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ABSTRACT 

 

With cumulative generating capacity doubling over the last five years, China now has 26 GW of 

wind-derived power and is second only to the US. In 2009, one third of all new wind turbines globally 

were installed in China. Despite the recent growth rates and promises of a bright future, two important 

issues - the capability of the grid infrastructure and the availability of backup systems - must be 

critically discussed and tackled in the medium term. The analysis shows that only a relatively small 

share of investment goes towards improving and extending the electricity infrastructure which is a 

precondition for transmission of produced clean wind energy to the end users. In addition, the backup 

systems are either geographically too remote from the potential wind power sites or currently 

financially infeasible. Finally, the introduction of wind power into coal-dominated energy production 

system is not problem-free. The frequent ramp ups and downs of coal-fired plants induce lower energy 

efficiency and higher emissions, which is likely to cancel out the emission saving from wind power. 

The current system is heavily reliant on independently acting but state-owned energy companies 

optimizing their part of the system, which is partly incompatible with building a robust power system 

supporting renewable energy technologies. Hence, strategic, top-down co-ordination and incentives to 

improve the overall electricity infrastructure must be achieved.   
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1. INTRODUCTION 

 

 

China’s wind energy industry has experienced a rapid growth since the early 2000s. 

The cumulative installed capacity of wind energy has doubled for five consecutive 

years and amounted to 26 GW by the end of 2009 (GWEC, 2010). The newly 

installed capacity in 2009 reached 13 GW which accounted for one third of new 

windmills globally. The wind energy potential in China is enormous. According to He 

et al. (2008), the exploitable wind energy potential is 600 – 1,000 GW onshore and 

100 – 200 GW offshore. McElroy et al. (2009) predicted that wind energy could 

generate 6.96 trillion kWh of electricity by 2030, which is sufficient to satisfy China’s 

electricity demand in 2030. Despite the recent growth rates and promises of a bright 

future, two major issues must critically be discussed and clarified in light of the 

Chinese wind energy diffusion process: 1) the capability of the grid infrastructure to 

absorb and transmit the huge amount of wind powered electricity, especially when 

these wind farms are built in remote areas; 2) the choices and viability of the backup 

systems to cope with the fluctuations of wind electricity output.  

 

 

2. IS THE POWER GRID INFRASTRUCTURE SUFFICIENT?  

 

 

Wind power has to be generated at specific locations with sufficient wind speed and 

other favourable conditions. In China, most of the wind energy potentials are located 

in remote areas with sparse population and less developed economies. It means that 

with less wind powered electricity consumed at the source, a large amount of 

electricity has to be transmitted between supply and demand centres leading to two 

important problems associated with the integration into the national power grid 

system: investment and grid safety.   

 

2.1 Power grid investment 

 

Although the two state grid companies - the State Grid Corporation of China (SGCC) 

and China Southern Grid (CSG) - have invested heavily in grid construction, China’s 

power grid is still insufficient to cope with increasing demand. This situation is a 

result of an imbalanced investment between power grid construction and power 

generation capacity. For example, during the periods of the Eighth Five-Year Plan, 

Ninth Five-Year Plan and Tenth Five Year Plan
1
, power grid investments accounted 

for 13.7%, 37.3% and 30% of total investment in the electricity sector, respectively. 

Although the situation has improved as the ratio increased from 31.1% in 2005 to 

                                                             
1
 The Five-Year Plan - is the strategic planning of five consecutive years of the economic development 

in China. For example, the Eighth Five-Year Plan is from 1991 to 1995, the Ninth Five-Year Plan is 

from 1996 to 2000 and the Tenth Five -Year Plan is from 2001 to2005, and so forth. 
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45.94% in 2008, the cumulative investment in the power grid is still significantly 

lower than the investments in power generation (State Electricity Regulatory 

Commission, 2009). Figure 1 gives a comparison of the ratios of accumulative 

investments in power grid and power generation in China, the US, Japan, the UK and 

France since 1978. In most of these countries, more than half of electric power 

investment has been made on grid construction. By contrast, the ratio is less than 40% 

in China.  

 

Figure 1: Ratio of accumulated investment in power grid and power generation since 

1978 

Source: (Fenby and Qu, 2008) 

 

The integration and transmission of wind power require significant amounts of capital 

investment. The Three Gorges power plant has provided an example of large-scale 

and long-distance electricity transmission in China. Similar to wind power, 

hydropower is usually situated in less developed areas. As a result, electricity 

transmission lines are necessary to deliver the electricity to the demand centre where 

majority of them are located in the eastern coastal areas and southern part of China. 

According to SGCC (2007), the grid reinforcement investment of the Three Gorges 

power plants amounted to 34.4 billion Yuan (about 5 billion US dollars). This could 

be a lot higher in the case of wind power due to the following reasons: first, the total 

generation capacity of Three Gorges project is approximately 17 GW compared to the 

planned generation capacity of over 100 GW in the proposed wind farm locations. 

Hence, more transmission capacities are required. Second, the Three Gorges 

hydro-power plant is located in central China. A number of transmission paths are 

available, such as the 500 kV DC transmission lines to Shanghai (with a length of 

1,100 km), Guangzhou (located in Guangdong province, length of 1,000 km) and 

Changzhou (located in Jiangsu province, length of 1,000 km) with a transmission 

capacity of 3 GW each and the 500 kV AC transmission lines to Central China with 

transmission capacity of 12 GW. By contrast, the wind farm bases are far away from 

the load centres with the exception of the Eastern Inner Mongolia. For example, 

Jiuquan located in Gansu has a planned generation capacity of 20 GW. The distances 

from Jiuquan to the load centre of Central China grid and Eastern China grid are 

1,500 km and 2,500 km, respectively. For Xinjiang, the distances are even longer at 

2,500 km and 4,000 km, respectively. As a result, longer transmission lines are 
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required. Figure 2 depicts the demand centres and wind farms in detail.  

 

Figure 2: Locations of wind farms and demand centres 

Source: Figures for wind farms from (Xinhua, 2009); Figures for demand centres 

from (Electric Power Yearbook, 2009)  

 

2.2 Grid Safety 

 

The second problem is related to grid safety. To the power grid operator, wind 

powered electricity is less favourable due to its fluctuating electricity output (Li, 

2010). The large scale penetration of wind electricity leads to voltage instability, 

flickers and voltage asymmetry which are likely to cause severe damage to the 

stability of the power grid (Chen and Blaabjerg, 2009). It is believed that the smart 

grid could provide a solution to the large-scale production of wind energy in the 

future, but the investment in smart grid and related regulations are uncertain (Wang 

and Nakata, 2009). In addition, the UHV transmission lines (1,000 kV and 800 kV) 

reduce the electricity loss and increase the transmission distance significantly 

compared to the 500 kV lines (Zhang et al., 2007). However, the UHV projects are 

still under experimentation, further investment might be made when the 

demonstration projects are successful (SGCC, 2007).  

 

Although the Chinese Renewable Energy Law requires the power grid operators to 

coordinate the integration of wind mills and accept all of the wind powered electricity, 

due to the above mentioned problems, the power grid companies have been reluctant 

to do so. For instance, more than one third of the wind turbines in China, namely 4 

GW, were not connected to the power grid by the end of 2008 (SERC, 2009). Given 

that the national grid in China is exclusively controlled by SGCC and CSG, the 

willingness of these two companies to integrate wind energy into the electricity 

generation systems is critical.  
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3. ARE THE BACKUP SYSTEMS GEOGRAPHICALLY AND 

TECHNICALLY FEASIBLE? 

  

 

The variability of electricity output from wind power results in difficulties in the 

integration of wind power into the regional and national power generation systems 

(Drake and Hubacek, 2007). A number of attempts have been made to justify the 

approaches to stabilize the electricity output from wind power plants. In China, He et 

al. (2008) investigated the choices of combined power generation systems. The 

combinations of wind-hydro, wind-diesel, wind-solar and wind-gas power were 

evaluated respectively. They found that the wind-diesel and wind-solar hybrid systems 

have been used at remote areas due to lower generation efficiency and higher 

generation costs compared to other generation systems. Hence, the next section looks 

into the application of wind-hydro, wind-gas hybrid systems and energy storage 

systems in detail and evaluates the existing coal based backup systems in China.  

 

3.1 Wind-hydro combined electricity generation system  

 

China has one of the largest hydropower resources in the world and its total 

exploitable capacity amounts to 542 GW (Li and Shi, 2006). As one of the major 

sources in the electricity mix, hydropower has contributed to approximately 15% of 

the total electricity consumption in China (Electric Power Yearbook, 2009). However, 

the choice of the wind-hydro power generation system is dependent on the locations 

of the available energy sources. Figure 3 depicts the wind farm locations and 

hydropower potentials in China.  

 

Figure 3: The distribution of hydropower potential and the locations of wind farms in 

China 

Source: Figures for hydropower potential from (Wang and Chen, 2010); Figures for 

wind farm locations from (Xinhua, 2009) 

 

Given that most of the hydropower resources are located in central China, He et al. 
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(2008) suggested that wind-hydropower generation system might not be appropriate 

in specific areas such as Inner Mongolia, Hebei and Jiangsu, as the spatial 

distributions between the wind energy potentials and the hydropower potentials are 

not consistent. 

  

3.2 Wind-gas combined electricity generation system 

 

The other solution to balance the power outputs from wind power is the application of 

wind and natural gas combined generation system. Compared to other thermal power 

generation systems, the natural gas power generation system has the advantages of 

less pollution, higher efficiency and quicker response. The China Academy of 

Engineering (CAE) has carried out a feasibility study of the combined power 

generation system in Xinjiang. In this analysis, a number of factors were examined 

such as the generation capacity of the wind farm, capacity factor of the wind turbine 

and the generation capacity of the natural gas power plant. The CAE study concluded 

that with capital cost at 7,500 Yuan/kW for wind farms, natural gas price at 1.2 

Yuan/m
3
 and wind turbine capacity factors at 30%, the cost of wind-gas combined 

power generation system is 0.5 Yuan/kWh. Although the cost of hybrid generation 

system per unit of electricity output is higher than the cost of wind powered output 

alone (0.42 Yuan/kWh), it is economically viable if the stability of power grid is taken 

into consideration (He et al., 2008).  

 

However, these findings might be misleading due to a number of reasons. First, the 

capital costs of wind farms are higher than 7,500 Yuan/kW. According to Liu and 

Yang (Liu and Yang, 2008), the capital investments of wind mills are approximately 

10,000 Yuan/kW for MW-level wind turbines in 2008. Second, the end-user prices of 

natural gas vary significantly amongst regions due to the lengths of transportation 

from the supply centres to the demand centres. The price for industrial use gas is in 

Inner Mongolia, Gansu, Xinjiang, Hebei and Jiangsu are 1.67 Yuan/m
3
, 1.25 Yuan/m

3
, 

1.25 Yuan/m
3
, 2.00 Yuan/m

3
 and 2.75 Yuan/m

3
, respectively

 
(Higashi, 2009). Third, 

China had been self-sufficient in natural gas supply up until 2006. The increasing 

demand and limited domestic supply have resulted in gas imports in recent years. 

Although several agreements have been made between China and Russia, 

Turkmenistan and other supply countries to guarantee natural gas supply, the prices of 

imported natural gas are twice as much as from domestic supply. Since increasing 

amounts of natural gas has to be imported, the current natural gas price regime is 

likely to change. Hence, power generation companies have been reluctant to use 

natural gas as a major electricity supply source. By the end of 2006, gas-fired power 

plants accounted for only 2.5% of total generation capacity (Higashi, 2009). Fourth, 

the capacity factors of wind farms in China are far below the expected level. The State 

Electricity Regulatory Commission (SERC, 2009) found that six out of seven wind 

farms, which were randomly selected in seven provinces, had less operating hours 

(1,864 hours on average) than the designed operating hours (2,305 hours on average). 

The capacity factors of these six wind farms are 21.3% which is considerably below 
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the expected 26.3%. Last but not least, there is no doubt that the hybrid generation 

system would help to reduce the variation of the electricity output from wind farms. 

However, the total electricity output from the hybrid generation system might double 

the electricity output from wind farms alone. For example, in the CAE study, the total 

electricity generation amounts to 1.3 billion kWh from the hybrid system per year, 

with 0.52 billion kWh from the wind farm and 0.78 billion kWh from the natural gas 

power plant (He et al., 2008). Considering most of the electricity needs to be 

transmitted to the demand centres, which are around 3,000 km away, it will require 

more lines and capacities in electricity transmission. As a result, none of the 

assumptions, which have been made in the CAE study to justify the economics of 

wind-gas generation systems, have been met. The wind-natural gas hybrid system 

remains doubtful in the future.  

 

3.3 Energy storage systems 

 

As mentioned above, the integration of large-scale wind farms to the insufficient grid 

infrastructure might result in instability of the power grid. In addition, the feasibility 

of hybrid power generation systems remains doubtful due to geographical and 

economic reasons. Another option in wind energy integration is the application of an 

energy storage system.  

 

There are two types of energy storage systems available at present. First, physical 

energy storage systems such as wind powered pumped hydro storage system (Bueno 

and Carta, 2006) and compressed-air system (Enis et al., 2003) are used. However, the 

applications of the physical energy storage systems are constrained by geographic 

conditions and capital costs. For instance, wind powered pumped hydro storage 

system requires large areas and sufficient water resources for the upper and lower 

reservoirs. By the end of 2007, there have been 18 pumped hydro storage plants 

operated in China. Another 11 plants are under construction. However, only one 

pumped hydro storage plant was built in the most important three wind farm base 

locations (Inner Mongolia, Gansu and Xinjiang) (China Pumped Storage Plant 

Network, 2010). In addition, a number of electrochemical energy storage systems are 

available, such as lead-acid battery energy storage systems, redox flow cell energy 

storage systems and sodium-sulphur battery energy storage system. Compared to the 

physical energy storage systems, the maximum energy storage capacity could only 

reach 10 MW (He et al., 2008). Since the majority of the wind farms have a 

generation capacity of 50 MW, the electrochemical batteries are not appropriate to be 

used as energy storage systems in China. Consequently, hybrid generation systems 

and energy storage systems are likely to solve the wind-powered electricity 

fluctuations in some areas. However, such systems will only serve a limited 

proportion of proposed wind farms in the future. The majority of the wind generation 

capacities still require considerable efforts for the integration into the regional or 

national power grid systems.  
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3.4 The available choices for backup systems under current conditions 

 

With thermal power serving more than 90% of the electricity demand, the choices of 

using coal-fired plants as backup system in provinces such as Inner Mongolia, Hebei 

and Jiangsu are inevitable. The choice of using coal-fired power plants as backup 

system raises a number of questions; namely, what is the efficiency loss of using 

coal-fired plants to backup wind power; to what extent do coal-fired backup systems 

cancel out the ‘emission savings’ from wind energy; is it economically viable to 

construct coal-fired plants in remote areas and transmit the electricity to the demand 

centres? 

 

To answer these questions, a brief introduction of the electricity systems’ operation is 

needed. In electric power systems, the system operator usually schedules the hourly 

electricity supply the day before dispatch. However, the forecasting inaccuracies are 

to some extent inevitable because of the contingencies such as the time-varying 

(intra-hour) demand and unscheduled blackouts of power plants. The scheduled 

supply, also known as base load, is provided with lowest marginal costs units such as 

coal-fired plants and nuclear power plants. The discrepancies between the scheduled 

supply and the actual demand are met with balancing reserve units, such as natural 

gas-fired plants and hydropower plants, which could balance the supply and demand 

with quick responses to the electricity output. Compared with other energy sources, 

coal power plants provide the cheapest electricity as the externalities of burning coal 

are not taken into account. However, the coal-fired plants are difficult to operate when 

a quick response to changing electricity demand is needed as it results in lower energy 

efficiency (White, 2004).  

 

As stated by Goggin (2008), the integration of wind power to the power grid is likely 

to result in a decrease of energy efficiency for thermal power plants. The loss of 

energy efficiency comes from the frequent start-up and shut-down of these plants in 

order to balance the fluctuating electricity output of windmills. However, the frequent 

adjustment of power output of coal-fired plants results in much higher CO2 emissions 

per kWh power output than in normal operation mode. For example, White (White, 

2004) concluded that a 2% energy efficiency loss would result in a 150 grams CO2 

emission growth per kWh electricity output for a coal-fired boiler. The figure for a 

greener power generation system – the combined cycle gas turbine plant – is still 

30-50 grams per kWh power output. Consequently, the loss of energy efficiency 

might have significant impacts on the overall CO2 emission from conventional power 

plants. In addition, the design and operation of these base load providers fit a stable 

and continuous power output mode. The ramping ups and downs might cause more 

frequent and higher costs of maintenance (White, 2004). Another issue of using coal 

as a backup is the same as previous mentioned challenges in section 3.2 – the total 

power output from the combined system might be significant. To sum up, the use of 

coal-fired plants as the backup system is unavoidable because of the coal-dominated 

electricity mix.  
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4. POLICY IMPLICATIONS 

 

 

4.1 A systems approach to energy planning  

 

With the six proposed wind farm locations, GWEC (2010) predicted that more than 

150 GW of wind turbines are going to be deployed by 2020. Still, the lack of an 

integrated approach towards optimizing the whole energy system might make this a 

futile effort.  

 

The current Chinese policies focus on installed capacity in the pursuit of a sustainable 

electricity mix. For instance, the Medium-Long Term Renewable Energy 

Development Plan has stipulated the responsibility of power generation companies 

which have more than 5,000 MW generation capacities to contribute 3% and 8% of 

their generation capacity to non-hydro renewable energy sources by 2010 and 2020, 

respectively. The mandatory timelines and proportion commitments have induced the 

large power generation companies to increase capacity growth contributing to the 

actual operating hours of wind turbines being much lower than the expected operating 

hours. According to Liu and Yang (Liu and Yang, 2008), more than 70% of the 

windmills were owned by these large power generation companies by the end of 2007. 

Installing large numbers of wind turbines alone, although creating workplaces in 

several industrial sectors such as manufacturing, transportation and finance is not a 

sufficient reason by itself unless when they are being used for electricity generation. 

Thus, the tremendous growth in generation capacity is exciting but not convincing. As 

a result, large efforts are urgently needed towards the optimization of the entire power 

generation system rather than focusing on an individual component.  

 

4.2 Coal as backup: one step forward two steps back  

 

A number of studies have examined the impact of large-scale wind energy on the 

power generation systems in various countries, such as Denmark, Germany and the 

US (Holttinen, 2009). It is noticeable that these countries have either significant 

proportions of flexible power generation units or well-connected power grid or both. 

With limited power grid infrastructure, it remains worrisome when large-scale wind 

energy is integrated into the coal-dominated generation system in China. The Chinese 

government should notice that capacity displacement is a necessary but not a 

sufficient condition in the measurement of CO2 emission reduction in the power 

system. In other words, the displacement of traditional thermal power plants with 

more sustainable energy sources is necessary to reduce the overall CO2 emissions in 

the power system; however, the loss of energy efficiency in coal-fired plants due to 

smoothen out the wind powered output will result in higher CO2 emissions, which 

might cancel out the emission savings of wind energy. Consequently, the current 

coal-dominance of the Chinese power system creates a serious problem to the 

development of wind energy. 
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4.3 Strategic planning of the power grid at regional and local levels 

 

Grid connection and grid reinforcement are critical to the development of wind energy 

in China. The existing transmission lines are rapidly approaching their limits. In 

addition, new transmission lines are required as the installation of new wind turbines 

are increasing. The planning of new transmission capacity is a long-term and strategic 

task. First, the deployment of windmills takes years to complete. Second, wind 

electricity costs at source are already higher than conventional power sources; higher 

added cost could damage the willingness to accept wind electricity. Another issue to 

note is that the SGCC, which owns the majority of the electricity transmission and 

distribution assets, has invested in wind farms. Because of the monopoly in the power 

grid operation by SGCC and CSG, the participation of power grid owners in wind 

energy development might induce an unfair competition, such as giving priorities to 

their own wind farms during integration and electricity purchase. Consequently, a 

policy focusing on the responsibility of the grid company, such as whether the power 

distribution and transmission companies should invest in power generation assets, is 

critical and necessary. Such policy should also emphasize the construction of smart 

grid and UHV transmission lines, which are necessary to the large-scale integration of 

wind energy into the existing electricity mix. 

 

In addition, a coordinated power grid network might help to reduce the variability of 

wind power output. It is believed that the dispersed wind farms (up to thousands of 

kilometres) would take advantages of the different weather conditions in various 

locations and decrease the variability of the power output as a whole. As the wind 

farms are geographically dispersed in China, the combination of wind farms might be 

able to cope with the power output fluctuations. But again, this is not feasible in the 

current context given the disparate networks and lack of infrastructure investment in 

China. The shortage of investment in grid has been changing gradually, especially at 

the latter period of the 11
th

 Five Year Plan. Nevertheless, sustained efforts need to be 

made to accommodate wind energy in the coming decade because the overall power 

generation system is only as strong as its weakest link. Hence, emphasising the whole 

system and focusing on the bottlenecks are the foundations of building a robust and 

sophisticated electric system. 
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