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2 PV/THAKEFER

AR AW ARG PV/T A KR G4
e 2 Brs .

TAEJEFE A < 7K i A BH AR / 8 S A iz i
K PH BE A5 2145 fep 1 BE A0 FAK AT T 446 9% 53 K 3 i v
R0 R, 5 B R OGAR /B $AR 2 1T A9 G £R: R i 3
I 5 R b R A s o S R AR L K R K BH BB

AR R B AE VS HA L IR A AR S ) SRS Al A Al I

JCAR AL TR AR R — R B Z5 A0 Bt il DL
e AE TR AR 2803 L I R BE e AR 28 8 A

PmAH

SR KA

2 KX PV/TES
Fig.2 Water-cooled PV/T system

RZ IR 22 Sk v 1t B HL 8% o B T
VEIRBE ¢, BYREAR T TFH &, TAR IR BE R FE AR 1 °C L8
R F L H A 5 AR B AT 4R R 0,400 ~ 0,500, &
R

7, =0.097—0.000 45(z,—25) (1
JUBIRVNEERTE TR EERTIE S
P,=A,n,I (2)

K. P, i PV/T HLAL R YR AL HLALY
DR R QTR AT I b Y N IR A & S B N |
R R
PV/T E£HM A EIMGCR ¢ JHHEWT .
UL(t,—t)
ﬁll‘Za*rp\,qel*f (3)
K. i PV/T MR W, B 0.7857,, 0
SR B b A R, — B 1,052, IR BEIRE U,
R SR PR G 5 O R i IR B AR IR A R IR
T h, HK,

U]‘:hc_’_hr (4)
h.=2.84+3.0u, (5)
h,=ec(ti+12)(t,+t.) (6)

w, HIAEENGE e FOGRA MRG0 RIS
AR IR AT B P H
Qn=Any,1 &P)

3 WEREFwBABTENIER

B % 18— e TR I FE 2 1 Y i CO, JHE= 5,
AR SCIR L) 4 5 A R A S B M 8 T £ B bR
PR A ZR L 475 a5 U SR TG L A S5 4R ME . eAh .k
TP SP #l CCHP 2G4, b LT 4 44
XA

D BEUETE bR . — K BE TR TH AE 1t

— R BEIR TH FE B (Yoere) 248 RS04 —4F NI 3K

http://www.aeps-info.com 47



2015, 39(21)

F18) R, et R 8 1 R AR AR B 8 — B A D A v — K
N E ia
Yppe = Z ——0. T FLo¢ (8

k=1 77;;(‘n

itqj:Egridkj‘jEd‘E)rkk M%WM;E@%E’FM%H#&
ke FRGEHAERY RIRRR 5 9, 0 KT R A L AL
oo, Fl o 430 R W S A T BL IS RE 12 I 97 76 1) 0 7
g FIR AR ST X N — IR BB IR e e R EG R =1,
2,+++,8 760, 0K —4FH 8 760 h,

FE ST — BBV YT LR ()

o YI’EOSI’ - YI’EL‘,{‘(‘,HI’
Meec — Y prcsp

it:l:{j 2YPEC SP*” YPEC CCHP%%U% SP %D CCHP /%/\L—
FENB)—IKBEBHAEE

DIMBEEIER M CO, Rl

i CO, HEMCIE (Yeps ) 2 0 25 Fl MR 0 IR =
RONLAE — 4 N B 5 W0 A5 580Ch A5 B CO, BYRZ I L 25 Fh
SR Y i CO, B REOLM S A 2 Al Yot
B

9

8760 [ y
Yepe = 2 ﬂ/xe + ka#[ (10)

k=1 gen

A e A g 23 590 D 45 T B B i A ) A O DR
SRR CO, e RAL.
JE S 2: 45 CO, E"J@ﬁﬁF%(ﬁ(m)

o Y coese — Y coe-conp
Nepe —

1D

YCDE—SP
itl:fj 2YCDE—SP ﬂeﬂ YCDE—CCHP%%U% SP ﬂ:‘“ CCHP /%/L—
WY E CO, fRilth .

3) ZEGTHR AR - A2 75 1w SR ) A

477 i J AR (Y cosr) BLHE HL ) IR SR AURY
WL A (Cend M i CO, i A9 A5 31 A
(Cpon) GBITHEY AR (C o) T2 HE AR (Cre) 5 Ho
T Con s Crun s Cou B 282 X LAY AF 2% H S 100 42 36 i
A S — UPER BT 3l i A% ) AL Y 75 i FER AT
ARG N AR E SN

YC()S'I‘ - CCH +(:PLJ\I +C()M +(:I)(‘ (12>
8 760
Cenn = 2 EianC. + F ,.C (13)
k=1
8 760 E )
CPU,\IZ( grldk/ze+ka,1‘) C. (14)
=1\ Ygen
8 760 N
Comw= 2, 2,ConiPy (15)
k=1 i=1
8 760 N 8760 N
d(14+d)"
Cpe = D.P, = O, ———P,
= 24 2D = 24 2500 P

(16)

48

cZERABHUL -

UL O C 4 5 2R B0 M 6 S 1, 7 60 40 A
FHRSCHY S 5 C. S CO, HEROBL s Cony o H 9 85 4
B T AR TR AT A R R P ST BT i I
BTN D, WA 1 T % 5 T R A i
HEFA O, At 1 2T i 5 ik 22 3 A
d BRI 8% 51, N AW TEF A i =1,
2, NLH N S RGEHY ) HEH
3.4 A B A R ()

o Y costse — Y costcenp
Ncost —

an

Ycosrsp
K Yeosrse MY cosreene 2351 SP Hil CCHP & 48
— 4 NI 42 A SR A AR
) LR VAL 5
A SRR TR T RE R L PR RN 28 U M = AN TR
I 25 5 VEREPEA F5 48 (Y o) B
Yire=w;Ypee T, Yepe twsYeosr (18)
Ko swzsws 53518 = A PR HE W B9 AL R 5L
SR WA B v e B MR AR BRAE A 1 L g
AR PR 2R 2 9 SRR AR bR AR N8R 3 9 A3 BIA R
FHH 0, =0.258 3,0, =0.104 7,0, =0.637 0,
TE S A GEETERER TR ()
- Yipcse — Yiec conp
Twe — Y wesp
K Yipese Bl Yipecon 73 9128 SPFI CCHP & 48 Y
A TERETR A

4 BMRFEHIEITRE

PR HLI B 1T IR IS 52 25 Bt R Gk RE Y £t
Lo EEN T, MRV EZEA R ER
(ordering power by heating, OPH) #l DA H, & #
(ordering heating by power, OHP)™™ ¥ F % %,
B, A< SC sk PVST-CCHP #il PVCU-CCHP 7
[ N N D NS o
4.1 PVST-CCHP &%

D LI E # (PVST-OPH), PV/T HL4H 7 4=
() ARAE QN R AN BRI 2 R GE R VA AT T oK L AN R 1
HB 4 R FC LI 2 SR ASHE HL IR ot 7= A= A FE B N
PV/T #HLE A= 1 W fig 3 W] K 0 2 48 09 W 67 fp ,
JE I HLRE R A3 H L AR AR

2) UL HL E M (PVST-OHP), PV/T L4 7 4
() FL R AN SR AN BT 2 R LY L g 7 oK . R R
ML HL AN R AAS LI L 7= 2 1 A 4 it Ay P
PR PV/T HLAL ™ A i 7 s R RS
I T 77 oK AN R B9 ABE R 0 B R R P b 4
4.2 PVCU-CCHP %%

D UL#GE B (PVCU-OPH) . W2 i 3 (1) K [ fig

(19



A3 5 T K B BE G AR AL 41 & ol A K BH BE 45 BB 2
PR R BHREAE AR = AR A BE R BEWE 2 R
A AT T R AN R R A R ARHLEE 4G L B A
HLIR B 7= A= 14 H B8 AT FH AE L AR ML % 14 L BE 3L [R]
AR 2 G0 H G ar AN A ERE R 40 PR RN A

2) LA HLSE #(PVCU-OHP) . W& it 49 K FH fE 43
B F R BHBE G AR ML AL A& v A0 A B BE 2 A e il #4,
WA K PHRE G AR HLAL & 1 i R B 2 R G i Ha £
o i 2R AN T A B R A FE ML 45 SRR HIL I L
7 A AR A PR Bl 4R LRI BH RE S AR AR
1) FRRE S [F] AR HH 28 40 1 ¥ I T g L R Y BRBE 5 43
AR AR I AN

5 BHEIRFESH

5.1 HEIRS

A BURE AR 53 42, PV/ T B4 etk
KR AIL AL AR B g AR ke AE B T, = T A R
500 m*,PV/THLAHA SN 1 m*, LI—4F R
S8 X, BF ] Al BE o 1 b, B8 760 ASHFEE, R % —
AE AR H AN AN BB R G A S B S A
F G 45 1 43 ) UL B S B
5.2 CHPP By KB

RT LR PR R IR %, i PVST-
CCHP &4 2% PV/T HL4H K 500 &5, PVCU-
CCHP Z 4t Otk & r HLAL A4 SR () 22 55 1 ALYy
9 250 m*, Kl 3 fias g PVST-OPH,PVST-OHP,
PVCU-OPH #1 PVCU-OHP P4 #3217 8528 F A e
T SP R WAL 25 R K .

0.6

0.2 F— S -

PVST-OPH PVST-OHP PVCU-OPH PVCU-OHP
117753
Enpec; E3%cpE; B fcost

B3 RgiTH

Fig.3 System evaluation

WE 3 FER s U g B g, T8 AR 35 R IE A, UL
B DU RS 20— YK BE YR T FE R Y i CO, HE R
#/NT SP RGeS e ATTE R TR BH BRI i
REUR ] LAW /b 2R G 1 — R BE IR T AR 2 A CO. HETi

LKL KB AEVS #A L IR A 2R 8 ) SRS Al AL AL I

. PR Ly PVST-OHP, Hk y PVCU-
OHP,PVST-OPH Hil PVCU-OPH., %t F g 15
br .7 PVST-OHP #1 PVCU-OHP # = F J 1F 1 .
X1 B 7E X R Rl R S R R B AR /N TSP R 4. (H
XFH e T e TRAT S B 7 op O T 240 2 B8 R X6 42
/N, #E PVST-OPH Ml PVCU-OPH B3 T 9 9eosr
R UL X PR T 2 A K TSP &5,
& T RGN T K PHAE & B AL 5k & B IR S 4
—RAE ML, e e AR Fs fr e s i . Ik
if, f A B9 38 A7 B X A5 2k & PVST-OHP, Hik
PVCU-OHP, PVST-OPH #il PVCU-OPH, % I
FITR S AN Yore » Yo B & Yeosr » HeiP Bl 032 47
X PVST-OHP, H & 4 %l & PVCU-OHP,
PVST-OPH #1 PVCU-OPH,
B4 iR A A s TR T . P PEAR A

06
05k — —
04l

£ 03

=
02}

0.1+

0 1 1 1 |
PVST-OPH PVST-OHP PVCU-OPH PVCU-OHP
BT A
B4 HEHIBEITHART 7, FHE
Fig.4 Evaluation values of 7,,. under four
operation modes

B 4 TR FELR G TP AR AR e T RAILAY B
785 Xy PVST-OHP, H & & PVCU-OHP,
PVST-OPH #1 PVCU-OPH,

5.3 mMRETEXATHREER

M 5.2 WA RME T AN PVST-OHP, i%
BPV/THLH M ZRGE S AR A S P
MR AR L 43 DL RE R R LA T M ZE S HR bR N
H s R, R R T B BRI S fn P i AT
S AL R G AR AT TSP S8 A 3% DY AN 75 if X
BRI RE AR . WS /bR 0, i KN 5003 P /bRy
50 kW, i KR 300 kW, fiF#EO0 AL 51k 09 fE Ak A8
HIRE PR (S, P) LR E S P24 TR 0 fi
TECO,500) W REHLEE B, J5 & P 7=k T30 i 7
(50, 300) 1Y Fifi AL 550, 3 3 e UL RS 5% C

MLLCS, PO NALAE &8, 40 AR B goee s Do »
Neost T e IPEALZE R, = AR ANE 5 P

http://www.aeps-info.com 49



2015, 39(21)

Hcost
| L

0
100
500,

Sy 050

(@ Ger T R

Bs5s MUEEFE
Fig.5 Optimal allocation plan

11 5 ) A 5 (b R R, 7, H 7 BEH S B
S PNITE NSRS i UE DNP S ok DN R % Nl
TDore T 7 A PV /T AL B3 i1 $2 7 Bl 25 44
EEHLA RIS THE TR, # B iR fL 4
PV/T HLAL 500 & #A LR HLA R 100 kW, B
ARG — W RE IR FE B A1 2 B CO, HEMcR &/,

50

cZEBRABIL -

B SCO AL . o BB S 134 K00 | B
HP MR ORW K, M P AR/NRIBILE &
50 kW i, B S U K 0, o, 0K G0 M L B 25 3%
PERES T SP R4 ME P R K. g 3K, 28
SF AR R 28 B 0, 300) , 3% 1 R AR HL A
AR LML RS R LB fE L i PV/T HL4
BRI S A B R G R B R R AR 28, X
HTHINT PV/T MRS SN T R4 iz
7 447 3 FH N 22 5 AR

H AL S CAD TR ) T e T 7 AH T S 98 2 Bl
&S MK K, BEE P YR K2 S 1 K
AN, BENR RS PV/T HL4 500 & . 855
LA & 100 kW, LI RE8 S PERE R AT .

6 4%iE

ASCHESE T OB A — AL R BH RE £545 1
fPIAl CCHP REE. Il B T LAFAE HL AT L
SE AP RPIE AT SR MG . e T A A i R Ak | SL TRE
UINBE T MER G PR A TT R EE AR IR &R . A
LG BE R Gt A 2 % il B B R B R SE s
TR M BEAT T VFAl . A B A L, R AR A 4L
SR e IRt 2R 4 18— AR DL AL 253 5 BRI <
RAVAERIEST TR E . ATRUA IRt —
TRAEHLLE 25 5 BOMR R DL A R R R R G0 4%
07 T 4 B9 B R S OB RO Be— AL LA Y
LR AT DL R AR O A RE TR PR B RN 5 S A
HRERGEMET A ATRES TR, MBI <L
PLAL AR, R GT 22 U Ak 4 1, i RE IR L PR BT 2585
g W) i 3 BIL AL e 728 A SE H I s o RS
RXF T RFHAEE CCHP RGN, B —ZE 1
ZEME.

M3k WK 7l W % ik Chttp://www. aeps-info.

com/aeps/ch/index.aspx) ,

2 % x #f

(1] i, S aks s B0 2 08 T e A e vt 4 ol 306 16 280 vy 0 2 H

bR AT ] s RS A 3k, 2012,36(14) :177-185.
GU Wei, WU Zhi, WANG Rui. Multi-objective operation of
combined heat and power microgrid considering pollutant
emission[ ] ]. Automation of Electric Power Systems, 2012,
36(14): 177-185.

[2] FUMO N, CHAMRA L M. Analysis of combined cooling,
heating, and power systems based on source primary energy
consumption[ J]. Applied Energy, 2010, 87(6): 2023-2030.

(3] =1, V84, il , 55 v HL IR At 23 A =X Bk 8 A 456 fig A0 10 48 1
[J0.# 1 FR 58 A 84k, 2009, 33(19) : 96-100.

GUO Li, XU Dong, WANG Chengshan, et al. Energy
optimization and management of combined cooling and power

distributed energy supply system[]]. Automation of Electric



Power Systems. 2009, 33(19): 96-100.

[4] LI H, FU L, GENG K, et al. Energy utilization evaluation of
CCHP systems [ J ]. Energy and Buildings, 2006, 38(3):
253-257.

(5] THA, 2, i 8, 55 & 2 A0 RO ARIF R & 48 09 i v I3 =
HABEHLEI S (1] s R SE A 31k . 2012,36(16) :47-52.
DING Ming, WU Xinglong, LU Wei, et al. Three-phase
probabilistic power flow calculation in distribution systems with
multiple unsymmetrical grid-connected photovoltaic system[]].
Automation of Electric Power Systems, 2012, 36(16): 47-52.

(6] F AL, & Bt o 81, 5 KRR 5 b ™ R [)]. T
P LA . 2009,30(5) : 721-724.

JIANG Runhua, CAI Ruixian, HAN Wei, et al. Integrated
solar energy and CCHP system [ J ]. Journal of Energy
Thermophysics, 2009, 30(5): 721-724.

[7] GU Wei, WU Zhi, BO Rui, et al. Modeling, planning and
optimal energy management of combined cooling, heating, and
power microgrid: a review[ ]J]. International Journal of Electrical
Power & Energy Systems, 2014, 54(1); 26-37.

[8] MAGO P J, HUEFFED A K. Evaluation of a turbine driven
CCHP system for large office buildings under different operating
strategies[ J ]. Energy and Buildings, 2010, 42(10): 1628-1636.

L9 JRMEJK . 9% 1E5E A% K9 91 < BH RE v #4361t 40 A X RE TR R e 1Y

WFFELT ] REIH TR, 2004(5) : 24-27.
SU Yaxin, FEI Zhengding, YANG Xiangxiang. Investigation on
the distributed energy system for cooling-heating-power
combined cycle by solar energy [ J]. Energy Engineering,
2004(5): 24-27.

[10] FAED, A, sk KK FHAR S o Rk R G 2 H AR AL
H5aE 47 HEms or M [T, e B TR 24 4R 2012, 32(20)
82-87.
JIN Youyin, BAI He, ZHANG Jianliang. Multi-objective
optimization design and operation strategy analysis of a solar
combined cooling heating and power system[ ]J]. Proceedings of
the CSEE, 2012, 32(20) . 82-87.

[11] WANG ] F, DAI Y P, GAO L, et al. A new combined

AR R B AE VS HA L IR A AR S ) SRS Al A Al I

cooling, heating and power system driven by solar energy[ ]].
Renewable Energy, 2009, 34(12). 2780-2788.

[12] WA, R BE A B S BB IR ML RO — L R iy
PEBETEA LT T AR AR REYR 2013, 31(11) < 1-4.
JING Shuchun, ZHU Qunzhi, DUAN Rui, et al. Performance
evaluation of a hybrid photovoltaic-thermal and heat pump
system[J]. Renewable Energy Resources, 2013, 31(11); 1-4.

[13] UDO DE HAES H A, HEIJUNGS R. Life-cycle assessment
for energy analysis and management [ J ]. Applied Energy,
2007, 84(7/8): 817-827.

(147 FESE, W, NS 458 20 A X% LA B R i B 22 A
AL Al TR 4541, 2013, 29(25) : 132-137.
TANG Wei, BAO Bo, CONG Pengwei, et al. Multi-objective
planning of rural power network incorporating distributed
generation [ ] ]. Transaction of the Chinese Society of
Agricultural Engineering, 2013, 29(25) . 132-137.

[15] TH . i, ek, 55 2 A AR IR A T R B R HLAA A &
AECT]. 0 07 FR 58 H 34k, 2008, 32(6) : 46-50.
DING Ming, BAO Min, WU Hongbin, et al. Unit
commitment problem in distributed generation system with
multiple energy sources[]]. Automation of Electric Power
Systems, 2008, 32(6): 46-50.

[16] YOSHIDA H, KAWATA K, FUKUYAMA Y, et al. A
particle swarm optimization for reactive power and voltage
control considering voltage security assessment [ J ]. IEEE

Trans on Power Systems, 2000, 15(4): 1232-1239.

ZAR (1972, F @A 8%, Z R F
WA XA MM AR, E-mail: hfwuhongbin@163.com

EFAMA9L) . B AEARE, ELHEH & #H ik
R Ay 224 A A, E-mail: 13805609396(@163.com

A E A8 ), Kk M EHFRE, EEZHR T @ HR
A% WiE T 5454, E-mail: liuxingyue0828@163.com

(/E 20

Strategies Evaluation and Optimal Allocation of Combined Cooling Heating and Power System with Solar

WU Hongbin, WANG Dongxu, LIU Xingyue
(Anhui New Energy Utilization and Energy Saving Laboratory, Hefei University of Technology, Hefei 230009, China)

Abstract: Compared with the separate production (SP) system, the combined cooling heating and power (CCHP) system is the

development trend of distributed energy system in the future owing to its advantages of higher efficiency, less pollution and

cascade utilization of energy. By combining solar energy with CCHP, the photovoltaic solar-thermal integration CCHP (PVST-

CCHP) system and the comprehensive utilization of photovoltaic/thermal solar energy (PVCU-CCHP) system are designed.

At the same time, two kinds of operation modes are available, i.e., ordering power by heating and ordering heating by power.

Based on the life cycle, a multi-indices evaluation system of energy, environment, economy and comprehensiveevaluation is
established. With the help of case studies, the operation control strategies of PVST-CCHP and PVCU-CCHP system are

evaluated through the SP system as a reference. On this basis, the installation quantity of units and the capacity of gas turbines

of the optimal CCHP system are obtained with the particle swarm optimization algorithm. As a result, maximization of

comprehensive benefits is realized that provides reference to integrated application of solar energy in the CCHP system.

This work is supported by National High Technology Research and Development Program of China (863 Program)
(No. 2015AA050104) and National Natural Science Foundation of China (No. 51177036).

Key words: solar; combined cooling heating and power (CCHP) system; life-cycle; strategies evaluation; optimal allocation

http://www.aeps-info.com 51



