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Table 2 Pollutant discharge and treatment costs
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52 ET IGDT B A#E SR EREIGIES T

BT CP BT, SR 55 IR S AN 2
Y, BARIy 3600 5 1, 5 B ROGHT A0 E 5
5 2, G BT AN E R T 3, % B KR AN E
P s 4, 5 BOCIRA B EN B 5, BB RUEA
e YE . IGDT BB A, 35 B & 1 fin 22 X 5w, FIHL
i 2E T o, JEFERIN 0.02~0.12, BV R GEVE B
JEATE:2% ~ £ 12% 8. 18] 10 Sy & Fe/ Bl 2 M 22
TR A S RN E PR 57 T AN 2 B AR &
GV E A . W LAFE Y, B 2R G0 B A B
A, LS 22 R 7 B FL R 5 - 42 38 B sk e e
SR i 1] B AT 2R 8 1 A7 AR T 3k 3 XU, 36 5K 5 Bl
FGUVA FEIRAS I , W i 22 IR 1 FOAS B 5 A2
SN, BRI PR SR D 1] $i veh R S8 AR P T 32 9 3
TAAS

Sh A KOG AT AN S P X0 A H, 1Y) 2R 8 Y 52 ]
SCHRPEIRC KOG A AN 2 R AR R BN s Ay =
0.3 Apy =024, =0.5 0 RGLEGATEFAL ¢ U

Hep Hro

012 008 004 0 0.04 0.08 0.125,

0.7 — R 12.

ff_% \\ — i s ..1.8§f
A e 1167
Hos A : /N 46;{H
0.4 12
e 03 110 1=
e 10.8 &
oo b~ Jo.6 %
S _ Joat
RO — o2 8

0 . . : T 0

9.0 9.5 100 105 11.0

RGEATIRA/Ti TE

10 FAHEMEFZET IGDT L R3FEE
Fig.10 Comparison of IGDT results in
uncertain scenarios

LB G ia AT A f B 22 PR 1 1) A2 A S5 dn 4]
F7R o

[a—

1

e/ 1035
—.— ¢7
11.0 10.30
B 10.25
105}
§ 1020 €
10.15
10.0
10.10
9.5 0.05

0.02 0.04 0.06 0.08 0.10 0.12

Hero
(a) EFEIH LSS

100
./
—— 10.20
9571 10.15
IR
ing s
X {0.10
9.0t
10.05

0.02 0.04 0.06 0.08 0.10 0.12

(b) Bl S
B o SHEBEETFHELED

Fig.11 Changing trend of ¢ and f with deviation factor

H TR G AR @ | f S &R 22N T 5
TEARSE , B RS 132 17 P AR 28 G AN 1k
faF A Bl A R T RE 2 WA R R R AL
PR, FLZE L A R R KOG H T AR, MT H
B HLEE T o | f S ZE N T w, 20552
B HORR, T B PR SR AR 1B AT I AN E P
9 ARG R BN AL, FEIR RGBT BUAS, BLI%
M A5 R KOG 3, MT Gz A7 iAo ik
Wi/ Ile w2z 1 0.12 g fl, 15 2 & 12 frR&



57 sk A5 T IGDT By SCRERE RS ELURUM H iDL A4 B2

PERE TR MIL AR T R G5 a0, Sk 1
kg,

20
15
10

0 4 8 12 16 20 24
i A]/h
(a) SRR g

4 8 12 16 20 24
i A]/h
(b) Pl iz Hems
I SCH HL I %A 75 A X
0 SO, I it e 4R
[ 255 67 7 I MT —o— 2520 77 il 45

12 ER/HSBBTRERETHN
Fig.12 Output of each unit of the system under
robust/opportunistic model

6 it

SRS T AT IGDT (&) AR RE Y 2k T H
TR AT BERETY , I 51 A 3 FlAS [a] 1yt 2 1
TRCF PRI LA K S AN E V5t , 1 B2 A 1 5
AN 45E

(1) #LL T H— BE fERER S, &% SC IR A i
REZR G0 T LA A8 o vl P2 BE TR A4 1 0 /K-, B e
R GUsATIN AT 76 73 I HL A B3R T, SR A T
Aoy BRI 1 B4y il £, B AR 1 U6 4 225 SRR
i SR S RHRE R G A RE R G, FEAR T3
FOLE ARG A, S 1 P it om AL Bl

(2) 5IAIGDT X5 A RE A I S7 FL R
G 3 S DR AL SRE S 5 e R R XU, £ LAY HIL 2
B SIS 940 22 R 7, SR A5 19 R e 245 AN
SEEAR TR AL TR G AR A G T B AN 2 P A
FEXRGLIBAT IR IRLIE | g PSR T % AN [ 119 377
RRMERES %

AL ORI B SR R, R — 2 AR
H N SR Gl WA Z 8] B DAL IR BE BT
B 3Lk -

(1] SEFOIR, T 9%, 20, 55, b A ST R IRIRBR AL B AR 2%
BB HR S R A SRR R[T]. b AL TR 2R,

2021,41(S1) :28-51.

HUANG Yuhan, DING Tao, LI Yuting, et al. Decarbonization
technologies and inspirations for the development of novel power
systems in the context of carbon neutrality [ J]. Proceedings of
the CSEE,2021,41(S1) :28-51.

(2] 3T, BORZE, BT, 5. & mis B0 Am w0 IR i 7 e
HIRSE PEFE SR LT ], AR ,2019,43(2) :598-612.
WAN Qian, XIA Chengjun, GUAN Lin,et al. Review on stability
of isolated microgrid with highly penetrated distributed genera-
tions[ J]. Power System Technology,2019,43(2) :598-612.

[3] KIPTOO M K,LOTFY M E,ADEWUYI O B, et al. Integrated
approach for optimal techno-economic planning for high renew-
able energy-based isolated microgrid considering cost of energy
storage and demand response strategies[ J|. Energy Conversion
and Management,2020,215:112917.

[4] LV G Y,CAO B,JUN L,et al. Optimal scheduling of integrated
energy system under the background of carbon neutrality [ J].
Energy Reports,2022,8.1236-1248.

(5] PRZE, BEE, &K, 4. 25T CVaR AL o & P ) T HL 19

DAL BERTFELT]. Ml RGeS 4] , 2021,49(5) - 105-
115.
CHEN Han,TANG Zhong,LU Jiayang,et al. Research on opti-
mal dispatch of a microgrid based on CVaR quantitative uncer-
tainty[ J]. Power System Protection and Control,2021,49(5) .
105-115.

(6] IMZRE, L, oAbk, 5. 11 S i G Ay fURE 10 2 RE IRt

PIGEREDLALIEC B [T ] W) R g KO A 3l ka4, 2021, 33
(5):128-133,144.
SUN Yunzhi, JIANG Deyu,ZHANG Shenglin, et al. Optimal e-
nergy-storage configuration of multi-energy microgrid consider-
ing battery life degradation[ J]. Proceedings of the CSU-EPSA,
2021,33(5) :128-133, 144.

(7] Wb, 35 MBI, 5. T+ S8 v T it 5 A 52 Wi B9 ol 1)
HATIRBEARALLT]. AL R4, 2015,30(22) 1 172-180.
YANG Yanhong, PEI Wei, DENG Wei, et al. Day-ahead sche-
duling optimization for microgrid with battery life model [ J].
Transactions of China Electrotechnical Society,2015,30(22) .
172-180.

(8] Tk B, b, 564, 4. TT R ARREB TR il 7 B 52 B

AL E[T]. B RS A3 fk,2018,42(19) .

118-125.

ZHANG Zhichang, WU Jian, LUO Zhao, et al. Optimal sche-

duling for independent AC/DC hybrid microgrid considering op-

eration characteristics of energy storage[ J]. Automation of Elec-

tric Power Systems,2018,42(19) :118-125.

HUANG Y T,ZHANG Q Q,KANG M. Energy scheduling frame-

work of micro-grids considering battery lifetime[ J]. IEEE Ac-

cess,2022,10,25016-25024.

[10] AP35, BRil, B0, 45 S TR 2R i gy Xuh
IRAHERER G RE R PRI RIS [ T]. o LHOR 24,
2019,34(10) :2038-2046.

FU Juxia, CHEN Jie, TENG Yangxin, et al. Energy manage-

—
\=}
[t}



2 HEHEAR 58

ment coordination control strategy for wind power hybrid energy
storage system based on EEMD [ J]. Transactions of China
Electrotechnical Society,2019,34(10) :2038-2046.

[11] BRéfond. 2186 RE Ao 7 B o 0 ZR e 4a ] 5 1 Ak 18 1

RIS D]. )M AR B LR, 2018.
CHEN Jingfeng. Research on control and optimization sche-
duling strategy for stand-alone microgrid with hybrid energy
storage system[ D ]. Guangzhou : South China University of Te-
chnology ,2018.

(12] 7330 P M2 R RE T FE [ D] ¥ LR
Je 2021,

QIAO Shan. Research on multi-source cooperative operation
optimization of active distribution network [ D ]. Jinan: Shan-
dong University ,2021.

[13] JU C Q,WANG P,GOEL L,et al. A two-layer energy manage-
ment system for microgrids with hybrid energy storage consid-
ering degradation costs[ J]. IEEE Transactions on Smart Grid,
2018,9(6) :6047-6057.

[14] 5, £ FRME RS 500908 R 2 B ARt
ACVARELT]. A 0 55 T AR IR, 2020,36(2) - 1-11.

YANG Mao, WANG Jinxin. Multi-objective optimization sche-
duling of islanded microgrid participated by demand manage-
ment[ J]. Power System and Clean Energy,2020,36(2) :1-11.

[15] EBA, ELE A, 5. 5 B ERA R ML A HL R

GERBELT]. M) AR ,2021,40(1) < 17-24.
WANG Yingjie, ZHAN Hongxia, YANG Xiaohua, et al. Opti-
mal dispatching strategy of combined heat and power system
considering integrated demand response [ J |. Electric Power
Engineering Technology ,2021,40( 1) ;17-24.

[16] LI B,WANG H L, TAN Z K. Capacity optimization of hybrid
energy storage system for flexible islanded microgrid based on
real-time price-based demand response[ J |. International Jour-
nal of Electrical Power & Energy Systems,2022,136:107581.

(177 ALRD, B8 44y, X025, 31 M KA ANER & PEOL A BE D 5 ok
[J]. T EEHL TR #I7,2023,43(7) :2608-2627.

DU Gang,ZHAO Dongmei, LIU Xin. Research review on opti-
mal scheduling considering wind power uncertainty [ J]. Pro-
ceedings of the CSEE,2023,43(7) :2608-2627.

(18] WA, ok, 5K S i, 55 T B SR mi by e il 7K 3 Re

ERHE ARG EBIAAGT]. B TR AR, 2022,41
(2).75-82.
CHEN Weiwei, ZHANG Zenggiang, ZHANG Gaohang, et al.
Robust unit commitment of power systems integrated wind
power considering demand response and pumped storage units
[J]. Electric Power Engineering Technology, 2022,41(2) .
75-82.

[19] JUL W, TAN Z F,YUAN J Y, et al. A bi-level stochastic
scheduling optimization model for a virtual power plant con-
nected to a wind-photovoltaic-energy storage system consider-
ing the uncertainty and demand response[ J|. Applied Energy,
2016,171:184-199.

[20] #aker, il fRRER , 5. B FIRHIE ML Hirfi v

SRR M AT R IR A T). B R S
¥E,2019,47(1) .20-27.

YANG Huanhong, WANG Jie, TAI Nengling, et al. Robust op-
timization of distributed generation in a microgrid based on
grey target decision-making and multi-objective cuckoo search
algorithm[ J]. Power System Protection and Control,2019,47
(1):20-27.

FEHEIE, TR, XU, S5 5T 15 15 18] Bt e 38 108 1) Bk
SR IR LT]. WA R ( BRI , 2022, 62
(9) :1467-1473.

YU Xuefei, ZHANG Shuai, LIU Linlin, et al. Carbon capture

[21

[

power plant scheduling based on information gap decision
theory[ J]. Journal of Tsinghua University ( Science and Tech-
nology) ,2022,62(9) :1467-1473.
[22] WU X,LI N L,HE M K, et al. Risk-constrained day-ahead
scheduling for gravity energy storage system and wind turbine
based on IGDT[ J]. Renewable Energy,2022,185.904-915.
AR, KRS, B A, 45, JET IGDT & e slie ) R4
ZWEHF R[], B R R 5 M, 2021, 49
(23) .35-43.
YE Helin, LIU Song,HU Jian, et al. Multi-source joint dispat-

[23

[

ching strategy for a power system with concentrating solar
power plants based on IGDT[J]. Power System Protection and
Control ,2021,49(23) :35-43.

[24] DAI X M,WANG Y, YANG S C,et al. IGDT-based economic
dispatch considering the uncertainty of wind and demand re-
sponse[ J]. IET Renewable Power Generation,2019,13(6) .
856-866.

[25] XISZRE, X, 770, . (5 B B SR BRI e 1 R 50
HIORHLT]. iRk 5 107 ,2021,37(1) < 1-15.

LIU Qianhui, TANG Lan, YANG Qiaodan,et al. Application of
information gap decision theory in power system[ J]. Electric
Power Science and Engineering,2021,37(1) :1-15.

[26] AARAR, 5Kkl BB, A5, 15 J 9] Bl o S0 B8 1 v 37

IR T RE R o R (1] W RGP S 5
#.2022,50(24) : 101-111.
LI Dongdong,ZHANG Kai, YAO Yin,et al. Day-ahead demand
response scheduling strategy of an electric vehicle aggregator
based on information gap decision theory [ J]. Power System
Protection and Control ,2022,50(24) ;101-111.

[27] ¥R3F, &M, e, 55, S TR G 1GDT il -LR 4 fE

IRAR G R TT RATRI 7 [T ]. R RGP 5 #EH,
2023,51(21) :86-95.
XU Qin, JIN Haixiang, BIAN Xiaoyan,et al. Pre-disaster plan-
ning method for resilience enhancement of integrated electric-
gas energy system based on hybrid IGDT[J]. Power System
Protection and Control ,2023,51(21) :86-95.

[28] EEHR,FTA. B IR A€ PR TR M Ak i3
FFWFFELT]. B HL,2023,40(8) :92-99.

SHANGGUAN Jiatian, MAO Yunshou. Optimal operation of
micro-energy networks considering new energy uncertainty[ J].

Distribution & Utilization,2023,40(8) :92-99.



59 sk A5 T IGDT By SCRERE RS ELURUM H iDL A4 B2

[20] JoMesse BASR , SR I8, 55, 28 Rk HE i i) 480 2 el DX I v ) (2) :94-105.
IRl EE AR A SR mE [ )] fHHIH , 2023 ,40( 10) :73-80.
ZHOU Huafeng, HU Rong, NIE Yongquan, et al. Cooperative VEHZ i -

KA (1997) , 55 Bt FSE 5 1) R fcEL I
BT 56l (E-mail ; 2199703023 @ 163.
com) ;

EFE(1964) , 2, WL, ##%, E9 U5 1)
BT REIR K L G B R R IS 5 N VR RE R
Wizt S

JAEHN(1964) 35 18 4, B4R, LA 5

scheduling optimization strategy of smart park distribution net-
work considering carbon emission[ J]. Distribution & Utiliza-
tion,2023,40( 10) . 73-80.

[30] e, kit , R B, 2. 25 R o0 A Xm0 SRy o A
AEVERRE XA REIR R G LT HELT]. ® R SR
2#4R,2022,37(2) :94-105.

PAN Hua, YAO Zheng, HUANG Lingling, et al. Economic dis-

).
)
ki

patch of park integrated energy system considering the uncer- Ui, BF5E 7 1) R RE VR A 2 A v ) 46 il B
tainty of distribution generation and demand response [ J ]. W HHEH LR,

Journal of Electric Power Science and Technology, 2022, 37

Day-ahead optimal scheduling of independent DC microgrid with

generalized energy storage based on IGDT
ZHANG Chao', MA Youjie', ZHOU Xuesong' , WANG Caiwei’, HE Xiaoyu’

(1. Tianjin University of Technology ( Tianjin Key Laboratory of Control Theory and Application for Complex Systems ) , Tianjin
300384, China;2. School of Electrical Engineering and Automation, Tianjin University of Technology, Tianjin 300384, China)
Abstract ; Energy management and optimal scheduling of microgrid play importent roles in the construction of new power system.
It is of great significance to study how to improve the consumption level of renewable energy,and reduce the uncertainty risk of
source and load, and optimize the system operation cost. In view of this paper, a day-ahead optimal scheduling model of
independent DC microgrid with generalized energy storage based on information gap decision theory (IGDT) is proposed.
Firstly,a hybrid energy storage system with super-capacitor is constructed to reduce the operating cost of batteries. The flexible
load with the characteristics of 'virtual energy storage’ is combined with the hybrid energy storage to form generalized energy
storage , giving full play to the characteristics of flexible resources in the microgrid system. Secondly, the uncertainty of the
system is considered,and the IGDT model is introduced to establish the robust model under the risk aversion strategy and the
opportunity model under the risk speculation strategy based on the deterministic model ,so as to pursue the maximization of risk
reduction and returns from two decision-making perspectives. Finally, through the simulation analysis of an example, the
influence of uncertain factors on system scheduling decision is quantified on the basis of reducing the operating cost of
microgrid,,and the validity and reference of the model are verified.

Keywords : independent DC microgrid ; day-ahead scheduling; information gap decision theory (IGDT) ; generalized energy

storage ; flexible load ; uncertainty
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