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Research on the Operation Optimization of a Multi-energy Complementary
System Considering the Staircase Carbon Trading Mechanism

MA Rui', HAO Xiaoguang', LI Jianfeng', CHEN Heng’
(1. State Grid Hebei Electric Power Research Institute, Shijiazhuang, China, Post Code; 050021 ;
2. School of Energy, Power and Mechanical Engineering, North China Electric Power University, Beijing, China, Post Code: 102206 )

Abstract: To enhance energy efficiency, improve operational flexibility of equipment, and further reduce
the carbon emissions of the system operation, a low-carbon economic operation strategy was proposed.
First, the multi-energy complementary system was integrated into the carbon trading market, and a hier-
archical carbon trading mechanism was introduced to guide the system in controlling carbon emissions.
Then, renewable energy generating units were integrated into the multi-energy complementary system,
and a pumped storage system and thermal power generation system were introduced to assist in power dis-
patching and increase the accommodation capacity for renewable energy. Finally, the cplex solver was
used to derive a low-carbon operation scheduling strategy based on predicted loads and operational con-
straints of various units. The results indicate that under the influence of the carbon trading mechanism,
system carbon emissions can be reduced by optimizing operational strategies. Additionally, the pumped
storage system can be introduced to improve the multi-energy complementary system, and to enhance the
capacity of renewable energy accommodation.

Key words: pumped storage energy, wind power, photovoltaics, renewable energy accommodation, car-
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Tab. 1 Time-of-use electricity pricing for the

system (yuan/(kW-h))
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Tab.2 Operating parameters of each generation unit
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4.2 BITRULERSR

Bk 52 i Jee 3l i 8 575 T O B HE ORI e Ve
A T X BRHE TROSCHE AT 5 S DA T 3 142 ) — S Ak
B A SE Hy L, FERR S Zh LG = T, m] DL
R V- L e B BE TR B A (L, SR A AU
AR HE ML, (XU BORAF RIS . S pPAl B b 2C
TS Sy HL B AT 80, 4% 7 PRSI 5, OF il
A E M RRES HHERI BT T, Mo E
B AR RV RS ) ML 75 % 2 BE B AN R G0
SPris AT MBEROK 7 A 520
Yt 1, ZREE AN RGEA F B AL 5y 15

Wi , 2 R A I w7 A 5 K iR, i
2 GIAB B B 5E 5y ML, 78 25 1818 47 BUA 1 [ i
WE T ERRHORA | USSRy B AR eR 8T
.,

Y 1 A & a R, DL 2 T G
HbR, ZHEHLAE N Ty, B3 Wi 1 h &R )
R LT B 2k, I 4 Sh 35 1 ok E e

4000
3500
3000
N
N NN
. 2500 —al=mll
£ 2000 NNEA %ﬁﬁ
= NS (8 N
£ 1500 P
= 1000 gz dimem BN NN
500 1l x N
0 A e |
_500_ 1 T 1 1 - 1 1
0:00 4:00 8:00 12:00 16:00 20:00 24:00

A %

B3 %51 HERFEHANRERE
Fig. 3 Optimal scheduling output of each device

in scenario 1
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in scenario 2
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Fig. 6 Optimal scheduling of pumped storage

energy state in scenario 2
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in scenarios 1 and 2
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