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Abstract	  
 
In 2010 China became the country using the largest amount of energy in the world, and also 
the country with the largest installed wind capacity in the world. Due to the insufficient 
electricity grid China has started looking into the so called distributed wind power market. 
Distributed wind power projects are small-scale projects closer to the demand centres, which 
typically utilize existing grid infrastructure, and they cannot exceed 50 MW. This report looks 
into the fundamental drivers on the Chinese wind power market and analyses the expected 
development of the distributed wind power market in China. The report also studies the 
province of Guangdong to determine if it is feasible to sell current turbine models on the 
distributed market for the price a potential customer is willing to pay, as well as looking into 
turbine trends that are suitable for the distributed wind power market. Finally the competition 
between international and Chinese turbine manufacturers is analysed. 
  
It has been found that the main drivers on the Chinese wind power market are the political 
regulations and restrictions in response to the pollution issues and growing energy demand in 
China. The insufficient electricity grid is the main reason for the development of the 
distributed market, which also implies that the lifetime of the distributed wind power market 
will be dependent on the pace of development of the Chinese electricity grid. 
 
The result of the Guangdong study shows that at an average wind speed of above 6.62 m/s all 
the turbine models in the study can be sold at the current market price, and at an average wind 
speed of 5.66 m/s only 1.8 V100 can be sold at the current average market price. These results 
show that for a wind power project to be profitable on the distributed market in the 
Guangdong province the average wind speed has to exceed 5.7 m/s if the wind farm developer 
is using the most suitable turbines for the wind farm.  
 
The trends for turbine design that have been identified as the most suitable on the distributed 
market are larger rotor diameters and smaller turbine sizes (turbines of a size up to 2.0 MW). 
A price gap of 27 per cent between wind turbines sold by international manufacturers and 
Chinese manufacturers has also been identified. This price gap indicates that it is of interest 
also for international turbine manufacturers to sell their turbines on the distributed wind 
power market.  
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Sammanfattning	  
  
2010 blev Kina det land i världen som använde störst mängd energi. Kina blev även det land 
som hade den största installerade vindkraftskapacitet i världen. På grund av Kinas 
underutvecklade elnät har regeringen börjat undersöka den så kallade distribuerade 
vindkraftsmarknaden. Distribuerade vindkraftsprojekt är småskaliga projekt närmare 
efterfrågan på elektricitet, som normalt utnyttjar befintlig infrastruktur, och de får inte 
överstiga 50 MW. Denna rapport tittar på de grundläggande drivkrafterna på den kinesiska 
vindkraftsmarknaden och analyserar den framtida utvecklingen av den distribuerade 
vindkraftsmarknaden i Kina. I rapporten studeras också provinsen Guangdong för att avgöra 
om det är möjligt att sälja nuvarande turbinmodeller på den distribuerade 
vindkraftsmarknaden för priset en potentiell kund är villig att betala, samt för att undersöka 
turbintrender som är lämpliga för den distribuerade vindkraftsmarknaden. Slutligen 
analyseras konkurrensen mellan internationella och kinesiska turbintillverkare. 
 
Det har i studien visat sig att de viktigaste drivkrafterna på den kinesiska 
vindkraftsmarknaden är de politiska regler och restriktioner som syftar till att bemöta 
problemen Kina har med ökande föroreningar och utsläpp samt den växande efterfrågan på 
energi. Det otillräckliga elnätet är den främsta orsaken till utvecklingen av den distribuerade 
marknaden, vilket också innebär att livslängden på den distribuerade vindkraftsmarknaden 
kommer att vara beroende av takten på utvecklingen av det kinesiska elnätet. 
 
Resultatet av Guangdongstudien visar att vid en medelvindhastighet på över 6,62 m/s kan alla 
turbinmodeller i studien säljas till gällande marknadspris, och vid en medelvindhastighet på 
5,66 m/s kan endast en turbinmodell säljas till det nuvarande genomsnittliga marknadspriset. 
Dessa resultat visar att för att ett vindkraftsprojekt ska vara lönsamt på den distribuerade 
marknaden i provinsen Guangdong måste den genomsnittliga vindhastigheten överstiga 5,7 
m/s, om de mest fördelaktiga turbinmodellerna används.  
 
Trenderna för turbindesign som har identifierats som de mest lämpliga på den distribuerade 
marknaden är en stor rotordiameter och mindre turbinstorlekar (dvs. turbiner mindre än 2,0 
MW). En prisskillnad på 27 procent har identifierats mellan internationella turbintillverkare 
och kinesiska turbintillverkare. Denna prisskillnad visar att det är aktuellt  även för 
internationella turbintillverkare att sälja sina turbiner på den distribuerade 
vindkraftsmarknaden. 
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1 Nomenclature	  	  
 
Term   Character  Unit 
Area   A  m2 
Density    𝜌  kg/m3 
Diameter    D  m  
Efficiency factor  є   Dimensionless 
(of a wind turbine) 
Kinetic energy  KE  J 
Mass   m  kg 
Output discount factor   d  per cent   
Power   P  W 
Shape factor    Shape factor   Dimensionless 
Time dependent volume  Vtime-dependent   m3/s 
Velocity (wind speed)  v  m/s 
Volume   V  m3 

Probability of a certain wind speed pm  Dimensionless 
Output at certain wind speed given  um   kW 
by a turbine’s power curve 
Total power output of a wind turbine Pm(Um)T  kWh 
Weibull distribution in   Um  Dimensionless 
power output calculations 
Time period   T  h 
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2 Terms	  and	  Abbreviations	  
 
 
Term   Abbreviation  Unit      
Balance of Plant  BoP  RMB 
Capital Expenditures  CAPEX  RMB 
Chinese currency, yuan  RMB1                                  RMB 
Discount interest rate  r  per cent 
Earnings before interest and tax EBIT  RMB/year 
Earning before tax  EBT  RMB/year  
Feed-in Tariff  FIT  RMB/kW 
Horizontal Axis Wind Turbine HAWT 
Internal Rate of Return  IRR  per cent  
Independent Power Producer  IPP 
National Development and  
Net Present Value  NPV 
Reform Commission  NDRC 
Operating Expenditures  OPEX  RMB/year 
Original Equipment Manufacturer OEM 
State owned enterprise   SOE 
Value Added Tax  VAT   per cent  
Vertical Axis Wind Turbine VAWT 
Wind Turbine Generator  WTG 
  

                                                
1 6.3 RMB= 1 USD, 2012-04-26 (Bloomberg, 2012a) 
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3 Problem	  formulation	  and	  goals	  
 
The main question the report aims to answer is whether international and Chinese turbine 
manufacturers should establish themselves on the distributed wind power market. If so with 
which products should this be attempted. The distributed wind power market in China has just 
started developing. The market trends have therefore not yet been formed. It is therefore 
relevant to look into the fundamental drivers on the Chinese wind power market to better 
understand the conditions and requirements that can be expected. 
  
The report will discuss onshore wind power with a focus on the distributed market. It will not 
cover offshore wind power. 
  
The goals of the report are: 
 

• To map the fundamental drivers on the Chinese wind power market through an 
analysis of the current wind power market, and also through looking at how the 
market has developed and what future development is to be expected. By doing that be 
able to make an analysis of the expected development of the distributed wind power 
market in China.  
 

• Analyse the opportunities for wind turbine manufactures on the distributed market in 
China. This by calculate the maximum turbine price the wind power developers are 
able to pay, under the conditions on the distributed market. By comparing this price to 
the current wind turbine prices we aim to decide if the distributed wind power market 
will create market opportunities for turbine manufacturers. 
 

• The aim is to through this make a recommendation on the most suitable turbine model 
for the distributed market.  
 

• Look into market competition by analysing whether the price gap on the current wind 
power market in China will be justified on the distributed market. 
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4 Introduction	  
 

To attempt to respond to the goals, certain parts of the report can be identified.  

• The fundamental drivers on the Chinese wind power market are summarised in 7.4 
and they are based on the information found in the section 5. Background. 

• The expected development of the distributed wind power market in China is discussed 
in section 9.4 The fundamental drivers on the Chinese distributed market and section 
9.5 Summary of drivers on the distributed market, they are based on information 
presented in 5. Background.  

• To come to a conclusion on the maximum turbine price the wind power developers are 
able to pay, a financial analysis is conducted in the section 6. Model, with the results 
of the model being presented in 7.2 Results.  

• Trends in model design that seems to affect the maximum turbine price the wind 
power developers are able to pay are recognised and discussed in 9. Discussion.  

• Market competition is looked into in section 9. Discussion. Turbine models are chosen 
both from international and Chinese turbine manufacturers to see whether there is 
cause for the current price difference, and this will be discussed in section 9.3 
International vs. Chinese turbine manufacturers. 
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5 Background	  
 
This section will first cover the technical aspects of wind power and the development thereof. 
Secondly the wind power development globally and in China will be introduced, followed by 
political restrictions and regulations on Chinese wind power and an overview of the current 
wind turbine market climate in China. Finally the distributed wind power market will be 
discussed. 
 

5.1 Wind	  and	  energy	  
 
Using wind to generate energy is not a new discovery. Already in 5000 B.C. wind propeller 
boats were used on the Nile River (U.S. Department of Energy, 2012). For commercial use 
wind turbines are used to generate electricity from wind. During the last decades the wind 
turbine technology has improved greatly in connection to the growing interest in wind energy 
(Make Consulting, 2011).  
 
Most wind power turbines today are three-bladed, even though both single- and double-
bladed turbines have been used in the 1980’s and 1990’s (European Wind Energy 
Association, 2012c). The design of the blade is similar to that of an aeroplane wing, using the 
same principles of lifting force to create the rotation of the rotor. The air passing over the 
blade creates lower pressure above the blade pulling it upwards, and an over pressure below 
the blade, which pushes the blade up (World Wind Energy Association, 2012). For the 
principles of electricity generation from wind power see Appendix 13.1 Theoretical 
background on electricity generation from wind power. 
 
The blades of the wind turbine are connected to a rotor, which is in turn connected to a 
nacelle. The nacelle is the part of the turbine that holds all the turbine machinery. The rotor is 
the component of the turbine that, together with the blades, changes the kinetic energy of the 
wind into rotating mechanical power (World Wind Energy Association, 2012). The power 
from the rotor is transferred through a gearbox to a generator. Some designs use direct drive, 
where the gearbox is not included in the design and the power is instead transmitted to a 
transformer before being transferred to the grid (Global Wind Energy Council, 2012a). Most 
rotors are attached on tubular steel towers, whose height varies according to the conditions of 
the specific site (European Wind Energy Association, 2008). The height of the tower allows 
the wind turbine to take advantage of faster and less turbulent wind, than the wind closer to 
the ground (U.S. Department of Energy, 2011). The tower does not only raise the rotor above 
the ground, but must also absorb the great static loads that are the result of variations in the 
power of the wind (World Wind Energy Association, 2012). For the design of a wind turbine 
see Figure 1.  
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Wind turbines can be installed on their own, or as part of larger constellations called wind 
farms (Clean Energy Ideas, 2012).The greatest challenges for wind power manufacturers is to 
create wind turbines that meet the specifications of the grid, such as voltage and frequency, 
can cope with the variable wind conditions and can compete economically with other sources 
of energy (European Wind Energy Association, 2008). 
 

5.1.1 Wind	  speed	  classification	  
 
The wind turbine will vary its rotation according to different wind conditions. The wind speed 
can therefore be classified in three ways; cut-in wind speed, rated wind speed and cut-out 
wind speed. The cut-in wind speed is the wind speed that is required for the wind turbine to 
start producing electricity, usually between 3-5 metres per second (m/s). Rated wind speed is 
the wind speed from where the wind turbine produces the maximum amount of electricity, 
normally between 12-16 m/s. The cut-out wind speed is the wind speed where the wind is too 
strong for the wind turbine to produce electricity, normally above 23 to 25 m/s. The 
classification of wind turbines differ depending on the wind class they are designed for 
(Karlsson, 2009). When describing wind turbines, such as a 3.0 MW turbine, it is the 
generator’s maximum output that is being described. This is the nominal capacity of the 
turbine, and it is generated from the rated wind speed to the cut-out wind speed (World Wind 
Energy Association, 2012). 
 

Table 1: IEC wind turbine classes. (Vestas, 2012) 

Figure 1: The wind turbine. (World Wind Energy Association, 2012) 
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5.1.2 	  Turbulence	  and	  wind	  shear	  
 
Turbulence appears when the wind speed or direction of the wind changes intermittently. 
There are several reasons for turbulence, for example temperature differences or irregularities 
on the ground. The latter reason causes turbulence to be more common in urban areas with 
more obstacles compared to rural flat land. (SMHI, 2009)  
 
The speed of the wind varies depending on how high above the ground the wind is blowing. 
When the horizontal wind speed is different on different heights it is called wind shear. Wind 
shear results in different loads on the lower blade compared to the load on the upper blade, 
and thus increases stress on the wind turbine. New research has found that unstable 
atmospheric conditions can reduce the energy output from the wind turbine with an average of 
15 per cent. (Clean Technica, 2012) 

5.1.3 Technology	  and	  development	  of	  the	  wind	  turbine	  
 
In the 1980’s the first commercial wind turbine was developed (Global Wind Energy Council, 
2012b).The technology behind the modern wind turbine is based on the same principles as the 
wind mill, although the mechanical power was then used directly. The wind mills were an 
integrated part of society; always attended and manually controlled. In contrast, a wind 
turbine must be an automatically controlled and independent power station. The turbine is 
subject to highly irregular loads due to turbulent wind conditions. This puts high demands on 
the turbine quality and technology (European Wind Energy Association, 2008). 
 
Since the 1990’s the wind power market has seen a gradual development of technology, for 
example in variable rotation speed, control systems, generators and blade materials. The most 
prominent general trend has been that of larger wind turbines, with sizes of 3MW and above, 
which can be seen in Figure 2 (Make Consulting, 2011). This larger trend of turbines is 
mostly due to the cost structure of offshore wind power, where the focus lies on maximizing 
the output of each foundation (Global Wind Energy Council, 2012a). The growth of turbine 
size has also been driven by factors such as; improved land utilization and lower maintenance 
cost per kW installed (European Wind Energy Association, 2008). The latest onshore turbine 
trend, however, seems to be levelling in size of up to 3 MW (Global Wind Energy Council; 
European Wind Energy Association, 2012; 2008). Grid compatibility and grid quality is 
limiting the development of even larger onshore wind turbines as larger wind turbines create a 
larger output of power (European Wind Energy Association, 2008). A levelling trend of 
turbine size enables a larger production of the same design, thus increasing quality and 
reducing costs (Global Wind Energy Council, 2012b).  
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The general trend of increasing size of installed wind turbines can also be seen in China. 
Despite the levelling trend of onshore turbine sizes, a new set of policy outlines by the 
National Development and Reform Commission came into effect in China in June 2011. They 
state that incentives such as easier access to credit and tax breaks will not be offered to 
manufacturers who only produce turbines smaller than 2.5 MW. These policies aim to 
encourage the development of turbines with a larger capacity, and prevent overinvestment and 
overcapacity of turbines lower than 1.5 MW. This can be expected to lead to larger wind 
turbines on the Chinese market. It is believed that these kinds of regulations and trends 
towards larger-capacity turbines create new opportunities to maintain market share for foreign 
component manufacturers with technical expertise in larger turbines. (Make Consulting, 
2011) 

5.1.4 Factors	  affecting	  technology	  development	  
 
The main factors affecting the development of turbine technology are low-speed and high-
speed wind sites, offshore wind power, grid compatibility, acoustics, aerodynamic 
performance and visual impact. Low- and high- speed wind sites require different turbine 
designs to maximize the output. Offshore wind power drives the development of larger 
turbines. The acoustic performance of turbines regulates the possible tip-speed, and thus 
turbine size, and grid compatibility is limiting the development of larger onshore wind 
turbines. (European Wind Energy Association, 2008) 

Figure 2: Trend of turbine size (1985-2009). (European Wind Energy Association, 2012b) 
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5.1.5 Architecture	  of	  the	  modern	  wind	  turbine	  
 
The design of different wind turbines vary greatly. One difference between different wind 
turbine designs is the rotor axis. There are two major types of wind turbines based on the 
placement of the rotor axis, vertical and horizontal. (Alternative Energy News, 2012) 

5.1.5.1 Vertical	  axis	  wind	  turbine	  (VAWT)	  
The vertical axis wind turbine (VAWT) was developed with the hope of advantages from 
capturing wind from different directions, omnidirectionality (Bhutta et. al., 2012). The gears 
and generating equipment are in VAWT turbines at the base of the tower. However, the 
VAWT design was found to be less efficient than the horizontal turbines, and has therefore 
disappeared from the mainstream commercial market. Recently there has been a renewed 
interest in VAWT in small wind power systems, such as urban wind power placed on 
rooftops, and also innovative designs for large-scale offshore projects (European Wind 
Energy Association, 2008). The VAWT design will not be included in the report. 

5.1.5.2 Horizontal	  Axis	  Wind	  Turbine	  (HAWT)	  
The most common type of wind turbine is the horizontal axis wind turbine (HAWT). The 
HAWT can have a rotor mounted in front of the tower (towards the wind) or behind the tower 
(leeward). The most common design is the turbine mounted in front of the tower in the 
direction of the wind. The rotor can then be turned into, or out of, the wind depending on the 
wind conditions. (World Wind Energy Association, 2012)  

5.1.5.3 Pitch	  and	  stall	  
In high wind speeds there are two main ways to limit the output rotor power; stall regulation 
and pitch regulation. In most larger wind turbines active pitch control is used to limit the 
power and load of high wind speeds. Pitch regulation involves turning the blades, or the entire 
rotor, to regulate the power of the wind turbine, thus changing the geometry of the rotor 
(European Wind Energy Association, 2012c). For this to be possible an active control system 
is necessary, which senses blade position and output power. A unique feature of the wind 
power technology, however, is to use aerodynamic stall to limit the power. Stall is the 
breakdown of the lifting force when the angle of flow over a wing section becomes too steep 
(Ragheb; European Wind Energy Association, 2009; 2008). The rotor blades are designed to 
create turbulence at the tip of the blade when the wind exceeds a certain velocity to limit the 
speed of the turbine (World Wind Energy Association, 2012). The angle of flow is created by 
keeping a constant speed of the rotor when the wind speed is changing. Stall regulation thus 
limits the power and load in high winds without changing the geometry of the rotor. A third 
option uses both of these techniques; active stall regulation. In this technique stall is used to 
limit the need for pitch activity, although the pitch system is the primary safety system 
(Ragheb; European Wind Energy Association, 2009; 2008). 

5.1.5.4 Variable	  and	  fixed	  speed	  
When it comes to the speed of wind turbines there are two techniques; variable speed and 
fixed speed. In a fixed speed rotor the blades are held parked initially and when the brakes are 
released the rotor is accelerated until the fixed speed is reached (European Wind Energy 
Association, 2008). In variable speed turbines the rotor speed matches the wind speed, thus 
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allowing maximum efficiency. The variable speed technique allows lower wind speeds to be 
captured and thus increase energy output (Richardson and Erdman, 1992). It is not until rated 
wind speed is reached that the speed is regulated to a near constant turbine speed (European 
Wind Energy Association, 2008). The variable speed technique can decrease loads and reduce 
output power variability, as the speed of the turbine determines the output (Richardson and 
Erdman, 1992). However it comes at a greater cost than the traditional fixed speed turbines. 
Due to the higher output quality to the grid the variable speed technique is being developed 
despite the greater cost (European Wind Energy Association, 2008). 

5.2 The	  global	  development	  of	  wind	  power	  
 
Using wind to generate electricity has become more common globally during the last decades. 
Even though the development in China started late compared to for example North America 
and Europe, China has had a fast development during the last years (Global Wind Energy 
Council; Kaldellis and Zafirakis, 2012a; 2011). In 2010 China was the country with the 
largest installed wind capacity in the world, with a capacity of 44.7 GW (World Wind Energy 
Association, 2011).  
 
The rising global energy demand, environmental issues, technological improvements and 
political support has made the global wind power market grow rapidly during the last decade 
(Global Wind Energy Council, 2012b). The trend is shown in Figure 3. The increasing wind 
power market growth ended in 2010, which can be seen in Figure 4, although the market is 
still growing. The market growth was 23.6 per cent in 2010 compared to 31.7 per cent in 2009 
(World Wind Energy Association, 2011). The interest in wind power and other renewable 
energy sources is a global interest. To support the development of renewable energy, the 
European Union has for example set a target of 20 per cent of its supplied energy to come 
from renewable energy sources by 2020 (European Wind Energy Association, 2012a).  
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Figure 4: World wind power market growth rates 1998-
2010 (World Wind Energy Association, 2011) 
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An early attempt at creating large-scale commercial generation of wind power was made in 
the US in 1939, with a 53 metre diameter, 1.25 MW turbine (European Wind Energy 
Association, 2008). The turbine was a technical but not commercial success due to the fact 
that fossil fuel prices were still low. There was therefore no market demand for wind turbines 
at that time.  One important milestone for the development of the modern wind turbine was 
therefore the oil crisis in 1973. In connection to the oil crisis several economic incentives 
were implemented to support the development of wind power. The government of the United 
States decided to focus on wind energy research and development to prevent a similar future 
situation. As a result North America accounted for nearly 80 per cent of the total global wind 
energy production in 1990 (Kaldellis and Zafirakis, 2011). 
 
The large scale development of wind power in Europe started a few years later than the 
development in North America. During the 1980’s and 1990’s the installed wind power 
capacity in Europe strongly increased. One of the main reasons for the development was the 
steadily rising price of electricity. The installed wind power capacity continued to increase 
rapidly in Europe and in 2000 Europe accounted for 70.7 per cent of the total global wind 
energy production. By 1995 the area Asia and Oceania had entered the global wind energy 
production market. At that time they accounted for 7.1 per cent of the global market. Their 
market share more than doubled between 1995 and 2007. In 2007 Asia and Oceania 
accounted for 14.7 per cent of the global market where China stood for a substantial part of 
the market share. The development is shown in Figure 5. (Kaldellis and Zafirakis, 2011)   

 

5.3 The	  Chinese	  wind	  power	  market	  
 
During the last decade the wind power industry in China has faced a rapid development, 
which can be seen in Figure 6. After 2007 China has become an important actor on the global 
wind power market. The reason for China’s quick growth in the market for renewable energy 
is seen as a combination of cheap labour and a large home market, and support from the local 
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governments and state banks. The pace of installed wind power capacity has been slowed 
which can be seen in Figure 7. One reason for this development is the Chinese government’s 
regulations to try to increase the quality of Chinese manufactured turbines. The insufficient 
Chinese grid also acts as a bottleneck as it is not able to absorb new installed wind power 
capacity quickly enough (Crooks and Hook, 2011). 
 
The development of wind power in China started some years after the global trend but has 
since increased more rapidly. The Chinese annual growth rate started to slow down before the 
global annual growth. However, the Chinese growth rate is still higher than the global wind 
power market’s growth rate, see Figure 4. 
 

5.3.1 Future development of the Chinese wind power market 
 
In 2007 China became the country with the largest carbon dioxide emissions in the world, 
which makes China’s impact on the global environment an international issue (Swartz and 
Oster, 2010). This can be expected to act as an incentive for China to develop their market for 
renewable energy. Three years after China became the country with the largest carbon dioxide 
emissions, they were also the country using the largest amount of energy in the world (Ring, 
2010). This is a result of the fact that China’s energy usage increased with 134 per cent 
between 2000 and 2010 (Radetzki, 2011). There is a great probability of both domestic and 
international forces affecting the future development of wind power in China, since China’s 
rising energy demand is affecting the whole world due to finite energy resources (Radetzki, 
2011). The rising demand of natural resources in China has, for example, increased the 
overall market prices on natural resources such as oil (Swartz and Oster, 2010). 
 
According to research done by the Intergovernmental Panel on Climate Change (IPCC) nearly 
80 per cent of the world’s energy demand in 2050 could be covered by renewable energy 
sources if enough regulations are implemented (Nordin, 2011). This research shows that even 
though the world, and China, has come far in their development of wind power, and other 
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renewable energy sources, this is only the beginning. With the right regulations and 
technologies the wind power market in China has a huge potential left to develop.  

5.3.2 Wind resources in China  
 
Although the amount of used wind capacity in China has increased rapidly over the last years, see 
Figure 6, a large amount of the total potential wind power in China is not yet utilized. The 
technical potential of wind power in China is, according to China’s metrological administration, 
253 GW (Liu and Kokko, 2010). China covers an area of approximately 9.6 million square 
metres, with greatly varying geographic conditions (The Times, 2011). Aspects such as wind 
speed and population greatly vary in different regions of the country. It is therefore of great 
importance to look into the distribution of resources and energy demand in China.   

5.3.2.1 Onshore wind power resources 
The onshore wind power resources are not equally distributed over China. The largest amount 
of onshore wind power resources is located in Northern and North-western China (Liu and 
Kokko, 2010). Due to the fact that these areas are sparsely populated and have a less 
developed economy the electricity demand is small compared to the demand of large Chinese 
cities such as Beijing and Shanghai (Li et al., 2011). The Chinese province Inner Mongolia is 
an area where only 8 per cent of the Chinese population lives and it stands for almost a third 
of the total potential wind power resources in China, which is shown Figure 8 (Make 
Consulting, 2011).  

 
Figure 8: Onshore wind power capacity by province. (China Scope Financial, 2012) 

The demand for electricity is therefore concentrated to the eastern and south-eastern coastal 
areas, far away from the wind power farms in the north, which is shown in Figure 9 (Liu and 
Kokko, 2010).  
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Due to the fact that the wind power resources and the electricity demand are not equally 
distributed over China, a well-developed national grid system is required. For the electricity, 
generated by wind farms in northern China, to be able to reach the demand centres it has to be 
transmitted over a distance of 1000 to 2000 km (Yu et al, 2011). This issue will be further 
discussed later in this paper.  

5.3.2.2 Offshore wind power 
There is a potential to develop offshore wind farms near the demand centres in the coastal 
areas (Chen, 2011). The development of offshore wind farms in China has just begun. One 
reason for the slow development of offshore wind farms is the substantially higher cost for 
both maintenance and installation compared to onshore wind farms. The costs are 
approximately 50 to 70 per cent higher for offshore wind power compared to onshore wind 
power (Li, 2009). Although the technically exploitable offshore wind resources in China are 
great, the amount of technically exploitable onshore wind power resources is greater (Yu, 
2011). This paper will not focus on offshore wind power.  
 

5.4 Political	  restrictions	  and	  regulations	  in	  Chinese	  wind	  
power	  

 
Political regulations aiming to support wind power development in China have had a 
dominant role in the rapid development of wind power (Liu and Kokko, 2010). Every fifth 
year China issues a Five-Year Plan that acts as a blue print for the direction of China’s 
economic development and states the key targets for China as a country. Currently the Five-
Year Plan is the 12th Five-Year Plan for the period 2011 to 2015 (Make Consulting, 2011).  

Wind%farm%loca-on%

Energy%demand%centres%

Figure 9: Location of wind farms and electricity demand centers (Li et al., 2011). 
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Below is a time-line of the regulations and restrictions that are discussed in the following 
sections, see Figure 10. 
 
The Chinese laws are relatively vaguely formulated to provide an outline for clarifying 
implementing regulations. In this way the regulatory framework is highly flexible, since the 
implementations can be revised and improved to reflect the market climate. (China Wind 
Power Center, 2012) 

Figure 10: Time-line of the political regulations on Chinese wind power. 

5.4.1 Drivers	  for	  political	  decision	  making	  in	  the	  Chinese	  energy	  sector	  
 
The political interest in developing wind power has several reasons. One reason is to be more 
independent of price changes of fossil fuels, which are strongly dependent on the international 
market climate. China is a major importer of fossil fuels as 80 per cent of the electricity in 
China is generated from coal (Wang; Li, 2009; 2009). Another reason also is that China’s 
pollution issues could be addressed in connection with the development of wind power (Li, 
2009). In addition, developing the domestic wind power capacity could partly solve the 
problem of the rapidly increasing energy demand that has become a large issue in China 
during the last decade (Clark and Hook, 2011). China has, in response to being one of the 
major contributors to the global emission of greenhouse gases, become the leading global 
investor in the wind power industry (Liu and Kokko, 2010). The Chinese government also 
sees green development as an opportunity to increase employment, provide a new source of 
economic growth and build a competitive advantage on the global energy market (Pellman, 
2012).  
 
The major drivers on the Chinese wind power market have largely been strong industrial 
policies issued by the central government and additional targets set by the provincial 
governments (Make Consulting, 2011). The national wind power policies in China are best 
followed and implemented through specific complementary regulations on a provincial level 
(Li, 2009).  
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A global issue is the fact that the wind power industry is in need of both support and 
incentives as long as fossil fuels are not priced based on their negative impact on the 
environment. Germany, Denmark and the US have, as the wind power industry has developed 
in respective countries, created a complex system of policies to support the development of 
the renewable energy sector. The instruments used differ between different countries and 
include laws and regulations regarding for example technology, price, production cost, Feed-
in tariffs, subsidies and infrastructure. The Chinese government plays a larger role in the wind 
power sector than the governments of other countries. The regulations and laws from the 
Chinese government concerns aspects such as electricity generation, transmission and 
equipment manufacturing but in addition the Chinese state participates directly in the wind 
power sector through state-owned enterprises (SOE:s) which are main actors in each part of 
the industry. (Liu and Kokko, 2010) 
 

5.4.2 State-‐Owned	  Enterprises	  and	  political	  connections	  
 
In addition to the price difference between foreign and domestic wind turbine manufacturers 
the political connections of the manufacturers play a major role on the Chinese wind turbine 
market. This could obstruct the growth in market share for foreign wind turbine 
manufacturers in China, as they tend to have weaker government connections (Crooks and 
Hook, 2011). One wind farm developer in China describes the process of deciding turbine 
manufacturer as below. 
 
“Quality is not really a concern when choosing a turbine manufacturer, it’s more about 
guanxi (political connections) and who you know can give you loans.”  
(Crooks and Hook, 2011) 
 
The SOE:s are both large and powerful. In 2011, 57 Chinese companies were listed at the 
global fortune 500, which ranks the largest corporations in the world, and almost all 
companies were SOE:s. Among the ranked corporations the main part is from industries such 
as power generation, oil and energy, telecom and materials (Li et al., 2012). For example the 
seventh place on the ranking is the SOE State Grid that has 1,564,000 employees and had a 
revenue of 226,294 million US dollars in 2010 (CNN Money, 2011). Besides the fact that 
many SOEs are large and profitable companies, many SOE:s also have a large political 
influence. According to Daimen Ma, China analyst at Eurasia Group, the national oil 
companies are the equivalent of ministries in their power and influence (Cohen, 2011).  
 
Financing is a very important part of the planning of wind power projects and is therefore 
taken into consideration when choosing a wind turbine manufacturer (Clark and Hook, 2011). 
This gives the domestic turbine manufacturers large advantages due to the fact that they often 
have good connections with Chinese financial institutions; this is especially true for the SOEs 
(Make Consulting, 2011). Arrangements including low-interest loans, land-use arrangements 
and lines of credit are also available to Chinese wind turbine manufacturers. The state-owned 
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China Development Bank has for example provided Sinovel and Goldwind with large loans 
recently (Pellman, 2012).   
 
There is a close link between the biggest wind power companies and the Chinese government. 
For example two of Goldwind’s largest shareholders are state-owned. This might create an 
advantage in the competition with foreign wind turbine manufacturers. (Crooks and Hook, 
2011) 

5.4.3 Development	  of	  wind	  power	  regulations	  in	  China	  
 
China has been conducting research in wind technologies since the 1950’s and has with 
varying success worked to develop wind power in the country (Lew, 1999). In 1994 the 
policy statement Opinion on Wind Power Farm Construction and Management was issued 
(Liao et al., 2009). This text stated that all provincial electric power authorities were required 
to give priority to electricity generated by wind power (National Renewable Energy 
Laboratory, 2004). The price should be set to cover the wages and material costs and in 
addition cover the repayment of principal, interest and 15 per cent profit share for the 
producer. The reason this did not lead to a more rapid development of wind power was that 
the requirement of 1994 was not made an official law, and the national and provincial grid 
operators were unwilling to take on the extra cost of power produced by wind. Furthermore 
there were no effective sanctions for the companies who did not follow the policy statement 
(Liu and Kokko, 2010). This was not to be adjusted until 2005 (Pellman, 2012).  
 
In 2002, to increase control and structure of the renewable energy policy, the responsibility 
for policies concerning renewable energy was assigned to the Energy Bureau at the National 
Development and Reform Commission (NDRC), thus enabling the creation of a more 
coherent policy for wind power. (Liu and Kokko, 2010) 
 
In 2005 the first Renewable Energy Law was issued, Renewable Energy Law of the People’s 
Republic of China. It stated that the NDRC is in charge of pricing and planning issues, the 
Ministry of Finance is in charge of economic incentive mechanisms and government financial 
support and the Standardization Administration of China is in charge of technical standards 
codes (State Council of the People’s Republic of China, 2005). The law reaffirmed that the 
grid companies were required to buy wind energy (Yu and Qu, 2010). All licenced renewable 
energy projects had to be connected to the grid by the power grid companies and the 
electricity had to be purchased. The excess cost can be partially covered by a special 
renewable energy surcharge on the electricity price (State Council of the People’s Republic of 
China, 2005). The law also stated that by 2020, 15 per cent of China’s energy consumption 
must come from renewable energy sources. Large state-owned companies were obliged to 
ensure that at least 5 per cent of their total energy output came from wind power. Thus the 
grid companies were required to buy electricity from wind power and the power companies 
were required to produce it. After this year there was a great acceleration in the growth of the 
market, and the Renewable Energy Law was critical for this development (Liu and Kokko, 
2010).  
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In December 2009 an amendment, Renewable Energy Law of the People’s Republic of China- 
Amended, adjusted the renewable energy law to give priority access to the grid for wind 
power plants. In practice though, the grid companies are still allowed to deny wind power 
electricity due to technical reasons (Make Consulting, 2011). The amendment was issued to 
respond to several problems within wind power sector. Firstly, there was a lack of 
coordination between the national and regional energy policies, and between grid enterprises 
and power generation enterprises; secondly, the targets for renewable energy were formulated 
in terms of installed power generation capacity and not in terms of grid connected electricity; 
and thirdly, the grid enterprises failed to provide grid connection to the renewable energy 
power generation facilities (China Wind Power Center, 2012). To handle the issue of 
coordination, the amendment put in place stricter requirements for the preparation and 
utilization plans for renewable energy projects. A new quota is introduced in the amendment, 
quantifying the percentage of the total amount of generated electricity that has to come from 
renewable energy sources. This quota shifts the focus from installed capacity to actual 
generated capacity (State Council of the People’s Republic of China, 2009). Therefore this 
quota is seen as one of the main reasons for the rapid growth of the Chinese wind power 
market. The government policies require Chinese Independent Power Producers (IPP’s) to 
have 11.4 per cent of non-fossil fuel generated electricity by 2015. IPP’s are forced to seek 
renewable energy projects to be able to build conventional power plants such as thermal and 
hydroelectric power plants (Make Consulting, 2011). The problems with grid connectivity 
will be discussed in the section 5.4.8 The Chinese grid - Investments and regulations. 
 
In the 12th Fifth-Year Plan (2011-2015) the Ministry of Finance in China is investigating 
financial incentives for the renewable energy market in the form of price incentives for 
renewable energy and tax cuts for renewable energy companies. Additionally a carbon 
dioxide tax is expected within two years, and this is believed to have a strong impact on the 
renewable energy sector. (Make Consulting, 2011)  

5.4.4 Provincial	  government	  
 
Provincial governments have played a major role when it comes to wind power in China. For 
all projects that are to be located in a certain province, that provincial government is 
responsible for collecting information on the projects. The provincial government also had the 
authority to approve projects with a capacity below 50 MW until 2011, while bigger projects 
had to be approved by the central government (Li, 2009). The provincial government still has 
the authority to evaluate the projects being submitted in that province before getting approval 
from the central government (Pellman, 2012b).  
 
Seeing the individual power of the provinces, the level of wind power development can be 
partially explained by the efficiency of the regulations in each province. Inner Mongolia is a 
successful example of provincial policies enhancing the central government’s framework. The 
province was the first province to create a comprehensive set of complementary provincial 
policies. (Li, 2009)  
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5.4.5 Concession	  projects	  and	  the	  provincial	  market	  
 
To encourage the development of large-scale wind projects the wind concession projects were 
introduced in 2001 (National Renewable Energy Laboratory, 2004). In 2003 the Tariff Reform 
Program was announced. This program established a mechanism based on the concession 
system for large wind power projects controlled by the central government through the NDRC 
(Liu and Kokko, 2010). Concession projects are large wind power projects, typically larger 
than 50 MW, that are approved by the national government in China. The rules and decisions 
are thus set by the national government. In concession projects the national government 
invites developer’s to make an offer or bid on a planned wind power project. Initially the bid 
specified the lowest price at which the investor could supply electricity to the grid. The 
winner of the bid was the developer that provided the lowest price in the bidding process 
(Pellman, 2012b). The electricity price in a concession project was thus based on the lowest 
bid (Li, 2009). 
 
All offers in the concession projects were meant to declare how many of the turbines were 
domestically produced, with a requirement of at least 50 per cent of the turbines to be 
produced in China. In 2005 the requirement was raised to 70 per cent to encourage the 
development of the local wind power industry (Liu and Kokko, 2010). Before the requirement 
of turbines being produced in China was introduced, the majority of the wind turbines used in 
China was made by foreign manufacturers (Pellman, 2012). By supporting the domestic 
renewable energy industry the hope was to support regional economic development (Make 
Consulting, 2011).  
 
Besides the concession projects there is also a market called the free market or the provincial 
market (Pellman, 2012 b). This market was, until 2011, handled by the provincial 
governments and the projects were approved either by the central government through the 
NDRC or by the provincial Development and Reform Commission (DRC) (Li 2009). The 
provincial market has a bidding system similar to the concession projects. However there is a 
larger variation on how the bid is done, as the rules vary between different provinces. The 
wind power developer submits an application to the local provinces on usage of the land. 
Unlike in the concession projects, the decision is not based only on the offered price in the 
bid, but instead the provincial government can make their own assessment of the submitted 
application. Factors that can be taken into consideration are either site specific or developer 
specific and can include factors such as operation and maintenance costs, risk profile, 
equipment price, the terms of the contract, efficiency of technology or services. The bidding 
process on the provincial market is ongoing, and the projects are not introduced by the 
government (Pellman, 2012b).  
 
The authority for regional governments to approve projects of less than 50 MW was 
withdrawn by the central government in 2011, and currently only the central government has 
the authority to approve wind power projects (Pellman, 2012). Due to the fact that the 
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majority of new wind power projects are below 50 MW, and approved by provincial 
governments, causing the central government to lose control over the development of the 
wind power sector. The central government took back the authority to better control and 
administer new installations and balance them with projects in developing and upgrading the 
grid (Make Consulting, 2011). Regional governments are now required to get an approval 
from the national government before initiating new wind power projects (Pellman, 2012).  
 
In 2009 the government announced that they were creating eight concession projects of more 
than 10 GW per wind base. These projects are to be built in the areas with the most 
favourable wind conditions, and they are as such located far from the demand centres. None 
of the concession bids were won by foreign manufacturers as a result, of among other things, 
the Chinese manufacturers’ low turbine prices. (Pellman, 2012) 
 
Regulation on Prices and Cost-Sharing in Renewable Energy was issued in 2006 and states 
that the pricing of wind power should be determined by the government. For concession 
projects the electricity price was determined based on the bids that were provided by the 
developers. In 2007 it was decided that the renewable power price range should be monitored 
by the State Electric Power Supervision Committee and approved by the State Council. In the 
bidding process the lowest price offer is usually favoured, as the price represents more than 
40 per cent of the selection criteria. The pricing through the bidding system tends to become 
very low, and this can be a result of a number of different factors. In some cases the low 
pricing is a misestimate from the developers of the wind resources, in other cases it is a result 
of an underestimation of the costs, while in other cases the price in the submitted bidding 
document simply does not allow the operator to cover the costs of production and is used only 
to win the bidding process (Li, 2009).  
 
The justification of low prices in concession project bidding is a combination of economies of 
scale, reduced cost of components, large volumes and supply chain optimization (Make, 
2011). These low prices make it difficult for new entrants; especially international companies 
in the wind energy sector who want to enter the Chinese market. As earlier discussed another 
difficulty for foreign companies is the fact that local authorities tend to choose domestic 
developers over foreign developers (Li 2009). 
 
The bidding system created the problem that it favoured companies agreeing to deliver 
electricity at very low prices. This encouraged companies, especially SOE:s, to offer 
electricity prices that were so low that it was unlikely for them to cover their costs. This has 
caused delays to the concession projects as, without the possibility to cover their costs, 
companies delay investment in the projects. It has also resulted in international and private 
companies staying out of the sector, as they cannot compete with the low prices. To prevent 
these problems the bidding process was reformed in 2007. Instead of using the lowest bid for 
pricing, the average bid was instead used. Additionally, the province Guangdong introduced a 
fixed price for wind power, which meant that they added 0.25 RMB to the unit price of 
electricity produced by coal locally. As a result of this the NDRC issued the Notice on Wind 
Energy Prices in 2009. Instead of using the bidding system, China was divided into 4 regions 
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based on resources such as wind conditions and conditions for engineering constructions. 
Benchmark prices are set for each area depending on the conditions, with the feed-in tariffs 
(FIT:s) being 0.51 to 0.61 RMB per kWh. This applies to both the concessions projects and 
the provincial market. (Liu and Kokko, 2010)  
 
Due to these current fixed FIT:s, the model for project bids had to change. Instead of bidding 
for the lowest electricity price, the bids in the wind power projects are today based on the 
equipment price for the project, i.e. the lowest turbine price. The result of the bidding process 
is the same, however, but now it instead leads to low turbine prices. (Pellman, 2012b) 
 
On the Chinese market a turbine manufacturer has three main business alternatives. The first 
alternative is to sell the turbines to a developer who develops wind farms. The developer will 
in turn sell the produced electricity to the larger power companies. The second alternative is 
to sell the turbines to an IPP (a smaller power company) who will sell the electricity to a 
larger power company. The third alternative is to sell the turbine as utilities, to one of the 
large power companies. All of the customers in these alternatives will hereafter be referred to 
as the customer. In these business alternatives the turbine manufacturer can have different 
levels of responsibility; “supply only” where the turbine manufacturer sells the turbine to the 
customer, and the risk and responsibility is thus low for the turbine manufacturer; “supply and 
install” where the turbine manufacturer is responsible for supplying the turbine and also the 
erection of the wind farm; “engineering, procurement and construction” (EPC) which includes 
a greater responsibility and risk and a more long term engagement. In China, the options open 
to manufacturers vary. However, “supply only” is available for all of the manufacturers 
included in the model, and this will therefore be the project type the model and the report will 
focus on. (International turbine manufacturer, 2012)  

5.4.6 Current	  electricity	  pricing	  
 
The current benchmark prices for the 4 levels FIT:s are; RMB 0.51 per kWh for the regions 
with most wind and RMB 0.54, 0.58 and 0.61 per kWh for the areas with less wind, see Table 
1 below (Kuhlin, 2012). Low wind speed areas thus have a higher FIT than high wind speed 
areas. These prices are the nationally decided FIT:s. However certain provinces have added 
additional FIT:s to attract developers (Make Consulting, 2011).  
 
Table 1: Current Feed-in-Tariffs in China. (International turbine manufacturer, 2012) 

 
Region Province Feed-in-Tariff 

(RMB/kWh) 
North China IMAR 0.51/0.54 

Hebei 0.54/0.61 
Shanxi 0.61 
Beijing 0.61 
Tianjing 0.61 

Northeast China Liaoning 0.61 
Heilongjiang 0.58/0.61 
Jilin 0.58/0.61 
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East China Shandong 0.61 
Jiangsu 0.61 
Fujian 0.61 
Zhejiang 0.61 
Shanghai 0.61 
Jiangxi 0.61 
Anhui 0.61 

Northwest China Gansu 0.54/0.58 
Xinjiang 0.51/0.58 
Ningxia 0.58 
Shanxi 0.61 
Qinghai 0.61 

South Central China Guangdong 0.61 
Hainan 0.61 
Hubei 0.61 
Hunan 0.61 
Henan 0.61 
Guangxi 0.61 

Southwest China Yunnan 0.61 
Chongqin 0.61 
Sichuan 0.61 
Guizhou 0.61 
Tibet 0.61 

 

5.4.7 Tax	  and	  Finance	  Laws	  
In 2008 The China Corporate Income Tax Law became effective. The tax law sets a unified 
income tax rate for domestic enterprises and foreign-invested enterprises. The income tax rate 
is set to 25 per cent. Before this law was issued the effective tax rate, after the application of 
tax benefits, was 25 per cent for domestic enterprises and 12 per cent for foreign-invested 
enterprises. The government offers reduced tax rates for encouraged industry sectors and 
projects, such as technological development, environmental protection and infrastructure. One 
of the eight encouraged industries is the manufacturing of equipment for renewable energy 
electricity generation. For qualified companies the tax rate is reduced to 15 per cent. So called 
Wholly Foreign Owned Enterprises, however, are not eligible for the reduced tax rate, which 
puts them at a disadvantage. In addition, project developers enjoy a reduction of Value Added 
Tax (VAT) from 17 per cent VAT to 8.5 per cent VAT on power generation from wind 
(Ministry of Finance of the People’s Republic of China, 2007). The VAT on the turbine, 
however, is 17 per cent (International turbine manufacturer, 2012).   

5.4.8 The	  Chinese	  grid	  -‐	  Investments	  and	  regulations	  	  
 
The Chinese grid system consists of seven independently operating grids, which is shown in 
Figure 11. In 2020 the Chinese government is planning to have set up a unified Chinese grid 
(Wang, 2009). The grid has to constantly keep a balance between demand and supply of 
electricity (Zhao et al., 2011). Therefore incorporation of wind power in the power grid 
requires a system that is able to level out the peaks and dips in the electricity generated by 
wind power (Yu, 2011). When the grid is not capable of doing this, curtailments can occur. In 
wind power the term curtailment means that the wind turbines are not allowed to produce as 
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much electricity as they are capable of doing. This is as a result of either the fact that the 
production is greater than the electricity demand, for example during night-time, or that the 
electricity output is higher than the capacity of the electricity grid (Georgilakis, 2006).  
 

The transmission bottlenecks and excess local power supply in regions with a large wind 
power installation, lead to large-scale curtailments of the wind power in China (International 
Energy Agency and Energy Research Institute, 2011). This means that the remote wind farms 
are shut down under certain time periods (International turbine manufacturer, 2012). In 2011 
this led to as much as 10 billion kWh of wind power losses, which, if calculated with the 
lowest FIT 0.51 RMB per kWh, is a loss of more than 5 billion RMB for the developers 
(China Scope Financial, 2012). The wind curtailments in 2011 were distributed according to 
Figure 12, with more than 20 per cent curtailment in some provinces.  
 

Figure 12: The amount of curtailments divided by province. (China Scope Financial, 2012) 
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Figure 11: The seven independent Chinese grid systems (Wang, 2009) 
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China has spent a relatively small percentage on investments in the power grid compared to 
the investments in power generation during the last decades. Since 1978 countries such as the 
US, Japan, the UK and France have spent more than half of the electric power investments on 
grid construction while China has spent less than 40 per cent (Li, 2011). Furthermore, the 
growth rate of investments in the Chinese grid system is considerably lower compared to the 
investments in new generation capacity during the last years. Between 2002 and 2007 the 
investments in generation capacity increased with an average annual rate of 28 per cent. On 
the other hand the investments in the grid system had an average annual growth rate of 9 per 
cent over the same time period, which made the investment gap even wider (Wang, 2009).   
 
The focus of the Chinese government when developing political regulations has been to 
stimulate the increase of installed wind capacity rather than focus on the development of the 
Chinese grid system. For example in the Long Term Plan for Renewable Energy Development 
the Chinese government only states a goal for the generating power quota of wind power, 
which only affects the power generating enterprises and not the grid-electricity enterprises 
(Liu and Tan, 2011). In 2008 the Chinese government stated that at least 1 per cent of the grid 
operator’s output portfolio should be non-hydroelectric renewable energy by 2010.  In 2020 
non-hydroelectric renewable energy should stand for 3 per cent of the output portfolio. The 
regulations have not had the preferred impact, and one reason is that there is no penalty if the 
grid operators do not reach the limit of non-hydroelectric renewable energy (Make 
Consulting, 2011).  
 
The grid problems stem from a number of issues. Wind power has large fluctuations in the 
electricity generation, which poses problems for the electricity supply. In China the uneven 
distribution of wind power over the country, with wind power being located in remote areas, 
and in clusters, creates transmission problems. The issue of grid connectivity is therefore 
highly complex and includes measures such as power storage, smartening of the grid and 
construction of transmission capacity. The grid enterprises do not profit financially from the 
integration of wind power into the electricity grid, and thus lack financial incentives to solve 
the problems posed by wind power (China Wind Power Center, 2012). This has led to the 
scenario that today the Chinese grid is insufficient and is not able to absorb all the electricity 
generated by wind power. By the end of 2010 as much as 27 per cent of the wind turbines in 
China had not yet been connected to the grid and therefore the potential energy produced by 
those turbines could not be exploited (Crooks and Hook, 2011). The under-performance of the 
Chinese grid infrastructure is a large threat for the future development of wind power in 
China (Li, 2009). 
 
To increase the development of wind power, the target of 150 GW of wind power by 2020 
has been proposed by the Chinese government. In addition, 100 GW of wind power should be 
grid-connected by 2015. The current 12th Five-Year Plan is the first that has a focus on grid-
connected wind power as opposed to just the installation of new wind power plants. The 
quality of the grid will probably increase in the coming years as a result of the Chinese 
government’s interest in developing the grid in the current Five-Year-Plan (Make Consulting, 
2011). In the amended Renewable Energy Law of 2009, renewable energy development and 
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utilization plans need to include a plan for grid connectivity and the development of 
transmission capacity (State Council of the People’s Republic of China, 2009). This is meant 
to improve the grid connectivity in the future. 
 

5.5 The	  current	  Chinese	  wind	  turbine	  market	  climate	  	  
 
In connection to the rapid growth of installed wind power capacity in China the market 
climate has changed a lot during the last decade in terms of market players. 

5.5.1 Market	  players	  
 
Several Chinese wind turbine manufacturers have entered the Chinese wind power market in 
connection to the rapid growth of installed wind power in China. The percentage of foreign 
wind turbine manufacturers has dropped from 62 per cent in 2006 to 17 per cent in 2010, 
which is shown in Figure 13. 

 
Six years ago none of the ten biggest wind turbine manufacturers in the world were Chinese 
(Clark and Hook, 2011). Today, two of the top three largest wind turbine manufacturers, by 
MW of capacity sold, are Chinese, see Table 2. These are Sinovel and Xinjiang Goldwind 
(Crooks and Hook, 2011). Sinovel has been the largest Chinese turbine manufacturer since 
2008 (China Daily, 2011). A large amount of the market players are state owned enterprises. 
By 2011 there were approximately 40 state owned enterprises on the Chinese wind turbine 
market (Make Consulting, 2011).  
 
 
 
 
 
 
 

Figure 13: Domestic and non-Chinese original equipment 
manufacturers in China 2006-2010. (Make Consulting, 2011) 
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Table 2: The world's top 10 wind turbine manufacturers in 2011. (Recharge, 2012b) 

 

 
In connection to the strong market growth on the Chinese wind power market an overcapacity 
problem has arisen, due to the large number of new entrants. Shi Ran, analyst at China’s 
International Capital Corporation is describing the Chinese wind power industry as below.  
 
“We thought industry consolidation had started but it seems there are more players than 
before. Nobody’s exiting the market. Instead, some state-owned companies are moving in and 
will take share from the independent players.”  
(Recharge, 2012a) 
 
To speed up the industry consolidation process and reduce the overcapacity in the wind power 
sector the Chinese government has decided to release new technical standards for the wind 
power market, as discussed before. This will discourage new market entrants and may reduce 
the number of turbine manufacturers on the Chinese market. (Make Consulting, 2011) 

5.5.2 Foreign	  wind	  turbine	  manufacturers	  on	  the	  Chinese	  wind	  turbine	  
market	  

 
The Chinese government has with several regulations favoured domestic wind turbine 
manufacturers during the last decades (Zhao et al., 2011). In 2010 the Ministry of Commerce 
signalled that the country needed more foreign investment into the eco-friendly industries, 
which has been targeted in the 12th Five-Year Plan (Make Consulting, 2011). Therefore, in 
January 2010, the Chinese government removed the requirement of 70 per cent of wind 
turbines being produced in China. However, there are still inequalities in the regulations, 
favouring Chinese wind turbine manufacturers. For example, foreign developers are not 
allowed to participate in the offshore wind power projects due to national security restrictions. 
Instead all foreign investment in offshore wind power must be done through a Chinese-
controlled entity.  Furthermore, the new testing of turbines creates problems for foreign 
turbine manufacturers. The Chinese standards are not the same as the international standards, 
and foreign turbine manufacturers must therefore adjust their turbine models to fit the new 
Chinese standards. In addition, the Chinese wind turbine manufacturers are closely involved 
in the drafting of the new standards, as well as enjoying first access to the testing sites. In 

Top 10 turbine manufacturers 2011 
Wind turbine manufacturer Market share 
1. Vestas  12.7%  
2. Sinovel  9.0%  
3. Goldwind   8.7%  
4. Gamesa  8.0%  
5. Enercon  7.8%  
6. GE Energy 7.7%  
7. Suzlon Group 7.6%  
8. Guodian United Power 7.4%  
9. Siemens 6.3%  
10. Mingyang 3.6%  
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addition, the testing creates the risk of technology theft for foreign manufacturers (Pellman, 
2012).  
 
The uneven regulations for Chinese and foreign wind turbine manufacturers are an 
explanation for the large drop in foreign market share that can be seen on the Chinese market. 
Nonetheless, there are still foreign manufacturers competing on the Chinese wind turbine 
market. 

5.5.3 Technical	  standards	  on	  wind	  turbines	  
 
A comparison between domestically made and imported turbines has found that the 
performance of imported turbines is on average 20 per cent higher than that of domestically 
produced turbines under the same wind conditions (Li J, 2009). The speed of wind farm 
construction that has been unique for the Chinese market has resulted in non-standard 
installations, poor components and breakdowns, both in the form of technical malfunction and 
tower collapses. The malfunctions can lead to large-scale disconnections from the grid. 
During the last two years the quality problems have become visible due to the fact that a large 
number of turbines have broken down (Qi, 2011a). Liu Qi, deputy director of the National 
Energy Bureau, describes the quality problems as below. 
 
 
"The accidents take place partly because we emphasise the construction of wind farms on a 
large scale but neglect product quality and management. They also show we have poorly 
developed standards."  
(Qi, 2011a)  
 
The low turbine quality is a concern for the Chinese government, which launched an 
investigation into this in November 2010. As a result the Chinese government tightened the 
certification requirements for turbines in the beginning of 2011 (Clark and Hook, 2011). The 
National Energy Bureau approved technical standards for the wind power industry including 
standards for grid access for large power plants, offshore wind power, component standards 
and monitoring and operation standards. With the new standards the Chinese government 
aims to meet international standards and improve the quality of the wind power industry by 
basing the new standards on the standards issued by the International Electrotechnical 
Commission and European Standards (EN). The new technical standards are expected to 
improve the quality of Chinese production to match the international quality within a five-
year period. They are also believed to force smaller manufacturers who are unable to meet the 
standards out of the market and leave space for larger manufacturers with better quality 
(Make Consulting, 2011). As part of the new regulations the Chinese government has 
introduced turbine testing, which means that all manufacturers must show proof of the turbine 
being tested and approved for use before using the turbine in a wind farm (Pellman, 2012).  
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5.5.4 Turbine	  Price	  Trend	  
 
During the last years the price on wind turbines has dropped considerably, both globally and 
on the Chinese market. According to Wolfgang Jussen, the China chief executive of the 
German turbine manufacturer Repower, China was a game changer when it came to the 
pricing of turbines and China can be seen as one of the main reasons for the reduced turbine 
prices (Crooks and Hook, 2011). Overcapacity on the turbine market causes the prices to 
drop, due to the large amount of market players (Recharge, 2012).  
 
The cost of an onshore wind turbine is less than half of what it was in 2007, which is shown 
in Figure 14. In 2010 the cost of a 1.5 MW turbine dropped below RMB 4000 per kW for the 
first time. The trend is consistent also with turbines of larger sizes. Competition and 
oversupply of turbines has forced the prices downward.  
 

 
The reduction in prices on the market is making it increasingly hard for small manufacturers 
and foreign manufacturers to compete on the Chinese turbine market. Foreign manufacturers 
are increasingly being priced out of the market by the low prices on turbines set by the 
Chinese turbine manufacturers. Make Consulting believes that turbine prices will increase 
slightly in 2012 due to increasing prices of raw materials and new technology requirements. 
(Make Consulting, 2011) 
 
As shown in Figure 15 turbines made by Chinese manufacturers can be up to 30 per cent 
cheaper compared to turbines made by western manufacturers. However, as mentioned before 
one large concern for the Chinese government is the lack of quality of the turbines made by 
Chinese wind turbine manufacturers. (Clark and Hook, 2011) 

Figure 14: Average onshore turbine price in China 2007-2011. The price 
is based on 1.5 MW onshore turbines. (Make Consulting, 2011) 
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Figure 15: Turbine prices, 1.5-2.0 MW, of international and local turbine manufacturers, excluding tower, including 
transport and VAT (Bloomberg New Energy Finance, 2012) 

 
Larger turbines, such as 3 MW turbines, are currently not commonly sold on the Chinese 
wind turbine market. A price trend for turbines of larger sizes has therefore not yet developed. 
Some larger turbine models, manufactured by Sinovel and Goldwind, have a slightly higher 
price per kW than smaller turbines from the same manufacturer. However, the price of larger 
turbines is expected to decrease quicker than the price of smaller turbine. (Kuhlin, 2012)  
 

5.6 The	  distributed	  wind	  power	  market	  in	  China	  
 
Due to the constraints with grid connectivity the Chinese government is increasingly looking 
into new areas for wind power development. To be able to increase the installed wind power 
capacity the Chinese government has to find other solutions than building large wind farms in 
the north far away from the demand centres. Therefore both offshore development and wind 
power development in low wind speed zones have been the focus of the Chinese government 
during the last years (Qiao, 2011). In the last Five-Year Plan the government introduced the 
distributed wind power market. Distributed wind power projects are small-scale projects. 
They typically utilize existing grid infrastructure, are located close to demand centres and are 
as such usually located in low wind speed areas. However it is important to notice that not all 
low wind speed areas qualify for the conditions stated as distributed market (Pellman, 2012).  

5.6.1 Low	  wind	  speed	  areas	  
 
Low wind speed areas account for 68 per cent of the total land area in China. In low wind 
speed areas the average wind speed is between 6 to 8 m/s (Nanchang Municipal Government, 
2012). There are also areas with even lower average wind speeds. Low wind speed areas are 
usually in close proximity to urban areas with strong grid connection (Qi, 2012). Therefore 
low wind speed areas, and areas with even lower wind speed, often correspond to areas 
suitable for distributed wind power projects (see requirements for distributed wind power 
projects below).  
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In low wind speed areas turbines with longer rotor blades can be used to increase output, as 
the output of the turbine is proportional to the area covered by the turbine (Qiao, 2011). As 
low wind speed areas are usually closer to obstacles such as housing or trees, a higher tower 
might also be needed to raise the rotor above the turbulence created (Pellman, 2012).  
Current low wind speed projects have resulted in for example Goldwind introducing a turbine 
designed for even lower wind speeds of 5.5-6.5 m/s (Qi, 2012). Vestas has sold V100- 1.8 
MW turbines to a wind site in Hubei province with an average wind speed of 5 m/s, and this 
shows the start of development of wind projects in areas with low wind speeds (Tordesillas, 
2012).   

5.6.2 	  Political	  regulations	  regarding	  the	  distributed	  market	  
 
According to He Dexin, the president of China Wind Energy Association, the Chinese 
government will give high attention to the development of distributed wind power in low 
wind speed areas. During the time period 2011 to 2015 the target for the Chinese government 
is to install 20 GW wind power capacity in low wind speed areas. This accounts for one fifth 
of the target of the total installed capacity until 2015. (Nanchang Municipal Government, 
2012) 
 
In the regulations describing the distributed market it is stated that each project shall not 
exceed 50 MW. Sites used for the distributed market shall be at least 300 metres from the 
closest building, be close to the power grid, not occupy any farmland and there should also 
exist convenient infrastructure to the wind farm. In addition, the wind farm should not be 
close to for example military areas, natural and environmental protection areas or noise 
control areas. The competent energy authority under the State Council is responsible for the 
planning and administration of the distributed market in China (National Energy 
Administration, 2011). The main idea of the distributed projects is that they utilize the current 
power grid and are built in locations where they circumvent the transmission bottlenecks in 
the north. To be able to utilize the current power grid, good grid capacity is of relevance 
(Pellman, 2012).  
 
According to Xie Changjun, general manager at China Longyuan Power Cooperation, it costs 
about 5 per cent more to construct wind farms in the low wind speed areas compared to the 
high wind speed areas. However the power from the wind farms in low wind speed areas can 
be sold at a higher price, as it qualifies for a different FIT, 0.61 RMB per kWh compared to 
0.51 to 0.58 RMB per kWh for higher wind speed areas. (Qi, 2011b) 

5.6.3 Public	  acceptance	  of	  wind	  farms	  close	  to	  urban	  areas	  	  
 
The public acceptance may limit the future development of wind power in China, as wind 
power farms will be constructed closer to urban areas. This has not yet been an issue in China 
due to the fact that wind farms have been built far away from large cities. The issue with 
public acceptance of wind power in China may lead to the politically accepted wind power 
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potential being smaller than the actual economic potential. It could also lead to more focus on 
offshore wind power development. (Liao et al., 2009)   
 
The main restricting factors close to urban areas are the visual impact and noise emissions. In 
China there has not been focus on either noise emissions or visibility of wind farms, although 
noise emission standards have to be respected. When it comes to the distributed market, the 
impact of these factors will depend on the format of the future market. As the area is less 
restricted than in many other countries, the size of the wind farm will most commonly be 
what limits the sizes of the wind farms instead of the area. There is reason to believe that the 
distributed market will be similar to the “ordinary” wind power market, only in a smaller 
format. In that case the wind farms of the distributed market might not, after all, come as 
close to structures such as houses as in Europe. Noise and visual impact may then not affect 
the development to such a great extent. (Pellman, 2012b)   
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6 Model	  
 
In this section the model will be presented, and the limitations and assumptions in the model 
will be discussed. The wind farm developers, i.e. the customers of a wind turbine 
manufacturer, will from now on be referred to as the customer.  
 
The purpose of the model is to calculate at what average wind speed different turbine models 
reach the break-even point for a customer. In other words the model will determine at what 
average wind speed the customer is willing to pay the current average market price for the 
turbine. To do this, the model will first analyse the customer’s finances to determine the price 
per kW that the customer is able to pay for each turbine model. The turbine price will be 
determined by an iterative method, which is explained in section 6.2 Financial calculations. 
This price will be compared to the official average turbine prices of international and Chinese 
turbine manufacturers on the Chinese market. This comparison is made to determine at what 
average wind speed the price the customer is able to pay corresponds to the current official 
turbine prices. This wind speed will in the calculations be called the break-even wind speed. 
The break-even wind speed will be determined to see if it is profitable for the manufacturers 
to sell their turbines at the price the customer is able to pay for each average wind speed. 
Once it has been determined which models can be sold for the price the customer is able to 
pay at each average wind speed, a comparison will be made between these different turbine 
models to see which one is best suited under different conditions.   
 
 
The fundamental parts of the model are the following: 
 

• Customer finances: Analysis of customer finances including their cost structure, 
financing, Internal Rate of Return (IRR), taxes and Value Added Tax (VAT) 

• Iterate a maximum turbine price: When the customer finances have been 
determined the model will use an iterative procedure to find the turbine price that 
corresponds to a net present value of zero, the formula is described in section 6.2.1 
The Net Present Value method. 

• Turbine manufacturers: Six turbine models from international turbine 
manufacturers and six turbine models from Chinese manufacturers with varying sizes 
will be chosen. These will be used in the calculations of customer finances. The result 
will be compared to the official average turbine price for international and Chinese 
turbine manufacturers.  

• Determining of break-even: The average wind speed where the customer’s price 
corresponds to the current average market price will be determined by linear 
interpolation.  

 
The output parameter Maximum price per kW (incl. VAT) will in the result and analysis part 
be referred to as price with the unit RMB/kW. A higher price is preferred from both a 
manufacturer’s perspective and a customer’s perspective. For the turbine manufacturer, a high 
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price indicates that their turbine is profitably and is likely to be sold on the market. From the 
customer’s perspective, a high price indicates a high value of the product. If the product is 
bought at a lower price than the price the customer is able to pay, the difference in price is an 
additional earning for the customer. Since the market price differs for Chinese and 
international turbines, the break-even wind speed is a suitable factor to use for comparison, 
since it takes into consideration the price difference between international and Chinese 
manufacturers. An overview of the calculation steps in the model is shown below. 
 

Figure 16: Flow-chart of model 

6.1 Limitations	  
 
The model will be limited by certain factors: 
 
The model will be limited by the political regulations for the distributed market decided by 
the Chinese government. Therefore the amount of turbines on each wind farm will be limited 
by the maximum output of 50 MW. The number of turbines will be decided based on the MW 
of each turbine, and therefore the number of turbines will vary depending on what turbine 
model that is analysed. Furthermore, the report will limit its analysis to now existing turbine 
designs, thus it will not take into consideration possible future development of turbine 
models. The most common type of wind turbine is the HAWT design, which is the type that 
will be analysed in the model. VAWT turbines will not be included in the analysis. Since the 
distributed market will probably have a limited lifetime it is reasonable to assume that turbine 
manufactures will use their existing models on the market. Another limitation of the model is 
that it does not take “soft” factors, such as political influence and social acceptance, into 
account. This will instead be discussed further in the discussion.  
 
The model will focus on the province of Guangdong, which has the necessary attributes to be 
of interest for distributed wind power projects. As the distributed wind power market has just 
started to develop, there are not yet any specified plans of areas for building distributed wind 
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power projects. Therefore there is no available wind data to perform the calculation on. 
Instead the model uses Weibull distributions with average wind speeds corresponding to the 
average wind speeds that exist in the Guangdong province. These distributions correspond to 
the assumptions that are usually made by an international turbine manufacturer when making 
profitability analysis on wind sites. This is assumed to give a general result for the province. 
The results will be used for discussion regarding the distributed market. However, the results 
cannot be assumed to apply to all areas qualifying as distributed market areas, as these may 
vary greatly in factors such as wind distribution, geography and electricity prices. This will 
limit the applicability of the results from the model. Therefore the results of this model cannot 
be assumed to be true for all different areas on the distributed market. 
 
Since the report aims to determine which turbine models that should be used on the 
distributed market the tower height is not taken into consideration in the calculations. As the 
same turbine can have different tower heights depending on the wind conditions of specific 
sites, the height is not set for each turbine. In China the turbine prices are stated excluding 
tower. To be able to make a comparison the same tower height, 80 m, is used for all the 
calculations. This can be done as, for the turbine models analysed in this report, the same 
towers are available. The Weibull distributions are also chosen for that height. The available 
wind data for Guangdong province is for 70 m. As the wind varies with the height above the 
ground, the wind speed would not be the same at 80 m. To take this into consideration we 
have made our calculations on a broader interval of average wind speeds. 
 
The inflation rate will not be taken into consideration in the model since the Chinese 
customers do not normally take inflation into account when making calculations on the 
profitability of wind farms.  Since the model aims to resemble a potential customer’s 
assumptions, the inflation will not be included in the model. (International turbine 
manufacturer, 2012). 
 
The model will include certain assumptions about the expected future development of the 
market and the input parameters. The assumptions will include factors such as; wind data, 
customer finances, interest rate of loan, tax, Balance of Plant (BoP), debt/equity ratio, FIT and 
Internal Rate of Return (IRR). The assumptions that have a large variation, are uncertain or 
have a large impact on the result will be analysed in the sensitivity analysis.  
 
The assumptions regarding the finances of wind power developers, i.e. the customers of the 
wind turbine manufacturers, have been collected from an international turbine manufacturer 
in China as well as external sources and the choice of input parameters will be motivated in 
6.3 Input parameters. 
 

6.1.1 Choice	  of	  province	  
 
A province with conditions corresponding to the requirements of the distributed market has 
been chosen to be able to estimate the wind speed that will be used in the calculations, which 
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is Guangdong. Guangdong is considered to be a demand centre and therefore it will probably 
be a part of the distributed market. Figure 17 shows the average wind speeds in Eastern and 
South-eastern China, were the Guangdong province is marked out. As seen in the Figure the 
average wind speeds in Guangdong ranges from 4.0 m/s to 8.0 m/s. The majority of the 
province has an average wind speed of between 5.5 m/s to 7.0 m/s, with a smaller amount of 
average wind speed in the range 4.0-5.5 m/s and 7.5-8.0 m/s. The wind data in the Figure is 
collected for a height of 70 meters, which is slightly lower than the height of the wind 
turbines analysed in the model. Since the wind data used in the model is a generalisation, and 
not site specific, a large span of variation in average wind speed is used in the calculations, to 
take potential wind speed variations into account. This includes wind speed variations due to 
differences in height.  
 

 
Figure 17: Average wind speeds in East and Southeast China (National Climate Center- China Metrological 
Administration, 2011) 
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6.1.2 Turbine	  models	  
 
Turbine models between 1.5 to 3.0 MW will be included in the comparison. Since turbines 
larger than 3.0 MW are outside the levelling trend on the onshore market, they will not be 
analysed in the model.  
 
When choosing turbine models to be analysed in the model the choice was limited by the 
access of information regarding each model and manufacturer. For turbines with insufficient 
information some assumptions related to differences in BoP, BoP is explained in section 
6.3.11, had to be made. The assumptions are based on interpolation between turbines with 
known cost information.    
 
See Table 3 for a summary of the turbine models that are analysed in the model. 
 
Table 3: Turbines that are analyzed in the model. 

Company Turbine Model                Rotor Diameter 
Vestas (International) 2.0 V80                               80 m 
Vestas (International) 2.0 V90                               90 m 
Vestas (International) 1.8 V90                               90 m 
Vestas (International) 1.8 V100                           100 m 
GE Wind (International) 2.5 GE100                         100 m  
GE Wind (International) 2.5 GE112                         112 m 
Goldwind (Chinese) 1.5 GW82                            82 m 
Goldwind (Chinese) 1.5 GW87                            87 m 
Goldwind (Chinese) 2.5 GW90                            90 m 
Goldwind (Chinese) 2.5 GW100                        100 m 
Sinovel (Chinese) 3.0 SL90                              90 m 
Sinovel (Chinese) 3.0 SL100                          100 m 
 

6.2 Financial	  calculations	  
 
To determine the potential, maximum turbine price a customer will be able to pay for a wind 
turbine, future cash flows generated by the wind turbine will be discounted to current value 
with the Net Present Value method (NPV). All the below calculations will be repeated for the 
different turbine models that are used in the calculations. For the financial calculation model 
see 13.2 Appendix.   

6.2.1 The	  Net	  Present	  Value	  method	  (NPV)	  
 
The NPV method uses the IRR to discount future cash flows to present value. The rate of 
return is equivalent to the customer’s required minimum return percentage of their invested 
capital, i.e. the customer’s IRR. The NPV method formula is shown in equation 6.1. N is the 
number of years the cash flow will be discounted with, r is the discount interest rate (IRR) 
and c is the cash flow. (Accounting for management, 2011)   
 



                                                                     43 
 

𝑁𝑃𝑉 = !!
(!!!)!

   (6.1) 

 
To be able to determine the maximum turbine price the customer is willing to pay the NVP at 
year zero will be set to zero. This represents a scenario where the customer earns the IRR on 
the investment.  
 

6.2.2 Break-‐even	  
 
To be able to calculate the break-even wind speed for each turbine, linear interpolation will be 
used. When both the start value (m) and the slope of the curve (k) is determined according to 
equations 6.2 and 6.3, equation 6.5 will be used to determine the break-even wind speed (x). 
In the calculation the price (y) will be set to the average turbine market price for the 
manufacturer.  
  
 
𝑘 = !!!!!

!!!!!
                (6.2) 

 
𝑚 = 𝑦 − 𝑘 ∗ 𝑥 (6.3) 
 
Where,  
 
𝑦 = 𝑘 ∗ 𝑥 +𝑚  (6.4) 
 
𝑥 = !!!

!
  (6.5) 

 

6.3 Input	  parameters	  
 
To make necessary calculations there are a number of input parameters in the model. To be 
able to calculate the yearly income, input parameters such as wind distribution, FIT and 
power curve are needed. Fixed and variable costs need to be calculated, and aspects such as 
VAT and taxes have to be taken into consideration. The input parameters of the model are 
introduced below. 

6.3.1 Wind	  speed	  
 
As mentioned before the average wind speed varies across the Guangdong province. 
Therefore Weibull distributions, see section 6.3.1.1, according to the most common average 
wind speeds will be used in the calculations. The Weibull distributions used correspond to 
average wind speeds of 5.5 m/s, 6.0 m/s, 6.5 m/s, 7.0 m/s and 7.5 m/s, which are provided by 
an international turbine manufacturer and based on their experience from earlier projects in 
China. The shape factor ordinarily has a value between 2.0- 2.5. In the model a shape factor 
of 2.2 is used in the Weibull distributions. This shape factor is an average shape factor that 
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has been proven to give a good estimation from earlier projects that have been done by an 
international turbine manufacturer in China. (International turbine manufacturer, 2012). 

6.3.1.1 Weibull	  wind	  power	  distribution	  and	  calculation	  of	  power	  output	  
The power curve of a wind turbine graphs the output that is generated at different wind 
speeds. For an example of a power curve see Figure 17 (Vestas Wind Power Systems A/S, 
2011). To calculate the power generated from a wind turbine during a specific time period 
from its power curve, it is necessary to know the distribution of wind speeds for that time 
period.  

When specific wind speed data not is available a Weibull distribution of wind speeds could be 
used.  The Weibull distribution corresponds well to the variations in wind speed, and this 
distribution is used in the model of this report (Brett and Tuller, 1983). By using a Weibull 
distribution it gives smaller errors than many other distributions when fitting it to actual wind 
data (Graber et. al., 1978). 
 
The Weibull distribution is used to calculate the total output power from a wind turbine over a 
range of wind speeds for a certain time period. When the Weibull distribution is known it can 
be combined with the turbine’s power curve, i.e. the amount of power a turbine generates 
depending on the wind speed, to calculate the total power output of a wind turbine (Kuhlin, 
2012). The fundamentals of the Weibull distribution are described below.   
 
If a variable X is attributed to the individuals of a population, the distribution function F(x), 
can be defined as the fraction of individuals with the attribute X<x in the entire population. It 
thus explains the probability of finding an individual at random with the attribute X≤x 
(Weibull, 1951). It is a versatile statistical distribution used in for example life data analysis. 
For wind power the distribution can be seen as the proportion of time spent by the wind in 
narrow wind speed intervals. The shape factor is a constant that determines the shape of the 
distribution. Changing the shape factor can vary the shape of the Weibull distribution. Below 
is an example of a Weibull distribution with an average wind speed of 7.5 m/s and shape 
factor 2.2.  

Figure 17: Power Curve of a wind turbine. (Vestas Wind Power Systems A/S, 2011) 
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6.3.2 	  Power	  curve	  
 
The power curves used in the model are the provided power curves of each analysed turbine 
model. For the power curves used, see appendix 13.6. The procedure for calculating the 
output of a wind turbine when the power curve is unknown is described in the section 
Theoretical background on electricity generation from wind power. How to calculate the 
output of a turbine with known power curves is explained below.  
 
The power output will be calculated according to equation 6.6. The total power output of a 
wind turbine is defined as Pm(Um)T. Pm(Um)T at a certain Weibull distribution, Um, for a time 
period T in hours is given by:  

   
𝑷𝒎 𝑼𝒎 ! = T ∗ p! ∗ u!!

!  (6.6) 
 
Where pm is the probability of a certain wind speed and um is the output at that wind speed 
given by the turbine’s power curve (Norgaard and Holttinen, 2004). The Weibull distribution 
will be varied to cover different low wind speed areas and the power curves for relevant 
turbine models will be used. 

6.3.3 Feed	  in	  tariff	  	  
 
Since the distributed market will be situated in high demand areas, usually with low wind 
speed, the wind farm will usually sell the energy to a higher energy price compared to low 
demand areas with higher wind speed. Guangdong has the FIT 0.61 RMB per kWh (see 
section 5.4.6 Current electricity pricing), and that is the electricity price that will be used in 
the model. Since the lifetime of a wind turbine is relativity long, price changes may occur. 
Cases with a lower and higher energy price will therefore be investigated in the sensitivity 
analysis.  
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Figure 18: Weibull distribution with an average wind speed of 7.5 m/s and shape factor 2.2. (Kuhlin, 2012) 
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The customer’s yearly income from the wind farm will be calculated by multiplying the 
yearly power output of the wind turbine with the set FIT. The VAT affects the FIT the 
customer receives, see 6.3.9 Value Added Tax. The standard FIT for Guangdong province is 
0.61 RMB per kWh. For calculation of yearly income see equation 6.7 below, where T = 
8760 h (1 year), and the FIT is varied according to the VAT calculations.  
 
𝑌𝑒𝑎𝑟𝑙𝑦  𝐼𝑛𝑐𝑜𝑚𝑒 = 𝑃!(𝑈!)! ∗ 𝐹𝐼𝑇   (6.7) 
 

6.3.4 Output	  discount	  factor	  
 
When calculating the yearly income an output discount factor, d, is used on the turbine output 
to take height for factors such as uncertainties and curtailments. The discount factor used is 
79 per cent (International turbine manufacturer, 2012). As Guangdong is affected by a very 
small percentage of curtailments this factor will not be included in the discount factor, see 
Figure 12. A discount factor of 85 per cent is therefore assumed to give a better assumption of 
the uncertainty of energy output in the Guangdong province. The yearly income is then 
calculated according to equation 6.8. 
 
𝑌𝑒𝑎𝑟𝑙𝑦  𝐼𝑛𝑐𝑜𝑚𝑒 = 𝑑 ∗ 𝑃!(𝑈!)! ∗ 𝐹𝐼𝑇 (6.8) 

6.3.5 Debt/Equity	  ratio	  
 
The assumption is made that 20 per cent of the investment is equity financed and 80 per cent 
is debt financed, i.e. the debt/equity ratio is 4. This assumption is based on an international 
turbine manufacturer’s experience on the Chinese wind turbine market (International turbine 
manufacturer, 2012). A change in the debt/equity ratio will be analysed in the sensitivity 
analysis. 

6.3.6 Interest	  rate	  
 
The current benchmark interest rate in China is 6.52 per cent (Trading Economics, 2012). 
Therefore a somewhat higher interest rate of 7 per cent will be used in the model, which will 
better reflect the interest rate that the customers are able to get. The interest rate is assumed to 
be fixed and the loan is assumed to have a duration of 10 years (International turbine 
manufacturer, 2012).  

6.3.7 Internal	  rate	  of	  return	  	  
 
Since a wind turbine is a low risk investment due to an almost guaranteed income over the 
lifetime of the turbine, a rate of return of approximately 12 per cent reflects the current market 
standard for onshore wind power projects (Bloomberg, 2012b).The percentage used in the 
standard scenario in this model is 12.5 per cent.  The impact of changes to the rate of return 
on the result is investigated in the sensitivity analysis.  
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6.3.8 Taxes	  	  
 
According to present tax regulations the tax percentage for a wind farm project is 25 per cent. 
However, during the first three years no tax is paid. For the next three years a tax of 12.5 per 
cent is paid. After this the full 25 per cent of tax is paid (International turbine manufacturer, 
2012). No tax breaks are included in the calculations of the model, due to the fact that 
information about what companies are qualified for tax breaks is difficult to get access to.  

6.3.9 Value	  Added	  Tax	  	  
 
Both the turbine price and the electricity price are subject to Value Added Tax (VAT). The 
price the customer pays for the turbine includes 17 per cent VAT, whilst the VAT on the 
electricity generated by wind is reduced to 8.5 per cent (Zhao et al., 2009). The customer only 
pays VAT once, and thus the equivalent of the VAT on the turbine will be reduced from the 
yearly VAT payments on the income from the generated electricity.  
 
The VAT offset per year on the electricity is calculated according to equation 6.9 below, for 
FIT 0.61 per kWh. 
 
(0.61 * kWh/year) - (0.61/1.085 *kWh/year) = VAT offset/year (6.9) 
 
When the sum of the VAT offsets equals the initial VAT included in the payment made for 
the turbine, the customer has to start paying VAT on the income from generated electricity, 
see equation 6.10 below. This will cause the FIT received by the customer to be reduced to 
FIT/1.085, instead of the original FIT (International turbine manufacturer, 2012). In the 
financial model, the turbine price used in equation 6.10 is the turbine price iterated by the 
model.  
 
1.17 ∗ 𝑇𝑢𝑟𝑏𝑖𝑛𝑒  𝑝𝑟𝑖𝑐𝑒 = (0.61   ∗   kWh/year)   −   ( !.!"

!.!"#
∗ !"#
!"#$

)
!

!
!  (6.10) 

6.3.10 Capital	  expenditures	  	  
 
Capital expenditures (CAPEX) are the fixed costs that are connected to the erection of the 
wind farm. This includes factors such as turbine price, material costs, transformer station, 
cables and installation of the turbine. The cost of parameters such as installation of the turbine 
and material costs are known from an international turbine manufacturer’s experience from 
earlier projects, and a parameter in the model is therefore CAPEX without turbine. This 
parameter includes all CAPEX costs excluding the turbine. Since the fixed costs connected to 
the building of the wind farm are not affected by the turbine price CAPEX without turbine is 
an input parameter in the model. The costs that are included in CAPEX without turbine are 
Balance of Plant (BoP), described below, and the cost of the tower. CAPEX costs only occur 
in year 0 in the model as they are a onetime investment, and these costs will therefore not be 
discounted. 
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6.3.11 Balance	  of	  plant	  	  
 
The Balance of Plant (BoP) is the cost connected to the construction of the wind farm. BoP 
includes costs such as cables, foundation, installation and transport, which means that this 
cost reflects factors such as the complexity of the site that can cause higher installation costs. 
The BoP can therefore vary depending on what site is chosen for the wind farm.  
 
The BoP cost in the calculations is an estimate from an international turbine manufacturer, 
based on experience from earlier power plant erections. The BoP cost is estimated to be in the 
range of 3300-3700 RMB/kW of the installed wind farm (International turbine manufacturer, 
2012). This will be used as the BoP reference. The range in BoP depends on the specific 
conditions of the site, for example the complexity of wind farm erection and transport. BoP is 
adjusted from the reference BoP to the different turbine models based on model specific data 
received from an international turbine manufacturer. In the calculations an average BoP is 
used for each turbine model. The average reference BoP level is set to 3500 RMB/kW. In the 
sensitivity analysis changes to the BoP will be analysed, corresponding to a reference BoP of 
3300 RMB/kW and 3700 RMB/kW.  

6.3.12 Operational	  expenditures	  	  
 
Operational expenditures (OPEX) are costs that will occur yearly in the model during the 
whole lifetime of the turbine. The costs that are included in OPEX are for example salary of 
staff, insurance fees and repair fees. Since the OPEX costs will occur yearly it will be 
discounted with the IRR. Several factors of OPEX are usually calculated as a percentage of 
the CAPEX with the turbine included (International turbine manufacturer, 2012). This is not 
an exact reflection of the actual OPEX costs of a project, as they do not vary with turbine 
price. However, it is the strategy that is commonly used by wind farm developers in China. 
Therefore, to create a result that best simulates what the potential customer will base their 
decision on, our model will use the same approach.  
 
The CAPEX used to determine OPEX is CAPEX with average turbine price, which assumes a 
turbine price of 5000 RMB/kW for international OEM:s and 4000 RMB/kW for domestic 
OEM:s. The turbine prices correspond to the average turbine prices on the market, see Figure 
15. If CAPEX with average turbine price was not used instead of the total CAPEX, OPEX 
would increase in connection to the wind speed, which does not reflect reality. The increase in 
CAPEX as a result of the wind speed is due to the fact that increased wind speed will increase 
the income for the customer, and consequently increase the iterated turbine price in the model.  
 
The issue of differing quality between Chinese and international turbine manufacturers will 
also be taken into consideration by raising the percentage of repair costs from 0.5 per cent of 
CAPEX for international manufacturers to 1 per cent of CAPEX for Chinese manufacturers. 
These numbers correspond to the usual estimations done by an international turbine 
manufacturer. (International turbine manufacturer, 2012)  
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6.3.13 	  Lifetime	  of	  wind	  turbine	  
 
In the model it is assumed that the turbine will be able to operate for 20 years, which is an 
estimate that is commonly used for the lifetime of a wind turbine (European Commission- 
Strategic Energy Technology Information System, 2012).  
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7 Result	  	  
 
The overall results of the calculations are presented below in Figure 19. The different turbine 
models that have been analysed are presented with the price (y-axis) varying with the average 
wind speed (x-axis). The average wind speed at the break-even point where the customer is 
able to pay the price that corresponds to the current average market price is presented in Table 
4.  
 
The near linearity of the variations in price depending on the average wind speed justifies the 
assumption that the turbine with the lowest break-even point will give the highest price for all 
wind speeds, as can be seen in Figure 19. In the middle region, i.e. for turbines 1.8 V90, 2.0 
V90, 1.5 GW87, 1.5 GW82, 2.5 GE100, 3.0 SL100 and 2.5 GW100 this is not true for all 
wind speeds. However, these turbines have neither the highest nor lowest price, and this 
assumption will therefore not affect our results and recommendations. 
 

Figure 19: Overview of results 
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The result shows that when the average wind speed is above 6.62 m/s all turbine models can 
be sold on the market at a price at or above the average market price. Above an average wind 
speed of 6.12 m/s the majority of the turbine models can be sold for the average official 
turbine price. If the average wind speed is below 5.66 m/s none of the turbine models can be 
sold for the current average turbine price. The turbine model that reaches break-even at the 
lowest wind speed is 1.8 V100, Vestas’s 1.8 MW turbine with a rotor diameter of 100 m. The 
model that reaches break-even at the highest average wind speed is 2.5 GW90, Goldwind’s 
2.5 MW turbine with a rotor diameter of 90 m. 

 
 
 
 
 
 
 
  

Table 4: Break-even sorted by average wind speed. 

	  

Break-even 
Turbine 
model 

Average wind 
speed (m/s) 

1.8 V100 5.66 
2.75 GE112 5.82 
1.5 GW87 5.86 
1.5 GW82 6.02 
1.8 V90 6.09 
3.0 SL100 6.00 
2.0 V90 6.12 
2.5 GW100 6.12 
2.5 GE100 6.17 
3.0 SL90 6.58 
2.0 V80 6.60 
2.5 GW90 6.62 
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8 Sensitivity	  analysis	  
 
A number of the parameters in the model are assumptions which are in part based on data 
from an international turbine manufacturer that has been collected from experience from 
earlier projects and in part from external sources. The parameters that will be analyzed in the 
sensitivity analysis are IRR, interest rate, FIT, BoP, output discount factor and the debt/equity 
ratio of the initial investment.  
 
The result of the sensitivity analysis will be presented by change in break-even wind speed. 
The results for each turbine for varying average wind speeds of 5.5 m/s to 7 m/s are shown in 
appendix 13.5. The near linear relationship between the maximum turbine price a customer 
can pay and the average wind speed is valid also in the sensitivity analysis. Therefore the 
turbine with the lowest break-even wind speed is assumed to be the most profitable for the 
customer even at wind speeds above the break-even wind speed.  

8.1.1.1 Balance	  of	  plant	  
In this section the break-even point will be analyzed with an increased and decreased BoP. 
The higher level of BoP corresponds to the reference BoP of 3700 RMB/kW for the turbine 
model 2.0 V80 and the low BoP corresponds to the reference BoP of 3300 RMB/kW. This 
change corresponds to an increase/decrease of 5.7 per cent from the standard scenario.  

 

 

 
Table 5 shows the break-even point with an increased reference BoP of 5.7 per cent. The 
turbine with the largest increase in break-even average wind speed is 1.8 V90 and the turbine 
with the smallest increase is 2.75 GE 112. The increase in break-even average wind speed is 
between 0.73 per cent and 1.6 per cent above the standard scenario. This shows that the 
increase in BoP is not transferred directly to the break-even point. The percentage of increase 
is decreased in the process of calculation.  

Table 5: Break-even with a 5.7% higher reference BoP, sorted 
by average wind speed. 

	  

Break-even, High BoP 
Turbine 
model 

Average 
wind speed 

(m/s) 

Percental change 
from standard 

scenario 
1.8 V100 5.72 1.06% 
2.75 GE112 5.86 0.73% 
1.5 GW87 5.92 1.09% 
3.0 SL100 6.07 1.10% 
1.5 GW82 6.09 1.14% 
 2.0 V90 6.18 0.95% 
2.5 GW100 6.18 0.98% 
1.8 V90 6.19 1.60% 
2.5 GE100 6.23 0.94% 
3.0 SL90 6.64 0.85% 
2.0 V80 6.67 1.02% 
2.5 GW90 6.69 1.04% 
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When the reference BoP has been decreased by 5.7 per cent the largest difference from the 
standard scenario is a decrease of 1.82 per cent for turbine 3.0 SL90, and the smallest change 
is a decrease of 0.79 per cent for turbine 2.5 GE100, see Table 6.    
 
The results of the above analysis shows that a 1 per cent increase in BoP leads to a maximum 
increase of 0.28 per cent on the break-even average wind speed. A decrease of 1 per cent 
leads to a maximum decrease of 0.32 per cent of the break-even average wind speed. This is 
summarized in Figure 20 and Table 17.   

8.1.1.2 Interest	  Rate	  
The interest rate used in the model is 7 per cent. As the project is partly financed by debt the 
interest rate of the loan will affect the costs for the wind farm. The interest payments will be 
made yearly, and the interest rate will therefore be a yearly cost that is discounted to present 
value for all years until the debt is repaid. The interest rate is assumed to be fixed in the 
model, but if the interest rate is set to a different level at the time of project initiation, this 
may affect the results. To see the effect of changing the interest rate, a scenario with an 
increased interest rate to 9 per cent (an increase of 28.6 per cent), and decreased to 5 per cent 
(a decrease of 28.6 per cent), will be used below. 
 
In the case of raising the interest rate to 9 per cent, the smallest difference from the standard 
scenario is 1.65 per cent for turbine 3.0 SL90 and the largest deviation from the standard price 
is 4.18 per cent for turbine 2.0 V80, see Table 7.  
 
 
 
 
 
 
 

Table 6: Break-even with a 5.7% lower reference BoP, sorted 
by average wind speed 

	  

Break-even, Low BoP 
Turbine model Average 

wind speed 
(m/s) 

Percental change 
from standard 

scenario 
1.8 V100 5.60 -1.12% 
1.5 GW87 5.76 -1.66% 
2.75 GE112 5.77 -0.89% 
3.0 SL100 5.93 -1.17% 
1.5 GW82 5.95 -1.18% 
1.8 V90 6.03 -1.02% 
 2.0 V90 6.06 -1.00% 
2.5 GW100 6.06 -0.91% 
2.5 GE100 6.12 -0.79% 
3.0 SL90 6.46 -1.82% 
2.0 V80 6.54 -0.93% 
2.5 GW90 6.56 -0.95% 
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When the calculations are done with an interest rate of 5 per cent, the largest deviation from 
the standard scenario is a decrease of break-even average wind speed of 3.74 per cent for 
turbine 3.0 SL90, and the smallest deviation is 2.65 per cent for turbine 2.5 GW90, see Table 
8. 
 

 
The results of the above analysis show that a 1 per cent increase in interest rate leads to a 
maximum increase of 0.15 per cent on the break-even average wind speed. A decrease of 1 
per cent leads to a maximum decrease of 0.13 per cent of the break-even average wind speed. 
This is summarized in Figure 20 and Table 17.  

8.1.1.3 Rate	  of	  Return	  
The rate of return is the factor used to discount the yearly cash flows to present value. The 
rate of return that has been used in the calculations is 12.5 per cent. The rate of return is 

Table 8: Break-even with a 5% interest rate, sorted by average wind speed. 

Table 7: Break-even with interest rate 9%, sorted by average wind 
speed. 

	  

Break-even, Interest rate 9%  
Turbine 
model 

Average wind 
speed (m/s) 

Percental 
change from 

standard 
scenario 

1.8 V100 5.85 3.33% 
2.75 GE112 6.00 3.07% 
1.5 GW87 6.04 3.14% 
3.0 SL100 6.17 2.76% 
1.5 GW82 6.25 3.79% 
1.8 V90 6.27 3.01% 
2.5 GW100 6.29 2.79% 
2.0 V90 6.34 3.64% 
2.5 GE100 6.40 3.69% 
3.0 SL90 6.69 1.65% 
2.5 GW90 6.81 2.85% 
2.0 V80 6.88 4.18% 

	  Break-even, Interest rate 5%  
Turbine 
model 

Average wind 
speed (m/s) 

Percental 
change from 

standard 
scenario 

1.8 V100 5.48 -3.13% 
2.75 GE112 5.66 -2.82% 
1.5 GW87 5.66 -3.43% 
1.5 GW82 5.81 -3.55% 
3.0 SL100 5.83 -2.83% 
1.8 V90 5.90 -3.13% 
2.0 V90  5.92 -3.31% 
2.5 GW100 5.93 -3.14% 
2.5 GE100 5.98 -3.07% 
3.0 SL90 6.33 -3.74% 
2.0 V80 6.39 -3.23% 
2.5 GW90 6.44 -2.65% 
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varied to 15 per cent and 10 per cent respectively, which corresponds to a 20 per cent change 
from the standard scenario.   
 
When the rate of return is increased to 15 per cent the smallest deviation from the standard 
scenario is an increase with 1.66 per cent for turbine 3.0 SL90 and the largest deviation from 
the standard scenario is an increase with 4.26 per cent for turbine 2.0 V80, see Table 9.  

 
When the rate of return is decreased to 10 per cent the smallest deviation from the standard 
scenario is a decrease of 2.83 per cent for turbine 2.5 GW90 and the largest is 3.86 per cent 
for 3.0 SL90, see Table 10. 

Table 9: Break-even with 15% rate of return, sorted by average wind 
speed. 

Table 10: Break-even with 10% rate of return, sorted by average wind 
speed. 

	  
Break-even, Rate of return 15% 

Turbine 
model 

Average wind 
speed (m/s) 

Percental change 
from standard 

scenario 
1.8 V100 5.85 3.35% 
2.75 GE112 6.00 3.08% 
1.5 GW87 6.05 3.18% 
3.0 SL100 6.17 2.79% 
1.5 GW82 6.25 3.89% 
1.8 V90 6.27 2.99% 
2.5 GW100 6.29 2.81% 
2.0 V90 6.35 3.68% 
2.5 GE100 6.40 3.73% 
3.0 SL90 6.69 1.66% 
2.5 GW90 6.81 2.87% 
2.0 V80 6.88 4.26% 

	  

Break-even, Rate of return 10% 
Turbine 
model 

Average wind 
speed (m/s) 

Percental 
change from 

standard 
scenario 

1.8 V100 5.47 -3.27% 
2.75 GE112 5.64 -3.16% 
1.5 GW87 5.65 -3.58% 
1.5 GW82 5.80 -3.69% 
3.0 SL100 5.82 -2.96% 
1.8 V90 5.89 -3.27% 
2.0 V90 5.91 -3.42% 
2.5 GW100 5.92 -3.27% 
2.5 GE100 5.97 -3.18% 
3.0 SL90 6.33 -3.86% 
2.0 V80 6.38 -3.34% 
2.5 GW90 6.43 -2.83% 
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The results of the above analysis show that a 1 per cent increase in rate of return leads to a 
maximum increase of 0.21 per cent on the break-even average wind speed. A decrease of 1 
per cent leads to a maximum decrease of 0.19 per cent of the break-even average wind speed. 
This is summarized in Figure 20 and Table 17.  

8.1.1.4 FIT	  
There has not been a clear trend of the development of the electricity price, and it is therefore 
difficult to make predictions about the future development. Tom Pellman, who works with 
government relations at Vestas, believes that the most probable change will be a decrease of 
the FIT:s. To see the effect of a changed electricity price on the result, the FIT will be 
increased and decreased by 0.1 RMB/kWh, to 0.51 RMB/kWh and 0.71 RMB/kWh 
respectively. This corresponds to a 16.4 per cent change from the standard scenario.  
 
When the FIT is increased to 0.71 RMB/kWh the largest deviation in break-even average 
wind speed is a decrease with 7.38 per cent for turbine 1.5 GW82, and the smallest deviation 
is 6.3 per cent for turbine 2.0 V80, see Table 11.  

 
 
When the FIT is decreased to 0.51 RMB/kWh this leads to a minimum deviation of 7.49 per 
cent of the break-even average wind speed for turbine 3.0 SL90 and a maximum deviation of 
10.2 per cent for turbine 1.5 GW82, both of these increases, see Table 12.  
 
 
 
 

Table 11: Break-even with FIT 0.71 RMB/kWh, sorted by average wind 
speed. 

	  

Break-even, FIT 0.71RMB/kWh 
Turbine 
model 

Average wind 
speed (m/s) 

Percental 
change from 

standard 
scenario 

1.8 V100 5.27 -6.87% 
2.75 GE112 5.43 -6.64% 
1.5 GW87 5.43 -7.28% 
1.5 GW82 5.58 -7.38% 
3.0 SL100 5.60 -6.70% 
1.8 V90 5.66 -7.03% 
2.5 GW100 5.70 -6.84% 
 2.0 V90 5.71 -6.75% 
2.5 GE100 5.77 -6.44% 
3.0 SL90 6.10 -7.35% 
2.5 GW90 6.17 -6.81% 
2.0 V80 6.18 -6.30% 
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The results of the above analysis show that a 1 per cent increase in FIT leads to a maximum 
decrease of 0.45 per cent on the break-even average wind speed. A decrease of 1 per cent 
leads to a maximum increase of 0.62 per cent of the break-even average wind speed. This is 
summarized in Figure 20 and Table 17.  
 

8.1.1.5 Output	  discount	  factor	  
The output discount factor takes into consideration factors such as curtailments and 
uncertainties of the turbine output. The discount factor used in the model is 85 per cent. This 
is varied to a discount factor of 80 per cent and a discount factor of 90 per cent, which 
corresponds to a 5.9 per cent change from the standard scenario.  
 
When the discount factor is 90 per cent the largest deviation from the standard scenario is a 
decrease with 3.55 per cent for turbine 3.0 SL90 and the smallest deviation is 1.83 per cent 
for turbine 2.0 V80, see Table 13. 

Table 12: Break-even with FIT 0.51 RMB/kWh, sorted by average wind speed. 

	  

Break-even, FIT 0.51RMB/kWh 
Turbine 
model 

Average wind 
speed (m/s) 

Percental 
change from 

standard 
scenario 

1.8 V100 6.21 9.72% 
2.75 GE112 6.34 8.96% 
1.5 GW87 6.44 9.96% 
3.0 SL100 6.52 8.60% 
1.5 GW82 6.63 10.2% 
1.8 V90 6.69 9.84% 
2.5 GW100 6.70 9.45% 
 2.0 V90 6.70 9.51% 
2.5 GE100 6.75 9.38% 
3.0 SL90 7.07 7.49% 
2.5 GW90 7.22 9.09% 
2.0 V80 7.23 9.57% 
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When the discount factor is 80 per cent the largest deviation from the standard scenario is an 
increase with 4.16 per cent for turbine 2.0 V80 and the smallest deviation is 1.75 per cent for 
turbine 3.0 SL90, see Table 14.  

 
The results of the above analysis show that a 1 per cent increase in output discount factor 
leads to a maximum decrease of 0.60 per cent on the break-even average wind speed. A 
decrease of 1 per cent leads to a maximum increase of 0.71 per cent of the break-even average 
wind speed. This is summarized in Figure 20 and Table 17.  

Table 13: Break-even with output discount factor 90%, sorted by 
average wind speed. 

Table 14: Break-even with output discount factor 80%, sorted by 
average wind speed. 

	  

Break-even, Output discount factor 90% 
Turbine 
model 

Average wind 
speed (m/s) 

Percental change 
from standard 

scenario 
1.8 V100 5.50 -2.79% 
1.5 GW87 5.67 -3.19% 
2.75 GE112 5.67 -2.52% 
3.0 SL100 5.84 -2.60% 
1.5 GW82 5.85 -2.86% 
1.8 V90 5.92 -2.79% 
2.5 GW100 5.94 -2.88% 
2.0 V90 5.96 -2.60% 
2.5 GE100 6.02 -2.44% 
3.0 SL90 6.35 -3.55% 
2.5 GW90 6.46 -2.39% 
2.0 V80 6.48 -1.83% 

	  

Break-even, Output discount factor 80% 
Turbine 
model 

Average 
wind speed 

(m/s) 

Percental change 
from standard 

scenario 
1.8 V100 5.84 3.17% 
2.75 GE112 5.98 2.67% 
1.5 GW87 6.05 3.23% 
1.5 GW82 6.20 3.05% 
3.0 SL100 6.20 3.41% 
2.5 GW100 6.29 2.85% 
2.0 V90 6.30 2.87% 
1.8 V90 6.32 3.73% 
2.5 GE100 6.35 2.91% 
3.0 SL90 6.70 1.75% 
2.5 GW90 6.81 2.91% 
2.0 V80 6.87 4.16% 
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8.1.1.6 Debt/Equity	  ratio	  
In the calculations a percentage of debt of 80 per cent is used. The debt percentage will be 
changed to 70 per cent (i.e the debt/equity ratio is 2,33) and 90 per cent (i.e. the debt/equity 
ratio is 9). The effect of this variation is shown below. This corresponds to a change of 12.5 
per cent from the standard scenario.  
 
When the debt percentage is 90 per cent the largest deviation from the standard scenario is a 
decrease with 1.71 per cent for turbine 3.0 SL90 and the smallest deviation is 0.92 per cent 
for turbine 2.5 GE100, see Table 15.  
 

 
When the debt percentage is 70 per cent the largest deviation from the standard scenario is an 
increase with 1.72 per cent for turbine 1.8 V90 and the smallest deviation is 0.91 per cent for 
turbine 2.75 GE112, see Table 16.  
 
 
 
 
 
 

Table 15: Break-even with debt percentage 90%, sorted by 
average wind speed. 

	  

Break-even, 90% Debt 
Turbine 
model 

Average 
wind speed 

(m/s) 

Percental change 
from standard 

scenario 
1.8 V100 5.59 -1.19% 
2.75 GE112 5.76 -1.04% 
1.5 GW87 5.77 -1.55% 
3.0 SL100 5.93 -1.10% 
1.5 GW82 5.95 -1.22% 
1.8 V90 6.02 -1.09% 
2.0 V90 6.06 -1.05% 
2.5 GW100 6.06 -0.99% 
2.5 GE100 6.11 -0.92% 
3.0 SL90 6.47 -1.71% 
2.0 V80 6.54 -0.98% 
2.5 GW90 6.56 -0.94% 
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The results of the above analysis show that every 1 per cent increase in debt percentage leads 
to a maximum decrease of 0.14 per cent on the break-even average wind speed. A decrease of 
1 per cent leads to a maximum increase of 0.14 per cent of the break-even average wind 
speed. This is summarized in Figure 20 and Table 17.  
 

8.1.1.7 Summary	  	  
 
To make a comparison of the effect of the variations in input parameters one can look at the 
change caused by a 1 per cent increase or decrease in input parameter. This comparison shows 
that the input parameter where variations affect the output the most per per cent is the output 
discount factor, see Table 17 and Figure 20.  
 

 

	  

Average change of output parameter for every per cent of variation in input parameter  
Increase of input parameter Decrease of input parameter 

Input parameter Change in 
input 
parameter 

Change in 
output 
parameter 

Input parameter Change in 
input 
parameter 

Change in 
output 
parameter 

1. Discount factor 1 % -0.60% 1. Discount factor -1 % 0.71% 
2. FIT 1 % -0.45% 2. FIT -1 % 0.62% 
3. BoP 1 % 0.28% 3. BoP -1 % -0.32% 
4. Rate of return 1 % 0.21% 4. Rate of return -1 % -0.19% 
5. Interest rate 1 % 0.15% 5. Debt percentage -1 % 0.14% 
6. Debt percentage 1 % -0.14% 6. Interest rate -1 % -0.13% 

Table 16: Break-even with debt percentage 70%, sorted by 
average wind speed. 

Table 17. Average change of output parameter for every 
per cent of variation of input parameter. 

	  

Break-even, 70% Debt 
Turbine 
model 

Average 
wind speed 

(m/s) 

Percental change 
from standard 

scenario 
1.8 V100 5.73 1.17% 
2.75 GE112 5.87 0.91% 
1.5 GW87 5.92 1.02% 
3.0 SL100 6.07 1.17% 
1.5 GW82 6.08 1.06% 
2.5 GW100 6.18 1.01% 
2.0 V90 6.18 1.02% 
1.8 V90 6.19 1.72% 
2.5 GE100 6.24 1.10% 
3.0 SL90 6.64 0.95% 
2.0 V80 6.67 1.09% 
2.5 GW90 6.69 1.06% 
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One per cent increase causes a 0.6 per cent decrease in the result, and a 1 per cent decrease 
causes a 0.71 per cent increase. The second largest influence comes from the changes in FIT, 
where a 1 per cent increase leads to a 0.45 per cent change in the result, and a 1 per cent 
decrease leads to a 0.62 per cent change. Both of these input parameters have a stronger effect 
when decreased, than they do when increased. For both the increase and decrease of these 
input parameters the resulting change in output parameter is between 40 to 70 per cent of the 
change in input parameter, which shows that the size of change is decreased in the process of 
calculations.   
 

The input parameters with the smallest impact on the result is percentage of debt and interest 
rate, with less or equal to 0.15 per cent change of output for a 1 per cent change of input 
parameter. These results show that the 1 per cent change of these input parameters is 
decreased by around a factor 10 through the process of calculation, see Table 17 and Figure 
20. 
 
When deciding the level of variation for the input parameters it has been attempted to reflect a 
probable interval of variation that may occur in reality. It is therefore relevant not only to see 
how the variations in output are related to the change per changed per cent in input parameter, 
but also the total impact of the changed input parameter, i.e. how the total percental change 
affects the output. This is shown in Table 18. In this case the change in FIT has the largest 
impact on the output both when increasing and decreasing the FIT. An increase leads to 7.38 
per cent change in output and a decrease leads to a 10.15 per cent change in output. When 
looking at the total change, percentage of debt is still in the bottom two. However, when 
looking at the entire percental change scenario the Balance of Plant is in the bottom two and 
thus has a small impact on the output, whilst the interest rate no longer affects the outcome as 
much.  
 
 

Figure 20. Avergage percental change of output for a 1 per cent change of input parameter. 
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When it comes to the change in FIT the general trend seems to be that the larger turbines are 
less sensitive to variations in FIT. This however is the only consistent trend in how the 
different turbine models are affected by changes in input parameters when looking at the 
factors rotor diameter, international or Chinese manufacturers and turbine size.    
 	  

	  

Change of output parameter for total variation in input parameter  
Increase of input parameter Decrease of input parameter 

Input parameter Change in 
input 
parameter 

Change in 
output 
parameter 

Input parameter Change in 
input 
parameter 

Change in 
output 
parameter 

1.FIT 16.4% 7.38% 1.FIT -16.4% 10.15% 
2.Rate of return 20.0% 4.26% 2.Discount factor -5.88% 4.16% 
3.Interest rate 28.6% 4.18% 3.Rate of return -20.0% 3.86% 
4.Discount factor 5.88% 3.55% 4.Interest rate -28.6% 3.74% 
5.Debt percentage 12.5% 1.71% 5.BoP -5.71% 1.82% 
6.BoP 5.71% 1.60% 6.Debt percentage -12.5% 1.72% 

Table 18. Change of output parameter for total variation in 
input parameter 
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9 Discussion	  
 
Below the result will be broken down into three sections where different factors will be 
highlighted; rotor diameter, turbine size and international vs. Chinese turbine manufacturer. 
Since “soft” factors that could affect the result such as political regulations are not included in 
the model, this will also be covered, as well as a discussion of potential errors.  
 

9.1 Rotor	  diameter	  
 
By observing the results there is a trend of turbines with larger rotor diameter performing 
better than turbines with smaller rotor diameters. In Figure 21 turbines of the same size in 
MW and the same manufacturer, but with different rotor diameters, are compared, i.e. 
Goldwind 1.5 MW turbine with rotor diameter 82 m and 87 m, Vestas 1.8 MW turbine with 
rotor diameter 90 m and 100 m etc. Continuous lines represent the turbines with a larger rotor 
diameter and the turbines with a smaller rotor diameter are represented by dotted lines. It is 
from this Figure clear that it is possible for a customer to pay a higher price for a turbine with 
a larger rotor diameter (the continuous lines) for all turbine sizes and all turbine 
manufacturers. 

 
Figure 21: Comparison between different rotor diameters 

 
 
 
 

0"

2000"

4000"

6000"

8000"

10000"

12000"

5.5" 6.0" 6.5" 7.0" 7.5"

1.5"GW82"

1.5"GW87"

1.8"V90"

1.8"V100"

2.0"V80"

"2.0"V90"

2.5"GW90"

2.5"GW100"

3.0"SL90"

3.0"SL100"

RM
B/
kW

"

Average"wind"speed"(m/s)"



                                                                     64 
 

Table 19 is showing the percental increase of the turbine price per each increased meter in 
diameter, which shows that both average wind speed and turbine size affect the difference of 
turbine price per increased meter.  The effect of an increase in rotor diameter decreases with 
increased average wind speed and it also decreases with smaller turbine size. The increase of 
46.5 per cent for Goldwind’s 2.5 MW turbines cannot be seen as representative as it differs 
greatly from the other percentages. However, it might be explained by the fact that for large 
turbines in low wind speeds, an increase in rotor diameter has a greater effect on the output. 
The largest effect of an increase in rotor diameter is on large turbines in a low average wind 
speed.   
 
Table 19: The table shows the percental increase in price per increased meter in rotor diameter for different average 
wind speeds and turbine models. 

Average 
wind 
speed 

Turbine models 
1.5GW82/GW87 1.8V90/V100 2.0V80/V90 2.5GW90/GW100 3.0SL90/SL100 

5.5 m/s 5.6% 5.6% 10.8% 46.5% 24.6% 
6.0 m/s 3.1% 3.4% 5.5% 8.9% 6.6% 
6.5 m/s 2.2% 2.5% 3.8% 5.3% 3.9% 
7.0 m/s 2.1% 2.0% 2.8% 3.8% 3.0% 
7.5 m/s 1.4% 1.7% 2.3% 2.8% 2.2% 
 
In the model there is almost no difference in costs between a turbine by the same 
manufacturer with the same size (in MW). The difference in price is therefore connected to 
the energy output of the turbine. By comparing the power curves for different rotor diameters 
it is shown that at an average wind speed between 0-15 m/s, which is relevant for the 
distributed market, the energy output increased with an average of 1.4 per cent per meter 
increased rotor diameter.  One example of the different power curves depending on rotor 
diameter is shown in Figure 22, where the power curves of 2.0 V80 and 2.0 V90 are 
compared. Figure 18 shows that the power curve for 2.0 V90 is above the power curve for 2.0 
V80 until the wind speed has reached the rated wind speed.  
 
In reality, however, the cost of production for the turbine manufacturer increases with larger 
turbine blades (International turbine manufacturer, 2012). There are no exact numbers on the 
percental increase, and it is therefore hard to take this increase of costs into consideration 
when making a profitability analysis of the different turbine models. It can however be 
important to note that, in reality, the costs of producing a turbine with longer rotor blades will 
be greater than producing the same size of turbine with shorter rotor blades. When it comes to 
if a turbine with a larger rotor diameter will be sold, the determining factor will be the cost 
structure of that specific turbine manufacturer. This aspect differs for different production 
sites, and can therefore not be generalised.   
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Figure 22: Vestas 2.0 MW turbine with a rotor diameter of 80 m (2.0 V80) and 90 m (2.0 V90). 

Even though the results show that turbines with a larger rotor diameter are more profitable it 
is important to take factors such as space limitations into consideration, which the model is 
not including. The general formula for space required between each turbine is determined by 
multiplying the rotor diameter with five, and in some cases seven (Vaasa Energy Institute, 
2012b). If the site for the wind farm is space limited, turbines with smaller rotor diameters 
could therefore be more profitable since there could be more wind turbines built on the site. 
Since limited space may be one of the characteristics of the distributed market it is important 
to take this factor into account when making calculations for a wind site with a limited 
erection area.  

9.2 Turbine	  size	  
 
The price effect of varying turbine size will be presented below. The turbine sizes will be 
divided into small turbines, with sizes equal to or smaller than 2.0 MW and larger turbines 
with sizes above 2.0 MW. The results are shown in Figure 23. 

Figure 23: Graph showing larger turbine models in dark blue and smaller turbine models in light blue 
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The general trend of turbine size is that turbines of a size between 1.5 MW and 2.0 MW 
allows the customer to pay the highest price per kW, whilst larger turbines, seem to give the 
customer reason to pay a lower price per kW. However, the 2.75 MW GE112 turbine breaks 
the trend of smaller turbines allowing the customer to pay a higher price. Reasons for that 
could be that 2.75 GE112 has the largest rotor diameter and therefore is able to utilize lower 
wind speeds better. 
 
One explanation for the result of lower break-even point for smaller turbines is that a large 
turbine’s potential is not fully utilized in low wind speed areas, since they are designed for a 
higher wind speeds, and therefore underperform. The most important factor to be able to 
contribute with large energy output in low wind speed areas is to be able to exploit low wind 
speeds, which is an attribute it seems that the larger turbines lack.  
 
The restricting factor in the model is that a wind farm can be no larger than 50 MW. 
Therefore, the customer will be able to build a larger amount of small wind turbines compared 
to if the customer would build only large wind turbines. The average energy output, 
represented by the average power curves, from both the small and large turbines used in the 
model is shown in Figure 24. By comparing the average power curves for small and large 
turbines the larger turbines generally have a higher energy output. To better reflect the reality 
an adjustment of the power curve for small turbines is made. This adjustment includes a 
factor that stands for the average increase of the amount of wind turbines, with a restriction of 
50 MW. This adjustment reflects the average percental increase of the amount of turbines that 
will fit in a wind farm of 50 MW.   
 

 

Figure 24: Average power curves for the different turbines used in the model, where small turbines are 1.5-2.0 MW 
and large turbines are between 2.5-3.0 MW 
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Figure 24 clearly shows that a wind farm with several small wind turbines will contribute to a 
larger energy output, with the assumption that the wind farm has a restriction of 50 MW. 
Smaller turbines therefore seem to be best suited for the distributed market with this 
restriction. In the model the fact that costs such as installation and operational costs are higher 
for a wind farm that has several small turbines instead of a few large turbines has been taken 
into consideration by seeing what costs increase with the number of wind turbines, and which 
costs are fixed per wind farm.  
 

9.3 International	  vs.	  Chinese	  turbine	  manufacturer	  
 
In Figure 25 it can be seen that the customer will be able to pay a higher price for turbines 
from an international manufacturer. The Figure shows a concentration of turbines from 
Chinese manufacturers can be seen in the lower part of the graph, while the majority of the 
international manufacturer’s turbines are in the higher part of the graph. The average price 
gap between international and domestic manufacturers in the result is 27 per cent, based on 
the difference in average turbine price of all international turbines for all average wind speeds 
and all Chinese turbines for all average wind speeds. The current price gap between Chinese 
and international turbine manufacturers on the market is 29 per cent. This is a slightly higher 
percentage than the 27 per cent in this model, but they are of about the same size.  
 

Figure 25: Graph showing turbine models from Chinese manufacturers in dark blue and turbine models from 
international manufacturers in light blue 
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The price gap in this report, in what a customer is willing to pay for a turbine, between 
domestic and international manufacturers, corresponds to the current existing price gap on the 
wind turbine market in China. This indicates that this price gap is relevant also on the 
distributed market. The relevance of the price gap is due to the fact that the customer will get 
a larger return from a turbine made by an international manufacturer. It is important to note 
however that the choice of turbine models from the different manufacturers can affect the 
price gap. Since only two out of six of the domestic manufactured turbines are in the range 
1.5-2.0 MW, which was shown to be more suitable for the distributed market, it might have 
affected the outcome. 
 

9.4 The	  fundamental	  drivers	  on	  the	  Chinese	  wind	  power	  
market	  

There are a number of factors that play a large role in the development of wind power in 
China. The main drivers are the political regulations and restrictions on the Chinese wind 
power sector. These stem from a number of issues, among others the fact that China has the 
largest carbon dioxide emissions in the world, and also the fact that China is currently the 
country with the highest energy demand in the world. The Chinese energy demand is growing 
rapidly and the government is therefore looking into alternative solutions to satisfy this 
growing demand. Factors that have slowed the development of the wind power sectors are for 
example the fact that the government has introduced technical standards as a response to the 
poor quality of Chinese turbines, which slows down the market growth. Another factor that 
restricts the growth of wind power in China is the insufficient grid. This has made the 
government look into alternative sources of wind energy, which has created the distributed 
wind power market.  
 

9.5 Summary	  of	  drivers	  on	  the	  distributed	  market	  
 
The distributed wind power market is expected to have a limited lifetime, which is determined 
by the improvement of the electricity grid. Therefore one large threat for the future growth of 
the distributed market is a faster development of the grid than expected. This could shorten 
the lifetime of the distributed market. Therefore the main driver of the distributed market is 
the pace of improvement of the grid. 
 
It is difficult to make predictions about the lifetime of the distributed market. Since the 
market is just starting up there is not a current trend to analyse. If you study the trend of the 
general wind power market, however, most of the development has happened in the last 
decade with a large, exponential acceleration in market growth after 2005. The main driver 
for this development has been strong political regulations encouraging growth. It is therefore 
relevant to assume that the development of the electricity grid will face a rapid development 
as well, especially since the government has recently started to focus regulations towards this 
development, for example in the last Five- Year plan. Seeing the development of installed 
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wind power capacity that has happened only since 2007 in China, there is reason to believe 
that the grid will improve greatly within a five-year period. Tom Pellman, Policy Advisor, 
Government Relations at Vestas, believes that the distributed market will be a relatively 
short-term market that might see a peak in the next three to four years, and that the market 
will decrease as the grid connection improves (Pellman, 2012b).   
 
On the other hand the lifetime of the distributed market could be extended due to a more 
diversified energy supply, as the amount of energy output is not the only important factor on 
the wind power market. Diversification of energy supply (i.e. that the peaks and dips in the 
energy supply get levelled out) is also important, which the distributed market can contribute 
to. This development can be seen on the German wind power market. Wind farms are built in 
the southern parts of Germany, where the wind conditions are not optimal for wind power, 
which contributes to a more diversified wind power energy supply (Kück, 2012).  Since the 
distributed market will be developed mostly in other areas than those where the largest 
amount of the current wind farms are located, the diversification of the Chinese wind power 
supply could be a positive side effect of the distributed market. This could extend the lifetime 
of the market.  
 

9.6 Discussion	  on	  errors	  
 
Since there has not been enough available information regarding each turbine model, 
assumptions based on information from an international turbine manufacturer has been done, 
regarding for example BoP and price for increased rotor diameter. These assumptions will 
affect the final result. It is hard to estimate to which extent this will affect the result since 
information regarding the actual turbine models is not available. Since there is no extreme 
deviation in the results, it can be assumed that the assumptions were realistic.  
 
The assumption that large turbines have the same average market price as smaller turbines 
may also incorporate errors into our result. Although the market consolidation has not yet 
occurred in the market for large turbines some prices are indicating that larger turbines are 
sold at a higher average market price per kW, compared to smaller turbines. This could imply 
that the larger turbines in reality have an even higher break-even average wind speed than 
presented in the results. Since the larger turbines in general already have a relatively high 
break-even average wind speed the error will not affect our overall conclusions.  
 
The assumed Weibull distribution used for estimating the wind speed could also incorporate 
errors in the result. The wind speed data given from the Weibull distribution can vary greatly 
from wind data collected from specific sites in the province, since it tries to reflect an average 
wind speed distribution. By using an average Weibull distribution curve a more general 
picture of the distributed market in Guangdong has been attempted to be depicted.  
The wind speed data that is used for determining the average wind speed is collected at a 
height of 70 meters, see Figure 17. Since around 80 meters is a standard height for wind 
turbines and the wind speed is increasing with the height the average wind speed is probably 
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higher than assumed (Vattenfall, 2012). Even though the assumed wind speed could be 
underestimated this will not affect our results to a large extent as the break-even wind speed is 
not affected by the assumed highest wind speeds for the area.  
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10 Conclusion	  
 
In this report the following factors are analysed: 

• The fundamental drivers on the Chinese wind power market  
• The expected development of the distributed wind power market in China 
• The opportunities for wind turbine manufacturers on the distributed market in China 

through the example of Guangdong province 
• Suitable turbine models for the distributed market  
• Competition between international and Chinese turbine manufacturers on the 

distributed market 
 
Through the background and discussion it has been found that the main drivers on the 
Chinese wind power market are the political regulations and restrictions in response to the 
pollution issues and growing energy demand in China. The insufficient electricity grid is the 
main reason for the development of the distributed market, which also implies that the 
lifetime of the distributed wind power market will be dependent on the pace of development 
of the Chinese electricity grid. There is a large probability of the distributed market reaching a 
peak within a five year period. 
 
A study of the province of Guangdong has been made to determine if it is feasible to sell 
current turbine models on the distributed market for the price a potential customer is willing 
to pay. The result of this study shows that at an average wind speed of above 6.62 m/s all the 
turbine models in the study can be sold at the current market price, and at an average wind 
speed of 5.66 m/s only 1.8 V100 can be sold at the current average market price. These results 
show that for a wind power project to be profitable on the distributed market in the 
Guangdong province the average wind speed has to exceed 5.7 m/s if the wind farm developer 
is using the most suitable turbines for the wind farm.  
 
The trends for turbine design that have been identified as the most suitable on the distributed 
market, when there is no space limitation but only a restriction of 50MW, are larger rotor 
diameters and smaller turbine sizes (turbines of a size up to 2.0 MW). When it comes to the 
existing price gap between international manufacturers and Chinese manufacturers, the result 
shows that there is cause for this price gap also on the distributed market, and it is thus of 
interest also for international turbine manufacturers to sell their turbines on the distributed 
wind power market. 
 
To determine the profitability of a specific wind farm under the conditions of the distributed 
market it is necessary to make calculations for that specific site. It is likely that all areas that 
qualify as distributed wind power sites will not be profitable for wind farm erections. To gain 
a better understanding of the conditions when the area is the limiting factor further study is 
needed (see 11 Future investigation). 
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11 Future	  investigation	  
 
To further look into the development of the distributed wind power market in China it may be 
of relevance to investigate additional areas in different parts of the country, that all qualify as 
distributed wind power areas. This is necessary to be able to make general assumptions about 
the profitability on the distributed market outside of the Guangdong province.   
 
To be able to better evaluate the distributed markets future studies where a potential limitation 
of space is taken into consideration should be done. In this way, trends and profitability also 
for this restriction can be made.   
 
To better understand the future development of the Chinese wind power market, the offshore 
market in China should also be further analysed. Since the offshore wind power resources are 
close to the demand centres, offshore wind power development is important for the 
development of the distributed market, since it to some extent could replace the distributed 
market.  
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13 Appendix	  

13.1 Theoretical	  background	  on	  electricity	  generation	  
from	  wind	  power	  

 
Wind is created by differences in atmospheric pressure, where air from an area with higher 
atmospheric pressure moves to an area with lower atmospheric pressure (SMHI, 2011).  
Blowing wind contains kinetic energy, which a wind turbine converts into electricity by 
making an axis rotate. The rotating axis drives a generator, which consists of magnets. While 
rotating the magnets, induced voltage is created. What the wind turbines do to convert the 
kinetic energy into mechanical energy is to reduce the speed of the wind when it hits the 
blades of the wind turbine and thus harvest the kinetic energy (Karlsson, 2009). 
 
The wind turbine uses kinetic energy that a generator, inside the turbine, converts to 
electricity. The formula for calculating kinetic energy (KE) is shown below (Ammonit 
Measurement, 2012).   
 
 𝐾𝐸 = !

!
∗𝑚 ∗ 𝑣!      (13.1) 

 
Since 𝑚 = 𝜌 ∗ 𝑉    (13.2) 
 
𝐾𝐸 = !

!
∗ 𝜌 ∗ 𝑉 ∗ 𝑣!  (13.3) 

 
The amount of electricity generated by wind power, however, depends on the power the wind 
turbine produces. It is therefore of greater importance to look at the power (P) instead of the 
kinetic energy generated by the wind turbine. The power of the wind differs from the power 
generated by the wind turbine, as the wind turbine is unable to transform all the kinetic energy 
in the wind into mechanical energy. To calculate the power of the wind turbine it is first 
relevant to calculate the power of the wind. Since the power is time-dependent a time factor 
has to be added to equation 13.3. The volume is time-dependent since the thickness of the 
cylinder of air that will hit the wind turbine blades depends on the wind speed (i.e. how fast 
the cylinder is moving forward). Therefore the time-dependent volume depends on the wind 
speed and the area that the blades of the wind turbine cover, see Figure 26 (Hughes, 2000).  
 
𝑉!"#$!!"#"$!"$% = 𝐴 ∗ 𝑣 (13.4) 
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𝑃!"#$ =

!
!
∗ 𝜌 ∗ 𝑣! ∗ 𝐴   (13.5) 

 
As shown in equation 13.5 above the wind speed has the largest impact on the power output 
from the wind, which makes the wind speed the most important factor when calculating wind 
energy power. In practice the increase of power from the wind turbine in connection to the 
wind speed becomes slightly lower than the theoretical power from the wind 
(Energimyndigheten, 2008). Therefore a parameter that stands for the efficiency of the wind 
turbine has to be added to the equation (see equation 13.8), below defined as є (Vaasa Energy 
Institute, 2012a). According to Betz law the maximum efficiency of a wind turbine is 59.3 per 
cent (16/27) (Grundtoft, 2009).  
 
The equation for calculation of є is shown below as equation 13.6 (Masters, 2004). 
 
є = !!"#$  !"#$%&'

!!"#$
   (13.6) 

 
𝑃!"#$= !

!
∗   є ∗ 𝜌 ∗   𝑣! ∗ 𝐴    (13.8)  

 
Where A is the area swept by the turbine blades, calculated according to equation 13.9 below.  
 

 𝐴 = !∗!!

!
  (13.9) 

 
The area that the wind turbine blades cover is directly proportional to the power generated by 
the wind turbine. The power generated by a wind turbine is in turn directly proportional to the 
air density. The air density depends on several factors such as pressure, temperature and air 
humidity. Increasing pressure increases the air density, whilst increasing temperature 
decreases the air density. The air density also increases in relation to the air humidity. 
(Williams, 2005) 

A(m2) 

D(m) 

Wind-speed (m/s) 

Figure 26: Time-dependent volume 
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13.2 	  Overview	  of	  financial	  calculation	  model	  
 

Year 
Initial	  
Investment	   1	   2	   ...	   20	  

Discount factor 	  	   xx xx   xx 

Initial investment xx	  
	   	   	   	  of which Equity 0,80	  
	   	   	   	  of which Debt 0,20	  
	   	   	   	  Maximum price (For one wind farm) xx 

    Maximum price per MW with VAT  xx 
    Income xx 
    Income adjusted for VAT deduction  xx 
    OPEX xx 
    EBIT xx 
    Interest rate payments  xx 
    EBT xx 
    Depreciation xx 
    EBT after depreciation xx 
    Tax payments  xx 
    Net Income  xx 
    Adjustment for non cash items  xx 
    Amortations  xx 
    Netted cashflow each year xx 
    Discounted cash flow each year xx 
    Net Present Value of investment 0,0 
    Calculation of OPEX and CAPEX: 

     Sum BoP xx 
    Tower cost xx 
    Total CAPEX (without WTG) xx 
    WTG (Average, RMB/kW)                                        50002 
    Total CAPEX (with average WTG for 

calculation of OPEX) xx 
    Total OPEX (With average turbine price) xx 
    

      Assumptions     
   Loan period  10 

    Percentage of debt financing  80% 
    IRR 12.5% 
    Tax year 1-3 0 
    Tax year 4-6 13% 
    Tax remaining years 25% 
    

Time period for depreciation  10 
    Interest rate  7% 
    MW per turbine  xx 
    Amount of turbines on wind farm  xx 
    

                                                
2 For international manufactures the average price are set to 5000 RMB/kWh and for domestic manufactures it is 
set to 4000 RMB/kWh. 
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13.3 Weibull	  distribution	  collected	  from	  an	  international	  
turbine	  manufacturer	  

 
 

13.4 Results	  	  
The results below are presented in RMB/kW 	  

Models 5,5)m/s 6.0)m/s 6.5)m/s 7.0)m/s 7.5)m/s
1.5$GW82 1924 3819 5678 7334 9003
1.5$GW87 2460 4409 6302 8100 9645
1.8$V90 2798 4658 6494 8159 9721
1.8$V100 4353 6232 8131 9791 11418
2.0$V80 1328 2929 4575 6221 7733
2.0$V90 2760 4538 6315 7949 9498
2.5$GW90 305 1808 3371 4950 6511
2.5$GW100 1726 3423 5140 6832 8359
2.5$GE100 2576 4331 6096 7730 9391
2.75$GE112 3776 5649 7410 9195 10786
3.0$SL90 555 2169 3773 5305 6903
3.0$SL100 2199 3886 5599 7199 8732

Results

Wind%speed%(m/s) 5,5 6,0 6,5 7,0 7,5
0 1% 1% 0% 0% 0%
1 5% 4% 4% 3% 3%
2 9% 8% 7% 6% 5%
3 12% 11% 9% 8% 7%
4 14% 12% 11% 10% 9%
5 14% 13% 12% 11% 10%
6 12% 12% 11% 11% 10%
7 10% 10% 10% 10% 10%
8 8% 9% 9% 9% 9%
9 6% 7% 7% 8% 8%
10 4% 5% 6% 6% 7%
11 2% 3% 4% 5% 6%
12 1% 2% 3% 4% 4%
13 1% 1% 2% 3% 3%
14 0% 1% 1% 2% 3%
15 0% 0% 1% 1% 2%
16 0% 0% 1% 1% 1%
17 0% 0% 0% 1% 1%
18 0% 0% 0% 0% 1%
19 0% 0% 0% 0% 0%
20 0% 0% 0% 0% 0%
21 0% 0% 0% 0% 0%
22 0% 0% 0% 0% 0%
23 0% 0% 0% 0% 0%
24 0% 0% 0% 0% 0%
25 0% 0% 0% 0% 0%
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13.5 Result	  from	  sensitivity	  analysis	  	  
 
The results below are presented in RMB/kW.  

Models 5,5)m/s 6.0)m/s 6.5)m/s 7.0)m/s 7.5)m/s Models) 5,5)m/s 6.0)m/s 6.5)m/s 7.0)m/s 7.5)m/s
1.5$GW82 1408 3189 4810 6484 7916 1.5$GW82 2636 4678 6568 8476 10142
1.5$GW87 1908 3740 5520 7079 8512 1.5$GW87 3222 5320 7355 9168 10962
1.8$V90 2299 3942 5663 7323 8784 1.8$V90 3397 5394 7364 9265 10960
1.8$V100 3659 5516 7297 8850 10251 1.8$V100 5064 7193 9235 11036 12663
2.0$V80 958 2461 4007 5455 6964 2.0$V80 1840 3567 5340 7024 8752
$2.0$V90 2303 3971 5542 7166 8615 $2.0$V90 3383 5299 7125 8986 10667
2.5$GW90 035 1376 2844 4329 5691 2.5$GW90 713 2405 4088 5787 7370
2.5$GW100 1299 2894 4506 5988 7521 2.5$GW100 2315 4146 5993 7716 9469
2.5$GE100 2145 3792 5354 6975 8428 2.5$GE100 3164 5056 6872 8730 10417
2.75$GE112 3208 4960 6692 8265 9742 2.75$GE112 4430 6371 8361 10186 12005
3.0$SL90 236 1674 3176 4696 6094 3.0$SL90 1007 2661 4383 6124 7749
3.0$SL100 1712 3290 4894 6479 7914 3.0$SL100 2684 4496 6335 8153 9817

Internal$rate$of$return$15$per$cent$ Internal$rate$of$return$10$per$cent$

Models 5,5)m/s 6.0)m/s 6.5)m/s 7.0)m/s 7.5)m/s Models) 5,5)m/s 6.0)m/s 6.5)m/s 7.0)m/s 7.5)m/s
1.5$GW82 1664 3559 5419 7074 8744 1.5$GW82 2183 4078 5938 7717 9262
1.5$GW87 2201 4149 6043 7711 9386 1.5$GW87 2826 4780 6562 8359 9905
1.8$V90 2577 4436 6168 7937 9499 1.8$V90 3020 4879 6715 8381 9942
1.8$V100 4131 6010 7909 9569 11068 1.8$V100 4574 6556 8352 10013 11640
2.0$V80 1116 2717 4363 6009 7521 2.0$V80 1540 3220 4787 6433 7945
$2.0$V90 2548 4326 6103 7737 9286 $2.0$V90 2972 4750 6527 8161 9820
2.5$GW90 98 1601 3163 4743 6058 2.5$GW90 513 2099 3578 5158 6719
2.5$GW100 1518 3216 4933 6624 8009 2.5$GW100 2016 3720 5348 7040 8566
2.5$GE100 2388 4142 5907 7541 9095 2.5$GE100 2765 4520 6284 7918 9580
2.75$GE112 3599 5472 7233 9018 10608 2.75$GE112 3953 5826 7587 9372 10963
3.0$SL90 373 1906 3591 5122 6721 3.0$SL90 737 2351 3955 5577 7085
3.0$SL100 2017 3704 5326 7017 8550 3.0$SL100 2381 4068 5781 7381 9018

High$reference$Balance$of$Plant$(3700$RMB/kW) Low$reference$Balance$of$Plant$(3300$RMB/kW)

Models 5,5)m/s 6.0)m/s 6.5)m/s 7.0)m/s 7.5)m/s Models) 5,5)m/s 6.0)m/s 6.5)m/s 7.0)m/s 7.5)m/s
1.5$GW82 1425 3199 4822 6487 7920 1.5$GW82 2602 4644 6527 8437 10097
1.5$GW87 1926 3750 5522 7082 8516 1.5$GW87 3185 5284 7319 9126 10787
1.8$V90 2307 3952 5666 7321 8782 1.8$V90 3362 5359 7330 9230 10920
1.8$V100 3669 5519 7295 8848 10249 1.8$V100 5031 7159 9199 10996 12618
2.0$V80 970 2468 4008 5457 6962 2.0$V80 1815 3542 5314 6992 8719
$2.0$V90 2310 3973 5544 7164 8613 $2.0$V90 3358 5273 7093 8953 10629
2.5$GW90 016 1390 2852 4330 5693 2.5$GW90 674 2377 4060 5759 7337
2.5$GW100 1313 2902 4508 5990 7518 2.5$GW100 2287 4117 5964 7681 9434
2.5$GE100 2152 3793 5357 6972 8426 2.5$GE100 3141 5031 6842 8698 10380
2.75$GE112 3215 4962 6690 8263 9740 2.75$GE112 4332 6343 8330 10150 11967
3.0$SL90 254 1687 3183 4697 6096 3.0$SL90 980 2633 4356 6097 7717
3.0$SL100 1725 3298 4896 6477 7911 3.0$SL100 2657 4468 6307 8123 9782

Interest$rate$9$per$cent Interest$rate$5$per$cent$
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Models' 5,5'm/s 6.0'm/s 6.5'm/s 7.0'm/s 7.5'm/s Models' 5,5'm/s 6.0'm/s 6.5'm/s 7.0'm/s 7.5'm/s
1.5$GW82 344 1924 3475 4963 6244 1.5$GW82 3524 5738 7906 9849 11648
1.5$GW87 787 2411 3992 5495 6776 1.5$GW87 4156 6431 8638 10596 12395
1.8$V90 1314 2863 4395 5776 7180 1.8$V90 4301 6472 8505 10566 12397
1.8$V100 2610 4263 5752 7239 8492 1.8$V100 6013 8320 10411 12480 14237
2.0$V80 202 1535 2907 4280 5534 2.0$V80 2470 4341 6262 8081 9954
$2.0$V90 1395 2876 4358 5806 7100 $2.0$V90 4142 6218 8190 10208 12024
2.5$GW90 0686 491 1793 3111 4415 2.5$GW90 1387 3143 4968 6810 8520
2.5$GW100 422 1837 3269 4681 5947 2.5$GW100 3046 5030 7033 8893 10794
2.5$GE100 1282 2743 4215 5659 6959 2.5$GE100 3887 5937 7898 9911 11734
2.75$GE112 2331 3891 5437 6843 8162 2.75$GE112 5238 7334 9489 11461 13312
3.0$SL90 0403 878 2214 3568 4818 3.0$SL90 1601 3476 5259 7147 8902
3.0$SL100 951 2355 3784 5110 6479 3.0$SL100 3463 5345 7338 9308 11106

Low$FIT$(0,51$RMB/kW) High$FIT$(0,71$RMB/kW)

Models 5,5)m/s 6.0)m/s 6.5)m/s 7.0)m/s 7.5)m/s Models) 5,5)m/s 6.0)m/s 6.5)m/s 7.0)m/s 7.5)m/s
1.5$GW82 1391 3175 4925 6483 8054 1.5$GW82 2456 4463 6432 8316 9952
1.5$GW87 1896 3730 5512 7082 8659 1.5$GW87 3137 5206 7092 8995 10632
1.8$V90 2294 4044 5674 7339 8809 1.8$V90 3303 5272 7215 8979 10632
1.8$V100 3757 5525 7313 8875 10286 1.8$V100 4948 7047 8949 10707 12430
2.0$V80 949 2455 4005 5463 6977 2.0$V80 1708 3486 5146 6888 8490
$2.0$V90 2296 3969 5642 7180 8638 $2.0$V90 3224 5106 6988 8719 10475
2.5$GW90 051 1364 2835 4321 5693 2.5$GW90 661 2341 4001 5579 7232
2.5$GW100 1286 2884 4500 5992 7529 2.5$GW100 2252 4057 5781 7572 9188
2.5$GE100 2136 3788 5449 6987 8450 2.5$GE100 3016 4874 6743 8473 10232
2.75$GE112 3282 5045 6702 8285 9879 2.75$GE112 4271 6254 8118 10008 11692
3.0$SL90 212 1654 3158 4681 6186 3.0$SL90 978 2608 4306 6024 7621
3.0$SL100 1700 3362 4890 6480 7924 3.0$SL100 2623 4409 6223 7917 9650

Low$output$discount$factor$(80$per$cent) High$output$discount$factor$(90$per$cent)

Models 5,5)m/s 6.0)m/s 6.5)m/s 7.0)m/s 7.5)m/s Models) 5,5)m/s 6.0)m/s 6.5)m/s 7.0)m/s 7.5)m/s
1.5$GW82 1733 3584 5399 7014 8645 1.5$GW82 2118 4059 5964 7786 9370
1.5$GW87 2256 4159 6008 7635 9271 1.5$GW87 2775 4777 6603 8444 10028
1.8$V90 2612 4427 6116 7844 9368 1.8$V90 2989 4894 6774 8481 10199
1.8$V100 4129 5963 7817 9437 10899 1.8$V100 4581 6611 8452 10272 11819
2.0$V80 1191 2754 4361 5968 7444 2.0$V80 1468 3108 4794 6480 8029
$2.0$V90 2589 4325 6060 7655 9166 $2.0$V90 2935 4756 6576 8251 9950
2.5$GW90 182 1648 3174 4716 6138 2.5$GW90 431 1971 3572 5189 6788
2.5$GW100 1568 3225 4902 6554 8043 2.5$GW100 1886 3626 5384 7117 8681
2.5$GE100 2415 4128 5851 7445 8962 2.5$GE100 2741 4538 6346 8021 9722
2.75$GE112 3593 5422 7140 8781 10431 2.75$GE112 3963 5882 7686 9514 11144
3.0$SL90 440 2016 3582 5076 6637 3.0$SL90 674 2326 3969 5539 7176
3.0$SL100 2048 3695 5277 6928 8424 3.0$SL100 2354 4082 5836 7476 9152

70$per$cent$debt$and$30$percent$equity$ 90$per$cent$debt$and$10$per$cent$equity$
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Results for a high reference BoP (3700 RMB/kWh) 

 

Results for a low reference BoP (3300 RMB/kWh) 
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Results for a high interest rate (9%) 

 

Results for a low interest rate (5%) 
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Results for a high IRR (15%) 

 

 

Results for a high IRR (10%)  
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Results for low FIT (0.51 RMB/kWh) 

 

 
Results for high FIT (0.71 RMB/kWh) 
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Results for low output discount factor (80%) 
 

 
 
Results for high output discount factor (90%) 
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Results for a debt/equity ratio of 70/30 
 

 
Results for a debt/equity ratio of 90/10 
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13.6 Power	  curves	  collected	  from	  an	  international	  
turbine	  manufacturer	  
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