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Abstract: Integrated energy service (IES) is a key develop-
ment area of value-added services for power grid enterprises.

The study on the investment decision-making method with con-
sideration of uncertain factors can effectively improve the
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investment benefits of power grids. From the perspective of
integrated energy investors, based on interval linear program-
ming and technique for order preference by similarity to ideal
solution (TOPSIS) an investment decision-making method for
industrial park type of integrated energy system was proposed.
Firstly, the uncertainty of load and energy price was described
by interval numbers to construct an interval number based
uncertainty programming model for integrated energy system.
Secondly, solving this model, the annual comprehensive cost
and annual carbon emission cost were obtained. Thirdly, overall
considering the economic index and environmental index of the
industrial park, TOPSIS was chosen to rank multiple invest-
ment planning options, then planning as a whole, the optimal
plan that synthesized economy and environmental protection
was screened out. Case study results show that the proposed
method can effectively assist the Integrated energy company to
make rational investment decision.
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0.34 JG/kWh, W B IR ANR& T A A BB A
9 0.11 JT/kWho A T 4 e X A SRR, 25 TRk
HEOR AR, BRBE R 0.3 J0/kg, KIRSFNEE IR 1 ik
HEdi 2B 50K 0.4 F1 0.9, % & B HLRIAE N A
EMEM R, B s 0 2R BN 5% F1+10%,
RE VAN AK 10 3l B +10%.
32 HARRELERST

e, UBGIh RS ESHCO LR, RE
HESNH AR, AR A R 288 B A2 A T8 i
AN R T %8, R ILA 220=1048576 Ffi 7 % .
FRPE AT (9), LA A2 el DX 5 7 i 75 =R hy fi 2 2%
{0 2 1 T R BT T SR A R R O 4R 0,
F17% 8640 Fh % PRI IZ el X LI i BB 158 4% 6 7Y
HIW) A T 8 R N e = (8640/1048576) x 100% = 0.82%.,

WRIG, A B R R, AR & IX [E
BB R X s R T R O AR
O(i=1,2,--- 8640) FATIZATALITTH . DIFELES
AT NI E bR, SRR E4E o
55 3664 Fl % Oses WIRA DL B T AR BRI 7 52
Opesto T 0 WL I T7 58 Qe B 75 18 B 1 &5 2R
Opes=1,1,1,1,1,0,1,0,1,1,1,1,0,0,0,1,0,1,1,1], EPi%
X EARB R 7 %0 R 3 & (240 kW/
350 kW/560 kW), #& < i H 28 (350 kW/
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480 kW ) . HHEZHIL 2 & (250 kW/750kW ) |
AW 3 G (6 kW/20 kW/53 kW) . W iz =il
AL 1 65 (2910 kW) FIHLHIAHLLL 3 15 (18.5 kW/
114.6 kW/40.8 kW),

R T 20X LA A B IX R 2R RE R R S AT
BAS B BRI B, A SCRR T 326 SO A DL AR A5 21 1Y
AR TR Opeg 21, 18 AT IE LR 7 2 46
O ik BUE AR B8 BUAS e /NI 7 56 Oy FAEIB AT L
/NI TT R Qoper TATHRG R LL I3, BAKRT LL 45
R 2,

L 3 2 pE X RLER 5 AR IR AR 4 3 Al AN TR B
K77 A B RS L aeHr, ar DIAS R LR 45
e 1) bl X RIZRG RE IR A G0 09 4F 1A 2 ] 32 22
52 B el DX G faf FNRE VAN AR OS2I 5 2) BRFHR AL
ANE B AT A R, B /M)
TZGARERENENKFRE; 3) @3
AANTFETT SN e A J, A 3% T e AR i J7 56
B HE A AR AL e A%, B HE O A Fe AR 1 T7 58
HATEA M. drenl W, fETRH s A X
B Ay s B M) e DX BB BRSPS R

®2 ARAFRFAXLL

Table 2 Costs comparison among different cases Arx

TR WEAERYUAR BB RPN AR BRI AEP AR REIURE DY BAEURR ITIHROR SRR AR

Obest 155.01 36.36 13.58
Oiny 138.38 36.36 12.63
Ooper 192.46 36.36 16.77

61 189.97 244.88 9.57 710.37
61 221.67 259.92 8.74 738.7
61 208.37 197.82 11.44 724.22

33 HRARBEEMNRERRERSW

SRy it — 252 & B el DX A far A RE IR A0 A 1Y 38 B
X bl XA B PR e, JF LR G AR IR R AR
TG RIIARE , DWEOAR SR 15 2 1 5
PERLRI 7 24 O h R 8 A&k T AR AT A
B, Hoo s 3.2 /1 R AR Ry 3 A B &
Ovest~ Diny F1 Qopro Il DX PN B 1 1) 2 511 2 —5% Fl
+10%, BEVRMHE O B h£10%, ARIELAK (1)—
(19), SR LA E R R X EZEARIER S
FEARM AT 1 X RIPLAEIE2C. R FH P B B 43 fif
VER MR, A3 2045 07 ZRAF WA 2 F A HE RS AR
PRI IX A, EARGER W3 3,

®3 REMURERBER

Table 3 Results of the solving of interval

optimization model A
. ELRG AR BRHERCRA
FEftEXE XESE EOEXE XESE
1(Qpest)  [664.63,791.05] 727.84 [230.23,266.19] 248.21
2(Oiny)  [688.62,822.79] 755.71 [239.08,287.05]  263.07
3(Qopr)  [679.94,798.81] 739.38 [185.54,229.27] 207.41
4 [693.04,826.08] 752.56 [227.65,269.64]  248.65
5 [774.77, 904.63] 839.70 [205.61,244.6]  225.11
6 [706.06,829.65] 767.86 [257.69,305.67] 281.68
7 [758.65,886.07] 822.36 [220.54,261.04]  240.79
8 [742.36,868.88] 805.62 [254.04,299.61] 276.83

AR F7,2021,38(3)

DAAT 254 B A FIRR HE R AS A X 1] 259 {5 R AE
Pl X AR B A 2 L 943 S R DA el X 28 5%
I ZN P RS ey T - B R 28 d I B Y e e
JBF /NIRRT BT IX 2 AR AR RS (21)
PEATHR bR IE M AR AR BE . H8 AR IE 714k 5 B4 98 5
TR WL 4,

F4 EHRERULERHRAFRTNR
Table 4 Appraisal form of investment plan after
indicators normalized

VES 2Pk EANFS
1(Opest) 111.86 33.47
2(Oiny) 84.00 18.62
3(Qopr) 100.33 74.28

4 87.14 33.04
5 0.00 56.58
6 71.85 0.00
7 17.34 40.89
8 34.08 4.86

WIREC (22) SEATAR AL A B S 15 ) A A5 AL
FEREINER 5.

RYE (23) HHNIE . FEMEM IR 2z =
(0.5342,0.4968), Z~ = (0.0000,0.0000),

s (24) T J7 S B IE 7 BAR A 1 B
BLA KL, SRIGRIE 25) TR S IF X
RIATHE Y, BARG R I 6,
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Table 5 Standardized matrix of investment plan

VES 2 BN AN
1(Obes) 0.5342 0.2939
2(Qiny) 0.4011 0.1635
3(Qopr) 0.4791 0.6522

4 0.4161 0.2901
5 0.0000 0.4968
6 0.3431 0.0000
7 0.0828 0.3590
8 0.1627 0.0427

Ro6 |AFRMEXINGEERHEE

Table 6 Relative closeness and ranking of investment plan
RS L L Si Hi4
1(Qpest) 0.3583 0.6097 0.6298 2
2(Oinv) 0.5065 0.4332 0.4610 5
3(Qopr) 0.0551 0.8092 0.9396 1
4 0.3808 0.5073 0.5712 3
5 0.5563 0.4968 0.4717 4
6 0.6796 0.3431 0.3355 7
7 0.5382 0.3684 0.4064 6
8 0.7137 0.1682 0.1908 8
HIE AT UL, WG B de s N J7 % 3, M7 &R

W% T AT, BrLUE R85 s
Fo R BRI, AU E TR
XHZEERERGEATEEHN R, AR H
BIr R PP P iR R T 5, R AL
TR aAe i il

4 %t

1) FEEAT I X R 2R G e R 3R G0 45 o8 e o
AR, GESRAV MR R, XA
HE TR . SRR TR, HI R
B2E, IMATEAREE SR, AR 2% AT REmS & o
A gl FU2 e X 26 T M s R AR 2 ik T 2 8
ARG, Go25 M2 e RO A R T 4 b
Xof el X TR 2R BB TR R G b A TR e LR o

2) AT A EE T TOPSIS f4 el [X AU 25 4 fig
U8 2 50 3808 3R T ok DL e A Y RN 7 S8 T e 445
Aok, SR A T XA 8 e B R R B [ B
AT M L BE, FRVEMTER, BRI T f X 28

AR F7,2021,38(3)

DEPEREA R, B MRS T4 J7 R Z Y
X ZZHE, 23507 PR T I B B B A Bl
(A B0 S 378 DL 26 R, B0 Rl s . )

&k

(1] JagRm, fesest, Wik, 55, 7 Sl ae b i IX B4 B
Z ABREALHEC B[] BT, 2019, 36(4): 24-30.
ZHOU Xutong, HUA Liangliang, HUANG Wei, et al.
Multi-objective optimal allocation of regional integrated
energy considering electric-heat transaction[J]. Modern
Electric Power, 2019, 36(4): 24—-30(in Chinese).

(2] fRsass, BUEE, R, 45, B X 25 REIR R GELR =

2o KA e B Oy (3], AR ), 2020, 703):
303-309.
HUAN Jiajia, ZHAO Jin, ZENG Chengyu, et al. Influen-
cing factors analysis and optimal allocation schemes design
of integrated energy system planning in parks[J]. Modern
Electric Power, 2020, 7(3): 303-309.

(3] bR, B, ARSFEL, 55, BT 22 RB 1M R SRM (Y AR ELHR L

RIBFZET]. LR, 2016, 40C1): 132-138.
CHEN Lin, LIU Chen, ZHU Shouzhen, et al. Study of mi-
cro energy internet based on multi-energy interconnected
strategy[J]. Power System Technology, 2016, 40(1):
132-138(in Chinese).

(4] SRAZE, TR, IR, 4. XEERIR B IN 2 5E R

R e 5 G B B R K i FH 3], BEAR R T, 2018, 35(4):
27-34.
ZHANG Lijun, XU Chenbo, FAN Juanjuan, et al. Critical
technology and its application of multi-energy system plan-
ning and decision making for regional energy internet[J].
Modern Electric Power, 2018, 35(4): 27-34(in Chinese).

(5] XA, XISCHEE, XN RE, 45, FE T4 XU PEAl FIZ A

A L 0 i T 4598 e 37 vk (0], BLACHL O, 2019,
36(5): 87-94.
LIU Minghua, LIU Wenxia, LIU Chenmiao, et al. Invest-
ment decision method for power grid construction projects
based on holographic risk assessment and combination
weighting[J]. Modern Electric Power, 2019, 36(5):
87-94(in Chinese).

(6] REDM, PR, 550 . 20 BLIK R GE i) s A 2235
JERFSEI]. K PHAEA4H, 2018, 39€05): 1426-1433
Wu Hongbin, Sun Ruisong, Cai Gaoyuan. Dynamic eco-
nomic dispatch for interconnection

system[J]. Acta Energiae Solaris Sinica, 2018, 39(05):

1426-1433(in Chinese).

multi-microgrid

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


https://doi.org/10.3969/j.issn.1007-2322.2019.04.004
https://doi.org/10.3969/j.issn.1007-2322.2019.04.004
https://doi.org/10.3969/j.issn.1007-2322.2019.04.004
https://doi.org/10.19725/j.cnki.1007-2322.2020.20190246
https://doi.org/10.3969/j.issn.1007-2322.2018.04.005
https://doi.org/10.3969/j.issn.1007-2322.2018.04.005
https://doi.org/10.3969/j.issn.1007-2322.2019.05.013
https://doi.org/10.3969/j.issn.1007-2322.2019.05.013
https://doi.org/10.3969/j.issn.1007-2322.2019.04.004
https://doi.org/10.3969/j.issn.1007-2322.2019.04.004
https://doi.org/10.3969/j.issn.1007-2322.2019.04.004
https://doi.org/10.19725/j.cnki.1007-2322.2020.20190246
https://doi.org/10.3969/j.issn.1007-2322.2018.04.005
https://doi.org/10.3969/j.issn.1007-2322.2018.04.005
https://doi.org/10.3969/j.issn.1007-2322.2019.05.013
https://doi.org/10.3969/j.issn.1007-2322.2019.05.013

306 K B A

2021 46 H

(7] %09, B, Z=57, 45, FETRORL T2 ] (v P I (A

PRSP EED]. P AL T R4, 2017, 37(24):
7174-7184, 7431.
WU Ming, LUO Zhao, JI Yu, et al. Optimal dynamic dis-
patch for combined heating and power microgrid based on
model predictive control[J]. Proceedings of the CSEE,
2017,37(24): 7174—7184, 7431(in Chinese).

(81 TLIHE, SBPOK, VFRSE, 45, B I 2 RE TR AN s PR IX

WHEARRE ARG GBI B R5 A3k, 2019,
43(7): 34-45.
SHEN Xinwei, GUO Qinglai, XU Yinliang, et al. Robust-
planning method for regional integrated energy system con-
sidering multi-energy load uncertainties[J]. Automation of
Electric Power Systems, 2019, 43(7): 34—45(in Chinese).

(91 fh, Frss, BOMHR, 25, 1T ROANHa M IX 825 A ik TR

R G RURILACBC BRI B[], By A S ki, 2019,
39(8): 176—185.
QIU Zhi, WANG Beibei, BEN Shujun, et al. Bi-level op-
timal configuration planning model of regional integrated
energy system considering uncertainties[J]. Electric Power
Automation Equipment, 2019, 39(8): 176-185C in
Chinese).

(10] FHCAT, £, FE8E, 55 BT DX ] e MR i X B2 g

W A& S8 H G A6 U B (7] H R, 2017, 41(12):
3963-3970.
BAI Muke, WANG Yue, TANG Wei, et al. Day-ahead op-
timal dispatching of regional integrated energy system
based on interval linear programing[J]. Power System
Technology, 2017, 41(12): 3963—-3970(in Chinese).

(11] RN, 2=k, X LA A bR TR S HAR I (B[]

[J]. E R, 2004(3): 59-63.
GUO Junpeng, LI Wenhua. Standard form of interval lin-
ear programming and its optimal objectiveinterval value[J].
Journal of Management Sciences in China, 2004(3):
59-63(in Chinese).

[12] ZHOU F, HUANG G H, CHEN G X, et al. Enhanced-inter-

val linear programming[J]. European Journal of Operation-

AR F7,2021,38(3)

al Research, 2009, 199(2): 323-333.

(13] =3k, BE T BT H A Ok A TOPSIS £ & M SR AT 5T [D].
BT TTIERAA, 2019.
LI Lin. Research on TOPSIS multi-attribute decision mark-
ing based on distance computation improvement[D]. Nan-
ning: Guangxi University, 2019.

[14] =235, POHr, XK1, 4. 3 F AHP-TOPSISI# i, 77
RO HLEA PPN [I]. BRACHL ST, 2014, 31(4): 88-94.
LI Huiling, LU Xinbo, LIU Dachuan, et al. Acomprehens-
ive evaluation method for power energy efficiency project
based on AHP-TOPSIS[J]. Modern Electric Power, 2014,
31(4): 88—94(in Chinese).

KR HE: 2020-10-01

EE BT

ikl (1972), 5, WL, Bz, EAEAERW, PRI
BAORGWREMT . BHREMRR . 5 BRI,
E-mail: 2512692577@qq.com;

FJB (1994), B, WA, TR NEEA IR RS
R, E-mail: 18126154@bjtu.edu.cn;

YRk (1992), B, wit, B, WF5erim b i Rk .
B R Gia1T 5], E-mail: 1036909083@qq.com;
INEKIE (1990), 2o, Mt, PR TR, S50, sy
W R EE AR R IR S5 . Ak & R SR E% 5 ), E-mail:
sunqiujie1004@163.com;

MSTT (1990), %, Wit WR&ETHIN, BRI m 4l
KB SRR, E-mail: 278846276@qq.com;

T A& (1993), H, Wi+, ¥ TRIE, HRFIES
AETRIR S5 . AEURZTE, E-mail: 814202934@qq.com;

Bl (1995), o, P2EMm4, WFJT R CNRBIRA ST, W5
B, E-mail: fengye0579@163.com;

WM& (1991), &, TREHEM+, PR TRIE, #F55
) Al & SR i Sk, E-mail: 375977040@qq.com;
JAATHE (1988), BB, T2+, #HF5807 m hEA IS
TRBETRSE, HBJ) RGUHTATRFT & 5 AR VR B0 M 45 7 TR 5T,

E-mail: zhouzhujun@zdoil.cn,

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


https://doi.org/10.3321/j.issn:1007-9807.2004.03.009
https://doi.org/10.3321/j.issn:1007-9807.2004.03.009
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.3969/j.issn.1007-2322.2014.04.017
https://doi.org/10.3969/j.issn.1007-2322.2014.04.017
https://doi.org/10.3321/j.issn:1007-9807.2004.03.009
https://doi.org/10.3321/j.issn:1007-9807.2004.03.009
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.3969/j.issn.1007-2322.2014.04.017
https://doi.org/10.3969/j.issn.1007-2322.2014.04.017
https://doi.org/10.3321/j.issn:1007-9807.2004.03.009
https://doi.org/10.3321/j.issn:1007-9807.2004.03.009
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.3321/j.issn:1007-9807.2004.03.009
https://doi.org/10.3321/j.issn:1007-9807.2004.03.009
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.3969/j.issn.1007-2322.2014.04.017
https://doi.org/10.3969/j.issn.1007-2322.2014.04.017
https://doi.org/10.1016/j.ejor.2008.12.019
https://doi.org/10.3969/j.issn.1007-2322.2014.04.017
https://doi.org/10.3969/j.issn.1007-2322.2014.04.017

$38EH 3

SR AE . F T X TR 2P LR AT 3 VT B AR HE R 1Y
fel (X 2R REVR R G 7 Uik 307

W% A

Mk Al HHRMESH

Table A1 Parameters of heating network

Mk A2 HEMESEH

Table A2 Parameters of cooling network

TilgGE EWA O KWE KEm F%m BEEAHRRE RS HWHE KWE KEm Efm HEARRE
1 hy hy 1200  0.12 0.4 1 o & 600 0.1 0.4
2 hy hy 500 0.12 0.4 2 e o 300 0.1 0.4
3 hy hy 400 0.12 0.4 3 e ¢4 400 0.1 04
4 hy hs 500 0.12 0.4 4 e e 300 0.1 0.4
5 hy he 800 0.12 0.4 5 s c6 800 0.1 04
6 he hy 500 0.12 0.4 6 ¢ . 300 0.1 0.4
7 he hg 400 0.12 0.4 7 cs cs 400 0.1 04
8 hy he 500 0.12 0.4 8 cs ¢ 300 0.1 0.4
9 hg hio 400 0.12 0.4 9 cs cro 400 0.1 04
10 hyo By 500 0.12 0.4 10 o e 300 0.1 0.4
11 Iy By 800 0.12 0.4 11 1o i 800 0.1 0.4
12 By By 500 0.12 0.4 12 n ¢ 300 0.1 0.4

Btk A3 HEMESEH MR A4 BRIESRIPHE AR S

Table A3 Parameters of power supply network

Table A4 Technical parameters of coal-fired boiler

SHgS RIS R Ffipu  Edi/pu BUERIIZAW PO A0 BEPAR/% AR/
1 e e 0.075 0.1 240 0.86 5.6 0.5 15
2 e e 0.11 0.11 350 0.925 6.9 0.5 15
3 e ey 0.11 0.11 560 0.735 72 0.5 15
4 e es 0.09 0.18
6 es e 0.04 o011 Table A5 Technical parameters of gas-fired boiler
7 e3 eg 0.08 0.11 %’ﬁ‘ﬂf,ﬂ‘:y}%/kw ﬁ(\&ﬁ%& m*&/ﬁﬁ gﬁ?}')ﬂ(‘z’—(/% ﬂiﬁﬁ/a
8 e e 0.08 0.11 350 0.95 335 1 20
9 e et 011 011 480 0.96 46 1 20
10 e el 011 012 230 0.986 22 1 20
11 ey € 0.09 0.12 . "
Mk A6 HEEFHIAKARSH
12 ey e 0.08 0.11 .
Table A6 Technical parameters of heat and power
13 e ey 0.04 0.01

AR F7,2021,38(3)

cogeneration units

BERIIRAW HECR BPCE Mg/ T B iiA/% Fil/a

250 0.491 0.382 116.2 0.7 25
75 0.515  0.355 34.8 0.7 25
750 0.482  0.375 348.7 0.7 25
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fi 3R A

Mizk A7 BARNARARSH

Table A7 Technical parameters of heat pump unit

Mk A8 ERERIPFRASH

Table A8 Technical parameters of electric boiler

BUEYIR/AW  HIEHARERLEL  IMASTIT A% AERR/a BUEHRIYIR/AW  HIFEERLEL  MARTOC dETRAR%  AEFR/a

6 5.4 1.63 1.5 20 100 0.833 15.9 1 15

20 3.4 5 1.5 20 240 0.98 38.2 1 15

53 4.5 12 1.5 20 700 0.986 111.3 1 15
Mk A9 UK FILHEARSE MR A10 FEEISHIAF AR SH

Table A9 Technical Parameters of absorption

Table A10 Technical parameters of electrical

refrigeration refrigeration units
WUERIIR/AW  HISRERLL I&JIC A A%  4FER/a BUENFRAW  HIRRERL  MT0T 4P/ %  FiR/a
3910 1.2 440 2 20 18.5 4.7 1.8 2 20
3400 1.3 518.5 2 20 114.6 3.44 11.6 2 20
40.8 3.19 4 2 20
3000 4000 2000
2500 -.._,_‘_q\
E 2000 E 3000 E 1500
1500 M 3 »
S o & 2000 e 21000 — éé
i fy
500 — 1000 o 500 —
0 0 0
00:00  06:00  12:00 18:00 23:00 00:00  06:00 12:00 18:00 23:00 00:00  06:00  12:00 18:00 23:00
il %l I 21
(a) HFEHTA (b) XA FWAH (c) WIEFMAH
PHE A1 B2 E Fi ey 2k

Fig. A1 Heating, cooling and electrical loads of typical days

AR F7,2021,38(3)
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