris Agreement on climate change, the EWS forecasts only 0.3% annual
growth in energy demand through 2040 (vs. 1.0% for the NPS).

In order to meet the EWS, cumulative global investment in energy efficiency
through 2040 must total $24.5 trillion, which is 55% more than the investment
required by the NPS (IEA 2018a). Approximately 60% will be spent on transport,
30% on buildings, and 10% on the industrial sector. These investments would need
to be cost-effective, meaning project costs should be easily paid back by savings
from reduced energy consumption alone. Financing can be completed through
business-as-usual means, such as an outright allocation of capital expenditure by the
entity in need of the energy efficiency improvement (e.g., self-financing), or debt
financing provided by a third-party financial institution. Self-financing is common
among large organizations, where either the scale of the energy efficiency project
economically justifies upfront payment of the project cost or enough cash is
available to pursue what are perceived as lower-return, “noncore” projects. Smaller
organizations, however, would perceive such projects as onerous uses of resources,
especially if the bulk of the cost requires early payment, and the benefits are not
directly tied to the entity’s core product or service. As for debt financing, its
viability as a source of capital depends to a large extent on how financial institutions
perceive energy efficiency projects. In Asia and the Pacific in particular, these
projects are seen as risky—this perception typically results from a lack of under-
standing of either the technology or the contracting structure such as performance
contracting). As a result, commercial lending terms are unavailable in such markets,
ultimately harming energy service providers or project end users that have insuf-
ficient asset bases.

Unless new government policies and incentives are implemented and can sustain
financial support of energy efficiency projects over the next few decades, or
structural changes that favor business-as-usual means of financing occur, alternative
modes of energy efficiency finance will be needed to meet the EWS investment
requirement. Most likely, the majority of future capital would need to be mobilized
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through these structures, whether in the form of off-balance sheet investments or
other channels such as energy efficiency funds or government-driven programs.
Such modes that address various forms of risk (technological, financial, legal) of
different stakeholders (energy service companies, financial institutions, end users)
would be able to bridge market gaps left by relying solely on either self-financing or
debt-financing energy efficiency projects. This is especially the case for Asia and
the Pacific, where (i) the typical size of either an energy service provider or end user
would not permit business-as-usual means of financing, and (ii) financial support
from external parties (e.g., financial institutions and government agencies) are yet to
have a sustainable impact on existing business models. As will be shown
throughout this chapter, off-balance sheet structures, particularly energy service
company (ESCO) performance contracting and other market channels, show pro-
mise in Asia and the Pacific. However, before that, it is worth examining financing
mechanisms currently being used, and how such methods could not, on their own,
establish an aggressive growth trend for energy efficiency capital mobilization.

2.2 Business-as-Usual Financing

During the early stages of energy efficiency market development of any country,
energy efficiency projects tend to rely on two types of on-balance sheet finance:
self-financing and debt-financing. These are the simplest and most reliable modes of
mobilizing energy efficiency capital in markets that are still jump-starting energy
efficiency finance for demonstration projects across a growing list of technologies
and end user classes. Self-financing projects minimize transaction costs and insu-
lates the end user from fluctuation in interest rates. However, equity funding can be
difficult for organizations that do not have a sufficient capital base or consider
energy efficiency initiatives as a noncore business activity. Although smaller
amounts of capital can be allocated to low-hanging fruits such as heating, venti-
lation, and air-conditioning (HVAC) or lighting retrofits, economic value is lost
from deferring other energy-saving opportunities.

When it comes to third-party financing, debt would be the simplest option.
Frequently, banks find that cash flows from energy savings are insufficient to
collateralize and secure a loan. Project finance is generally not an option for energy
efficiency projects, whose average sizes are typically small. This, combined with
corresponding technology risks and market risks (e.g., fluctuations in utility rates),
would call for collateral from the end user’s or the participating ESCO’s fixed
assets. As a result, the scale of energy efficiency projects and the number that can be
carried out under this mode of financing become severely limited, especially for
entities that are not deemed creditworthy. As regards banks and other financial
institutions, de-risking their exposures from energy efficiency projects would also
be necessary. Compared to debt transactions with banks, leases are processed more
quickly and approvals are made more frequently. However, annual financing costs
charged by leasing companies have been higher than those by commercial banks.
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This failure to compete with commercial debt shifted demand for energy efficiency
financing away from lease-based structures.

In developing markets such as in Southeast Asia, business-as-usual mechanisms,
particularly using external debt, are a primary source of funding for energy effi-
ciency projects. Table 2.1 shows a partial list of private and state-owned financial
institutions in the region involved in energy efficiency or green financing.

On the road to the EWS scenario, however, the self-financed, debt-financed, and
lease-financed modes, which are all the transactions made on the balance sheet of
the energy end user, have their growth constraints. Such limitations may cap the
ability of business-as-usual energy efficiency financing to mobilize no more than

Table 2.1 Partial list of pioneer financial institutions providing green financing in Southeast Asia

Country Financial institution
Cambodia ACLEDA Bank
Indonesia Deutsche Bank

Standard Chartered Bank
Permata Bank

Bank Mandiri

Indonesia Eximbank

Lao People’s Democratic Republic Bank of Lao PDR

Malaysia Maybank Berhad

Bank Pembangunan
HSBC Bank

Amlslamic Bank Berhad
Kuwait FH

Bank Rakyat

Myanmar ACLEDA MIGI

Singapore Development Bank of Singapore
Standard Chartered Bank

IFS Capital Ltd.

SDCL Asia

Thailand Kasikom Bank
Bangkok Bank PCL
Sri Ayuthaya Bank
TMB Bank

Siam City Bank

Siam Commercial Bank
CIMB Thai

EXIM Thailand

Philippines Bank of the Philippine Islands

BDO Unibank

Chinabank

Land Bank of the Philippines
Development Bank of the Philippines

Viet Nam Techcombank
Vietin Bank

Source Ablaza (2014, updated 2020)
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one-third of the $24.5 trillion capital requirement up to 2040. It is clear that more
innovative financing channels will have to be employed to bridge the larger balance
of the energy efficiency capital gap in the next 2 decades.

2.3 Energy Service Companies (ESCOs)

As mentioned earlier, the key limitation of business-as-usual financing is that
energy efficiency equipment or infrastructure falls under the end user’s balance
sheet, consequently limiting access to third-party financing. Traditionally,
accounting standards and treatments around the world permitted off-balance sheet
financing, a structure in which the legal and economic ownership of an asset
belongs to a party other than the asset’s ultimate user. A typical example is an
operating lease, under which the lessee does not include the asset and a corre-
sponding liability in their balance sheet. Instead, the lessor’s balance sheet reflects
the leased asset, and regular rental payments are made by the lessee.

Recent updates to global accounting standards, such as the International
Financing Reporting Standards (IFRS) 16, treat all leasing arrangements (including
operating and finance) with multiyear tenors differently, now assigning accounting
ownership to the end user, even if the legal ownership of the equipment assets
remains with the lessor. While different off-balance sheet financing structures have
varying cash flow and payment mechanisms depending on contractual obligations,
the challenge now is to find financial structures wherein both the legal asset
ownership and accounting ownership are shifted to an entity other than the energy
end user. These structures are potentially vital to the acceleration of energy effi-
ciency technology deployment in both developed and emerging markets, since the
burden of upfront payment of capital and energy savings performance risks is
typically transferred to a third party. These third parties are able to recoup their
capital investments from guaranteed cash flows resulting from energy savings
across a period of time.

In the energy efficiency industry, structures involving ESCOs are emerging as
one of the most common off-balance-sheet approaches to financing. ESCOs engage
in various activities depending on the client’s needs, which include, but are not
limited to, conducting energy audits of existing facilities, designing and imple-
menting energy efficiency projects, identifying energy-saving opportunities, out-
sourcing energy infrastructure and technology, and directly financing or arranging
the financing of energy projects (Ablaza 2019c). Depending on the contracting
structure, ownership of the energy asset or infrastructure can reside in the ESCO (or
even a third party) rather than the energy end user. A growing number of ESCOs
engage in energy performance contracting (EPC), which helps manage financial and
performance risk inherent in an energy efficiency project. Although a retrofit or the
replacement of an equipment aims to reduce overall energy consumption, the
energy savings ultimately realized by the end user may vary from what is expected
or promised due to a range of technical reasons. Under an EPC, energy savings are
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guaranteed by the ESCO, provided that prespecified operating and maintenance
procedures are adhered to (Fig. 2.1). Measurement and verification processes are
also put in place to facilitate an accurate calculation of realized energy savings. In
the event that the project fails to deliver the guaranteed energy savings, the ESCO
compensates the energy end user with an amount equivalent to the shortfall.
Performance guarantees are frequently tied to energy savings (e.g., kilowatt hour)
rather than monetary savings because volatility in utility rates represents a
market-based risk that should be treated outside the energy efficiency project.
Contractual utility rates are set for calculating obligations between the ESCO and
the energy end user.

The guarantee provision of EPCs significantly increases the certainty around
project cash flows, which not only lessen performance risk for the energy end user
but also improve the viability of project financing. In lieu of using an ESCO’s asset
base as collateral, financial institutions may view the guaranteed cash flows as
effectively reducing the credit risk in a project. Another benefit of EPCs is that an
energy end user would only deal with one counterparty: the ESCO. Also, as ESCOs
take payment in the form of a share of the guaranteed energy savings or a fixed fee
paid on a regular basis, end users avoid the financial burden of paying project
capital upfront. In this structure, asset ownership is retained by the ESCO (or in
some cases the financial institution providing project financing) and does not appear
in the energy end user’s balance sheet.

In 2018, the global ESCO market stood at $30.9 billion, 57% of which were
ESCO transactions in the People’s Republic of China (IEA 2018a). Commercial
buildings represent the largest customer segment of the ESCO industry, followed
by the industrial sector and the transport sector at a distant third. In Asian markets
specifically, industry actually takes the largest share of the pie due to policies that
encourage such projects. During the 2018 Asia Clean Energy Forum, the Asia—
Pacific ESCO Industry Alliance estimated that 60% of the global ESCO market
originates from Asia (Philippine Energy Efficiency Alliance 2018). A rapid

GUARANTEED SAVINGS MODEL SHARED SAVINGS MODEL
(Borrower/lessee = End user) (Borrower/lessee = ESCO)

Financial

Institution
Bank or lessor

Financial

Institution
Bank or lessor

Monthly energy-/savings-
based payments

Equity (excess of project cost
over loan/lease amount)

End User
Technology Building, Facility,
Solutions Provider Household, Fleet

End User
Technology Building, Facility,
Solutions Provider Household, Fleet

Site equipment & services Site equipment & services

Fig. 2.1 Guaranteed savings model and shared savings model. ESCO energy service company.
Source Ablaza (2019)
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development is expected for ESCO markets in the region given favorable devel-
opments in policies and improvements in capacity building, underpinned by robust
macroeconomic growth.

A large-scale rollout of EPCs among Asian ESCO transactions is still met with
numerous challenges. Familiarity with EPC as a concept is still lacking among
stakeholders. Policies in certain countries are yet to adapt in order to fully support
this structure. Public procurement laws in some countries do not accommodate
EPCs as they are considered a hybrid between a “pure-goods” and a “pure-service”
procurement. Also, the absence of a template or set of standards for EPCs has led to
a growth impediment in several markets. In numerous instances, customized pub-
lic—private partnership (PPP) contracts have been employed instead.

Currently, the United States (US) accounts for over one-quarter of the global
ESCO market and has still continued to slowly grow its market share over recent
years. This could be attributed to its distinctive customer demographic wherein over
80% of ESCO activity is concentrated in the public sector, whereas it ranges from
10 to 40% for countries in Asia and the Pacific (IEA 2018a). Under the US
Generally Accepted Accounting Principles (GAAP), EPCs are permitted to be
structured as operating leases, which allow government entities to keep energy
assets off their balance sheets. In Europe, where the public sector also dominates the
ESCO market, similar accounting rules have also been made under the European
System of Accounts. This ownership structure could potentially stimulate energy
efficiency investments in Asia and the Pacific in the event that similar measures or
asset recognition rules are passed. Penetrating the public sector could drastically
accelerate the growth of ESCO industries given that portfolios of facilities and
infrastructure can be combined in the same energy efficiency project, thereby
improving project economics and management. In successful ESCO markets,
guarantees and grants from either the government or a multilateral development
bank also heighten access to funding by private financial institutions. This can be
especially helpful for developing countries in Asia, where 98% of ESCOs lack
suitable access to bank lending to be able to pursue their pipelines of
ESCO-financed EPCs.

2.4 ESCO Markets in Asia

A growing list of energy markets in Asia are embracing the ESCO business model,
as evidenced by the historical growth in ESCO market sizes. In most cases, ESCO
sector development was bolstered by government and development programs that
built technical competencies, energy end user confidence, and incentivized pioneer
EPC transactions (Table 2.2).
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Table 2.2 Comparative tabulation of ESCO markets in Asia

A. Ablaza et al.

Economy Market Size/Potential | Dominant Key Barriers to Enabling government
ESCO ESCO industry policies and programs
business growth
model

People’s $17.6 billion (2018) Shared * Lack of commercial | ¢ Required energy

Republic of savings financing for small/ programs and audits for

China medium ESCOs enterprises with the

* Risk aversion of largest energy
financial consumption
institutions against |« Capital subsidies for
energy efficiency energy efficiency
projects investments
« Income tax exemptions
for ESCOs

India $300 million (2018) Guaranteed « Contract * Partial risk guarantee

savings enforceability facilities and other
* Low demand for financial assistance
ESCO projects * Standardized contract
* Large transaction templates
costs for smaller * ESCO accreditation
ESCO projects process
Japan $350 million (2017) Shared * Limited penetration | ¢ Energy Conservation
savings into public sector Law
* Energy efficiency
standards
* Subsidies for energy
efficiency retrofits

Malaysia $95 million (2018) Shared * Subsidized « Financial incentives for

savings electricity tariffs energy efficiency
* Lack of technical projects under the
know-how National Energy
Efficiency Action Plan
« Efforts within agencies
to purchase
energy-efficient
appliances and conduct
energy audits
« Capacity-building
programs

Thailand $200 million (2018) Guaranteed » Low demand due to | « Energy efficiency

savings poor understanding revolving fund (EERF)

of the ESCO
business by the
private sector

« Risk aversion of
financial
institutions against
energy efficiency
projects

* Energy Conservation
and Promotion Act

* Minimum Energy
Performance Standards
(MEPS)

« Energy Efficiency
Resources Standards
(EERS)

(continued)
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Table 2.2 (continued)
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Economy Market Size/Potential | Dominant Key Barriers to Enabling government
ESCO ESCO industry policies and programs
business growth
model

Philippines $160 billion potential | Shared * Lack of commercial | Energy Efficiency and

(2017-2040) savings financing for small/ Conservation Act
medium ESCOs * Mandatory energy
* Risk aversion of audits for qualifying
financial establishments
institutions against |  Fiscal and tax incentives
energy efficiency for energy efficiency
projects projects
Singapore Target market: energy | Shared * Slow increase in * Energy Conservation
users consuming at savings and demand due to Act
least 54 TJ annually energy early phase-out of * Green Mark scheme
or Green Mark management government under the Building and
buildings contracts incentives Construction Authority
* Risk aversion of (BCA)
financial * Funding and grants
institutions against from multiple agencies
energy efficiency
projects
* Lack of technical
know-how
Republic of | $317 million (2018) Shared * Plateauing demand | « ESCO fund providing
Korea savings due to early financing for energy
phase-out of efficiency projects
government » Mandatory energy audits
incentives

Taipei,China | $4.7 billion (2017) Shared * Energy-saving » Government programs to
savings and performance support ESCO industry
energy contracts only 22% and ESCO promotion
supply of total ESCO * Minimum Energy
agreements business Performance Standards

ESCO penetration
in manufacturing
processes is still
very limited

(MEPS)
* Mandatory energy
efficiency rating labeling

ESCO energy service company, TJ terajoule. Sources Zhao (2019), Maekawa and Nakagami (2019), Yoon
(2019), Loon and Zahari (2019), Neng (2019), Lin (2019)

People’s Republic of China
The PRC accounted for 80% of energy efficiency gains between 2000 and 2017
(IEA 2018b). These efforts have helped toward achieving its unconditional 2030
target under the Paris Agreement to reduce carbon intensity by 60%—65% below
2005 levels. The ESCO Committee of China Energy Conservation Association
estimates the number of ESCOs in the country to be well in excess of 6,000, most
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of which are categorized as small and medium-sized enterprises (SMEs) and only a
handful have annual revenues above CNY1 billion. ESCO investments are highly
concentrated among industrial customers, with the most common projects revolving
around waste heat recovery and boiler retrofits, among others. Shared savings is the
most frequently used business model, with profit splits ranging from 20/80 to 40/60
(IEA 2018b). Government policies strongly promote energy performance con-
tracting as a primary means to develop the ESCO industry. Fiscal incentives are
offered to qualifying ESCO projects as a function of displaced tons of
coal-equivalent, provided that a shared savings model is used and that the ESCO
finances at least 70% of the project (Ma 2013). Given that most ESCOs are SMEs,
service providers frequently experience difficulty accessing capital on attractive
commercial rates from banks, which still shy away from the perceived risk profile
of energy efficiency projects. An International Finance Corporation study of the
PRC’s ESCO market revealed that while a limited 18.4% of ESCOs had access to
bank lending, not more than 2% of ESCOs in the PRC enjoyed credit above $7.9
million, which would be needed for them to pursue their robust pipeline of
ESCO-financed performance contracts (IFC 2013).

India

Energy efficiency is integral to reaching India’s carbon reduction goals, with ESCO
market potential estimated at $18 billion and 150 ESCOs currently empaneled by
the Bureau of Energy Efficiency (Tewari 2019). The Alliance for an
Energy-Efficient Economy represents the local ESCO and energy efficiency market
players.

Of the investment potential of energy efficiency projects with a shorter payback
period (less than 3 years), around half are attributed to agricultural pumping, fol-
lowed by the industrial sector and commercial buildings at one quarter and one
sixth, respectively (Tewari 2019). However, the latter two are the largest segments
currently served by India’s ESCO market. Lighting, HVAC, drives, and motors top
the energy conservation measures preferred by ESCOs, which provide energy
audits more frequently than full energy efficiency services. Among policies that
help drive growth for the ESCO industry are demand-side management programs
for the agricultural and municipal sectors, as well as regulations for the industrial
sector and hotels that create more opportunities for energy efficiency. Unlike in
other Southeast Asian markets, financial institutions deem energy efficiency pro-
jects to be viable sources of profit, bolstered by energy tariffs specific to commercial
and industrial sectors. Furthermore, partial risk-sharing facilities (e.g., by the World
Bank) exist to provide guarantees for commercial banks financing ESCO projects.
Nonetheless, barriers exist that stifle further development of the industry. On top of
still-lacking understanding of the business models employed by ESCOs, some
potential customers choose to carry out energy efficiency projects on their own.
Contract enforceability also remains an issue, as well as transaction costs that come
with smaller project sizes.
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Japan

The Japan Association of Energy Service Companies takes the lead in developing
the country’s ESCO industry. Recently, the scope of the association expanded to
also cover energy management companies, which helps customers monitor and
conserve their energy consumption. Among currently active ESCOs in Japan, a
large majority are either a subsidiary or a new business of a larger organization or
utility, while a smaller portion are stand-alone ESCOs.

The ESCO market in Japan as of 2017 was over $350 million (Maekawa and
Nakagami 2019). Business models vary depending on the customer and the energy
efficiency project. An initial investment can sometimes be made by the customer,
and the ESCO takes a fixed portion of the guaranteed energy savings as its service
charge. In instances where no upfront costs are paid by the customer, the ESCO
assigns a larger percentage of the guaranteed energy savings as its service charge.
Shared savings contracts represent 40% of the ESCO transactions, while less than
10% are guaranteed savings contracts. The duration of most contracts is 9—10 years
due to regulation by the Ministry of Finance, and the next most-common duration is
24 years. Projects are typically financed 50-50 between the ESCO and the client,
and the majority of both their contributions are covered by financial leases. In terms
of project size, amounts vary widely from below $200,000 to above $5,000,000.

Malaysia
With the implementation of the Malaysian Industrial Energy Efficiency
Improvement Project, the Malaysia Association of Energy Service Companies was
incorporated. At a market size of $95 million as of 2018, Malaysia’s ESCO industry
primarily services nonresidential buildings (around 75% share) in the private sector.
In contrast to the industry in Japan, 70% of ESCOs in Malaysia are stand-alone
entities while the rest are extensions or subsidiaries of larger entities (Loon and
Zahari 2019). Despite the existence of an ESCO association, a mandatory
accreditation system is yet to be implemented for industry players. Shared savings
contracts dominate the market at 70%, while the balance of projects is split between
guaranteed savings contracts and facility management. Most contracts have a
duration beyond 4 years, and project amounts are typically below $200,000.
Some 60% of ESCO projects are financed either by the customer or the ESCO,
and in some instances ESCOs can secure debt from third parties (Loon and Zahari
2019). Unlike in the Philippines and Singapore, utility electricity prices are sub-
sidized (despite a 4% annual increase in electricity tariffs), which hampers the
economic viability of some ESCO projects. A lack of technical competence among
ESCOs and risk aversion by financial institutions toward energy efficiency projects
are among factors that hinder accelerated growth in Malaysia’s ESCO industry.

Philippines

In the Philippines, energy efficiency as a key component of integrated resource
planning gained traction with the recent passing of the Energy Efficiency and
Conservation Act, which mandates required audits for entities meeting a minimum
energy consumption level and provides fiscal incentives for energy efficiency
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projects. The resulting acceleration of energy efficiency projects factors into the
forecast of a 182 million tons of oil equivalent reduction up to 2040, equivalent to
$726 billion in savings and 45,900 megawatts in deferred installed generating
capacity (Ablaza 2019b).

The Philippine Energy Efficiency Alliance serves as a nonstock, nonprofit
organization that succeeded the Philippine Association of Energy Service
Companies. Its 54 members come from different segments of upstream and
downstream energy industries, such as power generators, utilities, equipment
manufacturers, and service providers. Similarly to other Asian markets, business
models are centered primarily on guaranteed savings and shared savings models, a
significant number of which are for chilled water plants and other air conditioning
system upgrades in large commercial and industrial facilities (Ablaza 2019a). As
the public sector becomes increasingly engaged in energy efficiency efforts, a PPP—
ESCO model is seen as an emerging structure to pursue such opportunities. For
instance, ESCOs have partnered with local government units to implement the
replacement of high-pressure sodium streetlights with light-emitting diode
(LED) luminaires. Transport modernization and re-fleeting is also unfolding as a
collaborative effort between national government agencies and private providers of
funding and technology. The Philippine Energy Efficiency Alliance aspires to
strengthen the local ESCO industry through training of industry players (e.g., in
performance contracting, measurement and verification, certified energy manager
certification), adoption of industry-standard performance contracting templates, and
the proposed establishment of an ESCO guarantee fund or insurance facility.

Singapore
The energy efficiency and renewable energy market players in Singapore are
convened by the Sustainable Energy Association of Singapore. Services offered by
these ESCOs are made viable and attractive by the fact that electricity in Singapore
is priced to reflect the true cost of energy. However, despite an attractive market and
policy support from the government, ESCOs face challenges that hinder their
industry’s growth in Singapore. The ramping up of portfolios has been lackluster
since most ESCOs are not creditworthy enough to take on their project pipeline.
Although energy performance contracts have already been implemented by the
Building and Construction Authority and the Singapore Green Building Council to
guarantee energy savings for building owners, the same is yet to be widespread
between ESCOs and their customers. Given their lack of sufficient financing,
ESCOs normally engage in fee-for-service projects rather than guaranteed perfor-
mance based on pre-agreed contractual utility rates. As such, potential project
pipelines become limited, with smaller customers unwilling to take project risks.
Commercial banks in Singapore still view energy efficiency financing as risky, and
thus are unable to extend secured loans to ESCOs, especially given their insufficient
asset base.
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Over 40% of Singapore’s total electricity consumption comes from the industrial
sector, which makes for a promising clientele for ESCOs (Neng 2019). However,
the technical capabilities of these ESCOs cannot yet support major energy effi-
ciency opportunities within the industrial plants. Most manufacturing companies
have begun or finished tackling easy-to-implement energy efficiency opportunities
(e.g., HVAC retrofits), leaving the specialized, process-related projects still in need
of energy efficiency improvements. As in most other energy markets, ESCOs in
Singapore are yet to reach the technical know-how needed to take on major process
efficiency projects and receive buy-in from these industrial players.

Republic of Korea

ESCOs in the Republic of Korea are registered under the Ministry of Trade,
Industry, and Energy, pursuant to Article 25 of the Energy Use Rationalization Act
and Article 30 of the Enforcement Decree of the same act. The Korea Association
of ESCO reported that the ESCO industry started with pure lighting projects within
buildings, then later diversified over recent years to process-related improvements,
waste heat recovery, boilers, cogeneration, and distributed generation (Yoon 2019).
The customer demographic has also changed significantly over the past decade. The
share of buildings decreased from 23% in 2008 to 7% in 2018 in favor of the public
sector, which rose from 20 to 33%. Generally, guaranteed savings contracts are
favored over shared savings contracts. The Republic of Korea’s ESCO industry
enjoyed early success, with its market size trebling from $116 million in 2008 to
$317 million in 2018. However, due largely to the government decision to dis-
continue fiscal incentives to ESCOs, the market size rapidly shrank in 2019.

Thailand

In its 20-year energy efficiency plan through 2030, the Thai government tagged
ESCOs as “vital mechanisms” for consulting and implementing energy efficiency
projects. The local ESCO industry began in 1999, when the Global Environment
Facility pilot project conducted energy audits across four industrial facilities.
Thirteen years later, the Thai ESCO Association was created to serve as an infor-
mation hub for stakeholders and take charge of the accreditation of ESCOs, among
others. There are currently 69 ESCOs in the association’s registration list. The
market size is estimated to be between $200 million and $350 million (Vechakij
2014). Nearly all ESCO activities occur in the private sector, around 75% of which
are industrial customers. Almost 80% of contracts employ a guaranteed savings
model, and two-thirds of the rest use a shared savings model. Similarly to other
Asian markets, the Thai ESCO industry experience lacks (i) access to funding by
financial institutions, (ii) technical know-how, especially for more sophisticated
energy efficiency projects, and (iii) customer demand due to minimal understanding
of the ESCO business.

Taipei,China

The Bureau of Energy under the Ministry of Economic Affairs made minimum
energy performance standards and energy efficiency rating labeling mandatory.
This created a runway for growth in energy efficiency projects. The energy service
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association serves as a collaborative platform for ESCOs engaged in a variety of
energy-saving services, such as those involving HVAC, lighting, boilers, air
compressors, and energy management systems. From its beginnings in 2005, the
ESCO market boomed to $4.7 billion in 2017 (Lin 2019). Guaranteed savings and
shared savings contracts typically have a duration of 3-5 years and 4-8 years,
respectively.

2.4.1 Super ESCOs

Super ESCOs are large-scale ESCOs established and capitalized by the govern-
ment, aimed towards achieving a scale capable of taking on multiple EPCs and
gaining access to competitive lending terms from financial institutions (Fig. 2.2).
This portfolio approach enjoys risk diversification similar to that of energy effi-
ciency investment vehicles and facilitates capacity building and streamlining for
other ESCO players in terms of procurement, energy performance contracting,
technical competence, and so on. Today, super ESCOs have either been established
or are evolving in seven countries: Armenia (R2E2 Fund), Belgium (FEDESCO),
the PRC (Fakai Scientific Services Corporation), Croatia (HEP ESCO), India
(EESL), Saudi Arabia (Tarshid), and the United Arab Emirates (Etihad ESCO)
(Ablaza 2019c).

The void that super ESCOs can fill is the large-scale implementation of projects,
which face numerous barriers. In the public sector, public agencies have limited
technical capacity for conducting energy audits and procurement rules make per-
formance contracting difficult (Limaye and Limaye 2009). As for the private sector,
project financing is a preferred approach by end users and ESCOs but not by
financial institutions (especially when it comes to energy efficiency projects). As
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most of the undertaken projects are currently in the public sector (e.g., street-
lighting, public building retrofits, and irrigation pump replacements), super ESCOs
have the potential to invest resources in the deliberate de-risking and generation of
ESCO project pipelines across and beyond industrial plants and commercial
buildings. Such resources would also include energy audit and design expertise. As
a government-capitalized entity, super ESCOs could also overcome procurement
issues regarding performance contracting. On their scale, super ESCOs could
potentially serve as a source of third-party equity financing, particularly for
greenfield and brownfield EPCs of privately owned ESCOs, thereby allowing the
latter to recapitalize and pursue new EPCs. Furthermore, super ESCOs could
provide technical advisory support to local financial institutions to help the latter
develop financial products geared towards energy efficiency. Confidence of finan-
cial institutions in energy efficiency projects can also be improved using credit
enhancement and risk management products provided by super ESCOs.

Super ESCOs can also function as the development pillar of a local ESCO
industry through providing technical training, sharing best practices, and estab-
lishing contracting standards or templates. They can devise marketing campaigns
and demonstration projects to heighten awareness of end users regarding the ESCO
concept (Limaye and Limaye 2009). To carry out these functions, a super ESCO
must not directly compete with private ESCOs, but rather create a shared platform
for their growth.

2.5 Market Enablers

Market features or structures exist to either stimulate larger amounts of capital
mobilization or manage risk, thus encouraging greater levels of industry partici-
pation to benefit of ESCOs, among others. Unlike parties involved in
business-as-usual or off-balance sheet financing, providers of funding or guarantees
under such special structures do not necessarily gain ownership of the asset but are
nonetheless crucial in enabling certain energy efficiency transactions.

2.5.1 ESCO Guarantee Fund

Under energy performance contracting, there are risks that financial obligations may
not be met, resulting from financial shortfalls or technological underperformance by
the counterparties. An ESCO guarantee fund functions as an insurance facility that
provides various types of guarantee cover depending on the financial obligation
being insured (Ablaza 2019c). For example, the fund can mitigate the energy
performance guarantee risk of the counterparty financing the majority of the upfront
capital (whether it be the ESCO, end user, equipment lessor, or third-party investor)
by partly or wholly covering deficits in net cash flows required under the EPC.
Counterparty or customer credit risk can also be insured by the fund, addressing
instances when guaranteed payables to the ESCO cannot be fully paid by the end
user. The development of such insurance markets reduces uncertainties in EPC cash
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flow streams, paving the way for collateralization or even securitization. ESCOs
will also be able to undertake projects with less creditworthy customers, or those
belonging to more financially volatile industries.

2.5.2 Risk-Sharing Facilities

Grants and fiscal incentives are among the most common ways that governments
mobilize capital to energy efficiency projects. Another method is to create
risk-sharing facilities (RSF), wherein credit risk from energy efficiency debt
financing (whether for a single project or a full portfolio) is shared between the
government and another financial institution (Ablaza 2019c). In a single-tranche
RSF, the government may elect to take the majority of the risk (e.g., 70%—80%) and
leave the balance to the other financial institution. The structure can be further
customized to manage the risk of the government investment. Under a two-tranche
RSF, the government can evenly split the first wave of credit losses with the other
financial institutions, but take the majority of the exposure (e.g., 70%—80%) of any
incremental losses thereafter. Such a structure would insulate the government from
losses that aggregate from relatively smaller underpayments across multiple ESCO
customers, but still create an economic incentive for private financial institutions to
participate in the financing process.

2.5.3 Long-Term Financing Sources

End users of energy efficiency projects can source funding from third parties via
either equity or debt investment. Financial institutions such as commercial banks
initially provided equity funding, however they increasingly turned toward debt
investment for risk management purposes. Multilateral development banks may
offer long-term debt financing to stimulate energy efficiency markets, especially in
emerging economies. Since these funds are designed to support pipelines of energy
efficiency projects, their investment horizons easily exceed the typical contract
duration of a project. Official development assistance funds (ODAs), for example,
can flowed into either large-scale government programs or private investment
vehicles, which ultimately retain ownership of the asset infrastructure. Especially in
the case of ODAs, financing is provided at near-wholesale rates, typically set at a
small spread above interest rate benchmarks. Although ODAs have predetermined
criteria for approving funding applications, such affordable financing is valuable to
ESCOs and end users that lack the asset base to qualify for commercial loans.

2.5.4 Portfolio Investments

The use of off-balance sheet equity significantly reduces financial risk for the end
users. However, the additional risk borne by third-party equity providers, especially
for large-size energy efficiency projects, might render unacceptable risk-return
trade-offs and limit overall capital mobilization from this source. This can be
addressed through aggregating various projects under a portfolio that would effec-
tively improve the risk-return trade-off through diversification. Similar to conven-
tional private equity structures, an equity vehicle can be used to pool equity (and
even debt) funds, which would then be used to invest in multiple energy efficiency
projects via a wholly owned project or asset management company. The project
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company collects repayments undthe large-scale implementationer energy service
agreements with commercial or industrial end users, pays operation and maintenance
fees to technology and service providers, and flows the resulting net returns back to
the original equity and debt investors after the equity vehicle deducts its asset
management fee (Fig. 2.3). Projects within the commercial, industrial, and public
sectors are selected based on a defined investment philosophy (e.g., in terms of
technology market, required payback, client profile, etc.) and are subject to technical,
financial, and legal due diligence by the project company. Scoring systems reflecting
the investment philosophy are sometimes used to filter and rank numerous
prospective projects.

Although still infrequent, this financing structure is already being used around the
world. Based in the United Kingdom, Sustainable Development Capital LLC oper-
ates through numerous investment vehicles in Ireland, Asia, North America, Europe,
the Middle East, and Africa. Projects include operational energy efficiency, decen-
tralized energy projects, development- and construction-stage energy efficiency, and
distributed energy. Hannon Armstrong, a US public company based in Maryland,
invests not only in behind-the-meter and grid-connected projects but also in energy
infrastructure such as transmission lines and distribution systems. As an investment
partner of technology providers and ESCOs, Climargy was recently established as
one of the first investment vehicles in developing Asia to provide equity funding for
energy efficiency upgrades, distributed generation, and energy storage projects
through shared savings performance contracts and energy-offtake agreements.

The existence of nonbank portfolio equity vehicles actually broadens the
bankable investment opportunities for debt providers such as commercial and
development banks, or corporate equity partners such as energy developers who
wish to diversify their portfolios. Compared to their underlying projects, these
“fund-like” equity vehicles become the more creditworthy investees of the debt and
equity providers. These vehicles do not therefore necessarily displace the debt
finance volumes supposedly bridging the long-term energy efficiency capital gap,

Loan/lease
agreement

Shareholders
agreement Third-party investor
Corporate shareholders Specialist non-bank equity vehicle,
Equity providers or implementor of large-scale EE
program, or super ESCO

Financial Institution

Bank or lessor

Dividends Repayments

Site access, coordination,
and counterparty resources

End User
Technology Building, Facility,

Solutions Provider Household, Fleet
Site equipment & services

Fig. 2.3 Off-balance sheet transaction structure. EE energy efficiency, ESCO energy service
company. Source Ablaza (2019a)
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but rather could potentially serve as new intermediaries to deepen the reach of debt
capital to energy efficiency project assets.

2.5.5 Large-Scale Government Programs

Governments can play significant roles in stimulating the growth of energy effi-
ciency markets. Fiscal incentives such as income tax holidays and tax credits help
improve project economics and create returns attractive enough for debt and/or
equity funding by private investors. However, national or federal governments can
also participate in off-balance sheet financing. The forced obsolescence of
low-efficiency household and street lighting has been implemented in some coun-
tries. Customers turned over their existing lamps and lighting equipment to be
replaced, usually for free, with more energy-efficient technologies. In such cases,
returns are not realized by the investor (the government) through the typical energy
savings cash flow stream. Rather, such activities promote energy efficiency on a
national scale, ultimately benefiting industry players.

Having had early success in Europe, PPPs are starting to be considered for
energy efficiency projects in Asia and the Pacific. A pioneer test case is the
large-scale LED streetlighting project proposed for the State of Melaka in Malaysia.
About 100,000 high-pressure sodium luminaires were targeted for energy-efficient
LED luminaire replacements, which would effectively lower the overall cost of
electricity and maintenance (Ablaza 2017). The Asian Development Bank
(ADB) and the Melaka Green Technology Corporation (owned by the Melaka state
government) entered into a collaborative agreement, which covered scoping,
structuring of the transaction, and tendering. ADB’s advisory support to this PPP
transaction developed technical specifications, created the business case model, and
conducted legal due diligence with respect to local regulations.

Programs are also developed at the municipal or local government level. In some
markets, loans made for energy efficiency projects can be repaid over time via
property taxes. On meeting qualification requirements, residential and commercial
buildings receive funding from the state or local government to implement energy
efficiency improvements, which could include hurricane proofing, seismic retro-
fitting, and renewable energy systems. Financing mechanics may vary based on
national and local government regulations. One of the most successful
property-based repayment schemes in the US is the Property-Assessed Clean
Energy (PACE) program. In the US, investments are categorized in terms of
commercial (C-PACE) and residential (R-PACE) (IEA 2018a), and cash flow
streams from property tax payments are securitized for trading in financial markets
(US DOE 2020).

A key feature that makes this program even more attractive is that repayment
obligation is tied to the property rather than the home or building owner. As a
result, even if the repayment stream spans decades, owners are still incentivized to
pursue energy efficiency improvements. Should they sell the property in the future,
the balance of the payment stream is transferred to the new owner. Altogether, the
PACE program reduces energy expenses while increasing property values. As of
this writing, 33 US states and the District of Columbia passed legislation enabling
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PACE. Nineteen of these states plus the District of Columbia currently have
operating PACE programs.

2.5.6 Utility-Led Demand-Side Management

Demand-side management (DSM) is a means for utilities to reduce energy costs on
a large scale primarily through reducing consumption during peak hours. Utilities
assess the electricity usage patterns of their customers and provide rebates to them
to reshape their consumption behaviors. Flattening the load curve, combined with
employing energy storage resources, helps avoid the higher per kilowatt hour
generating costs from either peak power plants or peak prices resulting from
imbalances caused by variable renewable energy sources such as solar and wind.
Off-balance sheet investments may also be made by utilities through providing
more energy-efficient technologies to customers to replace their existing equipment.
On-bill recovery mechanisms combined with energy savings from shaved peak
loads allow utilities to recoup and earn a return on their investment.

Emerging applications can also be seen in the smart grid, wherein customers can
potentially provide utilities access to their smart (i.e., internet-connected) appliances
and equipment. The assets can be remotely turned off or switched to
low-consumption settings during peak hours, and customers are compensated with
a share of the energy savings. Utility-led DSM effectively serves as a portfolio of
small-scale energy efficiency projects with relatively lower capital intensity (de-
pending on the type of DSM employed) and governed by a shared savings model.

Utility-led DSM can still be promoted in vertically integrated electricity markets,
particularly because the economic and financial benefits of energy savings achieved
at the level of the utility customers can directly flow up to the generation side of the
utility business. Electricity markets that have restructured to unbundle generation
from transmission and distribution, as well as accommodating retail competition
and open access, now face challenges in crafting an energy efficiency financing
channel role for distribution utilities.

2.6 Case Studies

2.6.1 Energy Efficiency Revolving Fund in Thailand

An energy efficiency revolving fund (EERF) was established in Thailand primarily
to address financial barriers of energy efficiency projects and stimulate increased
participation of commercial banks (Wang et al. 2013). The government’s energy
efficiency programs are managed by the Department of Alternative Energy
Development and Efficiency (DEDE), an agency under the Ministry of Energy.
DEDE manages the Energy Conservation Fund, which ultimately provides capital
to the EERF for a 10-year period spread over five phases (UNIDO 2015). Between
2003 and 2012, $220 million was allocated for the EERF, with $60 million each for
the first three phases, followed by $28 million and $12 million for the fourth and
fifth phases, respectively.
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A standard contract between DEDE and participating banks (PBs) facilitates dis-
bursements that will be used by the latter to lend to clients for their energy effi-
ciency projects. The EERF lends to PBs at a 0.5% interest rate to cover
administrative costs and potential defaults (Energy Futures Australia 2005,
Fig. 2.4). PBs, which then flow the funds to energy efficiency projects, are required
to cap their lending rates at 4% per annum and their loan size at B50 million ($1.25
million) per project. Should projects require funding beyond B50 million, the
commercial banks should provide the balance. From the six PBs at the start of the
funding program, the EERF eventually signed agreements with 11 commercial
banks (Griining et al. 2012).

The target market of funding by the EERF comprises buildings, factories,
ESCOs, and project developers (Griining et al. 2012). Eligible facilities must meet
at least one of the following requirements: (i) minimum installed electrical demand
of 1,000 kW, (ii) minimum installed transformer capacity of 1,175 kV amperes, or
(iii) minimum commercial energy consumption (including electricity and steam) of
20 million megajoules per year. These eligibility criteria were subsequently revised
to broaden the fund’s market as initial loan volumes were observed to be low
(UNIDO 2015). As for building and/or factory project eligibility, the qualifying
scope included, but was not limited, to efficient fuel combustion, energy loss
reduction, energy waste recycling, peak shaving, power factor improvements,

ENCON Promotion Fund

DEDE

Revolving Fund

Credit lines:
$2.5 million to 10 million per
bank

Repayment
+interest (0.5%)

11 Banks

X lfl;rllppﬁca:'e:d Loan (max. Repayment + interest
ank’s own funds 7-year period) (max. 4% per year)

EE/RE Developers

Other sources
(ex. ESCO fund)

Fig. 2.4 Thailand EERF structure. DEDE Department of Energy Development and Efficiency EE
energy efficiency, EERF Energy Efficiency Revolving Fund, ESCO energy service company, RE
renewable energy. Source Griining et al. (2012)
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sunlight heat reduction, and efficient air conditioning (Energy Futures Australia
2005). Applicable uses of loan funds included the following:

Equipment purchase cost and installation cost

Engineering, design, and supervision costs

Payables to ESCOs arising from a guaranteed savings model

Operating and maintenance costs related to the equipment

Transportation and demolition costs

Import taxes, duties, and value-added taxes associated with any of the costs
above.

While DEDE sets the policies and guidelines for the disbursement and use of the
EERF’s funds, the PBs, as the counterparties for loans made for energy efficiency
projects, are ultimately responsible for implementing the guidelines and monitoring
loans. Six months after fund disbursement to a PB’s client, DEDE must receive a
monitoring report analyzing the performance of the project. PBs must also submit
supplementary monthly reports to DEDE to ensure that EERF funds are being held
by PBs for no longer than 2 months. Performances of PBs under the program are
measured based on nonbinding individual disbursement targets negotiated by each
under the EERF.

From 2003 to 2010, the EERF funded 335 energy efficiency and renewable
energy projects totaling $453 million in investment, with $210 million (or 46%)
being sourced from EERF disbursements. Estimated energy savings up to 2009
were $154 million annually, resulting in an average payback period of 3 years
(Wang et al. 2013). Beyond investment values, the success of the EERF was
evident in how it reshaped stakeholder involvement in the energy efficiency sector.
For commercial banks, mobilization of capital increased due to the foundational
deal flow stimulated by the EERF at below-market financing rates. From merely
matching the funds sourced from EERF disbursements, banks eventually took on
more risk and provided more capital as they developed a better understanding of
energy efficiency projects’ technical aspect and business model. Also, as the EERF
streamlined procedures and focused on achieving energy savings, the time it took to
approve loans (and subsequently the time it took to begin implementing projects)
was drastically shortened (EFA 2005). Through the EERF, implementation
responsibilities were also decentralized away from the government, as banks took
charge of processing loans and ensuring that guidelines set by DEDE were met.

Taking a closer look at Thailand’s EERF experience, greater success could have
been achieved if not for certain limitations of the program. For instance, the
THBS50million project size cap precluded larger-scale projects (EFA 2005) with
correspondingly larger potential energy savings. PBs were also required, under the
terms of the EERF, to assume all credit risk. Consequently, they used asset-based
financing, which naturally filtered out small- and medium-sized businesses that
lacked sufficient collateral (Wang et al. 2013). Finally, a budget allocation specific
to the marketing of the EERF could have promoted awareness of the program and
contributed to a larger and more diversified deal flow for PBs.
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2.6.2 Industrial Energy Efficiency Landscape and Third-Party Financing in
Singapore

The manufacturing sector accounts for more than half of Singapore’s greenhouse
gas emissions, and hence it has long been a target for cutting energy consumption.
In 2016, the government announced its goal under the Climate Action Plan to
improve the sector’s energy efficiency at rates of 1%—2% yearly between 2020 and
2030, a rate that will be on par with that of leading developed countries such as
Belgium and the Netherlands (Soh 2016). Recently, the Economic Development
Board (EDB) and the National Environment Agency have stepped up their grants to
better help industrial facilities to be more energy efficient and competitive. The
funding support for the adoption of energy-efficient technologies under the EDB’s
Resource Efficiency Grant for Energy and the National Environment Agency’s
Energy Efficiency Fund will be increased from the existing cap of 30% to 50% of
the qualifying costs—i.e., labor force, equipment or technology, and professional
services costs (EDB 2018) (see Table 2.3 for more energy efficiency policies in
Singapore’s manufacturing sector).

Table 2.3 Energy efficiency policies in Singapore’s manufacturing sector

Policy Description

Mandatory Energy Management Practices Enacted in 2012, the ECA serves to mandate
under the Energy Conservation Act (ECA) | energy efficiency requirements and energy
management practices to promote energy
conservation, improve energy efficiency, and
reduce environmental impact, and to make
consequential and related amendments to
certain other written laws

A. Mandatory energy management practices for
existing industrial facilities

B. Mandatory energy management practices for
new industrial facilities and major expansions

Incentives and Grants: Energy Efficiency Launched in 2017, through the provision of
Fund (E2F) grants, E2F supports the energy efficiency
efforts of companies in the industrial sector. It
encourages owners and operators of facilities to:
A. Integrate energy and resource efficiency
improvements into their development plans
early in the design stage

B. Conduct a detailed energy assessment for
their facilities to identify energy efficiency
improvement opportunities

C. Invest in energy-efficient equipment or
technologies

Incentives and Grants: Singapore Certified | The SCEM program caters to engineering
Energy Manager (SCEM) Training Grant professionals intending to develop a career as
energy managers. It offers participants the
chance to acquire technical skills and
competencies for managing and tracking energy
use within the organizations they serve
(continued)
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Table 2.3 (continued)

Policy Description
Incentives and Grants: Energy Efficiency The Singapore Economic Development Board
Financing (EEF) Programme (EDB)-piloted EEF program encourages owners

and operators of existing industrial and
manufacturing facilities to improve energy
efficiency in their equipment and technologies
(EDB 2018). Companies will be provided with
upfront capital through a third-party financier to
implement these projects

Resource Efficiency Grant for Energy Introduced by the EDB, (REG(E)) will replace
(REG(E)) and build on the Productivity Grant for Energy
Efficiency (PG(EE)). The aim of (REG(E)) is to
better incentivize companies to achieve higher
carbon abatement; the grants received by the
companies will correspond to the amount of
abatement achieved

Energy Efficiency National Partnership The National Environment Agency

(EENP) (NEA) launched the EENP program in 2010.
The program develops learning network
activities and provides energy efficiency-related
sources, incentives, and recognition in order to
support companies in their energy efficiency
efforts

Source Authors’ compilation (2020)

EDB Singapore made an effort to encourage financing for energy efficiency
projects in industrial and manufacturing facilities by partnering with a commercial
fund manager to pilot a third-party financing model that incorporates risk sharing
(E2F Singapore 2017). Leveraging on loans from financial institutions, third-party
fund managers provide companies with 100% of the upfront capital costs to finance
the installation of energy-efficient technologies, systems, and equipment. At the
same time, it subcontracts the design, installation, maintenance, measurement and
verification services, and performance guarantee to qualified companies. In return,
the companies pay for the investments from savings, based on a share of energy
savings over an agreed contractual term (typically 5 to 10 years).

This third-party financing pilot scheme has reported limited success so far, with
a low uptake of seven projects over 9 years. This is attributed to companies’
concerns about the high transaction cost involved in third-party financing, large
companies preferring to tap into internal funds or borrow from banks that offer low
interest rates (large companies are capable of attaining bank loans because of their
high creditworthiness), and most importantly, financial institutions associate
third-party financing with high risk.
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2.7 Conclusion and Recommendations

ESCO-based models could potentially accelerate capital mobilization toward
energy efficiency projects. The injection of ESCOs as a third party into a typical
project transaction between lending financial institutions and borrowing end users
leads to an acceptable reallocation of risks. ESCOs have the technical competence
to take on project risk, and the performance contracting structure removes the
financial burden of energy efficiency infrastructure from the end user’s balance
sheet. However, the aggressive expansion of ESCOs’ project pipelines is inhibited
by financial and market frictions. Risk aversion of financial institutions toward
energy efficiency limit ESCOs’ sources of project financing. Furthermore, ESCOs,
particularly in countries wherein the industry is young, need much improvement in
their technical and contracting capabilities to facilitate aggressive growth. Below
are several barrier-removal interventions for ESCOs:

e Shifting EE debt finance from traditional asset-based lending to energy
savings-based lending and reduce creditworthiness requirements for ESCOs

e Reducing loan pricing of financial institutions by (i) sourcing wholesale or
sub-commercial long-term funding, and (ii) rationalizing risk premiums through
technical advisory support

e Extending long-term savings-based loans (with fixed, concessional pricing) to
new super-ESCO entities that will serve as portfolio aggregator of commercially
viable EE projects

e Creating new financial structures, vehicles, and products that would flow project
equity and other forms of off-balance sheet capital

e Creating ESCO guarantee funds to help manage energy savings performance
risk and customer credit risk

e Developing the monitoring & verification and performance contracting capa-
bilities of the ESCO sector

e Developing industry-standard performance contract templates.
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Abstract The Association of Southeast Asian Nations (ASEAN) countries need to
consider more innovative, market-oriented approaches to accelerate energy effi-
ciency improvement. Well-designed voluntary agreements help companies under-
stand the importance and benefits of energy efficiency and engage in activities to
improve industrial energy efficiency. Hence, they can contribute to overcoming
some challenges that ASEAN countries face in promoting energy efficiency
financing schemes and raising the effectiveness of the schemes. This study reviews
how successful voluntary agreements in energy efficiency in five countries
(People’s Republic of China, Finland, Japan, the Netherlands, and the United
Kingdom) achieved their targets in order to draw implications for designing future
voluntary agreements in ASEAN countries. We find that three design elements:
ambitious and realistic target setting, effectively enforceable incentives and
penalties, and a strong monitoring and evaluation mechanism, are essential for
well-functioning voluntary agreements. In addition to these elements, the unique
conditions of each country must be considered, and transparency must be ensured to
maximize the effectiveness of voluntary agreements.
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3.1 Introduction

Market-based instruments refer to a set of policy frameworks specifying the out-
come to be delivered by market actors by recreating their economic incentive
structure, without prescribing the delivery mechanisms. These instruments,
including taxes, subsidies, and cap-and-trade systems, have long been used in
energy efficiency policies as essential complements to direct regulations. Despite
their popularity and various advantages, market-based instruments still face criti-
cism about some disadvantages. Top-down economic policy instruments, such as
taxes and government grants and subsidies, may induce immediate compliance by
companies, but will hardly lead to the continuous incentive for long-term behavioral
change (Lindén and Carlsson-Kanyama 2002). Also, economic incentives from the
government may cause moral hazard in corporate financing, particularly when they
are in advance, unconditional, and nonrefundable. Some studies reported financial
support from the government did not have a significant effect or negatively
impacted on the innovation performance of companies (Hong et al. 2015; Simachev
et al. 2015). Thus, it is important that companies strive to achieve the policy goal,
such as improving industrial energy efficiency, to increase the effectiveness of
market-based instruments.

Voluntary agreements can play a vital role in overcoming this challenge.
A voluntary agreement refers to a contract between a public authority and a
company or an industrial subsector to facilitate the participants’ voluntary action
based on their self-interest in achieving socially desirable outcomes encouraged by
the government (Storey et al. 1999). Under a voluntary agreement on energy effi-
ciency, the government and industrial participants usually negotiate and agree on
energy-saving and greenhouse gas (GHG) emissions reduction targets, time
schedules, action and technologies to achieve the targets, and supportive measures
and penalties to ensure compliance (Fawkes et al. 2016; Rezessy and Bertoldi 2011;
Tanaka 2011). Due to the higher efficiency and greater flexibility than traditional
regulatory approaches and the ease of combining with other market-based instru-
ments, voluntary agreements have been employed as new policy instruments to
improve industrial energy efficiency and reduce energy-related GHG emissions in
many countries since the 1990s. In many cases, joining voluntary agreement pro-
grams and meeting the targets stated in the agreements are preconditions for ben-
efiting from energy efficiency financing schemes, such as subsidies and tax
incentives, so that they can avoid inefficient government spending. The companies
targeted by voluntary agreements in the past were mainly large energy end users or
industrial subsectors, but recently, have been gradually extended to small and
medium-sized enterprises (Rezessy and Bertoldi 2011).

The Association of Southeast Asian Nation (ASEAN) countries have experi-
enced tremendous economic growth over the last 2 decades, and consequently are
facing increasingly pressing energy and environmental challenges. The aggregated
gross domestic product (GDP) of the ASEAN countries has increased almost
fivefold from $0.6 trillion in 2000 to $3.0 trillion in 2018, with an average annual
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real GDP growth rate of 5.3% (ASEAN 2019). This growth rate is more than
double that of the member countries of the Organisation for Economic Co-operation
and Development (OECD), estimated at 2.02% over the same period (authors’
estimate from OECD Statistics database). The accelerated growth has been coupled
with a surge in energy demand, and the increasing trend is expected to continue.
Indeed, the total final energy consumption in this region is projected to increase
from 427 million tons of oil equivalent (Mtoe) in 2015 to 1,046 Mtoe in 2040 (ACE
2017), which will lead to an increase in CO, emissions from approximately 1.4
gigatons in 2018 to 2.4 gigatons in 2040 (IEA 2019).

Under these circumstances, improving energy efficiency is recognized as one of
the most cost-effective solutions for addressing both energy security and climate
change (ACE 2019a). For this, ASEAN countries have set up a collective energy
efficiency target to reduce regionwide energy intensity to 20% by 2020 and 30% by
2025 based on the 2005 level (ACE 2015), alongside their individual national
energy efficiency targets. Despite a steady decrease in collective energy intensity
level, the ASEAN countries confront the daunting challenge of accelerating energy
efficiency improvement. Especially, the fact that the pace of energy intensity
reduction has slackened since the mid-2000s requires the ASEAN countries to
consider more innovative, market-oriented approaches together with the regulatory
instruments currently in place. The ASEAN countries are recently expanding efforts
in developing more advanced energy efficiency financing models and attracting
public and private investments. However, it is still unsure whether these financing
schemes will result in a significant increase in industrial energy efficiency in the
ASEAN countries due to the lack of rigorous monitoring and assessment systems,
awareness of the importance of energy efficiency projects, and technical capacity of
companies. Thus, the ASEAN countries need to consider expanding voluntary
agreements to complement the energy efficiency financing schemes to prevent
unwanted adverse effects of financial support, and raise awareness and capacity of
companies.

While more countries are considering voluntary agreements as a policy option,
particularly in the industrial energy efficiency field, the ASEAN countries have little
experience and know-how to implement voluntary agreements. Further, an in-depth
discussion on promoting voluntary agreements in the ASEAN countries is not
common. This chapter aims to review the design issues of voluntary approaches
successfully implemented in the People’s Republic of China (PRC), Finland, Japan,
the Netherlands, and the United Kingdom, and draws on lessons that are useful for
charting a future voluntary agreement scheme for the ASEAN countries. In the five
country cases, ambitious and realistic target setting, effectively enforceable incen-
tives and penalties, and a strong monitoring and evaluation mechanism enabled
their voluntary agreement schemes to produce satisfactory outcomes.

The remainder of this chapter is organized as follows. Section 3.2 describes the
characteristics and working mechanism of voluntary agreements. Then, Sect. 3.3
gives an overview of trends in the energy intensity level of the ASEAN countries
and introduces market-based instruments and voluntary agreements that have been
implemented to improve industrial energy efficiency in the ASEAN countries.



54 J. W. Kim and Y. Liu

Section 3.4 provides success factors of voluntary agreements based on the review
of voluntary agreements in the five countries in terms of sector coverage; admin-
istrative framework; target setting; incentives and penalties; and monitoring,
reporting, and evaluation. Finally, Sect. 3.5 summarizes the findings.

3.2 Voluntary Agreements Mechanism

3.2.1 Implementation Process

As the first step in a voluntary agreement, the government should target a selected
group of end consumers as potential participants. The participants, in general,
include individual companies or industrial subsector associations. One of the
prominent features of voluntary agreements is that the implementation of this policy
instrument is rooted in the “voluntary” action of businesses, which distinguishes it
from traditional regulation. Individual companies have the freedom to either par-
ticipate or not in the agreements (Cornelis 2019; Zhang et al. 2018a).

Once a company or an industrial subsector association decides to participate in a
voluntary agreement, the government needs to negotiate with all the participants on
the conditions of the agreement. In general, the agreement should describe
energy-saving or GHG emissions reduction targets, the participants’ duties (e.g.,
energy-saving measures to achieve the targets); benefits as compensation for com-
pliance; and the mechanism for monitoring, reporting and evaluation. The negotia-
tion process requires a horizontal relationship and continuous communication
between the government and participants since they must reach a consensus on the
contents of the agreement (Lindén and Carlsson-Kanyama 2002). Both individual
companies and industry associations are eligible to join voluntary agreements. If an
agreement is made between the government and an industry association, the targets at
the subsector level should be fixed first, and then individual targets for each company
member of the association are set accordingly (Rezessy and Bertoldi 2011).

Voluntary  agreements  typically cover  5-10 years.  Unlike the
command-and-control approach, legal punishment cannot be imposed on compa-
nies under voluntary agreements if they fail to meet the targets or fulfill their agreed
duties. Thus, the failures are also handled in a way pre-agreed by both parties
(Lindén and Carlsson-Kanyama 2002).

3.2.2 Advantages and Disadvantages of Voluntary
Agreements

If the government can introduce new taxes or regulations with little political
resistance, voluntary agreements may be the second-best option because the
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regulatory measures will force companies to adopt more energy-efficient tech-
nologies while phasing down inefficient facilities from the market (Lyon and
Maxwell 2003). Nevertheless, voluntary agreements have some advantages in terms
of flexibility and cost-effectiveness compared to traditional regulation and economic
instruments (Zhang et al. 2018a, b).

First, voluntary agreements can overcome inefficiency caused by information
asymmetry between the industry and the government. Given the heterogeneous
nature of industrial facilities and technologies, it is almost impossible to set up
differentiated objectives that suit the specific conditions of each company.
Regulatory authorities often have poor knowledge of optimal technologies and the
cost of employing them, so important factors such as the marginal cost of energy
efficiency measures and specific challenges the company faces, cannot be taken into
consideration (Menanteau 2005). Unlike regulations allowing public authorities to
set uncompromisable targets and issue guidelines, voluntary agreements enable
individual companies to establish their own plans and determine specific tech-
nologies and measures to achieve the agreed targets (Croci 2005; Zhang et al.
2018b). Such greater autonomy and flexibility in decision making can increase the
level of interest in energy efficiency improvement among top executives of com-
panies (Reinaud and Goldberg 2012). Having better knowledge of their current
situation and available technologies, the companie