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Abstract: On the basis of considering multi energy interac-
tion of cross-regional integrated energy system an optimal oper-
ation strategy considering multi-scale demand response was
proposed. Firstly, in allusion to the response time a multi-scale
demand response was established, including invitation demand
response and real-time demand response, where the invitation
was divided into 24 hours before the day and 4 hours within the
day, and. the real-time response is 15 minutes within the day.
Secondly, considering different response proportions of vari-
ous electric, thermal, cool and gas loads under different time-
scales, the load demand response models with different propor-
tions under multiple time scales were constructed. Finally, a
cross-regional integrated energy system operation model, in
which the demand response information was issued by cross-re-
gional energy service providers, the load aggregators particip-
ated in demand response and adjusted the time and the way of
energy usage, was built. By use of the post-optimization load
curves the cross-regional energy service providers adjusted the
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output of generating units inside the system and the power in-
teraction among systems. Results of computing example verify
the reasonableness and effectiveness of the proposed operation
strategy, and using the proposed operation strategy both the
profit of each regional integrated energy system and the com-
prehensive benefits of the load aggregators are somewhat im-
proved.

Keywords: cross regional integrated energy system; multi-
scale demand response; invitation demand response; real time

demand response; operation strategy
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Fig.1 Structure of single region energy hub
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Fig. 3 Multi-scale demand response model
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" 08:00—12:00 2
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*®3 CIES fi#Rtig&SH
Table 3 Storage device parameters of CIES

Bl ES HS cs GS
ncha
2 0.98 0.95 0.95 0.95
rldis
2 0.98 0.95 0.95 0.95
o 0.01 0.02 0.02 0.02
ycha
2 0.25 0.25 0.25 0.25
,ydis
o 0.25 0.25 0.25 0.25
min
socy 0.2 0.2 0.2 02
socy™ 0.9 0.9 0.9 0.9
E} kW
300 200 200 200
CalkW 1000 1000 1000 1000
Cw/ L/kW) 0.02 0.01 0.01 0.01

F4 CIES EftFEEHSH
Table 4 Parameters of other main devices of CIES

g PPAW ) GEAWD g/ kWD (KW/h)
MT 800 0.026 -200 200
GB 500 0.012 -100 100
EB 500 0.021 -200 200
P2G 500 0.08 — —

EC 500 0.015 — —
A, 1500 0.0235 — —
KM 1000 0.0196 — —

x5 TIBERBEMAETRRER
Table 5 Error rate of renewable energy and
load forecasting

NIRRT/ AT HR4hI RIRE R % H NAhi SR 22K/ %

M 19.87 6.23
L 17.03 4.13
H B A 15.43 6.39
AT 15.87 5.36
¥ i faf 13.24 5.21
Wit 11.38 426

KRBT 96.13%. 5 4 M5 3 ML, %IE
TZRIETRmN, (HZ28T XHK, KX
TR FRAE BB R AT N KEREAR 2 95.03%,  [R]A &L
WA BT — 2 R R, MR 2 M
b, RGERARRE T 0.07 7o, wEAERERKY
HAARET T 0.73%. & 5 Mg 3 I, #
HHIAZ R RN, A XU I far 4 7 7E
EBWENE, RFEBITHABA KAEBE KK,
AP A R VR T A8 0] LLGE 21 96.15%, A3 3Tt
T H AT AR BEVR AT K
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Fig. 5 Renewable energy and load data
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* 6 AREFET CIES HIEITHA
Table 6 Operating costs of CIES in different scenarios
Yt WHOIoT MR/t R&scHE/Tot B4t WO MPAMEOTT FRGEGES T BT
1 0.03 1.05 — 0.26 0.01 — 0.01 1.36
2 0.002 0.99 0.055 0.24 0.009 — 0.008 1.3
3 0.009 0.83 0.053 0.22 0.007 0.03 0.005 1.15
4 0.038 0.88 — 0.25 0.009 0.04 0.007 1.23
5 0.004 0.81 0.062 0.19 0.005 0.038 0.003 1.14
2000 - I CIESHZ Ty s KA e WRAAE e BUSR -a WRERSR —e B
[k C_ICCHP [ &b 1100 =« gz fevs i B SR - o WARUE G —a— BEA
M| | = e C il T RS Y P
1500 = [ Ee et 1000 - . K 7-/\,\ A
] 900 | ./ RNV
1000 i/ X
800 - v / L
2 500 . Z 700 - # \
=< 0 b =4 //)lx./'\ N
LN 3 600 A : \
= B m = 500 ;/-/' - \\\\-\/ 7'/\\_/.// M
—soo 400 el : g \\\ /_,’ A
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—1000 [ P ¢
. 200
—1500 100

3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00

\'/<‘|
E 6 #H=2TIESIBIIEHHER

Fig. 6 Electric power output results of IES1
under scenario 2
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SRR BR, LA Gl i 4% (5 5 FAME S 5wy,
SCER T G g UG ERE BE 1) A B B AR RS, TRL R XL
H ), FIFHEAA . e . A T AR
YERT, X 3R G far il 262 21 1 0F I A9 1 s 3 A
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Fig.7 Load response curve considering day ahead
demand response
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