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Abstract:  10 

As part of its energy transition strategy, China has set ambitious targets for 11 

increasing the contribution of renewable energy and, in particular, of wind power. 12 

However, the Chinese power sector has not undergone the necessary reforms to facilitate 13 

the integration and absorption of a larger share of variable renewable energy. This is 14 

evident from the difficulties in absorbing wind power from already commissioned wind 15 

farms and the resultant curtailment of wind power. Pumped storage hydroelectricity (PSH) 16 

is a flexible power source that can facilitate higher penetration levels of wind power as 17 

well as complement China’s growing nuclear power capacity. However, regulatory policy 18 

constraints have restricted the effective utilization of existing PSH capacity and 19 

discouraged investment in new PSH capacity. This paper examines these constraints and 20 

assesses the likely impact of new policies designed to address them. Finally, policy 21 

recommendations and concluding remarks are provided. This paper contributes to the 22 

literature on renewable energy integration from a new perspective. The lessons from 23 

China are relevant to other countries going through the energy transition. 24 

 25 

Keywords: Pumped storage hydroelectricity; institutional constraints; renewable energy 26 

integration; energy transition; China 27 

 28 

Highlights: 29 

Highlights the role of pumped storage hydroelectricity in renewable energy integration; 30 

Examines the development of pumped storage hydroelectricity in China; 31 

Reviews the regulatory policies on pumped storage hydroelectricity in China; 32 

Analyzes the operation and pricing regime for pumped storage hydroelectricity in China; 33 

Makes policy recommendations for promoting pumped storage hydroelectricity in China. 34 

                                                        
* Corresponding author. North China Electric Power University, NO.2, Beinong Road, Zhuxinzhuang,  

Changping District, Beijing 102206, China. Tel.:þ86 010 61773101;  Fax:86 010 80796904. 
E-mail address: zsf69826313@sina.com (S.-f. Zhang). 



2 

 

1. Introduction 35 

As part of its energy transition strategy, China is vigorously promoting the 36 

development of renewable and nuclear energy. It has emerged as the leading wind power 37 

producer in the world with 114.8 GW of cumulative installed capacity by the end of 2014, 38 

accounting for 31.1% of the world total [1]. However, this capacity has not been well 39 

translated into electricity generation. Wind curtailment2  has increased since 2009, 40 

particularly in the Three Northern China Regions (Northeast, North and Northwest 41 

China). The curtailment of wind generation was 16.2 TWh across the country in 2013 [2].  42 

Increasing levels of wind power penetration in the Chinese power system has 43 

created several technical constraints to the reliable operation of the grid and to the 44 

dispatch of other power plants. In addition to requiring sufficient transmission capacity to 45 

transmit electricity generated by wind farms located thousands of kilometers from load 46 

centers, wind power also requires an adequate level of flexibility in the power system to 47 

offset the inherent variability of wind power. The spinning reserve and frequency 48 

regulation capacity of the power system also need to be increased with the growing 49 

penetration of wind power.  50 

China also has ambitious plans for nuclear energy. The installed capacity at the end of 51 

2014 was 20.11 GW. After a pause in construction following the Fukushima disaster, the 52 

government is pressing ahead with the aim of having 58 GW installed by 2020 [3]. This 53 

capacity will provide valuable base load supply, especially in the coastal provinces which 54 

have few reserves of fossils fuels, but may be under-utilized at times of low demand. 55 

Pumped storage hydroelectricity (PSH) offers a technically and economically feasible 56 

solution to the problem of the variability of wind energy, as has been demonstrated in 57 

other countries (see details in Section 2). It also offers an opportunity for nuclear power 58 

                                                        
2 Curtailment refers to temporary disconnection of wind farm farms or non-acceptance of the electricity that 
could be generated by wind farm farms due to excess generation capacity in the system, transmission 
bottlenecks and grid stability issues. 
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stations to dispatch their energy during periods of low demand as well as providing peak 59 

load supply in regions where power generation is dominated by coal. Despite this 60 

growing long-term need, China’s PSH capacity has expanded slowly and reached only 61 

21.54 GW by the end of 2013, a mere 1.76% of the nation’s aggregate generating capacity, 62 

and the average annual generating hours per plant barely exceeded 1,400 hours [4]. In 63 

recognition of this deficiency, China’s government has set targets for PSH capacity of 30 64 

GW by 2015 and 70 GW by 2020, accounting for 3%-5% of the total installed generation 65 

capacities in the country [5]. However, these goals fall far short of the estimated potential 66 

capacity of 130 GW within the territory of the State Grid Corporation [6].  67 

Along with challenges arising from the integration of variable renewable energy in 68 

the recent decades, there is a common understanding that a high degree of flexibility is 69 

required of the grid. While a number of studies have examined the role of PHS in 70 

addressing these challenges [7-10], others have looked into the constraints on PSH 71 

development [11-14]. Yang and Jackson [11] identified that the main limiting factors for 72 

PSH in the United States appeared to be environmental concerns and financial 73 

uncertainties rather than the availability of technically feasible sites. Steffen’s study [12] 74 

showed that in Germany the most obvious constraints on PSH were that restrictions on 75 

the size of reservoirs prevent them from adequately supporting excessive renewable 76 

generation over very long periods of time. In addition, PSH plants are seen to have a 77 

detrimental impact of the landscape. Kraiačić [13] argued that in Croatia not all services 78 

that PSH provides to the electricity system were adequately rewarded by the electricity 79 

market, and that other elements, outside the market, were likely to influence the 80 

operation of PSH, such as the regulated level of curtailment of excess renewable energy. 81 

Sivakumar [14] revealed that the major constraint for PSH operation in India was the 82 

deficit of off-peak power available for pumping in all the regional grids except the 83 

north-east region. 84 

In contrast, in China, recent accounts have identified the lack of flexible power supply 85 
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as one of the major causes of wind power curtailment. Zhao et al. (2012)[15] argued that 86 

the dominance of coal in the fuel mix of power plants in the Northeast China Grid had 87 

restricted wind power generation during the winter heating periods in recent years. 88 

Wang et al. (2012) [16] suggested that power supplies which can be dispatched more 89 

flexibly or provide much-needed energy storage should be priced and incentivized 90 

accordingly. Finally, Yu et al. (2011) [17] identified that pumped hydro storage provided 91 

an effective way to accommodate wind power integration.  92 

However, to the best of our knowledge, few English language accounts have looked 93 

into the underlying reasons for the lack of flexible power sources in China such as 94 

pumped storage hydroelectricity. Exceptions include Zeng’s studies [18-19], which provide 95 

overviews of the development status of PSH and related policies in China. Though some 96 

Chinese language literature does study the operational model and tariff regime for PSH in 97 

China, most analyses fail to examine these issues comprehensively from the institutional 98 

and regulatory perspectives, let alone examine the most recent national regulations and 99 

policies governing PSH [20-24].  100 

Building on the existing literature, the aim of this paper is to identify the institutional 101 

and regulatory constraints of PSH in China through a comprehensive examination of 102 

evolution of PSH development and policies in China and to assess the likely efficacy of the 103 

new regulations. This work could provide an understanding of the reasons for the slow 104 

growth of PSH in China over the last twenty years, and to make policy recommendations 105 

as well. The paper starts with a brief account of the role of PSH in a power system. Then it 106 

examines how PSH developed in China under a monopolist power sector between 1968 107 

and 2002, and describes the unfavorable operating and pricing regimes. The subsequent 108 

section looks at the period 2003 to 2014 and shows how the level of investment in PSH 109 

remained too low despite policy changes. Section 5 summarizes the recent policy 110 

initiatives announced in 2014 and Section 6 assesses the adequacy of these measures 111 

and recommends further actions in order to provide sufficient support to the 112 
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development and use of PSH in China. Section 7 provides concluding remarks and 113 

emphasizes the relevance of the analysis for other countries. 114 

2. The role of PSH 115 

PSH, the most flexible power source for peak regulation, is used to store and manage 116 

energy or electricity and represents almost 99% of current worldwide electricity storage 117 

capacity [25]. As shown in Fig.1, the principle of a PSH project is: (1) the PSH plant stores 118 

electricity by moving water from a lower to an upper reservoir. Electrical energy is 119 

converted to potential energy and stored in the form of water at an upper elevation. 120 

Pumping the water uphill for temporary storage ‘recharges the battery’ and, during 121 

periods of high electricity demand, the stored water is released back through the turbines 122 

and converted back to electricity like a conventional hydroelectricity plant. The efficiency 123 

of a PSH system is typically 70%-80%, which means the energy generated is usually 124 

70%- 80% of the energy used in water pumping. This energy loss makes the PSH plant a 125 

net consumer of energy [26]. The advantage of a PSH plant comes from the fact that once 126 

the facility is operational, it can quickly respond to energy demands. In this way PSH 127 

plants can provide peak shaving and valley-filling, spinning reserve capacity, phase 128 

modification and frequency control. 129 

 130 

 131 

Fig.1. Principle of pumped storage hydroelectricity plants 132 
              Source: [26] 133 



6 

 

 134 

    The use of PSH started as early as 1890 in Italy and Switzerland. More generally, the 135 

majority of plants were built from 1960s to the late 1980s. This was due, in part, to the 136 

rush to nuclear energy after the oil crises in the early 1970s. For instance, PSH 137 

development in the United States and European countries was closely correlated to the 138 

growth of nuclear power.  PSH was used as a system tool to supply energy at times of 139 

high load demand and to allow nuclear units to operate in their base load mode during low 140 

load demand periods. However, in countries with rich hydro energy and no nuclear power, 141 

PSH was developed primarily to enhance the operation and efficiency of large scale hydro 142 

power plants [27]. 143 

In the USA, Japan and the EU, the installed capacity of PSH reached 2.14%, 8.70% 144 

and 3.35% of their total installed capacity in 2010 respectively, even though gas-fired 145 

units (another flexible source for peak and frequency regulation) accounted for 23.38%, 146 

27.42% and 23.47% of total installed capacity respectively [28]. In contrast, 147 

notwithstanding that the share of gas-fired units available in China is rather low, the share 148 

of PSH installed capacity in the country is only 1.76% [28]. According to China’s 12th 149 

Five-Year Plan for Energy Development (2011-2015), only if the share of PSH installed 150 

capacity reaches 2.01% by 2015, could the national grid possibly have sufficient flexibility 151 

to effectively mitigate the impact on the grid of the integration of renewable energy such 152 

as wind power [29]. The 12th Five-Year Plan for Renewable Energy Development states 153 

that the installed capacity of PSH must reach 70 GW by 2020 for it to play its role in 154 

accommodating large scale renewable energy, peak shaving and valley filling as well as 155 

ensuring the security and stability of the grid operation [5].  156 
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3. PSH under monopoly regime: 1968 to 2002 157 

3.1. PSH development 158 

Before 2002, China’s power sector was dominated by a vertically-integrated 159 

monopoly. From 1949 to 1997, this took the form of the Ministry of Electrical Power (and 160 

predecessors with other names). In 1997, the government created the State Power 161 

Corporation of China which took over all the assets of the Ministry which itself was 162 

abolished the following year. Despite the presence of a national monopoly, a significant 163 

proportion of generating capacity and some distribution networks had been constructed 164 

by local government entities, independent from the state monopoly [30]. These local 165 

enterprises also played a key role in the construction of PSH plants. 166 

The first PSH plant in China was completed at Gangnan in Hebei Province in 1968 167 

with an installed capacity of 11 MW.  In 1973, two other PSH plants were built at Miyun 168 

in Bejing Municipality with a total installed capacity of 22 MW [18]. In the late 1980s, 169 

along with the country’s dramatic economic development, the electrical power system 170 

expanded rapidly with total generating capacity rising from 390 GW in 1985 to 590 GW 171 

in 1990 [18]. The grids that were dominated by thermal power, such as the Guangdong, 172 

North China and East China grids, faced major peak regulation problems due to the lack of 173 

economic means of peak supply such as hydroelectricity. As a result, these regions began 174 

to build more PSH plants. Other grids dominated by hydroelectricity also started to 175 

construct PSH plants for the purpose of meeting the requirements of economic operation 176 

and power source restructuring.  177 

In the 1990s, PSH plants developed more rapidly. In 1991, the Panjiakou Plant with 178 

270 MW installed capacity was commissioned. This was followed by other large PSH 179 

plants including the Guangzhou Plant with 2,400 MW installed capacity, the Shisanling 180 

Plant in Beijing with 800 MW installed capacity, and the Tianhuangping Plant with 1,800 181 
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MW [20] (See Table 1). 182 

    This growth of PSH capacity was largely uncoordinated and driven by local 183 

governments wanting peak-load capacity in regions dominated by coal-fired generation. 184 

Most plants were jointly invested by local governments in partnership with the local grid 185 

subsidiary of the national power company or ministry. Ownership of such plants lay with 186 

the grid company.  This locally-led development of PSH led to a variety of approaches to 187 

structuring the operating and pricing regimes for PSH plants and a number of different 188 

schemes arose. The most common of these were the unified operation scheme that 189 

applied to plants wholly-owned by the state monopolist, and the independent operating 190 

regime that applied to other plants and under which three models can be identified  191 

192 
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 193 

Table 1 PSH plants in China at the end of 2013 194 

Region 
Plant 

(Commissioned year) 

 

Unit×capacity /unit 

(MW) 

 

 

Commissioned 

capacity  

(MW) 

Capacity under or 

to be constructed 

(MW) 

             Total  

China 

21545 14240 

North  

China 

Hebei Fengning 6×300  1800 

Beijing Shisanling (1997) 4×200 800  

Hebei Panjiakou (1992) 3×90 270  

Shandong Taian (2006) 4×250 1000  

Hebei Zhanghewan (2009) 4×250 1000  

Shanxi Xilongchi (2008) 4×300 1200  

Beijing Miyun (1973)  22  

Hebei Gangnan (1968)  11  

Huhehaote 4×300  1200 

East 

China 

Anhui Jixi 6×300  1800 

Zhejiang Xianju(2013)  4×3750  1500 

Fujian Xianyou 4×300 1200  

Anhui Fouziling       2×80 160  

Zhejiang Tianhuangping 

(2000) 

6×300 1800  

Zhejiang Tongbai (2006) 4×300 1200  

Anhui Xianghongdian 

(2000) 

2×40 80  

Jiangsu Yixing (2008) 4×250 1000  

Anhui Langyashan (2007) 4×150 600  

Anhui Xiangshuidian 

(2012) 

4×250 1000  

Jiangsu Puyang 6×250  1500 

Jiangsu Shahe (2002) 2×40 100  

Zhejiang Xikou (1998) 2×40 80  

Central 

China 

Jiangxi Hongping 4×300  1200 

Henan Huilong (2005) 2×60 120  

Hunan Heimifeng (2010) 4×300 1200  

Henan Baoquan (2011) 4×300 1200  

Hubei Bailianhe (2009) 4×300 1200  

Hubei Tiantang (2002)  70  

Sichuan Cuntangkou 

(1993) 

 2  

Northeast 

China 

Jilin Dunhua 4×350  1400 

Heilongjiang Huanggou 

HuHHuanggou 

4×300  1200 

Jilin Baishan (2008) 2×150 300  

Liaoning Pushihe (2011) 4×300 1200  

Tibet Tibet Yangzhuoyong  90  

Southern 

Grid 

region 

Guangdong Guangzhou  

(Phase I: 1997; Phase II: 

2000) 

 2400  

Guangdong Huizhou 

(2011) 

 2400  

Guangdong Qingyuan   1280 

Shenzheng   1200 

Source: [20] and the websites of relevant PSH plants. 195 
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3.2. The unified operation regime: Shisanling model 196 

In this regime, the PSH plant is wholly owned by the grid company rather than 197 

being an independent legal entity. This operation regime is applied to most of the PSH 198 

plants built before 2004. The Shisanling Plant in Beijing is a typical example of this 199 

regime.  200 

The Shisanling Plant has been directly under the North China Grid Company since 201 

its commissioning in 1995. Its financial performance is appraised by key indexes 202 

including material cost, overhaul and maintenance cost, and management cost, among 203 

others. Generation output used to be in the appraisal indexes but was removed due to 204 

the recognition that the main function of a PSH plant is to provide regular peaking, 205 

frequency control and emergency standby services and that its generation output is 206 

generally very small at around 500 hours per year. The advantage of the unified 207 

operation regime was that it avoided conflicts of interest between the grid company and 208 

the PSH plant, and thus it supported grid security and stability. 209 

Plants owned by the grid were paid according to generation-based tariff. Under this 210 

tariff model, the PSH plant receives payment for each megawatt generated in response 211 

to the dispatch instructions of the system operator. Since the plant output depends on 212 

the dispatch scheme, its revenue cannot be guaranteed. Further, the PSH plant receives 213 

no compensation for the services it supplies such as peak regulation, frequency control 214 

and spinning reserve. In this way, the generation-based tariff regime is the same as that 215 

for ordinary power plants. The majority of the PSH plants built in China prior to 2004 216 

adopted this tariff regime, including the Shisanling Plant, the feed-in-tariff (FIT) of which 217 

is RMB 0.80/kWh [22]. 218 

3.3. The independent operation regime 219 

In this regime, the PSH plant is a legal entity and there are three operation models: 220 
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the self-operation, commission and negotiated lease models. 221 

3.3.1. The self-operation model: Xianghongdian model 222 

In this model, the owner operates the plant. In other words, the PSH owner and 223 

operator are the same entity. The plant obtains its revenue by providing power, capacity 224 

and/or other services to the grid company at a government-approved FIT under the 225 

generation-tariff regime and pays the government-approved tariff to the grid company 226 

for water pumping. As such, the plant is exposed to changes in government tariff policy. 227 

The Xianghongdian Plant in Anhui Province is an example. In 2000, the 228 

government-approved FIT for this plant was RMB 1.00/kWh and the tariff for water 229 

pumping was RMB 0.214/kWh. In 2002, however, the FIT for the plant generation was 230 

reduced to RMB 0.85/kWh while the tariff for water pumping remained constant. In 231 

2003, due to the increase of water pumping cost, the government changed the tariff for 232 

the excess output (the part exceeding the approved output) to RMB 0.37/kWh. As a 233 

consequence, the plant suffered financial losses until 2004 when the tariff for generation 234 

was fixed and the permitted annual output was raised from 105.26 GWh to 130 GWh 235 

[22].  236 

3.3.2. The commission model: Tianhuangping model 237 

In this model, ownership is separated from operation. The operation of the PSH 238 

plant is assigned to the grid company. A small number of plants operate under this model. 239 

A typical example is the Tianhuangping Plant in Zhejiang Province. In 1998, 240 

Tianhuangping Pumped Storage Hydroelectricity Co. Ltd., the owner of the plant, 241 

entered into a commission agreement with the East China Grid Company (the ECGC), 242 

entrusting the ECGC with the daily operation of the PSH plant including production 243 

safety, electricity tariff scheme, equipment overhaul and maintenance, and purchase of 244 

spare parts. The output of the plant is dispatched by the ECGC and distributed to the 245 
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three provinces and one municipality within the jurisdiction of the ECGC.  246 

The two-part tariff regime, which has been applied to this plant ever since 2000, 247 

consists of a capacity tariff and a generation tariff (FIT). The capacity tariff (also called 248 

commission fee) paid to the PSH plant was set through negotiation between the plant 249 

and the ECGC. The Plant receives a capacity tariff of RMB 470/kW per year and a FIT of 250 

RMB 0.7915/kWh while paying RMB 0.3453/kWh to the grid company for pumping 251 

water [18]. 252 

3.3.3. The negotiated lease model: Guangzhou model 253 

In this model, the ownership and the operation of the plant are also separated. The 254 

negotiated lease, as the name implies, means that the lease price, namely the capacity 255 

tariff, of the plant is negotiated between the grid company and the PSH plant. Under this 256 

tariff regime, the PSH plant receives payment based on its capacity. This model has two 257 

main advantages. Firstly, the PSH plant can obtain stable revenue provided the lease 258 

price is reasonable. Secondly, the grid company is able to unify power dispatch so as to 259 

fully utilize the PSH plant in peak regulation, load follow and reserve services. However, 260 

it also has distinct disadvantages: once the lease price is determined, the plant loses the 261 

opportunity of earning more revenue through market competition, and since the lease 262 

price is integrated into its operating cost, the grid company is exposed to operational 263 

risks. 264 

    This lease model was used only before 2003, and the prime example is the 265 

Guangzhou PSH plant, currently China’s biggest PSH plant with a total installed capacity 266 

of 2400 MW. The plant was invested and constructed jointly by the Guangdong Electric 267 

Power Group (54% share), the National Development and Investment Company (23% 268 

share) and the Guangdong Nuclear Power Investment Company (23% share).  The 269 

Guangdong Pumped Storage Joint Operation Company was set up as an independent 270 

legal entity to operate the plant [23] and all the units in the plant had been put into 271 
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operation by 2000.  272 

In May 1995, the plant adopted the lease model for the 50% installed capacity of its 273 

Phase I (1200 MW) and the tariff followed the single capacity-based approach. The 274 

Guangdong Grid Company and the Guangdong Nuclear Power Group jointly leased the 275 

1200 MW capacity PSH plant. The negotiated lease price of RMB 280/kW per year is 276 

based on the yearly operation cost, capital and interest cost, taxes and profit and is 277 

equally shared by the two lessees. While the capacity is dispatched by the Guangdong 278 

Grid Company, the Guangdong Nuclear Power Group is ensured of its stable and secure 279 

operation without any commitment to peak regulation. The economic interests of the 280 

Guangzhou PSH Plant are met by following system operator’s instructions. This model 281 

turned out to be successful and was later applied to the other four 300 MW units in 282 

Phase II [23]. 283 

The Guangzhou model appears to have achieved a “triple win” outcome beneficial 284 

to all contracting parties: the PSH plant owner shares no operational risks; for the grid 285 

company, the plant works like its workshop that could be dispatched to provide peak 286 

regulation, valley filling, frequency control and other auxiliary services to ensure the 287 

safe and stable operation of the grid; and nuclear power plants can achieve more hours 288 

of generation .  289 

3.4. Summary 290 

The construction of PSH plants during the 1990s remained at a relatively low level 291 

and the installed capacity reached only 5.6 GW in 2000 [26]. Most of these plants were 292 

constructed under the unified operation regime with a generation-based tariff which was 293 

unattractive to investors. This tariff regime did not fully reflect the value of the PSH plant 294 

and, as a result, the costs of the PSH plants could not be fully compensated. Currently, the 295 

Shisanling and Xianghongdian Plants, both affiliated to Xinyuan Company of the State 296 

Grid Company (which accounts for the majority of PSH market), have achieved break 297 
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even , while the Huilong Plant has suffered a cumulative financial loss of RMB 224 million, 298 

which is more than two times its investment capital, and is in the state of serious 299 

insolvency [33]. 300 

Compared to the alternative operating regimes, the self-operation model carried a 301 

high risk for the PSH plant with a low probability of being dispatched and a simple but 302 

unprofitable generation tariff. Both the negotiated lease (capacity-based) and the 303 

commission models with the two-part tariff both carry higher risks for the investor than 304 

the simpler model, but can be more financially attractive, depending on the exact terms of 305 

the contract. On the other hand, in terms of the availability of the PSH for dispatch, the 306 

unified operation model is obviously the best (see Tables 2-4). 307 

Table 2 Comparison of the four models under the two PSH operation regimes in China 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

Table 3 Comparison of the four PSH tariff regimes in China 316 

 
Generation-based tariff 

regime 
Capacity-based 

tariff regime 
Generation- and capacity- 
based two-part tariff regime 

Payment basis 
Energy generated 

 ( i.e. per kWh)  
Installed capacity 

( i.e. per kW) 
Energy generated  & 

installed capacity  

Value reflected Generation value Capacity value 
Capacity value and generation 

value 

Revenue 
Certainty 

Revenues depend on the 
utilization of PSH plant 
by the grid company. 

 
Revenues are 
guaranteed by 

the grid 
company 

 

Revenues are ensured by 
the grid company and 

additional payment 
depending on utilization. 

Assessment 
Simple, but not 

attractive to investors 
Tariff sharing 

policy is crucial 
Attractive to 

investors 

 317 

 318 

 319 

 320 

 321 

 322 

PSH operation regime Operation risks for the 
PSH plant 

Availability of the PSH to be 
dispatched  

 Unified operation model   

Lease model 

Commission model 

Self-operation model 

 

 

 

 

 
Little 

 

Great 

Easy 

 

Hard 
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 323 

 Table 4 Application of some PSH tariff regimes in China’s PSH plants  324 

Plant Tariff regime Tariff 

 

Tianhuangping Plant 

 

Two-part 

 

RMB 470/kWyear for capacity (tax excluded) 

FIT: RMB 0.7915/kWh (tax excluded) 

Tariff for water pumping: RMB 0.3453/kWh 

(tax excluded) 

Xianghongdian Plant Generation-based FIT: RMB 0.85/kWh;  
Tariff for water pumping: RMB 0.214/kWh 

Huilong Plant Generation-based FIT: RMB 0.65/kWh (tax included) 
Tariff for pumping water: RMB 0.213/kWh 

Shisanling Plant Generation-based FIT: RMB 0.80/kWh 
No tariff for water pumping 

Panjiakou Plant Capacity-based RMB 80 million/year (tax excluded) 

Baishan Plant Capacity-based RMB 90 million/year 

Taishan Plant Capacity-based RMB 450 million/year 

Tongbai Plant Capacity-based RMB 484 million/year 

Yixing Plant Capacity-based RMB 561.36 million/year 

Langyashan Plant Capacity-based RMB 267.71 million/year 

Zhanghewan Plant Capacity-based RMB 490.63 million/year 

Xilongchi Plant Capacity-based RMB 531.67 million/year 

Baoquan Plant Capacity-based RMB 507.46 million/year 

* Except those noted, all the other tariffs shown in the table are tax-included. All plant names are in 325 
their short forms.  326 
Source: [19] 327 

4. PSH under unbundled regime: 2003-2014 328 

4.1. PSH development 329 

In 2002 the government carried out a radical restructuring of the electrical power 330 

industry. The main component of this reform was the abolition of the State Power 331 

Corporation of China, and its unbundling into two regional transmission and distribution 332 

companies and five large generating companies. At least 50% of the generating capacity 333 

remained in the hands of enterprises and joint stock companies at local level. Although 334 

this reform did not introduce price competition in the strict sense, as tariffs continued to 335 

be set by government, there was competition between generators for market share. By 336 

chance, this radical structural reform was followed by a period of exceptionally rapid 337 
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economic growth and soaring energy demand which saw installed generating capacity 338 

triple from 400 GW in 2003 to 1,247 GW in 2013 [34]. 339 

During the Tenth Five-Year Plan period (2001-2005), very few PSH plants were 340 

constructed and by 2004 the total PSH capacity commissioned was a mere 5.67 GW, less 341 

than 1.3% of the total installed generation capacity in the country. However, approval had 342 

been given for the construction of a number of large PSH plants. These included the 343 

Zhanghewan Plant in Hebei Province with 1,000 MW installed capacity, the Xilongchi 344 

Plant in Shanxi Province with 1,200 MW installed capacity and the Bailianhe Plant in 345 

Hubei Province with 1,200 MW installed capacity [20].  346 

By the end of 2013, the cumulative operation capacity of PSH in China reached 21.55 347 

GW, with a further 14.24 GW under construction or approved for construction, bring the 348 

total to 35.79 GW (see Table 1) [20]. The major locations of PSH plants are the East China, 349 

the South China and the North China. The Fengning Plant in Hebei Province which is 350 

under construction will be the largest PSH plant in the world with an installed capacity of 351 

3,600 MW [20]. 352 

 353 

4.2. New policies for PSH plants 354 

The structural reforms to the electrical power sector changed the context for the 355 

construction, operation and tariff of PSH plants. As a result, the government issued two 356 

new policies which were encapsulated in Documents No. 71 and No. 1571, promulgated 357 

in 2004 and 2007 respectively.  358 

4.2.1. Document No. 71 (2004): Policy on the construction and operation of PSH plants 359 

Subsequent to China’s electricity market reform in 2002, the principal investors in 360 

power generation have been the “Big Five” generation groups 3 , local electricity 361 

                                                        
3 The “Big Five” generation groups are The China Huaneng Power Group, The China Datang Corporation, The 
China Huadian Corporation, The China Guodian Corporation and The China Power Investment Corporation. 
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investment companies and, to a much lesser extent, foreign invested electricity companies. 362 

The reforms on the generation side greatly stimulated the enthusiasm of these 363 

companies to invest in PSH plants which, in turn, created competition to gain access to 364 

the relevant hydro resources. As a result, the capacity of planned PSH plants appeared to 365 

be much greater than the demand of the whole electricity system at the time, threatening 366 

to lead to the disorderly development of PSH capacity. 367 

In order to promote the orderly development of the PSH to ensure the improvement 368 

of the reliability, stability and economy of the grids, in 2004 the National Development 369 

and Reform Commission (NDRC) promulgated the Circular on the Construction and 370 

Operation of Pumped Storage Hydroelectricity Plants (NDRC Energy [2004] No. 71) [31] to 371 

regulate the construction and operation of the PSH plants. This document provides that: 372 

(a) PSH plants should mainly serve the grid and be, in principle, constructed and 373 

managed by the grid company so as to ensure that they support the needs of the 374 

grid;  375 

(b) The construction and operation costs of the PSH plants should be consolidated 376 

into the grid company operation costs and approved by the government;  377 

(c) PSH plants invested by the generation companies should subordinate themselves 378 

to the overall electricity development plan and participate in the electricity 379 

market competition as independent electric power plants.  380 

    It is clear that this Circular positioned PSH plants as operational tools of the grid 381 

company and gave little consideration to their economic uniqueness.  382 

4.2.2. Document No. 1571 (2007): Electricity tariff policy for PSH plants 383 

Between 2000 and 2004, construction had begun on several large PSH plants, such as 384 

the Tongbai, Tai’an, Yixing and Huizhou plants, in order to provide peak regulation and 385 

other auxiliary services. By 2006 these PSH plants were soon to be commissioned. There 386 

was therefore the need to clarify the tariff policy for those plants that were approved 387 
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before 2004 when Document No. 71 was issued. It was in this context that the NDRC 388 

promulgated Document No. 1517 in 2007 to provide a capacity–based tariff for these 389 

newly commissioned PSH plants. This tariff policy was made in the recognition that both 390 

the generation companies and the electricity users were beneficiaries of PSH. 391 

The Circular on the Electricity Tariff of Tongbai and Tai’an Pumped Storage 392 

Hydroelectricity Plants (NDRC Price [2007] No. 1571) provides that no electricity tariff 393 

would be set for those PSH plants approved after the promulgation of Document No. 71 394 

and constructed solely by the grid company. The costs of these plants should be 395 

consolidated into the grid operation costs approved by the government. The PSH plants 396 

approved before the promulgation of Document No. 71 and for which feed-in tariff (FIT) 397 

had not been set would adopt the lease model. The lease cost would be approved by the 398 

pricing agency under the State Council on the basis of reimbursing fixed costs and 399 

reasonable profits. With respect to the principle of approving the lease price, the 400 

document provided that the grid company should pay a 50% share of the lease price and 401 

the other 50% price should be borne equally by the generators and the electricity 402 

consumers. Further, the 25% lease price paid by generators should be recovered by 403 

soliciting bids from thermal power plants for providing electricity for water pumping at 404 

the guiding tariffs set by the government. The 25% assigned to the electricity consumers 405 

should be recovered through adjusting the electricity retail price. In addition, the 406 

document verified that the annual lease prices for Zhejiang Tongbai Plant and Shangdong 407 

Tai’an Plant be RMB 484 million and RMB 459 million respectively [30].  408 

4.3. New tariff regimes 409 

These two policy documents led to the development of two new tariff regimes: the 410 

transmission and distribution integrative regime, and a lease regime in which the lease 411 

price was required to be approved by the government rather than being settled through 412 
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negotiation, as was the case in the Guangzhou model. 413 

4.3.1. The transmission and distribution integrative tariff model  414 

According to Document No.1571, the PSH plants approved subsequent to the 415 

promulgation of Document No.71 should only be invested and operated by the grid 416 

company and no FIT would be set for these plants. The construction and operation costs 417 

of these PSH plants should be integrated into the grid company operation cost. As such, 418 

these PSH plants are actually treated as the assets (or the facilities) of the grid company.  419 

Theoretically, these costs could be recovered from the transmission and distribution tariff 420 

which is ultimately borne by all power plants and electricity consumers.  421 

The problem is that a number of PSH plants approved after the enforcement of 422 

Document No.71 are actually owned by local governments. Since these plants are 423 

independent investment entities, they could not be defined as assets of the grid company 424 

according to the Corporation Law of the PRC. As such, the costs of the PSH plants could 425 

not be integrated into the grid company operation costs. Further, there is, as yet, no 426 

independent transmission and distribution tariff mechanism in China. The transmission 427 

and distribution tariff currently in China is the difference between the 428 

government-determined tariff rate for electricity consumers and the 429 

government-determined FIT. In other words, even if the plants are wholly invested by the 430 

grid company, the costs of the PSH plants might not be recovered by the transmission and 431 

distribution tariff charged by the grid company [34]. 432 

4.3.2. The government-approved lease model: Zhanghewan model 433 

According to Document No. 1571, plants operating under a lease model must seek 434 

government approval for the lease price. In the case of the Zhanghewan Plant in Hebei 435 

province, for example, the lease price approved by the government is RMB 507.46 million 436 
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per year, including tax. This is based on the investment cost, tax and reasonable profit of 437 

the plant associated with the total installed capacity, the plant operation loss, namely 438 

the 20%-30% energy conversion loss, is not compensated. 439 

 Since the greater the output of the PSH plant, the higher the energy conversion 440 

loss incurred, it is understandable that the electricity dispatch operator, which is 441 

affiliated to the grid company, has been reluctant to dispatch the PSH plant.  442 

On the other hand, the electricity tariff for water pumping under the Zhanghewan 443 

model has been on the low side. Document No. 1571 sets the guiding tariff for water 444 

pumping at, for instance, RMB 0.26/kWh in the Shanxi grid and RMB 0.296/kWh in the 445 

Shandong grid, and states that generators could decide on their own whether to 446 

participate in generation bidding for water pumping or not [32]. The problem is that the 447 

coal price had witnessed a dramatic rise since 2003, which had led to an increase in the 448 

generation cost for thermal power generators. As a result, the government-approved 449 

tariff for water pumping could not recover even the variable generation cost of the 450 

thermal power plants. This has inevitably tempered the enthusiasm of the thermal 451 

power plants in bidding for generation for water pumping, as evidenced in the case of 452 

the Zhanghewan Plant. In 2012, the generation cost of thermal power in the South Hebei 453 

Grid region was higher than the bid tariff of RMB 331/MWh approved by NDRC. As a 454 

consequence, no generators participated in the bidding.4  455 

This lease model is currently applied to a considerable number of PSH plants 456 

including the Xilongchi, Taishan and Huizhou Plants. As the capacity tariff (the lease price) 457 

under this regime is completely unrelated to the output, it is unfavorable for the PSH plant 458 

to play its role in peak and frequency regulation. Further, since the PSH plant income is 459 

relatively fixed during its operation period, providing no room for income increase, it is 460 

unfavorable for incentivizing the construction of PSH plants.  In addition, the revenue of 461 

the plant will be greatly diminished when costs increase. Not surprisingly, most plants 462 

                                                        
4 Data relating to the Zhanghewan Plan came from interviews carried out by the authors with managers at the 

plant in October 2013. 
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that have adopted this tariff model are in difficult financial circumstances, with an 463 

average ratio of profit to assets of only 2% [33]. 464 

4.4. Summary 465 

Notwithstanding the fact that a number of new projects have been in operation, PSH 466 

in China has been overlooked over the past decade, despite it being the primary 467 

large-scale energy storage technology utilized worldwide. This is evidenced from the fact 468 

that the ratio of cumulative installed capacity of PSH in the country’s total has only 469 

increased from 1.3% in 2008 to 1.76% in 2013, and the average utilization of PSH units 470 

has decreased from 2649 hours to 1419 hours over the period of 2008-2012. The annual 471 

average utilization hours of some PSH plants has been a mere 100-200 hours. The lowest 472 

was 28 hours. These plants have only played the role of following load in summer, 473 

ensuring electricity supply in special periods or in emergency. This phenomenon even 474 

exists in areas with serious peaking and power brownout problems. The gap between the 475 

actual utilization hours and the designed utilization hours of PSH plants is very large [20]. 476 

Evidently, the low efficiency of PSH units has largely arisen from the existing PSH 477 

operation and tariff regimes which fail to incentivize or even discourage the investment 478 

and operation of PSH plants. As a consequence, PSH is not well utilized as a solution to 479 

the challenges of wind power integration in China.  480 

5. New policies issued in 2014 481 

The slow development of PSH in China threatened to constrain the progress of the 482 

nation’s energy transition. As explained above, the rapid expansion of wind power 483 

capacity has not been matched by the utilization of this clean form of energy because of 484 

serious curtailment problems. In addition to assisting to solve this deficiency, PSH can also 485 

provide a useful outlet for the growing nuclear power capacity at times of low demand. In 486 

recognition of the limitations of the prevailing operating and tariff regimes governing 487 



22 

 

PSH development in the country, the government issued new policies in July and 488 

November 2014 to address the tariff, construction and operation of PSH plants. 489 

5.1. Document No. 1763 (2014): Revised electricity tariff for PSH plants 490 

The Circular on the Improvement of Feed-in Tariff Formation Mechanism for Pumped 491 

Storage Hydroelectricity  (NDRC Price [2014] No. 1763) issued in July 2014 provides 492 

that a two-part FIT will be implemented for new PSH plants as well as for the existing 493 

PSH plants for which the FIT has yet to be approved. The FIT is to be approved in 494 

accordance with the principle of reasonable cost and permitted return. While the cost 495 

includes construction and operating cost, the permitted return is to be approved in light 496 

of the risk free rate of return (long-term Treasury rate) plus 1%-3% risk return rate [34]. 497 

This provision ensures that investors will not lose money as long as their PSH plant plays 498 

its role of reserve capacity, which is undoubtedly helpful for stimulating investment. 499 

The document further provides that, firstly, the two-part FIT reflects mainly the value 500 

of PSH capacity in providing auxiliary services. The benchmark capacity-based FIT is to 501 

be applied gradually to newly commissioned PSH plants. Secondly, the generation-based 502 

FIT reflects the value realized through the generation of the PSH plant in peak shaving 503 

and valley filling and is to make up for the variable costs such as energy loss between 504 

water pumping and power generation of the PSH plants. This generation-based FIT is the 505 

same as the benchmark FIT for local coal-fired units, including the supplementary tariffs 506 

for desulfurization, denitrification and dust elimination. Thirdly, the electricity tariff paid 507 

to the grid company for providing water pumping is to be 75% of the benchmark FIT for 508 

coal-fired units [34]. Apparently, this provision gives consideration to the fact that the 509 

efficiency of PSH system is typically 70%-80%.  510 

In addition, the document encourages the deployment of market tools. It states that in 511 

regions with good conditions, PSH project owners, generation output, capacity tariff, 512 

water pumping tariff as well as FIT could be determined through bidding. Further, the 513 
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capacity tariff and efficiency loss of PSH plants should be consolidated into the overall 514 

accounting of local provincial or regional grid operation costs and taken into 515 

consideration in the adjustment of electricity retail tariffs.  516 

5.2．Document No. 2482 (2014): More policies on PSH development 517 

In November 2014, the NDRC promulgated the Opinions on the Promotion of Healthy 518 

and Orderly Development of Pumped Storage Hydroelectricity (NDRC Energy [2014] No. 519 

2482). With regard to PSH development policies, this document provides that at the 520 

present stage, the construction and management of PSH plants should be mainly 521 

undertaken by the grid company, as before, but mechanisms to attract other sources of 522 

commercial capital should be gradually established. The document also states that the 523 

government will explore options for coordinating and supporting investment and for a 524 

tariff regime for PSH plants and other power sources in new energy bases are to be 525 

explored. In addition, different mechanisms for realizing PSH plant value are to be 526 

explored which would reflect its value to their stakeholders. In summary, this document 527 

does not appear to outline specific new policies for PSH, although it does identify policy 528 

issues that need to be addressed urgently [35]. 529 

6. Policy recommendations 530 

Whilst these two new policy documents demonstrate that the government recognizes 531 

the urgent need to accelerate the development of PSH, they do not go far enough and fail 532 

to address a number of important issues. Without further measures being implemented, 533 

the PSH sector will not be able to play its much needed role in assisting China’s energy 534 

transition. Our recommendations for further policy actions are: 535 

 Remove restrictions on investment in PSH; 536 
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 Establish time-of-day tariffs for generators; 537 

 Expand regional grid connection; 538 

 Establish a market for ancillary services.  539 

6.1. Remove the restrictions on investments in PSH  540 

Under the current regulations, the grid company and its subsidiaries dominate the 541 

investment in new PSH capacity. This is consistent with the current approach to treat 542 

the PSH plant as an integral part of the transmission system. However, the PSH plant has 543 

its own unique economic value and at least some of these economic benefits can be 544 

translated into financial revenues. This would enable PSH plants to be treated as distinct 545 

corporate entities with a defined revenue stream and create interest from commercial 546 

enterprises to invest in new PSH capacity. Although the new policies issued in 2014 547 

opened up investment in new PSH capacity to commercial investors, it is not clear 548 

whether they would be permitted to be controlling shareholders or not. Given that more 549 

competition in investment is necessary to promote PSH development, it is 550 

recommended that commercial investors are allowed to be controlling shareholders.  551 

6.2. Establish time-of-day tariffs for generators 552 

Although the recent two-part tariff ensures the recovery of investment cost, it fails 553 

to address the profits of the grid company. If time-of-day tariffs could be put in place, the 554 

enthusiasm for PSH plant investment would be greatly stimulated. Although there are 555 

time-of-day tariffs applicable for certain classes of end users in China, there is no 556 

corresponding tariff regime applicable to power plants. In the absence of a real-time 557 

power market and time-of-day generator tariffs in China, the generators receive a 558 

uniform tariff irrespective of the time of generation. This does not capture the time value 559 

of electricity and acts as a disincentive to energy storage. In the absence of time-of-day or 560 
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real-time tariffs for generators, PSH plants incur financial losses if they engage in energy 561 

arbitrage (i.e. store energy during off-peak time and generate during peak time) due to 562 

the energy storage loss.  563 

While real-time electricity market would enable the PSH plants to realize the time 564 

value of electricity to the maximum extent, given the complexities associated with 565 

establishing a real-time electricity market in a country like China, it is recommended to 566 

offer time-of-day tariffs for generators as a short-term measure. This would reduce the 567 

instances of excess generation in off-peak times as some of the thermal power plants 568 

would refrain from generation if the off-peak tariff is below their variable cost.  569 

On the other hand, wind farms will continue to generate during off-peak times 570 

because of the insignificant variable cost in wind power generation. PSH plants would be 571 

encouraged to purchase electricity at the lower off-peak tariff for water pumping and 572 

offer its output at a higher tariff during the peak time. The time-of-day tariff can be set 573 

by the regulator to simulate the real time electricity prices after taking into account the 574 

variable cost of generation in off-peak time and peak time in different Chinese 575 

provinces.        576 

6.3. Expand regional grid connection 577 

China’s regions of abundant wind and solar resource are concentrated in the ‘Three 578 

Northern Regions’ (Northeast China, North China and Northwest China) which do not 579 

possess natural advantages for constructing PSH plants [23]. In contrast, the central and 580 

east load centers have very rich peak regulation power sources and capability in the 581 

form of hydroelectricity. In the current context where the share of PSH is low, it is 582 

necessary to complement the peak regulation resources across regional grids through 583 

the expansion of grid connection so as to greatly improve the overall benefit of PSH 584 

plants and their capacity to support renewable energy.  585 



26 

 

6.4. Establish a market for ancillary services 586 

Growing wind power penetration results in an increased demand for ancillary 587 

services such as spinning reserve, contingent reserve, load following capability and 588 

frequency regulation. PSH plants have the technical capability to offer these ancillary 589 

services in an economically competitive manner compared to thermal power plants. 590 

However, there is no mechanism to reward the PSH plants for providing these ancillary 591 

services to the system operators at present.  The grid company, which either leases or 592 

owns PSH plants, is not in a position to derive additional revenues for the ancillary 593 

services provided by the PSH plants. By creating a market for ancillary services and 594 

allowing the cost of ancillary services to be passed down to end users and inflexible 595 

generators, the grid company would be encouraged to utilize the PSH plants more often.  596 

This would also compensate the grid company for incurring the energy storage loss 597 

associated with the operation of PSH plants, as well as enhance the capability of the grid 598 

company to utilize wind power and minimize the wind power curtailment. Although the 599 

Chinese government is contemplating the creation of an ancillary service market, it has 600 

not yet been established in a transparent manner. The integration of PSH plants to the 601 

ancillary services market and the compensation mechanism need to be reformed to 602 

facilitate the participation of PSH plants in the ancillary services market. 603 

7. Concluding remarks 604 

The large scale development and the increasing ratio of wind power in the total 605 

installed capacity in China has brought and will continue to bring great challenges to the 606 

grid in peak and frequency regulation. Internationally, PSH is by far the most widely 607 

used method as it is the most technologically advanced, widely available resource to 608 

provide balancing and integration of variable renewable technologies. PSH also provides 609 

a market for base-load nuclear power at times of low demand. In these ways, PSH can 610 
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play a vital role in supporting the energy transition in China and in other countries with 611 

potential for developing such hydroelectricity resources. 612 

While the benefits of expanding pumped storage capacity in China are clear, for 613 

many years the operation and tariff regimes have not provided an effective means of 614 

achieving this goal. PSH plants have been positioned as operational tools of the grid 615 

company and little consideration has been given to their economic uniqueness. Instead, 616 

government regulations and policies have required that PSH plants be constructed and 617 

managed by the grid company and that the operating cost be integrated into the grid 618 

company operating cost. Although the recently revised policies have made improvements 619 

with regard to the PSH tariff regime, more policy changes are needed to support the 620 

timely development of PSH in China.  621 

To this end, three research directions can be identified: (a) To examine those PSH 622 

operational and tariff mechanisms currently implemented to good effect in other 623 

economies, particularly in the EU member countries; (b) To comprehensively assess the 624 

value of ancillary services and their benefits to all relevant parties so as to provide the 625 

basis for pricing ancillary services as well as revenue sharing; (c) To examine the 626 

institutional constraints to the development of creative PSH policies.  627 

The challenges and lessons that this paper has identified in the case China are 628 

relevant in other countries that are promoting the deployment of wind energy as part of 629 

their strategy for the energy transition. Of particular importance is the need to assess 630 

the value of PSH to the entire electricity system and to put in place incentives that 631 

reward enterprises for constructing and operating PSH plants.    632 
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