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Fig.1 Typical framework of shared energy storage

towards renewable energy accommodation scenario
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Comprehensive evaluation of shared energy storage towards new energy
accommodation scenario under targets of carbon emission peak and

carbon neutrality
QIU Weigiang',WANG Maochun®, LIN Zhenzhi', YANG Li',WANG Lianfang’, SUN Jianying’
(1. College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China;
2. State Grid Qinghai Electric Power Company, Xining 810008, China)

Abstract: Driven by the carbon peak and carbon neutrality target,SES(Shared Energy Storage),as a novel
business mode combining energy storage technology and shared economy principle,has the potential to play
an important role in the new energy accommodation scenario. However, how to evaluate the development
and operation of SES business mode is still lack of unified evaluation standards and methods. Therefore,
the basic elements of SES business mode in the new energy consumption scenario are analyzed,the compre-
hensive evaluation index system of SES is designed, and the definition and connotation of each index in
the index system are summarized in detail. Then, the fuzzy analytic hierarchy process is used to assign
weights to indexes, and the horizontal comparison evaluation between different evaluation schemes and the
vertical comparison evaluation between evaluation scheme and target scheme are realized by designing target
scheme and adopting improved TOPSIS(Technique for Order Preference by Similarity to an Ideal Solution).
Finally,the actual data of a SES trading pilot is taken as an example to analyze and verify that the designed
index system can effectively reflect the operation status,existing problems and changing trends of SES.

Key words:shared energy storage;carbon emission target;new energy accommodation;comprehensive evalua-

tion index system;fuzzy analytic hierarchy process; TOPSIS;business modes
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Design and comprehensive evaluation of wind-thermal power coupling
multi-energy system based on hydrogen energy
YUAN Tiejiang', GAO Lingyu',XIE Yongsheng’,ZHOU Zhuan’
(1. School of Electrical Engineering,Dalian University of Technology,Dalian 116024, China;

2. State Grid Xinjiang Electric Power Co.,Ltd.,Urumqi 830011, China)
Abstract: In order to improve the deep peak shaving limit of thermal power units and tap their potentials
to improve the consumption capacity of new energy, a wind-thermal power coupling multi-energy system
based on hydrogen energy is constructed. The design framework of wind-thermal power coupling multi-energy
system is established,including design principle, system composition, evaluation index system,etc. The overall
structure of wind-thermal power coupling multi-energy system supported by affluent wind power producing
hydrogen is proposed. Considering the four influence factors of economy,energy utilization, “double carbon”
target and reliability, the multi-scale evaluation index and its mathematical model of wind-thermal power
coupling multi-energy system are proposed,and the weight proportion of each index is determined based on
fuzzy analytic hierarchy process entropy weight method. Taking the structural design of the proposed wind-
thermal power coupling multi-energy system in an area as an example, the effectiveness of the proposed
method is verified,which provides a certain reference for practical engineering construction.
Key words: wind-thermal power coupling multi-energy system;peak shaving;hydrogen energy;system design;

comprehensive evaluation
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Table A1 Provinces issuing policies on supporting energy storage facilities for new energy power generation projects
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Table A2 Construction price of benchmark energy storage project
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Table A3 Values of basic indices

HE
EizL7N A H Y H Wi H Y H Wi H Wi H A H Y H A Wi H A H i H
1 2 3 4 5 6 7 8 9 10 11 12
In/it 15627 11797 10531 17114 9693 8788 9870 10067 11466 12925 14623 12814
Li/% 21.82 7.97 -10.03 3.92 -5.33 -4.67 20.35 13.04 31.25 26.93 19.84 3.46
sl 10 14 15 8 15 17 14 13 11 9 7 8
Tin/% 100 100 100 100 100 100 100 100 100 100 100 100
T/
27.50 20.17 19.26 31.14 17.37 15.42 16.98 17.98 20.39 23.18 25.61 22.20
(MW-h)
Tt 732.63 55452 49544  806.83  457.06 41441 46539 63132  886.66  999.50 1130.5 988.16
Tnal% 0.63 0.63 0.59 0.55 0.51 0.48 0.47 0.62 0.75 0.74 0.73 0.72
L 10000 10000 10000 10000 10000 10000 10000 6269 5241 5241 5241 5241
b 154.97 15497 17195 16727  150.61  140.06 13490 13070  127.56  125.06 121.45 118.86
Ion/% 100 100 100 100 100 100 100 100 100 100 100 100
Ionl% 100 100 100 100 100 100 100 100 100 100 100 100
Insl% 3.81 3.81 3.48 3.13 274 2.68 2.33 2.30 2.55 1.68 1.94 1.37
Dai/% 13.36 10.27 9.21 14.94 8.67 7.52 8.63 8.70 9.88 12.40 12.50 11.24
bnl/%  44.05 36.28 11.41 7.54 8.37 18.09 27.70 328 3.03 3.11 5.13 11.51

5133/% 0.65 0.39 0.35 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.77
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Table A4 Fuzzy judgment matrix of low carbon benefit indices
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el s

(1,1, 1)
(1,1, 1)
(1,1, 1)

(1.5,2,2.67)
(1.33,2,2.5)
(0.25, 1, 1.6)

(0.38, 0.5, 0.75)
(0.67,1,3)
(0.6,1,2)

(0.21,0.25,0.3)
(0.27, 0.33,0.43)
(0.375, 0.5, 0.67)

(0.38, 0.5, 0.67)
(0.4,0.5,0.75)
(0.63, 1,4)

(1,1, 1)
(1,1, 1)
(1,1, 1)

(2.33,3,3.5)
(2.5,3,3.67)
(2.33,3,3.67)

(0.38,0.5,0.75)
(0.63,1,5)
(0.57,1,3)

(1.33,2,2.67)
(0.33, 1, 1.5)
(0.5,1,1.67)

(0.29, 0.33, 0.43)
(0.27,0.33, 0.4)
(0.27, 0.33, 0.43)

(1,1, 1)
(1,1,1)
(1,1, 1)

(0.36, 0.5, 0.75)
(0.38, 0.5, 0.67)
(0.6, 1,3)

(3.33, 4, 4.67)
(2.33,3,3.75)
(1.5,2,2.67)

(1.33,2,2.67)
0.2,1,1.6)
(0.33,1,1.75)

(1.33,2,2.75)
(1.5,2,2.67)
(0.33,1, 1.67)

(1,1, 1)
(1,1, 1)
(1,1, 1)
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Table A5 Value range of shared energy storage evaluation indices and
index values of target scheme

k=g HUH G ok HAREUME R EMEUE  fRARER
I/ 7t [0, 100000], 30000 20000 2 o
hi/% [-100, 1000]. 20 30 2 o
Lis/a [1, 100]. 5 7 JRATY
Lot/ % [0, 100] 100 100 2 o
L22/(MW-h) [0, 100]. 40 30 2 o
L/t [0, 10000]. 1000 500 2 o
124/ % [0, 100]. 5 2 I & 2
b (0, 10000] 1800 3000 JRATY
b (0, 10000] 100 100 JRATY
D21/ % [0, 100] 100 100 2 o
D2/% [0, 100] 100 100 2 o
D23/ % [0, 100] 50 10 2 o
D31/ % [0, 100] 40 20 2 i
D32/ % [0, 100] 80 60 2 o
I3/ % [0, 100] 10 5 Ii] & 2
R A6 FHHBRTRIIREMR
Table A6 Ideal solutions under short-term target
bt PR GORAEAR | feAr IERAEAR SUMARM
In/7t 20000 0 b2 100 10000
1112/% 31.25 -100 121/% 100 0
Lis/a 7 100 122/% 100 0
1121/% 100 0 123/% 10 0
L/
(MW b 30 0 131/% 20 0
s/t 500 0 D32/% 60 0
1124/% 2 100 133/% 10 100
b 3000 10000




