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Operation optimization strategy for multiple microgrids with shared energy storage considering
multi-utilization of hydrogen and green certificate-carbon joint trading mechanism
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Engineering Laboratory for Rail Transit Electrical Automation (Lanzhou Jiaotong University), Lanzhou 730070, China)

Abstract: This paper focuses on the coordinated operation of multiple microgrids (MMG) connected via shared energy
storage (SES) to realize energy interaction across microgrids. An MMG-SES operation optimization strategy taking into
account the multiple utilization of hydrogen energy and green certificate-carbon trading is proposed. To increase the
proportion of wind and other renewable energy consumption and achieve low-carbon system operation, a hydrogen model
of multiple utilization and the GCT-CET (carbon emission trading-green certificate trading) mechanism are introduced.
By quantifying the carbon emission reduction value of green certificates and allowing market players to offset carbon
quotas with the emission reduction of green certificates, the synergy between the green certificate market and the carbon
trading market is realized. On this basis, an MMG-SES cooperative operation model is constructed and equivalently
transformed into two subproblems: minimizing cooperative cost and maximizing trading tariff, which are solved by the
alternating direction method of multipliers (ADMM). Case study results show that the proposed model effectively reduces
the operating costs of microgrid systems and shared energy storage power stations, enhances new energy consumption
capacity, reduces carbon emissions, and realizes efficient energy use and low-carbon economic operation.
This work is supported by the National Natural Science Foundation of China (No. 52167013).
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Fig. 2 Microgrid energy circulation framework
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Tablel Comparison chart of plans
TR EMER SARZAE RIS B H-RIERS

1 N x x x
2 V v x x
3 V V V x
4 V J V \
5 x V J N
R2 FRBAEILLER
Table 2 Comparison of cost result of plans
JG
i P X i MGl MG2 MG3 23 255}
A A A A A
1 =779.69 2935635 1537331 6116.19 50 066.17
2 -950.00 28922.57 14 565.26 5833.58 48371.42
3 -978.05 28 738.75 14 457.02 5706.01 47923.74
4 —984.13 28674.56 14 391.85 5614.07 47 696.35
5 0 2965123 15365.01 6568.29 51584.53
* 3 HRBHMER L
Table 3 Comparison of carbon emissions of plans
kg
. MG MG2 MG3 CRESS
i Tl i Tl i T T JSYiSe i
1 21 862.36 11 863.21 11 011.01 44 736.58
2 21 352.54 9672.68 10 141.00 41166.23
3 21 005.50 9171.86 10 007.98 40 185.34
4 20 031.53 8647.63 9141.95 37 821.12
5 24 653.35 12 827.61 10 286.42 47767.39
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FTHLRE, X WA AR B A 1 TE H P 1) F 38
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2 MK 3 aT%0, METHEL HE2M
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FEAK T 1694.75 J0, Bk HEBCE 53 0 FEAIK 7 509.82 kg
2190.53 kg 870.01 kg, ARGt HIBKHEAEFFAK T
3570.35 kgo FEEAERE A BEE R BRAC T B0
N 21.84%. 3.38%, TN RGIAE T REEN
7.98%, YRUE T AR IR A R
5.2.2 ZRAE-BREK A AZ Gy AL A R 7 b
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Fig. 4 Total costs of GCT-CET
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5.2.3 EEAERES 5 A ER A AE ST

L2 PIEERREA, PEE R . AT
HES, HE 4% SES Z2551Ei21T, MGl. MG2
1 MG3 [ RA S AR T 984.13 JT. 976.67 JuAl
954.22 JG. & 5+ SES £ 5&1FigfT, #Hia
FTRAHN 0 76, 7% 4 1 SES HIRAEIK T 984.13
TCo AL, H SES 5 MMG ZH 5% I A A Ak i A= [
KT 3888.16 Jt. HHMLIGIE T A 1F 2R A 7E BRI
B AT AR T A R

4 BN EARTE S FT S 17] 1350 H P 0 H
L. HER 4 mIAN AHECT S 5, T 4+ MG1 Al
MG3 A C HE X SE T RE 2 ) R % T 691.98 kWh

A 1119.4 kWh, K EEJD 1 415G HL R
RERUAS . X —455RKY], Eid MMG-SES &1FigfT
7720, AR 2 1) B g SRR I RG22 B S
T, AT BEAR 1 Gl 0t A1 R 0 AR 2
X% EAR BT B e B T HRFNER

x4 BHNMEFESIERIEERENOEEE
Table 4 Power purchases from the distribution grid before and

after the cooperation of each microgrid entity

kWh
Ve MGl MG2 MG3 MMG 4% H
4 15161.08  3032.60 3912.86 22 106.54
5 15853.06  2814.87 5032.26 23700.19
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Fig. 5 SOC and net charge and discharge power curve of SES
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Fig. 9 Electric energy trading price between SES and microgrids
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Table 5 Benefit enhancement of each entity

o
ok BHBRE A1E Baby % R ai
A A A A #IHE
SES 0 1090.68  2074.81  -984.13  984.13
MGl 2965123  26978.08 -1696.48 28674.56 976.67
MG2 1536501 1289417 -1497.68 14391.85 973.16
MG3 6568.29 673342 111935  5614.07  954.22
BEH 515845 47696.38 0 47696.38  3888.19
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Table 6 Daily operation cost of each entity with two algorithms

o HIZ AT A/ G
A% ADMM H3:
SES -985.94 -984.13
MG1 28 658.13 28 674.56
MG2 14 365.02 14391.85
MG3 5608.58 5614.07
53 47 647.89 47 696.38

F 7 AMEET AR B MM B E
Table 7 Computational time of different numbers of

microgrids with two algorithms
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% C1 SES iB1T8#
Table C1 SES operation parameters

2¥ it 2 i

E,./kW 2000 Sin 0.1
S 0.9 e 0.95
s 0.95 P kW 1000

PSS kW 1000 S, 0.15
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#* 02 MG B1T8¥
Table C2 MG operation parameters

¥ HfE ZH Hfl
AP KW -100 AP KW 100
Pt max KW 600 Bt min KW 0
Fosse min kW 0 Feiip max kKW 2000
APy in kKW -400 AFyp o KW 400
Bl in KW 0 B /KW 250
AR i KW -50 AR /KW 50
Bt/ kKW 0 Bt/ KW 250
AR KW 50 AR KW 50
Py /KW 0 Py kW 800
AP i/ kW -160 AP, /KW 160
Pﬁnu,max/kw 5000 Mep 0.9
N 0.4 e 0.6
U 0.87 UN'S 0.7
e 0.45 Miire 0.55
Ann 0.58 A 2.07
Agnin, 0.6 A 1.8
Grid max KW 5000 o 0.95
M 0.96 T 0.95
o 0.96 EVS /W 200
EMS/kw 500 Ly, /(/kg) 1.4x10°
L,,/(V/kg) 1.4x10° — —
03 HittsH
Table C3 Other parameters
S Bl ¥ HfE
a,/(kg/kWh) 0.73 a,/(t/GJ) 0.102
dikg 2000 /(7T /kg) 0.56
A 0.5 p, /OB ) 50
I/ZN 5 A 0.3
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