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Abstract: In order to ensure the minimum carbon emission and optimal power distribution of the hybrid
energy storage microgrid under the constraint of carbon footprint, a distributed coordinated control algorithm of the
hybrid energy storage microgrid under the constraint of carbon footprint was proposed. Based on the whole life
carbon footprint of mixed energy, the distributed coordinated control objective function of hybrid energy storage
microgrid with minimum carbon emissions and optimal constant volume of mixed energy was constructed, and the
constraint conditions were determined. On this basis, combining with the uncertain characteristics of hybrid energy
storage microgrid, the objective function was rewritten to form a two-stage brodding optimization and coordination
control model. Adopting column and constraint generation algorithm to solve the model, obtain the optimal solution
of the objective function. The test results show that, after the application of this method, the carbon footprint
coefficient is lower than 9.0, the power distribution result of ultracapacitor is about 4.8 MW , the maximum value of
network loss power and maximum voltage deviation is 0.42 MW-h and 0.067 V respectively. The indirect and direct
carbon emissions are significantly reduced, and the charged state of the hybrid energy storage system is effectively
improved.
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Fig.1  Structure of a hybrid energy storage microgrid
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Fig.2 Carbon emission ratio of renewable energy
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Fig.6  Life cycle improvement capacity of energy storage system
A TR 5 FE 6 B 45 3R /T, A S5 i
YR, BEAS A RCH i 454~ n] A BE DR B4 v 6 1y
T APy 5 AT A R AR L % B0 D R 45 22, LAt
FETHE G RE R M Az s 2 v, AT R IR
RAERE R G IFIRCR IR AR RE SR Y

e A ES 3 5 o P A R R o i i
Mo ARSH , LA 58 0 4545 3 s it se i R A B
A TR R D AR A B R B A L BT T




B, B R 2 R T 09 RARE AR RO T A X WA 4 Ok

WA AR 20245F H 544 Ko

WA AR A RN, AR T TR S RE R GE R AT R

3

HARTHE B RERUE AR E 81T, S BRI

R i, A SO R e A 8 i ) 20 RO BROTR 5 it
REAWL A 0 A DI A 42  S 0% i Bk AR R
/N O H bR, BEAT IR Al BE R R I Y P 4%
il o MHAZE SRR AR S5 N ROCR R4
B 58 WA 1> TP A= RE IR A= i JoT 300 ) 451 3R
R A BB A s BT R B B A L
R AR TR A AR BE R RO A B HE R, A e
THTIRAERE R SR AT HUIRZS

S 3k

WlE 220 A SR A5 TR B A I -2 AU IT RS Y L
106 2B POk R R ST, T A LT AR A
2022,42(1):164-177.

YANG Ting, JIANG Han, HOU Yucheng, et al. Study on car-
bon neutrality regulation method of interconnected multi-data-
center based on spatio-temporal dual-dimensional computing
load migration[J]. Proceedings of the CSEE, 2022, 42(1):164-
1717.

FIEREY AR AR A S IR G AR RE LRI I R e
R o) MR (D). P ) FR e M H Ak R, 2021, 33(8)
102-108.

LU Jinling, ZHANG Wei, ZHANG Xiangguo, et al. Coordinated
control strategy for photovoltaic micro-grid system with hybrid
energy-storage[J]. Proceedings of the CSU-EPSA,2021,33(8):
102-108.

sk, A KR, A L B  RRE A ST RO ) 22 ] RUBE
B SR )], BRACH 7, 2020,37(1) : 74-82.

ZHANG Chi, ZENG Jie, ZHANG Wei, et al. Multi-time scale
coordination control strategy of isolated microgrid with hybrid
energy storage[J]. Modern Electric Power,2020,37(1):74-82.
i JE s TSR 38 4 5B el 5 58 5 1 3 A 2Ok
R HLRA S LT 1T A, 2020,41(6) :85-92.

HE Houyu, HE Huaqin, WANG Qian, et al. Cost sharing of dis-
tributed photovoltaic power generation considering carbon foot-
print and transactions[J]. Electric Power Construction,2020,41
(6):85-92.

KL, BT R, S R B R A AR R
T o0 A A RE D A0 722 1 SR [J]. 8 I R, 2020, 44 (5)
1705-1713.

ZHANG Buyun, WANG Jinning, LIANG Dingkang, et al. Opti-
mization control strategy of distributed energy storage in auto-
nomous microgrid cluster on consensus algorithm[J]. Power Sys-
tem Technology,2020,44(5) : 1705-1713.

A, EEUN, 0,5 T 02 R B9 T TR A A RE

[10]

[11]

=
e}
fd

[13]

PRI AR MR FE 0. R P BE2], 2021, 42(3) :235-242.
ZHU Yangyan, WANG Zhijie, WANG Hong, et al. Research on
hierarchical control of micro power grid hybrid energy storage
coordination optimization strategy[J]. Acta Energiae Solaris Si-
nica,2021,42(3):235-242.
SRECUE B, 5 L5 T ARG RIS Y 2 B
TR ICH TR it B 2 DL AR IRC B2 (D). o L R R, 2020,
46(2):527-537.
GUO Lingjuan, WEI Bin, HAN Xiaoqing, et al. Capacity opti-
mal configuration of hybrid energy storage in hybrid AC/DC mi-
cro-grid based on ensemble empirical mode decomposition[J].
High Voltage Engineering,2020,46(2) :527-537.
AR AR, BT A SR TS B U RO AR R R R
AR R L. T, 2021,42(9) :96-104.
LIU Zhijian, LI Xiaolei, LIANG Ning, et al. Control strategy of
hybrid energy storage for photovolatic microgrid applying feed-
forward active disturbance rejection[]J]. Electric Power Con-
struction,2021,42(9) :96-104.
FRAG BRI TR AL 1 RO T 2R R
Y00 2 UM R T3 11 TR A 4], 2020, 35(5)
1140-1151.
GUO Wei, ZHAO Hongshan. Coordinated control method of
multiple hybrid energy storage system in DC microgrid based
on event-triggered mechanism[J]. Transactions of China Elec-
trotechnical Society,2020,35(5): 1140-1151.
BN MR, FEAZ A R T AR AR TR 10 2 il RE RO R
Z 0 BR AR I O ALV BE (). o [ L T, 2021, 54(7) - 166~
177.
LI Xianshan, CHEN Aobo, CHENG Shan, et al. Multi-agent co-
ordination and optimal dispatch of microgrid with CES based
on ecological game|J]. Electric Power ,2021,54(7):166-177.
ToRE, SRIGESE, 0 55 5L T i BRI SR I S
W93 J2 P s [, v R 5 R 2441, 2020, 35(6) £ 68—
75.
YU Huiqun, ZHANG Xiaodan, LI Zengfeng, et al. Research on
hierarchical control strategy of island micro-grid based on power
quality grades[J]. Journal of Electric Power Science and Tech-
nology ,2020, 35(6):68-75.
VR X . BE T IR U B TR] B B R 5 ik e
iAo B AR (). AT REIR , 2022,40(4) : 550-557.
TANG Min’an, LIU Xilin. Hybrid energy storage power alloca-
tion strategy for microgrid based on second-order variable filter
time constant[J]. Renewable Energy Resources,2022,40(4) :
550-557.
EORAT R0 AR, 5 T SRR TR St AR Y B )
B AR A O A D) i SR W B ST, I 53R, 2022, 59
(6):1-11.
CAO Langheng, ZHENG Feng, LIN Xiangqun, et al. Research
on seamless switching control strategy of micro-grid operation
mode considering hybrid control algorithm of energy storage[J].
Electrical Measurement & Instrumentation,2022,59(6):1-11.
(F#%9%6M)
21



wAtk 20245 FS54E FoM MR, A R T MR AT AR 0 Rk 32 i X FAR AP AT R
105-108. current differential protection of outgoing transmission line em-
HAN Aoyang, ZHANG Zhe, YIN Xianggen. The simulation re- anating from inverter-interfaced renewable energy power plants
search on the characteristic of fault current of doubly-fed induc- [J]. Automation of Electric Power Systems,2017,41(12) : 100—
tion generator[J]. Journal of Huazhong University of Science 105.
and Technology (Nature Science Edition) ,2009,37(9) : 105- [10] B, a0l , X 5B, 48 | 5Ll iAm R 22 19 45 JRC )
108. LR h R RAL TR, 2016,36(11) :2927-2934.

(4] B, AHEHE, S0, S5 RS KU ML 2 R 2 2 DUAN Jiandong, CUI Shuaishuai, LIU Wuji, et al. Line protec-
FEVE M L gi A A SR 0], HE R, 2016,40(5) : 1422— tion based on current frequency difference for active distribu-
1430. tion network[J]. Proceedings of the CSEE,2016,36(11):2927—
ZHAO Hongbo, TANG Haiyan, ZHANG Wenliang, et al. Tran- 2934.
sient characteristics research and integrated control strategy of [11] Bt WRs, i, 55 . T W 0 s el D 11 7 DFIG T Hy
DFIG for zero voltage ride through[J]. Power System Technolo- LR T 1)), P E AL TR A4, 2020, 40(6) : 1915-
2y,2016,40(5) : 1422-1430. 1924.

(5] Beigk, XM, BEEe i, &5 . HLA I H R 2 ki 7 A XU XL DUAN Jiandong, CHEN Tong, SHANG Di, et al. Current atte-
FiLBL 2 W B 8 S R 2 M [T, F T RGP S 4T, 2013, nuation factor based line protection scheme for distribution net-
41(2):26-31. work of DFIG wind power integration system[]J]. Proceedings of
BI Tianshu, LIU Sumei, XUE Ancheng, et al. Fault analysis of the CSEE,2020,40(6):1915-1924.
doubly fed induction generator wind turbines with low-voltage [12] RELE, FRE, HE Y, % 38X R G000 i
ride-through capability[J]. Power System Protection and Control, HOPUB VAR T ER D], R 4% R, 2016,40(11) :3580—
2013,41(2):26-31. 3585.

[6] 1%, 5k4r, TR, 45 . Sonlist KU HLA il ) RGT R SONG Guobing, WANG Chenqing, TANG Jisi, et al. Novel pi-
BTSN B TR AR ¥Rk ,2016,31(1) : 14-23. lot protection based on time-domain model identification for
XIAO Fan,ZHANG Zhe, YIN Xianggen, et al. The fault calcu- wind power integration[J]. Power System Technology, 2016, 40
lation method of power systems including doubly-fed induction (11):3580-3585.
generators|J]. Transactions of China Electrotechnical Society, [13] T, K. S F BB AR A 4 1 19 & DG BE HL ) [ 335 R 7 7]
2016,31(1):14-23. UL PR 5 SR W) A Sk, 2018,38(1) 1 1-9.

[7] PNARFS , FHEEAS . 31 K Crowbar 45 AT 8] 52 05 14 X045 2% 07 JRL MA Jing, LIU Jing. Adaptive directional current protection
1% A A AL LS T 254, 2020,24(6) scheme based on steady state component in distribution net work
9-15. with DG[J]. Electric Power Automation Equipment,2018,38(1) :
SUN Liling, YIN Sijie. Research on transient full process of 1-9.
doubly-fed induction generator considering Crowbar protection [14] Ee Rk, 2=, 0ORE 45 JL T 245 B IR DT AR DG P B e
insertion[J]. Electric Machines and Control, 2020, 24 (6) : 9- TR0 26 2R B NI A4 (0], b B ML T FE 24402, 2018, 38
15. (7):2012-2019,2216.

[8] TELUKUNTA V, PRADHAN J, AGRAWAL A, et al. Protec- BI Tianshu, LI Yanbin, JIA Ke, et al. Transient current wave-
tion challenges under bulk penetration of renewable energy re- form similarity based pilot protection for transmission lines con-
sources in power systems: a review[J]. CSEE Journal of Power nected to renewable energy power plants[J]. Proceedings of the
and Energy Systems,2017,3(4) :365-379. CSEE,2018,38(7):2012-2019,2216.

(9] ZEE, PR, SRR, 5 U2 SR I R R RE IS

UK AR B TR B LR SR LD RS A Bk, 2017, 41
(12):100-105.
LI Yanbin, JIA Ke, BI Tianshu, et al. Adaptability analysis of

Wik H 41:2022-11-01
ek H . 2022-12-07

333IFIFIFIFIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIIIFIIFIIFIIIIFIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIBIIIIIIIIIIIIIIBIBIBIB >

(EBF217)
[14] T R4, 2R . 1R A WAl T4 0 rh 190 30 5 30 s e s F

FEI1 HL LA A JC U M, 2020, 41 (4) : 215-220.

WANG Minhua, LI Fengxia. Study on control strategy of hybrid
energy storage used in stabilization power fluctuation of mi-
crogrid[J]. Power Capacitor & Reactive Power Compensation,

2020,41(4):215-220.

[15] BEA, RRIA, 265 BT 2 M2 1R A A e R G0 RE

96

LML) LT R, 2020,37(9) :88-92.

YANG Yanjie, CHEN Yuruo, TANG Shengxue. Energy mana-
gement mode of hybrid energy storage system based on neural
network algorithm[J]. Computer Simulation, 2020, 37(9) : 88—
92.

Wk H 191:2022-08-03
ek H 9 :2022-10-26





