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The cost of power generation and
energy storage

Table 1

Table 3 The hydropower generation capacity in wet and

dry periods
H B RERES/%
THEIH (£#H) 0.75~0.85
LA ZERF2H (Hi) 0.18~0.33
HoAt H 4y 0.18~0.60

s MR P ORRERTR AR AT A
13 B A /OE kW) (L (kW-h)™")
KHL 8895 3300 0.18
SH 10 2 700 0.40
7K 912 11 000 0.00
mE 710 5600 0.00
R 914 16 000 0.10
7)1
T 666 16 000 0.00
W 6371 6 500/5 500/4 200 0.00
Jefk 1651 3600/3 000/1 800 0.00
CiRl ((EET)
o — 10 500/6 000/3 200(6 h) )
x2 HBEMFEENALEES
Table 2 The adjustment ability of power generation and
energy storage
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x4 EHUMBESHLER
Table 4 The optimization results of basic scenarios

R N EHL Ak J3E HL AR/ EAIEER
KA HkW % HH/%  OokWeh) D) %
KHL 8895 442 55.8 0.321 —
KH 6371 317 20.8 0313 14.1
Jefk 1651 8.2 35 0.280 11.9

fBE 268 13 — — —
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Table 6 The optimization results of scenario 2

R 2P 2EHL AR JEE H AR/ EF Y
KA kW HH%  HH/% 00 GWhYY)  FOER%
KHL 7000 337 47.1 0.311 —
W 6371 30.7 23.5 0.277 2.9
JeAk 4188 202 9.5 0.265 6.9

fiife 3479 168 — — —
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Table 5 The optimization results of scenario 1 Table 7 The optimization results of scenario 3
MR RPNl RhE FEH A FENEFE IR BNl EHL KRR FEHLSA FEREL
KR kW % % 0o kWeh) ) /% KB kW HEH% % 0o GWhyD)  FEEE%
KHL 8205 422 54.3 0.314 — KHL 7778 395 51.9 0.312 —
W 6371 328 22.1 0.295 8.9 W 6371 324 23.0 0.207 4.9
R 1651 8.5 3.7 0.267 7.6 ek 2337 119 53 0.192 6.4

f#e 848 44 = = =

f#Ee 1792 9.1 — — —
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Table 8 The optimization results of scenario 4

HR P Nl AR JiE L AR/ FEEL
HKH TIkW % EH% 0o WhY)  FOEER/%
KL 7000 337 47.0 0.311 —
KHL 6371 307 23.6 0.201 2.1
Jefk 4188 202 9.5 0.192 6.3

fBE 3479 168 — — —
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Table 9 The optimization results of scenario 5

R P Pl kR JEE LA/ FEE
KA JTkW HH/% A% 0o (kWhYD)  FEOEE%
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Table 10 The optimization results of scenario 6
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Planning Model for Renewable Energy with Energy Storage Replacing
Thermal Power Based on Time Series Operation Simulation

REN Dawei'2, JIN Chen'2, HOU Jinming'?, XIAO Jinyu'2, DU Ershun?®, ZHOU Yuanbing'?
(1. Global Energy Interconnection Development and Cooperation Organization, Beijing 100031, China; 2. Global Energy Interconnection
Group Co., Ltd., Beijing 100031, China; 3. Laboratory of Low Carbon Energy, Tsinghua University, Beijing 100084, China)

Abstract: As the cost for wind power and photovoltaic power generation continues to decline, the economic conditions are gradually
becoming feasible for wind power and photovoltaic power to replace thermal power. At the same time, as the scale for wind power
and photovoltaic power to replace the thermal power increases, the power system needs to introduce energy storage to cope with the
increasing net load fluctuations of the power system. In order to quantify and evaluate the economy and scale for renewable energy
with energy storage to replace thermal power in a more scientific way, this paper firstly established a joint power generation and
energy storage optimization planning model based on the operation simulation of refined time series curves with consideration of the
flexibility requirements of the power system. By taking the lowest total system cost as the optimization goal and considering the
investment decision-making constraints and operation constraints, the proposed model can coordinate and optimize the capacities of
power generation and energy storage under different cost scenarios. The economic analysis process for renewable energy with energy
storage to replace thermal power is proposed. Secondly, the proposed model and method were used to optimize the power generation
and energy storage capacities for a regional power grid under three scenarios of high-, medium-, and low-cost, and the evolution
process for renewable energy with energy storage to replace the thermal power under different cost scenarios was quantitatively
analyzed. Finally, the conditions for renewable energy with energy storage to replace thermal power in varying degrees are proposed.

This work is supported by Youth of National Natural Science Foundation of China (No. 51907100), Science and Technology Project
of Global Energy Interconnection Group Co., Ltd. (N0.2700/2020-75001).

Keywords: renewable energy; energy storage; replacing thermal power; time series operation simulation; planning model
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Qinghai Energy Demand Forecasting and Development Strategy Research
under the Background of Construction of Clean
Energy Demonstration Province

LI Hongxia, ZHANG Xiangcheng, LI Fang, ZHANG Haining, LI Nan, MA Xue
(Green Energy Development Research Institute, State Grid Qinghai Electric Power Company, Xining 810008, China)

Abstract: In 2018, Qinghai Province was approved to build the National Clean Energy Demonstration Province and proposed the
"Qinghai Province National Clean Energy Demonstration Province Work Plan (2018-2020)" in the same year. The work plan takes
the greennesss, high efficiency and safety as the overall goal, and promotes the revolution in energy production and consumption, so
as to make a contribution to the clean transition of China’s energy and the construction of a modern energy system. Under this
background, a study is made on the Qinghai energy demand forecasting and clean development strategy under the background of
clean energy demonstration province construction. Firstly, the paper analyzes the current status and challenges of clean energy
development in Qinghai Province. Then, a DMDE-BPNN hybrid prediction model is established by optimizing the BP neural
network prediction model with the double mutation differential evolution algorithm. By taking Qinghai Province as an example, the
annual energy demand in typical years is forecasted, and some measures are proposed for the development of clean energy in Qinghai
Province.

This work is supported by National Natural Science Foundation of China (Research on Mechanism Design and Simulation Models
for Reducing Energy Waste of Clean Energy in China, No.71573084).

Keywords: energy demand forecast; clean development strategy; DMDE-BPNN hybrid prediction model; national clean energy

demonstration province
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