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ABSTRACT: Rationally optimizing and allocating the wind,
solar, and storage capacities at the desert-wasteland-Gobi
renewable energy base is a crucial foundation for achieving
efficient outbound transmission and reliable power supply
support of the base's renewable energy. A multi-objective joint
planning method for the capacities of wind, solar, and storage
based on a bi-level time-sequential simulation optimization
model is proposed, which considers the low-carbon, economic
aspect of investment, and the adequacy of power supply. The
upper-level optimization model aims to maximize renewable
energy generation and minimize the total investment cost of
wind, solar, and storage, considering constraints on the
installed capacity of these resources. The lower-level
optimization model aims to meet the peak evening demand of
the receiving grid as its optimization objective, considering the
coordinated operation constraints of renewable energy,
conventional power sources, storage, and ultra-high voltage
direct current, and achieves source-storage-grid coordinated
operation optimization through annual 8760-hour sequential
production simulation. The upper model uses the NSGA-II
algorithm for multi-objective optimization solving, and the
lower model, based on the input parameters from the upper
model, performs operational simulations and feeds the
renewable energy absorption back to the upper model. Iterative
solving yields the Pareto front, from which the optimal
configuration capacity of a large-scale renewable energy base

that balances economic, low-carbon, and sufficient power
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supply considerations is selected using the ideal point method.
Based on a simulation test at a renewable energy base in China,
the case studies verify the effectiveness of the proposed multi-

objective optimization model.
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Fig. 1 Structure of the multi-objective optimization bi-level planning model
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Fig. 2 Relationship between thermal power output and
carbon emissions
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Fig. 3 Pareto frontier results of multi-objective
optimization
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Fig. 4 Seven days of power generation operation curve

3.3 ZHEMRMHERIEIE

NS TER IR 2 H AR T iR 1A Rk, K P
FEHINE SR A RN BB 2 DR H
PR HBEAT XS AT e B H AR IR AL R Y 2 R
FAHE T EOACBREEAL 1, 5B edR 5 il re 3
PUERVEH 2R, HAb A5 S XUR I — 2.
RN T AEMMAEES R, BB RN E
PRI, FEHERERIUN 0 IZRT, BCE RGBT RedR
HUBRE RN, AR SGHC B F A BN, 53
37 S EE 2R G0 5B ARG, (H R HE R
Ky BRI R S A R, TovEFRmB 5K
A B R BRHPCE N ARt O

wANHBRT, RGO 0, HECE KX
BERE, HBGRAR K ERRHCR S T 2
Mst. Z AARALTH RS R BES AL IRIE R GRS E
PLHRTET BEVRANE AN TR IEOL T, R T Resh i
RROGHE BB RA A K B HERCR, JF H HARSE R
S SRR RN, 5 EAREE SR L
WELH T RIS

R4 feor TR % s RUR AT A& GE 1
Z HIsIMBLERIACEC B S5 R . 2 HARINBLZoK (it
HLGR I B BB A Brae i R S B Rt
ATINBGRA, Forf, BUEAE 1 HE R ER T
SR RN B RS, AU G 2 K S RIAUE IR T 4%

*3 AEIBfRERH THHEERSHERERR

Table 3 Configurations of renewable energy and energy storage under different objective functions
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Table 4 Comparison between bilevel optimization and multi-objective weighted optimizations
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Fig. 5 Comparison of power supply gap distribution
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Table 6 Distribution of power supply gaps under different
minimum export powers during evening peak load
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