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Abstract: Integrated energy systems dispatch and distribute heterogeneous energy with reasonable optimization strategy to
achieve joint energy supply by taking advantages of the complementarity between different energy resources, improve the
efficiency of comprehensive energy utilization, increase the penetration rate of renewable energy, and enhance the
reliability of energy supply. A comprehensive evaluation method for multi-scenario optimization operation mode of
integrated energy systems based on analytic hierarchy process (AHP) is proposed. The evaluation indexes, including
energy saving rate, energy loss, new energy proportion, new energy consumption rate and operation and maintenance cost,
are described. Then, models of the multi-scenario optimization operation modes including economic operation mode,
environmental protection operation mode and energy saving operation mode are established. Then, the hierarchical
structure of the AHP-based comprehensive evaluation method for an integrated energy system is established. The evaluation
process includes constructing a comprehensive judgment matrix, making single-criteria ranking and its consistency test,
and making multiple-criteria ranking and its consistency test. The results of a study case show that the proposed
comprehensive evaluation method can effectively evaluate the optimal operation mode of integrated energy systems.
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Fig.1 Comprehensive evaluation of integrated energy system

multi-scenario optimization operation modes
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Fig. 2 Structure of the exampled integrated energy system

K2 BERIRARANT

() % A AT R I HL R A L IR UM 45 119
RIRTHNA T A DGR A HTRETR A

(2) % H A7 A Ser 8 R AR 5 AR R
B DA i B FL BE R 2R 34T L BE JTORE R BB A
NRIRTIEARIR L

() BTN R IR AR LRAT KRR, il i
AR IR 7K it B B T R AR

(IR TH LN KRR LARAT R IR A, ™
14 FL BB TR A FELRE BEZK 5 A B, 7 A A v TR <8 A
MLt V2 AL, e il v AL 23 M A R v 1
LR ERea

(5) QL R FRE e 00 18 o o e R e o T AR R
REF™= A IVRETE A VREREZL

(6) FiL il V& AE B P 480 i3 A o Vi FE PR RE ™ 2R 18
RETE AR RERFZL

(7) 0k LA L BAVA 3% 1 AR Y E R 6

R4k,
5.2 HERSWH
RIFLE B REIR RGLLE A T FI WA By
1.0 05 40 3.0 3.0
20 1.0 7.0 50 5.0
B=|03 0.1 1.0 05 03|
03 02 20 1.0 1.0
03 02 30 1.0 1.0

B RERAEAR A2 =5.072, K[ 2 w= (0. 246,
0.477, 0.053, 0.099, 0.107) , — & P L K R, =
0.016 < 0. 100, i 1 —FCHER 5

AR SCR R 38 A R R R P Ak SR A R
LINGO JFf 1 FH H4E 1l 1) 4 J5y >R i £ Ak B S v BT 44
AR H AR A B BT A SO AR N R AR
e AR B BAR AL ZE R LR 1. R AT L.
R A S AT H bR eR B /Ml 417 972. 2
I, Bl — AN A2 47 JE 30 PN 19 BE U5 T FE 9% 5 SRR

© Editoria Department of Integrated Intelligent Energy. Thisis an open access article under the CC BY-NC-ND license.



© 22 . ;5-\/1‘;#& ,? ﬁt'«l%\

% 45 %

IR AL IZ AT 2 H b o Kl /ME 326, 3 kg TR
B AL az 47 A 20 H bR & Z R /N {8 1989, 1
kW-h,
x1 ARRUEBTEATEERERFZBRERLLER
Table 1 Optimized objective values of the integrated energy

system under different optimization operation modes
Hbr{E
BT T4
A SCEBFEA R A s 17 8T 1Y & 2R A4S
PR R 3k 2.
®2 AARUBITEXTRERBERESHBRALER

Table 2 Optimized indexes of the integrated energy system under

. ACNY jo H kg
min C;1./JC min E¥ | /kg

<<<<<

417972.2 326.3

different optimization operation modes

flitkiz .
’?:J‘*%it Il}JSI{ IEL/MW ISNPL I:E(JI( [(:S)I\[C/jD
LM 05643116 1375848 04997693 1 54696.68
AL 0.6854424 1549706 0.6772195 1 55797.54
THEM  0.6861486 1555161 0.6779217 1 55985.07

AR AR HA AN [ A AL AN ] ) R 4, R
EATEAT B OB A IRMERY , TR R 2 AT
BEAT RV AL AR B, LA RE AR DR RETE L HE BT RE IR
TR R 8 45 BAR AR , BB K B s A7 24 oA
N ISA R R bR SR IS R LR 3
R3 FRARUBSTEXATERAREREZERIEULER

Table 3 Standardized indexes of the integrated energy system

under different optimization operation modes

iz L AERA BRI OBrAEIR stT4Edn
st PR Ten Thp mm mA
2R 0 1 0 1 1
TR 0.994204  0.030422  0.996 058 1 0.145 554
Rl R 1 0 1 1 0

HRAE 2 3 K b3k T iy AL 2, 1T AR AR [ 1
B AT RO AR G 25 B VRAR 1 2T AUk
BRSPS E M 0. 44, FME AL IB f 7R =
ZEATEAGIE A 0. 29, 17 RE UL AL B 1A R B PR A
{H°M0.27,

MG AR , &3 B fb iz 1A U e fe
LA TR R B A ia 1T 5 T Re AR
B AT EE AP EAS E AT , WBUCA AL B FR ik
LR LA W AT A MR L AT X R it
— U T ARG AR R G 2 Y sz
LR BIPRS00 ik i G 3E S S A
Rtk

6 ZEFRiIE

5 AT R BT SEAH L, A SO R 22 5 1Al J7

LA BB T LA R AR LRI RER (BRI K |
HTREUR 5 L T BBV 8 R s AT 4RI ORR R
AT SRR T LR REIR R G AS BURRAE .
S T 2GR A TR R R R LA as AT
AR P REB AL s A7 B R, A ZR 48 TR A
R BN B WL A A B R R IB AT
Ko BT AHPLG L TEi G R A L Z 5
s A E M i 5 T A &, BB K
G A 55 5 25 B A 45, 38 0 2 U R A R 2R
i, WA IEZE 5 BEIR R GE L5 A Al s R A

SE

[LFLIRE, 220 B 2 e iR - G G R IR R 4
APSEPEPEAG LY ] £ ERER L 2023,45(2) : 3743
KONG Zhenyu, LI Hongzhong. Reliability evaluation on an
integrated  electric-gas  system considering multiple
evaluation indexes []J]. Integrated Intelligent Energy, 2023,
45(2):37-43.

[2]F 0, B8R 2, B 848, 55 BB ER G VP Jr B A L I 1 2

RE S VEAL AR T[T ). i 1 R G R S, 2019, 47
(16):101-107.
WANG Di, CAI Dongjun, FANG Xinyan, et al. Application
of dynamic comprehensive evaluation method in emergency
capacity assessment of power grid [J]. Power System
Protection and Control,2019,47(16):101-107.

(3 V6, BROR 2%, NG, 25 . R TR AR 1) HiL 19 1z 2 BE 1 7K F

PERBTIELT ). IR S T, 2013,29(11) :44-48.
LU Peng, CHEN Dajun, SHI Min, et al. Research on the
level evaluation of power grid emergency capability based on
entropy weight method [ J]. Power Science and Engineering,
2013,29(11) :44-48.

(4 12 kaHe, R, 5k 2000, 25 . RE IR ELIK 00 22 BE U AR 1 A5

B R g A Ir ik giRk (1], ) &GRS 5451, 2020,
48(19):180-186.
LI Qiuyan, WANG Lili, ZHANG Yihan, et al. A review of
coupling models and dynamic optimization methods for
energy internet multi-energy flow [J]. Power System
Protection and Control ,2020,48(19):180-186.

(5 JBEH, XSO . 3k T 2 BE HL AN Y bl DX 25845 RE VR 2 — k0 P13 7]
PEAE LT I R GE A 1k, 2020,44(23) :20-28..
HUANG Wei, LIU Wenbin. Multi-energy complementary
based coordinated optimal planning of park integrated
energy station—network [J]. Automation of Electric Power
Systems,2020,44(23) :20-28.

(611, 20 4 BT RUZ B0 27 ) (9 22 bl IX 55 RE IR R 4E
G A s TR AR VR B (D). f8 1 R G A B Ak, 2022, 46
(24):16-25.

CHENG Yi, LI Gengfeng. Distributed collaborative optimal

© Editoria Department of Integrated Intelligent Energy. Thisis an open access article under the CC BY-NC-ND license.



% 10 27

AR E,F AR AR S T RACEATREX AT E AT R

e 23 .

dispatch of multi-park integrated energy system based on
bilayer imitation learning [J]. Automation of Electric Power
Systems,2022,46(24):16-25.

(7 1phoact , ANACHE 2R , 45 B L - - TR IX

I GRIRAZEZ Y R E ] B R5 A,
2019,43(12):76-84.
ZHONG Yongjie, SUN Yonghui, XIE Dongliang, et al. Multi-
scenario optimal dispatch of integrated community energy
system with power—heating—gas—cooling subsystems [J].
Automation of Electric Power Systems, 2019, 43 (12)
76-84.

[8 IRt ar , B K, B IREAL, 45 SR G TR T L I 25 53T

flifEtnik R 5Tk L] R 5 A 3k, 2020,44(1)
83-91.
NAN Qiqi, MU Yunfei, DONG Xiaohong, et al.
Comprehensive evaluation index system and method for fast
charging network of electric vehicles [J]. Automation of
Electric Power Systems,2020,44(1):83-91.

[OJFEIARFH, 25, TARM, 55 1T M i 0 SR e AN R

ke X 25 A REIR R TR ) | i I R 5
il ,2022,50(2) : 163-175.
YAN Mengyang, LI Huaqgiang, WANG Junxiang, et al.
Optimal operation model of a park integrated energy system
considering uncertainty of integrated demand response [J] .
Power System Protection and Control, 2022, 50 (2) :
163-175.

[10]ZHONG Y, ZHOU H, ZONG X, et al. Hierarchical multi-
objective fuzzy collaborative optimization of integrated
energy system under off-design performance[J]. Energies,
2019,12(5):1-27.

CITISBAERD, 2 5 IR0 45 ZRE AN BRI R IR G

BRIk BT ). 475 8 TERE IR, 2022, 44(7)
58-65.
GUO Zuogang, YUAN Zhiyong, XU Min, et al. Multi-
energy flow calculation method for multi-energy
complementary integrated energy systems [J]. Integrated
Intelligent Energy,2022,44(7):58-65.

[12]YANG Z,HU J J, Al X, et al. Transactive energy supported
economic operation for multi-energy complementary
microgrids[H.IEEE Transactions on Smart Grid, 2021, 12
(1):4-17.

[13]5k ¥, SRIE , 2=y, 55 31 B L SARER A T 2R i 17 11

XIRZR G REIR AR G AL TR EE L) ] W ) R GER AP S 1
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.

(14 ]5hoct 2250 A0, 5 T4 1 20 00 Al U5 115

gyraes oy R R E L] B A shfeie &,
2022,42(1):55-64.

ZHONG Yongjie, LI Yuping, HU Bing, et al. Hierarchical
collaborative optimal dispatching of economy energy
efficiency in energy internet based on cooperative game[J].
Electric Power Automation Equipment, 2022, 42 (1) :
55-64.

[15]YANG J, ZHANG N, BOTTERUD A, et al. On an
equivalent representation of the dynamics in district
heating networks for combined electricity—heat operation
[J].TEEE Transactions on Power Systems , 2020, 35 ( 1) :
560-570.

(16 iR HE B, 41 2% , K40, 55 . 25 BB 78 T oK Y b X 458

R RGP BOIL R AL T ik T 5 [T ). 25578 2
,2022,44(10) : 1-11.
WEN Gangcheng, SHI Xin, ZHANG Yi, et al. Research on
two-stage planning optimization approach for community
integrated energy systems considering off-design conditions
[J]. Integrated Intelligent Energy,2022,44(10):1-11.

[17]BAHRAMI S, TOULABI M, RANJBAE S, et al. A
decentralized energy management framework for energy
hubs in dynamic pricing markets [ J].IEEE Transactions on
Smart Grid,2019,9(6) :6780-6792.

(18 1k it , PO , EREAE 45 VT LR REIR R 4T 8 25

PRORZE BT U] RGP 1], AR AR, 2020, 44(7) :
2458-2470.
ZHONG Yongjie, SUN Yonghui, WANG Tinghua, et al.
Dynamic environmental economic and collaborative
flexibility dispatch of integrated power, heat and natural
gas energy system [ J ]. Power System Technology, 2020, 44
(7):2458-2470.

L1942  BUMAM , B KT, 55 B T 268 E AN AR o B {1t 7Y

ML Aistr[T]. Bl RGP S5, 2020,48(11) -
160-168.
CHENG Shan, WEI Zhaobin, HUANG Tianli, et al. Multi-
energy complementation based optimal operation of a
microgrid with combined heat and power [J].Power System
Protection and Control,2020,48(11):160-168.

(20 8ok il , 22 7 i 4, 45 Tl X5 XA g T EL 3G P 75 oK

AR s RE A T 8T [T b5 Pl 2 i
2022,26(12):128-139.
ZHONG Yongjie, LI Yuping, HU Bing, et al. Dynamic
cooperative  optimization and operation analysis of
interaction demand between community and regional
energy internet| ] |.Electric Machines and Control ,2022,26
(12):128-139.

[21 JHUANG W, ZHANG N, KANG C, et al. From demand
response to integrated demand response: Review and

prospect of research and application [J]. Protection and

Control of Modern Power Systems, 2019, 4(1):1-13.

© Editoria Department of Integrated Intelligent Energy. Thisis an open access article under the CC BY-NC-ND license.



L 24 - e L RER % 45 %

(22 VB, RS A, B, 45 JE T RO 2 T R 5 15

SR B R TEAIR ST Ok [ ] i RGP
S, 2022,50(21):167-176.

SHI Yijin, TAN Guisheng, ZHAO Bo, et al. Condition
assessment method for power transformers based on fuzzy
comprehensive evaluation and information fusion[J].Power

System Protection and Control ,2022,50(21):167-176.

(23 [hoicit , b , 220 A, 45 IR AUV T SRR RRAIE iR 5

JEBLRMBEALT ). £7 58 ERENR , 2022, 44(6) :25-36.
ZHONG Yongjie, JI Ling, LI Jingxia, et al.Overview on the
characteristics, connotation and development status of
virtual power plants in China [J]. Integrated Intelligent
Energy,2022,44(6):25-36.

(24 1718, B/ R 2 T 28 REMASR b2 ~] 1) 225 X 23

HReE RGN ROEAEITIFE )] i TR A,
2021,40(8):1-10.

YANG Zhao, HUANG Shaowei, CHEN Ying. Research on
cooperative optimal operation of multi-park integrated
energy system based on multi-agent reinforcement learning
[J]. Advanced Technology of Electrical Engineering and
Energy,2021 ,40(8):1-10.

(25 MEWETs , 8, 2 pk, 45 L T2 o Hr ik Y £ RE IR B

SGia AR I RS A Bh ik, 2018, 42(11)
72-78.

XIU Xiaoqing, TANG Wei, LI Jianlin, et al.
Comprehensive evaluation technology of energy storage
configuration based on analytic hierarchy process [J].
Automation of Electric Power Systems, 2018, 42 (11)
72-78.

(26 ] BAEESE kil ), Bt 8., 45 5 B R B3 19 X 2R &

REUR R G MR BE e 23R [0 ). op [ i LT AR 2241, 2021,
41(12):4001-4021.

LYU Jiawei, ZHANG Shenxi, CHENG Haozhong, et al.
Review on district-level integrated energy system planning
considering  interconnection  and  interaction [1].
Proceedings of the CSEE,2021,41(12) :4001-4021.

(27 [ttty , o, B0, 45 . 25 SR 22 U A A A 14 90 o0 i i

St R g sh SRR AL ()] 225 g
7,2022,44(11) :63-69..
YANG Mei, ZHOU Xichao, WEI Qiang, et al. Study on
dynamic optimal energy flow of a source—network—load—
storage integrated energy system considering its economic
benefit [ J]. Integrated Intelligent Energy, 2022, 44 (11) :
63-69.

(28 IXIJHIHE , BRAR , ik SCH , 5 . TR SRR 3 B ik i)

TiC HL P BB RS Al S e S [0 ). WL ) RGOy S5
2019,47(12) :48-56.
LIU Xuna, WEI Jun, ZHANG Wentao, et al. Investment
benefits evaluation and decision for distribution network
based on information entropy and fuzzy analysis method[J ].
Power System Protection and Control, 2019, 47 (12)
48-56.

r#s B HA: 2023 -04-22; &0 H #A:2023-05-10
L’ BE3:2023-06-07; Fi SR : www.iienergy.cn

EEREN:

Bk (1990) , 55, i GOIT A Bt A1, S il 0
J7EES REIR AR ST R IR EL IR 10 A R AR AL S D T Y
zhongyongjieemail@163.com;

2002 (1982) , 55, i T AR, 54, Nl ) R 48 A 3l
o B REAZ LG AU A T T IO 5

2 (1973) 2o, i AR 1, bl )
AEAS Lt L R S8 A S A R TA

© Editoria Department of Integrated Intelligent Energy. Thisis an open access article under the CC BY-NC-ND license.





