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Abstract;In order to resolve the problem of energy conservation and emission reduction in the
running stage of industrial parks, how to integrate and optimize the energy system of industrial
parks has become a hot topic in energy planning and building energy conservation and emission
reduction research. Aiming at some problems existing in the traditional supply side system,a new
fixing heat based on power mode of the cogeneration system is put forward. Based on the
evaluation models of energy conservation,economy and environmental protection of cogeneration
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system,a mixed integer nonlinear programming ( MINLP) model for heat source system on energy

micro-net with the total annual cost as the optimization objective is established. A new mode of

this heat source system with optimal equipment configuration and optimal operation strategy is

obtained by the simplex method combined with the branch and bound method. Compared with the

traditional mode ,the new mode has a primary energy saving rate of 73. 88% and an annual total

cost saving rate of 70. 35% . The emissions of the four pollutants CO, ,CO,NO, and particle matter
(SP) are reduced by 20.26% ,69.50% ,13.77% and 17. 87% ,respectively. The results show that
the new mode is helpful to energy conservation and emission reduction, and the proposed

integrated optimization model can provide theoretical guidance for energy system configuration.

Key words ; Industrial park;energy micro-net;industrial waste heat;heat pump ; MINLP model

LSRR T REIRHE” 2 S Bk Gk
W A m R DR S A DG AR BRI ¥ A G
7= & 4t ( Combined Cooling, Heating and
Power , CCHP) J& — it [|] B i /& FH 7 FeL 17 o
RS FRA AT 75 K 19— 1AL B ER 2R ]
ARG, HTERHERY P 2T
ol Pl DORUEE R AE AR AR R B0 A AN [R] 25 B9 1
O, FECK o3 A R LI [ 20 77 A Y H g
FIREARE 5E 2, FEAE A1 i i el B i
TUAR M I R B RS R BR
( Information and Communications Techno
logy , ICT ) FI1 1K o A pResk & g, f2 adE 1 LA
Yk v At o3 A B IBE AT 4 fE
PR 27 e B KT S I vy 3 ) XL [ £
SVBRHIE B2 LB R Y R TR T 1 AR A YT
Ao AR T bE DR T | REJR B3 ™ & B
LTI TR T AR S T — IR Y R
PR, 55 AR LG, TR ) A7 A%
PURER BE B L A4 K 0 S A0 0L 1o 2 i w2
R, BETRHIN 22 GE i 4R LD Ak 240,
FRECAE R G L5 R BTt A 1Y A B e A =
Bl & M st B HE A E RS sk
HFRASTT e [m] i 52 30 e L, B LAI2 47 SR s A0
BB A T OE N A BF AR B TR
E. Martelli 55" SR FHAUZ PSR 43 TR A
HE 2 E B 4] L Y ( Mixed-Integer Linear
Programming , MILP) , 3l iz X P4 A4~ Z& 44 %) 43
B REE AR AL, S8 B0 T AR &L 25 A4k H B o
A. Rafinia 55" 757 B R S5 0001 3 0l 22 1) S ik

BRI TR B R 22 9 B B A AR
T % AEDLACHE SR v R 1] MILP B8 3447 5K
fif . T. Shekari %' H I T % B TR [ g
T 80 25 TR AF it T 2% 1) i R B IR0 A £ R B 1)
MILP #5875 6 /2 BE I A W] 32 47 FR il
MITEOLT 2B AL AT BRI G N i 4T AR 3k
B/, A, W. Hammad %517 ] R 45 A
AF 2k 4 #1455 A ( Mixed-Integer Nonlinear
Program ming , MINLP) fift- g AE B AL i T+
5 2 BT XA B ) K DAk J7 ¥ R TR) R
BASS N EROCR . 2581 CCHP £ 48
Pic 5 343 o DA F RS =R D) H i AR
3, PR i 2 0 A R BN
JEAE DL, G H N JE AT 2 I A T >
PRI T R R B . I
X b T A A 32 AR TR TR R AL R G Y 2
BT A A AR T B s 1T SR
R RA, A DEEXT RN IR R 5
AT FLR ) — ARk Ty it — 2B Y
DABR i B A P A 1) 3 B AR

Zi bRk PR — AR g DL ARGE
a7 A B RLFH P BB A SR R B E L )
KB (IRIRFIE R A ol 304 $ARE
K B oK F o A R B R R
RO IR B ARG A, D T 0 A 2R
L™ Bl & g 25 ) () ), DAk 3 B K g
TRAR BT B B A SR T RE (280
IR Z HAn LAk 75 1, E 7 Re R4 0 A0 3R
GeA UL MINLP A558Y R FH B 4l1 145



555 1) M 155 BE DR PR I 2R e A L A B REDRAE T 5 917

O RUE SRR A B T IR R S R A Y
B BC E RIS AT R AU, IF 0 TIZ RS
AT REDRHERCR , 0 REUR R e MLl $2 it B e
WRAE B A S

1 ARG

1.1 EREST

DMRSEEHL + AL R 58 (GTHP) Sy i) 2
SEARTE  GTHP R 4t H 157 5406 PR R S FE HLAIL
H(GT) A (B) | A HE 5 T4 %
(EX) . W i 20 #4 FE ( AHP) il 455 28 4 %
(CHP) %X &M, RELE WA 1 iR,

RIS

Bl 1 GEHP MLt R 58R &
Fig.1 Two mode of GEHP system

AR rh il R
RN A R AR AR S RS AR A 2
PR I PACHE A A RS HE L PILZE R H
RT3 P e G A B K B 4 R A
HL A7, AS R EEL DA DO D 70 3 e R
P IR R e 0 XA R S ] T AR
SRR, IR EE LR LR o 3
[l A2 F, 97 e oK, HAAOR 2 140% (4n
Bl 2 fiR) o

k00 f‘)i P %j’,ﬁ},% LEIETA

#
*x
65%
B2 A AR AR R

Fig. 2 Heating efficiency of heat pump in traditional

power supply mode

R AR R A, B P BB

e SR A2 L SR Bl AR (IR AR SR B Tl
AP IK ) 1 L 7 75 2R, 8 4 A X3k
HLEK = AR 5 O R I IR AR S5 5

P T oy A A B T e L 2 A ) A
PLE B i R REIRACRE (W& 3 FiR)

100%

25%

B3 AL A R IR AR + A
PERA A REVR R
Fig.3 Heating efficiency of distributed energy

system + heat pump

TEHT LLARGE f B0, Wi A

55 A AP IR I oKk o R
TEBET I ERAT Fe s A7 G Ay R IX[], — LI
TR RUBAT I B R/ R KBRS A
R R 5 m P2 n SRR HLILAL
K SR AR SR N

Por

nGT,n -

FGT n m. ( 1 )
o IR SEEHLR LR ; P WIS
HLRY & L AR KW 5 F o M BREEHLE LA S AR
i kW,

BRSEEAUHLAL DR i 5 % AR
EPESC RN

QGTh,n,m
Neth,n = FGT,n,m . (2)

K o MR IAFI IR O, T
BREE LRI A kW

FIABERIGS 5 W, KR8 R G045 WA Y
IBATARAS (0 ARRCHT 1 3R 4T) )
TR T B BRIs T X [E]

aGTPgl"l'e,dn WGT,n,m gPGT,n,m gPrc?lTe,dn Wernms
Werwm € {0,1}. (3)
s oy HIRECHLIY B/ NS

20 m B IS By



918 WHERKESMARBFR)

%39 %

1.2 REgeETEHE

Yt P BAERE M%) '
Ty RN A T R

TEHTHY DLARGE i B rh ) RGeS 2
m SR AR RIS Ay IR AT AR B i A A i
IR A I i i A R 22 R AP 7

OQcmnm = Qe + Qexon- (6)

FHPTERS 2 m 08 35 SR R W i 2R
FEAR AT Z 0

Oreqm = Qv + Qanp m- (7)

PRAFCHLHLLL T 2] m & W w3 F
Tt J2 4 U N FL S oK H - 7

Porm =Peyp m- (8)
1.3 RSZFMH

IR RGN ELHE T REVEIEAN (& U
PO FIER R4

REUR R G REE R T AE — BRI 17 48
FRVEM

H.=(F" -F)/F*. (9)

H.=(F* -F)/F*". (10)
i H A H 3 53 o8 i DL #RoE v B X
IR R GG GERRAE R GEAR XS 7t R GE Y
EREIE A P I R R A IR AR
THAES ; F By« LAHGE B A B AL 5
GL A —IRBEIHAER

RGATNMEFR AL AT L3R AR B
P )RR DB AT 2 1 2R 4R
AT 25

H, =(CY-C.)/CY. (11)

H, = (CY -C.)/C. (12)
Kb H FIH, 53 50 3 0 DAARGE L A X

>

IR R G RL G It R SR I R Y
AR 2158 O o 3R G B AR B9
P Co T AR GE i B e i R 42
RIAFERIBERE B 5 C o e GLIR A R SR A )
BB

EEB I T 2R

H, = (Cy = C)/Cy. (13)
H,. = (Cp - C,)/Cy. (14)

P H AH, S350 8T DLARGE i X
AR IE R G AL SR I R GUAR LRI T 2
R Coe MR GEARAEE 2R T ; €, BT Y
“DLGE B R B R G B AR 4R B T

Co HIEGIMER SR MAE AL TT.
RIS 2%
H, =(C¥-cC,)/Cy. (15)
H,. = (CI-C.)/CY. (16)

A H RH 05 DR 37 1 LR HL
ARt R G AME SR RGBT P 4
R Coe N R G AR B 1T 35 C, BT Y
“RLPGE B R I R AR B AT BT
C LGB R G217 9

AR GRS T SR R G HRCTY &
B

HE,COZ = (Eiléz _Ec02 )/Efjl(pjz‘ (17)
H;E,COZ = (E?SZ _Eéoz )/E(S:}Z)Z- (18)

ﬁl:i:l :HE,COZ ;FHHE,COZQ%IJ%%E E/‘J “ L‘/L %&KHEEEA”
B I 2R e G S R G HE O &
H; Eoo, WO BER GEBIAEHE R 5 Eco, BT Y
“LAHA E HL RS BB 1R R G 0 AT HE
Eco, WEGIRAE R G HERCR
2 REEESEITERI
2.1 RERUTERSH

KGR GTHP BRIt R G455 4 4
TR 5 Cap gy (g) TR FR G454 B8 I E %

WA ;Nor (g) FR RG4S V& L
BOEMES  Xoh ARBURE



5 4

M 155 BE DR PR I 2R e A L A B REDRAE T 5 919

W58 m 20 % n (00T A N
“O/1" AR, HE SO (g,n,m)
N m BEZIEE n BRI ARES N
INg:(g,n,m) Hi th &G N OUT (g,n,
m) 5 FAb A A AR SRR A LA
HARARR O, FNA PR P, o

Bon AW RBCR (HERERE) £mh
Ner(g,n) 3 75 W& 1) I /N RN R ag,
(g) s BA PN TR MNE RN 6 (8)
GTHP &%+ CO, .CO NO, ki ¥ (SP)
iR HE R R Z s .

2.2 RGEMRABREBEIHFER
2.2.1  BUARRIA A

FEAT« LABRGE L BETR B2 m S
L o HILAL A R T 9K ) W i = B A 4
ARl T AR HERE RO R

OGr(m) =INg; (3,m) +INg (4,m). (19)

B2 m SRS ACHLLAL K F T TR 4
KGRI TR, RGEAXT Mt

OUT 4 (1,m) =ZINg (5,m). (20)

FZ0 m FH P 385 5K H e 4 A
WS A i P [ i A2

0,0y (M) SOUT ;1 (4,m) +OUT 1 (5,m).

(21)

RGN, RIS 8
“DARGE L BECA ], 20 m i) GT HLAH
KHLE A& H 430 2 P E e R
FOEAR AR A TR R R G & WL
ANRET R ZH TR, T A A M .

OUT (1,m) + Py (m) ZINg (5,m) +
P (m). (22)

Bt 2] m SRR R A N R 4 =
PRI L) W J2 P AR fr T oK

Q. (M) SOUT 1 (2,m)+ OUT i (4,m) +
OUT,(5,m). (23)
2.2.2 FerBiAIHReREL

Tl B DX e HE AR B s R AR
SR, DRI 4 B A 2R 0 8 U P i i UG
BERG AR BB, LA R I RE IR T & A

SR ATE G HE R S B s, LA B dE i i
MR A, oK 15 A% L T A2 17 5 W 1) S A
fift AR H AR PR ECH

J=min (C_+C, +C,). (24)
2.2.3  BUARBRIR i

1 MINLP BRI 29 51 25 h & A 1R
MESR A (0 A 2 MR, B A SR i i e DA
FHZALACHC & ) 8, M LR AT 4R e i, 75
SR B M fE, ¥ MINLP 7] 8 5% 16
MILP [1) /8, 3 5% FH S 4l 1k 45 5 43 308 Bt
Bk

3 W

3.1 KA

TEHU b 758 C X T B T 3 T B
DX P — i LS Ry 51 11 ST AT BT AR AR
VLSRN B A TR U5 HE R A F A O T
15708 m*, 50 LR #)2, 1% Tl 8 50 Rk A
RE R O.11, )2 T fF R B H 0.43
W/(m*-K) AMife % R A 0.3
W/ (m?-K) FF ATl B 5 fe ik it 48—
FRUEY (GB 51245—2017) [ %E C X [Bl
CERME IR BRI oKk . e A G2
A5 300 ) Xof R A7 30 e A 7 i 5 R 67 0
G K 4,

1000 - B O
-o— B i P,

"Moo 0400 0800 1200 1600 2000 2400
A%

4 SR A G AT R 97T 2R
Fig. 4 Hourly thermal and electrical load

curves on typical day



920 Tk B SOR S e AR (A R R SE R 5539 %

GTHP It RS S IMERE R B Bl
{0.27,0.90, 1.00, 0.70,4.50 | € gy

(G,N)"™. (25)
BRI /N A 2 Ry 120
{0.6,0,0,0,0} e A, (G). (26)

SRR YR (A T/ KWe/th) 2 i
o
0.3445125,m e (22:00 -05:00)

9

[5570,830,455,1820,965| € I'¢; (G).
(27)
RSB R
[808.16,0.13,2.14,0.07} € Zg,. (28)
[252.55,0.03,0.19,0.02} € Z,. (29)
[594.24,0.55,1.95,0.05} € Zgyse.  (30)

Ps(m) =40.6352, me (05:00 -07:30,11:30 —17:00; (31)
0.9258875 ,m € (07:30 -11:30,17:00 —21:00).

11, RG0S T LA A P L B TR SR, A

N PR FEL 5 T Ak T 25 B FEL AT 4 ) BB

I R S A fre /N ger SR AT a4, 7 A

PO g L DA 2 HRL B R

3.2 KBER
& 5 S GTHP Bk it R Gife Gt X e ftiz
o, HE S (b) A RS A HLHLALTE b
TUERT H AN TR B4 B T) BEER, 24408 30T 3 £ ey a2
1 000 e

| Mananie ool
| |

Tl
° LN
il

500

FEE/kW

TTTT

ATTIIT

[ iNmEEEEEEN)

WLATIIIIIIIT

1
I Pgrid S OUT (1) E=SIN(S) [ JPdemand

500

000

15%000 0400 0800 1200 1600 2000 2400
Ay %

()t B B R

HEPR/W

FERE/KW

PE/W

750[ e B ANNIAAA s
wood L ELEERTIIN 1l
i |
e LLLLLLLL | LA
750

ﬁ 1000 | EENPerid SSSOUT (1) ESING) [ JPdemand

120000 0400 0800 1200 1600 2000 2400
Eug]
(O EEEN e

5 GTHP Bt R e Rtz tr skms
Fig. 5 The optimal running strategy of traditional mode for GTHP system

K 6 & GTHP Bt R G iU iz 11

1000 - IOUT(Q) S)CIQdemand

. _
;500

0

= |||
5 s FREAS I -
B sl ‘ .
% 1o

(@) H BB

g1
" 000 o B OUT(1) [ |Qdemand
il 77ﬂﬂ nn L]
H 100 f T
£ o ,|HHHH M|
® U ARl
M | T
Z 1w LI
b | Ll L 1
z of
K 200
0000 0400 08:00 12:;0'0 1600 2000 2400
N A
(b)S H B B4

6 GTHP HK{t R G s AT 5
Fig. 6 The optimal running strategy of the new mode for GTHP system
P AEE T, AR 6 AT LTS E]
PP AEAE SR 1877 SR 52 HL v
R, BB RIEZRME 1 PR,

& 6(a) A %0, 7ERE %] 05.00 ~ 0700,
12:00 ~ 14 .00, F 48 HL 57 faf R0 16 K, TR S
MM AR AATIET T, IR RO R
fufer 7 H N, T B S EE LA AR S



%5 45 RE TR BRI 28 45 45 AL Ak B RE DR HER 9% 921
®1 GTHP B RGRMLA I E WG, R« LIGE B B | Co, |

Table 1 The optimal capacities of GTHP kW

B fegipist A LhAGE AL KK
GT 870.295 3 195.051 0
B 948.160 0 —
EX 1 047.364 0 195.370 0
AHP 1 035.269 0 170.260 0
CHP 904. 690 0 877.730 0

TR« DAPAGE B BT e A
1 FL T SR 58 4 R A ML W 12, RGE R
A fir B 46 2R R PR L A A B,
o A G T S LR K, 51545
REARH FE BT Y ARG i RO A2 R T
L, RN SZ L 52 )
3.3 RUERHW
3.3.1 MRS 5 RGN AL R i

ML SR AT, St R G AH L, B4l
ARG — KRR T 50 81. 8% , L RERU RS
5] 234.35% ,94 T 7 617 373 kW -h 4%
S, UL 2R G e VR A ORI H R i v T
SHHERGE, BRHE RS AERI B E 2 T A A
WA EN 8. 03% ; Bt R G421
PHAAXT Tk R 47748 55 88.79% ,
AT BB R 48 4 0 2 T A Rk #)
82.38% , KM ALHD B B R G 5 Ak
P XFTERHE RGOt R G AT IR
XF g3 M, BIME AR 16 B bR s 80 2 CO, |
CO NO, FiI SP 3 P F 5 Y 4 HE s 5 A% 19 17
L, AH X F o R Gl S o i BE AR T
51.56% .89.7% .53.39% F1 49.52% , % Fl
AL B Bt R HA R AR PERE
3.3.2 ARG S H DL f AR R

2 R IR

AL P4t S mT 0, A AR R =, B
“PLPGE B B EUHAS 73, 88 % W — IR BBV
B BEVRIT A Ik 4 794 446 kKW -h, 54
B A AR B 2% 45 o LA s 17 2%
FHE B LA E B th AR 2, S 48T
()« ABAGE HL B IO AR B 2 T B &R
70.35% , F BB 0« DL L A S LA A

CO NO, FiI SP P15 4 Wy HE i 43 7 B A%
T 20.26% .69.50% 13.77% F117.87%

4 45 g

(1) EFXFHER AL GBI 2R Gt el
EICRSERFH I & ek N R RE
R A6 25 ) AT, 4R T BT A DA L B
AL R G0 5 TR R G045 B2 R A MR BB
iE, N PR RS REE 2T IR
Iy MTR TR AR

(2) 3T Z BiaIE R G IE Y
TRA BRI AL (MINLP) , A T
T S SR At B A0 15 45 B B A 7 S W 7 A AR
H G| AR T B Ak i 58 1 TR A A AR
T S R AT LA R b e X R B B
AR ROER AR R A B S 51Tk
W7 58, I A 51 R 481 RE SRR fE

(3) Xk BHAE Tl ST RE U5 i o T 3R
St Ak, 51 T GTHP REGAEE SR
AT« LA#AGE B B0 IS IR A =
Wi B AR IS AT SR W, A A s ST 1L 43 A i
7 M ARG B R Go i UGE
HL” — UK AETR T & 3R A 73. 88% , 4F L9 Y
B 70.35% ,CO, .CO NO, FI1 SP PUFis5
e HE 5> B AR T 20. 26% .69. 50%
13.77% 1 17. 87%

(1] BRI, A&, E RS 34 Mg
WHFEHLABGARIE[ ], A= 257741k, 2016,36 (22) :
7288 -7301.

(ZHAO Qiuye, SHI Xiaoqing, SHI Lei. A
review of the industrial symbiosis network
[J]. Acta ecologica sinica, 2016, 36 (22 ) :
7288 —7301. )

(2] JeifesE, FER. X SRONAETRALR 5 BED 00
FARIM]. bt EES Tl et 2016.

( LONG Weiding, BAI Wei. Demand side
community planning and energy micro-net
technologies [ M ]. Beijing: China Architecture &
Building Press,2016. )

(3] KHedr, MR KRR ARG IR E
P 5 PIPGE R s AR s [ 1]
BAH S5 ,2019(36) : 80 - 82.



922

Tk B B OR E eE R (A SRR )

%39 %

[10]

[11]

[13]

(ZHANG Xuanzhe, SUN Jun. Research on the
operation mode of “ determining heat by
electricity” and * determining electricity by
heat” in natural gas distributed systems[J].
Technology innovation and application, 2019
(36) :80 —82.)

BEJAN A, TSATSARONIS G,MORAN M J.
Thermal design and optimization [ M]. New
York: Wiley, 1996.

ZHANG J,CAO S,YU L,et al. Comparison of
combined cooling , heating and power ( CCHP)
systems with different cooling modes based on
energetic, environmental and economic criteria
[J]. Energy conversion and management,
2018,160(3) : 60 —73.

LI Y, TIAN R, WEI M, et al.. An improved
operation strategy for CCHP system based on
high-speed railways station case study [J].
Energy conversion and management, 2020
(216) ; 112936.

ZHENG C Y,WU J Y,ZHAI X Q. A novel
operation strategy for CCHP systems based on
minimum distance [J]. Applied energy, 2014
(128): 325 -335.

AGHAEI A T,SARAY R K. Optimization of a
combined cooling, heating,,and power ( CCHP)
system with a gas turbine prime mover: A case
study in the dairy industry [J]. Energy,2021
(229) . 120788.

WANG J,LIU Y,REN F,et al. Multi-objective
optimization and selection of hybrid combined
cooling , heating and power systems considering
operational flexibility [J]. Energy, 2020
(197) :117313.

GIANNANTONI C, LAZZARETTO A,
MACOR A. Multicriteria approach for the
improvement of energy systems design [J].
Energy,2005,30(10) ;1989 —2016.

G ZEE RN % FT k-means RZEH
MILP £ () CCHP % Giz 17t Ak, 18 i %
#,2020,50(11) ;74 - 80.

(JIN Feng,JIANG Guoliang,, XIE Ming, et al.
CCHP system operation optimization based on
k-means clustering and MILP model [ J ].
Heating ventilating & air conditioning,2020,50
(11).74 -80.)

by AR VRS, 45, —IROLREIR R 48
AL AR 5 8 7 k. B TR, 2020, 27
(6):1103 - 1112.

( GAN Zhongxue, ZHENG Chaoyue XU
Yushu, et al. Energy optimization modeling and
scheduling method for CCHP system [ J ].
Control engineering of China, 2020, 27 (6) :
1103 - 1112.)

BRI Z RE DR =R R 52 A bR ILic
B A ST, 2021(6) 17 - 10.
(ZHU Yonggang , Multi-objective optimization

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

configuration model of CCHP system [ J ].
Automation application,2021(6) .7 - 10. )
MARTELLI E, FRESCHINI M, ZATTI M.
Optimization of renewable energy subsidy and
carbon tax for multi energy systems using
bilevel programming [J]. Applied energy,
2020,267 :115089.
RAFINIA A, MOSHTAGH J, REZAEI N.
Towards an  enhanced power system
sustainability; An MILP under-frequency load
shedding scheme considering demand response
resources [ J]. Sustainable cities and society,
2020,59:102168.
SHEKARI T, GHOLAMI A, AMINIFAR F.
Optimal energy management in multi-carrier
microgrids : an MILP approach [J]. Journal of
modern power systems and clean energy,2019,
7(4) .876 - 886.
HAMMAD A W, GRZYBOWSKA H,
SUTRISNA M, et al. A novel mathematical
optimization model for the scheduling of
activities in modular construction factories
[J]. Construction management and economics,
2020,38(6) :534 - 551.

L DR PR Tl P X RE TR B R R
MWL D], YBH TR B HTR 2 ,2018.
( XU Fugiang. Research on energy bus heating
system in Shenyang industrial park [D].
Shenyang : Shenyang Jianzhu University ,2018. )
GAMOU S, YOKOYAMA R, ITO K.
Parametric study on economic feasibility of
microturbine cogeneration systems by an
optimization approach [J]. Journal of
engineering for gas turbines and power, 2005,
127(2) ;389 -396.
CAMPANARI S, BONCOMPAGNI L,
MACCHI E. Microturbines and trigeneration
optimization strategies and multiple engine
configuration  effects [J]. Journal of
engineering for gas turbines and power, 2004,
126(1) .92 —101.
FLAESR, BE, FAAT, 55 IREe LIS PUb R
RGNS T RELTFHEVF I [T]. Bl =S
7,2005,35(7) :4 -8.
(KONG Xiangqgiang,LI Ying, WANG Ruzhu,
et al. Energy efficiency and economic analysis
of CCHP driven by gas turbine based on
optimization [J]. Heating ventilating & air
conditioning ,2005,35(7) :4 -8.)
LGFH. FETIRECHLRS Pop =R R 5
PR D]. K KA ,2004.
( AN Qingsong. Optimization simulation of
system for combined cooling heat and power
based on gas turbine [D]. Tianjin; Tianjin
University ,2004. )

(DAL ERME SESCH AL i £ 2



