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ARTICLE INFO ABSTRACT

Electricity systems are so strongly path dependent and deeply embedded in society that vertically integrated
monopolistic or oligopolistic supply are justified. However, over-incentivize for capacity investment, excess
dependency on fossil fuel, inefficient supply, and lack of customized services, accountability and participation
raise dissatisfaction with the prevailing system, urging system transition. Given high potential of renewable
energy in breaking the lock-in and generating positive feedback effects, this paper aims to explore how niche
innovators and incumbents capitalize on their resources and power to create, augment or weaken prevailing
political path-dependencies and lock-in of the prevailing electricity supply system to prospect a future energy
transition, taking China as a case. Main findings are: (a) renewable energy has generated feedback effects in
China; (b) regime actors have capitalized on their resources and power to organize alliances to be consistent with
the government policy orientation while blocking institutional reforms for energy transition; and (c) their re-
sources and power are derived from the monopolistic or oligopolistic electricity supply system and the gov-
ernment price control, both of which are justified for the sake of energy security and economic stabilization.
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1. Introduction

Electricity systems are featured by sunk investments, high entry
barriers, long operating lifetimes and complementary capital invest-
ments [1]. They are also strongly path dependent and deeply embedded
in society in terms of norms, values, laws, modes of governance, social
relations and culture [2]. These features have justified vertically in-
tegrated monopolistic or oligopolistic supply system of electricity. They
enable incumbent suppliers to capitalize on the excess rents to gain
comparably large power and resources to pursue regulatory capture
[3], to compensate opposition stakeholder groups [1], and to tame the
media to propagate legitimacy of the prevailing regime widely to the
population [4]. Longer reign of ruling party-incumbent supplier alli-
ance ensures stable supply of excess rents, further reinforcing the pre-
vailing socio-technical regime [3]. This makes the regime be prone to
technological and institutional lock-in, and become so economically,
institutionally and politically entrenched that is difficult to reconfigure
[5].

The system also generates a number of problems that dissatisfy the
society. These include: full cost pricing that over-incentivize capacity
investment and fossil fuel and nuclear fuel consumption; inefficient
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supply and high electricity price that may harm industrial competi-
tiveness and/or income distribution; lack of customized services; and
lack of accountability and participation [6].

Given strong path dependency, deep embeddedness in society, and
self-reinforcing incumbents, attempts to reconfigure the prevailing
electricity system open up frictions and develop into struggles of power
[71, thus are likely to take several decades [8]. Creating, maintaining
and funding a long-term policy framework are indispensable to sustain
momentum toward reconfiguration [9]. Nonetheless, what energy
system is materialized in the future depends largely on institutional or
social aspects rather than a purely technical one [10]. This is why
imagining and negotiating energy futures are required [11].

Renewable energy can potentially break the lock-in and reconfigure
the prevailing electricity regime [1]. First, it can increase competition
and diversity into the monopolistic or oligopolistic market. It will
eventually alter the prevailing market dynamics within the electricity
sector as its generation cost approaches grid parity. Secondly, such
competition and diversity squeeze excess rent to the incumbent sup-
pliers, making them incapable of compensating opposition stakeholder
groups and of propagating the population. Thirdly, it can foster emer-
ging local industry poised to benefit from increased renewable energy
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growth. Finally, decentralized or distributed energy technologies offer
greater flexibility and can therefore more readily organize and enable
distributed political and economic power, and vice versa [12].

Renewable energy in China is likely to satisfy these conditions ex-
cept the last one. First, China’s deployment of renewable energy out-
paced the government target, which showed upward revisions." The
rapid deployment convinces the Energy Research Institute (ERI) of the
National Reform and Development Committee (NDRC) to make a sce-
nario analysis of a 50% renewable energy penetration in 2050 [13].
Second, it has created exporting industries in renewable energy on a
greater scale [14]. Third, the government has sufficient budget to play a
leading role in supporting the development of renewable energy tech-
nologies throughout from prototype to commercial viability stages [9],
and in limiting the price hike to consumers. Finally, it can learn from
the experiences from developed countries and acknowledge both the
political opportunities and potential traps that arise from policy design
[8]. In reality, non-fossil fuel has increased its proportion in total pri-
mary energy consumption from 8.6% in 2010 to 12% in 2015 and
13.3% in 2016 [15].

However, transition of energy system causes hard-fought inter- and
intra-scalar contestations between old and new institutions, agents and
technologies [16]. Incumbents can capitalize on power and resources to
block off development of sufficient network capacity, system-balancing
facilities and strong demand management that are required to stabilize
a hybrid system of fossil fuel-based and renewable electricity [17]. It is
by far easy to go beyond the hybrid system toward more sustainable
pathway that is featured by either load balancing or region-wide super-
grid, as either pathway requires changes in the basic architecture of the
prevailing system, guiding principles, beliefs and practices [2,18], in-
cluding baseload power and reliability [19]. This poses inherent lim-
itations on rapid change [20].

Against this backdrop, this paper aims to explore how niche in-
novators and incumbents capitalize on their resources and power to
create, augment or weaken prevailing political path-dependencies and
lock-in of the prevailing electricity supply system to prospect a future
energy transition, taking China as a case. It introduces political eco-
nomic perspective in the socio-technical transition to use as analytical
framework, and makes extensive review of published research papers
and relevant news reports to provide evidence.

The remainder is organized in four sections. Section 2 makes a lit-
erature review to provide justification on the use of both perspectives as
analytical framework. Section 3 presents results of the analysis, fol-
lowed by discussion to draw out implications for transformation of
electricity supply system in section 4. Section 5 offers conclusions and
implications for future electricity regime in China.

2. Political economic perspective of socio-technical transition

A number of ex ante quantitative analysis of China’s energy and
climate change policies has been made to draw out energy implications
for the long-term GHG emissions reduction targets. Earlier researches
pointed out China’s possibility of peaking carbon emissions around
2035 [21] or in 2050 [22] with 6-7% annual economic growth rate.
However, they just listed up technological measures [23] that are re-
quired to attain the targets without regard to how and to what extent
they should be operationalized. Recent scenario analysis shows the
amount of coal consumption reduction that is required to attain the
carbon emissions reduction target, air quality target, and water re-
sources targets in 2020 [24]. However, their policy implications are
divergent: some insist stronger efficiency improvement and structural

1 Chinese government announced the renewable energy target of 10% by 2010 and
15% by 2020 in total primary energy consumption in 2007 [108]. It proposed the binding
targets for non-fossil fuel of 11.4% by 2015 and 15% by 2020 in the 12th Five Year Plan
(FYP) in 2011. It set out the target of 20% by 2030 in its Intended Nationally Determined
Commitment (INDC) to the Paris Agreement, and more than half by 2050 in 2017.
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adjustment [25], others recommend development and efficient system
operations of transmission infrastructure, power trading in the market,
flexible generation capacity, energy storage technology, and demand-
response mechanisms [13,26].

A group of ex-post empirical analysis has been made to explore the
effectiveness of energy and climate change policies. Most of them em-
ploy decomposition analysis to confirm the significant contribution of
industrial structural change and efficiency improvement to the reduc-
tion in energy and carbon emission intensities [27-29]. Contrary to the
estimate that anticipates larger carbon emission reduction with smaller
welfare loss in carbon tax with/without revenue recycling than in en-
ergy tax [30], energy intensity target, not the carbon intensity target
proves to be binding to both energy and carbon emissions intensity
reduction in the 12th Five Year Plan (FYP) period [31]. While identi-
fying the power sector’s active reduction as the main factor, they do not
explore how power sector addressed to the underlying mechanisms that
create the technological and institutional lock-in.

The other group explores enabling factors of the emergence of wind
power and solar photovoltaic (PV) manufacturing, with special focus on
the role of technological transfer [32,33], government industrial fos-
tering policies [34-36], renewable energy deployment policies [14],
and technological capacity and market conditions [37]. Some go further
to analyze underlying causes of renewable curtailment as a side effect of
increasing renewable energy [38], proposing reform options [39].
However, they do not fully analyze political, economic, social and in-
stitutional barriers that make it difficult to move out of lock-in.

The socio-technical transition perspective provides a suitable theo-
retical idiom to explore change processes [18], and practical toolbox of
techniques to encourage collaboration among niche innovators [40]. It
views supply system of electricity as a socio-technical regime consisting
of the rules and routines embedded in infrastructure, markets, tech-
nology, politics, knowledge and meanings [41]. It defines a transition as
a long-term fundamental change (irreversible, nonlinear, multi-leveled
and systemic) in the culture (mental maps, perceptions), structures
(formal institutions and infrastructure systems) and practices (use of
resources) of a societal system [42]. The multi-level perspective adds
three levels of socio-technical system—the niche, the regime and the
landscape—, and defines the change in the socio-technical regime as
the outcome of multi-dimensional interactions between radical niche
innovations, an incumbent regime and an external landscape [43]. It
emphasizes a pathway whereby radical innovation emerges in niches
and breaks through and overthrows the existing regime in a specific
way: (a) niche innovations build up internal momentum through
learning processes, price/performance improvements and support from
powerful groups, (b) changes at the landscape level create pressure on
the regime, revisiting the orientation of innovation and the way tech-
nologies are deployed, and (c) destabilization of the regime opens
windows of opportunity for niche innovations, as well as struggles
among rival commercial groups over regulation and property rights
[17,43].

This framework, however, focuses too much on innovation and
technologies, which results in a limited conceptualization of power and
politics [44], market competitiveness [8] and governance between
different scales and generations [45]. Politics and power play important
roles in how pathways are shaped, which pathways win out and why,
and who benefits from them [46] through changes to laws, rules and
expenditures. Such changes can only be engineered through political
processes, and legitimized and enforced through institutions [44]. This
is why political economy perspectives should be introduced into the
multi-level perspective of the socio-technical transition [47].

Net positive feedback effects that renewable energy policies are
likely to generate give another reason to employ political economy
perspectives in the analysis of energy transition. Feedback effects can
be classified as technology and policy ones. Technology feedback ef-
fects refer to the modification of political costs and options [48], and
the changes in norms, policies, regulations and prevailing institutions
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[49]. Policy feedback effects, in contrast, refer to the distribution of
resources and the creation of material incentives to create or strengthen
particular social interest groups, the transformation of state capacities
and institutions to affect later prospects for policy implementation, and
the changes in the interests, identity and political participation of large
group of people to mobilize support [50]. Both effects can create or
augment prevailing political path-dependencies [51] and carbon lock-in
[52]. Nonetheless, renewable energy policies have more often than not
enhanced market competitiveness of renewable energy generators to
obtain a certain market so that they can be economically self-sustaining
and to create constituencies for their own implementation and expan-
sion [8].

In order for renewable energy to obtain sufficient bargaining power
against the prevailing regime, as well as to gain the technological and
policy feedback effects, alliances needs to be created between those
who have different motives or priority but is willing to join the sup-
porting community of innovative power, and with transformative po-
tentials [1,53]. They have to be kept together and to be expanded over
time [54], in order to protect a favorable policy framework until niche
innovation become economically self-sustaining [55].

In line with these arguments, this paper introduces political eco-
nomic perspectives in socio-technical transitions to analyze how the
emergence of renewable energy changes bargaining powers between
them and how its change affects the pathway and speed of transition.
The combination of two perspectives also enables to explore if the on-
going policy response generates short-term and superficial solutions or
addresses the underlying mechanisms [56]. Given that the nature of
underlying institutions and dominant ideas are likely to play a major
role in designing policy and shaping the speed and likely success or
failure of transformations [8], it is relevant to analyzes how landscape
developments destabilize underlying institutions and dominant ideas
first, and then explores how niche innovators capitalize on the desta-
bilization to emerge and transform the prevailing regime. This ap-
proach suits especially well for countries where the government plays
the role of ‘entrepreneurial’ risk-taking in launching specific green
technologies like China [9].

3. Landscape developments in China and the regime’s reactions
3.1. Landscape developments

Five landscape developments are worth noting that destabilized the
prevailing electricity regime (Table 1).

Table 1
Major Landscape Developments.
Source: Author.

Year Events

1997 Asian Economic crisis, followed by the reform of electricity industry
and shutdown of small coal mines in 2002.

2001 Accession to WTO
Define rules and guidelines of the Kyoto Mechanism

2001-5 Worsening power shortage

2005-6 Frequent reports on disasters in coal mines.

2009 Border carbon adjustments bills at the US congress
UN Summit on Climate Change and Copenhagen accord: Commitment
to a 40-45% reduction of GHG emission per GDP by 2020 compared
to the 2005 level.

2011 The Fukushima nuclear disaster
US embassy’s release of concentration of PM2.5

2012 US anti-dumping and countervailing duties on solar cells and modules
exported from China (from Taiwan in 2014)

2014 US-China summit: Pledged to a peak-out of CO, emissions around
2030 and best efforts to peak early.

2015 Upload of the Chai Jing’s 104-min documentary Under the Dome
Paris Agreement under the UNFCCC (entered into force in 2016)

2015-6 Chinese stock market crash/turbulence
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The first development is the accelerated transition to market
economy. The 1992 Southern Tour Lectures by Deng Xiaoping spurred
economic growth that heavily depended on energy-intensive sectors.
This jumped up energy demand and energy import from unregulated
international markets. On the other hand, China’s power sector was
characterized by a socialist style planning with no separation between
ownership and management, and co-existence of a monopolized, ver-
tically integrated supply system of electricity by state enterprises and a
large number of small and cheap, but inefficient local coal powers and
grids established in the 1980s. This widened disconnection between the
policy needs of a dramatically changed and increasingly market-or-
iented energy sector and the command-and-control oversight and reg-
ulation [57], destabilized the latter.

The second development is the rising concern about energy security.
China’s power sector grappled with reliability issues and a “boom/bust”
supply cycle that fluctuated regularly between periods of highly dis-
ruptive supply shortage and inefficient overcapacity [58]. Allowing
foreign investment in the 1990s did not solve this problem due to the
government strict restriction and regulations, as well as investors’
perceived high risk to regulatory changes [59]. While the target re-
sponsibility system was implemented for mandated shutdown of small
and inefficient local coal powers, it resulted in the chronic supply
shortages amid the economic recovery induced by the accession to
China’s World Trade Organization. The government was stuck in a di-
lemma between expansion and/or revival of inefficient capacity at the
cost of air pollution, and the continuous scrap of inefficient capacity
and improvement of air pollution at the expense of sustained future
industrial growth [60]. Meantime, local governments only supported
and approved investments in a large number of new small-scale coal
plants, as well as large-scale plants that were never approved and were
technically illegal [38]. Coupled with strict coal price regulation that
increased financial deficit of the coal industry, this local government
stance spurred coalmines’ ignorance to the safety and health concerns,
causing nine thousand coalmine accidents and the death of twenty
thousand workers in 2000-05> [61].

The third one is the emergence of global climate governance. China
softened its hostile stance on greenhouse gas (GHG) emissions reduc-
tion when it recognized that clean development mechanism (CDM)
projects can bring large windfall commercial profit and other co-ben-
efits such as easier access to foreign capital, renewable energy adoption
and deployment of domestic environmental technology [55]. Interna-
tional community propped up pressures against non-binding targets for
emerging economies, especially China that had surpassed the United
States to be the world largest emitter in 2007. In the United States,
border carbon adjustment bills were submitted in the Congress to im-
pose carbon tax on China’s exports [62].

The fourth is worsening air pollution and acid rain. Despite a
number of regulations specifically targeted at coal power in the 11th
FYP period (2006-10) [60], massive amount of visible air pollution has
spread out in Beijing-Tianjin-Hebei Province, the Yangtze River Delta
and the Pearl River Delta since 2011, raising health concerns. This led
to Air Pollution Prevention and Control Action Plan (2013-17) that
required forced closure and/or inhibition of new small-scale commer-
cial boilers, industrial plants in heavy industry, and non-utility power
generation plants; restriction of the use of high sulfur and ash coal in
major cities and their long-distance transport of them. The Chai Jing’s
2015 104-min documentary Under the Dome gave an additional mo-
mentum for framing air pollution as an urgent health issue using
compelling visuals, opening doors to behavioral and policy ramifica-
tions with transformative potential [63]. Health concerns became so
immense that the government recognizes worsening air pollution as a
threat to the legitimacy of the Communist Party of China (CPC) [64].

2 This figure might be underestimate. Mines and Communities [109] estimated fifteen
thousand accidents that brought twenty-five thousand deaths during the same period.
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Finally, the economic downturn intensifies contestation between
renewable and incumbent power suppliers. Both suppliers can earn a
profit as long as their capacity investments are required to meet the
growing electricity demand. However, the growth of electricity demand
slowed down to 0.5% in 2015 in contrast with 3.7% in 2013 [65].
Under the new economic condition, continuous investments by both
suppliers will create an excess capacity, which will trigger competition
over the demand and contestation between them.

3.2. Policy responses

These landscape developments prompted the state and the CPC to
adjust energy, climate and air pollution control policies to control the
destabilization of the prevailing regime. To close the gap between in-
creasing market economy and the command-and-control oversight and
regulation, it reorganized the power sector in 2002. Generation and
transmission/retailing was unbundled to create a diverse set of gen-
eration companies and two state grid companies to replace highly
fragmented grids structure. The State Electricity Regulatory
Commission (SERC) was established as an independent regulator, but
was not given sufficient independent power to oversee new market
structures [58]. However, strong political resistance as well as concerns
over power shortage halted the government effort towards competitive
wholesale market. As a result, several large state-owned power gen-
eration companies, including the Great Five Power Groups dominate
generation, and the state grid companies keep double monopoly sta-
tus—as the only buyer to producers and the only supplier to consumers.
The NDRC kept controlling the price [38].

To enhance energy security and to address safety and health con-
cerns, the government implemented a number of stick and carrot pro-
grams to the energy industries. The Small Plant Closure Program was
implemented to facilitate the consolidation of coal power and to ac-
celerate replacement with coal combined heat and power (CHP)? [60].
The Environmental Impact Assessment Act empowers the State Ministry
of Environmental Administration (SEPA) to suspend illegal projects,
and reject or postpone review process of power plant projects proposed
by incompliant generators [66]. Beside forced consolidation of coal
industry and the requirements for safety and resource recovery, coal
price reform was also initiated that consisted of relaxation of price
control; imposition of royalty for concession and resource compensa-
tion fee; replacement of resource charge to resource tax to increase the
rate. A pilot coal charge was implemented in Shanxi province that
would be recycled for safety and health investment in mining [67]. A
series of policies, measures, incentives and programs were also im-
plemented for energy conservation at end-uses, including: a 20% and
16% reduction target for energy intensity in the 11th and 12th FYP; a
Top 1000 Energy Consuming Enterprise program, which was expanded
to 10000 installations in the 12th FYP; and a cap on primary energy and
coal consumption.

The government also changed the interpretation of additional de-
velopment of oil and gas around the world as an enhancement of
Chinese energy security through increasing global energy security [68],
justifying its large energy import. In line with this reinterpretation, coal
import ban was lifted so that industrial end users located in coastal
regions could access to a cheaper coal from Australia and Indonesia
[69]. State oil companies are provided large subsidized loans to seek for
and obtain oil and gas fields in foreign countries [70].

However, the international hike in energy price in the mid-2000s
alerted the unsustainability of fossil fuel [71]. This made the govern-
ment to place priority on new energy and energy efficiency that could
safeguard energy security, rather than technologies that purely serve
the purpose of emission reduction. Climate change was reframed as an

3 This program improved the average thermal efficiency in coal power so significantly
that the China surpassed the United States in the efficiency in 2008 [110].
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issue of development [72], and became a part of its overall energy
strategy whose fundamental goal is to ensure sustained economic
growth and prosperity. Renewable energy was also reinterpreted as new
economic growth point and a fulcrum for international competitiveness
[73]. With these reframing, the government perceived net positive ef-
fect of GHG emissions reduction on economic growth and poverty re-
duction, releasing voluntary emissions reduction targets in the UNFCCC
and described them in the FYPs.

Worsening air pollution prompted the government to impose a
ceiling on national coal consumption. The 13th energy FYP set out a cap
on coal consumption and targets for generation capacity of wind and
solar power. To attain these targets, the government announced an
increase in natural gas power and ultra-super critical coal power, and
implemented coal consumption standards for power plants [74]. It also
imposed restriction on import and local sale of coal with high ash and
sulfur content [75], and issued a notification that accelerated con-
solidation while imposed strict regulations on the operation dates and
banned new mining and renovation projects.

3.3. Market competitiveness

The reinterpretation of renewable energy justified government
support to foster and enhance market competitiveness of domestic wind
turbine [76]. It implemented national concession program in 2003
featuring competitive bidding for large wind power projects, pre-
ferential treatment and subsidies to winners,” and high local content
requirement that de facto excluded foreign developers.® State-owned
banks were coordinated to offer large financial and investment in-
centives to state-owned or state-connected enterprises [36]. State grid
companies were mandated to guarantee purchase of the generated wind
power over 25 years at the winning price. These measures reduced risk
and increased perceived profit of wind power projects, incentivizing
state-owned companies to underbid in the selection process to expand
generation capacity. While license agreements with foreign companies
restricted Chinese manufacturers from their upgrading technology and
widening sales market, they bypassed these restrictions by acquiring
technology licenses from second-tier foreign manufacturers who had
lost in the competition in the European market and had therefore been
willing to sell licenses at a cheaper price. This increases market com-
petitiveness of Chinese wind turbine manufactures in both domestic
and international markets, and enables wind power generators to
supply electricity at a cheaper price.

By contrast, the central government failed to foster state-owned
solar PV manufacturers [62]. The national concession program for solar
PV simply squeezed out the already emerged domestic private manu-
facturers from domestic market, redirecting them towards the export
market. Backed by in kind support from local governments and sub-
sidized loans from the China Development Bank [77], they capitalized
on renewable energy deployment policy in foreign countries [14] to
realize economies of scale, dominating a lion’s share in the world’s PV
module and cell market by 2012 [73]. This kicked first-tier German and
US manufacturers out of the market, and got them into bankruptcy.
This raised anti-dumping measures by the United States, forcing some
Chinese manufacturers to go bankrupt as well. This prompted the
central government to expand the scope of the feed-in-tariff to include
solar power so that they can tap the domestic market to get out of fi-
nancial distress [72].

In the meantime, coal price have been raised twice during 2000-08
[67], and further increased in 2009-10 [78] as a result of the coal price

4 Preferential treatment includes: financial support for grid extension and access road
and preferential loan and tax conditions. Local governments also competed each other to
offer upfront economic support for project owners in their geographical area, expecting
huge amount of tax revenue if their bid is successful [35].

S A minimum 50% of local content requirement was imposed, which was raised up to
70% and made valid for non-concession projects in 2005 [34].
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reform. The price hike triggered conflicts of interest between coal in-
dustry and coal power: it enabled coal industry to invest in capacity
expansion and safety in mines, but made coal power fall into financial
distress under the wholesale price control. This led the government to
implement special treatment on coal price, including an exemption of
coal power from the 2015 restriction on import and local sale of coal
with high ash and sulfur content [79], and the suspension of local
governments’ approval of new coalmines during the soaring coal price
in the latter half of 2016.

As a result, the price gap between coal power and renewable elec-
tricity has not closed so rapidly. The feed-in tariff for onshore wind
power is 0.51-0.61 yuan/kWh and that for solar PV is 1 or 1.15 yuan/
kW, while on-grid tariffs for coal power are about 0.24-0.48 yuan/kWh
and 0.14-0.40 yuan/kWh for hydropower in 2015 [80]. Low coal price
eventually slows down energy transition. Despite the rapid increase,
wind and solar power account only for 3 and 1% in total electricity
generation, while coal power remains more than 70% in 2014 (Fig. 1).

3.4. Power exercises

Rapid developments in renewable energy provoked severe con-
testations and power struggles among renewable electricity generator,
coal power generators, and state grid companies, resulting in high level
of wind and hydropower curtailment. National average wind curtail-
ment rate was one-third in 2011 [81]. While it fell down to 8% in 2014
[82], but resurged to reach 15% in 2015 [83], and 13% in 2016 [80].
Gansu and Xinjiang saw wind curtailment by 39% and 32% in 2015
[84], and Yunnan did hydropower curtailment by more than 25% of the
potential generation in 2013 [34]. Besides, solar curtailment becomes
significant [85]: it rose 50% over 2015 and 2016 nationwide, and more
than 30% of solar power failed to reach the grid in Gansu and Xinjiang-
Uygur provinces [86].

Provincial governments, especially those who have relied revenues
and employment significantly from incumbent coal powers and coal-
mines stood as a constitutive power. They ordered wind farms to shut
down or to buy production quota from coal powers to rescue their fi-
nancial distress [87]. Discrimination against renewable energy was
especially harsh in Xinjiang-Uygur, Gansu and Yunnan provinces. The
Xinjiang-Uygur autonomous region imposed a levy of 0.2-0.25 yuan
per kWh on wind power and used the revenue to support coal power.
Yunnan province demanded wind power and hydropower generators to
transfer some of their revenues to coal power. Gansu province required
renewable power generators to sell electricity in competitive direct
power purchase deals, which resulted in much lower prices than the
feed-in-tariff, while coal power generators were allowed to sell at the
higher benchmark price.

The central government cautious in

became exercising
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transformative power. At first, it defined the underlying causes of re-
newable curtailment as breakdowns in the planning process, namely:
lack of coordination between wind generation and transmission plan-
ning; mismatch between project approval and transmission planning
timelines, and lack of local demand or transmission export capacity;
lack of balancing sources; and lack of flexible pricing mechanisms and
optimized dispatch [88]. In this definition, the government and the CPC
released the “Deepening Reform of the Power Sector” and its im-
plementation documents so that grid companies could implement de-
mand-side management (DSM) and end-use energy efficiency programs
[39]. It also released Document No.9 “Further Strengthening the In-
stitutional Reform of the Electric Power Industry” to start research on
challenges such as electricity pricing mechanism that eliminated un-
reasonable cross-subsidies, and dispatch plans that placed priority on
renewable electricity. A social experiment on energy efficient dispatch
in the Guaxi province was performed, but proved to increase im-
balances and center-provincial tensions in the current system [89].
Alternatively, the central government issued a regulation that man-
dated the two state grid operators to give priority toward clean energy
over coal, setting a minimum limit of 5% of electricity on the trans-
mission grid that must come from wind, solar and biomass. None-
theless, it did not strictly punish them for curtailment [81]. The central
government refused their requests to pass on additional costs for cor-
recting the geographical imbalance and developing transmission in-
frastructure to consumers, and did not sufficiently compensate this in-
vestment. This resulted in the suspension of new wind power
construction approvals and access to grid connections in six provinces
of Heilongjiang, Jilin and Gansu provinces, Inner Mongolia, Ningxia
Hui, and Xinjiang-Uygur autonomous regions [90]. This measure an-
gered the China Renewable Energy Society, which filed lawsuits against
these provincial governments for violations to the guaranteed purchase
principle in the Renewable Energy Law, claiming the loss to wind
power generators amounting to 18 billion yuan [91,92].

4. Discussion
4.1. China’s electricity system from a socio-technical transition perspective

The above analysis shows that it is only as long as energy shortage is
perceived as a most serious energy challenge and when energy security
is placed as top priority that the prevailing regime welcomes emergence
of renewable energy as a niche innovator. When the government in-
itiates to foster wind turbine manufacturers and to deploy wind power,
coal power and state grids regard it as complementary to address power
shortage and rural electrification, rather than as a competitor. Once the
generation capacity far exceeds the demand, and renewable electricity
arrives at grid parity price, however, incumbents regard it as a threat to
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their vested interests and the prevailing regime. They capitalize on their
resources and power to block off renewable energy from generating
positive feedback effects that will advance further energy transition.

In China, the economic downturn since 2015 and the subsequent
slowdown of energy demand growth marked a turning point. China got
significant surplus generation capacity in that year: it was estimated to
have a national effective reserve margin of 25-28% in 2014, much
larger than 15% in US [93].

Identical business model intensifies conflict of interests between
renewable energy and incumbent coal power generators. Renewable
generators are incentivized to generate whenever possible to earn a
feed-in tariff [38]. Coal power generators are also incentivized to ex-
pand capacity and to operate their maximum annual allocation of hours
under the government-regulated power allocation scheme [94]. They
are required to operate a planned number of fully loaded hours to cover
both variable and capacity costs [95]. All thermal plants are allowed to
receive the same number of operating hours, regardless of their heat
rate or economics [96]. Very limited peaking generators, coupled with
no formal, objective criteria to evaluate transmission projects for in-
vestment [38] motivate them to invest in capacity.

However, the supply system is created and embedded into a society
that favors coal power. Priority on grid connection is given to coal
power while no environmental criteria is applied to decide units to be
curtailed [95]. Neither coal power not state grid companies bear the
cost of curtailment because there is no legislation that clearly demands
compensation for curtailment [97]. Under this rule of game, the tran-
sition to hybrid system provokes hard clash, resulting in the unilateral
curtailment of renewable energy that has smaller resources and power.

4.2. China’s electricity system from the political economic perspective

This does not imply that renewable energy in China failed to gain
positive policy feedback effects and to organize alliances. The emer-
gence of renewable energy manufactures has cut down investment and
generation cost of renewable energy. Coupled with large import of
natural gas, this reduces the political cost of emissions reduction, en-
abling the government to revise the renewable energy target upward.
This pushes investments in renewable energy capacity, increasing the
amount of renewable power generation (Fig. 1).

It is important to note, however, that coal power and state grids
have also capitalized on their resources and power to organize alliances
to augment prevailing power supply system and to maintain their
competitive edge. In the period of rapid electricity growth, wind cur-
tailment, which had been reported as serious in 2010 and 2011, was
resolved with rapid growth in electricity demand (Fig. 2a).

When landscape was developed to take China into a stagnant de-
mand growth, however, large state-owned coal power has mobilized
resources and power to prop up the prevailing regime. They lobbied the
central and local governments [38] to get approval for coal power
generation projects [98]. They added 35 GW of coal generation capa-
city in 2014 compared to an end-of year total system generation ca-
pacity of 1360 GW [94] even after wind curtailment had been re-
cognized as serious problem. To get approval as well as maintain its
support, they shifted coal power projects toward ultra-supercritical and
CHP that are cleaner, more efficient but less flexible, crashing hard with
renewable powers [99]. Coal power also lobbied hard against plans
proposed by the coal association to restrict imports [79], getting ex-
emption for coal power from the 2014 coal ban. At the same time, they
fiercely resisted reductions in operating hours that result from in-
creased renewable energy generation. This discouraged investment in
flexible resources.

Coal-rich local governments supported their activities. They took
protective measures to avoid economic loss and unemployment that is
triggered by government initiative for industrial overcapacity reduc-
tion, and the coal consumption cap in the 13th FYP [100], as the
government estimates these measures would make 1.3 million coal
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sector workers redundant [101].

State grid companies de facto joined in the alliance of coal powers.
They enhanced their power and influence, especially in the negotiations
with investors or operators, through active integration of vast number
of rural grids into their networks, consolidation of the major grids into
fewer and larger ones [98]. One grid policy of provincial governments
helped their consolidation and reinforcement of double monopoly
status [102]. Under this context, they ignored the construction of the
220 kV and 500 kV network connecting wind power to the grid [103],
and interconnection among provincial grids that enable renewable
energy to be integrated into the system without impairing reliability
and investing in costly and lengthy transmission lines [38]. Such grid
infrastructure development and system balancing were not government
priority, required huge amount of investment costs,® and not particu-
larly suitable for coal power [104]. Rather, they developed inter-
connecting individual plants with provincial grids [38] and ultra-high-
voltage (UHV) transmission network” [100] that were in line with the
government initiative on long-distance electricity transmission from
renewable-rich provinces to relatively low coastal provinces.

State grid companies are also suspected to capitalize on political
power to exclude independent system operators from the power sector
reform plan, which enables them to continue to take charge of making

© Grid infrastructure is estimated to cost 27.88 billion yuan by 2015 and soar to 45.32
billion by 2020, and system balancing 31.49 billion yuan in 2015 and 63.97 billion yuan
in 2020 among which a substantial part (over 60%) comes from electricity loss in energy
transfer [80].

7 UHV enables the transmission lines to deliver a large amount of electricity over long
distances with lower loss [87].
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dispatch plans and to influence over other participants, including power
generation companies and consumers [105]. Given that the govern-
ment-regulated power allocation scheme prompt energy dispatching
centers to set the maximum amount of wind energy a day ahead of time,
at a level fixed quite low due to the variability of the wind energy
supply [103], they will not exercise power relation in favor of renew-
able energy generators. All of their activities intensify alliance that
augments prevailing power supply system (Fig. 2b), resulting in a large
renewable curtailment in 2015-16.

5. Conclusions

This paper aims to explore how niche innovators and incumbents
capitalize on their resources and power to create, augment or weaken
prevailing political path-dependencies and lock-in of the prevailing
electricity supply system to prospect a future energy transition in China,
by introducing political economy perspective in socio-technical transi-
tion. The findings can be summarized as follows.

First, renewable energy has generated feedback effects in China.
Several landscape development have destabilized the prevailing elec-
tricity supply system to open the window for renewable energy man-
ufacturing to emerge as a niche innovation, and their emergence
prompts the government to release ambitious renewable energy targets,
supporting their further deployment and falling cost.

Second, incumbent coal power have capitalized on their resources
and power, to organize an alliance to be consistent with the government
policy orientation while blocking institutional reforms for energy
transition, at the cost of high renewable curtailment.

This implies that China will stay at the hybrid system with a large
renewable curtailment as long as the government keeps strict price
control and disregards system operation efficiency. The coal con-
sumption cap will merely result in coal price hike and forced shutdown
of coal power and mines. UHV and long-distance transmission may
result in proliferation or consolidation of coal power without simulta-
neous development of the 220 kV and 500 kV network connecting re-
newable power to the grid. While the government announces to fund
100 billion yuan for unemployment [106], its financial support for
foreign business of coal industry and power poses a risk of international
displacement of coal consumption and carbon emission [107].

The unfavorable contestation to renewable energy prevails wher-
ever vertically integrated, monopolistic or oligopolistic electricity
supply system and/or government price control have long been justified
for the purpose of energy security. The political, economic and in-
stitutional cost of energy transition becomes high, since the electricity
supply system has been long developed by monopolistic or oligopolistic
incumbent suppliers in their favor [94]. This justifies discriminatory
grid access against renewable electricity, even if renewable energy
becomes so competitive in the market that it can be self-sustaining.®
The government may perceive liberalized wholesale market with an
independent regulator and a formal, transparent rate making process as
a loss of political instrument to control inflation, thus legitimizing their
governance.

The lack of successful transition experience also makes governments
in East Asian countries reluctant to reframe renewable energy as an
electricity supply system for energy security in the face of output un-
certainty and variability of renewable energy. This implies that it is not
until Europe or North America demonstrate the successful transition to
renewable energy-centered electricity supply system that they go be-
yond the hybrid system to advance energy transition.

8 In Japan, for example, new wind power and solar PV generators have to bear most of
the cost of new transmission lines that are additionally required to dispatch their elec-
tricity from grids to end-users, not to mention to power plants to grids [111]. This ef-
fectively blocks transformation of the prevailing system.
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