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A B S T R A C T

China has seen a surge in wind power installation over the past decade, and is now the world leader in installed
capacity. However, wind curtailment – i.e., when the power grid frequently interrupts the power connection of
installed wind capacity – has become an increasingly serious problem. But despite wind curtailment significantly
jeopardizing wind power developers’ profitability in China, companies have continued to invest. This study,
based on extensive interviews with decision-makers in China's Central State-Owned Enterprises (CSOEs), at-
tempts to explain this seeming paradox. Since the majority of wind power investment in China has been made by
CSOEs, previous findings of SOE studies assume that this continued investment abjures “economic rationality”
due to political/policy burdens. However, this study shows that this is not necessarily accurate. CSOEs’ in-
vestment behavior also accords with market logic, as they competed fiercely over wind power sites, increasing
investment scale as a rational long-term strategy of profitability. We also find that the embrace of market logic
by CSOEs has resulted from recent economic and power sector reforms. For a more efficient market, policy-
makers must pay greater attention to the quality of competition among CSOEs.

1. Introduction

1.1. Wind curtailment issue in China

Over the past decade, China has experienced a surge of investment
in wind energy. In 2016, installed wind capacity reached 149,000MW
(NEA, 2017b), 438-times higher than in 2000 (Chinese Electric Power
Yearbook Committee, 2001). Additionally, China became the world's
leading investor in wind energy in 2010 (Wang et al., 2012). Since
2010, however, this rapidly growing industry has faced a rising chal-
lenge from wind curtailment：i.e. the abandonment of power genera-
tion of grid-connected wind power capacity (Dong et al., 2018). The
power grid operator, mainly the State Grid Corporation of China, has
decided to interrupt or intermit the grid connection of installed wind
capacity during power dispatches.

Wind curtailment in China has resulted in sharp declines of utili-
zation hours of wind power equipment, creating a growing divergence
between installed capacity and actual power generation (Fig. 1). Energy

loss from wind curtailment has been significant, and is worsening.
China’ average wind curtailment rate in 2011 was 16%, resulting in a
loss of 12.3 million MWh of electrical power (Zhang, 2016).1 The
numbers rose to 19% and 49.7 million MWh in 2016 (NEA, 2017b),
equivalent to nearly 75% of total solar power generation in China that
year. Wind curtailment occurred primarily in the northeastern,
northern and northwestern China, also known as the Sanbei region
which translates to the “Three North Regions” (Luo et al., 2016).

Eight provinces suffered from wind curtailment in this region:
Liaoning, Jilin, Heilongjiang, Hebei, Inner Mongolia, Xinjiang, Ningxia,
and Gansu. More than 60% of wind power is located in this region due
its quality and abundance of wind resources (Fig. 2). The under-utili-
zation of wind power may jeopardize China's ability to meet its re-
newable energy goals, as officially announced in the country's Intended
Nationally Determined Contributions (INDC) to the 2015 Paris Agree-
ment.

In recent years, the causes of China's severe wind curtailment have
been extensively debated. Technical and socio-economic reasons have
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been flagged by researchers as being the most important, including grid
inflexibility and insufficient transmission capacity (Davidson et al.,
2016; Luo et al., 2016; Shu et al., 2017; Xiong et al., 2016), power
planning and administrative barriers (Lu et al., 2016; Luo et al., 2012;
Pei et al., 2015; Zhang et al., 2016b), and the mismatch between power
supply and demand (Qi et al., 2018; Yang et al., 2012), especially under
the economic “new normal” of slower growth and a structural transition
away from heavy industry (Dong et al., 2018).

1.2. The paradox of wind power companies under wind curtailment

Wind curtailment can significantly undermine power companies’
profitability (Lewis, 2016; Luo et al., 2016). Nevertheless, there has
been a paradoxical behavior of wind power companies. Despite in-
creasing wind curtailment, wind power investments have continued to
surge in China, especially in the Sanbei region (Fig. 3). To put it simply,
investment decision-making seems to have been decoupled from eco-
nomic rationality.

The profit of a wind farm is the difference of income of power
generation and the total cost, expressed as:2

SI E P *= × + (1)

CE CF (1 Cr) 8760op= × × × (2)

C CTC U *op= × + (3)

In Eq. (1), I is the income; E stands for the annual wind power
electricity; P refers to the benchmark price subsidized by the Fit-in-
Tariffs (FITs), S* is other subsidies from the government or the Clean
Development Mechanism (CDM).3,4 In Eq. (2), Cop refers to grid-con-
nected wind capacity. CF stands for the capacity factor that wind farms
can achieve without wind curtailment. Cr is the percentage of wind
power that is curtailed; 8760 is the total number of hours in a year (Lu
et al., 2016). And in Eq. (3), U refers to the unit capacity cost of wind
turbine and C* is other costs including loan interests and other fees.

Wind curtailment negatively affects the capacity factor, or the uti-
lization hours of wind farms, decreasing the amount of wind-generated

electricity.5 From 2011–2016, the total loss of wind power generation
was 145,500,000 MWh (NEA, 2017b; Zhang, 2016), resulting in ap-
proximately 12.5 billion USD worth of losses for wind developers
(Zhang et al., 2016a).6

Meanwhile, the supporting policies of wind power were increasingly less
effective. In 2005, the Renewable Energy Law was enacted to offer wind
power developers tax reduction and subsidies (Wang et al., 2010). There
was a subsidy of 300 RMB per kilowatt from 2006 to 2011 (Luo et al.,
2016). And the National Energy Administration (NEA) has subsidized wind
power projects as the benchmark price since 2009 (NDRC, 2009). Local
governments would attract wind power developers with low-cost land use
and other favorable conditions. However, wind power developers gradually
faced challenges of diminishing subsidies. The National Development and
Reform Commission (NDRC) lowered the wind power on-grid benchmark
prices three times (NDRC, 2014b, 2015, 2016). And the national renewable
energy subsidies failed to be appropriated on time (BJXnet, 2015). Instead
of offering subsidies, some local governments even asked the developers for
wind resource taxes, which increased the costs of developing wind farms
(China Economy Net, 2013). The cost reductions from technological pro-
gress and wind turbine manufacturing have been offset by wind curtailment
rates exceeding 10%, along with a drop in funding from CDM for wind
farms (Luo et al., 2016). Furthermore, the subsidies fell short when they
encountered severe wind curtailment. Thus, companies in the Sanbei region
experienced significant revenue loss or even became unprofitable.

The concerns of wind farm profitability began to show up as early as
2009 (Netease, 2009). A comprehensive investigation conducted by the
State Electricity Regulatory Commission in 2009 revealed that some
wind farms in the Sanbei region were suffering from economic difficul-
ties or profit loss due to curtailment (Ifeng News, 2009). In 2011, a report
from China Electricity Council, a central government-based power in-
dustry association, showed that the five largest power CSOEs experi-
enced a total loss of 140 million RMB in wind power business in July and
August of that year (Ifeng News, 2011). In 2014, it was also reported that
more than 50% of China's wind power investment was facing revenue
loss since the third quarter of that year, according to an executive-level
officer from one of the largest power enterprises in China (Sina, 2014).

Given the many difficulties in accessing the financial records of wind
power projects and the confidentiality of related data, we conducted ex-
tensive interviews with insiders from the industry about profitability con-
ditions. It was widely admitted that revenue loss of wind farms was very
common in the Sanbei region and wind curtailment was the biggest threat
to profitability [I02; I05; I06; I08; I09].7 For instance, the average economic
break-even point of wind farms in Guazhou county of Gansu was approxi-
mately 1800 h of utilization. The actual utilization hours, however, de-
creased from 1859h in 2013 to 992 h in 2016 [G01], indicating significant
revenue loss. And a common industrial estimation was that wind curtail-
ment rate higher than 20% would definitely lead to profit loss [I05; I08].8

This paradox has prompted much media attention (BJXnet, 2014b,
2017; Sohu, 2017) but little academic research. This paper aims to
address this paradox by answering the research question: why did wind
power companies in China keep investing despite increasing wind
curtailment? Since little public data exists for the question, we fill the
gap between inaccessible data and available data with expert elicitation
by conducting extensive interviews with 50 stakeholders.

In Section 2, we first present the research background about CSOEs and
their role in China's energy economy. Section 3 details the methodology of
our exploratory qualitative research, specifically about how and when the
interviews were carried out, and the supporting documentary analysis.
Section 4 presents the research findings, grouped into two primary results.
Firstly, this study found that there was no direct mandate from the central

Fig. 1. Wind power's share of total installed capacity and power generation in
China.
Sources: National Bureau of Statistics of China (2016) Chinese Electric Power
Yearbook Committee (2007-2015) NEA (2016), NEA (2017b)

2 See Methods from Lu et al. (2016).
3 The benchmark prices of wind power are determined by NDRC based on the

quality of wind resources. Wind resources in China are divided into four classes
(I-IV) representing high to low quality with corresponding benchmark prices
from low to high.

4 CDM is a mechanism from Kyoto Protocol (IPCC, 2007) that provides for
emissions reduction projects to trade emissions reduction units in the emissions
trading schemes.

5 The utilization hours are calculated as CF*(1-Cr)*8760.
6 Using an electricity price of USD 8.6¢/kWh for Chinese wind power.
7 See Appendix A for interview codes.
8 See Appendix B for document codes.
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government and CSOEs enjoyed decision-making autonomy regarding wind
power investment. Secondly, CSOEs continuing to invest despite wind
curtailment was a rational strategy for long-term profitability. Section 5
discusses the potential significance of the research findings, and situates
them in the existing literature and the relevant policy environment in China.
Finally, Section 6 offers concluding remarks.

2. The roles of state-owned enterprises in China's wind power
development

Answering the research question posed in this study requires fo-
cusing on China's state-owned enterprises – namely central govern-
ment-run state-owned enterprises (CSOEs). Pillars of China's so-called
“state capitalist” economy, they have also played an indispensable role
in the country's wind power development. In 2013, more than 80% of
China's installed wind capacity was operated by SOEs (Luo et al., 2016).
The nine largest power companies in China are the “Big Five” and
“Small Four” enterprises, as they are popularly known; all of them are
CSOEs.9 And eight of them ranked in China's top 10 wind power

developers in 2013, accounting for 71% of the market share (Fig. 4).
The “Big Five” alone accounted for 55% of total capacity in 2013 (Luo
et al., 2016). Therefore, the investment decisions of these CSOEs are
key to understanding the paradox of wind power investment in China.

2.1. The government-related procedures for wind power investment

In principle, wind power projects follow NDRC-mandated guidelines
(NDRC, 2003) and conduct project feasibility assessments, requiring a
project to calculate its Net Present Value (NPV) in order to assess its
economic feasibility. NPV is the traditional, and by far the most widely
used, financial method to calculate investment profitability (Ross, 1995).
The general form of a NPV calculation is:

V I C C
r

INPV
(1 )

.
t

n
i

t0
1

0
0= =

+= (4)

Here, V is a given project's expected return, I0 the amount of initial in-
vestment, Ci the average annual project cash-in, Co the average annual
project cash-out, r the discount rate, and t is the timeframe of the project.

Fig. 2. Wind energy resources and curtailment rates in the Sanbei region.
Sources: NDRC (2016); NEA (2017b)

Fig. 3. Wind power installation and wind curtailment in the provinces of the Sanbei region. Numbers next to the arrows refer to the average wind curtailment rate
and total curtailed volume of that year in China.
Sources: Chinese Electric Power Yearbook Committee (2007-2015); Zhang (2016), NEA (2016); NEA (2017b).

9 The“Big Five”: China Huaneng Group, China Datang Corporation, China
Huadian Corporation, China Guodian Corporation, State Power Investment
Corporation. The “Small Four”: China Resources, State Development and

(footnote continued)
Investment Corporation, China General Nuclear Power Corporation (CGN),
Guohua Electric Power Company.
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Central to the concept of NPV is the internal rate of return (IRR),
which is the discount rate when NPV equals zero (i.e., IRR= r, when
NPV=0). IRR represents the bottom line of profitability of a project,
meaning the minimum rate of return a project can have in order to
cover the costs of a wind project's life cycle (which on average lasts
approximately 20 years in China). Therefore, the higher the IRR, the
higher the expected profitability of a project. CSOEs made decisions
about whether a potential site was worth investing in based on IRR
calculations, and set minimum IRR thresholds, normally from 8% to
10% [I06; I08; I18; I33; I34]. Projects that passed the requirements
received investment.

Wind power projects must be approved by the government. The
administrative authority for wind power development is located in the
NEA, which guides and monitors wind power development.
Specifically, it sets Five-Year-Plans (FYPs) for general installation tar-
gets and makes supporting policies. NEA has devolved its power of
approval to the local authorities (Table 1):

The delegation of NEA's approval power made the projects easier to
get approved, accelerating wind power investment, as local govern-
ments welcomed investment for local economic growth. However, NEA
still held the rights to veto projects if needed. For instance, the devel-
opment goals for other provinces with significant wind curtailment
were restrained yet negotiable because NEA had to prevent over-
investment (NEA, 2013). NEA also issued red alerts for wind power
investment in six provinces with severe wind curtailment in 2017,
banning new projects approval and installations temporarily (NEA,
2017a).

2.2. Literature review of the traditional SOEs studies

Since the absolute majority of wind power investments were made
by SOEs, a widely assumed explanation to the paradox of continued
investment under severe wind curtailment was that the central gov-
ernment has made the growth of renewable energy a high-priority na-
tional goal, formalized since 2005 in the Renewable Energy Law. Being

government-owned entities, CSOEs are therefore obliged to further this
national prerogative at any cost. Thus, it is only political rational for
CSOEs to deviate from economic rationality based on the widespread
view in traditional SOEs studies that the government, being the largest
shareholder, controls business operations (Du and Wang, 2013; Huchet,
2003; Johns, 1995; Koppell, 2007; Zhang, 2015).

Therefore, the prevailing findings in much of the field is that dif-
ferent from private companies, which accord with the market logic of
profit-maximization, China's SOEs follow political logic, even when it is
opposed to economic rationality (Wang, 2008). Studies show that state
ownership inevitably exposes enterprises more to political interventions
than private ownership does (Fan et al., 2007; Morsing, 2011; Roper
and Schoenberger-Orgad, 2011; Zif, 1981). Thus, they are obligated to
bear policy burdens, i.e. responsibilities to fulfill the government's non-
profit-seeking goals, including “social burdens” and “strategic burdens”
(Lin, 1999; Lin et al., 1998; Lin and Tan, 1999; Liu et al., 2016). For
example, some Chinese SOEs have to maintain overstaffed employment
for social stability reasons (Dong and Putterman, 2003; Du and Wang,
2013). SOEs are also considered as the pioneer of the development of
new technologies or strategic industries, which are key to long-term,
national development goals (Clò et al., 2015; Du and Wang, 2013;
Naughton, 2017). When the economic and non-economic objectives are
in conflict, it is believed the former is usually subordinated to the later.
Therefore, SOEs usually serve as policy instruments to fulfill these non-
profit-seeking goals of the government (Dai, 2013; Schroeter et al.,
2016; Zhao-Yang, 2014). As a consequence, SOEs’ autonomy or control
rights in economic activities and business decision-making, including
strategic business-boundary issues, pricing decisions, resource acquisi-
tion, and mobilization issues are severely compromised (Groves et al.,
1994; Lioukas et al., 1993; Naughton, 2017).

Due to policy burdens, it is difficult for the government to distin-
guish between policy-induced losses and regular business losses of SOEs
(Liao et al., 2009). Therefore, SOEs would obtain privileged support
from the government in return to compensate their economic losses
(Milhaupt and Zheng, 2015), known as the “soft budget constraints”

Fig. 4. The top 10 wind energy enterprises in China in 2012 and 2013, as measured in installed capacity and market share.
Sources: BJXnet (2014a)

Table 1
Administrative approval jurisdictions of wind power projects.
Source: Luo et al. (2016)

Year NEA Local authorities

2004–2010 Approved wind power projects of installed capacity of 50MW and above Approved projects under the installed capacity of 50MW
2011–2013 Took back the approval jurisdiction from the local government. Approved all wind power projects. No approval rights
2013-Now Delegated the approval jurisdiction to local authorities Approved all wind power projects with a few exceptions
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(Kornai, 1986; Lin and Tan, 1999; Qian and Roland, 1996). As a result,
SOEs in general do not bear the cost or enjoy the benefit of investment
in the way that private firms do, as they could enjoy “soft budget
constraints” from the government (Chow et al., 2010). Moreover, SOEs
are often operating in monopoly industries in which the market is un-
competitive (Xu, 2010; Yuan and Shao, 2010). In such conditions, there
are often arbitrary investment decision-making (Dan, 2009; Liu and
Wang, 2004), especially in the absence of market competition (Lin
et al., 1998). Therefore, SOEs are often accused of being insensitive
about revenue loss and inefficient in terms of profits, productivity, and
growth compared to private firms (Li et al., 2014; Sun et al., 2005).

To sum up, the theory outlined by traditional studies would assume
that increasing wind power capacities is a political mandate from the
central government. CSOEs have to continue investing even if they
suffer profit loss; and they are arbitrary and less motivated to be cost-
efficient in business decision-making than private firms are due to state
ownership, soft budget constraints, and insufficient market competi-
tion. In other words, CSOEs do not follow market logic in wind power
investment.

To test the above hypothesis requires detailed empirical studies.
Gathering empirical information, especially first-hand, from CSOEs has
historically been difficult, as political sensitivities and corporate con-
siderations greatly limit access. Therefore, SOEs studies are in need of
qualitative studies for exploratory purposes (Daiser et al., 2017). There
are even fewer studies revealing the decision-making processes of
CSOEs in China. To fill this gap, we conducted extensive interviews in
with CSOE executives, middle managers, and other employees to an-
swer the question: why have wind power CSOEs continued to invest
despite wind curtailment, and the economic rationale to do so?

This study finds that the conventional argument outlined above is
incomplete to answer the question. In fact, CSOEs also employ eco-
nomic and market logic in investment decision-making with respect to
wind farms. And we argue that this economic rationale has resulted
from economic and power sector reforms. The central government,
through the reforms, has created a market in which CSOEs engage in
significant levels of competition with each other. Yet the market is
constrained by administrative hurdles, notably the benchmark prices
determined by NDRC and the central state-owned oligopolies dom-
inating electricity supply. We also find that this economic rationality of
CSOEs is encouraged by the performance evaluation of the central
government (Table 2).

3. Methods and materials

3.1. Exploratory qualitative study

This research is an exploratory qualitative study of the investment
decision-making mechanisms and the logic of CSOEs under conditions
of wind curtailment. Qualitative methods of this kind are widely ap-
plied in studies that are detailed, text-based, and/or historical (Vromen,
2010). Furthermore, answers to research questions usually include
personal reflections from participants of the studied event (Brady and
Collier, 2010; Vromen, 2010). This type of methodology is well-estab-
lished and has been used to understand a wide range of topics, in-
cluding public responses to natural disasters, habitat protection man-
agement, and firms’ energy conservation behavior (Hawkins and
Maurer, 2009; Kalfagianni and Kuik, 2016; Morrison, 2017; Zhao et al.,
2014; Zhao and Ortolano, 2010). To answer our research question, we
conducted extensive semi-structured interviews with stakeholders who
experienced the studied phenomena, as well as through analysis of re-
lated documents provided by the interviewees and other relevant
sources (Starks and Trinidad, 2007).

3.2. Semi-structured interviews

This study draws upon 38 in-depth confidential interviews with 50 Ta
bl
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interviewees (Appendix A). We conducted 19 semi-structured inter-
views with 26 employees from different CSOEs. 16 of them were key
decision-makers or participants, including middle-and high-level man-
agers from headquarters and subsidiaries (e.g., department heads and a
vice president) and the rest were directors or day-to-day operators of
the wind farms of these CSOEs. Seven CSOEs were investigated in total.
Six CSOEs in our study belonged to the top 10 largest wind power in-
vestors in China and the other was a pioneer in wind power develop-
ment in China, being an early entrant into the industry. As the top 10
wind power enterprises accounted for 75% of China's installed wind
power capacity in 2013, the selected cases are strongly representative
of the general behavioral dynamics of the country's wind power com-
panies. For reasons of personal and professional privacy, we withhold
the names of the CSOEs and their employees from our study.

To provide a more comprehensive understanding of the conditions
under which investment decisions are made, and as contextualizing
reference points, we also interviewed 24 decision-makers or key par-
ticipants from other related organizations including provincial and
local renewable energy bureaus, private wind power companies, large
investment banks, the State Grid Corporation of China (SGCC) and the
Chinese Wind Energy Association (CWEA), a long-standing non-gov-
ernmental industrial association established in 1981.

Of the 38 interviews, 32 were face-to-face and four were by phone.
Each interview lasted an hour or more. Two interviews were conducted
on the basis of structured questionnaires. We also participated in and
observed a 3-h closed-door meeting, led by the National Energy
Administration (NEA), in Gansu province, addressing the wind cur-
tailment issue with stakeholders including officials from NEA, the
Gansu provincial energy bureau, and the energy departments of local
governments. Managers of wind power companies and the State Grid
Gansu Company also participated in this meeting. Finally, regular
follow-up communications with interviewees via telephone calls,
emails, and text messages were made after the interviews, to check for
further developments and to clarify ambiguities in the interview ma-
terial.

The interviews were conducted between May 2016 and July 2017.
Other communication documentation, such as follow-up text messages,
were also retained for the record. The timeframe of the information
given by the interviews – and therefore the timeframe of this study –
date from 2005, the beginning of China's massive development of wind
power, to 2016. The interview questions varied according to the oc-
cupations of the interviewees. In general, we asked questions to em-
ployees of the CSOEs about: (1) the processes and procedures of in-
vestment decision-making and wind power projects; (2) the key
determinants of wind power investment decisions; (3) how their
companies’ wind power business changed over the past decade; (4)
their firms’ reactions to wind curtailment and the reasons they invested
under those circumstances. Other interviews were focused on: (1) the
macroeconomic and political settings of the wind power industry and
its development in China, including the origins of wind curtailment;
(2) concerns of wind curtailment from policymakers’ perspective; (3)
the general industrial structure of China's wind power operations and
the related investment environment. We also asked non-CSOE inter-
viewees about their knowledge about wind curtailment and wind
power companies’ investment decisions as a robustness check. Most of
the interviews concentrated on the Sanbei region with three exceptions
being non-Sanbei branch companies of CSOEs in Hubei and Guizhou
province. Similarly, follow-up communications helped to improve, or
at least check for, the reliability and consistency of the interview an-
swers.

3.3. Documentation and analysis

A documentary review was undertaken of key documents (n= 10)
(Appendix B) provided by the interviewees from CSOEs and public
material such as news articles, research reports, and government policy

papers to understand the evolution of the wind curtailment issue, re-
lated government policies, and how this influenced investment deci-
sions of CSOEs. They also provided objective supporting evidence to
answer the research question, in addition to the more subjective in-
formation provided by the interviews.

4. Research findings10

Contrasting from the conclusions of traditional SOE studies in
Section 2, the respondents’ answers and the analysis of supporting
documentation revealed market logic at work in the decision-making of
CSOEs in wind power investment, and in a great detail. Firstly, this
study found that there was no direct mandate from the central gov-
ernment regarding wind power installations. CSOEs enjoyed decision-
making autonomy in wind power projects. And the decision-making
process was not arbitrary. Secondly, CSOEs continuing to invest despite
wind curtailment was a rational strategy for long-term profitability to
cope with fierce competition for scarce wind resources. Thus, economic
rationality should not be overlooked in SOE studies.

4.1. The decision-making of CSOEs in wind power investment

4.1.1. CSOEs have autonomy in decision-making
In the case of wind power, CSOEs had relatively high autonomy in

wind power investment. They themselves decide investment scales and
strategies. CSOEs made their own investment plans at the beginning of
each year, including for the specific installed capacity targets of each of
their branch companies [I06; I08; I09]. Even though the National
Energy Administration (NEA) issued Five-Year-Plans（FYP）for wind
power, setting suggested goals for total installations by the end of the
five-year period, there were no direct mandates for each CSOE to invest
in wind farms. FYPs only served as guidance to broader wind power
development [I10; I24; I31; I38]. The annual national and provincial
installation goals were not assigned top-down, but followed a bottom-
up arrangement. The annual national development plan of wind power
was usually an aggregation of all the potential projects or total in-
vestment scale reported by the provincial energy administrations [I38].
NEA finalized the annual wind power development plan, which legit-
imized wind power projects based on the developers’ applications from
different provinces. There were few limits in provinces that had none or
less-severe wind curtailment [I08; I31].

Thus, CSOEs’ incentives, like private-owned developers, were en-
dogenous, not exogenously imposed by the central government's man-
dates in terms of investment scale [I11; I36]. In fact, the investment in
wind power always exceeded the planned targets. For example, the
expected installed capacity of wind power in the 11th FYP was
10,000MW by the end of 2010; the actual number exceeded
30,000MW. And the installed capacity in 2015 also surpassed the
target set in the 12th FYP by 30 million MW. They could have stopped
investing if they were willing to do so. For instance, one CSOE decided
to give up the development right because of aggravated curtailment
[I09; I18; I28]. Clearly, CSOEs experienced a relatively high degree of
autonomy with regard to investment decisions.

4.1.2. CSOEs’ decision-making process was not arbitrary
Studies have argued that SOEs care less about cost and benefit in

business decision-making, resulting arbitrary business decisions (Dan,
2009; Liu and Wang, 2004). However, our analysis shows that this is
not necessarily true in wind power investment. The decision-making
processes for wind power investment of the studied CSOEs were not
arbitrary but standardized with multiple evaluation stages. The

10 The research findings summarize interviews and the collected documents.
However, due to the length and format requirements, the authors only cite a
number of interviews and documents that can mostly represent the findings.

M. Zhu et al. Energy Policy 127 (2019) 200–212

205



processes were more sophisticated than the decision-making of the
studied private firms [I11; I34; I36]. The processes varied in detail, but
also showed important similarities. All of them followed standardized
procedures to guarantee accountable investments. Most studied CSOEs
had three tiers in its corporate structure: headquarters, secondary
companies (regional-branch and specialty-focused businesses), and
local branch companies (usually affiliated with a secondary company)
[I06; I08; I09; I12; I26; I32; I34]. In general, the decision-making
process passed through all three levels from the bottom-up. Potential
wind projects were usually discovered by local branch companies or
secondary companies.

According to the internal process requirements, project-related
materials had to be submitted to the higher-level companies based on
CSOEs’ decision-making timetables. Usually, there were three decision
points: initiation decision, project approval decision, and construction
decision [I06; I07; I24; I32]. At these points, local branch companies
had to report and submit required paperwork to their affiliated sec-
ondary companies. Afterwards, these secondary companies organized
evaluation meetings to discuss the project in detail to optimize tech-
nical and construction solutions, such as wind turbine selection, grid
transmission and transportation [F02]. The results of the evaluations
were then given to the local branch companies and also reported to
headquarters [I24]. Headquarters then devolved power back down to
the secondary companies for investment details (Fig. 5).

The gap between investment decision-making and capacity

installation was usually two years [I08]. Thus, the three decision points
(Fig. 5: A, C, E) allowed CSOEs to evaluate and re-evaluate a potential
project in case of changing investment conditions during the process
[I06; I09]. For instance, CSOEs deployed benchmarking schemes to
optimize the costs of the potential wind farms.11 It required that the
costs of a wind farm must match those of the best performing peers
located in the same area (e.g., same county) and were developing at the
same time [I06]. And CSOEs could also improve the requirement of
minimum IRR for risk control and slow down the investment if needed
[I08]. Projects failing to pass the evaluation process were not unusual in
CSOEs [I06; I26].

4.2. Increasing investment scale for long-term profitability

4.2.1. The market logic of increasing investment scale
Foremost among the investment strategies discussed in all the in-

terviews was to increase investment scale as a rational strategy to
benefit the CSOE over the long run [I06; I08; I24; I25; I26].
Expectations of long-term financial gain drove investment, assuming
that wind power would be an increasingly important feature of China's
energy economy going forward [I24; I25]. In the absence of severe wind
curtailment, increasing investment scale was an economically rational

Fig. 5. A flowchart illustrating the corporate governance structure and decision-making process behind investment decisions for wind energy CSOEs.
Source: I06, I08; F01, F02

11 “Dui biao” in Chinese.
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choice for firms.
First of all, the hearsay of the official establishment Renewable

Portfolio Standards (RPS) was the primary reason for CSOEs to expand
their wind power business in the first place [I01; I06; I08; I10]. RPS was
a quota system that mandated large power companies to generate or
purchase renewable power as a set percentage of their total power
generation. NEA had been planning to establish the RPS since 2007
(NEA, 2007). Rumors had it that if the companies failed to meet the
quota, coal-fired power generation would be limited [I06; I10]. How-
ever, it was never officially settled as a government policy. The un-
certainty of this policy motivated power CSOEs to develop their own
wind farms in order to match production for economic considerations.
For one thing, they were afraid of losing coal-fired business, and for
another they wanted to avoid the transaction cost of purchasing re-
newable power from other companies [I06; I07; I08; I09]. Therefore,
the larger the companies were, the more wind power generation they
needed.

Secondly, wind power projects in the Sanbei region tended to be
highly profitable due to high-quality wind resources and low land costs
[I08; I18; I34]. The central government provided feed-in-tariff subsidies
and many local governments at that time promised wind power de-
velopers favorable administrative and financial conditions in order to
attract investment [I23; I28]. It was estimated that an average-size
wind farm in Gansu would gain 70,000 RMB per day before severe wind
curtailment happened, and that the monthly wage of a wind farm staff
was over 5000 RMB at that time [I27], considerably higher than the
average income in Gansu.

Thirdly, though the break-even point of wind projects varied across
cases, approximation of the wind curtailment threshold for industry-
wide profitability was 10–20% [I05; I08; I11; I31; I32; I35]. Thus, some
companies whose investment costs were lower than average would still
invest under a curtailment rate of 20% [I01; I03]. Additionally, since
the prices of wind power were mostly fixed by NDRC – known as
benchmark prices – the total profit was in theory positively related to
investment scale [I12; I18]. Moreover, like other power industries,
achieving economies of scale was crucial to the wind power developers
in order to lower overall cost [I07; I18]. As a result, they had to increase
their investment scale as much as possible for future profit.

High-quality wind resources were scarce due to limited land avail-
ability to build wind farms. The Sanbei region was consequently in
great demand by wind power developers. Interviewees reflected that to
achieve sustainable profitability of wind farms, the Sanbei region held
an unparalleled position compared to the southern and eastern regions,
which encountered less wind curtailment. Wind power projects in the
Sanbei region came first if the developers had to choose [I24; I32; I34].

Therefore, CSOEs competed fiercely over potential wind farm sites –
a single site could attract a dozen of developers [I06; I08; I09; I34]. The
competition among the largest energy CSOEs was particularly intense
as they were considered neck-and-neck in the market [I06; I08; I12].
They were afraid of losing competitiveness and being left behind by
peer enterprises. Thus, they set annual installation targets, in addition
to profitability goals, as direct measures to boost competence and
market power [I08; I18; I25; I26]. This pressure further encouraged
CSOEs to increase investment scale in order to demonstrate their strong
capabilities and gain the edge among peer CSOEs [I24].

Unfortunately, since severe wind curtailment undermined the
profitability of wind power projects in the Sanbei region, investment
decisions became challenging for CSOEs. On the one hand, if they kept
investing in wind power, they might suffer from profit loss. On the
other hand, to stop investing meant that they had to give up future
market share and economic gains in the competition. However, we
discovered that most studied CSOEs chose to keep investing because
they strongly believed that wind curtailment was a temporary issue that
could be solved eventually by the central government [I06; I08; I24;
I25; I26]. One CSOE chose to stop investing in the Sanbei region as they
were pessimistic about the situation of wind curtailment [I09; I18]. And

due to the intensive competition among the largest CSOEs, first-mover
advantages were crucial to increasing market share. They had to secure
the development rights as fast as they could, or other competitors
would get the projects immediately [I32].

Evidence showed that CSOEs were fully aware of the local wind
curtailment situation. The developers were required to ask the local
branches of the State Grid or regional power grid for the permission of
grid-connection in the government's approval procedures. As the deci-
sion-maker of wind curtailment, the State Grid would provide an
agreement to the developers before the grid-connection approval to
ensure they would accept wind curtailment in power generation.
Normally, CSOEs would accept the agreement [I30].

4.2.2. Adjusting the internal rate of return (IRR) to serve investment
strategy

The investment strategies of CSOEs could be served by adjusting the
internal rate of return (IRR) [I34], even though it is a standard financial
evaluation method for wind power development, as introduced earlier
in Section 2. It was not unusual that IRR calculations were manipulated
intentionally, usually through underestimating the wind curtailment
rate, to expand investment opportunities in the Sanbei region [I12;
I32].

The actual calculation of IRR was complicated [F03; F04]. In
practice, however, there were several key factors influencing the value
of project IRR, including wind resource quality, expected utilization
hours, on-grid price, financing cost, and land cost [I06; I08]. The re-
lationship between IRR and these key factors can be expressed as:

Wind resource On grid price Theoretical utilization hour
Total cost Technical utilization loss Expected wind curtailment

IRR ,= × ×
× × (5)

where,

Expected utilization hours Theoretical utilization hours

Coefficient of technical utilization loss
Expected wind curtailment rate(1 )

=

×
× (6)

Eq. (5) show that the factors above were positively related to IRR
while the factors below were negatively related. Eq. (6) calculated the
expected utilization hours of a wind power project [F05; F06; F07].
Theoretical utilization hours referred to the utilization hours of a wind
farm in full operation without energy loss from technological and cli-
mate impacts. And the coefficient of technical utilization loss referred
to the actual percentage of utilization, counting the above energy loss.
The expected wind curtailment rate was estimated by the developers.
The IRR of a wind project is positively related to the expected utiliza-
tion hours. Lower expected utilization hours resulted in a smaller IRR.

Among the key factors, wind resources, on-grid price, theoretical
utilization hours, and total cost were foreseeable and easier to control
for at a specific wind farm site [I12]. General wind resource conditions
were largely invariable for biophysical and geographic reasons. On-grid
price is determined by NDRC in the name of benchmark pricing, and
then contracted with local power grid companies. The price is usually
stable and negotiable within a certain range except for significant price
adjustments, determined from above. Theoretical utilization hours were
determined by wind resources and features of the wind power equip-
ment. Companies estimated the technical utilization loss based on en-
gineering and other technical issues, resulting in about a 20–30% de-
crease in the theoretic utilization hours [F05; F06]. Costs could also be
controlled by companies themselves, including financing cost (e.g.,
interest rate of bank loans), land cost (e.g., costs for land development
and right to use), construction and equipment purchasing, and in-
stallation. All in all, however, wind curtailment was the greatest un-
certainty confronted by wind projects.

The interviewees from CSOEs admitted that the estimation was
frequently inaccurate due to the difficulties in forecasting wind cur-
tailment [I06; I08; I09; I12]. And this gave them an opportunity to
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manipulate the expected utilization hours. Conservative estimation of
the expected wind curtailment rate was a default method used by the
studied CSOEs. The common method applied was to take the average
wind curtailment rate or utilization hours from the previous 2–3 years,
or to use the latest provincial average curtailment rate released by the
NEA [I06; I08; I12]. The CSOEs estimated wind curtailment based on
the past, or if available, the current curtailment situation; none fore-
casted rising curtailment rates for their IRR calculations. In some cases,
wind curtailment was not even considered in the decision-making.

For example, a large wind power project was placed in a city in
Xinjiang province, where wind curtailment intensified sharply: in 2012,
the curtailment rate was 10%; it reached 20% a year later and was close
to 50% by 2016. The feasibility report [F05] for this project was sub-
mitted in May 2014 without any discussions of wind curtailment and its
likely impact on the project's profitability (despite the fact that wind
curtailment as a national phenomenon had existed for several years
already). The assessment ended up with an IRR of 9%, exceeding the
minimum requirement of 8%. The wind farm finished installation and
began production in 2015. According to the sensitivity analysis of the
project, 10% less utilization hours would have led to an IRR of less than
8%. In other words, if the company had accounted for wind curtail-
ment, this project would not have been considered suitable for invest-
ment.

4.2.3. Utilizing timing strategy to secure development rights with lowest cost
Nevertheless, CSOEs did not increase their investment scale at all

costs. Since their priority was to own more wind resources or potential
wind farm sites in the Sanbei region, they utilized a strategy that could
secure the development rights of the projects with the lowest cost.
Developers had to be approved by the government for the development
right of wind farm sites before construction and installation. The pri-
mary purpose of the development right was to legally guarantee the
ability to use the land (NEA, 2011), which is a prerequisite for wind
power generation. Location and land size significantly influence the
quality and profitability of wind farms [I01; I07]. Therefore, acquiring
land became a necessary step for increasing investment scale.

In light of this consideration, CSOE decision-making under wind
curtailment was a two-stage process (Fig. 5: Step C&E). Companies at
stage one (Step C) made the decision of whether or not to develop the
chosen wind farm sites. Once the decision was made, companies began
to prepare for the administrative procedures required by the govern-
ment and for wind farm construction. Companies acquired development
rights at stage one. At stage two (Step E), they made the decision of
whether to install and generate power.

Thus, CSOEs adopted a strategy that aimed to increase land avail-
ability/development rights as much as possible. Before wind curtail-
ment became an issue, companies tried to accelerate the development
process as power generation brought immediate revenue: there was
little to no waiting time between stage one and stage two [I23]. Wind
power projects even competed with each other in terms of shorter in-
stallation periods [I23]. However, as wind curtailment conditions
worsened, CSOEs began to rationally postpone installation to avoid
further costs and potential losses, as major investments happened at
stage two [I02; I04; I06; I26; I36]. Nevertheless, securing land avail-
ability was still a priority, necessary for maximizing market share.
Therefore, CSOEs still made the decision to acquire development rights
and wait to continue until the curtailment problem was solved or until
conditions improved to the point where profitability returned [I25]. By
this means, CSOEs could hold the development rights of wind resources
without paying the costs of construction and installation.

However, despite their incentivization of investment, government
regulations often impeded this timing strategy and urged CSOEs to
move to installation [I26; I36; I38] – the ultimatum being that they
would otherwise lose their development right. It therefore became a
kind of “seesaw game” between the local government and developers.
When CSOEs failed to delay installation after bargaining with the local

government, they chose to install even though they would suffer from
profit loss.

There were three major constraints to this timing strategy. First,
developers must begin construction two years after government ap-
proval according to NEA's wind power regulation (NEA, 2011). Gov-
ernments could remand a company's development right if it exceeded
the time requirement. Second, the local government usually pressured
developers to complete construction and installation as fast as possible
because the former must complete annual investment targets, which
were a critical component of local GDP growth [I05]. If the developer
delayed, the local government could withdraw economic incentives and
deny the company other business opportunities within its jurisdiction
[I09; I18]. Since market competition was intense, companies were
frequently compelled to accept such a deal. Third, NDRC lowered the
wind power benchmark prices in recent years. For instance, in 2014, it
was decided that the lower prices applied to onshore wind power
projects approved after January 1st, 2015 or projects approved before
January 1st, 2015 but producing after January 1st, 2016 (NDRC,
2014a).

Companies in wind curtailment regions therefore faced a dilemma:
to keep waiting or install immediately and minimize potential eco-
nomic losses from the lower price. Either decision was costly. If the
company failed to bargain with the local government for an extended
waiting time – hopefully until curtailment conditions improved – it had
to accept the lower price eventually [I08], on pain of losing its devel-
opment right. Nonetheless, even if the company completed the in-
stallation before the deadline, it still suffered economically due to wind
curtailment. Developers were therefore forced to choose the lesser of
two evils, usually based on their relationship with the local government
[I08; I27]. Some local branches of CSOEs preferred immediate in-
stallation [I21; I22] due to their lack of confidence in being able to
persuade the local government [I08; I09]. Immediate installation be-
came a way to secure the development right, which was judged to be
more important than the inevitable short-term costs from wind cur-
tailment.

5. Discussion

The type of behavior identified in the research findings seems to go
against the widespread conclusions of SOE studies as reviewed pre-
viously in Section 2. To sum up, CSOEs continuing to invest despite
wind curtailment did not deviate from economic rationality – that is,
following the market logic of profit maximization. As a matter of fact, it
plays a crucial role in the wind investment decision-making process.
Their investment decision-making was endogenous without direct po-
litical mandates from the central government. And the decision-making
procedures they developed (Fig. 5) were sophisticated for risk and
quality control purposes. They also established corporate policies to
make sure the investment complied with good economic perfor-
mance.12

CSOEs competed over scarce resources in order to enlarge market
share and maximize long-term profits, leading to the surge of installa-
tion under wind curtailment. CSOEs believed that the wind power
market would be very promising in the long run since wind power is an
important substitute for fossil fuels, being central to China's commit-
ment to mitigate climate change by promoting renewable energy.
Increasing investment scale was cost-effective and was expected to
bring tremendous economic returns sooner or later. However, since
wind curtailment heightens risks to wind power investment, CSOEs
deployed timing strategies to avoid the profit loss caused by wind
curtailment. And even if they failed to do so, the inevitable loss would
only be temporary and merely a cost that they had to pay in order to

12 For example, benchmarking schemes and improve minimum IRR require-
ment introduced in Section 4.1.2.
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secure development rights.
In this regard, SOEs behave somewhat differently than private

sector corporations, as strictly private firms would likely not survive the
short-term losses associated with such levels of wind curtailment, but
the actual motivation behind their investment decisions is similar,
namely long-term profit maximization. Therefore, the traditional con-
clusions about SOEs – that they are merely instruments of government
prerogatives, and motivated chiefly by political pressure – cannot fully
explain the investment behavior of CSOEs in wind power development.

However, unlike for private corporations, CSOEs’ tendency to follow
market logic was not inherent but created by the central government as
a result of China's economic reforms. The economic rationality they
showed was by design from the central government through several
rounds of SOE reforms (Dai, 2016). The traditional take on SOEs was
indeed valid for several decades, particularly before China's reform and
opening-up in the late 1970s. However, since 1984, SOEs have been
pushed to act increasingly in accordance with market economy prin-
ciples, including business autonomy, economic independence and
market competition to improve efficiency (Johns, 1995; Perkins,
1994).13 China's economic reforms fundamentally changed the gov-
ernment-SOE relationship (Naughton, 2017). Under it, SOEs, as the
foundation of China's “socialist market economy,” are responsible for
making profit for the state (Milhaupt and Zheng, 2015). The central
government established the “modern enterprise system” to grant SOEs
more autonomy and incentivize SOEs to be more efficient and pro-
ductive (Yu, 2014). As a result, SOEs have been expected to stay se-
parate from bureaucratic concerns and operate as modern firms with
the separation of ownership and control (Lin et al., 1998). And facil-
itating the market competitiveness of SOEs was an important con-
sideration of the economic reforms (Mcmillan and Naughton, 1992).

In order to monitor and evaluate SOEs in terms of their economic
performance, the State-owned Assets Supervision and Administration
Commission of the State Council (SASAC) was established in 2003 to
exercise the government's powers of ownership (Naughton, 2006a).
SASAC has the authority over SOEs in terms of the rights and respon-
sibilities of public ownership, as well as in setting the strategic or-
ientation of these enterprises (Naughton, 2006a, 2017). And SASAC has
been divided into two tiers based on central and local government
ownership. The central SASAC exercises ownership of the CSOEs
(Naughton, 2006b).

CSOEs were required and incentivized by the central SASAC to
generate financial gains. They were expected to become profitable (Dai,
2013; Szamosszegi and Cole, 2011). The SASAC issued, “The business
performance evaluation for the central state-owned enterprises’ ex-
ecutives” in 2012 (SASAC, 2012). The SASAC evaluated CSOEs for both
yearly and 3-year term performances mainly based on total profit and
Economic Value-Added (EVA), which would directly determine the
reward and punishment for these executives in terms of both economic
and political gains.

The economic reform also had a strong impact on the power in-
dustry. The State Council issued the power sector reform plan in 2002
(State Council, 2002), which aimed at creating a market for the power
sector and to encourage market competition to improve the efficiency
of electricity generation in China (Chen, 2010; Yeh and Lewis, 2004).
The power reform drastically changed the situation of the State Power
Corporation which had monopolized the power supply. It separated
power grid and generation businesses and broke the centralized and
integrated system into two power grid CSOEs, five power generation

CSOEs (the “Big Five”) and several other institutions (Xu and Chen,
2006). The competition we observed among CSOEs resulted from these
major reforms.

The market, however, is constrained by administrative hurdles.
Although the power supply is no longer monopolized by a single player,
the power market is still regulated in general. The benchmark prices are
mostly determined by NDRC and electricity generation planning is
mostly adopted instead of determined by free market transactions be-
tween power plants and users.14 And the government subsidizes wind
power industries heavily. The massive development of wind power in
the Sanbei region was built on the optimistic forecast of power demand
growth. However, the economic “new normal” of China decreased the
actual demand for power (Dong et al., 2018; Qi et al., 2018). As a result,
there has been a mismatch of wind power supply and demand, which is
one key reason for wind curtailment (Qi et al., 2018; Yang et al., 2012)

Power generation in China remains dominated by the central state-
owned oligopolies. These players compete fiercely within the con-
strained market, responding to evaluations from the central govern-
ment. It is, without doubt, different from a competitive market where
the government is neutral and only acts as an enforcer of market rules.
CSOEs, in contrast, benefit from preferred access to bank capital, below-
market interest rates on loans and other preferences (Szamosszegi and
Cole, 2011). These “soft budget constraints” (Chow et al., 2010; Guriev,
2018) could explain why CSOEs were able to increase their investment
scale and bear the cost of wind curtailment better than fully private
companies. Their evolution within this system might explain the be-
havioral characteristics of wind power CSOEs in China, which are in-
creasingly but not entirely market-oriented.

6. Conclusion and policy implications

Though wind curtailment significantly jeopardizes wind power de-
velopment and developers’ profitability in China, we observed that
companies continued to invest despite the increasingly severe wind
curtailment. This research tried to explain this paradox by using a
qualitative, exploratory approach. Since the majority of wind power
investments are made by CSOEs, one could assume that their invest-
ment decisions represent merely a “policy burden”, following the
widely assumed hypothesis of SOE studies (Lin, 1999; Lin et al., 1998;
Lin and Tan, 1999). However, this study shows that CSOEs’ investment
behavior can be better explained as a specific form of economic ra-
tionality.

As they competed fiercely over wind power sites in the Sanbei re-
gion, increasing investment scale was an economically rational
strategy. Admittedly, this is due in part to the fact that these firms can
count on privileged forms of support from the government. The em-
brace of market logic by CSOEs is an effect of long-term government
efforts to reform the Chinese economy, and specifically its power sector.
The purpose was to incentivize CSOEs to increase financial performance
and production. The market is still constrained by design with fixed
power costs, privileged support, and large oligopolies, all of which help
explain the current mix of behavioral characteristics.

We conclude that current academic studies have generally under-
estimated market influence on SOEs, and that economic rationality
plays a larger role than previously acknowledged. This study does not
aim to overturn the mainstream view of the existing literature, but to
supplement it by identifying and analyzing the under-appreciated role
of market logic in SOE investment decisions. In addition, researchers
seldom incorporate SOE research into mainstream firm theory. Rather,
they consider SOEs as a marginal and special case (Peng et al., 2016).

13 The third Plenary Session of the 12th CPC (Communist Party of China)
Central Committee in 1984 first announced to separate the control of the
government and business operations and decisions of SOEs. The 14th National
Congress of CPC in 1992 stated clearly that SOEs were encouraged to partici-
pate in fair market competition. And in 2002 the 16th National Congress of CPC
first announced to bring market competition to monopoly industries.

14 A new round of power market reform has begun since 2015. This new
reform aims to establish a free trading system in the power sector. Pilot cities
have been selected to experiment with power trading markets, which allow the
suppliers and users to trade freely at market prices.
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This study shows that there is a lot to learn from applying traditional
market theories to markets in transition such as the Chinese power
sector, and that fine-grained qualitative research of SOEs has the po-
tential to provide both theoretically substantive information and de-
tailed empirical analysis.

This study also provides strong implications for wind power policy-
making and solutions for the wind curtailment issue in China. Instead of
emphasizing market growth, policy-makers should pay more attention
to the negative impacts and the quality of the competition. One the one
hand, the market logic, or economic rationality, of CSOEs has facilitated
a significant growth of the wind power industry. On the other hand,
intense competition among CSOEs has jeopardized businesses’ healthy
and natural development, further exacerbating wind curtailment in the

Sanbei region. The competition has, to some extent, been distorted by
industrial policies such as the wind power benchmark price, time limits
on installations, and, more importantly, favorable market access for
CSOEs. Policy-makers should fully understand the investment logic of
CSOEs and alter policies that would interrupt the wind power market.
The government must act more as a strict but neutral regulator. More
importantly, more efforts should be made to facilitate the demand-side
reform of the power market. Policy-makers should deploy multiple in-
struments to allow the market to determine the level of the demand.
This will give greater play to market forces, including upon CSOEs, and
help ensure a more sustainable environment for wind power invest-
ment.

Appendix A. Interview list

Interview Code Positions Date Location Type

I01 A power expert from a CSOE May 2016 Beijing Face-to-Face
I02 A renewable energy industry analyst of an investment bank May 2016 Beijing Via phone
I03 A renewable energy industry analyst of an investment bank May 2016 Beijing Via phone
I04 A renewable energy industry analyst of an investment bank May 2016 Beijing Via phone
I05 An executive-level decision-maker of Chinese Wind Energy Association June 2016 Beijing Face-to-Face
I06 A renewables-related decision-maker of CSOE A June 2016 Beijing Face-to-Face
I07 A senior engineer of CSOE A June 2016 Beijing Via phone
I08 A renewables-related decision-maker of CSOE B June 2016 Beijing Face-to-Face
I09 A Vice President and a financial officer of CSOE C June 2016 Beijing Face-to-Face
I10 A policy-maker of renewable energies June 2016 Beijing Face-to-Face
I11 A middle-level manager of a large private wind power company June 2016 Beijing Questionnaire
I12 A financial officer of CSOE D July 2017 Beijing Face-to-Face
I13 A middle-level manager of the State Grid Gansu Company August 2016 Gansu province Face-to-Face
I14 An official of the renewable energy department of the J city government August 2016 Gansu province Face-to-Face
I15 An upper-level manager of a regional branch office of CSOE C August 2016 Gansu province Face-to-Face
I16 A power planning-related official of the Gansu government March 2017 Gansu province Questionnaire
I17 A middle-level manager of the State Grid Gansu Company March 2017 Gansu province Face-to-Face
I18 Two upper-level managers of a regional branch office of CSOE C July 2017 Gansu province Face-to-Face
I19 An operations officer of a local wind farm of CSOE C July 2017 Gansu province Face-to-Face
I20 An upper-level manager of a local wind farm of CSOE D July 2017 Gansu province Face-to-Face
I21 An upper-level manager and a senior employee of a local wind farm of CSOE F July 2017 Gansu province Face-to-Face
I22 An upper-level manager of a local wind farm of CSOE B July 2017 Gansu province Face-to-Face
I23 A middle-level manager of a local wind farm of CSOE G July 2017 Gansu province Face-to-Face
I24 An upper-level manager of a regional branch office of CSOE A July 2017 Gansu province Face-to-Face
I25 An upper-level manager and a senior engineer of a regional branch office of CSOE B July 2017 Gansu province Face-to-Face
I26 A middle-level manager of a regional branch office of CSOE G July 2017 Gansu province Face-to-Face
I27 An official of the energy department of Gansu province; an executive official of the energy department of J

city
July 2017 Gansu province Face-to-Face

I28 An executive official of the energy department of G county, J city. July 2017 Gansu province Face-to-Face
I29 Two middle-level managers of the branch office of the State Grid in J city July 2017 Gansu province Face-to-Face
I30 A middle-level manager of the State Grid Gansu Company July 2017 Gansu province Face-to-Face
I31 An upper-level manager and a senior engineer of a wind farm of CSOE B April 2017 Guizhou province Face-to-Face
I32 An upper-level manager of a local branch office of CSOE D June 2017 Hubei province Face-to-Face
I33 A senior engineer and two employees of the above branch office of CSOE D June 2017 Hubei province Face-to-Face
I34 An upper-level manager of a local branch office of CSOE E June 2017 Hubei province Face-to-Face
I35 An executive official of the Bureau of Development and Reform of L district, Y city June 2017 Hubei province Face-to-Face
I36 4 upper-level managers of a local private wind power June 2017 Hubei province Face-to-Face
I37 A senior employee of the branch office of the State Grid in Y city June 2017 Hubei province Face-to-Face
I38 An official of the energy department of Y city June 2017 Hubei province Face-to-Face

*CSOE A, B, D, G were the “Big Five”-a term referring to the five largest power CSOEs in China. CSOE C, F were the “Small Four”-a term referring to four smaller
power CSOEs comparing to the “Big Five”. CSOE E was a pioneer investor in wind power.
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Appendix B. Documents provided by the interviewees

Document
code

Title Description

F01 Preliminary work management of Wind power projects for
Company X (headquarter)

It is a handbook for the early stage of wind power projects. It provides the instructions to develop
wind power projects and clarifies the decision-making process of the projects.

F02 Preliminary work management of Wind power projects for
Company X (subsidiary for renewable energy business)

Same as above

F03 Financial calculating model for project investment (renewable
energy) of Company X

It is an excel file for financial calculating purposes. The financial model calculates the internal rate
of return (IRR) of wind power projects as the bases of the investment decision-making.

F04 Financial calculating model for wind power project investment of
Company X

Same as above

F05 Feasibility report of wind project X in Xinjiang province (2014) The feasibility report of a wind project investment with comprehensive information on this project
including resource assessment and profitability projection.

F06 Feasibility report of wind project X in Hubei province (2015) Same as above
F07 Preliminary design report of wind project X in Guizhou province

(2016)
The early version of feasibility report

F08 The reports of wind power companies for NEA's closed-door
meeting in Gansu (2017)

The reports of 6 wind power companies based in Gansu province (CSOE branches and large private
companies) for the meeting. The reports introduce the current status and obstacles of these
companies.

G01 The reports of local governments on wind power development in
Gansu province for NEA's closed-door meeting (2017)

The reports of 5 local governments on wind power development and wind curtailment issues

G02 Gansu power market report for the first half year of 2017 A report on Gansu's power market transactions with comprehensive information of wind power
market

*Company X refers to the CSOE that provided this document.
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