F41% F4H
2021 £ 4 B

2 9 8 % RS

Electric Power Automation Equipment

Vol.41 No.4
Apr. 2021

BOfF S4E TR SRR FINZ A REIR R 5t
M55 b X ALIk T 123

gHALE KL E

UL MR OB R R SRR A2

(1. BRI B8 HARASG HMAEE 5 AE] LR #HM 22500052, AEH KRS B TRPE, LA &% 210096)

WE MARRLZKEMNBARGZR, TR RBIRS AR A L& RRAF K ENEREZE, ATH
BRATHBH AR T ARASERX, AT RZFTERGAZE, SEFRETERN THEERRARGIRSE
Ko BRRASATLEERBRADARFRSEXTHEERT BT X, RE T HERRALRSFEX
0k, R E T R TR G AR R RS AR GE IR R, K IR SRR X AT ik 25 R AT AR
o, W FEREF SR T AT T R0 S e AR, A SR A A RIR S AR Ao R B R IR R

ERBET X—F A Rk,

KR 22 AR AR RSB BUR B AR A SR AR R &0F 5 0 B 3-45 ;0 B B2

hESZES . TM 73;TK 01

0 35l

Bl B —E RE IR A R BT AL £ B B TR R
45 R TR E BRI L ) 2R e e B Y i B R R Uy I,
WEZROANYEZE G RRIR R G IR Z Tl LR g
PR S5 4 = B 2R G A TR ek E Z M =
TP R R EGRAR N E R A R R AR
(HEREZE G RETR IS5 155 K € 2019 —2020 4-47 3l
R -t WP T T SRR RERUIR 55 L /
W/ 2RIk 55 E LA REIR IR 5l 55

H AT, B NS 25 G RE IR R G e py > gt
B A SEES TR G B B AT TR
FEARIWTIE WX 255 RETR IR 55 0l i) 2 e AR |
5532 RO B AT TR AT NI
H M 55 00 £ 32 IR AR RE TR W B Rl B A 2
AL A5 L — A R S MR AR RE LR
MR g5 R B L A A 7 A5 [ PN LR O
HL I 25 45 BE TR 20 | o MRS O TR B iR 1 A
JE ¥Rl iz B B o -8 B -8 52 BOT
(Build-Operate-Transfer) 5 2 & % A -2 & -5
22 BOOT (Build-Own-Operate-Transfer) £ 2 | & [7] g
P& # EMC (Energy Management Contract) 55 |
¥ 55 12 %8 A G4 PPP (Public-Private Partnership )
B A 6 FasE =07 AR 8 Tk [ 0 B0 B A i) (L
I FAE 2R A SRR IRAESR B ) h A E S, PPP A
XA T BOT AT i —414 12 % BOO (Build-Own-
Operate) S5 o If H G & H E 207 & JRHEA B
A A AN e TR FE A 15 it AR 55 i SRR B s, 1B

s B #:2020-06-04; €[5 H #:2020-12-14

BEETIE : 1 R4 & ) A R 8 #3007 B (J2019089)
Project supported by the Science and Technology Project of
State Grid Jiangsu Electric Power Co.,Ltd.(J2019089)

SERARERD : A

DOI:10.16081/j.epae.202102014

JRF IR I T R, i 5 55 1B 3™ IR, iR Rl ik PPP
5 8 Bl A 22 B AR 2 15 AR R Al 0 A IR 55
e FR R Ry e 5 BN Y AR TE AR AR AL
P, A A BT 2 L7 B B RRAE , 2017 4F [ 2 fE R
Ja AT B TR L TR A B ke M SR T DL A P o PO Al
S T BUR A 2 BTG AR, LR E 507
ATF M M H iy e Mz & . JHan, B A st
PPP AT HL i H B R RIFFEA0 EAT BIFSE
SO FE AT I 25 BE TR LA 55 1, 36 4%
Rl 55 FEATREEAER BRI G . R 2R RE TSR
55 b TR IR A By B, YT 9548 B D 23 RN A H
T3 ) A5 FE N 35 44 ) Alb i 2 Z2 e ARHIRE
oK, IER AT ER A RE IR IR 55 A OG- 65, e T
LR RE TR 28 G0 IR 55 15 X R A S RUHis 20 M A 4l T
Fo (HHATE NS AR NS — R SR BRI R LR
F5 W E SR T BAR B 55 REVR T H 7R 5T H U
T2 7 [ BER T MRS E 1) iR 55 15 L B i
%25 FRPT T ORI A RS Bk = G U R
il B, IR H LIS T 25 A BE IR AR G e 55 1 ik
BEAPPAL RO BIS AR AR

S ASSCAE [ AN G FE B HEA -, B X8
MERE RIS U, N TR B A B T
Fe [ BT (Y PPP AR, X 2345 RE R AR G0 AR 55 1A
E SCHEAT TGS BB R T3S T2 R
Z G IR S5 R LT IRA T T 4545 fiE
PRI A AEA ] I 55 4552 B3z 8 301 Fs AR J7 =X
TN T AT I BRI 255 PP 122 1 IR 55 P EAN 1
F, DT iR 55 A e 4 SR AT AL 5 38 i S P
G50 3 T BRIE T R T 1 ) BRI R A, DA 45
B REEIR 55 0E— L TP R e 4R it TS



@ L/ AR {7 G-

F41%

1 ZERERRZRFZER

1.1 ZEsERERSHERS

H A£G Re IR 55 72 B N Ah i o ge — & X,
TSR LG R IR 55 45 2 2R — 248 W
HL ) KRR R ZRIRIBOUK S Z R e IR 2R 6 e
U5 TR TR d Bl sk xR
% o E YRGS LR G RSy . A RBIR)Z IR
A EIILB S A AL, 255 I 55 23 R A& T UL 5 A
A2,

LR RBIR AR 5 V0 KRB IRAL N | BB IR 15 4 2 RE
TR 4 24 D7 T, 1ok i e TR A 50 e 1 IR 55 L e
PRES B 55 oA N RE IR 55 19 RE BRI 55 L7 oK
M )37 I 55 0 < Rl AT A JR 55 55 AN [) S U A0 RIS 55 o
12 PPPEXTHESRERERSRSZKEN

BT E KRR KA A (R A IR IE SR
LR S BUR AL S ARG LIRS
A7 AT R I H A R ALE . AT
FRBC TR A B A TR EIRA T 10 PPP RS X 25
G REE R G 55 U T o LR,

1.2.1 PPPEX 4%

PPP A B 2 — AR SE iz iR, i T A4S
LR (AT K AR, X T PPP AR i A
ANISHATR B A 55 YA 5T B | BRCBE 25 51 4 L 6
PPP [ 5% Dt 25 (T FURATAF A2, N SR SCHY
FARE 4 TSR SCRI 4y 260 S 3R E R TR B e
Z2 DL AT R AR (20142724 530 g
B E G — KB PPP b SCHIE A BN 54k 4
FEARGAE ARSI ) PPP RRE RS, AT By
7 SCRY PPP, 8 A 2L TR RA G ] A R R S
B IR 55 T ST AR R &R LG R R W il H
LA B 0 A IR AR BT AR R
B e R S AT

H A, FR I 1w k= Sk 2T A, 456 TR [
55, 6 AT 19 PPP ST B 7 10 58 B 1Y 4 S L
g5, [ 5 A T 1 PPP 3 280k R = a2
ANkt A T8 A3 FT7R

PPP =4 53257544 PPP 5 73 4 #M M (outsour-
cing) B FRIF 2425 (concession ) ZE FIFA A 1L (divesti-
ture) R = RS, Hh ML e )3 i AU A M A
RS, B S b 5 8 B SME MC (Mana-
gement Contract) Fll [t 55 #MJ SC (Service Contract) ;
AR KA & Z B2 E O&M (Operation &
Maintenance ) Fll & 11— 4 i iz ¥ DBO (Design-Build-
Operate) . FRVFZE 0] 4050 0 BOT F& ik -5 -
wae TOT(Transfer—Operate—Transfer) - -
% —iz & DBFO (Design-Build-Finance-Operate ) %5 f5
2, AT AL ZE P HE 40 53 Ry 58 2 A AL TS 20 R AT

12 mh,
122 %A% EARAGREEX

R 4 W0 SR R RN AL 25 AR A 1 L T 2016
AR A2 E PPP LA 5 BT A Mgk
P E 20204F 1 K, & H PPPLEAH BFH A
JE IF 8 FF B BE VR A8k 0 5 BT A 120 4, B
&R 675.01 12,78 , b ¥ I B R I At 152 it 2 152 il
% A ERBE TR R 45 95 me vk HE IR 55 45 25 A RE VR IR
55 B3 H 3t 174, &350 5 TR B A R g5 A X 32 22
A BOT ., i ## iz & -5 3¢ ROT (Rehabilitate-Operate-
Transfer) \TOT .BOO SA 5. AR SCHT LA G RE IR &
4t e 55 155 X A MR FR B 2 A FR TR BLAT PPPBRESCF
T LA REIR R G H 1 A 55 158X, X 1) e 25
A REE AR5 ME S I 255 IS5 )2 R .

g5 4 BN H AT R 25 A RE TR AT TR ER T
RN RS W g W N E B S R o)
FE MC,O&M , fl 5% —iz ’E - # 28 LOT (Lease-Operate-
Transfer) .BOT . #5541l BT (Build-Transfer) .TOT .
ROT A BOO 1=K, 5 W25 45 B TR 3R G Ik 55 A =Y 43
I UL 5% A & A4

(DFEL 1. MO,

MC AR R FE B 2R, FANEBT T 5301 H 2 7]
T PR A L P ()i B A B 2 B A R
55 SRS WA, 9 7 TR AR T UM, 41 & AR T
T BN A B2 1 B £ o

(DR 2: 0&M R,

O&M 5 5 MC AL, (H I H 24 7] H i
TrEEE gy, AT P IRSS BN R tEE
SERIRES

(3)#E 3. LOT R

LOT B[R] 3% A F A7 s Agr g mi § , 10 H A
RIS BAs AR P OIRSS AT X SRR
T MCAHE

(R 4:BOTHER,

BOT #2245 5 H 23 7 £ 58 37 et 0 H 19 1%
TR B e R P OIRSS A TR S 1 E v
FERACBUR

(5) 05 BT .

BT A5 20 52 b I & BOT #8311 28, X 51 7 T
BT #5501 H 2 5] A 7k 5 42 8 2 3 i B 52 A XL
B, 100 H S S UG BRSO , 1 T U 9% 4
Bk E O

(6) L 6: TOT K .

TOT #2245 301 H A w7 547 | %~ 1is 5
Y K PRSI0 E S F X9 R BT A R B
A AR LTS, A TR 003 I 0% = RS A BURF A AR

(# 7. ROTHER,

ROT AL HE T TOT £, 987 iy 47 et 52 iy It

==
n
T



54 8

B, 45 BURF ST 2B A S AR EUT ISR S RE IR R M a5 Ut T 2% 35}

HA w755 .

(8)#X 8: BOO L,

BOO & R, 52 b | J& BOT A8 2 i 3 2%, X 51) &
BOO B, 9% 7 A AUA RS ) 530t H 2 7 fr
A IFEHAYS R H p 301 R 28 ) i

MR 55 e PR g R e A s Y
J7 BRI XU AR PH 7 THI A RRAE Q3R 1 BT .

®1 BASAERGRSER ST

Table 1 Characteristics of common service mode
for integrated energy system
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Table 2 Advantages and disadvantages of service

modes for integrated energy system
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Table 3 Recognition results of service mode for

integrated energy projects
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Fig.1 Flowchart of service mode selection for

integrated energy system
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Table 4 Evaluation indicators of service mode for

integrated energy system

TR

AR R
W55 RIS R ul 11
FRSEEEION 54
VEIA K A FE B ul 12
THER K ul21
ST A w211
BUM{E w212
BT T u213
T R u221
i e 4 u222
Al AT AT w223
WK u224
Ve AU u231
BRI u232
56 TR u233
i 148 4> u234
W AT T3 u241
12 E A 37 u242
iz B A u24 ZH AR R u243
[ 532 4 R 55 B ife
MR w244
B =7 HEREY
b2 u251
BURAT 9 RS u252
TR R R u253
i Bl 2 u261
i 4 B 5 2 u262
BORTRT 13529 u263
BLlsBoR AR 1 u271
ARl F AR L w272
F 959 FE u281
1% 2L u282

B SIEL2R

I H T ul ZEbEull

GERHERR)

R ul2

B AU u21

FlE RS u22

SRS u23

5 AU u2
CEETETR)

P B u25

4 [ XU u26

IRHERUBS u27

ANTT T XU u28

FEVE B 2 PR FVFE I I B PFE 5
R RRY) 2 5 B T AT — BRI AR [, O iE
ATV SR S bR AR, PG Sl o S e R
BOHEPEM AR AR PSR PR SR B, RS A
JRUASEA] 25 55 D1 i 245 R RE 4 a1 I 95 42 X B D1 A
3o RSO — SO R R A TR ARG 8 D7 1% DL RS S B o

()RR PEE R FE BEFR bR S0 47 o

PR A A3 0 07 AT 22, AR SO AR I R
B AL 2 A G AR O 45 0 YA BTE VEM
(Value For Money)MHEEIE" SR M “BH
R AR RN F] S FRDR T 45 9
XPERG REIRI H vl A7 P AT R 0 5 I H A e 3T



54 8

B, 45 BURF ST 2B A S AR EUT ISR S RE IR R M a5 Ut T 2% @

W8 o AR 2 BT H A 7R T 24 67 IR 5515
AT H B A A . JFRCE TR R PR
P FIXUBS S5 20, BB AR A2 5 BT
RS EMITES
Table 5 Fuzzy comment set

WA R | R SRR R

E /0 B SR /0 F5R

il [0,20) mo|| BAA [60,80) ik

BAF [20,40)  aw | AA [80,100) AT

— & [40,60)  —f%

[ i, AR SCHR 5 0 BORR 2 5 B 5 A 7R B 52
Pr RE PR I H B 2L B SE A 4R AR A 4 I
55 BRI £ 3 | e A A T I W 5 S MR BT I 2 B9 |
B P RER X 3R AR T . MR HARZR S
RER IO BT RE FXIBCAY AH SC U HlE , vl 5 BEAS Jin s
PR AR . E B bR -SRI 2 9 30 23 i )
W6,

xo6 EREMIIENERXS R

Table 6 Partition criterion of evaluation scale on

quantitative index
L s T
T 2% AEBRIE Hem
AF] <2% >1 <1%

BAR [2%,4%) [0.8,1] [1%,5%)

— % [4%,6%) [0.6,0.8) [5%,10%)
BAEF [6%,10%)] [0.4,0.6) [10%,20%]
£ F >10% <0.4 >20%

()RR R A

XF T E bR, A SCR FI B 5% B 30 (B2) B s 5
PR A E RS bR ) AL , 45 % T G0 0 b
T3 MR R I3 B iSRRG g vh — B A 3 1 52 2% |
FERFiS R,

8 AR AR, A SCR S G (S AU 1
BB ERNE . X TA n DHEFR m DI R R
HFED=(d,) (i=1.2,-n5j=1,2,,m), K d,

m

N j PN R R LR i N EAR IR 1 B RPN (E,
WNVES AR AR BRE S T AT

1 m

S, :_lnm ;sij Ins,

Sij:tij/Ztij (1)
J=

max d; — d;
J

ll-j:

max d;- mjin d;
Horpr e K AR TR Hh R AR i

WS, M i M HEAR WAL EE w0, 5 i A~ FE b
) F AT, w] R 55 i SRR A LG AR, AT

, w;6,
w]=—
Zwﬁi
=1
s (2)
0, = -
n—ESi
i=1

() PEA 8 b 0 5 pR R

XFEEA BB TR 2R 40 iR 55 1S E AT PRAN ), PR 4
b 55 P14 B RORT X 1 O 2R 0] 38 O SR B eR SR
TN H LA SRR B R B EE = AT pR AL BRI R ORI
IE R pRECSS o AR SR 5% B X (B3)—(BS)
FIT 7 B 04 T 53¢ Ji B o BONT S T 4R b 55 1T S A BRRY
K FR AT 2

FE PE R AR AR T A A S e R L R
175 A IFIE SN C=[c, ¢, - ¢,]1(j=1,
2,0 m) USRS A MR PR RIS C SR
B PR L, H -

Liz[lil Ly +e+ lim] (3)
N
lif: N (4)

HE 1 R A PR R 8 M 0
I S R i A R A, 1 BV,
ECETNTINS

B R IACT IR0 BERIL 4 45
BT RS T

111 112 ot llm

Ly Ly < 1
T=WL=[w, w, -+ w,]| " 7 1 (5)

Zul an ot lnm

Forp, WO 45 b AU & A1) B 5 Lo SRR A

6] 4k
4 BB

AR R 235 A5 - 5 2270 Y RE TR T T H
Beys ™ B BT LR 44285 RE IR 55 U0t H - 101
FL 1 TEIR VIR PRI XA Ve A R R0 5 30
F 2, T X AR BE A I TR I 00 H 3, 4
T T bel P LI ™ 35T H 5 35T H 4, th AR BE K FHE
AR o IR R R AT MR 55 A S B 2R S
i, T A Jsa ol WL C 3R Cl.

4.1 BRBERAEF

ST ECREE G AR B B AR B H Bdls
T 1, 30 H 2 R SRR RGN £ T
B3z B T FUSCBURH L Y (v B2l 1, 30305 B 52 BUR
SRBUR R E AL HE . MR AT 1 B 0 R 55 AR
ey, W H Vs TR H IR AL S RATRE
SEIRT VORI BOT KL, UH 2w, 100 H 28w F)



38} L/ AR {7 G-

F41%

A B s By ot ZEIRAE W A A A
BCEBOI , 5 AR $5E  TRE B AR 9 B 52
F—RINE TR, RIGIE 1R I Ik 55 B0 1k
AR, TH 2 )8 TAFE I 5 IAA S REA R
T BRI ROT B T H 3+, 0 H A /] 45
RE BRI B ) is B R, S PRI RS S B
JiF BRBURN 8 2 SO B AR ] 1T 7R i iz 95 455X
PLe A, W 3 )& T3 1, #BUR A BOT 2
Ao WH 4h, T 1A A AT B s s
PAE AR, B A AR ST AT, N K%
AEINY o MRHE AL 1 TR A R g5 A e A, T H 4
J& T, R BOOFE
42 fEHUETTE

PLIEH 1o, MR 452 C1 Ry & , & e it B e
AR A

(1) E S HEAAE TR

AR5 B 5% B 2 B T 7S ) 508 s B2 o 0, A 2
SYUE BAR ARV 55 A ERCAR A ul 11 RS IR
W15 G VR B 09 LU AE ul 12 9 R B D 4 W7 46

Izi-le”j"?:
_[05 06
U”_[OA 0.5} (6)
H 2 (B2) Al 45 =90 s br F AN E w,, 4 -
w,, =[0.45 0.55] (7)
R (2) Al =98 mAndd B A E w), 9
w), =[0.4569 0.5431] (8)

[/ 3 AT A5 0 m AR bR 28 B M ul L AER LR
ul2 AL E w, =[0.625 0.375],
(2) E HEFE PR T
VA 9 48 b mih ge U w22 S i, oA f =
G B MR AR T 3 5 SRR w221 T 358 4 u222 | il
BRI ATPE w223 R AR AK w224, e E = gE
PEFE bR AR BN EI BT R UL, o
0.5 0.6 0.5 0.8
104 05 03 0.7
“10.5 0.7 0.5 0.8
0.2 0.3 0.2 0.5
=0 (B2) 115 = 90E M FE br A w,,
w,, =[0.2833 0.2417 0.1833 0.2917] (10)
[T 58— G e MR AR IR e, T A%
MR 55 A PP FR ARALEE AN 7 B o
43 fEIREEBEITE
(1) & SEFebrsfJm BT
LI H 1R, AR 4 B % B =0 (B3) —(B5) 1]
5 =% 8 s ul11 ., ul12 XF VP35 & 9 kR
FEL, -

U, (9)

(11)

11

:[0 0 0.0949 1 0.9045}
0 0 0.3955 1 0.6045

F7 REEXTFNERRENE
Table 7 Evaluation indicators and their weights of

service mode

— i dE bR gk =/ Ei 7
ul11(0.4569)
u1(0.6) u11(0.625) ul12(0.5431)
ul12(0.375) ul21(1)
u211(0.4)
u21(0.1125) u212(0.3)
u213(0.3)
u221(0.2833)
122(0.1482) u222(0.2417)
u223(0.1833)
u224(0.2917)
u231(0.275)
123(0.1464) u232(0.275)
u233(0.225)
u234(0.225)
u241(0.2917)
u2(0.4) 124(0.1464) u242(0.2917)
u243(0.2333)
u244(0.1833)
u251(0.333)
u25(0.1393) u252(0.3)
u253(0.367)
u261(0.333)
u26(0.1196) u262(0.35)
u263(0.317)
127(0.1054) u271(0.55)
u272(0.45)
128(0.0822) u281(0.6)
u282(0.4)
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0 0 0 0 1
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) T 3§15 30 e s S
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Table 8 Results of optimal selection and

evaluation for service mode
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Optimal selection method for service mode of integrated energy system

based on PPP model
CAO Siming',WU Yi',CAO Kai',CHEN Meng',ZHOU Suyang’,ZOU Fenghua’
(1. Yangzhou Power Supply Company,State Grid Jiangsu Electric Power Co.,Ltd., Yangzhou 225000, China;
2. School of Electrical Engineering,Southeast University, Nanjing 210096, China)

Abstract: Along with the development of energy internet technology, promoting the integrated energy service
has become an essential approach for facilitating the energy system reform for utility companies. Based on
the current PPP(Public-Private Partnership) models in China,the service modes suitable for integrated energy
system are summarized and proposed from the perspective of project investment and construction. Through
the deep analysis of operation links and operation modes for integrated energy projects under different ser-
vice modes, the selection method of integrated energy service modes is proposed,and the evaluation system
of service modes based on the improved fuzzy comprehensive evaluation method is constructed,so as to opti-
mize the preliminary selection results of service modes again. The rationality and accuracy of the proposed
optimal selection method are verified based on the actual case,thus promoting another effective method for
the construction of integrated energy service and the improvement of project management evaluation.

Key words: integrated energy system; service mode; public-private partnership model; fuzzy comprehensive

evaluation; project evaluation;project management
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Table C1 Example data
WiH bR Bt WS A R% SRR AEEIKER TRRRSU% VM A0
1 BOT 9.2 13.3 30 30 80
2 ROT 8.56 12 30 20 87.45
3 BOT 454 12.71 30 30 80.35
4 BOO 4.50 6.55 30 50 79.99




