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Abstract. Pumped storage power stations are vital for achieving China's "dual 

carbon" goals and building a new energy system. This study develops an invest-

ment cost pricing linkage model for these stations, using system dynamics theory 

and Vensim software. A simulation analysis of a typical pumped storage station 

is conducted. Key findings include: First, the simulation of the pricing system 

demonstrates strong authenticity, accurately reflecting variable trends. Second, 

the model can dynamically simulate future electricity prices and variable levels, 

providing valuable guidance for managers to optimize operational strategies and 

secure better electricity pricing. 
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1 Introduction 

Pumped storage power stations, with their advantages of large-scale stable output, fast 

response rate, and clean economy, are of great significance for building a new type of 

power system[1]. China has clearly stated in its energy system planning that it needs to 

accelerate the construction of pumped storage power stations and improve the policy 

mechanisms that support the development of pumped storage. The electricity pricing 

mechanism that ensures the cost recovery and sustainable operation of pumped storage 

power stations has become a research focus[2].  

Early research on pumped storage power stations focused on investment and opera-

tional economics, as these stations were managed by the power grid. Reuter et al. used 

a real options model to study market and policy impacts on investment in pumped stor-

age[3]. Crampes et al. found that pumped storage increases net social benefits, while 

Vieira et al. developed an optimal operation model based on electricity prices to reduce 

costs[4-5]. Huang et al. supported incorporating energy storage costs into electricity 

prices to stimulate capacity development[6]. Zhang Xin et al. proposed cost mitigation 

methods, including using industrial users and new energy sources[7]. References [8] and 
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[9] introduced capacity pricing models for pumped storage participating in spot and an-
cillary service markets to improve pricing accuracy. Current research on the capacity-
pricing mechanism of pumped storage mainly focuses on electricity pricing, few studies 
examine how investment and operational factors affect capacity pricing. There is also 
a lack of research using capacity pricing to incentivize cost control and improve oper-
ational efficiency. 

Based on this, in order to guide the reasonable investment of planned pumped stor-
age power stations and incentivize operating pumped storage power stations to control 
operating costs, this paper proposes a simulation model that considers the investment 
cost pricing linkage of pumped storage power stations. 

2 Investment Cost Pricing Linkage Model 

2.1 Investment Model during the Construction Phase 

Since investment cost is not a key focus, its impact on cost and pricing is mainly re-
flected through fixed assets. The investment model for the construction stage considers 
factors like approved investment, capital investment, and long-term loan principal. 

loacap lll ＋=c  (1) 

cll ×=αc0  (2) 

In the formula, cl is the approved fixed assets investment of the power station; capl

represents capital investment; loal is the principal of long-term loans; 0cl is the original 
value of the initial fixed assets formed;αis the proportion of fixed asset formation. 

2.2 Cost Model During Operation Phase 

(1)Operation and maintenance costs 
①Material cost: 

zlQO ×=c  (3) 

In the formula, cO  represents the material cost incurred during the operation of 

pumped storage power stations; Q  is the installed capacity of pumped storage power 

stations; Cl  is the material cost quota. 
② Employee compensation: 

RlO zZ ×=  (4) 
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γ×= zOO
l

 (5) 

In the formula, zO represents the total salary of the staff on duty during the opera-

tion phase of the pumped storage power station; lO  is the salary and welfare expenses 

of employees in the operation stage of pumped storage power stations; zl  is the salary 
standard for employees on the payroll; R  is the number of personnel assigned to the 
power station; γ  is the salary and welfare rate. 
③ Repair cost: 

( ) mm llO c ××= α  (6) 

In the formula, mO  represents the annual repair cost of pumped storage power sta-

tions; cl  is the fixed assets investment of the power station; α  is the proportion of 

fixed asset formation; ml is the repair rate. 
④ Outsourced electricity bill: 

ininu pQO ×=  (7) 

In the formula, uQ  is the pumping electricity fee of the pumped storage power sta-

tion; inQ  is the pumping capacity of the pumped storage power station; inp  is the 
pumping electricity price. 
⑤ Insurance premium: 

( ) bc llO ××= αb  (8) 

In the formula, bO  represents the annual insurance premium of the pumped storage 

power station; bl  is the insurance premium rate. 
⑥ Other expenses: 

ee lQO ×=  (9) 

In the formula, eO  represents the annual other expenses of the pumped storage 

power station; el  is the quota for other expenses of the power station. 
(2)Depreciation charge 
The depreciation cost calculation formula for pumped storage power stations is as 

follows. 
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( ) ( )[ ] dcd NlO /1 πα −××=  (10) 

In the formula, dO  is the annual depreciation expense; π  is the residual value 

rate; dN  is the depreciation period. 
(3)Financial expenses 
Financial expenses are calculated as follows: 

lloaS NlLL /−=  (11) 

rLOf ×=  (12) 

In the formula, fO
 represents annual financial expenses; L  Initial loan balance; 

SL  is the previous year's loan balance; lN  is the repayment period; r  is the annual 
loan interest rate. 

2.3 Pricing Model During the Pricing Stage 

The calculation of the station capacity tariff is shown below: 

( )
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 (13) 

In the formula, tCI  represents the cash inflow in year t; tCO  is the cash outflow 
for year t; i  is the internal rate of return on capital, taken as 6.5%; t  is the year of 
operation; n  is the operating period, taken as 40 years. 
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=  (14) 

outoutpow pQI ×=  (15) 

In the formula, powI
 represents the electricity and fee revenue for the t-th year; 

capI
 is the capacity electricity revenue for the t-th year; 40cl  is the original value of 

fixed assets at the end of the operating period; β  is the residual value rate; outQ  is 

the on grid electricity consumption of the power station; outp  is the on grid electricity 
price of the power station. 



 

 

8             C. Zhang

{
0
0/

,

,1z

＝tl
tNlOOOOOOO

CO
cap

loafebumc ≠+++++++
=  (16) 

Based on the above cash inflow and outflow calculation formulas, the capacity elec-
tricity pricing calculation formula is as follows. 

( )
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＝  (17) 

In the formula, capp
 is the capacity electricity price excluding tax; covC  is the 

capacity of the covered power plant units. 

3 SD based Investment Cost Pricing Linkage System 

 

This section uses historical data from typical pumped storage power plants and applies 
System Dynamics (SD) to construct a flow model for the investment cost pricing sys-
tem, enabling dynamic simulation analysis, as shown in the Fig 1. 

Fig. 1. Flow Chart of Investment Cost Pricing System for Pumped Storage Power Station. 

In the above figure,<Time>represents the simulation time, which is the operating 
period of the pumped storage power station. The minimum value is 6 (cost monitoring 
has been conducted from 2015 to 2020, which is a historical value), and the maximum 
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value is 40, with a step size of 1< The operating year>is the pricing time point and 
belongs to a constant variable. 

4 Case Studies Analysis 

Set up four types of analysis scenarios to dynamically analyze the future operation sit-
uation and capacity electricity price level of typical power plants. The scenario settings 
are shown in the following figure. 

Scenario 1: The sixth year of operation, which is the analysis scenario in Section 4.2. 
Scenario 2: The 16th year of operation, which is the pricing scenario in 2031. 
Scenario 3: The 26th year of operation, which is the pricing scenario in 2041. 
Scenario 4: The 36th year of operation, which is the pricing scenario in 2051. 
Taking cash outflow as an example, simulation was conducted on the changes of 

various variables in different scenarios, and the results are shown in the Fig 2. 

 
Fig. 2. Dynamic simulation results of cash outflow and its related variables. 

The simulation results of capacity electricity prices for each scenario are shown in 
the Table 1. 

Table 1. Dynamic Analysis Results of Capacity Electricity Pricing. 

Scenario One Two Three Four 
Capacity based electricity 

price (excluding tax) 
504.359 532.361 531.762 532.015 

The 0.37% difference between Scenario 1 and the nuclear price of 502.50 yuan/kW 
in Document No. 533 confirms the model's accuracy. Compared to Scenario 1, capacity 
electricity prices in Scenarios 2, 3, and 4 increase by about 28 yuan/kW, mainly due to 
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rising on-grid electricity consumption. According to the "Method for Determining 
Pumped Storage Capacity Electricity Prices," capacity electricity fees are calculated by 
dividing the annual average income by total installed capacity. As off-grid and on-grid 
electricity prices are closely linked, increased consumption raises both cash inflows and 
outflows. With unchanged estimated capacity fees, the 20% rise in consumption fees 
significantly drives up capacity electricity prices. In Scenarios 2-4, after 16 years of 
operation, the capacity price remains relatively stable, showing a small decrease fol-
lowed by an increase. 

5 Conclusion 

This article considers the linkage relationship between investment, cost, and pricing in 
pumped storage power plants. It constructs investment models for the construction 
phase, cost models for the operation phase, and pricing models for the nuclear pricing 
phase. Through system dynamics, an investment cost pricing linkage flow diagram is 
constructed. Finally, a simulation analysis is conducted using a pumped storage power 
plant as an example. The research conclusions are as follows: 

(1) The simulation of the investment cost pricing linkage system for the operational 
pumped storage power station has good authenticity and can accurately reflect the 
changing trends of various variables, fitting well with the degree of variable level 
changes. 

(2) The constructed model can dynamically simulate the next cycle of power plant 
capacity electricity price and the numerical levels of various variables based on the 
nuclear price cycle, providing reference and guidance for pumped storage power plant 
managers to adjust operational strategies and strive for electricity price space. 
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