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Abstract — Wind power is one of the cleanest energy in the world. The past decade has witnessed large-scale wind farm 
construction booming in the north China, which leads the wind farm sites to a saturation level. The wind turbine technology, 
however, needs continually advance. Public-private partnership can unleash massive private investment in wind farm construction. 
In the meanwhile, it becomes increasingly imperative that setting up a reasonable and effective incentive mechanism to motivate 
equipment supplier acting on behalf of the project company’s interests. Two stock-based incentive models are designed based on 
principal-agent theory. The incentive coefficients are solved separately, and verified the validity. The establishment of the model 
provides the basis of the reasonable effective contract. 
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I. INTRODUCTION 

China's coal-fired power accounts for 78.5% of total 
generating capacity[1], however, the alarming in the air 
pollution, and increasing consumption of coal resources, 
draws the Chinese government to develop renewable energy 
sources. Hydropower is clean and renewable energy and also 
the country’s superiority resources [2]. In 2014, it takes up 
17.3% of total generating capacity and is the second power 
resource of Chinese power market. Due to the high cost of 
power generation and social and environmental problems 
associated with the construction of hydropower station, like 
reservoir emigration and earthquake, the development of 
hydropower keeps a slow pace in recent years[3]. Wind 
energy becomes the third kind of energy behind coal-fired 
power and hydropower, which takes proportion of about 
2.5% of total generating capacity, quite slight compared to 
coal-fired power[4]. With speed up of China’s energy 
structure adjustment, the proportion of clean energy 
especially the wind energy will continue to increase. The 
National Development and Reform Commission (NDRC) 
promulgated several policies to foster the market penetration 
of wind energy, including Feed-In Pricing Policies (a price 
paid by power grid Companies to domestic wind energy 
producers), Benchmark Price policy (unified pricing on 
average cost), and Full Purchase of Electricity from 
Renewable Energy policy[5]. 

By the end of 2013, a total of 137.65 gigawatts (GW) of 
wind energy had been cumulatively approved[6]. With the 
wind energy installed capacity developing at an annual rate 
of about 18-20 GW on average, the total installed capacity of 
200 GW can be completed by 2020. Faced with the huge 
market potential, the wind power market needs huge capital 
investment. Because of the government debt levels need 
further control and the higher cost of the wind energy 
compared to the conventional power, wind power market 
development needs support of private capital. How to 
revitalize the private investment into the wind power market 
is critical to promote the development of wind power market. 

Faced with these challenges, a suitable financing 
mechanisms need to be found to accelerate the development 
of wind energy [7]. 

Because of the concern of public debt growing rapidly 
during the macroeconomic dislocation of the 1970s and 
1980s, governments sought to encourage private investment 
in infrastructure. In 1992, the Conservative government of 
John Major in the UK introduced the private finance 
initiative, the first systematic program aimed at encouraging 
public–private partnerships. Public–private partnership was 
first introduced in 1980s [8]. Shenzhen Shajiao B power 
plant is pilot project of BOT. The past ten years witnessed 
the flourish of PPP arrangement in China [9]. The 
construction and operation of wind power plant needs huge 
investment and PPP appeared as an effective solution to 
capital utilization. 

Asymmetry information exits between the principal and 
the agent. The effective operation of wind farm needs 
reasonable incentive mechanisms. This paper will present 
three incentive models to improve capital utilization 
efficiency. Three models are designed based on principal-
agent theory and compared with each other based on the 
benefits of principal and agent. 

II. PPP IN THE WIND POWER SECTOR 

A public-private partnership is a government service or 
private business venture which is funded and operated 
through a partnership of government and one or more private 
sector companies. The public partner can take different 
forms, including central government, local government, and 
state-owned enterprise, ect. In September 2006, Guidance on 
the government purchase services from the public was 
printed by the State Council, which became the symbol of 
driving the development of private investment. The PPP 
model has received more and more concern by the National 
People’s Congress(NPC), the National Development and 
Reform Commission, Finance Ministry and the Ministry of 
Communications[10]. 
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PPP procurement process joins the advantages of both 
parties. The public one can promote infrastructure 
construction or social public service by control public 
spending. The private participant is profit-driven. Reasonable 
incentive mechanism can drive the private one to promote 
the service quality while increase mutual added value. The 
positivity, flexibility and profit-driven nature make it 
inevitable for private investment to improve capital 
utilization efficiency, which maximum social utility at the 
same time. When the total revenue of the project can cover 
the operation costs, there is no need to require additional 
expenditure from the government, that is, the public[11]. 

The allocation of PPP project risk is one of the key 
factors influencing the success of the PPP project[12]. Risk 
elimination needs responsibility of the enterprise, and the 
responsibility should be rewarded. However, delegation of a 
task to an agent who has different objectives than the 
principal is problematic under imperfect information 
circumstances. The asymmetric of information cannot be 
eliminated thoroughly but to alleviate partially. 

The principal and agent theory emerged in the 1970s 
from the combined disciplined of economics and institutional 
theory. The problem arises where the two parties have 
different interests and asymmetric information. What cannot 
be ensured is that agent is not always acting on behalf of the 
principal’s interests, especially when the tasks assigned to 
agent is costly while crucial to the development of the 
principal. 

Various mechanisms are designed to align the interests of 
the agent with those of the principal according to principal 
agent theory in operation and maintenance phase of wind 
farm. Each model is designed based on different 
perspectives, and compared to each other based on the 
benefits of both principal and agent. Finally, two stock-based 
incentive schemes are validated to be effective to motivate 
agent behaving in the interest of principal. 

III. MODEL HYPOTHESIS AND INSTRUCTIONS 

In this section, we present the model hypothesis based on 
the principal-agent theory as a starting point. We consider 
the wind farm has been built and to be operated. A control 
incentive model is built based on traditional procurement and 
subsequently, two stock-based incentive models are built 
under public-private partnership circumstances. 

Hypothesis 1. We assume that the wind farm is put into 
operation, the project company of which is the only 
shareholder. The equipment supplier and operating company 
of the wind farm as well, is responsible for the wind farm 
operation maintenance. And thus a principal-agent 
relationship is formed between the project company and the 
operating company. 

Hypothesis 2. The total assets of the wind farm is set as 
A . Let w  be the high asset-income rate where w  the 

low asset-income rate, while w w w    is the different 
value between the high and the low rate. wA  is the high 
revenue while wA  the low revenue of the project company. 
  is defined as effort coefficient of equipment supplier. If 

the total revenue of electricity is equal to wA , the effort 
coefficient is defined as 0.   is defined as 1 when the total 
revenue is equal to wA . 

A. Case 1: Project Company as Single Stock Holder  

When the project company is the single shareholder of 
wind farm, the equipment supplier or operation and 
maintenance contractor is the agent of the project company, 
which is responsible for operation and maintenance of the 
wind farm, and thus the total revenue of the project company 
can be obtained. 

 0 (1 )E wA wA wA wA         (1) 

According to the basic assumptions of the principal-agent 
theory, the principal is risk neutral, and the agent is risk-
averse, the revenue of which can be written as: 

 2
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 is the fixed remuneration paid to the equipment 

supplier by project company. 2
0

1

2
R wA   is the incentive 

bonus paid according to the effort coefficient  . 
Considering the revenue and the incentive bonus paid, 

the profit of the project company write as: 
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Considering the effort cost of the equipment company, 
the benefit of which is written as: 

 2 4
1

1 1

2 4
R wA wA        (4) 

If equipment supplier is introduced as one of the 
shareholder, two incentive schemes are provided separately. 
It is assumed that the total revenue of the project company is 
more than wA  because the stock-based incentive plan can 
drive the equipment supplier to update the technique of the 
wind-driven generator and thus lead to increasing of the 
project company revenue. According to the first scheme, 
after wA  is paid to the project company, the benefit more 
than wA  belongs to the equipment. Meanwhile, the 
expenses due to technical updates shall be borne by the 
company operations. According to the second scheme, a 
percentage of   of total revenue is set to be dividend of the 
equipment company. 

B. Case 2: Stock-based Incentive Scheme 1 

When the scheme 1 is adopted by the project company, 
the equipment supplier is not only the client of the wind farm 
but also the agent of the project company. The revenue of the 
equipment company composes two parts, including the 
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revenue as the agent in responsible for the operation and 
maintenance of the wind farm and the revenue surplus wA . 

The benefit of the equipment supplier can be obtained as 
follow: 

 

2 4
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1 1
( )

2 4

(1 ) ( )

R wA wA w A A

A
w A A wA

n

   



       


     

 (5) 

The benefit of the equipment supplier is separated into 
three parts. The first part is the fixed income  . The second 

part is the incentive bonus 21

2
wA   as the agent of the 

project company. The third part is the dividend 
( 1) ( ) ( )wA w A A A A wA        , namely, the 
revenue surplus wA  after the equipment company 
completed the high revenue wA  set by the project 
company. A  is the wind farm asset added value, that is, 
the value converted by the increased available hours 
because of the technique update of wind generators. As the 
stakeholder of the wind farm, the equipment supplier will 
try to increase the total available hours of the wind farm. 
Replacement of outdated equipment will be most 
economical to increase revenue of both project company 
and the equipment supplier compared to constructing a new 
wind farm. A  is written as ( 1)A  , with   being 
calculated as. 

 wA wA Total revenue    (6) 

The cost of the equipment supplier is composed of two 

parts. 41

4
wA   is the maintenance costs. 

A

n


 is the annual 

fixed asset depreciation with depreciation n . 2R  rewrites 

with ( 1)A A    as 
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The revenue of project company is thus written as. 

 2E wA  (8) 

Scheme 1 is adopted with constraint. 

 2 1R R , 2 1E E  (9) 

C. Case 3: Stock-based Incentive Scheme 2 

The equipment supplier will be introduced as stakeholder 
if stock-based incentive scheme 2 is adopted. A percentage 

  of total revenue is set to be the dividend of equipment 
supplier. The benefits of project company and equipment 
supplier can be written as follow separately. 

4
3

1
[ ( ) (1 ) ( )]

4
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          (10) 

 3 (1 )[ ( ) (1 ) ( )]E w A A w A A           (11) 

The equipment supplier will be introduced as stakeholder 
if stock-based incentive scheme 2 is adopted. A percentage 
  of total revenue is set to be the dividend of equipment 
supplier. The benefits of project company and equipment 
supplier can be written as follow separately. 

Which subjects to: 

 3 1R R , 3 1E E  (12) 

IV. PROBLEM SOLVING 

  is subject to (0,2)  . 2   means that the available 
hour of wind farm is doubled by technical renovation or 
equipment upgrades, which is quite impossible considering 
the pace of technique advance is quite slow.   is thus 
between 0 and 2. 

As for case 1, it can be obtained that 
3

1R wA wA      , 2
1 3R wA wA     , 1 0R   , 

(0,1]  . Set 1 0R   , we obtain 1 0  , 1 0R    

2 1  , 1 0R   . The maximum benefit of project company 
will be achieved at 1  . 

If case 2 is adopted we can obtain 

3
2 3

A
R wA wA wA

n
        , 2

2 3 3R wA wA     ,

1 0, (0,1]R    .Set 2 0R   , the exact real solutions of the 
equation group can be obtained. 
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Which subjects to  
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If case 3 is adopted, the constraint condition of   can be 
solved. 
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When   reaches the critical value 1  , the restriction 

of   is solved 
wA

  . We can obtain 

3 (2 )
wA

E wA wA
wA

     . Obviously, 2wA    , the 

total revenue is two times larger than fixed income   of 

equipment supplier. 3 0E   , it means that the function of 
fixed income of equipment supplier is monotone increasing 

function. 3R   can be rewritten as 
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The revenue of project company is also monotone 
increasing function. 

V. CONCLUSIONS 

Because of 10 years’ massive wind farm construction, 
high-quality wind farm sites in the north China are almost 
exhausted. However, wind farms in the south China are 
always located in the mountain, which greatly increases the 
construction difficulty and land compensation fees together 
with other related expenses. How to take good advantage of 
existed wind farms in the north China is the emphasis of the 
article. The project company signs CPIF contract with the 
operation company. The encouraging clause in the contract is 
designed to share the increased operating revenues between 
the project company and the operation company, which will 
greatly motivate the operation company to update the wind 
turbine technology and routine maintenance quality. A 
reasonable PPP incentive contract can produce win-win 
situation where both companies can maximize profit 
potential. The incentive coefficient in the contract is essential 
to successful cooperation of both companies. 

Two stock-based incentive mechanisms are designed 
based on principal-agent theory to motivate the equipment 
supplier acting on behalf of the project company’s interests. 
By compared to no stock-based incentive model, it is proved 
that two stock-based incentive models have a much stronger 

effect. The reasonable incentive clause is founding the 
management mechanism of benefit and venture between the 
project company and the equipment supplier. After solving 
different incentive coefficients and analyzing the constraints 
of different models, the article prove that the equipment 
supplier makes every effort to update technology or 
replacing equipment to increase revenue as much as possible. 
This will maximize the revenue of the project company and 
the equipment supplier and thus achieve a win-win situation. 
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