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Abstract

Dynamic system simulation software TRNSYS is adopted to establish the photovoltaic/thermal
hybrid domestic hot water system for a typical family scale, for which the hourly meteorological
data in Changsha area, Hunan province are used to simulate the annual output of power and heat.
Based on the TRNSYS results and the local prices data, the system economic analysis and sensitiv-
ity analysis are performed. The results show that the dynamic payback period of investment is 7.6
- 16 a, the present values of comprehensive energy price remain less than 0.3 CNY/KWh, and in-
ternal rates of return range from 11% to 24%. The results of economic analysis verify the eco-
nomic feasibility of the PV/T domestic hot water system. Sensitivity analysis indicate that the an-
nual growth rate of electricity and base discount rate are important factors and the increases of
annual growth rate of electricity improve the economic property of the system obviously.
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1. 518

K BH BE S PRI SR A TR A I S AT 98 7 s, SR g [RTINE 7 A2 FLRE AR BE B R BH BE B AR D &
IR G(FIAR PVIT RGE)EFIL 30 4 [1]1 4 #R HIF 51 #E 2 0 S 90 [2]-[4]. REHBEGIRDEHE
G (AR PVIT 838N PVIT RGO, EX KRR ERAM S e RAMEG =R —, REFH
I 77 A L e AR B T4 SR BHBE IR FH 22 . B AT AR PVIT #UK RGE AL 5T £ 245 SCR[5]
K TR B E DT RBHBEROK RS an B e am B AAS . SCRR[6]AR A BV EE S SR X &
AT BN PVIT KFHREZE K AR FEAT R BFYE T« SCHER[ 7R A S 1 SR BHE XS PVIT RGP HALTHIAR
PR RA . B ORI AT T, B ZEEE PVIT RS EOE/NT 10 a. SCHk[8]iE H
SimaPro 5.1 #fF, FAE @ JAERVE A AN RIRLEE T 5T SO, 15t PVIT RGBT A & & . LA
TR SO AL AR AR I A PR B R R AT AN B, DA BEORBH BR AR AR AR AR
. RS ZGREREA: TRNSYS (Transient System Simulation Program) [9]f¢)°F- & b % 57 K BHAES
ROEHFEFRAPOK RGRRL, XAF R AP G AT 2R ML, HEHT B EE, hRER
FHEE LR E B X HBUK RGN IR S % .

2. RGEE

AL TR FHBEOLIRDE R & X HOK RGO K EROK RS, W 1 PR, B PVIT 2
FRMGOCRAEMA ., EHRHUKIEE). R B/ TEAE, S, s A e g A it
MFKNE 4 N, 24 /N BEAEHOK, EiEHROKEIAE KR Y 40°C [10], HHOK K E /N340 55K
2B AAEET (NI (B STSKe NG SRR N 17 S b S S BN e AN e X vy (R S A T N B P S SR
H KGR FEE AN B A ZER, T 5 i Bl F AR 34T A2 o DARALE A BASIE R, e RALAF RO AR
WA A2 BOK TR ROC AR E, Fo& & ik, T HE A aaMol, Ao hmaftias.
AR h B b S R BAR[12], AKX OB T 5E[10], K PHREAE AR ROGTHRER 2 m?, SRS N
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Figure 1. Schematic of PV/T hybrid domestic hot water

system
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Figure 2. Daily change curve of hot water consump-
tion
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2000 x 1000 mm?, 2 GHEMEIERE. FARMAR A £ AR, S5 TR 156 x 156 mm?, 72 (6
12), HEHERE M EIA BRI AN 1.752 m?, e RIHER N 250 we KAAFIEL 200 L, HHBHE IR A
1500 W.

PVIT E&FHA#UKRGAEATE TRNSYS SR s 3, FEEAHE PVIT Z AN
P R G s A BEAL R Typel5-3. H TS E0 T HIE H 4% B THF AL/ B Type24. fRIE /K Typedc.
B A =18 Typell. #HIBE Type2b. MM Type3b FIH /KM Typeldb, H PV/IT
HEERGEBYCN TRNSYS B, FECHRA K HHRRAE W SCHR[131 B o AR A PR AR B
Typel5-3 K S 25 K & T EnergyPlus [141HR ¥ Fh bR AE S S B [ 12] 58 B A 0 B 45 28, Sy Kb
HLIX YA 7K H ST 2838 B A AR S AR ] 4.
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RFHBESGRDE IS & ZX A HOK R GE 10 REFE L A 2 4l B r NI BEFERIIE N R REHE, RER Uit
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Figure 3. TRNSYS information flow diagram for the PV/T hybrid do-
mestic hot water system
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Figure 4. Mean monthly temperature of cold water and total radiation

4. RIKBFYLREMB S5

RINFEN 24 KWh, #HUKF#GE Y 2411 KWh. 5] 5 97 #
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Figure 5. Monthly average energy consumption and power genera-
tion of the system

E 5 R RIMEERRLBER FINE
IR 2R G i) 75 i o 01 A 25 45 BEVE A 4 DDA T AR IR A«
v+ Z(Ea“E Eput )P (1) /(1+i)

M = - 1)

X, M—ZEEREEMAEIUE, J0/KWh; V——R 22285 R ATFA#OK R s, olas t——it
FAEHL a5 n—RUKEEAAN, & E, - E A Epvt —;ﬁ t A FAR B I AFERVR . TR R DAERI R
Hi%, KWh/a; P,— 0 FHA, J6/KWh;

ARG BUE N 20 a, RERFIERA ML 1 ﬁﬁw AEP%EE/HA% woN5a, BEHT S5 KA
POKRGAT KN YENE T F (BFE K PHEE IR 4 B2 IR G 18 44 R DR U5 25 2 ) o7 3548 08 1) 40 R I
0.5%, ZH AL &N 4.5%, FEMEPTIEI 10%., BANE FikE s M 1%F0 3%, A5k
B, BRBCES 0 - HL M AT AT S 0.6 JG/KWh.

Kl 6 NIRRT & 5P #OK R G0 4 AE i JE AT 5% 2 I, AT 43t 2 A AN 4 Bk =2 43 71 B 1%
F1 3%}, RGZLT 20 a HIHEEE 2% FHBIME 2 74 1.316 J570H1 1.413 Ji7G, B TRNSYS il it & s £4:
14T 20 a T 5 AOKIN#AE N 48,223 KWh, H A HE 2R G210 75 4 J8 A N 256 BEVR N A BB 23 7118 0.273 It
/KWh F11 0.293 JG/KWh.

3.3. BIASH EE WA

KIABEARDEME &R BOK RGBT E At 20 @, 9 1 e IR EF SBR[l SO AR 25 18 5% G (]
WA RIBR AL PVIT RGERIBIASHEE [RIWOYT 1208 :

Zp(u -CO), (1+i) ' =0 )
A, T —BhEEFEEAY; Cl . CO— 8t MMM AL i— S, it
FHL a; n—HUKBREBEHFER, a
LA KR d = 3% 1, sh&BE RISOHITFER W 2 fis, oW S5 El4 2RI EE
w7, AIE Y EANE R BB 1%8 3%, B B B0 13.2 a A1 11.06 a.
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I A L B ARG R R AR E T LR, R PHBE RO IR & X I OK R Gt A7 4 s i JA 9T P9 2%
EREUR AR AR B YA A AL AR AT B AT, SRR 3 . 4 3 4R RARWT, Mg K
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Figure 6. Present value of life cycle investment cost
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Figure 7. Cumulative discounted values of life cycle net cash
flow
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Table 1. System equipment investment cost

T RERERERE

k)5 Fkg Hi SAITG
1 250 W 2 1300
T 4% 24 V 20 A 1 90
WA S 24 V 1000 W 1 600
;ng Fic FL A 1 180
AL KL 1 200
Eriih 12V 100 A 2 800
b2y 1 208
SR 2 1000
et fRil /KA 200 L 1 900
i 7RG 1 400
. HABE A 1 300
B A 5978
LEE A 269
EYER O 30
Table 2. Calculation table for dynamic payback period of investment
i 2. shSHREEWEITE R
T G s sy (o s RERR) Rk gy RSIE SML R
0 5978.0 269.0 —6247.0 —6247.0 —6247.0
1 30.0 981.7 951.7 865.2 -5381.8
2 30.0 1011.2 981.2 810.9 —4570.9
3 30.0 10415 10115 760.0 -3811.0
4 30.0 1072.7 1042.7 7122 -3098.8
5 800.0 30.0 1104.9 274.9 170.7 -2928.1
6 30.0 1138.1 1108.1 625.5 —2302.6
7 30.0 1172.2 1142.2 586.1 -1716.5
8 30.0 1207.4 1177.4 549.3 -1167.2
9 30.0 12436 12136 514.7 —652.5
10 800.0 30.0 1280.9 450.9 1738 —478.7
11 30.0 1319.3 1289.3 451.9 -26.8
12 30.0 1358.9 1328.9 423.4 396.7
13 30.0 1399.7 1369.7 396.7 793.4
14 30.0 1441.7 1411.7 3717 1165.2
15 800.0 30.0 1484.9 654.9 156.8 1321.9
16 30.0 1529.5 14995 326.3 1648.3
17 30.0 1575.4 1545.4 305.7 1954.0
18 30.0 1622.6 1592.6 286.4 22405
19 30.0 1671.3 1641.3 268.4 2508.8
20 30.0 1721.4 1691.4 251.4 2760.3
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Table 3. Sensitive analysis

i3 UM

ZHES LRETREIRM - KWh B Y /a P RS
0 0.22 14,59 0.11

‘ 10% 0.27 757 0.24

_ 0 0.24 7.69 0.15

' 15% 0.23 16.04 0.15
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YRR, FKBHREIRIER L) 0.44,

3) BURME TR, AN IR KRBT LN R AT R IR K. YR T IL R
TN 0%~15%, RGN shA& RIOHAE RN 7.69~16.04 a, £ RSG5 A A v 252 Yl 2 !
LA REIRAN RS /N T 0.3 JO/IKWh. S HANIE K ARG BN 0%~10%, HLM RS AERE KR FBkiny, Pyl as
R ERE, BUFRG I E RS, F RSB RO S A G S IG i 465, Rt 6
RS EORN Bk, ZUEERATERE, BA RN
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