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1 Introduction

With rapid population and economic growth, the Asian region has increased 
its energy consumption. In response, policymakers have facilitated invest-
ments in fuel and power supply and infrastructure, focusing also on effi-
ciency to ensure a secure, affordable, and more sustainable energy supply 
(IEA, 2019). However, an increase in fossil fuel consumption, especially coal 
consumption has resulted in worsening air pollution and increased green-
house gas (GHG) emissions, which put heavy stress on local, regional, and 
global environments. To mitigate the stress the Paris Agreement requires 
Asian countries to prepare GHG emissions targets, to implement measures 
and policies as nationally determined contributions (NDCs), and to update 
pledges with more ambitious targets every five years.

The electricity sector has made the largest contribution to Asia’s rising en-
ergy consumption and CO2 emissions. Electricity demand has substantially 
increased since the 2000s when Asian countries recovered from the 1997 
economic crisis. It is projected to more than double by 2040, assuming the 
current, relatively low per capita electricity consumption, future economic 
growth, and future universal access to electricity. While a shift from tradi-
tional unsustainable and unsafe use of solid biomass to electricity would 
reduce indoor air pollution and health damage, it may not reduce CO2 emis-
sions without an accompanying reduction in fossil fuel use within the elec-
tricity sector. To achieve more ambitious targets, a large-scale integration of 
renewable-energy-sourced electricity (RES-E) into the grid system becomes 
indispensable (Madrigal and Stoft, 2012).

Previous research has analyzed the shift in the energy mix mainly from 
economic efficiency, security of supply, and lock-ins. They have argued for 
favorable policy measures to address the high levelized cost of electricity 
(LCOE) for wider diffusion of wind and solar power (Aguirre and Ibikunle, 
2014), such as a feed-in tariff (FiT) and renewable portfolio standard. When 
the cost of generating this energy becomes competitive around the world 
(IRENA, 2020) and a FiT is replaced with auctions (Dobrotkova et al., 
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2018), the arguments go beyond its generation to address the challenges for 
network governance, such as integration costs (Hirth et al., 2015), as well as 
security of supply in order to address shrinking capacity margins. The coal 
lock-in perspective elucidates interdependent and mutually reinforcing ef-
fects among technological, economic, institutional, and behavioral lock-ins, 
arguing for the involvement and cooperation of actors from different sectors 
for unlocking (Seto et al., 2016). However, it is not sufficient to analyze the 
governance of networks in transitions.

Complementarities and competitions within and across a sociotechnical 
system can bring deeper understanding of the co-evolution of generation 
and network subsystems. They see a sociotechnical system as elements of 
complementarities that have their own dynamics, different time horizons, 
and speed of development (Markard et al., 2016), and technological limita-
tions and asynchronous developments of each element as bottlenecks that 
slow down or impede a transition (Markard and Hoffmann, 2016).

Against this backdrop, this chapter explores how Asian countries have 
changed their energy mix in the electricity supply, with special attention to 
the restructuring of elements of complementarities within and across their 
electricity systems in energy switch from fossil fuel to RES-E.

The remainder of this chapter is organized as follows. Section 2 makes 
a literature review to propose an analytical framework for system change 
in electricity system from complementarity viewpoints. Section 3 overviews 
changes in energy mix in electricity generation in Asian countries, and Sec-
tion 4 conducts case studies, taking Vietnam, Indonesia, India, and Japan 
as representatives of each typology of energy switch. Section 5 discusses 
commonly observed obstacles and challenges of the restructuring of ele-
ments of complementarities, and how foreign actors can accelerate or retard 
system transitions, causing carbon leakage, relocation, and halos. Section 6 
concludes the chapter with perspectives for the following chapters.

2 Analytical framework

2.1  Elements of complementarities in thermal-based electricity 
supply system

Complementarities and competition in the fuel-intensive thermal electric-
ity supply system can be illustrated as in Figure 2.1. The system has four 
types of complementarities along the supply chain: infrastructure, organi-
zational, engineering and manufacturing, and institutional. These comple-
mentarities are not inherent to the thermal power supply system. Rather, 
they are built and strengthened to overcome bottlenecks and make the sys-
tem work effectively.

Infrastructure complementarities are created to secure fuel transporta-
tion, and transmission and distribution networks, known as grids, that sup-
ply and deliver electricity. Under the centralized electricity system, grids 
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have mostly been developed in response to individual interconnection re-
quests from large-scale generation plants.

Engineering and manufacturing complementarities are created to engi-
neer design, procure technologies, construct, operate, and maintain plants 
and grids. Fossil fuel power generation is a proven, standardized tech-
nology that requires less testing and qualifying processes (Tushman and 
Rosenkopf, 1992) and site-specific activities (Steffen et al., 2018). However, 
some countries do not have enough technological and managerial capabil-
ities, especially for large-scale plants with the latest technologies, such as 
ultra- supercritical and integrated coal gasification combined cycle plants. 
Engineering and manufacturing complementarities also help electricity 
generators upgrade production technologies, provide an arena for testing 
and qualifying novelties to foster the ability of domestic industries, and es-
tablish an industrial network that has a number of technologies and link-
ages between subsystems (Tushman and Rosenkopf, 1992).

Institutional complementarities are created to secure financial capital. 
The electricity supply system is characterized by sunk investments, high 
entry barriers, long operating lifetimes, and complementary capital in-
vestments (Schmidt et al., 2017). These characteristics mean investments in 
the system are perceived as highly risky. To secure a stable revenue stream 
over the years, vertically integrated monopolistic or oligopolistic supply 
is employed under network regulations, focusing on short-term efficiency, 
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competition, and a level playing field to restrict exploration of excess rent. 
Stable institutions, including those with consistent long-term demand-side 
policies, legitimacy, and alignment with practices in other sectors and re-
gional/local institutions, are key systemic factors for rapid development 
and diffusion of a type of generation technology (Negro et al., 2012). By 
confirming institutions for cost recovery, bilateral donors and multilateral 
development banks provide long-term loans to implement turnkey projects 
that address technological and institutional bottlenecks simultaneously.

Organizational complementarities are created to minimize commercial 
risks and avoid sunk cost investments. They include a long-term fuel sup-
ply and a transportation contract that ensure a stable fuel supply for power 
plants at an affordable price, and a power purchase agreement with utilities 
that ensure stable sales of their products at a pre-determined price. Inde-
pendent power producers (IPPs) and project developers work to arrange 
these contracts to close financial packages and to obtain concessions from 
authorities.

2.2  Elements of complementarities in distributed, RES-based 
electricity system

A substantial change in energy mix requires realignment of these elements 
of complementarities. The change is radical in the shift to RES-E because 
the shift requires a transformation not only from fuel-intensive to capital- 
intensive electricity generation but also from the existing hierarchical and 
centrally controlled electricity distribution networks toward a smart power 
grid paradigm, in which unforeseen peaks of distributed local electricity 
production and uncertainty of RES-E can be properly managed (Abrisham-
baf et al., 2019).

The electricity system based on the smart power grid paradigm has ad-
dressed challenges of cost-effective and proper grid operation and system 
balancing in three ways: sufficient network capacity and stronger transmis-
sion grids; greater storage capacity; and more flexible responses for system 
balancing (Gulagi et al., 2018; Newbery et al., 2018).

First, ultra-high-voltage, direct-current (UHV-DC) power transmission 
systems can improve stability, reliability, and transmission capacity. When 
developed and coupled with region-wide super-grids, the systems can deliver 
RES-E generators in remote, less populated areas to areas with higher con-
sumption, and thus can reduce RES-E curtailment significantly (Burgholzer 
and Auer, 2016). Interconnectors can deliver back-up power when variable 
RES generators are unavailable (Neuhoff et al., 2013). Interconnection ex-
ploits differences in wind and solar conditions across regions, reducing sup-
ply variability. To develop grid capacity in a cost-effective manner, as well 
as to attract financing for grid development, existing transmission planning 
and cost allocation practices have to be revisited to collect network fixed 
costs in an efficient and equitable manner (Madrigal and Stoft, 2012).
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Second, storage offers back-up of RES-E, smoothing out of the varia-
bility of RES-E, shaving peak use, and deferring upgrades in transmission 
and distribution systems. Pumped storage plants have been constructed to 
deal with inflexible sources of electricity, thus accounting for the majority 
in the storage capacity. Battery technologies are emerging, offering a grid 
defection opportunity by mandated installation of rooftop solar photovol-
taics (PVs), as well as allowing distributed generation in remote areas where 
expansion can be very costly and disruptive.

Third, an effective use of the existing network has been pursued to in-
crease flexibility in the transmission grid as well as to reduce the need for 
network extension (Auer and Haas, 2016). Theoretically, an energy-only 
competitive wholesale market can satisfy most of the flexibility needs as 
long as it is equipped with centralized scheduling and efficient dispatch, fre-
quent scheduling and settlement intervals (i.e. five-minute scheduling and 
settlements), and a make-whole payment guarantee providing incentives for 
generators that follow the prices (Ela et al., 2016).

Ultimately, smart grids would enhance flexibility, reliability, sustainabil-
ity, and the efficiency of a distributed electricity supply system by making 
the grid controllable, automated, and fully integrated (Colak et al., 2016). 
Several enabling technologies and systems play decisive roles in facilitating 
the coordination of efficiency in a smart grid, such as smart meters, energy 
controllers, two-way communication systems, the merger of information 
and communication technology and electricity grids, intelligent and remote 
supervision, and Advanced Meter Infrastructure (Camarinha-Matos, 2016). 
These technologies and systems would constitute a basis for transactive 
energy systems that can better manage millions of distributed generators, 
consumers, and prosumers through transactive network management and 
control, and peer-to-peer management in smart grids without centralized 
regulators (Abrishambaf et al., 2019). They would enable a shift to more 
granular temporal and spatial prices and reduce the reliance on politically 
backed, long-term contracts and the capacity remuneration mechanism.

In practice, however, various market and policy failures make it difficult 
for a market to operate these programs alone. Generators do not always 
engage in the electricity market or respond to price signals because they 
conclude bilateral contracts and provide the market operator or utilities 
with the scheduled output at a pre-determined price. To incentivize such 
generators to engage in and offer their flexibility in the market, a number of 
market-based ancillary service markets have been created in day-ahead and 
real-time electricity markets. Recent technological developments in smart 
meters and automated demand controllers enable net metering to work, 
benefitting prosumers by reducing the charges to pay to the grid operator, 
and facilitating demand-response programs (Newbery et al., 2018). How-
ever, an energy-only market generates price spikes when capacity is tight 
because incumbent utilities exercise market power to drive up prices. Such 
a highly volatile electricity market means self-scheduling generators lose 
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substantial profits and credibility from consumers (Ela et al., 2016). Whole-
sale price caps can limit their market power but reduces profitability of ca-
pacity investment, leading to underinvestment in the longer run. Direct load 
control, such as time-of-use and critical peak pricing, can bring flexibility to 
the grid by paying incentives to the electricity consumers in exchange for al-
tering their consumption profiles (Siano, 2014). However, demand response 
is often limited and thus cannot sufficiently address the challenge (Cramton 
and Ockenfel, 2012).

The capacity remuneration mechanism is an alternative market designed 
to increase flexibility and to maintain an adequate capacity, simultaneously. 
It allows utilities to provide pre-specified load reduction in exchange for 
supplementary revenues. In particular, a forward capacity market with 
long-term contracts can provide the required adequate level and lower cost 
to consumers and more stable capacity prices, as compared to a yearly ca-
pacity market (Bhagwat et al., 2017). The mechanism is also expected to 
reduce fluctuations caused by investment cycles, and make market develop-
ment more predictable (Bublitz et al., 2019).

However, a strategic reserve can have adverse effects on a large-scale in-
tegration of RES-E. Even if the capacity is determined by auction, the type 
and amount of capacity to be procured is critically dependent on govern-
ment policy and the auction design. Incumbent utilities can exercise market 
power in capacity auctions (Schwenen, 2015). As a result, strategic reserve 
can stimulate stand-by generation capacity (Torriti, 2016) and new fossil fuel 
power plants, preventing existing ones from being decommissioned (Leh-
mann et al., 2015). In addition, it would make flexibility options, such as 
the demand-response programs and storage options, redundant (Auer and 
Haas, 2016).

In addition, both an energy-only market and the capacity remunera-
tion mechanism cannot help centralized system operators manage mil-
lions of small-scale, distributed agents such as consumers, producers, 
and prosumers with distributed technologies such as rooftop solar PVs 
and electric vehicles (EVs), and are located in large geographical areas 
and do not have the capability to engage in the market and sophisticated 
smart grids.

Distributed energy resource aggregators would play a pivotal role in sup-
plying RES-E and ancillary services in the electricity market by grouping 
such small-scale agents and technologies. They can also manage the un-
certain behavior of the RES-Es in the real-time operation by closing in-
formation gaps, and coordinating distributed resource operations (Burger  
et al., 2017; IRENA, 2019). These aggregators are also expected to pool the 
generation and/or consumption flexibility of customers/prosumers at a low 
voltage level in the future (Lipari et al., 2018).

Corporate renewable power purchase agreements (PPAs) also help RES-E 
producers secure a revenue stream and access to project finances. Under 
a PPA, corporate customers purchase RES-E at a pre-agreed price for a 
pre-agreed period of time, and transfer environmental attributes. They can 
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hedge against energy price volatility and reduce the cost of carbon in im-
plementing sustainability strategies that go beyond purchasing renewable 
energy certificates (WBCSD, 2016).

2.3 Challenges to the transitions to RES-E-based system

The aforementioned arguments imply that a large-scale shift in energy mix 
to RES-E accompanies the restructuring of the elements of complementari-
ties within the electricity system (Figure 2.2).

RES-E generators tend to employ RES-E technologies engineered and 
manufactured by dedicated manufacturers that are different from thermal 
power ones. RES-E technologies can generate technological and policy feed-
back effects (Jordan and Matt, 2014), improving and scaling domestic man-
ufacturing technologies and processes through economies of capacity and 
scale to gain a competitive edge in both domestic and international markets 
(Hansen et al., 2019), and mobilizing support from increasing numbers of 
emerging beneficiaries to modify state capacities and institutions in favor of 
them (Mori, 2018c). They encourage the installation of storage and batteries 
to minimize loss from curtailment, and an emergence of business models, 
such as renewable PPAs and third-party ownership, thereby increasing cus-
tomer and prosumer bases for RES-E (Ode and Wadin, 2019).

Deepening domestic capital markets enable capital-intensive energy 
projects to access private financial capital and increase their viability on a 
commercial basis (Best, 2017). Traditional formal financial institutions are 
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generally less willing to make loans for these new capital-intensive power 
generation plants, due to longer supply chains and longer pay-back periods 
(Haskel and Westlake, 2018). In particular, they are unwilling to do so for 
small and medium-sized energy enterprises, due to the high default risk, 
insufficient competition, poor guarantees, and a lack of information about 
their ability to repay loans (Haselip et al., 2013). However, pension funds 
and green banks are emerging as financial capital providers, thus overcom-
ing financial bottlenecks (Rifkin, 2019).

Grids have to be enhanced to gain complementarities with a variety of 
types of generations located in wider geographical areas. This requires fi-
nancial capital for enhancing grid capacity and system balancing. Direct 
load control, market-based ancillary services, and the capacity remunera-
tion mechanism may be implemented to support centralized system opera-
tors to balance the system. Aggregators may emerge as organizations that 
provide connecting services for a mass of micro prosumers. Storage, batter-
ies, and smart grids may help increase flexibility of grid operation.

On the other hand, a large-scale integration of RES-E will reduce uti-
lization of the capital stock embodied in existing fuel-intensive electricity 
supply systems, weakening complementarities within and across the fossil 
fuel-based electricity system. First, coal, oil, nuclear, and combined cycle 
natural gas plants are required to be used as load following electricity, de-
spite load following use of these power plants or lowering the power output 
is estimated to increase the LCOE (Hirth et al., 2015). This is particularly 
the case for nuclear power plants that are designed without having the load 
following capability and are composed almost entirely of fixed and sunk 
costs (Nuclear Energy Agency, 2011). The existing installed capacity of ther-
mal power will become idle or spinning reserves, generating extra costs for 
maintenance. The loss associated with these stranded investments becomes 
prohibitive for recently installed capacity because they are forced into early 
retirement, leaving the majority of capital investments unrecovered.

Second, demand for fuel, transport infrastructure, and engineering and 
manufacture services, and financial capital will decrease as thermal power 
plants become stranded assets. These goods and service providers are urged 
to find alternative profit opportunities in other countries or business fields, 
or risk becoming stranded.

These adverse distributional impacts motivate incumbent utilities and 
thermal power generators to exercise economic, political, and cognitive 
power to block thermal power load from being used as a load following gen-
eration plants. They may lobby the government to block RES-E generators 
from obtaining finance in the capital market (Lockwood et al., 2019). Grid 
companies may impose high fees for transmitting RES-E, and even admit 
priority access to coal power to RES-E (Mori, 2018c) while deterring invest-
ments in grid capacity and flexibility.

Stable institutions can narrow opportunities for change and restrict devel-
opment of bottom-up solutions (Baker et al., 2014). They enable incumbent 
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regime actors and governing elites to enhance and expand coalitions (Mori, 
2019), influencing decisions and political goals in their favor (Meadowcroft, 
2011), and create high entry barriers (Stirling, 2014).

In addition, long-term, take-or-pay clauses stand as institutional lock-ins, 
working to maintain the existing complementarities within and across the 
fuel-intensive electricity supply system. In particular, take-or-pay clauses in 
long-term PPAs force grids to offer priority access to coal IPPs, and usually 
remain unchanged (Burke et al., 2019). They protect thermal power plants 
from becoming stranded even if RES-E achieves grid parity, thus forcing 
renewable curtailment.

3 Methodology and case selection

We use the restructuring of elements of complementarities as a framework 
to explore the choke points of system transformation, and the possible role 
of foreign actors in accelerating and retarding them. The logic of this selec-
tion is that an increasing number of Asian countries encounter renewable 
curtailment that calls for the transformation of the grid system to fix it, 
and that a whole system perspective that encompasses interdependencies 
between generation and network subsystems becomes important to avoid 
bottlenecks in the acceleration phase of energy transitions (Bauknecht  
et al., 2020).

We adopt a case study strategy because case studies are rich in context 
and can track complex developments over time (George and Bennett, 2004). 
Given that Asian countries are diverse in energy resource endowment and 
have taken varied pathways to coal-based electricity supply systems, we 
make a preliminary analysis on energy transitions in these countries for case 
selection.

4 Transition in energy mix in power generation in Asia

4.1 Cluster analysis

Most of the Asian countries—26 countries in Northeast, Southeast, South, 
and Central Asia in this chapter—used domestically available energy re-
sources to increase electricity supply at the outset of economic development. 
Initial endowment of energy resources is varied among them. Some coun-
tries are rich in multiple energy resources, others are rich in only one of 
them, and the rest have to rely almost all their energy resources on foreign 
countries.

They can be grouped into four categories by domestically available en-
ergy resources.

The first group is oil- and gas-rich countries. They are Bangladesh, Bru-
nei, Indonesia, Malaysia, Myanmar, Turkmenistan, and Uzbekistan. Some 
of them establish state companies to exploit oil and gas, gaining resource 
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rent in the form of resource revenue, and distribute it widely to the public in 
the form of subsidized prices to maintain the legitimacy of governing elites. 
Others give concessions to domestic and international companies with am-
ple technological and financial capacity, gaining resource rent in the form 
of corporate income tax, and spend it in a more transparent manner (Luong 
and Weinthal, 2010).

Many countries in this group rely on domestic natural gas and oil for 
electricity generation. Some of them continue to rely on them. In Brunei and 
Turkmenistan, natural gas and oil account for almost 100%, and Uzbekistan 
more than 80%, in 2018 (Figure 2.3). Others have switched to other sources 
of energy due to foreseeing a depletion of domestic oil resources in Malay-
sia and Indonesia, and to export contracts under resource backed loans or 
resource backed infrastructure schemes (Beardsworth and Schmidt, 2014).

The second group is water resource-rich countries. They are China, India, 
Indonesia, Japan, Laos, Malaysia, Pakistan, Tajikistan, and Vietnam, and 
to a lesser extent Kyrgyzstan and Myanmar (International Hydropower As-
sociation, 2020). Hydropower used to be the only source of energy for elec-
tricity generation for fossil fuel poor countries. In the 1990s, some countries, 
such as Laos, Nepal, Sri Lanka, and Tajikistan, relied on hydropower for all 
of their electricity supply, and others, including Kyrgyzstan, Vietnam, and 
Myanmar, relied on it for half of their supply. While Kyrgyzstan, Tajikistan, 
and Nepal still rely mostly on hydropower, Laos has decreased its reliance 
to two-thirds, and Sri Lanka, and Vietnam to one-third, in 2016–2018 (Fig-
ure 2.4). They have increased their installed capacity of coal power to satisfy 
the growing demand.
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Decreasing reliance on hydropower does not imply that these countries 
will stop hydropower development. China has the largest installed capacity 
in the world and is competing with Brazil to be the world’s leader in new ca-
pacity installation. India has also increased new capacity, surpassing Japan 
in total installed capacity in 2018 (International Hydropower Association, 
2020). Vietnam, Laos, and Cambodia have developed hydropower along the 
Mekong River basin, Myanmar along the Salween River basin, Malaysia in 
Borneo, and Indonesia in Java, Sumatra, and the Sulawesi Islands (Interna-
tional Hydropower Association, 2018, 2019, 2020).

The third group is coal-rich countries. Although coal is an easily acces-
sible and low-cost energy resource for most of the Asian countries, China, 
India, and Vietnam are the largest producers. Therefore, it is rational that 
coal power has played a dominant role in electricity generation in China and 
India (Figure 1.2). Vietnam experienced a steady increase in the ratio of coal 
power in the 2000s, from 12% in 2000 to 30% in 2015.

Indonesia joined this group in the 2000s. When perceiving depletion of 
oil and stagnant development of new natural gas depots, the country shifted 
the focus on energy development toward coal mining. Coupled with the lo-
cal autonomy, a number of concessions have been given to domestic devel-
opers for exports and domestic consumption (Mori, 2018b). The ratio of coal 
power in total electricity generation has increased from 24% in 1995 to 36% 
in 2000, and 56% in 2015 (Figure 1.2).
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The last group is modern renewable energy-rich countries. The Philip-
pines, Indonesia, and Japan have large potential for geothermal energy. 
However, the speed of development has been slow so far, due to high finan-
cial, technological, and institutional barriers. Geothermal energy is capi-
tal intensive in nature, requiring large amounts of initial capital. Higher 
development risks in exploring wells and unpredictable quality may create 
cost overrun, despite recent technological developments and increased ac-
curacy of exploration (West Japan Engineering Consultants, Inc., 2007). 
Unpredictable and irreversible adverse impacts delay drilling permits, thus 
increasing financial risks (Kubota et al., 2013), especially where appropriate 
land use and spatial planning policies, streamlining permitting and envi-
ronmental impact assessment processes, and studies on environmental and 
social impacts are lacking (Haukkala et al., 2021). 

4.2 Changes in energy mix in electricity sector

The aforementioned mapping indicates that most of the Asian countries 
have gradually shifted their energy mix from easily accessible domestic en-
ergy resources to coal. They have accelerated the shift since the 2000s. Some 
countries have simultaneously developed hydropower but have turned to 
coal power much faster and on a much larger scale.

An increased accessibility to coal, financial capital, and engineering and 
manufacturing capabilities enables Asian countries to accelerate the energy 
shift. An increase in coal exports by Indonesia, Australia, Mongolia, and 
Kazakhstan (Mori and Dong, 2018) enables energy-poor Asian countries 
to access coal for electricity generation at an affordable price. This is par-
ticularly the case in Cambodia and Lao that have seen rapid increased coal 
imports for electricity generation (Figure 1.3). Vietnam has also rapidly in-
creased coal imports since 2015 when it perceived a depletion of its domestic 
reserve. Other Asian countries added coal imports along with the expan-
sion of coal power plants: India in 2009–2013, Malaysia and Thailand in 
2000–2016, and the Philippines and Pakistan since 2014. International IPPs 
become more active in packaging financial, technological, operational, and 
fuel supply contracts in order to join the bidding and to gain concessions 
under PPAs (Mori, 2020).

In the 2010s, an increasing number of Asian countries began to shift their 
energy mix toward modern RES. In addition to the geothermal energy-rich 
countries of the Philippines and Indonesia, Thailand, Japan, India, and 
China have accelerated the shift, becoming top runners in the region. They 
increased the ratio of RES by around 10% in their total electricity genera-
tion in 2018 (Figure 2.5). Mongolia has rapidly increased RES since 2013 to 
diversify energy mix that had been exclusively relying on domestic coal. Pa-
kistan, South Korea, and Sri Lanka can be categorized as followers with the 
ratio of RES at around 3%–4%, and Cambodia and Malaysia as laggards 
with a ratio of 1%.
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Behind the boost of RES-E in Asia, there are favorable renewable energy 
policies and decreasing LCOE. An increasing number of Asian countries 
have implemented a FiT, ambitious RES targets including ones specific to 
wind, solar, and geothermal, and priority grid access (REN21, 2020). LCOE 
from RES has been going down steadily (REN21, 2018: 119). The global shift 
to tenders is driving down the cost of wind power for utilities and ratepayers, 
prompting wind turbine manufacturers to look for ways to further reduce 
their costs and consolidate the industry (REN21, 2018: 115). The manufac-
ture of components, assembly, and company offices are spreading to be 
close to growing markets in wind energy. Capacity factors are increased by 
scaling size of machinery. Combined solar and wind projects at the same in-
terconnection prevail to reduce equipment, siting, grid connection, financ-
ing, and operations and maintenance costs (REN21, 2020: 140).

Given the substantial differences between coal-based and RES-based 
electricity supply systems indicated in Section 2.3, the simultaneous in-
crease in coal and RES in energy mix triggers serious conflicts of interest, 
resulting in a large-scale curtailment (Mori, 2018c). Although countries with 
large production capacity of RES-E components increase exports to miti-
gate the conflict, this strategy has triggered repercussions in the importing 
countries. The United States imposed anti-dumping duties on Chinese and 
Taiwanese crystalline silicon solar panels in 2011 and 2015, expanding to 
uniform tariffs to cover all the imports including those from Malaysia, Ko-
rea, and Vietnam in 2018 (Nguyen and Kinnucan, 2019). India also imposed 
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anti-dumping duties on imports of a certain type of sheet used in solar cell 
making from China, Malaysia, Saudi Arabia, and Thailand for five years to 
safeguard domestic players against cheap shipments (The Economic Times, 
2019).

4.3 Case selection

A varied energy endowment and transition pathway in the preliminary anal-
ysis suggest that no country can represent energy transition in Asia. None-
theless, we pick up four countries as representatives in each cluster that went 
through the transition pathway from coal-based to RES-based electricity 
supply systems. Vietnam is selected as a representative of countries rich in 
water resources and going through an energy shift in a short period of time. 
Indonesia represents oil- and gas-rich countries going through an energy 
shift to coal when perceiving depletion. India represents coal-rich countries 
with strong coal lock-ins, and Japan with strong nuclear lock-ins.

5 Case studies

5.1 Vietnam

Vietnam’s electricity sector is dominated by large state-owned enterprises. 
Vietnam Electricity (EVN) fully controls grid systems and accounts for 
two-thirds of the installed capacity. Other large state-owned enterprises 
(Vinacomin and Petrol Vietnam), joint stock companies, and other domes-
tic investors own the rest (Neefjes and Dang, 2017). Energy mix in the sector 
has been changed from hydropower to natural gas, and then to coal during 
the last three decades. When the country became a net-importer of coal in 
2015, a reduction of the fiscal costs of imported coal (in a state-owned power 
generation system) became an important policy objective (Zimmer et al., 
2015). In addition, serious air pollution triggers local protests against new 
coal power (Do et al., 2020).

In response, the government set ambitious renewable targets by type of 
sources, revised the National Power Development Plan VII (PDP-7) to shift 
the priority on RES-E development, accepted IPPs, and implemented a gen-
erous FiT for onshore wind in 2011, biomass in 2014, and scale and rooftop 
solar PVs in 2017, as well as tax exemptions. The FiT directed investments in 
RES-E, thus increasing its ratio in installed capacity in 2015 (Figure 2.6a). 
In particular, it boosted investments in utility-scale installations in 2019, 
making its installed capacity exceed the rest of ASEAN countries combined 
(Shani, 2020).

However, RES-E generation has not been scaled to be commensurate with 
the installed capacity. Except for hydropower and biomass, renewables ac-
counted for less than 1% of total electricity generation by 2018 (Figure 2.6b). 
The strong control of retail electricity price discourages EVN from offer-
ing bankable PPAs and grid access to utility-scale solar project developers 
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(Breu et al., 2019). Coupled with the geographical imbalance in demand and 
supply, insufficient financial capital for grid capacity development triggered 
solar curtailment (World Bank, 2019). Although the government lowered 
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the feed-in tariff in 2019 and planned to replace the FiT with reverse auc-
tion (Government of Vietnam, 2020), inflexible updates under the Planning 
Law of 2019 delays the government’s investments in grid capacity. Tightened 
public borrowing and abolishment of government guarantees make it diffi-
cult for the government to access international funding, further exacerbat-
ing the incompatibility between RES-E installed capacity and grid systems 
(Do et al., 2020).

5.2 Indonesia

Indonesia’s electricity sector is characterized by the vertically integrated 
state-owned utility that is permitted monopolistic supply with a number of 
IPPs. It has four major transmission networks with limited interconnections 
within and across them.

To address interrelated challenges of insufficient generation causing fre-
quent blackout, peaked oil production, increased energy subsidy squeezing 
fiscal resources for infrastructure development, and its induced demand 
growth in the early 2000s, the government released the Fast-Track Program 
(FTP-I) to increase installed capacity of 10,000 MW by coal power, which 
was perceived as a readily available, accessible, affordable, and less vulner-
able source of energy source (Reshetova, 2019). In the process, the coun-
try has strengthened complementarities in the coal-based electricity supply 
system (Mori, 2020). Initially, the government provided full guarantee to 
the credit risk of the state-owned utility in engineering, procurement, and 
construction contracts. To change the unfavorable terms of conditions, it 
allows foreign shareholding of IPPs with electricity business licenses and 
accepts take-or-pay clauses in PPAs with IPPs to secure financial packages. 
It imposes a domestic market obligation regulation, designates low-quality 
coal as the design coal for coal power plants (Best, 2017), and invests in 
ports, roads, and railways for coal transport to secure stable coal supply at 
an affordable price.

These newly created complementarities deter the government from im-
plementing policies and developing institutions for a large-scale integration 
of RES-E, despite having large potential that could be used for pumped 
hydro energy storage (Blakers et al., 2018). The accelerated increase in coal 
power generation triggers power surplus, especially in the Java-Bali grid 
system (Kennedy, 2018). The take-or-pay clauses in PPAs may force the 
state electricity company to pay for unnecessary electricity when additional 
generation capacity is added in the system. The amount of such payments 
becomes significant once RES-E becomes cheaper than coal power gener-
ation. This poses the risk of the state-owned utility becoming incapable 
of investing in grid management and rationalization of electricity supply 
across regions (Burke et al., 2019). To save the distress of the state-owned 
utility, the government implemented a series of policy measures that would 
make renewable investments unviable (Setyowati, 2020) and the renewable 
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Source: Compiled by the author based on the data from Kementerian Energi dan Sumber 
Daya Mineral.

target in the electricity generation in the 2014 National Energy Plan un-
achievable. These measures include a cap of the RES-E purchase price at 
85% of the state-owned utility’s average local generation cost; reduction of 
the price of exports from solar power generators to 65% of the company’s 
applicable retail price (Hamdi, 2019); and replacement of a FiT with reverse 
auctions under a build-own-operate-transfer basis that impose takeover 
risks of the land for utility-scale solar power generation (Burke et al., 2019). 
However, neither the government nor the state-owned utility has enhanced 
grid capacity.

As a result, installed capacity of coal power increased by 10GW in 2011 
and exceeded 30GW in 2019, while that of RES-E did so by 1.5GW in 2013 
and has slightly increased since then (Figure 2.7a). Accordingly, coal ac-
counts for a greater portion in electricity generation, exceeding 60% in 2017, 
replacing oil, while RES-E remains a minor portion (Figure 2.7b).
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5.3 India

India’s electricity system is characterized by the strong complementarities 
within and across the coal-based electricity system, rapid growth in RES-E 
generation, and a nationwide network of transmission lines with inefficient 
operation.

The strong complementarities within the coal-based electricity system 
originate from the coal linkage system among domestic coal mining, na-
tional railway, and coal power plants. To guarantee fuel supply for the life 
of coal power plants and complementary capital investments in coalmining, 
the State Energy Board specifies that coalmining supplies coal to a coal 
power plant through a fuel supply agreement (Chandra, 2011) and desig-
nates national railways for transportation. On top of the system, a large 
number of coal powers have concluded long-term PPAs with state utilities 
responsible for distribution and sales, despite the creation of day-ahead and 
real-time electricity delivery markets. New power plants are designed to ac-
cept domestically produced, low-quality coal that generates heavy air pollu-
tion and fierce protests against new power plants. Despite this, the country 
has developed technological capabilities for engineering the latest plants 
with fewer emissions (Mukherjee and Chakraborty, 2015).

The complementarities have been entrenched by large vested interests. 
Coal provides not only benefits for energy security but also jobs for a 
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massive number of the labor force, and royalty revenues for most of the 
central and eastern region states, becoming a source of political support 
(Vishwanathan et al., 2018). Fossil fuel and on-grid electricity subsidies 
(Burke et al., 2019) and cross-subsidy to railway passengers (Carl, 2015) are 
also entrenched to satisfy persistent demands for social gains (Kale et al., 
2018). These entrenched complementarities have created large, vested in-
terests, constraining policymakers and state utilities from diverting these 
subsidies for renovation and upgrade of the deteriorated transmission and 
distribution networks (Kale et al., 2018).

As a result, the gap between demand and supply rose to 10% in 2009–2010 
(Ministry of Power, 2020). The serious gap directed the government to boost 
RES-E as a politically sustainable option to increase installed capacity. The 
government has developed institutions and implemented policies favorable 
for RES-E development. They include establishment and upgrade of ded-
icated ministry, financial institutions, and research institutes for renewa-
ble energy; the Electricity Act 2003 that ensured complete participation of 
private producers; national wind and solar targets and renewable purchase 
obligation targets; a FiT and “reserve” power package, and its replacement 
with reverse auctions to take advantage of technological improvements and 
economies of scale in global solar PV production; development and opera-
tion of solar parks coupled with long-term PPAs to winning bidders (Chawla 
et al., 2018); and handling environmental impact assessments (EIA) and 
other administrative procedures as a part of auctions (Dobrotkova et al., 
2018) that addressed uncertainties over land access, transmission connec-
tions, and regulations. Following Gujarat and Rajasthan, many states im-
plemented their own complementary solar policies (Tarai and Kale, 2018). 
All of these institutional supports reduce renewable power pricing and fi-
nancial costs, making access to bank loans easier (Thapar et al., 2018) and 
incentivize investments in RES-E projects. The repowering policy in 2016 
upgraded engineering complementarity by mandating the replacement of 
aging wind turbines with more modern and powerful units (Kumar and Ma-
jid, 2020).

In addition, national grid interconnectivity has been improved under 
the One Nation-One Grid initiative and a Green Energy Corridor scheme. 
Utility- scale solar and wind developers are allowed to waive payment of 
interstate transmission charges (Dibyanshu and Rastogi, 2020). These ele-
ments of infrastructural complementarity enable developers to deploy solar 
and wind power in high-resource locations, and the electricity system to 
gain more flexibility.

Capitalizing on these favorable institutional and infrastructural envi-
ronments, developers with access to finance in favorable terms win bids in 
competitive renewable energy auctions, dominating the RES-E supply (Dutt  
et al., 2019). As a result, new solar and new wind installations exceeded new 
coal installations in 2017, and new solar installations exceeded new wind 
installations in 2019 (Figure 2.8a). The ratio of solar and wind generation 
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exceeded 10% in 2019, filling the demand–supply gap and making that of 
coal power hit its peak in 2015 (Figure 2.8b). However, reverse auctions have 
intensified market concentrations to top developers who can undercut the 
competition consistently through foreign private equity investments, lower 
cost foreign debt, balance-sheet strength, or by virtue of being state-owned 
enterprises. Market uncertainties around the impact of the goods and ser-
vices tax (GST) and the imposition of trade duties on imported solar mod-
ules, and the related impact on tendered projects under construction, reduce 
the number of developers sanctioning new capacity, further increasing mar-
ket concentration (Chawla et al., 2018).

5.4 Japan

The Japanese electricity supply system is featured by a vertically integrated, 
centralized, nuclear, and liquidated natural gas-based one. Ten private elec-
tric power companies are permitted regionally monopolistic electricity sup-
ply in exchange for responsibility for security of supply and under the price 
regulations. The country has a nationwide network of transmission lines 
but is not sufficiently interconnected across their region service areas due 
to the differences in standard frequency and limited transmission capacity 
between the islands.

The centralized regionally monopolistic supply system has been rein-
forced since the 1970s when the oil crises pushed the Liberal-Democratic 
Party, the party in government for most of the period after World War II, 
and the ministry in charge, as well as the private electric power companies, 
to choose nuclear power as an alternative to oil, and to diversify sources 
of energy. To quell local protests, the government set up a dedicated ear-
marked fund to subsidize local governments that accepted the location of 
new nuclear power plants. To secure profit from nuclear business, it devel-
oped a nuclear fuel cycle and burdened backend costs, and limited competi-
tion among these private electric power companies by deferring investments 
in grid interconnectivity, leaving the choke points of the nationwide grid 
system unaddressed. It also encouraged Japanese manufacturers to obtain 
licenses on reactor engineering and manufacturing in order to enhance 
technological capabilities, and research institutes to develop technologies 
(Yamaoka, 2015).

The Party, the ministry, the electric power companies, and reactor manu-
facturers organized the pro-nuclear coalition, increasing spending for prop-
aganda to tame the media and populace (Honma, 2016), and capitalized on 
the Kyoto Protocol to justify nuclear power (Mori, 2019). While the coun-
try had the largest capacity for solar PV manufacturing in the late 1990s, 
the coalitions propped up pressures against wider deployment of off-grid 
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rooftop PVs, preventing solar PV manufacturers from taking advantage of 
scale economy to enhance market competitiveness.

The Fukushima nuclear disaster, coupled with the global financial cri-
sis in 2008–2009, opened a window of opportunity for RES-E to emerge. 
Nuclear power lost credibility and suspended operations until safety was 
proved against the more stringent safety regulations, and until the govern-
ment committee, local governments, and residents living nearby had been 
convinced to recommission the plants. To reconcile satisfying electricity 
demand and more stringent climate targets, the government’s 2014 Strate-
gic Energy Plan called for RES-E to account for 22%–24% of electricity 
generation by 2030. The incumbent electric power companies were legally 
unbundled and the retail market was liberalized to increase competition 
in generation and distribution. As a result, renewable investments were 
boosted, and RES-E accounted for 6% in installed capacity and 9% in total 
electricity generation in 2018 (Figures 2.9a and 2.9b).

However, the country has left the restructuring of complementarities for 
larger integration of RES-E unaddressed. The levelized cost of wind and so-
lar power remains less competitive due to higher cost of invertor and instal-
lation required to satisfy Japanese consumers’ high demand for reliability 
(IRENA, 2020), a lack of clearly defined land use regulations, and unclear 
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administrative and EIA procedures (Maruyama, 2014), and deference to the 
incumbent electric power companies for investments in grid capacity and 
interconnections. These have caused solar curtailment, increased risk of re-
newable investments, and increased grid access costs. The legally backed 
priority grid access for the incumbent electricity power companies, and the 
government’s endorsement of their solar curtailment without compensa-
tion, further increased risks of investment and grid access costs for RES-E 
IPPs. The dominance of the incumbent electricity power companies both 
in the generation and retail market, and insufficient information disclosure 
collapsed the electricity market in times of emergency, thus disabling in-
dependent electricity suppliers, including RES-E producers, from securing 
stable supply in January 2021 (Hara, 2021). Conversely, incumbent electric 
power companies are favored in the market design: the capacity remunera-
tion mechanism has been so generous that they can use their obsolete and 
inefficient fossil fuel power as reserve capacity.

6 Discussion

The above-mentioned country case studies indicate three major challenges 
in the transition from fossil fuel-intensive, vertically integrated, and hierar-
chical and centrally controlled electricity supply system toward a capital- 
intensive, distributed, and smart grid-based electricity system that can 
achieve a large-scale integration of RES-E.
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The first challenge is to tame the incumbent influential regime actors. 
They are likely to be hit hardest and to lose vested interests, and thus 
use ample resources to oppose restructuring. In particular, coal and nu-
clear power generators, coalminers, and dedicated transport companies 
whose assets have long remaining economic life will protest most fiercely 
to avoid their assets becoming stranded. In case they are vertically inte-
grated electric power suppliers and dominant in supply, they are likely to 
work with the government to keep institutional and infrastructural com-
plementarities favoring fossil fuel and nuclear power. These complementa-
rities include investment and consumption subsidies; conservative RES-E 
generation and renewable purchase obligation targets; priority grid access 
under utility’s monopolistic supply (Yamaka, 2018); curtailment without 
compensation (Agency for Natural Resources and energy, 2018); and de-
terred investments in grid capacity and interconnectivity of transmission 
networks. Some utilities may not address timeliness and reliability of pay-
ments for power purchase by state utilities (Chawla et al., 2018), imposing 
higher investment risks to RES-E generators than coal and gas power pro-
viders. Perceiving stagnant future demand, they become reluctant to reno-
vate fossil fuel-based power plants, leaving severe environmental pollution 
unaddressed.

The second challenge is to reconcile three compelling narratives: “energy 
for development,” that privileges energy as critical to economic growth and 
long-term strategic security; “energy for industrial development,” that fos-
ters the renewable energy industry as a new engine of industrial development; 
and “energy for all,” that prioritizes the role of energy for basic develop-
ment and ending poverty (Mohan and Topp, 2018; Mori, 2018a). Reverse 
and competitive auctions have shown effectiveness in the rapid reduction of 
LCOE and deployment of wind and solar power. However, it can drive out 
domestic manufacturers and increase international dependence. Further 
decrease in capital cost and improvements in operation and maintenance 
can be hardly anticipated in case international suppliers are cartelized and 
a lack of domestic capacity for commercially deployed renewable energy 
technology and inadequate built-up capacity are kept unaddressed (Kumar 
and Majid, 2020). On the other hand, a high local content requirement, lim-
ited foreign ownership, and users’ preferences for reliable RES generation 
systems hike the system cost, retarding uptake of RES-E (PwC, 2018) or 
triggering repercussions from exporting countries (Miles, 2019). A high FiT 
and priority on utility scale and on-grid RES-E may reconcile the tradeoff 
but can reduce financial options for small and distributed renewable energy 
initiatives (Setyowani, 2021). Even such small and distributed initiatives can 
generate energy injustice by passing through the incremental costs to those 
consumers who do not have access to the initiatives.

The final challenge is high uncertainty about effectiveness, efficiency, 
and equity of a capital-intensive, distributed, and network-based electricity 
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system, and those in a transition process. Although several countries such 
as Germany are going ahead in the transition, they have not yet proved the 
arrangements and elements of complementarities that ensure effectiveness, 
efficiency, equity, and sustainability of the novel system. Nonetheless, the 
transition absolutely requires huge amounts of complementary investments, 
innovative organizational, financial, and institutional arrangements, and 
restructuring of elements of complementarities that have significant distri-
butional implications.

International actors can accelerate and retard the restructuring. China 
has provided subsidized financial capital, engineering, manufacturing, 
and organizational capabilities for coal power in a package, strengthening 
complementarities in a coal power-based electricity system (Burke et al., 
2019; Mori, 2020). International wind and solar power manufacturers, es-
pecially Chinese ones, have played a critical role in declining system costs 
for RES-E.

7 Conclusions

The change in energy mix in electricity generation from fossil fuel to renew-
able energy is accompanied by a transformation of electricity systems from 
fossil fuel-intensive, centrally controlled toward capital-intensive, distrib-
uted, and network-based electricity systems. Achieving this transformation 
goes beyond addressing each type of lock-in separately to restructuring the 
interdependence of generation and transmission subsystems and fostering 
collaboration among key stakeholders.

Against this backdrop, this chapter proposes restructuring of elements 
of complementarities within and across an electricity system as an analyt-
ical framework, exploring how Asian countries have struggled with the re-
structuring, taking Vietnam, Indonesia, India, and Japan as cases. We find 
that all four case study countries have struggled with the three challenges of 
resistance from influential incumbent regime actors, compelling narratives 
of “energy for development,” “energy for industrial development,” and “en-
ergy for all,” and unclear and uncertain benefits from the transformation. 
Coupled with favorable institutions and infrastructure, and easier access 
to financial capital, engineering, manufacturing, and organizational capa-
bilities for coal power globally, and less uncertainty in coal power technol-
ogies, these challenges can incentivize incumbent regime actors to retard 
the restructuring, causing renewable curtailment and reducing renewable 
investments. This is especially the case when international actors support to 
reinforce the incumbent regime.

It is worth investigating how domestic and foreign actors interact to accel-
erate or retard the restructuring through investments and trade, and meet 
the compelling quests for energy security, industrial development, energy 
justice, and climate requirements.
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