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Fig.1 Combined heat and power system
with micro turbine

PR I3t 2R 48 A B R U TS

~P(-1.-7) 1
e



(2) ® 0 8 & iR B

8335

H,,=Hn,.5, (2)
T-T,
nre(~ T,1 TO ( 3 )

Hop H, O OB MU A P N BB 1
RUBR S FE ML TR, R BR SR LR HOR s,
i TR S WL IR R BB H, N TR R R
HLAHE A B A B0 ) R 5 g, R A 3 I iR
B8, NI LB IR B T, T 43590 Ay R
ik R IRA LRI T, MBI

X F AR B R g0 A b 0 — AR
B, HFRERAWT .

Hy _ (1 ne—m) (11 -T5)
P, (T, =Tp) S=0 4)

1.2 MBS R ARIE R
TR S A ML A /N (AR S R AL, HE R R
SORH, AT LA kW 28 MW [ D)3 WF'J

k@: L NI S e S B g 0% S e I

B 3% FH 5 ) R 2 ) 1 56 R 40 R o7,

Cu=anP+b., (3)
Horp G OB R PL R B S 2 5 P s 2D
B b N REL,

SR} H b TR — R Ak 2 B i AL TS TS Y b i
N BB Y & R RS R H Tt 38 AT R AR S
BRAHFEHUAR L, A 2 AT /N 0 AR FRRARS o 1) A R
T e HALALH 4% B RistT 9
HA(5)FEM P EA RN R,

1.3 #MfEEEIZEME B MEER

A A EL 7 22 R] A9 R DETE | A% B I8 7% B K
I HE R Gt 2 A8 7 0 FARE A7 G R ke HE 2R 67 fap 5 06 40
L, HBCARER 2T,

L(t)=L(t=1)n+ATH, ()0~ AT H,.(t) /Mo (6)

o L (o) R RAERE I & o BT B GE AR 25 0 s 1, (1)
%n Hoo (t) 50 5 R ¢ W B i AR i 44 RE oy oy, A
Nou 77 N R I BE I 45 09 A7 B a0 A R i 1 e Ak 3%
AT A B

B H AR R B A R L B BRI AR
5 -1 BB R A A O BB R

MARGRB IR T AME FHRih a7,

E(1)=E(t-1)(1-8)+ATP,(t)na, (7)
WARG KL /N T A B bR AT
E(t)=E(t-1)(1-6)-ATPy.(t)ns (8)

Horb JE () & WA ¢ I BLRY B RE A ;6 N E AL Y
FUBCHRL R BUEAR /N 5 Py (0) T Py (0) 73 5301 O 3 LI
it B 19 7 FL B L 20 236 s, A s, 53500 O 6 LB Y
FE L HBOR,

2 WM B am i RE
Tl I ) 22 55 A A s A1 ZESR BN 19 42 17 2% 4

b BRI R RE TR A TR AN B ) R ) 4 % 1)
SR ER PR A 5 E 9 S P R R [ e
R N o N A T B VNN R I S BN Y
ML, B TaREane iR, il A & aiAs R
W 3z A7 2k B v i 2 R A R R R ALY &
P MU sh 2 A D H ) T H 2 DL Rt AR
BRBLR A SO AR A AR SR 0 Sl — K 24 b, Bp
WFE IR R 1 h, HEHbReRECh |

min 3 [C(PY (1)) 4 €)1+ 3 Py (1) Con(1) +
_ETI‘,%C%HB"(I)/?]BO 9)
CY (1) =max {0,U;(1)-U(t-1)}|CS (10)

Hor 7 RE T A CC AR AN N AT AL
HAECE  PO(e) AT FENLAL | 7E ¢ BB 07
C(PSt)) I AT HERLAL § 76 ¢ BB A B 3% H; CS(1)
Jp T AL ¢ 7E ¢ BB R sh 3 UL (o) R i AL
i 7F ¢ BT EHLIRES BB 0 R EHUIRE |
K1 TR IFHLARAS ;€ T ¥ HLA ¢ Bk Bh i 2%
F 5 Py () R AE ¢ B B 09 W FL 5 C g (0) R 1 BT B
() ) EL Y A% 5 N, SR R P B (o) N BRI @ TE ¢ B
B = At Cn W RIRSMME s, RS RE
H br R E0H 2 R0 RB 29 o o A X & AL
MR AHRE S LR
2.1 HEAR
a. R BEEOT-fiT 20,
PCG(t>+ZPRG(t>+Pb>(t)+PM(t> P(1) (11)

b. BRI LR,
0< Py (1) < Prine s (12)

Horp RG AR T AR REIEALLE ; M o ] 28 BE AL
I8 PRC() T FHAEBEVRPLAE i 75 ¢ I By i
T35 P (1) 9 8 UL AE ¢ IFBERY H T B0 58 R
ﬁﬁﬁ% ,PL(t)ﬂ‘j 14 Hﬁﬁﬁ E/‘Jﬁz\‘ﬁ_fkﬁ ;Plin(‘,max ﬂﬂﬁ&l@'ﬁ%
PO I 2% 2 | o VF B9 e R AR R D

c. s LA L R,

Ipv=

i=

KR,
&3 2 0
SRS PR -PE(-1)<RT (14)
Je 5 B ] 2 3
X)=Ty  X°(1)=0
(15)
X)) =Ty X()<0

Horp peo peC oyl kT EHLAL ¢ B/ Bl R &
HLME R R 435 R ol #HLAL @ 10 F TIE 3 AN 1 e 3
PR X (o) AT EEHLAL i 7 ¢ B BT AL B HLR S
FReL sl E] | HAE R IE B Sk FF LS BT[] Ry B

RAEHLRFSE B ] Ty, A T 53 3 o il S HLAL ¢ ) i



E 8 H M BRI R RN & s 1T 9

INFF ASEHLAS [
d. FHMLH
RO,
Enw<E)<E, (16)
WA
0<Pi(t) <P (17)
0<P,(t) <P.,. (18)
Pi(t)  Pu()=0
Pe®=1_p 1) Pun)<0 (%)
— B UR R A e AT R
E(0)=E(T) (20)
Hodr E FE,. 505 ok E H it 0 B /N % BE 2 R
I KAEBE A & 3Py e B P, 53500 S 35 FR S H A
7o L B RBRAE

2.2 HEEAR
a. RGGE AT 2R

SHP O+ S HP W)+ Ho () ~Hu () =Hy(1) - (21)
S Ny o L = B4 69 HCE ;Y1) s

FENLAE ¢ AE ¢ INHBIAY = PR Hoy () N ¢ IR BER IR TA
b. WA,
FRIABE I AR
O0<HY(t) <HP. (22)
ARENE I 293K
[HP (1) -HP(1-1)| < RP (23)

Hor HEs B G B R R G R R 0 Y
c. PURREBL A AR,

A LR,
0<L(t) <Ly (24)
LN TR s e R
0<Hy(1) < Hy (25)
0<H,(t) < Hop (26)
— AR A R At e 2
L(0)=L(T) (27)

;H;':P ’Lmax \Hin,max ﬂ:‘l] H()ul,max ﬁj\%llﬂym%ﬁg&ﬁﬂg%ﬁ
RO RE R A R ORI RE R HhAE

3 MAURBIE KRR

A A TR B R O A SR R T —
AR A R RO R ) A G 2 A 2R AL Ak B T
LK 2 A0 A 1) 5% A6 Sy — A 3R A B B e
MILP (Mixed Integer Linear Programming) [f] & , Jf
i 2o A L SR A

I b o8 0P e v B T 2 Ak

C(PE()) = (aP(1) +b) Ui(t) =
P () Ut) +b,U(t) =
@ P(t) +b,Ui(¢) (28)

Horfr b, R oA SRR R 2 R R

XF ¥R 3h 2 2Rk 2 (10) AT BLBEAT 0k Ze
JOBL

C¥=0 (29)
Cr= (U(t)-U(t-1))C (30)
LS5 20 rh T X E L Y 2 R AR R AT
LA TR g ACIRASAE 5 By (1) B (1), 53913
7R FE R A RS O 0 B RoRAE O 1 BRFROR 2
E)=E(t-1)+ATP,(t)nu— AT Py.(2) /Mg, (31)

0 < Pu(t) S P Ban(2) (32)
0<Py(t) < Py Bai(t) (33)
Bu(1) +By(t) < 1 (34)
Pru=Py (1) = Pu(1) (35)

X HLALAY 5 2R 2 BEOCHR [ 15 T R Y 7 %
He/NTT AL ] 2 3 5

3 (1-00)) =0
G,;:min%T, (Ttrz—Ttrzo)Ui(O) % (36)

t+Ty -1

/2 Ui(t) =Tu(Ui (1) -Ui(1-1))
t=Gi+1,"',T—TLi+1 (37)
S Uk = (U.(1) - Ui(i=1)) 120

k=t
t=T-Tyu+2,---,T (38)
Horb Ty RALEL @ BIRIGIT AL 6] G, 9 IF o 1 221
PLEH § BESRA TF AL A
SCHILIN 8] 29 SR AL 317 260, X R PR IR

4 BBISH

AR S CH [ b S XA T ] e
AL LS E 2 iR, B &6 R PV) A
(WT) SRR S A ML B I R e Rk it | &
HL T R R I A A

A5 1) BB DO 95 A F LR R 7 R A B
o B W R 2 AL AR B s an i 3 iR

s
N TR H Rl
|%MH |%ﬂ@mh g
j,.j G| LG ERd] |

HEEam]  H{Eras) |

R | BRE

L] iy T
S P
——————————— AL

B2 MM ARG HEHE

Fig.2 System configuration of microgrid
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Tab.1 Operational parameters of microgrid
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Fig.4 Dispatched output of controllable sources
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Economic operation of microgrid with combined heat and power system
WU Xiong, WANG Xiuli,BIE Zhaohong, WANG Jianxue
(School of Electrical Engineering,Xi’an Jiaotong University,Xi’an 710049, China)

Abstract: For analyzing the economic and energy-saving effect of CHP(Combined Heat and Power) and

energy storage,an economic optimal model including photovoltaic,wind power,CHP system,fuel cell and

energy storage system is built for grid-connected microgrid with time-dependent electricity price. Equation

linearization is used to convert the optimization problem into the MILP(Mixed-Integer Linear Programming)

problem. Case analysis verifies the correctness of the proposed model and algorithm. The economic benefits

are compared between the microgrids with and without the CHP system and energy storage unit,which

shows that,CHP system has significant economic effect and the economic benefit brought by electric energy

storage is higher than that by heat energy storage.

Key words: combined heat and power; microgrid; electric batteries; thermal storage; economic operation;

models; energy storage



