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Fig.1 Schematic diagram of energy supply structure
of a CCHP microgrid
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Fig.2 Schematic diagram of CCHP multi-microgrid

CCHP #Ifg M5 CCP B4 M A1 CHP #Yff /3
IR A E B, T DL AT A BRI A R D RS L, H
205 W & T ] — 4 B X X0, = b S R A R ]
KRS BOMF, WH % A £ AL, & KR
HEAR K HL AR T e H Ty R v AR A ey T 4K A
WE S A B AL, REBEAWAIAMAH 2.2 7T/m’,
CCHP %4 Z 1 W 72 4t v i ) 5 Fi 1) i) L 22 1 T[]
oy AN LR S A R A2, AR 14N F) A
2 » CCHP AU75 5 D F o ) i (14 Fi A0 b A P) 1) R 1)
AR FL A . X L L RO R L Al A 418 7% R A
FEL A R TR) 5 L5 7 Do D At K 208 i 19X 0 L 14 L A A
[, 4 CCHP BGL M N 43 A =X Ha U5 & v D) RO g
= R e e O L DN S R R S g S
4 EEL A AP T DA EEL D 14 008 L R AR, Ol T R AR 8 T AR
e A o S P A S DAKH 4B G X I H P DA I A FL [
b AR W T W W= v d e T T
1) EL, X R At R 2 B D) ) B b P AR D Sk T AR
T R X 2 A 5 1) A 408 68 Do B L - ) L D B L

T TR X6 IR T A A I A BF O 2 R A
6] L BE 22 B CCHP 1 2 13 R 2 4t 110 28 55 1k 5 34
TR BT 230 P9 3 2%t T B v AR A g o A
1585 O 5 I X5 Z2 180 0 8] 38 G HEL AN 1) il o ik — 2B 5T
3.2 BERAMH
3.2.1 £ CCHP AT 4 1h o8 B 45 58 7 B

24 CCHP #I 22 fif W) 3 oo B 4% 28 U 47 i ) 8] HL
REAC A, &AW A 8 4% 7 B v A H 1) R OF il

http://www.aeps-info.com 39



2018, 42(21)

THOWE 3.8 4 fios.,
4000 —— 1) 4 HLAEI A (I8 07 ) IR S A V2 WL v
3500 ——mLff EEE I A A ik
3000 | 225 H.COCCHP B il A LI FE L
25001 RS AL
2 000
1500
1000
500
0 S
-500
-1 000

-1500 L L L )
01:00  06:00 12:00 18:00 24:00
g
() CCPAUTMY

i /kW

[ = JRACHRIP I — — - B BB e B
40001 o wmpiEmEmh COAE @bk
3500 3 CCHP = iM% H. = RS e 0L

3000+ =MHA

e

12:00 18:00 24:00
I %1
(b) CHPEI 4
3 CCPF1CHP M HMBATEEHR
EE

Fig.3 Cooling, heating, power balance curves and
equipment output of CCP and CHP microgrid

CCP U4 ) v S AR R RUHL B & HL 2 38 K F HL
Ty DR AF R B RSO, 8 T 2 B,
T 22 4x 1 HL i B 45 CCHP B Bl A 1),
T R BRASFE LA 0 7 S 7 A FEL R R A
A PR B A DR AER AL T IS R R T
R W= Ve BIL A TR S Al I 8 17 iy D 238 4 3
P HL R AL AL . FR b T A SO AR B R
KW EHMABOE SR M TR I#E 5 CCHP
UG A2 T H T) 23 e Tl ¥ ALY AR H 2 238 8 - A
F5 Rt 7E WG S B E A R BT R AR 2 A I R B R SR
TEAF B B AN GBS 58 LAt A7 FL R LIS 2D R 48
AT H B AE B Ar, H & B S R D) B A
08:00—12:00 F1 19:00—24:00 B} Bt 3k 2 5 K 78 i
HEL I (100 kW),

CHP 2 ff () S AR FiXUH & L T 238 K F fL £
ff Dy 2T 3K, 8 T 2 r B, 38 ot ) e X I CCHP
T ) F S g FL TR R AR ML R SR I 4y
FRER A AR 20 d TGRS B (A F I rp A A fr g R
FH 480 FRCRE B LR A B 0, Y 4 A Y R A T
FANREWE FE FR G 7 SR I R AT R A
() B, 5 R b 5 R R O S 220 S R AR R A B ) T

40

c FARMR -

LA, B R FERCR ARy 100 kW,

1400 [ i R 6, TP
g HhL A

1200 i

U St

1000

800

I /kW

600 1=
400

200

O B R
01: : :00
I %)
(a) CCHPZY B ¥4 £ fif T 17 il &

NS Fiaai i
1200 F it g
—=— F A

1400

1000

R /KW

(b) CCHPZY 3 o9 4 71 g ~F- 4 it 2%
2000 —— #1442 . e~ CHP —e— CCP
—— R HL AL ez e L
1600 ——-RH o7

1200 +

Wl ,f"_/.\;/f\\/\./'\\‘”
SR

T /kW

400 AnUr 77

NN
L R

(=}

N

pZA

1
NRN

S
=y
S

D 0
oo
T T
LA

474}
272

[
oo
227,

L

Nm
E “NNNENN NN N
B e
BTSN A
N

(=]

FEROEI R /KW

= -40 N
= -60

NE _80 I I I I ]
01:00 06:00 12:00 18:00 24:00
IFZ1
(c) CCHPZEL B 45 B # 3 Th = i 2

B 4 CCHP BIfM ¢ H e & far T8 R I8 & H 1 M 2%
Fig.4 Cooling, heating, power balance curves and
equipment output of CCHP microgrid

ZE

CCHP B R Hp % 4 v 6 £ Dy 5P M, HR HH
BV /I HLBEIO TS 00 . R AR LI R A28 A A
0 A 2 S R 4 LR A BACRE B 2 0 3 v R
PR 4 00 Ay I 23R e e g v BIL AT I S R v L
Fe At i e U v FLAS JE LA R AR v 67 5 5K
I o P HLIEAT A0 ELEAE v A v I A4 2 R e
i O /N T AN R L . ol 0 A 7 B R
e PR BRI UG b 3 I, 20 40 B o A T RO



JE DL I3 Do A A7 fr T SRR S SRR P A T R

T I FEL A7 7 T 238 S5 R ARER HIL & H L FL VA HILTE
FEFL D) S5 H M B R IIE 5 CCP B W58 H
L)% 5 CHP B 6 W 52 B L I %6 &5 HL it 78 i
L O AR XUH P 9 O . P B S AR AT Ca) TIT LA
B S L A7 A B 6K AR AR Y & FL TR
Ja& T ffe HR L 5 09, f XM EL R L CCP L £ o Fl CHP
T T IO g P A 5 FL B FT T R . BRAUEE ML AE I H LAY
iR R Nl R T (Al ) A N N
ZHL Y T S R LLE TR AR A M B
23:00—07:00 & HLith 75 HL A7 fiff FEL BB L A /=5 0 L A B
B 08:00—11:00 F1 18:00—23:00 & H jth it A1 it 44
H g 77 oK, LR KSR RN 73 kW,
3.2.2 5L M) JC fL BE 52 B X LA A

2 CCHP &I 2 i W 3 42 v i I 18] N £F 76 HE fig
S AU AT 3B AT, 5 E ) )7 AR L RE Y
L5y, N FE AR ST 4R A A 28 B R O vE B A
55 Z2 5 W [ 57 32 A7 14 P Ak 45 R 3R AT X LG, A 2 B
MR G YR A 2N RE LT 2N R
GEARYE = A D7 T R IF 43 AT .

D ZWMM R G Y) R HAE

2 10 I i) A A B fE 22 B, CCHP B 2 3 W &
il R SRR N RS R 1 G SR Rt
M £ an & 5 Ca) BT 7 5 X4 B I 8] KR A7 78 L BE 38 LI
AN 5 HL I T g B S W] 5 (b) FIFs

214 1o 9 ) 77 75 H BB 58 HL IR, CCHP 43 9 M AH
RN el S R i YN N S RS = RN
e 09 g L LAY CCHIP 6 190 51 DA K 408 ke I g el
v CHP B A CCP AL o 2 A L TR A 2
PLRAE CCHP #U75 N B D R 575 5K, CCHP AL i3 ) 11
MR, ) ) B, 4 5 (a) FP 1300 Al 2400 TR,
CCHP B M CHP B 5 % v iy B 2 e K, HE ik
J& CCP ARG R ok 099 [ HL [ FIT AR 215 fal I B 1L | A1)
HHTE S R T 2230 2R G0 28 5 AR e o 22 W R Bl I £
S5 1) P 05 e FL 7Y Bl 0 65 L, 224 A A A I 1) FL T SR
SR E 15 235 2 s P e A R

24K Wl 37 3B AT, 22 L R CCP A Bl ) A
CHP A5 ) ) e 85 e, it 8 CCHP Y 6l I 1]
SR AR N S AR = F S T g i v P i
A CCHP AU W 5 ri 9] ] 52 B H 3y R 4 fH i K T
A5 ) 1) A7 7 B BE 22 A AR, TR O 224 £ I [ 7 7
HL BB S8 S 5 AT LA K R R AR A I 5 e ) i) i Pl 2
R TIPS AR

2) Z M R GE 1 4 b

&M 7 s AT A e CCHP B M L CCP
RUGE AT CHP 434 I I FL 174 HL A1 B DA H IO 0 L

T, A BB RS HL AV T 2 RO R At TG Ak 2 B R

MK, Bt A 3£ A3 44 CCHP Bl Z M R 4t
TE B I 18] 778 H BE 3¢ BRI JG HL BB 58 B35 T I 48 5%
BUAS . AT UL, 2 f) 1] T L ) B 58 B, 2 5 R G
)R AS S 40 939.3 TG, MM A A HL T R 32 B
Bf . Z 0 R S8 1Y S BAS Sl 37 285.5 JT, LA T F¥
8.92% . CCHP i fit W it 37 iz 17 B} 328 17 WL A Ry
34 873.3 JG, ok M W] A HL fig 28 BB 48 4T A R
31 049.8 JC, WA T F& 10.96% ., CHP % fi & il
CCP B4 )l 785 FL 25 8 X RT CCHP 23§ 1 H
WA E BT LAZE R 3 52 N B AT AR FEACR AR

1500, CCP-Ha [ —e—CHP-H1 i —— CCHP-H1 [
- CCHP-CCP - CCHP-CHP

1200 F
¥
900 3 NN W
o600 oS K Y P R v
il Lh o 8y
E 3000 % R %
< 0
=300 F
-600 L L L L )
01:00 06:00 12:00 18:00 24:00
i %1
(a) A HIAERS H.
1800 o ccp-rif
1500} —eCHP-Hi[®
CCHP-H1 %
1200F e
= 900t
= 600
g 300 F
o O
® 300}
-600
2900
-1 200 1 1 1 J
01:00 06:00 12:00 18:00 24:00
i %1
(b) TEHLAERL H.

BS5 sHNARFNEZTTMLE
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multi-microgrid system

3) ZIN & G 1 A PR

CCHP 5 22 Bl (0 28 Gt e HlE 7k 1) 5 2R BN A
FEDL R b FOTC H 19, 498 SRR BILRIER U e A e
KIRF=H CO, B HL ) F BB R 23 /K 7 K
feflt, ZHM RGBTSR CO, HE T,

Nt
Feo, = 2 Qe For () + e Foy () +
t=1

U c.power P gria (1) ) AL 20)

K :Feo, NZHMM RS iztrid B CO, 1 HEK

5w e A AR TR SR SBRBERT (9 CO, HERR 5

For (O BRI FE IR A 5 e power A TCHRL I PP
AL HLREAE PRI CO, HERR .

HRAE R AR AR T 3 R % 1.214 3 kg/m’ . 3

http://www.aeps-info.com 41



2018, 42(21)

HEE CO, HERE 2.49 kg, ATHE AR KRR CO, HE
R 3.024 keg/m®, B HL W BB CO, HE R
0.997 kg/(kW « OV Fff 5% A & A4 %5 CCHP
R 22 0 ) 28 G0 A 1 D) [ A7 76 L B 3¢ BRN JC FL RE 2 AL
Y T CO, HERcR . vl UL, 24 55 ) ] B2 45 HEL 2
B, ZHMM ARG CO, HERCE R100 307.7 kg, 4
) [E] A7 FL RESC B, 20 M R 2 19 CO, HE =
951 712.7 kg, HERCE D 48.44 %
3.2.3 5 CCHP 4 4iiz 17 ) XXt o bt

CCHP 2G4 tEae SR L1770
A%, BT R B R R GeistT o O D RGE
HEL R DA H g g i s sl e DL g 0758 4T 7 K
i CCHP RGBS HLALAL A IR R Go
ffar (9440 . S BRS AR HLHL AL 19 Fe K & L D) SR T vk
T F& 2R 40 L 97 far 7 oK B DA HL DO k2 G At A 288 1 1
WA R R SFE HLML A 7= A 1 A I A VR P AR B A
] 1 T2 2 W e X o ¥4 AL AL 25 ¥ £ iy B 8 4 A %6
R Lo i 7 Nl R i e e s N R ] i
PR BRI, DL BoE B s AT 7 TR B

R g€ AR SCHE Y Y AR AR R BE O Tk 2 T R A
PO TEZ M A L RE S B AT ER R L X 3 4 CCHP
A5 SR FH < DA BRGE H T DR SE B aE 4T O Sk AT
15 5B 43 il 58 G A A% G s A7 O 20T B9 22 M
ARG I 5 A SCHE Ak R B T ik R AT X
Hs WL s A R A5, S Dioe B 7 fn e DL E
B AT I7 M E AR SO B AR VA B D vk T 43 )
B 5.33 %0 R 9.58 %0 A A F7 B . 3 A SCHR
AR I B D5 v, W CCHP & £ 3 M & %2 b &
Do 152 8t R4 A D 5 T L R 208 R ) (] 52 D HL 1)
FAE, AT DA E PR Z N R G S T AR
4 iFig

CCHP # Z M RGBT 4T A S Z M [\
Lo M E A VIR LUK A £ A2 g
M R Sl B AT 2 T ) 2R G 0B AT 4 B AR 5 B [
LHHEM R WE 6 FR. K w BMNZE S H
M5 R A A2 BT e RE 1Y 45 AT L I BE 3L Al Fi 1 i)
() 2518

AL B A G D () I 5 R R A B 38 n, CCP B
T T 14 22 1) A A, CHP B0 63 ) 1149 28 5% AR 38 ¥
PR 5 33X 2 T Ak ) ) B L E A T R, CCP AR
AT CHP %43 ) 65 7 4 L 4R A5 9 0 45 28 K
i T CCHP %973 X M\ AH 4B £ 0 A 1) B R 4 356 K
CCHP # 1  (14) 28 3% B A 72 5 34 o, i 3 4~ CCHP
R Z TN R G 28 0% A 2 BB iRk ka5,
TREIE ol D e FL R L L A R T DA R DR R L L A Y

42

- RT -

JECU] 224 75 ) [i] g S 25 5 B2 A8 5 FL i B 0,69, 0,42,
0.17 76/(kW « h) (Bl w =0.04 J/(kW « h)) i},
CCHP B Z 1 M R & A i K i5 17 & ¥ WA

36 907 JT.
48 000 -
42000 -
36 000 - o
30000‘; '777.7777.7777..7707".".'.~0-.
E 24 000 | - o -CCPZYHHIM
¥ 18000 - - o -CCHPHfH N
= e -CHPAL i
12000¢r~—'~——ou—rr—worrror——r—o~o—o~o
6000 |
OV
1I~'—'~——.r"~.—"~.~'—0~——.—'0'O'OV'.
-6.000 * : : J
-0.12 -0.08 0.04 0 0.04

w/ (GEe (kWeh) )
o SHMMESEHRASHEMXRMLE

Fig.6 Relationship between cost and electricity prices
of CCHP multi-microgrid system
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Day-ahead Optimized Economic Dispatch of CCHP Multi-microgrid System Considering
Power Interaction Among Microgrids

XU Qingshan', LI Lin', CAI Jilin', LUAN Kaining®, YANG Bin*
(1. School of Electrical Engineering, Southeast University, Nanjing 210096, China;
2. State Grid Jiangsu Electric Power Co. Ltd., Nanjing 210024, China)

Abstract: As a large number of microgrids with combined cooling, heating and power (CCHP) are integrated into the same
distribution network, it forms CCHP multi-microgrid system in which the distribution network is the core. When there is
power interaction among multi-microgrid, it brings great challenges to the traditional optimized economic dispatch. On the
basis of energy supply structure of CCHP microgrid, the cooling, heating and power energy flow among devices and equipment
models are analyzed. The optimized economic dispatch model of CCHP multi-microgrid system considering the power
interaction is also established. Through the example of Zhongxin district in Tianjin municipality, China, the output power of
equipment and the balance of cooling, heating and power load in every CCHP microgrid are analyzed. Then it compares with
economic dispatch of CCHP multi-microgrid without power interaction, about economy cost, CO, emission and power
interaction with the grid. Finally, the whole system operation cost is compared with that of the conventional CCHP system in
following the thermal load (FTL) and following the electric load (FEL) operation mode, which confirms that the model
proposed is effective, economic and environment-friendly. The relationship between the total cost of multi-microgrid system
and electricity transaction price among microgrids is further studied.
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