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                    Brief technology description 


Pumped storage plants (PSPs) use water that is pumped from a lower reservoir into an upper reservoir to charge 
 the storage. To discharge the storage, water is released to flow back from the upper reservoir through turbines to 
 generate electricity. Pumped storage plants take energy from the grid to lift the water up, then return most of it 
 later (round-trip efficiency being 70% to 85%). Hence, PSP is a net consumer of electricity but provides for 
 effective electricity storage. Pumped storage currently represents 99% of the world’s on-grid electricity storage 
 (ref. 1). 


Figure 36: Pumped storage hydropower plants (ref. 2) 


A pumped storage project would typically be designed to have 6 to 20 hours of hydraulic reservoir storage for 
 operation. By increasing plant capacity in terms of size and number of units, hydroelectric pumped storage 
 generation can be concentrated and shaped to match periods of highest demand, when it has the greatest value. 


Both reservoir and pumped storage hydropower are flexible sources of electricity that can help system operators 
 handle the variability of other renewable energy sources such as wind power and photovoltaic electricity. 


There are three types of pumped storage hydropower (ref. 3): 


  Open loop: systems that developed from an existing hydropower plant by addition of either an upper or a 
 lower reservoir. They are usually off stream. 


  Pump back: systems that are using two reservoirs in series. Pumping from the downstream reservoir 
 during low-load periods making additional water available to use for generation at high demand periods. 


  Closed loop: systems are completely independent from existing water streams – both reservoirs are 
 off-stream. 


Pumped storage and conventional hydropower with reservoir storage are the only large-scale, low-cost electricity 
 storage options available today. Pumped storage power plants are often a cheap way of storing large amounts of 
 electricity. However, pumped storage plants are generally more expensive than conventional large hydropower 
 schemes with storage, and it is often very difficult to find good sites to develop pumped hydro storage schemes. 


Interest in pumped storage is increasing, particularly in regions and countries where solar PV and wind are 
 reaching relatively high levels of penetration and/or are growing rapidly (ref. 5). The vast majority of current 
 pumped storage capacity is located in Europe, Japan and the United States (ref. 5). 


Currently, pumped storage capacity worldwide amounts to about 140 GW. In the European Union, there are 45 
 GWe of pumped storage capacity. In Asia, the leading pumped hydropower countries are Japan (30 GW) and 
 China (24 GW). The United States also has a significant volume of the pumped storage capacity (20 GW) (ref. 6). 


Typical capacities 


50 to 500 MW per unit (ref. 12) 
 Ramping configurations   


Pumped storage hydropower plants have a fast load gradient (i.e. the rate of change of nominal output in a given 
timeframe) as they can ramp up and down by more than 40% of the nominal output per minute. Pumped storage 


Advantages/disadvantages 
 Advantage: 


• The water can be reused over and over again and thus smaller reservoirs are suitable. 


• The process of electricity generation has no emissions. 


• Water is a renewable source of energy. 


•  The reservoirs can be used for additional purposes like water supply, fishing and recreation (ref. 15). 


Disadvantages: 


• Very limited locations. 


•  The time it takes to construct is longer than other energy storage options. 


•  The construction of dams in rivers always has an impact on the environment. 


Environment 


The possible environmental impacts of pumped storage plants have not been systematically assessed but are 
 expected to be small. The water is largely reused, limiting extraction from external water bodies to a minimum. 


Using existing dams for pumped storage may result in political opportunities and funding for retrofitting devices 
 and new operating rules that reduce previous ecological and social impacts (ref. 8). PSP projects require small 
 land areas, as their reservoirs will in most cases be designed to provide only hours or days of generating 
 capacities. 


Employment  


PLN expected that the Upper Cisokan hydropower plant (pumped storage) would need around 3000 workers to 
 complete. According to current regulation on manpower, two thirds of those workers must be selected from local 
 work force.  


Research and development 


Hydro pumped storage is like, hydro reservoir power, a well-known and mature technology – i.e. category 4. 


Under normal operating conditions, hydropower turbines are optimized for an operating point defined by speed, 
 head and discharge. At fixed-speed operation, any head or discharge deviation involves some decrease in 
 efficiency. Variable-speed pump-turbine units operate over a wide range of head and flow, improving their 
 economics for pumped storage. Furthermore, variable-speed units accommodate load variations and provide 
 frequency regulation in pumping mode (which fixed-speed reversible pump-turbines provide only in generation 
 mode). The variable unit continues to function even at lower energy levels, ensuring a steady refilling of the 
 reservoir while helping to stabilize the network. 


Pumped storage plants can operate on seawater, although there are additional challenges involved compared to 
operation with fresh water. The 30 MW Yanbaru project in Okinawa was the first demonstration of seawater 
pumped storage. It was built in 1999 but finally dismantled in 2016 since it was not economically competitive.  A 
300 MW seawater-based project has recently been proposed on Lanai, Hawaii, and several seawater-based 
projects have been proposed in Ireland and Chile. 


Figure 37: A 300 MW sea water pumped storage hydropower plan in Chile (ref. 13) 


In Germany, RAG, a company that exploited coal mines, is considering creating artificial lakes on top of slag 
 heaps or pouring water into vertical mine shafts, as two different new concepts for PSP (ref. 10) 


Examples of current projects 
 Bac Ai pump storage plant 


Bac Ai is the first Vietnamese pumped storage power plant and is in the progress of technical design. The total 
 capacity of the plant is 1,200 MW, with 4 units of 300 MW. According to Power Master Plan 7 (revised), Bac Ai 
 PSPP will be put into operation in 2023- 2025. The upper reservoir will be built on top of Da Den Mountain, with 
 dam height of 72 m, the normal rising water level is 603 m and the effective volume is 9 million m3. The lower 
 reservoir will use water from Song Cai reservoir belonging to Tan My irrigation system with a dam height of 
 38.4m, the normal water level is 193 m and effective volume is 200 million m3, available for Bac Ai PSPP is 10 
 million m3. The designing water head is 403m and the maximum discharge flow is 248 m3/s. The plant is going to 
 use Francis turbines and the round cycle efficiency is 70%. The total investment of Bac Ai is expected to be 883 
 M$ ($2016, the administration, consultancy, project management, site preparation cost, the taxes and interest 
 during construction are not included), equal to the investment rate of 0.74 M$/ MWe. The total capital (including 
 these components) was 980 million $, corresponding to 0.816 M$/MWe (Ref. 17). 


Pumped storage plants, such as the Grand Maison power station in France, can ramp up to 1,800 MW in only 
 three minutes. This equals 600 MW/min (ref. 11). 


The Fengning Pumped Storage Power Station is a pumped-storage hydroelectric power station currently under 
 construction about 145 km (90 mi) northwest of Chengde in Fengning Manchu Autonomous County of Hebei 
 Province, China. Construction on the power station began in June 2013 and the first generator is expected to be 
 commissioned in 2019, the last in 2021. Project costs are US$1.87 billion. In 2014, Gezhouba Group was 


awarded the main contract to build the power station. When complete, it will be the largest pumped-storage power 
 station in the world with an installed capacity of 3600 MW which consists of 12 x 300 MW Francis pump 


turbines (ref. 14). 


Indonesia has presented plans for building the country’s first pumped storage hydropower plant. The power plant 
is planned to operate by shifting water between two reservoirs; the lower reservoir on the Upper Cisokan River 
and the upper reservoir on the Cirumamis River which is a right-bank tributary of the Upper Cisokan. When 
energy demand is high, water from the upper reservoir is sent to the power plant to produce electricity. When 
energy demand is low, water is pumped from the lower reservoir to the upper by the same pump-generators. This 
process repeats as needed and allows the plant to serve as a peaking power plant. The power plant will contain 
four Francis pump-turbines which are rated at 260 MW each for power generation and 275 MW for pumping. The 
upper reservoir will lie at maximum elevation of 796 m and the lower at 499 m. This difference in elevation will 
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 5  U.S. Department of Energy, 2015, “Hydropower Market Report”.   


6  Connolly, 2009, "A Review of Energy Storage Technologies - For the integration of fluctuating renewable energy" 


7  IRENA, 2012, "Renewable Energy Technologies: Cost Analysis Series - Hydropower". 


   
 Notes:  


A  Size per turbine.  


B  Uncertainty (Upper/Lower) is estimated as +/- 50%.   


C  Numbers are very site sensitive. There will be an improvement by learning curve development, but this improvement will equalized because the best locations will be 
 utilized first. The investment largely depends on civil work. 


D  The size of the total power plant and not per unit (turbine). 


E  Investment costs include the engineering, procurement and construction (EPC) cost. See description under Methodology. 
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