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Optimal placement of energy storage in a regional integrated energy system

considering electric and thermal demand responses
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Abstract: The application of energy storage optimization configuration and demand-side response in the integrated energy
system can decouple the constraints of "heating to determine power" in the operation of combined heat and power (CHP)
units, and improve energy utilization efficiency. Therefore, taking the performance of power generation, heating,
electricity consumption and heat consumption on both sides of the source and charge into account, installing the
electricity-heat energy storage equipment on the source side to realize the thermoelectric decoupling of CHP, and fully
utilizing the dispatching value of the electricity-heat integrated demand response (IDR) resources on the load side, an
optimal configuration model for electric and thermal energy storage capacity of regional integrated energy systems

considering the integrated demand responses is established. The model considers the constraints of electricity storage and
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heat storage, power balance constraints, etc., and aims to minimize the total annual cost of the regional comprehensive

energy system to solve the problem of optimal economic allocation of electricity and thermal energy storage. The results of

case study show that coordinated operation of multiple energy storage and load side can reduce operating cost, and

considering the integrated demand response reduces the configuration capacity of energy storage. The energy storage

configuration on the source side and the integrated demand response on the load side promote wind power consumption,

and improve the economy, precision and flexibility of the integrated energy system operation.

Key words: wind power consumption; optimal configuration of energy storage capacity; integrated demand response;

regional integrated energy system
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Figure 1 Regional integrated energy system structure
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Figure 2 Wind turbine forecast curves and electrical

and thermal load curves in typical days
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Table 1 Time of use electricity price parameters for

price-based electricity demand response
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Figure 3 Electrical load curves under four operating modes
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Table 2 The optimal configuration of energy storage

capacity under each operation mode

£33 BHFXNTHEGFEF R 8K A ETIL
Table 3 Comparison of economic efficiency and wind

power consumption rate under each operation

WEL fERE IR ZRAW EdE R M
D=V N &AW 5 1 WA N | A A 01 VAR (E £
Bk Ak ik KA K AL /%

1 96.93  0.00  23.97  0.00 9.59  132.91 58.82
2 91.65 0.00 21.16  5.20 9.04 129.73 63.65
3 85.77  6.81 10.43  0.00 8.17 111.18 82.18
4 81.72  5.79 1.54  7.29 7.82  109.46 97.36

Euss/ Vhs/ Puss/ {’vf’ﬁflﬁ]
Jr=
(kW «h) (kW «h) kW I /a
3 430 220 102 2.23
4 365 190 89 1.17

5 4

1) FURON 5 B0 G E A BB L RE 4R Ak
WA A% IR CHP e R IG 217 .

2) PR R AR ER G T SR R, W ke T
R A A D A 2 R O Y TR AL, L AT R K I i g
P B A U AR RERL YT IR SR R R s AT
ST

3) A A HL PN BETIC B S AR SR U R 4
SR A A PR S AT, AT g ek KU H A T RE R Y
O RE ) R RE R BT & b RE .
A — 28 T KR B e AN A E T T HL A E
He B 2 2 — 25 FRUA [ LA A B £ A

CESEE

(11 3R SMIPE 2500 55 i Sl SRS G 5 K ) Bz 7

DAk 255 RE IR AR Ge U AL (D] v ) R GRS 41
2021,49(1):52-61.
ZHANG Tao,GUO Yuetong, LI Yihong,et al. Optimization
scheduling of regional integrated energy systems based on
electric-thermal-gas integrated demand response[J]. Power
System Protection and Control,2021,49(1):52-61.

[2] SHAHIDEHPOUR M, ZHOU Y, WEI Z, et al
Distributionally robust co-optimization of energy and
reserve for combined distribution networks of power and
district heating[J]. IEEE Transactions on Power Systems,
2020,35(3):2388-2398.

31 MW, M5eF, e, % T V2C R SR F TR
RUJZ DA I JBE e (], 55 e HiL A, 2022,58(5):164-171.
XIAO Li, XIE Yaoping, HU Huafeng, et al. Two-level
optimization scheduling strategy for EV’ s charging and

discharging based on V2GI[J]. High Voltage Apparatus,



538 55 1 1)

JEME B2, 46 - 2 e BT SRl 7 P DX B 25 R TR AR B B A ek AR AL I 17

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

2022,58(5):164-171.
HAO J,CHEN Q,HE K,et al.A heat current model for heat
transfer/storage systems and its application in integrated
analysis and optimization with power systems[J]. IEEE
Transactions on Sustainable Energy,2020,11(1):175-184.
ACCETTA A,PUCCI M. Energy management system in
DC micro-grids of smart ships: main gen-set fuel
consumption minimization and fault compensation[]J].
IEEE Transactions on Industry Applications,2019,55(3):
3097-3113.

AL, Bk W R AR T 1] 25 6 T SRR B 1 25 g
IR A e A0 A6 T D). A 05 3 3 AR R L 2022, 38(9):
65-72.

CAI Yingkai, ZHANG Ye, CAO Shilong, et al. Optimal
scheduling of the integrated electricity and natural gas
system considering the integrated demand response[J].
Power System and Clean Energy,2022,38(9): 65-72.

)V T L B A R T XU R R 1 R A i
AL R BE (D). 2 R H J7,2021,49(1):42-47.

LIU Hainan, LIN Hong, FAN Guogi, et al. Optimal
scheduling of source-load-storage based on wind-load
coupling characteristics[J].Smart Power,2021,49(1):42-47.
2R SN G A DG/ R R A i R R
Gy AL IE B ()], ¥ 1 FR g8 KO B k2% 42,2020,32
(6):123-128.

Ll Yanzhe, GUO Xiaojia, DONG Haiying, et al. Optimal
capacity configuration of wind/PV/storage hybrid energy
storage system in microgrid[J]. Proceedings of the
CSU-EPSA,2020,32(6):123-128.

JIANG Z, Al Q, Hao R. Integrated demand response
industrial

mechanism for system based on

2019, 7:

energy

multi-energy interaction[J]. TEEE Access,
66336-66346.

PR TE R ] SR R T 2 RE I AN G AT
SR SELT]. B R A ,2019,43(2):480-489 .

XU Hang, DONG Shufeng, HE Zhongxiao, et al.
Electro-thermal comprehensive demand response based
complementarity[J]. Power System
Technology,2019,43(2):480-489 .

B A RS T R R AR A —

on multi-energy

[12]

[13]

[14]

[15]

[16]

RGN ZHL MRS A =R EDL B IR
Gefidr 545 ,2022,50(14):53-64.

LI Xinrui,LI Qi,PU Yuchen,et al.Optimal configuration of
an electric-hydrogen hybrid energy storage multi-
microgrid system considering power interaction constraints
[J]. Power System Protection and Control, 2022, 50(14):
53-64.

e e AR T 43R A L vl BB o 7 B
B U — i — il R A A SR 0] i ) R R A gl ik
2#41%,2020,32(5):30-37.

PENG Yuanyuan,ZHOU Renjun, FANG Shaofeng, et al.
Source-load-storage cooperative optimization model with
flexible electric and thermal load response threshold[J].
Proceedings of the CSU-EPSA,2020,32(5):30-37.
s, o7 J M 128, 45 T R TRC A 3R i B £ 1L
AE U D0 K 32 47 BF 5 0] B 0 T 7R $0K,2022,41(2):
119-127.

QIU Chun, YING Zhanfeng, FENG Yi, et al. Optimal
operation of hybrid energy storage integrated micro-
energy network considering carbon quote[J]. Electric
Power Engineering Technology,2022,41(2):119-127.
WANG Q,LIU J,HU Y,et al.Optimal operation strategy of
multi-energy complementary distributed CCHP system
and its application on commercial building[]J]. IEEE
Access,2019,7:127839-127849.

P71 BH RS R AR A L RR TR LI R ) B & R LR R
GE i 1 5 A RE A S A AT L1, v R AL TR 2% 41,2018,
38(19):5727-5737+5929.

MEN Xiangyang, CAO Jun, WANG Zesen, et al. The
constructing of multi-energy complementary system of
energy internet microgrid and energy storage model
analysis[J]. Proceedings of the CSEE, 2018, 38(19):
5727-5737+5929.

X7 o0 B I g R WY, S SRR PR R Y A O
PR ol A XU R R H R — H N R B SR )], R
71,2021,54(8):144-153.

LIU Xinyuan, CHENG Xueting, BO Liming, et al. Day-
ahead and intra-day scheduling strategy of concentrated
solar power station with thermal energy storage and wind

farm considering coordination between generation and

load[J].Electric Power,2021,54(8):144-153.



