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Abstract One purpose of stimulating financing and

investment through private capital is to absorb a higher

proportion of renewables and promote renewable industry

development. This paper first reviews the current overall

situation of renewables financing and investment, and

further analyzes the policy environment with respect to the

development plan, regulation and special funds. Based on

the analysis of the status quo, the paper then discusses the

internalities and the externalities that have driven the

changes of private capital investment in renewable energy

projects, illustrated by a strengths weaknesses opportuni-

ties threats (SWOT) analysis. An ideal financing model,

public–private partnership and distributed energy resources

pattern are analyzed to identify key arrangements and

design proper development schemes for both private

investors and the government. If China can overcome the

defects and obstacles in a reasonable and orderly fashion,

the financing and investment problem of China’s renew-

ables industry will be solved in many ways. Private capital

in the Chinese renewable energy market will bring great

incentive if the entire industry can select some promising

sub-industries in the renewables sector and choose some

appropriate operation modes.

Keywords Renewable industry, Ideal financing model,

Public–private partnership, Distributed energy resources

1 Introduction

During the ‘‘12th Five-Year’’ period (2010–2015), Chi-

na’s renewable energy industry has turned a new page in

which renewables develop in a comprehensive way

towards mass production, extensive incremental substitu-

tion and regional stock substitution [1–3]. On the one hand,

the role of renewables in promoting energy structure

adjustment continues to increase [1–3]. On the other hand,

the level of China’s renewable energy technology and

equipment has been significantly improved [1–3]. Various

technologies for developing renewables, such as in biomass

energy, geothermal energy, marine energy and renewable

energy storage, have also made great progress. According

to the Sputnik News Agency on May 17th, 2017, the latest

edition of the Renewable Energy Country Attractiveness

Index (RECAI) of Ernst & Young (EY) sees China

becoming the most attractive market in the field of

renewable energy investment [4]. China jumped to first

place because of its green energy policies which include

the fact that China will plow $361 billion into renewable

power generation by 2020 [5, 6]. However, there is an

approximately $9 billion funding gap for China’s renew-

able energy industry to overcome [7].

Renewables in developing countries move steadily, year

after year, deeper into the mainstream investment agenda.

This trend has been supported by substantial progress in the

design and innovation of finance policy [8]. Nelson et al.

pointed out that renewables’ financing in emerging

economies faces particularly daunting challenges, but there

are creative policy solutions that could potentially reduce
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the cost of renewables [9]. The current relevant research

publications on renewables’ financing & investment focus

on three aspects, viz. quantitative analysis by modeling,

investment policy suggestions, and the investment &

financing mode. Jørgensen et al. combined two different

approaches (renewable resource harvesting with capital

investments, and investment policy under a borrowing/

lending constraint) to study a dynamic optimization prob-

lem in capital investment and financing [10]. By using a

microeconomic model and taking all stakeholders includ-

ing the government, banks and shareholders of the firm into

consideration, Nie et al. found that financial debts stimulate

firms’ outputs but decrease the net profit per unit of debt

because of limited liability effects [11]. He et al. used a

variable intercept model with fixed effects to measure how

environmental uncertainty influences renewables’ invest-

ment through external financing and used regression dis-

continuity to estimate the effect of renewable energy policy

[12]. By analyzing five financing modes for the renewable

industry in China, Chang found that the government’s

support is not sufficient, the market financing channel is not

unblocked, underinvestment of entities is crucial, and

financial institutions lack investment enthusiasm [13].

Most importantly, some scholars have noted the investment

& financing mode [14]. Manos et al. reviewed the

methodology of implementing public–private-partnerships

in Southern Europe, and proposed a comprehensive

methodology to apply a public–private partnership (PPP)

scheme [15]. Emmanuel Cedrick et al. reviewed the

externalities that have driven the increase of renewables

projects, and analyzed the successful international PPP

practices in the renewable energy sector to identify key

arrangements that contribute towards mitigating the risks

attached to a particular renewable energy project [16].

Zhang Tian et al. analyzed the application status and

adaptability of the PPP model in China’s small hydropower

industry, and offered a proposal to improve the PPP legal

system, implement demonstration pilot projects, and enrich

the type of PPP modes [17].

2 Status quo

2.1 Finance and investment situation

China’s renewables industry, especially the renewable

energy power generation industry, has shown a growth trend

year on year (as shown in Table 1 and Fig. 1). The hydro-

power development of China started earliest [18], while the

wind power industry has also been developing rapidly [19].

The biomass power generation industry is still in its initial

stage [20], as is photovoltaic power generation [21, 22] (as

shown in Fig. 2). If China continues to promote energy

supply diversification, renewables will probably provide

more than 30% of China’s energy demand by 2050 [5].

In 2015, the total renewables investment of China

reached $103 billion, accounting for 36.1% of the world’s

total. In 2016, however, China’s investment fell to $78

billion, and thus the upward trend of the investment over

the past 11 years has been broken [23]. There is also a

similar trend in the Chinese government’s investment for

the renewable energy power generation industry, as shown

in Table 2. The growth of investment in power generation

projects has been so slow since 2010, relying mainly on the

investment in the Chinese renewables sector [24].

Bank credit plays an important role in wind power

investment, while government funds and venture capital

are the main driving forces for the development of biomass

and photovoltaic power generation in China [25]. The

sources of funds for China’s renewables finance &

investment can be listed in two categories: 1) According to

the nature of funds, the investment consists of a financial

fund, a social fund and a foreign fund; 2) With respect to

the financing channels, the investment is composed of

central finance, local finance, bank, stock market, bond,

venture capital, private placements, enterprise self-raised

fund and public fund. Table 3 shows the changes in the

structure of renewables financing & investment in China,

which shows that bank investment still occupies a large

proportion in China’s renewables industry investment

structure, but the share of private capital investment

increases year on year (from 14.1% to 30.2%).

According to the ‘‘IEA Medium-Term Renewable

Energy Market Report 2016’’, Chinese enterprises have set

a new record in the field of renewables development. The

prediction the International Energy Agency (IEA) made is

illustrated in Fig. 3. This suggests that China alone will be

responsible for 37% of global renewable power growth in

2021. In fact, in 2015, the investment in China’s renew-

ables industry accounted for 1/3 of the world’s total [26].

Soon afterwards China made a record $32 billion in

overseas investment deals for the acquisition of overseas

renewable energy and transmission assets in 2016 alone,

marking a 60 percent year-on-year rise in spending [27].

In the ‘‘13th Five-Year-Plan’’ period (2016–2020), new

investment is planned for improving the interconnection

and flexibility of power systems, strengthening renewables

accommodation and consumption, expanding new power

demand etc. [28]. In this period, the annual growth of

installed electricity generation capacity of China’s renew-

ables will be 42.5 GW (as shown in Table 4), based on

which the total investment in the renewable energy power

industry will exceed $364 billion [5].

China has been committed to the development of energy

projects through the PPP projects in recent years. Among

the 1043 PPP projects promulgated by the National
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Development and Reform Commission (NDRC) of China

in 2015, there were 138 with total investment of $12.7

billion belonging to the energy sector, as shown in Fig. 4.

Among the 138, there were 8 key projects, of which the

largest was supported with an investment of $1.1 billion

[29]. According to statistics from the China PPP integrated

information platform of the Ministry of Finance (2017),

there were 12287 PPP projects with an investment of

$2130 billion in 19 industries of mainland China by the end

of the first quarter of 2017 [29]. 1729 of those PPP projects

are under construction with $423 billion investment.

Meanwhile, the participation rate of private capital

increased steadily. By the end of 2016, the rate had reached

39% [30].

2.2 Policy environment

According to ‘‘China’s 13th Five-Year Plan (2016–2020)

for renewable energy’’, the new investment in China’s

renewable energy will reach $364.8 billion [31], with an

increase of 39% compared to the ‘‘12th Five-Year’’ period

(2011–2015). By 2020, the total installed capacity of

renewable power will be 680 million kilowatts, while the

generating capacity will be 1.9 trillion kWh, accounting for

27% of the total electricity output [32]. To support the

Table 1 China’s total renewable energy power generation (108 kWh)

Province/municipality Year

2010 2011 2012 2013 2014 2015

Beijing 7.0 8.0 10.0 7.0 10.0 9.9

Tianjin 0.0 1.0 5.1 6.0 8.0 10.3

Hebei 65.0 99.0 138.0 164.0 2177.0 1815.3

Shanxi 43.0 48.0 81.0 98.0 101.0 124.0

Inner Mongolia 193.0 246.0 315.0 410.0 449.0 525.4

Liaoning 104.0 107.0 143.0 244.4 284.0 325.5

Jilin 136.0 113.0 123.0 183.0 145.0 166.4

Heilongjiang 55.0 59.0 70.0 98.0 99.0 114.3

Shanghai 2.0 4.0 6.1 9.0 5.0 8.5

Jiangsu 194.0 202.0 215.0 230.0 298.0 298.6

Zhejiang 486.0 447.0 574.0 548.0 570.0 605.7

Anhui 37.0 31.3 41.0 45.3 77.0 74.4

Fujian 465.0 307.6 505.0 510.0 627.0 640.9

Jiangxi 102.0 77.0 150.0 129.0 143.8 161.0

Shandong 27.0 43.0 65.0 94.0 156.6 170.1

Henan 86.0 100.0 132.0 120.0 116.9 135.5

Hubei 1246.0 1169.0 1382.0 1181.0 1448.7 1410.5

Hunan 375.4 305.0 449.0 435.0 564.0 578.0

Guangdong 611.2 650.0 796.0 813.0 986.6 1045.6

Guangxi 475.0 415.0 525.0 464.0 662.7 635.6

Hainan 23.0 31.0 29.0 31.0 31.5 34.2

Chongqing 144.3 147.0 211.0 179.0 245.5 255.8

Sichuan 1139.0 1261.0 1545.0 2024.0 2497.4 2737.2

Guizhou 384.0 394.0 564.0 434.0 700.8 697.4

Yunnan 819.0 1019.0 1268.0 1669.0 2158.6 2385.5

Tibet 16.2 18.4 16.0 17.0 28.4 26.1

Shaanxi 74.0 95.0 84.0 79.0 130.1 121.3

Gansu 284.0 354.0 441.0 496.0 510.0 595.2

Qinghai 363.0 368.0 472.0 455.1 450.1 500.0

Ningxia 27.0 32.6 61.0 90.0 115.4 135.5

Xinjiang Uygur 126.0 150.0 190.0 237.0 331.4 356.2

Note: Data sourced from China Electric Power Yearbook (2016)
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development and utilization of renewables, the Ministry of

finance has established a special fund for the development

of renewables according to the ‘‘Renewable Energy Law of

the People’s Republic of China’’. The projects supported

by the special funds are mainly shown in Table 5. These

special funds for China’s renewables development may not

encourage the private capital in a direct way, but they have

really inspired the interest of private capital to focus on

those supported areas.

The special funds focus on supporting those renewables

development and utilization areas with great potential and

good prospects, such as fossil oil substitution, building

heating/cooling, power generation and the like, as shown in

Table 6. According to regulations, the procedures for

reporting and approving the special funds will follow cer-

tain steps, as shown in Table 7. Since then, the key areas of

China’s renewables investment & financing have been

defined, and the financing and investment procedure has

also been standardized. However, the supervision is not in

place for implementing these standards.

In the light of the relevant regulations, the special funds

for China’s industrial development include the following

two types: gratuitous allocation and the subsidized loan

[33, 34], as shown in Table 8. Neither the gratuitous allo-

cation nor the subsidized loan will be used independently

in the system under normal conditions.

3 Analysis and discussion

A SWOT map is used to help discuss four dimensions of

advantage, disadvantage, chance and challenge, as shown

in Fig. 5.

3.1 Strength analysis

The first advantage is that China has a wide range of

renewables and an enormous natural endowment of energy

resources [35–37]. The mean annual solar radiation is 6000

MJ/ m2 per year and direct sunshine is over 2200 h/a in

China. The total reserves of wind energy at the height of 10

m are 3226 GW of which the technically and economically

Fig. 1 China’s total renewables power generation installed capacity

(Source: China Statistical Yearbook 2017)

Fig. 2 Main renewables power generation installed capacity of China

(Source: China Statistical Yearbook 2017)

Table 2 Changes in investment structure of renewable energy power

generation of China (billions of US dollars)

Year Hydropower Wind power Photovoltaic and biomass power

2010 11.9 15.1 0.6

2011 13.7 12.1 2.2

2012 18.6 9.0 0.6

2013 18.2 9.2 4.4

2014 14.0 14.5 2.1

2015 11.4 16.9 14.2

2016 8.9 10.5 6.1

Table 3 Structural changes of China’s renewables finance and

investment

Nature of

funds

Financing channels Changes (%)

2012 2013 2015

Financial

fund

Central finance 4.3 1.3 2.2

Local finance 1.2 0.6 0.5

Social fund Enterprise self-raised fund 20.5 19.2 16.2

Bank 56.6 56.8 49.2

Stock market and bond 2.1 0 0.3

Venture capital and private

placement

0.1 0 0.6

Public fund 14.1 20.9 30.2

Foreign fund CDM fund 1.1 1.2 0.8
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exploitable potential could be approximately 1000 GW.

The reserves of hydropower resources are 676 GW theo-

retically, and the exploitable hydropower could be 380

GW. With respect to biomass resources, roughly 400 mil-

lion tons of agricultural residues per year and 350 million

tons of forestry residues per year are available for energy

utilization and application [37].

The second advantage is that China has strong product

manufacturing capabilities which could guarantee the

development of a renewables industry [38, 39]. Chinese

enterprises have been building many hydropower projects

overseas. At the same time, wind power and solar energy

are focusing on expansion in international markets after a

short-term, unconventional and rapid development [40].

China has mature renewable energy technologies, powerful

equipment manufacturing capacity and adequate financial

support.

The third advantage is that China has made great pro-

gress in production technology such that the technology

cost decreases year by year [41, 42]. In particular, the

technologies and key equipment for photovoltaic and wind

power can match the pace of current development any-

where in the world. As far as cost is concerned, the price of

using solar power today is just 1/6 of that of 10 years ago

when the same output of electricity is produced. In addi-

tion, the average dollar capital expenditure per megawatt

for wind power in 2016 dropped by more than 10 percent

compared to the previous year [42].

3.2 Weakness analysis

First, the cost of renewable energy is still higher than

that of traditional energy (e.g. thermal power) currently

[43]. The high cost of renewables is a matter of great

concern for private capital. The high cost problem cannot

be solved in the short run. In addition, the renewable cur-

tailment problem adds to the misfortunes of Chinese pri-

vate investors. Specifically, if there were no concern about

the power curtailment of renewables demonstration pro-

jects in China, it would definitely be possible for renewable

energy generation of 2800 annual utilization hours of

installed capacity to be competitive with thermal power

generation.

Fig. 3 Key markets of the renewables growth in 2021 (Source: IEA

Medium-Term Renewable Energy Market Report 2016)

Table 4 Investment objectives from the ‘‘13th Five-Year-Plan’’

(2016–2020)

Renewable energy Forecast of the total value for 2020

Newly installed

capacity (GW)

Newly added

investment (billion $)

Hydropower 60 72.9

Wind power 80 102.1

Solar photovoltaic – 145.9

Biomass power and other – 43.8

Fig. 4 Composition of 138 PPP projects (Source: China Electric

Power Yearbook 2016)

Table 5 List of funds supporting areas

Serial

number

Classification

1 Scientific and technological research, standard setting

and demonstration projects for the development and

utilization of renewable energy

2 Renewable energy utilization projects in rural areas and

pastoral areas

3 Independent power system construction for renewable

energy in remote areas and on islands

4 Resource exploration, evaluation and related

information system construction of renewable energy

5 Localized production promotion of renewables

development and utilization equipment

Note: Data sourced from Ministry of Finance (2015)
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Secondly, the construction of renewable energy infras-

tructure has not yet completely caught up with demand

[44, 45]. Wind power resources, for example, are mainly

concentrated in Inner Mongolia, northeast and northwest

regions of China, and in the resources are much more

abundant in winter in those places. However, the thermo-

electric units should be switched on first to ensure heating

supply in these areas. Since the grid construction lags, wind

power units will have to make way for heat supply units,

resulting in the fact that wind power cannot be accom-

modated or sent to the south of China through the power

grid channel. Clearly, the power grid of China is not ready

for the accommodation of renewables under current

circumstances.

Thirdly, China’s energy sector is changing from being

capital-intensive to technology-intensive [46]. However,

Chinese private enterprises are less capable of independent

innovation [47]. The core technologies that most Chinese

enterprises are using are from foreign countries because of

some unavoidable issues such as the weakness of basic

research, the low level of innovation, the lack of a technical

research support platform, the absence of a technology

development route and the insufficiency of a continuous

R&D investment plan.

Finally, China’s renewable energy strategy has not yet

reached a common consensus. This confuses those private-

capital enterprises [48]. Currently, the whole of society

does not completely realize the strategic importance of

developing renewable energy although the renewable

energy sector is one of the national strategic emerging

industries [49]. The energy sector of China pays more

attention to immediate interests, local interests, or depart-

mental interests. If the renewable energy industry could be

treated seriously as a strategic emerging industry for the

long term, there would be no such problems [50].

3.3 Opportunity analysis

First, international cooperation in such new situations

can promote the influx of private capital into the renewable

energy industry. China unveiled the principles, framework,

and cooperation priorities and mechanisms in its ‘‘Belt and

Road Initiative’’ (B&R) [51, 52]. The connectivity of

infrastructure is not only a significant priority for imple-

menting the B&R, but also an important support for

improving trade facilitation and establishing a high-stan-

dard free trade area network. The contradiction is the

conflict between strong infrastructure demand and

Table 6 Key areas supported by special funds

Serial

number

Field Popularization and application

1 Fossil oil

substitution

Bioethanol fuel, biodiesel

2 Building

Heating/cooling

Solar energy, geothermal energy

3 Power generation Wind energy, solar energy,

ocean energy

4 Other supporting priorities formulated by the national

renewable energy development and utilization

program

Table 7 Procedure for reporting and approving the special funds

Step

number

Department Action Behavior basis

1 Renewable energy centralized

management department and

Finance Department of the State

Council

Organizing experts to prepare and publish the

annual special funds declaration guidelines

According to the needs of the National

economic and social development and the

National renewables development and

utilization plan

2 Organization or individual of will

and ability

Submitting the declarations to the local

administrative departments of renewable

energy sources and the local finance

departments respectively

According to the annual special funds

declaration guidelines

3 Local administrative department

of renewable energy sources

and local finance department

Reporting to the renewable energy centralized

management department and the Finance

Department of the State Council

According to the administrative approval

process

4 Renewable energy centralized

management department and

Finance Department of the State

Council

Entrusting the relevant agencies to assess the

application materials, or organizing experts to

review the qualification

According to the declaration status

5 Local finance department Allocating the special funds to the eligible

organization or individual with timely and

sufficient funding

According to the evaluation result in

accordance with the established procedures
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insufficient construction funds. It is the rapid development

of the PPP mode in solving Chinese funding gaps that has

become the most ideal way to resolve the contradiction in

recent years [53].

Second, the ‘‘Guiding Opinions on Promoting the

Development of ‘Internet Plus’ Smart Energy’’ promul-

gated by three departments including the NDRC, on 29th

February, 2016, puts forward that ‘‘Internet Plus’’ Smart

Energy (Energy Internet) will enable complex coordination

between suppliers and users to facilitate future energy

generation, transportation and financing [54]. On the one

hand, China will promote intelligent production of

renewables, and encourage the construction of intelligent

wind power plants, intelligent photovoltaic power stations

and other facilities as well as smart cloud platforms based

on the Internet. On the other, China will also design a real-

time subsidy mechanism for renewables, develop large

energy data service applications, push forward the key

technologies of the Energy Internet, and build an interna-

tional leading standard system for the Energy Internet.

Third, the Chinese Government has implemented 3

mechanisms to ensure institutional confidence in private

capital accessing the renewable energy power generation

industry: 1) the ‘‘Protective Full Acquisition System for

Renewable Energy’’ [55]; 2) the ‘‘Carbon Trading

Scheme’’ [56]; 3) the ‘‘Tradable Green Certificate System’’

[56, 57]. Through these mechanisms, the mode of ‘‘Dif-

ferential Subsidy’’ will be gradually transformed into a new

mode of ‘‘Quota Subsidy ? Green Certificate Income’’.

Fourth, renewables development in China cannot be

independent of tariff subsidies and preferential tax policies

implemented by the Chinese Government [58]. The

financial subsidies mainly coming from the Energy

Renewable Development Fund (RDF) will be offered by

the finance sector to compensate for the price differences

These form the shortfall brought about by the price

exceeding the desulfurization coal-fired power benchmark

on-grid price.

Fifth, blockchain technology provides a way to further

incentivize and account for renewable energy development

[59, 60]. A blockchain is a distributed database that is used

to maintain a continuously growing list of records. If China

can improve the operation mechanism and the credit sys-

tem, and realize effective transaction management of

energy products, the energy blockchain will certainly cre-

ate new market demand with respect to energy accommo-

dation and industrial development.

3.4 Threat analysis

On the one hand, the lack of policy implementation

ability is one of the obstacles to the active participation of

private capital [61]. Some of those industrial policies failed

to execute the policy function at the actual operational

level, although the Chinese government offers unwavering

financial support for renewable energy generators even as

other countries scale back or restructure similar support

programs. Therefore, the bottleneck of policy and financing

is the most difficult aspect for Chinese private capital

entering the market. In addition, excessive reliance on

industry support policies created more problems for the

Table 8 Use of special funds

No. Purpose of

use

Object Content and requirements

1 Gratuitous

allocation

form

Renewables development and utilization projects with

weak profitability and strong public welfare

The one meeting the standard setting could be fully funded

by the State, while the project undertaker (organization or

individual) shall provide its own counterpart funds which

should be more than the amount of the gratuitous

allocation subsidy funds

2 Subsidized

loan form

Renewables development and utilization projects included

in the National renewable energy industry development

guidance directory and meeting the credit conditions

Only if the bank loans have been in place and the interest

paid by the project undertaker has been paid, can the

subsidized loan be arranged. The discount period is 3

years, and the annual interest rate is less-than-or-equal-to

3%

Source: authors

1) Enormous natural endowment of energy 
resources
2) Strong product 
manufacturing capabilities
3) Great progress 
In production 
technology

1) Higher expense of renewable energy
2) Unsound renewable energy 

infrastructure
3) Less capable of 

independent innovation
4) Inconsistent 

Development 
consensus

1) Belt and road 
initiative
2) Energy Internet
3) Three basic mechanisms
4) Subsidies and tax policies
5) Blockchain technology

1) Lack of policy 
implementation ability
2) Mandatory planned 

electricity price

Strengths

Opportunities Threats

Weaknesses

Fig. 5 SWOT analysis model of private capital entering renewable

market
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renewables than they have solved. This itself puts pressure

on the Government. Although great efforts have been

continually made in this regard, the demand-supply gap of

renewables subsidies was as much as 8.75 billion dollars by

the end of 2016.

On the other hand, the electricity price is also an

obstacle to the industrialization of renewable energy power

generation [62, 63]. The development of renewable energy

in China is more obviously restricted by electricity pricing.

However, the renewable energy industry of China as a

whole is still in its infancy, and most of the enterprises are

still a long way away from making any kind of profit. If

there is no reasonable price formation mechanism, it is

difficult for private capital to make scientific investment

and production decisions. This will affect the morale of

Chinese private capitalists. Therefore, the hidden danger of

renewable energy development in China is the restriction

of the current electricity price policy.

4 Scheme design

4.1 Ideal financing model

It is difficult for investors to meet their own capital

needs due to the huge demand for investment in renewable

energy production [31, 35]. To solve the problem of

investment and financing, a rational way is the ideal

financing model, as shown in Fig. 6.

1) At the initial stage (Immature Period), the main

investment method is venture capital, and the sources

of funds are mainly private capital and various venture

capital institutions.

2) The credit fund and the private equity investment (PE)

turn into the main fund-raising channels right after the

industry reaches the developing stage (Growth Period)

and makes profits, including the venture capital,

political funding and private capital.

3) At the stabilizing stage of the industry (Mature

Period), credit funds can still be used by enterprises,

while enterprises can make full use of the securities

market for direct financing through initial public

offerings (IPO) as many enterprises in the industry

meet the listing requirements.

In view of the current development situation, China’s

renewable energy industry needs a market of high maturity

with a valid financing mechanism and effective policy

guidance to achieve the ideal financing model. Addition-

ally, the financing programs vary for different renewable

energy power generation technologies.

4.1.1 Wind power generation

In the ‘‘13th Five-Year-Plan’’ period (2016–2020), the

main task of Chinese wind power is to orderly construct a

large-scale wind power base in Northeast, Central North

and Northwest China, and promote offshore wind power

development steadily. Most striking amidst all these

impressive accomplishments of renewable power genera-

tion industry has been wind power’s rapid development,

which gives the wind power sector a financing advantage

and investment value. Policies also strongly support and

promote wind power, so China’s wind power sector

financing should be highly dependent on bank loans as well

as private capital since the wind power generation industry

is in the Growth Period in China.

4.1.2 Photovoltaic power generation

During 2016–2020, the task of Chinese photovoltaic

power is to comprehensively promote the distributed pho-

tovoltaic generation and ‘‘Photovoltaic ?’’ integrated uti-

lization projects, and advance large-scale photovoltaic

power station construction. China’s photovoltaic power

generation market has been developing rapidly so far, but

photovoltaic power generation is a technology-intensive

and capital-intensive industry. This makes the demand for

funds pretty large. Banks and private capital are wary of

lending to the photovoltaic power industry just as with the

biomass power industry since the photovoltaic power

generation industry of China has just entered the devel-

oping phase of the Growth Period.

4.1.3 Biomass power generation

In the period of 2016–2020, the task of Chinese biomass

power is to accelerate the development of biomass tech-

nology and promote technology application demonstration

projects. The equipment for biomass power generation

needs a large amount of capital investment, so the main

economic entities of biomass power generation are still

large state-owned enterprises. In the case of difficulty in
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getting to profitability, bank credit funds and private capital

market funds are reluctant to enter the biomass power

generation industry. Political funding and venture capital

evidently may provide the financial capital needed to the

immature period development of biomass power

generation.

4.1.4 Hydropower generation

In the ‘‘13th Five-Year-Plan’’ period (2016–2020), the

task of Chinese hydropower is to actively promote the

construction of large hydropower bases. The installed

capacity of China’s hydropower ranks first in the world.

However, the capital structure of hydropower projects is

irrational. At present, bank loans and self-financing are

widely used, accounting for nearly 80% of the total

investment, while bond finance and other financing meth-

ods are rarely used. The current hydropower structure

makes it difficult to reduce financing costs, and hence

venture capital, political funding and private capital will be

able to play an important role in constructing China’s

hydropower generation.

4.2 Public–private partnership

In 2010, the State Council of China issued a document

to outline the country’s plan to foster the well-being of

private investment, and since then the NDRC has been

actively encouraging private capital to take part in the

restructuring of China’s financial institutions. Based on the

above analysis, private capital is capable of participating in

the development of China’s energy industry. Particularly

from the point of view of sustainable development of

energy and environment, PPP projects will be applied in a

wide range of renewables industry fields, as shown in

Fig. 7. The broad definition of PPPs include several modes

such as Build-Operate-Transfer (BOT), Build-Own-Oper-

ate-Transfer (BOOT), Build-Own-Operate (BOO), Build-

Lease-Transfer (BLT), Build-Transfer (BT), Transfer-

Operate-Transfer (TOT), TOT ? BOT (TBT) and Private-

Finance-Initiative (PFI). The successful promotion of a

PPP project should basically define the specific method for

the government’s participation, and adopt a certain mode

of PPP implementation.

At present, insufficient policy implementation ability

and the mandatory planned electricity price prevent

effective investment and financing from pouring into Chi-

na’s renewables. In view of the lack of policy implemen-

tation ability, the Chinese government should establish fair

competition examination rules, improve the authority of

the anti-monopoly law enforcement agencies, and unify the

administration, the legislation, the judicature as well as

public education [61]. With respect to the mandatory

planned electricity pricing, China should continue to pro-

mote the reformation of the electric power system, not only

by liberating the electricity retail markets and constructing

provincial power spot markets, but also by forming energy

market pricing combined with some secondary markets,

such as the Tradable Green Certificates market and the

carbon trading market [62, 63]. If these two problems are

properly solved, China’s private capital will have the

chance to choose the suitable PPP mode.

4.2.1 BOT or BOOT

BOT or BOOT is a form of project financing, wherein a

private entity receives a concession from the private or

public sector to finance, design, construct, and operate a

facility stated in the concession contract. This enables the

project proponent to recover its investment, operating and

maintenance expenses in the project. If the preferential

policy implementation is in place, the BOT mode can be

adopted in hydropower projects in China.

4.2.2 BOO

In a BOO project, ownership of the project usually

remains with the project enterprise. Therefore, private

enterprise gets the benefits of any residual value of the

project. This framework is used when the physical life of

the project coincides with the concession period. A BOO

scheme involves large amount of finance and long payback

period. When the system is sound and the policy is in place,

biomass power generation projects in China can use BOO

mode for financing and operation.

4.2.3 BLT

BLT is a contractual arrangement whereby the private

enterprise undertakes the financing and construction of an

infrastructure project and upon its completion hands it over
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to the government on a lease arrangement for a fixed per-

iod, after the expiry of which ownership of the project is

automatically transferred to the government agency. Based

on the analysis of the current situation of renewable energy

resources in China, the BLT mode is not suitable for large-

scale promotion at present.

4.2.4 BT

BT is a contractual arrangement whereby the private

enterprise undertakes the financing and construction of an

infrastructure project and after its completion hands it over

to the government. The government agency will reimburse

the total project investment, on the basis of an agreed

schedule. To attract international capital as well as private

capital, and accelerate technology transfer, especially for

the countries along the B&R, the BT mode can be applied

to wind power and solar power projects.

4.2.5 TOT

TOT usually refers to one of the international project

financing modes. The government or state-owned enter-

prises will offer a compensated transfer of a certain period

of ownership or management rights of constructed projects

to private investors. The private investors should operate

and manage those projects by themselves. The operation

and management will not stop until the investors recover

all their investment and receive reasonable returns within

the agreed period. After the expiration of the contract, the

investors will return the projects to the government or the

original enterprises. There is no need to experience the

construction process, and the renewable energy enterprises,

such as large wind power projects, photovoltaic power

projects, biomass power projects, etc., can avoid the risks

in the engineering project construction phase.

4.2.6 PFI

PFI is a way of creating PPPs by funding public

infrastructure projects with private capital. PFI is a pro-

curement method which uses private sector investment to

deliver public sector infrastructure and/or services

according to a specification defined by the public sector. It

has also been used simply to place a great amount of debt

‘‘off-balance-sheet’’. As far as the current development

trends are concerned, the PFI mode is more suitable for

biomass power generation and biogas power generation

projects in some parts of china.

4.3 Patterns of distributed energy resource

The aforementioned financing & investment schemes

for private capital are mostly designed for large-scale

centralized renewables projects. However, the problem is

how do the private investors enter the field of renewable

energy if they are short of money and unwilling to take

risks? Even taking mixed ownership, private enterprises are

also too disadvantaged and weak to have the discourse

power and discourse right in cooperation with state-owned

enterprises. This makes a number of private enterprises

overcautious when approaching the energy sector [64]. It is

skillful to resort to some other tactics, for example

investing in the distributed energy resources (DER) pro-

jects, as shown in Fig. 8.

Distributed generation, viz. distributed energy, on-site

generation or district/decentralized energy, is generated or

stored by a variety of small, grid-connected devices

referred to as distributed energy resource system. It is

rather remarkable that China has increased its support for

DER projects since 2011. The government has promul-

gated a number of favorable policies for the comprehensive

utilization of energy in recent years, especially for the use

of distributed energy resources at the national level (Note:

Such as the ‘‘Guiding Opinions on the Development of

Natural Gas Distributed Energy Resource’’, ‘‘Interim

Measures for the Management of Distributed Generation’’,

‘‘Circular on Further Implementing the Relevant Policies

on Distributed Photovoltaic Power Generation’’, a number

of incentives for decentralized photovoltaic power gener-

ation with self-produced and self-consumed renewable

power products). With respect to the private sector, their

decision to invest in renewable projects is strongly influ-

enced by the project risks, payment mechanism and long

term of the contract. Before entering the renewable energy

industry, private investors should take into account some

important factors, such as the expected return, the property

right, the operation mechanism and the expert professionals

[65–67]. DER projects constructed and operated by private

enterprises can alleviate any financial embarrassment of the

government in the initial investment due to the pooling of

private capital, and have great policy advantages under the

strong support of central, provincial and municipal gov-

ernments. With the rapid development of the economy and

technology and the improvement of socio-economic con-

ditions, it is inevitable for distributed renewable energy, as

the new resource technology in the Blue Ocean Strategy of

China, to maintain sustained and stable growth by

expanding investment & financing channels and increasing

the number of individual private investors. Consequently,

the introduction of private capital into DER projects will

become an inexorable trend for the construction and

development of the renewables industry.
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Take the rooftop photovoltaic power generation system

for example. The system has a long working life with zero

fuel cost and negligible maintenance cost but requires huge

initial investment. Hence its cost depends on the capacity

of the system, the unit-price of the equipment, and the

expense of installation and construction. The capacity of

the system is related to the overall investment, and it is

bound up with the roof of the user and the previous budget.

The general capacity of a rooftop photovoltaic power

generation system is mainly 3–5 kW, which makes, by our

informal count, the total investment 4377–7295 dollars.

According to our investigation, there are three main parts

of the income from investment in the rooftop photovoltaic

power generation system for a private investor. The first

part is the income through the state subsidies. The state

subsidy for distributed photovoltaic power stations is 6.13

cents per kWh (including tax) with a subsidy period of 20

years. The second part is the savings from self-produced

electricity. The self-produced solar photovoltaic power,

whether it is for satisfying self-consumption or for selling

to others, is able to be applied to saving money by reducing

electricity bills. In other words, the system operates itself

just like a virtual power plant. The third part is the sales

earnings in commercial transactions. The private investors

can receive proceeds from the sale of electricity by selling

the distributed solar photovoltaic power to the power grid

corporation at the benchmarking of electricity price of the

desulfurization coal-fired units. If one private investor is

willing to build such a system of 5 kW installed capacity

with an investment of roughly $7300, he/she is more than

capable of recovering costs in about 6–7 years and getting

nearly 15% yield in the next 13 years in China. The basic

data is business information which is not convenient to

publish. The result is also provided by the marketing

department of 3 enterprises in Shanghai. These data are to

support the research basis of the paper, so the calculation

formula is not discussed as key content.

5 Conclusion and recommendation

5.1 Research conclusions

In summary, here are the following conclusions:

1) There are many strengths and opportunities for private

capital investment in the renewable energy industry in

China. The industrial development of renewables is a

pressing matter. When the renewable energy industry

matches its internal advantages to its external oppor-

tunities, it will create core competencies in meeting

the basic requirements of China’s energy sector. More

importantly, the renewable energy industry should

promptly overcome the internal weaknesses and deal

with the external challenges at the same time. The total

investment in those renewables projects including

solar power and wind power has suffered a sharp

decline, and unfortunately, the trend of investment

shrinking is likely to continue. Once the correction

period occurs, the investment shrinkage will be

reversed. The shrinkage is attributed to external causes

at best, while the real reasons for the shortage of funds

in the renewable energy market are still the internal

ones. Investors suffer from not only the uncertainty

about the market outlook and the policy options, but
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also the irregularity of the industrial consolidation and

adjustment period.

2) If China can overcome the defects and obstacles in a

reasonable and orderly fashion, the investment and

financing problems of China’s renewables industry

will be mostly solved. With the advance of supply-side

structural reform and the new round of electric power

system reform, along with the continuous improve-

ment and optimization of electricity sale-side market

liberalization, private capital entering the Chinese

renewable energy market will bring great incentives

for the entire energy industry. Meanwhile, it appears

that the distributed energy resources pattern is sup-

posed to be a useful way of entering the renewable

industry for private capital. To achieve development

objectives, China must overcome the lack of policy

implementation ability and the mandatory planned

electricity pricing for the renewables sector. If both of

the aforementioned conditions are met, those Chinese

enterprises with private capital entering the energy

sector will lead to the Weever Effect, thereby stimu-

lating the development of the energy sector. However,

as one can see, the involvement of private capital does

not represent the marketization of energy prices. As a

special commodity, energy, especially the renewables,

has a bearing on the adjustment of complicated and

extensive interests, while a reasonable energy structure

must be the result of an equilibrium game of multiple

stakeholders.

3) When private capital approaches the renewable energy

market, investors should pay attention to two prob-

lems: one is how to select the sub-industry of the

renewable energy sector, and the other is how to

choose the appropriate operation mode of public–

private partnerships. Although bank credit, govern-

ment funds and venture capital have played a neces-

sary supporting role in the process of investment and

financing in China’s renewable energy industry, the

support from the stock and bond market for renewable

energy industry is still pretty inadequate. Furthermore,

with the introduction of detailed rules for the imple-

mentation of private investment in the energy sector,

the pace of private capital entering the energy sector

will be further accelerated in the future, and the areas

and fields being allowed for entry will be much wider

and more diversified. It is noted that great efforts must

be made by both Chinese enterprises and the Chinese

government. The government must design a creative

and innovative security system actively, establish

some new funds for the renewable and sustainable

energy legitimately, encourage private capital injec-

tion by selecting the correct financing mode positively,

and promote stock market development to provide

comprehensive and reasonable financial support for

renewables.

5.2 Policy recommendations

The phenomenon of private capital’s flocking coopera-

tion has not yet appeared in China’s energy sector. For

more extensive and in-depth cooperation, there are certain

misgivings for social/private capital. Those misgivings

cannot be allayed mostly because of the long-standing

approval mechanism, the wasteful duplication of functions

and the unmeasurable uncertainty of the authorities. They

are also the main reasons why many of China’s energy PPP

projects have failed in the past. To build a mature and

advanced operation environment for renewables PPP pro-

jects, the Chinese government must adjust its functional

positioning more effectively, and form some flexible and

effective PPP modes suitable for China’s current devel-

opment situation in the process of practical work, institu-

tional change and international cooperation. Some earnest

endeavors must be made by the government as soon as

possible to improve the reform of the financial system by

further liberating the financial and insurance market, opti-

mizing the finance and investment system by increasing the

openness of the financial sector, and ameliorate the oper-

ational environment for renewables by creating a good

financing space for the projects.
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