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Abstract. Analyzes the carbon emission characteristics of power system before and after the 
introduction of pumped storage power station. To evaluate the environmental benefits of pumped 
storage power station combined with new energy peak load. For thermal power, pumped storage - 
thermal power, wind power - pumped storage - thermal power three different scenarios, establish a 
systematic method for accounting carbon dioxide emissions, measure the carbon emissions at all 
stages of the power system, obtain the environmental benefits that can be brought by using the 
pumped storage energy and verify the wind power and other renewable energy sources have the effect 
of promoting the reduction in power systems. 

Introduction 
With the increasingly serious global energy crisis and environmental pollution, energy saving and 
emission reduction of power system has attracted much attention. To reduce emissions renewable 
sources must be integrated in the power system. As a special form of power supply, the pumped 
storage power station can not only peak and fill valley, but also compensate for the intermittent 
fluctuation of wind, light and other new energy sources[1]. It has become an effective and 
indispensable tool for power system in our country. 

Power system operation combined with pumped storage 
About 25% of China's regional area is rich in wind resources, the coastal areas and the "three North" 
region as the representative, especially in the northwest. According to the relevant data, the total 
installed capacity of offshore wind power and wind power in China is about 1.0×109 kW[2]. Therefore, 
large-scale use of wind power as far as possible is conducive to the development of resource-saving 
society. However, due to the instability of wind power, large-scale wind power generation has system 
voltage fluctuations, flicker, harmonics and other issues, and will have an adverse impact on the 
frequency , supply and demand control of independent power supply and load system. The pumped 
storage power station has the advantages of fast response, high performance to price ratio, flexible 
start and stop, good adjustment ability and so on[3]. So, it has obvious advantages in the application of 
large-scale power grid energy storage, as shown in Figure 1. In areas with abundant wind resources, 
the use of wind power and pumped storage power supply to the grid, not only can stabilize the system 
voltage, but also can make the wind power output smoothly, plus the wind power network.  
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Fig. 1 Load capacity changes under load tracking 

The operation characteristics of power generation, transmission, distribution and power 
consumption are different, there will be some power loss at each stage, and the electricity energy can 
not be stored. This results in a large workload at the peak of power consumption, and a waste of 
electricity in the low tide. If possible, the power system has to store energy in periods with “excess 
supply” and produce in periods with “undersupply” , but storage of electrical energy is prohibitively 
expensive for larger quantities[4]. Energy storage technology can be used to improve the low-carbon 
operation of power system for long periods. As shown in Figure 2, the dotted line represents the 
average level of electrical load. After the pumped storage power station is involved, the pumped 
storage power station makes use of excess electricity to pump and store energy at the bottom of the 
dotted line; At the top of the dotted line, the pumped storage energy is used to generate electricity to 
fill the shortage of power generation, which can effectively alleviate the problem of safety and 
excessive pressure caused by high frequency conversion when the generator set is working 
independently.  
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Fig. 2 Daily operation diagram of pumped storage power station 

Operating principle of Pumped Storage Power Station 
The pumped storage power station is composed of an upper reservoir, a water reservoir, a water 
conveyance system and other buildings, it has the double functions of ordinary hydraulic power 
generation and water pumping station[5]. According to the load curve of power system, there is a peak 
load and a low load in power system. The main energy input of pumped storage power station comes 
from the valley of load, that is the residual energy of the power grid. The main energy output is used 
for the peak load. 

The following section quantitative analysis of power generation, transmission and distribution 
process. The greenhouse gas emission accounting method are used to calculate the carbon emissions 
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of each link. In order to conclude the energy saving and emission reduction benefits of peak load and 
valley filling in pumped storage power station. Comparison of carbon emissions in power systems 
under three different scenarios: thermal power operation alone, pumped storage - thermal power 
combined operation, wind power - pumped storage power - thermal power combined operation. 
Besides, quantitative evaluation the environmental benefits of combined pumped storage power 
system, as well as the indirect carbon emission reduction benefits of peak shaving of renewable 
energy during peak hours, to provide technical basis for the development of China's power system and 
energy storage industry. 

Environmental benefit analysis of Pumped Storage Power Station 
Scenario 1: joint operation of pumped storage and thermal power 

(1) power generation process 
Combined with the pumping energy storage power generation process, the maximum 

environmental benefit is to bear the responsibility of peak shaving, so that the thermal power and 
other units could stable operation with rated power. In addition, It reduces the coal consumption of 
frequent start and stop of the traditional thermal power during peaking and valley filling. Therefore, in 
this case, the carbon dioxide production formula of fuel consumption in the power generation process 
is: 

(1)
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In the low power consumption, the rated power of the generating unit provides the power 
consumption of the pumped storage power station. The formula for calculating the carbon dioxide 
produced by pumping power generation in the pumped storage power station is: 
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where ϕ  is comprehensive efficiency coefficient of pumped storage power station, Tw is 

operating hours of pumped storage power station, h, Ng is storage capacity of pumped storage units , 
kW, bi is the type i fuel consumption rate of the rated power generation unit (low consumption rate) , 
kg/kWh.  

The calculation formula of carbon dioxide released in the stable operation of power plant is: 

3 xE Qθ=（ ）                                                                                                                                                                   (3) 
(2) transmission and distribution process 

4 tE Qθ=（ ）                                                                                                                                                                      (4) 
(3) The formula for calculating carbon dioxide emissions is: 
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Scenario 2: joint operation of wind power, pumped storage and thermal power 
In this scenario, the formula for calculating the carbon dioxide emissions from power generation 

to electricity consumption is: 
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where Nk is the wind power installed capacity under the proportion of k , kW, hj is the wind 
turbine working hours per day in the case of j, h. 

Based on the formula of scenario 1 and scenario 2, the carbon dioxide emission reduction 
calculation formula in the process of power generation to electricity consumption is introduced: 
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Conclusions 
The results are as follows: (1) When the wind power is working on a certain amount of working hours 
per day, the carbon dioxide emissions from power system will decrease with the increase of wind 
power installed capacity. It shows that the larger the capacity of the combined use of wind power and 
pumped storage, the better the environmental benefits of power system. (2) When the installed 
capacity of wind power is certain, the carbon dioxide emissions of power system will decrease with 
the increase of the number of working hours per day. The results show that the more wind power is 
introduced into the power system, the better the environmental benefits are. (3) Comparing the carbon 
dioxide emissions under the two scenarios, it can be concluded that the carbon dioxide emission is the 
smallest and the environmental benefits are the best under the combined use of wind power, pumped 
storage and thermal power. Therefore, it is possible to introduce more renewable energy and pumped 
storage energy to peak and fill the valley ,as well as increase the carbon emission reduction capacity of 
the power system. 
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