
- 1 - 

Foreign actors, faster transitions? Co-evolution of complementarities, 
perspectives and sociotechnical systems in the case of Indonesia’s electricity 
supply system 
 
Abstract: 

Some low- and middle-income countries go through a transition to a coal-based electricity system 
as a way of overcoming the trilemma between energy security, equity, and sustainability. Foreign 
actors have played a role in addressing bottlenecks in energy transitions and can affect the speed and 
direction of transition. However, the literature on both the geography and temporality of transitions 
provides a limited understanding of how different dimensions and layers, as well as domestic and 
foreign actors, interact and complement each other in the course of transition toward a coal-based 
electricity supply system. To fill this research gap, this paper provides rigorous supporting evidences 
to the concept of complementarities in the electricity supply system, making it operationalize for 
empirical analysis. The case study of Indonesia finds that transition is hastened by interplay between 
foreign investors and domestic actors that addresses multiple complementarity bottlenecks in a 
package. China plays a distinct role among large foreign coal power investors in the transition to a 
coal-based system by providing both tangible and intangible resources to address complementarity 
bottlenecks in the crisis period, and in more acceptable terms of conditions to domestic actors who 
exert power to influence decisions and political goals in their favor. 
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1. Introduction 
Sustainability transitions must overcome conflicting priorities and interests among multiple 

stakeholders, represented as the trilemma between energy security, equity, and sustainability [1]. On 
the one hand, the “four A’s of energy security” (availability, accessibility, affordability, and 
acceptability) have been prioritized [2] to meet the needs of multiple stakeholders at multiple levels 
of governance, including economic growth, poverty alleviation, and social welfare. To satisfy this 
objective, energy systems are constructed in association with their dominant energy interests. On the 
other hand, sustainability transitions call for long-term, multidimensional transformation processes 
that shift established sociotechnical systems into more sustainable modes of production and 
consumption [3]. These transitions might include prohibitively high transaction costs because large 
sociotechnical systems encompass the technological, industrial, social, political, regulatory, and 
cultural aspects of supply and use [4-6], and well-entrenched and developed systems create path 
dependencies or lock-ins [7]. In addition, sustainability transitions are not always consistent with the 
dominant paradigm of incumbent regime actors and may contradict pressing needs to address poverty 
and racial inequalities in a society. As a result, sustainability transitions may fail to gain social 
acceptance and political feasibility, leading to comparative rejection [8]. 

To overcome the trilemma, many countries frame climate change in the context of entrenched 
energy interests where appropriate [9] and prioritize the use of indigenous energy sources [1]. 
Countries where the neoliberal development regime dominates frame climate change as ecological 
modernization, green economy or green growth, fostering domestic clean energy industries [10-12]. 
Countries that place a higher priority on energy for development and have high path dependency on 
fossil fuel, on the other hand, promote renewable energy as a means of maintaining the dominant 
paradigm of incumbent regime actors [1,13]. Their choice at a time of crisis can generate feedback 
effects [14] and create entrenched systems from which there is no turning back in a post-crisis period. 

Foreign actors such as bilateral donors and multilateral development banks can play a key role in 
addressing energy transition bottlenecks. They can facilitate the flow of knowledge, technological 
and financial resources, and organizational capabilities in energy efficiency [15], wind [16], and 
geothermal power projects [17]. They can also address policy, institutional, and regulatory barriers 
[18,19], and create industrial networks [16] on different theoretical grounds [20]. These interventions 
can generate a series of changes in the prevailing system [21], giving the promise of more sustainable 
development pathways where local actors initiate emerging sustainability experiments to satisfy local 
demand [22]. However, these supports can be dwarfed by domestic and foreign financial institutions 
that provide financing for fossil fuel development and power generation projects [23]. They even 
entrench fossil fuel lock-in and the inertia of its incumbency [24,25]. 

This raises the question of the influence of foreign actors on the speed and direction of energy 
transitions. Specifically, how and when can they effectively address bottlenecks to accelerate energy 
transitions, and in which direction? 
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The literature on the geography of transitions explores the role of foreign actors in sustainability 
experiments and upscaling through the lens of transnational linkages [26-29] and the global 
sociotechnical regime [30]. The literature on the temporality of transitions classifies dimensions and 
layers in energy systems to show the differing speed of transitions among them [31], arguing that 
faster transitions in some dimensions and layers can accelerate incremental innovation in others 
through learning [32]. However, they provide limited understanding of how different dimensions and 
layers interact and complement each other in the course of transition, and why the transition to coal-
based electricity supply systems is taking place in some low- and middle-income countries [33]. 

Against this backdrop, this paper aims to explore the role of foreign actors in the transition to a 
coal-based electricity system. We employ sociotechnical complementarities as an analytical 
framework and take Indonesia as a case study. 

The paper’s main contributions are twofold. First, it provides rigorous supporting evidences to the 
concept of complementarities in in the electricity supply system, making it operationalize for 
empirical analysis. Second, it adds some empirical novelty and interpretive value on the role of 
foreign actors to literature on the geography and temporality of transitions. 

The remainder of the paper proceeds as follows. The next section develops the concept of 
sociotechnical complementarities to build it on rigorous supporting evidences for empirical analysis. 
The section 3 presents a methodology of the cases study, including the logic behind case selection. In 
section 4, we presents a brief history of the electricity supply system in Indonesia, and results in the 
form of an analysis of changes in complementarities, and Section 5 discusses the role of foreign actors 
on the direction and speed of the change. Finally, Section 6 concludes the paper with this study’s 
contribution to this body of research and provides suggestions for future research. 

 
2. Co-evolution of complementarities and sociotechnical system in developing countries 
2.1 Methodology 

We begin with Markard and Hoffmann [34], who provide a conceptual framework for 
complementarities in sociotechnical systems in transition. They classify elements of complementarity 
into technological, organizational, institutional, and infrastructure, and identify unilateral or bilateral 
complementarities among elements based on criticality for performance. They argue that 
technological limitations and asynchronous development of complemental elements can create 
bottlenecks that slow down or impede a transition under strong complementarity. Each technology 
has its own dynamics, different time horizons, and speed of development, and a transition leads to 
diverging logic between them considering the goals pursued, decision-making style, and scale of 
operations [35]. Intangible institutions tend to show faster transitions than technologies, markets, 
consumption patterns, infrastructures, production facilities, and supply and distribution chains [32]. 

To enhance the rigor of the framework and broaden its scope to include the role of foreign actors, 
we conducted a systematic literature review [36]. On 3 April 2020, we collected journal articles and 
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book chapters published between 2015 and 2020 from Scopus and Web of Science. We searched only 
English materials using the keywords “energy transitions” AND “complementarities”, “energy 
transitions” AND “bottleneck”, and “energy transitions” AND “developing countries”, and selected 
the subject areas of energy, development, environmental and regional studies, economics, finance, 
management, and political science. In total, about 343 papers (78 from Scopus and 265 from Web of 
Science) were retrieved at this stage (Table A1; A2). We then manually excluded duplicates and 
entries that were too broad to be considered within the scope of energy transitions. This resulted in 
34 papers. Several journal articles that were published in earlier years were added to complement the 
explanations in these papers. 

 
2.2 Complementarities in electricity supply system 

Thermal power generation is located along the supply chain of electricity. This chain begins with 
resource exploitation, moves to transport and conversion, then to power generation, transmission, and 
distribution, ultimately reaching end users. This structure creates a co-existence of competition and 
complementarities within and across the sector. 

As the infrastructure element, coal, diesel, natural gas, nuclear and intermittent energy are 
complementary in ensuring the four A’s of energy security [34] at the sector level, while they are 
competing technologies for power generation due to technological characteristics. Diesel, natural gas, 
and hydroelectric are complementary to nuclear, intermittent energy and to a less extent coal power 
since they can adjust the amount of power generation more flexibly in response to demand [37]. 

As the organizational element, complementarities are created to minimize commercial risks and 
avoid sunk cost investments. They include a long-term fuel supply and a transportation contract to 
ensure a stable fuel supply for power plants for the life of the plant, and a long-term take-or-pay clause 
with transmission and distribution companies to ensure stable sales of their products at a pre-
determined price. In India, coal linkage system is established to force linkages and complementary 
capital investments between domestic fuel mining and thermal power plants [38]. 

As the engineering and manufacturing elements, development activities such as site-specific 
engineering design, permitting procedures, and the use of local supply chains and labor markets are 
called for to ensure compatibility between the technologies employed in large-scale power plants and 
local conditions [39]. Non-leader countries that lack a home market are disadvantaged in fostering 
the ability of domestic industries, particularly complex and capital-intensive ones that require testing 
and qualifying technology. They are also disadvantaged in technology product architecture, which 
describes the number of technologies and linkages between subsystems [40]. These disadvantages 
can be mitigated if these countries gain cross-country spillovers from strong market formation in 
other subsystems [41]. Closely related industries can also provide important sources of tangible and 
intangible resources if they have similarities in resources and if beneficial resource flows are actually 
exploited [42]. 
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As the institutional element, financial capital plays a key role in the direction and speed of 
transitions in the electricity sector. Capital intensity in terms of capital cost divided by expected 
kilowatts is lowest for traditional biomass, higher for modern energy solutions such as natural gas 
and coal, higher still for hydro and geothermal, and substantially higher for wind and solar. However, 
formal financial institutions in developing countries are generally less willing to make loans for new 
capital-intensive power generation plants due to longer supply chains and longer pay-back periods. 
In particular, they are unwilling to do so to 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 [43]. Deepening domestic capital markets can overcome this bottleneck, since 
it enables capital intensive energy projects to access private financial capital and increase their 
viability on a commercial basis [44]. However, large electricity generators may capitalize on their 
structural power to lobby the government through the capital market policy process [45], preventing 
them from emerging. 

Stable institutions, including those with consistent long-term demand-side policies, legitimacy, 
and alignment with practices in other sectors and regional/local institutions, are key systemic factors 
for rapid development and diffusion [46]. Manufacturing push policies aimed at improving and 
scaling domestic manufacturing technologies and processes enable the global diffusion through 
economies of capacity and scale [47]. However, pressure to ensure energy supply is likely to direct 
the government to adopt fossil fuels as long as they have cost advantage [48]. Institutions are also 
affected by incumbent regime actors who exert power to influence decisions and political goals in 
their favor [49]. The “nature” of the country and the close ties between political and economic elites 
create high entry barriers, thereby narrowing opportunities for change [50] and restricting the 
development of bottom-up solutions to sustainability problems [23]. 

 
2.3 Foreign actors in the change of complementarities 

Foreign actors can address these complementarity bottlenecks in developing countries in several 
ways. They have lowered the cost of new technology globally, and as donors of public financial 
capital, they can play a decisive role in (re)configuring the electricity system through support for 
sector reform programs, certain pathways [51], and investments in particular infrastructure [43,52]. 
They can mediate interactions between actors and institutions situated across different levels of spatial 
scale [53], enhancing alignment between government policies, existing infrastructure, and the 
practices and capabilities of actors that may support the new technology [54]. They can also enhance 
transnational linkages so that domestic actors and institutions can gain access to resources and 
markets in various forms such as relationships with foreign technical experts and inter-firm 
partnerships with foreign suppliers of technology [55]. 

These foreign actors can also support weak or missing system functions in the early stages of 
transitions. These measures include not only knowledge development and diffusion, search guidance, 
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and legitimacy creation, but also market-stimulating interventions, the fostering of new entrants, and 
support for continued experimentation with new technology [54]. 

However, classical technological transfer mechanisms tend to focus largely on knowledge 
diffusion and development functions rather than on the configuration of learning and innovative 
capabilities to acquire, operate, modify and assimilate technologies [28]. Although more design-
intensive technologies require a higher share of locally adapted or sourced components [39], foreign 
actors often lack meaningful engagement with place-specific cultures, power relations, and 
infrastructures [16,26,27]. Accordingly, they are more likely to initiate projects with technology 
requiring hard-to-acquire capabilities and no major local tacit knowledge, and fail to achieve 
widespread diffusion of technology requiring important local tacit knowledge even if these 
technologies are low-cost and proven, such as improved cook stoves [54]. 

Foreign private investors are playing a greater role in the global diffusion of environmental 
technology in host countries with demand-side policies, political stability, and international public 
finance [56]. Both technological push and demand-side policies can stimulate innovation in foreign 
countries when markets become mature and the corresponding technologies are considered 
commodities. At the same time, shareholder activists and divestment campaigners may direct their 
investment pathway, affecting the fossil fuel-based energy regime in host countries [57]. 

 
2.4 Sociotechnical complementarities in energy transitions with foreign actors 

Figure 1 illustrates the four types of complementarities and complementary bottlenecks in the oil-
based electricity supply system. It goes beyond an indication of barriers to transitions in a power 
supply system [43,58] to provide timing and bottlenecks so that interventions can effectively 
(re)configure the incumbent system. The larger asynchronous development becomes among 
subsystems with complementarities and the larger interventions regime actors are required to 
reinforce the incumbent system. Meanwhile, more wide-ranging opportunities are created for 
outsiders and foreign actors, not limiting them to niche innovators to (re)configure the system, thereby 
accelerating transition. 

Figure 1 also indicates the points of intervention by foreign actors in a change in complementarities. 
They can address these complementary bottlenecks by providing engineers, manufacturers, and 
financial capital for power plants and transmission and distribution networks, and supporting more 
stable policies and institutions that are compatible with thermal power supply. Their interventions can 
be more effective when they address the complementarity bottleneck by providing technologies that 
do not require in situ activities [39], and when they bring benefits to political and economic elites 
who influence planning and decision-making in domestic policy processes [52]. 

 



- 7 - 

3. Methodology and case selection 
3.1. Case selection and research design 

We use the framework described above to analyze the co-evolution of complementarities and the 
sociotechnical system of the Indonesian electricity system. The logic of this selection is that Indonesia 
is representative of middle-income countries that could have chosen a renewable energy-based system 
at the time of power crisis but instead transitioned to a coal-based one, and is a country where a 
variety of foreign actors have provided support for both systems. We adopt a case study strategy 
because case studies are rich in context and can track complex developments over time [59]. Given 
that the seeds for the transition are sown early on, the paper uses a longitudinal case study design, 
starting in 1998 when the Asian economic crisis substantially destabilized the previous oil-based 
system. 

 
3.2. Data sources 

Data collection is guided by the analytical framework, which focuses on the asynchronous 
development of complemental elements and the interplay between foreign and domestic actors. For 
the electricity system transition, we mainly use data from secondary sources (academic books and 
articles). For the roles of foreign and domestic actors, we draw on a combination of secondary and 
primary sources such as annual reports, company press reports, consultant reports, reports from 
business journals and a daily English newspaper. Documents are collected from online archives by 
searching for company names. These data are complemented by information from two interviews 
with international non-governmental research institutes, conducted in November 2019 in Jakarta. 

 
4. Case study 
4.1 Electricity system transition during 1990-2017 

Indonesia capitalized on domestically produced, plentiful, and cheap oil to develop an oil-based 
electricity supply system to satisfy a growing demand and expanded access. PLN, the state electricity 
company obtained foreign loans to develop the system. PLN also took advantage of exclusive powers 
over the transmission and sale of electricity to develop the centralized and monopolized supply 
system [60]. The government implemented electricity tariff adjustment measures that allowed PLN 
to gain an 8 percent rate of return [61]. PLN could then gain sufficient revenue to cover operational 
costs, as well as to expand new investments. 

In the early 2000s, Indonesian electricity sector suffered from the three interrelated challenges: 
insufficient generation, peaked oil production, and increased energy subsidy. Insufficient generation 
capacities caused frequent blackout. Peaked oil production increased oil import and brought about 
fuel price hike. Increased energy subsidy squeezed fiscal resources for infrastructure development. 
However, political elites hesitated to fuel subsidy reform. They were well aware that the populace 
demanded the government to see energy subsidies not as a financial burden, but as a social obligation 
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[62]. They worried that the subsidy cuts could trigger widespread civil unrest that resulted in step-
downs of the president [63]. Nonetheless, global oil price hike in 2005 prompted the government to 
reduce price subsidies, which triggered political repercussions [64]. 

In response, the Yudoyono administration legislated the National Security Act, calling for a 
diversification of the national energy supply in order to curb the country's strong reliance on oil. 
Coupled with the National Energy Policy (NEP), the administration released the Fast Track Program 
(FTP-I) that charged PLN with increasing power generation capacity of 10,000 MW. Perceiving coal 
power as readily available, accessible, affordable, and less vulnerable alternative to address the above 
challenges [65], the FTP-I assumed increasing capacity by coal power plants. 

Then the administration released the Electricity Development Plan 2012-21 with target 
electrification ratio of 92 percent [66], and unveiled the second phase of the FTP (FTP-II) aiming to 
increase generation capacity of 17,918 MW additionally. To achieve the greenhouse gas emissions 
target described in the Nationally Appropriate Mitigation Actions, the administration shifted focus 
from coal to geothermal and hydropower1. A feed-in tariff for geothermal, biomass, and city waste 
was implemented to support the shift. The administration also shifted the regional focus from the 
Java-Bali system to Sumatra, and lifted the ban on develop renewable energy projects in forests, 
natural reserves, and conservation areas [67]. In the 2014 NEP, the administration shifted the focus 
on rebalancing the energy mix towards indigenous energy supplies to fulfill electricity supply-demand 
gap at least costs [66]. 

The Jokowi administration initially succeeded the spirit of the 2014 NEP. It expanded the scope of 
a feed-in tariff to mini and micro hydropower and solar power, along with the security of a 20-year 
power purchase agreement. However, the administration shifted the focus from renewable energy to 
efficiency and fuel subsidy removal. It implemented the Regulation 12/2017 on the Use of Renewable 
Energy for the Provision of Electricity (Regulation 12) to cap all renewable energy tariffs at 85 percent 
of PLN local production costs (BPP) if local production cost is higher than the national average. This 
regulation expected PLN to purchase electricity from renewable energy sources as long as it decreased 
PLN's financial burden. It also swung the focus back to coal in the Program 35,000 MW, the five-
year power generation capacity development program that rolled over the revised FTP-II [68]. 

As a result, coal accounts for a greater portion in power generation, growing from 27 percent in 
2001 to 60 percent in 2017 while oil declines from 33 to 7 percent and new and renewable remained 
the same (Figure 2). 

 
4.2 Changes in complementarities 

Elements of complementarities were largely segregated in the Indonesian electricity system. While 
electricity network was available, financial capital and engineering expertise were lacking due to the 
loss of investor confidence to electricity sector during the 1997/98 Asian Economic Crisis [61]. The 
confusion over the Law 20/2002 on Electricity further discouraged private investments [66]. 
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In addition, coal industry was developed without regard to domestic power development, and 
fragmented with a few large producers and many small players. In the 1980s, eight foreign coal 
mining companies and Bukit Asam, a state-owned coal mining company, started operation through a 
Coal Contract of Work (CCoW) system. Except for Bukit Asam, they developed coal mining in East 
and South Kalimantan mainly for exports [69]. They developed transportation infrastructure for 
exports rather than sales in the domestic market. Their export-oriented development was unchanged 
after Indonesian oligarchs took over the majority ownership or managerial control of the four largest 
foreign coal producers of KPC, Arutmin, Adaro, and Kideco [70]. A number of small local coalminers, 
which emerged by gaining concession from local governments under the Regional Autonomy and by 
taking advantage of legal loopholes2, also exported more than 80 percent of the products [69]. 

When the Yudoyono administration decided to define coal as the alternative energy for power 
generation, it implemented a number of policies and developed institutions required to address the 
complementary bottlenecks in the oil-based electricity supply system. To address complementarity 
bottleneck in financial capital, the administration enacted the new public-private partnership act in 
2005 and allowed direct tender to invite foreign actors to FTP-I. The 2009 Electricity Law allowed 
foreign shareholding of independent power producers (IPPs) with electricity business licenses for 
public use at a rate of as high as 95 percent. This law also allowed IPPs to sell directly to the public 
without connecting to PLN’s transmission line, while imposing local content requirements for 
different sources of power generation. 

Then the government implemented Law 4/2009 on Mineral and Coal Mining and a domestic 
market obligation (DMO) regulation. The 2009 Mining Law required CCOWs holders to abide by 
new foreign investor divestiture requirements 3  and direct their investments towards domestic 
processing and refining4 to prevent coal export manipulation for price, which brought slower growth 
to royalty revenue [69]. The DMO regulation mandated coal miners to supply no more than 35 percent 
of the produced coal to the domestic market. In response, domestic coal mining companies began to 
diversify sales destination to include domestic coal power generation, which led to stable coal supply 
at a cheaper price. As a result, an organizational complementarity was crated between coal power 
generation and coal mining5. 

 
4.3 The role of foreign actors 

China has addressed all the four complementarity bottlenecks in Indonesian electricity supply 
system. To complement a lack of financial capital and engineering expertise, Chinese consortium 
provided coal power plants in the form of engineering expertise in the form of engineering, 
procurement, and construction (EPC). Chinese government banks, such as Bank of China, Chinese 
Development Banks, and China Export-Import Bank provided loans that were required to develop at 
least 17 out of 31 new coal power projects in the FTP-I, with a combined capacity of 8,000 MW [71]. 

However, China did not provide these resources without cost. The Indonesian government gave in 
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the Chinese banks by accepting their demand for higher interest payments [72], and full guarantee to 
PLN credit risk from Indonesian government [73,74]. 

Learning from these terms, Yudoyono administration shifted focus from EPC contracts with PLN 
to a build-operation-transfer (BOT) scheme with IPPs in the FTP-II and Program 35,000 MW. It also 
imposed restrictive regulations on foreign investors in the mining sector, Nonetheless, Chinese actors 
adjusted the strategies to continue involvement in three ways. First, they set up joint IPPs with a 
subsidiary of PLN and obtained credit from Chinese state banks. This strategy was quite similar to 
the one in the FTP-I in that Chinese consortiums provided services in conformity with the incumbent 
transmission and distribution network under EPC or service supply contracts [75,76]. Second, they 
set up joint IPPs with Indonesian coal oligarchs, such as Bukit Asam, Sinar Mas/ DSS Power, Intraco 
Penta (INTRA), or Sumberenergi Sakti Prima to do the same. By providing managerial and 
technological expertise, they helped domestic coal oligarchs transform into power generation 
businesses, which secure stable and long-term coal supply for power plants. Finally, the Chinese and 
Indonesian governments made an agreement on the construction of power plants, as well as in the 
planning, construction, operation, and maintenance of electrical grids [77]. This not only enhanced 
institutional complementarity in the electricity supply system, but also placed pressure on Indonesian 
PLN and IPPs to ensure stable supporting policies that were favorable to Chinese coal power investors. 

As a result of the changes in the four elements of complementarities, coal power capacity and 
generation by PLN saw a rapid increase in 2011, and all but one of the commissioned projects were 
complete in 2014, almost ten years after FTP-I was unveiled. Under the FTP-II and the Program 
35,000 MW, many IPPs were established as joint ventures between Chinese investors and Indonesian 
coal oligarchs, winning bids to develop a number of coal power plants. Coal power now accounts for 
more than two thirds of IPP generation capacity, and more than one-third of total power generation 
in Indonesia (Figure 3). 

 
5. Discussion 
5.1 Direction and speed of an energy transition 

Figure 4 summarizes the above results, showing how Chinese actors have addressed each element 
of complementary bottleneck, inducing co-evolution of complementarities and electricity supply 
system toward a coal-based one and reinforced lock-in into a coal-based system. 

As for the infrastructure element, coal power does not claim a higher reconfiguration capacity than 
intermittent energy, which requires supporting infrastructure such as sufficient network capacity, 
system-balancing facilities, stronger transmission grids such as a region-wide super-grid, and 
batteries to store energy cost-effectively for proper grid operation [78]. In addition, Chinese 
consortium provided coal power plants that did not demand so much changes in the operation of 
electricity grid [79]. This favorable infrastructure complementarity enables massive investments in 
coal power plants, which causes excess supply in the Java-Bali system that have suffered from a 
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power shortage since the Asian economic crisis. On the other hand, excess supply reduces the capacity 
for grids to accept additional renewable energy-based power [80]. Coupled with limited grid 
connectivity and weak capacity at the local level, foreign investors in intermittent energy suffer from 
heavy distress [79,81]. 

As for the engineering and manufacturing elements, coal power generation is a proven, 
standardized technology that requires less testing and qualifying processes [40] and site-specific 
activities [39]. Few low- and middle-income countries have manufacturers or closely related 
industries with sufficient engineering and manufacturing expertise to engineer, procure, and construct 
power plants. Thus, host country governments prefer EPC contracts to promote power development 
even though they have no effect in fostering domestic expertise. 

As for the organizational element, the take-or-pay clauses in power purchase contracts with foreign 
power generators and joint IPPs may ultimately harm grid access for wind and solar power. The 
clauses will force transmission companies to pay for unnecessary electricity and worsen their 
financial status once the system has excess generation capacity. The clauses usually remain 
unchanged for 10-20 years, so the amount of such payments becomes significant when renewable 
energy becomes cheaper than coal power. This poses a risk of making transmission companies 
incapable of investing in grid management [68]. 

As for the institutional element, coal miners and power generators who are backed by foreign 
investors may make institutions work in their favor once they become dominant in the market and 
gain political power in the regime. In Indonesia, coal oligarchs convinced the government to designate 
low quality coal as the design coal for coal power plants. This allowed them to expand their 
coalmining in the deep forests of Kalimantan for use in new mine-mouth coal power plants [61], 
which narrowed the space for wind and solar power to develop outside the Java-Bali system. PLN 
claimed that feed-in tariffs for renewable energy exceeded average cost of generation and created a 
financial deficit and excess supply. In response, the Jokowi administration capped a tariff that paid to 
private renewable energy developers and implemented reverse auctions as capacity quota packages 
to solar and wind projects. The House of Representatives rejected a renewable energy subsidy to PLN 
in 2017. 

 
5.2 The unique role of China in changing complementarities 

Figure 4 also indicates that how China has enhanced interplay with domestic actors in the process 
of co-evolution. 

China’s Common Fate and Destination Model of Infrastructure Finance strategy enables wide-
ranging intervention. It underscores common interests between both China and the host country. The 
key actor in this model is the joint venture established between a Chinese state company and a host 
company. These companies take advantage of cost competitiveness, moving early in response to 
policy changes while encouraging other governments to host favorable biddings. When winning a 
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bid, the companies mobilize financing from Chinese institutions by combining export buyer credits 
and non-concessional loans. These syndicated loans are often tied to the services provided by the 
company that won the bid [82]. At the same time, they require host country counterparts to invest in 
developers to ensure full ownership by host country governments. PLN does so for all Chinese-
engaged projects under the FTP-I. 

Such ability to provide a package of financial capital, technologies, engineering, and construction 
expertise ensures stable domestic coal supply and institution, thereby enabling PLN to reduce 
transaction costs for changing elements of complementarities. Its ability to supply several types of 
coal power plants with different levels of efficiency and costs also allows PLN to balance between 
cost and environmental concerns6. These costs are further reduced by collectively implementing 
projects, even if each individual project is small in scale. As PLN and political elites become 
accustomed to this system, they shift their perspectives in favor of the new complementarities. 
Moreover, local investors defend their own wealth via institutional lobbying of local agents to 
minimize the political and market risks of Chinese investors. 

In addition, China’s proposal at the time of crisis helped change the perspectives of key domestic 
actors in changing the elements of complementarities. When the Yudoyono administration released 
the Fast Track Program (FTP-I), few foreign and domestic actors offered proposals that satisfied the 
administration and overcome the crisis. China offered proposals that were more acceptable to the 
domestic coal oligarchs that had political influence to the administration, and the administration in 
terms of investment costs. 

China’s engagement is distinct from other large foreign coal power investors such as South Korea 
and Japan in reducing transition costs associated with changes in complementarities. South Korea 
employs the same model in IPP projects. It organizes international consortiums with Indonesian 
oligarchs such as Indika Energy to help them diversify business, as well as to comply with the foreign 
investment regulations [83,84]. Indika Energy and Korean Samtan, both of which are Kideco 
subsidiaries, or Adaro are invited to the consortiums and EPC contracts are made with Korean 
companies so as to provide a package comprising capital, technology, engineering, and fuel to create 
coal complementarities. However, South Korea has implemented only four projects with a total 
capacity of 4,000 MW, and three of them are joint ventures with Japanese companies. In addition, 
they did not take sufficient considerations to prevent harmful emissions. This brought about local 
protests against the construction of the Cirebon 1 and 2 coal power projects, which, coupled with 
revelations of bribery, delayed commercial operation [84]. 

Japan has provided financial capital and engineering expertise but has hesitated to provide them 
in a package. This is due to past criticism over Japan’s integrative assistance model that closely linked 
official development assistance, foreign direct investments, and exports [18]. In addition, Japanese 
public financial institutions follow the OECD Sector Understanding on Export Credits for Coal-Fired 
Electricity Generation Projects that limits support to coal plants utilizing ultra-supercritical 



- 13 - 

technology and provides support to supercritical or subcritical plants only in the poorest countries 
[85]. Since ultra-supercritical technology requires higher upfront costs, Japanese developers have lost 
bidding in the face of Chinese developers. It is not until Indonesian government employed a BOT 
scheme in the FTP-II that Japanese companies were awarded to invest in coal power projects. In 
addition, these projects are construction of additional units for existing plants, such as Paiton, Tanjung 
Janti B, and Lontar, all of which are located in the Java-Bali system that has excessive capacity. Their 
provision of financial capital and engineering expertise may not even reinforce lock-in, let alone 
change the complementarities. 

 
6. Conclusions 

Sustainability transitions must overcome the trilemma between energy security, equity, and 
sustainability. To overcome this problem, many countries use and frame climate change in the context 
of entrenched energy interests where compatible, resulting in a transition to a coal-based electricity 
system in some low- and middle-income countries. While foreign actors can affect the speed and 
direction of transition, the literature on both the geography and temporality of transitions provides 
limited understanding. 

To fill the research gap, this paper explores the concept of sociotechnical complementarities to 
analyze why a transition from oil-based to coal-based electricity system is taking place, and identify 
the roles of foreign actors, taking Indonesia as a case study. Our contributions are summarized as 
follows. 

First, this paper develops the concept of sociotechnical complementarities to make it operationalize 
in empirical analysis of transitions. It provides rigorous supporting evidence on complementarity 
bottlenecks that are caused by asynchronous development of complementary elements in an 
electricity supply system, and shows how the methods used to address these bottlenecks affect the 
direction and speed of transition. 

Second, it adds empirical novelty to the literature on the geography and temporality of transitions 
by finding that the interplay between foreign and domestic actors in addressing multiple 
complementarity bottlenecks in a package hastens transition. The foreign investors and domestic 
actors can reinforce complementarities in coal-based electricity system, in particular at organizational 
and institutional levels. This increases the transaction cost of a transition to alternative electricity 
supply system, especially renewable energy-based one. 

Finally, the paper finds that China plays a distinct role among large foreign coal power investors 
in the transition toward a coal-based system. It provides both tangible and intangible resources for 
host countries to address complementarity bottlenecks not only in the institutional element but also 
in other elements. It offers the terms of conditions that are attractive to domestic influential actors, 
who work on the government to change perspectives on the new complementarities. China’s packaged 
resource provision generates policy feedback effects, fastening a transition toward a coal-based 
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electricity system. 
These findings indicate the need for further research on this topic. Coal power is not the only 

competitive yet environmentally unsustainable technology that foreign actors work to scale and create 
complementarities for in low- and middle-income countries. Large-scale hydropower is also a key 
technology in this regard. Globally, China plays the same role in the same manner7. Further research 
should further investigate how foreign actors may facilitate complementarities that promotes 
sustainable electricity system. 
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[Note] 
1 They planned to build 4,945 MW of geothermal power plant and 1,753 MW of hydroelectric 

power plants (MEMR Decree 1/2012). 
2 These include a duplicated licensing system, inconsistent and contradictory rules between the 

Mining Law and the Forest Law, and corruption at the local level [86]. 
3 They initially must divest a minimum of 20 percent of capital to Indonesian nationals, and then 

51 percent by the tenth year of commercial operation. 
4 Including, but not limited to, a divestment requirement to compensate for untaxed resource rent 

(GR 23/2010, amended by GR 24/2012), an export ban on raw minerals (GR 7/2012), and (after the 
ban was canceled by a Supreme Court decision) progressive rates of export duty. 

5 This complementary might have limited to major coal mining, because domestic sales and 
exports by small local coalminers and unreported ones were expanded since 2009 [69]. 

6 Despite local protests over alleged irregularities in the process of environmental permit, which 
was brought into a court case [87], Jakarta Post published an inforial that highlighted no pollution at 
the Bengkulu coal power plant, for the reason that China applies stricter air pollution standards and 
more advanced technology in building power plants than Indonesia [88]. 

7 Despite protests by scientists and non-government organizations for the huge environmental 
impact of these projects, the Indonesian government ultimately approved the transition to coal [89-
91]. 

                                                 



 

 
Figure 1 Complementarities and their bottlenecks in the oil-based electricity supply system 
Source: Author. 



 
Figure 2 Energy mix in power generation in Indonesia, 2001-18 
Note 1: Renewable includes large, mini and micro hydropower, geothermal, wind, solar PV and 

biomass power. 

Note 2: In Indonesia, PLN and Ministry of Energy and Mineral Resources publish statistical 

yearbook of electricity. However, there are slight discrepancy between them, and both update a 

series of data in later years, which makes it difficult to analyze with consistent data. In addition, 

PLN annual reports are accessible only in 2014-18, which is narrower than the scope of this paper. 

For these reasons, this paper takes the data from the Ministry of Energy and Mineral Resources 

because it provides disaggregated data for many years, which enables to trace source of energy. 

Source: Author compilation based on [92]. 
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Figure 3 Coal power generation capacity and share in total capacity in 2008-17 
Note 1: No reliable data are available for power generation capacity by source of energy in 2010. 

Note 2: PLN also reports significant hike in the ration of coal but with different figure; 60 percent in 

2018 from 42 percent in 2011 [93]. 

Source: Same as Figure 2. 
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Figure 4 Interplay between foreign and domestic actors in complementarities in coal-based 
electricity supply system 
Source: Author. 
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