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Decoupling modeling and quantitative evaluation of multidimensional value of
hydropower based on substitution benefits
PAN Jie', XIANG Mingxu', YANG Zhifang', WEN Xu? YU Juan', ZHOU Quan’
(1. State Key Laboratory of Power Transmission Equipment Technology (Chongqing University), Chongqing 400044, China;
2. Southwest Branch of State Grid Corporation of China, Chengdu 610041, China)

Abstract: The premise for the electricity market to effectively allocate resources is its ability to fully recognize resource
value. However, existing valuation methods struggle to reflect the real multidimensional value of clean energy within the
power system, resulting in a mismatch between market revenues and the actual value it contributes. To address this issue,
this paper focuses on regulated hydropower units and proposes a decoupling modeling and quantitative evaluation method
for multidimensional value of hydropower based on substitution benefits. First, the value of hydropower units in low
carbon emissions, flexible regulation, and power supply is analyzed, along with its alignment with market revenues. Then,
a decoupling and quantitative evaluation framework is proposed based on substitution benefits, representing hydropower
units” multidimensional value through system cost variations resulting from its integration. Comparative scenarios are
designed to facilitate decoupling and quantification of hydropower units’ value. Subsequently, a time-series production
simulation is conducted to capture market participants’ dynamic operational behavior and system cost changes under
different scenarios, enabling the quantitative characterization of hydropower units’ multidimensional value. Case studies
based on real power grid data illustrate that the multidimensional value of hydropower units is closely related to their operating
conditions and system operation status, with significant variations across different scenarios. However, current market
mechanisms fail to effectively reflect these value differences, providing insufficient incentives for high-performing hydropower
resources. The relevant analysis results provide support for the improvement of market mechanisms.
This work is supported by the Young Scientists Fund of National Natural Science Foundation of China (No. 52307082).
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Fig. 1 Overall framework of assessment for value of

hydropower based on substitution benefit
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Table 1 Parameters of thermal power and hydropower units

WL EHNEE/MW /M JI/MW I E Z /(MW /h)
Gl 63 20 30

G2 40 10 22

G3 32 8 15

G4 24 6 12

G5 16 4 12

G6 16 4 10

HI1 80 0 80

H2 40 0 40

H3 40 0 40
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Table 4 Environmental value of each clean energy

unit per | MWh generation

Table 2 Scenarios setting for environmental value assessment s ARG, ARy AR IR
b Gyt B ) It MWh  ME/(T/MWh)
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Table 3 Scenarios comparison and purpose for

environmental value assessment
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Fig. 3 Carbon emission costs of systems in different scenarios
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Table 5 Additional scenarios setting for flexibility value assessment
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Table 6 Scenarios comparison and purpose for

flexibility value assessment
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Fig. 4 Costs of system flexibility deficiency in different scenarios
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Table 7 Additional scenarios setting of simulation cases

for power supply scarcity value assessment
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