F365F 128
2016 £ 12 A

73 MR AR F-REIAL i S e oty
TES-CCHP XIsuk A VH%

AEE R EHE KIBRK H M I
(KPEIRE BRruRMET5EH0da 8T EERE Hd K 410114)

Vol.36 No.12

& ) 8 % 2 %
Dec. 2016 m

Electric Power Automation Equipment

%Ia 21

WE., ZoHRBRAATE N RRAAFANZAZIANI LY mB R —CMAr, FEEBRAHERX £
VAR Z AT 4 B 6 vl A SRR R it R ST ) R R R R R Fe HE AT S AR T R A 0 SR B R A
B AR, E IS N T ARSI (CCHP) A AR BMIKAS AR AEFAERR | A THLALT ER
FRAE R B B AR W AR AR D RAAN B AR R T2 R ALK IR S P A 48k — AP F R A4S A T BRI AL
Bk, ABEFFHRSEAKETME @S5 ABE AR FRE L B R LABE IR PT A S HN
BARLBELGRKIEM, FALEREAN ML RETHINE SRt E TR X R8O E T
A H i A 53R 00 A B ke o BT SE A9 HEAL ST 25 R T 4% CCHP 4 %09 5% A8 AL 1) 4 A 2 4% 3 4k
T ZRA R W e Z SR A AR R

KEBE, HARBARA, S wN, FEBESETERAL L, ARERYE, REZFAL

FESES: TMT3 SCERARIRAS . A DOI: 10.16081/j.issn.1006-6047.2016.12.002
0 318 G VAT HERE Ty S A9 7 DL AE Ok FE AR SR

TERE VR 77 oK KRG K 5 5 0840 H 538 U111 W
HIEST LG REIR RS IES (Integrated Energy Sys-
tem ) FF R AR K 30~50 A B YR A1 K 1) 35 B K
A, FERETT fECHEBOR 0942 2 DL R SR RA 1Y
A%, ¥ L B {8 CCHP (Combined Cold Heat and
Power ) % ARAE 2 IX 38k A1 v% /30 2 G2 © 15 21 7 75 Fi e
JTR L HM R AR SR A BRI o £ 4k IR
ARG AT UL PR s )R A A PO B
PRGN EREIN S, R FE R RRIER T RGEZ
] (R AH Bz e 58 T % R R AR R BB 1T R
FL g AU DAk (50T XU R B ML 1 4 FRL D ML i
Bl X e sY sl A IR ) T REHA 5L
HIEH T KRG B R 8 = ny ik
G RMX AR TE TES 35 5t F AR VR Sl i 32 QY
KA L RIEHESY TES iy = 2R IR M 4% | f/
/LR IR R i CCHP ALAL S Y | 3 o A H
CCHP #i th S5 A 0] () BE R AR R AR B 170 BB A% 21 1)
L) RARACIIR ) R GE R 1Y 28 B2

CCHP 4 A LM iz 47 I5F BE A 32 R I | AT A
] R WV HL O 3RAS B I 48 % 50 5 0 W 1o 4 ) R Af
A AR R T RS U H R W A St R T
A L RE WA P R 2 5 M I SR AR 1) 3K B/ R
A 2 H W, HRT, 04 H In) B3 224 % HH
FEHLRE I — M H g P ol X F CCHP X2 H AT
Wi BH:2016-04-27 ;1B HH#I.2016-10-21
HEEWME . BRAAHAFEELFTR B (51277016)

Project supported by the National Natural Science Foundation
of China(51277016)

2 JEIAAE A FHE T G SR I 7 AR B PR A 1
el B it S A AN TR B9 S H AR S A BE B il
CCHP Z 5 75 R M58 ¥ | 77 H fig {2 { H 345 3 K
SRR

AR R FBEHLfE PSO (Particle Swarm Opti-
mization ) 5 5 B T PR fRTAE 9 AR A2 Tz
TeREULAL Mgy Ha o SR
J1 R G AR S U 2130 A A 2t R TR R
W 4 SR AR S B RS BT PRI Ak
HERAEOETILEGIAT &R EG L, HHI I
TR ZREE T — e BB R Tk R S ik
Fe, (BPE AR ROR A KA N R — Fh gt
1) 25 AR T HEA AL SPSO (Space Particle Swarm Op-
timization ) 5 ¥ 0 o = E S B 51 AT 5 EE AL
ST IES N M S X Ve a6 I X i A R
SO GG T R B d A 1) A, AR 22 4E =5 (R
ANE T 4w ok i S U007 m BEALPEAR O, A
TR R R B — 4 S RO B R R R fif
JIF A 280N B T[] B ) S 0 A | 3K 30K T
fa4e w2 R E s H B BIA T — RS G R %L
SRR 4R 2 [ AR F BE 4k SC-PSO (Space-
Coupling Particle Swarm Optimization)sg‘&O

1 EBEHBEMNT IES-CCHP XISt & IMRE T
W E AR
1.1 CCHP gBiR&EZasEa

16 TES ", o] FH fE 5 4 28 4% o 4 18 b () 8 U
el e & HIEARSE I 1 Fras, A CCHP g



® ® 0 8 & iR B

£ 36%E

R0 P BN prraesryvery B L)

[P (e SR YN iy
FAIRR, —E> A iﬁ?ﬂ?@/ﬁ@

| BRI AREY
Fig.1 Typical structure of energy hub

DA 2 S LR ih ol ) B TR A OB IR AUEE HL MT
(MicroTurbine) FUEA Y GB(Gas Boiler) I [RIFI AL
Pl b B A 45 L BE AN AR, o i
AR TR AR T IR AR IR I A Bl B AR AR HL AR X
el s PR L TR g AV SR BE W AR A3 HL R i
it B0 PR RE P 2 T AR A RORU R AR DLARL & T P
HH A 8 R RE U ph AR 0B o RO R e L 3 [
Az R AR A (1) B B 22 5 A 2 i A 2 R
et 5 2 50 P BRI B R O (A5 e ke L P B
o RA O IR 5 RE IR AR AN ] % 40 3 b 1 0 TE LE
A5G, RIS AL R vy (0 <vyr <1) 0 vy, P,
PN AR AL P Y RIR T, (1 —vy) P, RN
B AR e R IR

L. 77T err'fllgeT, P, (1 )
Lh a O VMT'T’);[E"F ( 1 —UVwnr )nGB Pg

Horpr TR W 43 5 R IR R & O IR R AR DL
A v T RTABE 1Y B 4 RO " o B R AR RO ™
SRR B TV AR R B RERLLE s PR P, 43
CCHP 5 H % F1 K SR 09 4% 1) i i 58 B8 ;L. #l L,
5390k CCHP BT A 107 11 He, £ £ AR 671 f
1.2 EHBMHT CCHP MMEBEZA /

W2 LU RE B VA T P B = S I e L Ay
HEM I CCHP R G — WM T i & 5% 80 s 2
PO FE AT I RE RS T2 3h Jy . I CCHP & 48 03k
BR824 4 i o R A ek s L R T 3R UL
SN A By iR W R A 2 L I B H T
SR AH B S A S R SR 1Y) AR S L A R 1Y
&

r s,t _CQI
flzz ( . 2 Plink,t+ ’ 2 ‘Plinkdt ‘ ) (2>

Hr ¢y, C.., 50 3 R B ¢ WA H R HL R A s P,
A CCHP REAERT B ¢ B E L D% A 1IE 7R CCHP
2G5 ) L S H Ok B R ) F D L T O R
1.3 BB AR £
RGBT £ (B R $) TR

T

fz=§1 21 C(P(t)) +k§ Ci(H (1)) +Z1 C(P(t) ,Hyt))
(3)

Ci(P(t))=a;+b,P(t)+c;Pi (1)

C(H (1)) =ay+b,H,(¢) +c, Hi (1)
Ci(P(t),H(t))=aj+b;P(t)+c;P;(t) +d;H; (1) +
e;H7(t)+f;P(¢t)H (1)
Hrp  C(P.()) W5 i B R AL TER B ¢ 7 A2 IR
BEA (BALHN $)5C(H, (1) R k&AL LA
TEF B ¢ 72 BRSO (BAAL 0 $) 5 C(P (1)  H(t))
K j A CCHP MLALTE I BE ¢ P9 7= A 1 08 kL Il A
CRBEN $) sabyacrdye f, J9 55§ 3 HLAL QAR
FERRECREN, N, N, 73 5 AUk H CCHP A A
B IHLA R A HL,
14 IREER AR £
(1) ALK LA B 4Y
IR L ALALAE B BE ¢ NP A I PR BE AR £ (L
Bk §) KRN .
Jir= 2 Lol u(P.(1)) +@s B (P(1)) +
wnEXoi(Pi(1)) ] 4)
Elo,i(Pi(t))=0.01[a;+B;Pi(t) +y,Pi(t) ] +
giexp(AP(t))
ESo,i(Pi(1))=5Eto(P(t))
EXoi(Pi(1))=eXcElo(P(t))
(2) IUHEVR FAHLLLER 43
{CHE Ve AAIL AL AE I BE ¢ N 77 A2 1 IR B8 AR £,
(PN ) AT RR N
fézziﬁ; [chgr);z(R(t))+wsEgozz(Pz(t) )+
oxExo(P(1))] (5)
E(hIOzi(])i(t)):O-Ol la;+B:P(1) +y:Pi (1) +
giexp( A P(1))]1/p
Eg0.(P(1)) =& Edou(Pi(1))
Exoi(P(t))=excEto(P(t))
(3) CCHP HLALH 43,
CCHP LR B ¢ 97 A2 B IR G BUAS £y (BAAL
I YE IR

N.

f§3=iz [wcEco, (P(t)) +wsEso, (Pi(t)) +

woxExo, (P(1)) ] (6)
Eco,(Pi(1))=0.01(1+1/p) [a;+Bi P(¢) +
y:Pi(t) +&exp(A:Pi(1)) ]
Eso,(P(1)) =&sc Eco (Pi(1) )
Exoi(Pi(t)) =excEco(P(1))
25 LTI RGUAE A VR I B T N AR R BR
B B f(FRAh $)

f3=1=21 (fztl+f3tz+f3'3) (7)



% 128

JAMEZE 2 a3 (AR5 R T DAL 300k By LA TES-CCHP DX 8 45 904 12 @

/E\:':P , W Ws W\ 53’75"]%7 COQ\SOQ\NOX gﬁ‘{ﬁﬁkﬁi%ﬁx‘j‘
L R8N AE 5 75 G HERCTT 2 R, (P(2) )
ES (Pi(1)) EXo (P(t)) 73 5 R 5 i AU LAY

C0,.S0,.NO, ﬁFﬁk*ﬁ@(%fﬁjﬂ t/h) ;o Bi Ay &

HE T BHLAR COo, RHER S8 ,p M HEH Y
PERE R 280 ke ALK LA 53 1 itk HE Tl 37
AR sEco,i(Pi(1)) Eso,(Pi(t)) Eno.(P(2) )Q%Uj‘j
% i 5 CCHP HL4L1Y CO,.80,.NO, HEHALRY (B Ky
t/h);esc.enc N CCHP MLALHR /3 ik HE T 3 R 44
Eg()gi(R(l>> \Egozi(Pi(t) ) \Eho\i(Pi(t) )%%Uﬁgﬁ i 51
HEV BHLLL I C0O,.80, NO, HEBE Y (B 1/ h)
elc ene ML HAILLL 2 1) e HE T 5 R 88
1.5 IES-CCHP BXEIMREFAERE
1.5.1 BAF&#H

IES-CCHP PR & 55 LA I/ B 0 B An 2, 722 A
VB TN TET 2 CCHP RE R 48 Z8 28 B AL 1Y 2%
P R G A AR AR 5 R B A 2
RE R AME , B AR AL B AR R BT =R R

f=min fy=min(fi+/+f3) (8)
H FRARGWEES A £ f Ff 3= (2) |
K3) . X(T)FR,

152 #R%EMH
(1) W B TR
Piii< Py, < P 9)
Hor ppin pus 235115k CCHP &R Ge A B ¢ W8 f 1)
SR foe/IME R KA
(2) B T2,

P < P(1) <P i=1,2,---,N,
PrSBO<P o j=l2enNe
HP"< H(1) SHP™  j=1,2,,N,
HP" S H (1) SHP™ k=12, N,

Horp puin poas 5355 0 85§ 5 AU B HLE 1A B 2 3
AR BRAE B BRAE ; P Po 2351 55 j 5 CCHP AL
A D3 i N BRAE L BRAE 1 H = 53 590 R 56
i CCHP HLAL B9 BEBHE T 89 T BRAF | 1 BRAF ;
Hy 53 53R 55 kA ACHEVS RALZH 1 (IR D R B
{H B FRAAH

(3) RGNFF LR,

S P+ 3P =Po1)
(1)
-ZIHI'(”’“E] H,(t)=Hy(1)

Jj=

Hom Po(2) Hy ()53 5 R B BE ¢ Y B HR B g AL B

(4) RG] 5 Qe SARHE 2 o

G TR0 = s (12)

N=N,+N,+N,
Ecoi=Elo(Pi(t)) +Eco,(P(t)) +EE()zi(Pi(t) )
Eso,i=ES,:(P(1)) +Eso, (P(t)) +E£(Jzi(Pi(t) )
Exoi=EXoi(P(1)) +Exo (P(t)) +E}I\|10\i(Pi(t) )
Hp  Eco EsouExoi(i=1,2, - ,N)M AR i 5L
HHFIL CO,.S0,.NO, BB E, Es, Ey, 77514 CO,.
S0, NO, HYFCAHF U sV o RGBS HLALEL

2 WAWHEEY

2.1 BEBENKER
WA HA 20 ryE S, YR eE g 2 A~ ak 2
UL &R g akiz 8h Jr X 2 8] 3 4% Rl B4R R I
e IG5 e DA SRR ARk e b iR Re L —Fh A
(N —HR 4 SR 2R 6 AR 4 ) LR R 5 — R R
M A R —Rr e e B R P RS O
SRR LA | —Fh A B SE F Hb BE HLAS A G )
B T7 2 WA T2 SUORFE A2 T BEARFE
I €
ARG B R AL, 0T DU R n A (AN R — itk
st n=3) H bR sR A% 16 22 0] A0 B AE AR 552 00 19
WAEERFEINLEE , #A RN .
S xf(2)xf(3) 11,
C=l TGO +G)) (13)
Hob ij=1,2,3,i77;C, ARG B BUEEE 0,17,
C AR, RIS B A BB R4 Z A 7 I
& BEMK,
22 BEhAER
FRA B PR BSOSk SR AU RE B8 4 3 2R 48 22 [ g
W R RR R H R TE 0 A AR G AE R K
AR E AR SRR AR K R R, L,
HE—2 5] ARG U H pR 2L, N AL BB S i 3R 58 2 (7]
() PIh R FR 3 BB A B P00 8 2 e AR B By B o A
G MR RR A .
SXFR)Xf3) |
R= (f(1)+f(32)+f(3))3 ‘ (14)

Horp R OMFEA B, T, Wi & PEA $8 0, 7T il =X
(15)%m~,

Ti=af(1)+Bf(2)+yf(3) (15)
Hrp o By WAE R, HER F(1) f(2) f(3)
P oTEkE, A a+ B+y=1,



14) ® 0 8 & iR B

£ 36%E

R {EMK | ST R 58 2 [ 7E 2 K LA B B
W, RRGET (1) f(2) . f(3) W DTk & —FE 4
a=B=y=1/3, TG P B0 KN AT LR 53
AR HE A P R B B, OERS G I R, M
0 <R<0.3 B, ARG G iR & B Bt ;03 < R<0.5
B, AT gG A T R R B B 0.5 < R<0.8 B,
LA VMR LB B 0.8 < R<1 B, Rt BERE A& Wb
KIEM B,

3 SC-PSO &k

3.1 SPSO EEREBESH
e PSO Bk RSP Ak [n) A8 (%) 2 0 g R 1T LA
VE M3 FE I 0 — 05 Bk Bk %
o — A~ B T 157 0 Ak bR B 3 1 BE (B, BT AT R T %
Bl 75 1) R 8 R S Pl L B e 1, JF HORE AR
B T AR 34 BR B e 00 R AE — A - T A 3 P
o B UG BRI B Y B U] 4y g an =K (16) |
(17)Fims,
vif' =wvi+ e r(ph—xi) +cor(pha —xiy) (16)
iy =l + ol (17)
Hr =12, ,m,m HFEFEME d=1,2,---,D,D
REREALAE B BN 00 B ey M2E 2T T 5ol ol
BIRRLT i XTI ES d DA AR SEAE S b IRA k+1
UG AE I X IV A 3 E 5oty ol 20 0 DR RE 5 & X B d
BT kIR 5 b+ 1 RIBIERE X R AL pl
R X RS d DRI AR B AESE k B IE B AN A
AL ply R BEAFEAT N 2 d AR RTESS kIR
BIER 2R B & AT 05 1 2R
I3 A I BEHLEL ;0 BT PEALER
SPSO H 3k i 1 X 4 A kL 1 P A A2 1 4 [ 1) 45
— 3 M — 2 FE S, AR A T LA A T
AL E xR o AT BE b 2R 4 S 5002 (Rl Y
T B w—p—h ZSR] LT S R AR A 2 A L
o S TE R LS4 25 5 45 B I 7R LU Sk AR B A G 0
Hm — 4 BE SRR Bl Be AR (R 1 ko SO
8 T FREEA Ik s b, I 0« 1B
TR TR HE A (18) R BT,
xi =ab o i R (18)
Horpr plet JRET § XPREERS AN AR b+ 1 WABIE
s X 7 11 R
mE S M EARE IEAS = (19) iR
hf}}*IZhS‘*‘l/ (f[{fmess,i_f’;)/(ffw_fl;) fﬁuﬁi&F lflflness,i
hffrl =hikj éxﬁlm #ffﬁnem,i
(19)
Hodr b AR L RS YBT3
JEAR ;1 5 A 72 1 X0y A AT AT D) B 5
JIT A KL TESS |k RAG TE I i Xof 1y 1) e DG 3 1 A 5 fF,
WA RL T RS | UG TE B BT R 1o 14 S 247 3 o7 FE 1EL

3.2 SC-PSO &%

A g5 Piow NI St 5 o T YA e U=y sl [
BEHLEER K, M (16) FX (19) 0] & B » M
1 B VR T IS S i B A F R O AT Y,
xw AR = 3 B U T AR R R A O &R O N AR
R o 12 4 v D A o e Rl T L DN oY
AR N (13) B | A RCHOR B R T A —
e S E IR F Rk | T A S 8O BV L R R
] i A A | 35 BDKE SO0 A0 AR 4 ) 4 R AR (B S H Y
HET R — P AL SC-PSO Bk, BT v 2
Bf 1) 7 PRVE, UL SC-PSO B8 AR AAR B T 25 ] 1 1Y
I 2, 1 EL RS B RO b AT T — i SR

J—J7r T, N PSO Bk i N ERiE ok B M B
A 1 T AT X I ) e — 4 S B0 R B A b
T XF N 1 S 80— A 428 19 25 ) A 3 38 S, T
A7 30 MK B — Ak S 500 S A I R R R | AT A T
A SEON SR L 7] B R ) SR A TS 2 2 L o
Hi AR 4 A — 4 S 8028 G A g R AT =2 00 H A
BRI, SC-PSO AN = T 2 Jm e s,
11 HARAS s/ 783k 0 O A2 3 T R0R
KMEREAS T BEHLYE

4 HBUFELZRSH

4.1 BHE5SHLE

PLE 7 11 TES-CCHP R 48 0], Hod i A A7
A 45 L BE RN R SR 0 far A & L AR AT AR () TR
RGART B (%) Tt e R ANl 2 iR & &
ML FEAR S H 3R 1 s K G, G,.G5.Gy WU
HMLAL, Cs A1 Co S CCHP ALAL  H, AR LA
HURL 7 PR =40, 2% 2 I F ¢, Fl e, YIHL 1.5,
RPERE R 0,,=0.9 0,,=0.4,R B 25 B B ds
bR 0.85, fe KIEACIRECH 100 K, W1 IR & R 2w L
100;CO, HEL S Han £ 2 Fi7n ;S0, HE i S #un % 3
FT7R sNO, HEC S B an =& 4 Frs  #4 f S A5l HE i bs
T 1 A2 45 205 Y S A AT HE I ) R85 A0 5 4 R
Fa N 5 i He i CCHP A B M Nk 6 Uis,
42 RELERSH

S TR B S 1R R e T R B K B Bk AT
X EG A>T, PUB EL A far SR 293 kW, A7 far S 548 kW,
B I R ZE 41 43 ) SR FH PSO Bk SPSO ik Al SC-

300
=
<175
< do
50
9 17 25
it Bt i} Bt

(a) HLBUATHE R

B2 R AEERERL
Fig.2 Electricity and heat demands

(b) #(¥%) i i 5K



% 128

JAMEZE 2 a3 (AR5 R T DAL 300k By LA TES-CCHP DX 8 45 904 12

% 1 CCHP tLAS#
Table 1 Parameters of CCHP units

KL a b c d e f P/ kW P,/ kW H,./kW H,./kW
G, 589.8653 19.0100 0.021 0 0 0 55 5 — —
G 462.3895 17.2230  0.029 0 0 0 65 5 — —
Gs 988.5600 42.6780  0.035 0 0 0 100 5 — —
Gy, 1189.4125 37.5580 0.037 0 0 0 120 5 — —
Cs  2757.1591 35.2140 0.104 2.985 0.019 0.047 100 5 200 0
Ce 1186.2356 36.4447  0.042 0.506 0.021 0.037 60 5 190 0
H, 10232561 0 0 1.996 0.034 0 — — 250 0

®2 WA CO, HBMSH

Table 2 CO, emission parameters of units

%L B,

o9} Y1 &1 Ay

& 6 Fi CCHP HLAS B R M
Table 6 TOU prices of a regional CCHP system

it/ [o6- (kW-h)"']

[]\ L
G, 1432 -1951 2291 0 0 Vet W o By
G, 895 -21.17 1996 0 0 . 10:00— 15:00,
e it B 13222 1.1745
Gy 15.16 -18.03 16.14 0 0 18:00—21:00
07:00— 10:00
G, 1811 -1220 1217 0 0O ;
c4 400 1850 1594 0 o SR Bt 15:00— 18:00, 0.8395  0.7785
s 1490 -18.50 15. 21:00—23:00
G 2080 -1980 1751 0 0 AWE 23:00ZE %W H 07:00 03818  0.4045
H, 1810 -1980 1809 O 0
140x10° [
3 &HASO, HEBSH &
Table 3 SO, emission parameters of units > 1.05x10°
KHIL  w B 7 & A 3; PSO
G, 123 -172 195 0006 295 T00x10° L T
G, 076 -187 175 0015 357 0 10 20 30 40 50 60 70 80 90 100
G 132 —-1.63 147 000003 7.50 EAIEL
G, 165 —114 112 0062 241 B 3 3 FhE S AU S M X b
Cs 132 -1.64 150 0.00003 7.62 Fig.3 Comparison of convergence
Co 196 —-189 1.80 0.0003 6.83 among three algorithms
H, 161 -204 187 00006 7.13

® 4 BUAENO, HHSH

Table 4 NO, emission parameters of units

KB o Bs Vs &3 As
Gy 409 -554 649 0.0002 2.86
G, 254 -6.05 5.64 0.0005 3.33
Gs 426 -5.09 457 0.00001 8
Gy 533 -3.55 338 0.002 2
Cs 426 -5.09 457 0.00001 8
Cs 6.13 -5.56 5.15 0.00001 6.67
H; 5.02 -6.01 5.65 0.00002 7.03

x5 BATUERESEHR R #E
Table 5 Pollutant emission specifications
of electric power industry

VG M E / ($-ke) HERGTAER / (kg™

CO, 0.002875 0.00125
S0, 0.75 0.125
NO, 1.00 0.25
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B B /N T SPSO 5316 A0 1k 45 2R B B ML A% 5 XF 50
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Fig.4 Results of 50 independent calculations
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Table 7 Statistics of 50 independent
calculations for three algorithms

e R fr I B A AR/ §
WMRME woME CFYE e
PSO 765773 748963 75489.2 684.9
SPSO  75602.5 745348 747967 4478
SC-PSO 745524 742189 74113.8 289.1
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Fig.5 Optimized outputs of different units

5 #it

T FE TES T H o B RGN KRR Z
B2E H 520 3 S7 T CCHP & 4t X B A I IR 4 5F

PR 09T IES P AR 5 A R G F 5T A
TR

TEAL G2 7% [ERRBE AR FNHE TS e A M T 7= A2 1Y
IR A S Bl ) T B 2 AN T B I B L B AR
AMLBEREH CCHP 25 75 SR M A& B |7 HL A £ H 5K
CY N OEZ 3 €T

SIAKEG PR BRSO 4 G SC-PSO ik
AT ER X P b i P PSO Bk [ A (0 BE ML 5 AR
75 5 B N Ry W ST R TR R 5 L2 SR R X
D B ARAL G F Bk R X R) | A 4 R S RE T
HARE T &R S iR | FRAR T REHLM:

SEH .

(1] RN, EF AR, % KIBLARRIE RS A T B[]
71 &4 A 301k ,2015,39(7) : 198-207.

JIA Hongjie, WANG Dan,XU Xiandong,et al. Research on some
key problems related to integrated energy systems[J]. Automation of
Electric Power Systems,2015,39(7):198-207.

FAED, A kA RO PHRE R b I R G 2 H AR ALk
TG EATRME S BT[], AL T AR, 2012,32(20) :82-87,
143.

JING Youyin,BAI He,ZHANG Jianliang. Multi-objective opti-

mization design and operation strategy analysis of a solar combined

—
(3]
[

cooling heating and power system[]J]. Proceedings of the CSEE,
2012,32(20) :82-87,143.
[3] RS Ak, KA R REMM S LT, i d
AR ,2014,36(10):73-76,80.
7ZHU Jianwen,SHI Lin. Application and development of natural gas
CCHP production system[]J]. Huadian Technology,2014,36(10):
73-76,80.
SRR LR O I R G e SR E LA (D],
SRR AR IR F 52 BT, 2006.
FENG Zhibing. Integration principia and performance of CCHP with

~

gas turbine[D]. Beijing:Institute of Engineering Thermophysics,
Chinese Academy of Sciences,2006.
[5] SAHIN C,SHAHIDEHPOUR M,ERKMEN 1. Generation risk
assessment in volatile conditions with wind,hydro,and natural gas
units[J]. Applied Energy,2012,96(3):4-11.
ALABDULWAHAB A,ABUSORRAH A,ZHANG X,et al. Coor-

dination of interdependent natural gas and electricity infrastructures

—
N
=

for firming the variability of wind energy in stochastic day-ahead
scheduling[J]. IEEE Transactions on Sustainable Energy,2015,6
(2):606-615.

(7] IR DR W/ e 45 KRG R R Gt/ G W)
WAENIFL[)]. P E AL TR ), 2015,35(14) :3634-3642.
XU Xiandong,JIA Hongjie ,JIN Xiaolong,et al. Study on hybrid
heat-gas-power flow algorithm for integrated community energy
system[] ]. Proceedings of the CSEE,2015,35(14):3634-3642.

(8] #ZE kIR, BET 55, H oW KR 51 % i H i 8 e
B 23 I LA S (I ] 2 SR (). ) A B kB ,2016,36(7) 1 1-7.
DONG Jun,ZHANG Xiaohu,LI Chunxue,et al. Optimal TOU
pricing strategy considering user satisfaction in automated demand
response background[J]. Electric Power Automation Equipment,
2016,36(7):1-7.

(9] sk, E MW, F 4k, 5 8 T 40 58 ) 114w 45 Ak 4 e 0



% 128

JAMEZE 2 a3 (AR5 R T DAL 300k By LA TES-CCHP DX 8 45 904 12 @

FHRMTFIE[)]. BIMEAR 2015,39(4) :946-952.
CUI Qiang, WANG Xiuli, WANG Weizhou. Stagger peak electricity
price for heavy energy-consuming enterprises considering improve-
ment of wind power accommodation[]J]. Power System Technology,
2015,39(4) :946-952.
(107 SBIEFT TG AR B 22, 211 o BT /9 23 i e 40 0 fe B2
BRI L 1)) R 2006,30(5) :24-28.
GUO Lianzhe , TAN Zhongfu, Ll Xiaojun. Demand response based
model and method for optimal design of time-of-use electricity
pirce[J]. Power System Technology,2006,30(5) :24-28.
O itE GG H, TS ALY B S SR A TR RN IR
FRFER L )] 1 A S B4 ,2015,35(6) :17-22.
SU Haifeng, LIANG Zhirui. Orderly charging control based on

peak-valley electricity tariffs for household electric vehicles of

[11

[

residential quarter[J]. Electric Power Automation Equipment,
2015,35(6):17-22.

[12] PEHLIVANOGLU Y V. A new particle swarm optimization method
enhanced with a periodic mutation strategy and neural networks
[J]. IEEE Transactions on Evolutionary Computation,2013,17
(3):436-452.

[13] LI P,XU D,ZHOU Z Y ,et al. Stochastic optimal operation of
microgrid based on chaotic binary particle swarm optimization[]].
IEEE Transactions on Smart Grid,2016,7(1) :66-73.

(14] VR, TR RE E9E, . 0 S e 7 HE Sk e sl 8 2
AT RIT[]. 71 A sk ,2007,27(1) :31-35.

SHEN Maoya,DING Xiaoqun, WANG Kun,et al. Application of
adaptive immune PSO in dynamic reactive power optimization[]].
Electric Power Automation Equipment,2007,27(1):31-35.

[15] ARJ8 2 i Uyt 03 4%, 1CPSO F ik M HL AR 28 U 97 A 3 i v
HRL D], ML R G O A Bk 41, 2012,24(4) 1 19-24.

Z0U En,XIN Jiantao, FANG Shiyong,et al. Improved chaotic

particle swarm optimization algorithm and its application in

economic load dispatch[J]. Proceedings of the CSU-EPSA,2012,
24(4):19-24.

[16] XU, 2 5. R 2 H b B AL TR R #0055 2 i i &
TrA L) ] P E AL T 444, 2010,30(34) : 105-111.
LIU Jing,LUO Xianjue. Environmental economic dispatching
adopting multiobjective  random  black-hole particle swarm
optimization algorithm[] ]. Proceedings of the CSEE,2010,30(34) :
105-111.

[17] MRS A 4 A arde A5 23 [aDR T BE 0 AL 3300k R AE v )

RGO 43 B m N (1), B0 A S ki 45,2014,
34(9):7-12.
ZHOU Renjun,LI Shaoj in,LI Hongying,et al. Space particle
swarm optimization algorithm and its application in environmental
& economic load distribution of power system[]J]. Electric Power
Automation Equipment,2014,34(9).7-12.

[18] k%, ZETHEG KA M A A BV RRE RSO [D]. L.
BUR 2013,

DU Hui. Research on in-depth aggregation of academic
information resource on the basis of coupling relationships[D ].

Wuhan : Wuhan University,2013.

EZ & T .

BAEE (1964—), 4, b @ K B A %
B¥ME EE2HR T O REMRAL B
W AKR] 54T AR BN R G e B
R oA X RAR K3 2 ) (E-mail.
zrj0731@163.com) ;

A8 (1988—), B Wb @ F LA A+
HRAE LRI @AL N ZAETEN
%) A B BR AR R AL AL (E-mail : tracycdx@
163.com) .,

AfEE

SC-PSO algorithm and IES-CCHP regional joint dispatch with TOU price
ZHOU Renjun,CHAO Daixu, LI Xinjun,LIU Yanran,XU Yang,SUN Hong

(Smart Grids Operation and Control Key Laboratory of Hunan Province,

Changsha University of Science and Technology,Changsha 410114, China)
Abstract: Since the interactions among electric power,gas and thermal system in IES(Integrated Energy
System) appear certain interdependency,a regional joint environmental-economic dispatch model s
established for the CCHP(Combined Cold Heat and Power) system with TOU (Time-Of-Use) electricity price,
which considers the energy transform among different sources and the system response to TOU price,and
takes the minimum total cost as its object,including electricity purchase/sale cost,fuel cost and
environmental cost due to pollutant emission. Aiming at the low efficiency,local optimum and random
calculative results of PSO(Particle Swarm Optimization) algorithm,the SC-PSO(Space-Coupling PSO) algorithm
is proposed,which introduces the coupled coordination math model to the multi-dimensional parameter space
of PSO algorithm to effectively couple the parameters in different dimensions for the global optimum of all
parameters at the same time. Simulative results show that,compared with classic PSO algorithm and
improved PSO algorithm,SC-PSO algorithm has better global searching ability and more reliable optimization
results;the proposed joint dispatch model for CCHP system is effective in high-efficient energy-source
utilization ,economic power dispatch and pollutant emission reduction.
Key words: integrated energy system; time-of-use electricity price; space-coupling particle swarm opti-

mization algorithm; combined cold heat and power; environmental economic dispatch



