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Study on the Analysis Performance of PVT system using the Dynamic Simulation.
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ABSTRACT KEYW ORD
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Purpose: A photovoltaic/thermal system is a solar collector combining photovoltaic module with a solar thermal = i | ‘:'Eaﬂ oA
collector, which produces electricity and heat at the same time. PVT system removes heat from PV module through air QE% = =
or liquid that would help to raise the efficiency of the PV systems performance. Many innovative systems and products X 7|5 &

have been put forward and their quality evaluated by academics and professionals. However, even though various of

PVT system were developed and several systems were applied to practical use, there have been few researches for the ~ Photovoltaic/Thermal system
. . o . . . Dynamic Simulation

performance analysis using the dynamic simulation. Method: In this study, the review of recent research and oy v fFiciency

development trend for PVT systems were conducted. Furthermore, in order to develop the optimum design method, the  Electrical Efficiency

performance analysis for PVT system was conducted by a dynamic simulation. Result: In the results, it was found that

the performance of PVT system significantly depends on the ambient temperature and solar radiation. Moreover,inthe ACCEPTANCE INFO

weather condition of Seoul, average efficiency of electricity and heat in heating season were 13.79 and 41.85%, and ~ Received December 11, 2014
they in cooling season were 14.39% and 26.18%, respectively. Final revision received January 15, 2015
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Fig 1. Concept of Photovoltaic Thermal system
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Table 2. Experimental study on performance of liquid based PVT

Table 4. Simulation study on performance of air based PVT

Experimental Thermal Electrical Total Simulation Tool cquipment Electrical Thermal
equipment efficiency efficiency efficiency quip efficiency efficiency
Glazed PVT ' Air type PVT
Kang et al. (2009) 21.53% 10.01% 37.60% TRNSYS 1 (Type 567) 8% 250,
Glazed PVT Park et al. (2012) | Heat Recovery Device 0 °
Ungﬁfzee 4 pyT 1 | Glazed: 39% | Glazed: 10.3% | Glazed: 49.3% (Type 667)
. 0, . 0, . 0,
Kim et al. (2009) Unglaze: 24% | Unglazed: 11.8% |Unglazed: 35.8% EES Air type PVT
Unalred PVT Nactal Q013) | ..  AAHP 13.2% 47.7%
PV module D 51% PVT: 143% ' (Air to Air Heat pump)
. 0, -
Kim et al. (2011) PV: 12.6%
Average fluid 2= PVvTe HEH8ol 28 £ HEYAY B ddE
13) _ g .
é{fﬁlazf dal?\(lg()ll) 2% lzt?%ggzgr;% - A A" (BIPVT: Building Integrated PhotoVoltaic/Thermal
2130°C142% system)Ut B} A0|u] 2] Al AR} Agoto] AAE BRI
14) _ B .
Unglazed af‘(’szo) 32.30% 12.40% 44.70% LRt BFEE-AH(Geo-PVT) StolHe & Al Ao High
Water based PVT R Q77h BT gk s olef @ AFELS WA o] 1
15) : 17 - _
(Y module 5|3 : A3 glom, A4 AB 252 SshAE B A AR ol 4
Al

Table 3. Experimental study on performance of air based PVT

Experimental Thermal Electrical
equipment efficiency efficiency
A})i%a%d Solar radiation 700w/m’: | Solar radiation 750w/m’

21~23% maximum: 16%

Park et al. (2013)

Air based

PVT "7 14% 13%
Bang et al. (2013)

Air based Base: 30% Base: 8.7%

PVT ¥ Aluminum: 37% Aluminum: 9.5%
Kim et al. (2008) Copper: 46% Copper: 10%
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Fig. 2 PVT system of simulation modeling
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Table 5. Design parameters in TRNSYS 17
Component Description Value 3.2. XA
collector length 1.644m
collector width 0.992m 2 dFNME BE71d 24518 PVTAI 2] 554 24
Absorber plate‘ﬂ‘lickness 0.003m 2 Q&) A& A F o] EET|A o] B S o] gale] A7 A B o]
PYT colctor | Themme] ORIy of B0 | aewk B AN Tat, A48 A5 AEAAE 7] B85 A
Number of tubes 14 4 a 88 FLEslY] HrlslRal, HE 89 -3, AU |
Tube diameter 0.008m 4] A |27 291 KS B ISO 9806 B Q7] da£A19
PV efficiency at reference 15.33%
condition N < Zasto] AAREF300~1000W/mr 2] H {0l A o] A& At
anlk volurne o Zatol Bobstoleh. A o2 PTVRES] BALE, Q/ET
Fluid specific heat 4.19kJ/kgK ot o 1.0 e=e e =0 Ao
SE?;;%: Z‘f)]k Set point temperature 60°C Ek, A2 ot Y5, pvAEAALE, A7 e g, Hd
Deadband 5°C ag, YUk, dAE T2 AEskalon, AdE dladdE=
Flow rate to load 100kg/hr E@'%EE OﬂL‘V(] Aé%“—i,/g% H]JL—‘?—&,JO]'S&E]’
ON/OFF Upper dead band dT 10°C
Differential controllet]
(Type 2b) Lower dead band dT 2°C 4. AlE-EA"OIﬁ oHA_‘! J'I_I- 3:| _E_&!
Maximum flow rate 100kg/hr
Pump Maximum power 60kJ/hr . _ —
Type 3d © 514 0lo] g€l gelo] AlEdlolAd An=E
(Type 3) Inlet fluid temperature 20°C Fig. 3= obd7] & tiEdRl 8 o AElold 2 o
Epdll Tl ot 9]7] 2k o YARFS] F7tol| whet HE-2 =t
%) 2702 oFe Table 59} 2k, BEGALE, WD T8, ASD, Aol ALsAY
A (1)~ @)= PVTA AR A7 88 F a8 A4S UE 2 A7) 882 HAashs 2SS 4= ek A7) a2 9
Wk PVTAI AR A7) 582 A (2)AE PVTRE FEHA 9 7| &7 2 ok, AY AlZte] Bl A 2 3he Helow, e
QU Abepol thet A A ATEFO] g2 AT, s ASALE Qo] by 2 04 1247360 4%
147.29W/h, 596.83W/hE 7} Z gho] eyttt
Ql*Apm‘>< G (1) ]7_10 947]'25 et ‘“H]:]Eq —‘1—-"3%%57]’%’8‘7]2}01]% Oé—/'\:—g
Q=m0 (T,~T) @ ol HolA A ohu] F=deko] wop|A o] ekt ATl
QZ/Q]_mC(T T)/Amf 3) Tt ol GO BH A8 Y HE 52271 13.58% 2
([ 1% )/(A G’) &) 42.60%= LFEFSETE, @'“‘—E 2 gAI2t 25 SAIY PVEES] AT
nom 29} 72 59] 7o) 7} 10°C o] WASk A, Al B o]
_ ;(]-2 7\1]01?— E_OH _\1'1_\1.7]-Z]'E0]-0:1 /\]i 4]94 %EE ],]—i_]z_l‘f bl
2, PV BEC] 58 2 ST 4(5) ~ 9)e] oI5 2Ac} . T o
2 818 4 9t} 0.5 540 RELEoL §ABELET} 217
¥ X 44.897C, 4481 CE 7P &L oM, o] o & QIs)| 7 @2 7]
Nrv = Mhominal x Cell Temp X Radiation (5) i% 1264%94 %}:_% E?&E}
XC'elZTemp =1 +EffT( TPV 717ef) (6)
X gudiation = 1 +Effc( Gr— Gr(zf) @) 5 -
. 3 g
Q, - Cp( T i, out — Tﬂuid,in) ®) E :ﬁ I
g 13% g
E ;? 12% ..‘:
ol A}=F 2 ; 1 us g
G AARF [WmY T -
. 350 K] . O
T]th : E—B_E = 0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 .
')7 : ;‘(j7] E% Electrical Efficiency == PV _Temperature ——Inlet_Temperature
et Qutlet_Temperature +—Ambient_Temperature ——Fluid_Temperature
o] 5.2
Mo PV celld] & o
Apz;r, : @%7]94 ik (mz) é ;61:
7, : AEuA 2= (0) %Slz
- = R
T, : ALWAL ETLE (C)
o HDA ] R (ke/h) i
Op . 1]:]] gﬂﬂiﬂ—’] H] g (J/kg C) 0:00 3:00 6:00 900 12:00 1500 18:00 21.00
I . _Z]q} Z] _ﬁ_ [ A] Thermal_fficiency 9~ Solar Radiation —8—PV power —Heat_exchange
Vo 2o A [V] Fig. 3. Result of Energy performance during summer season.
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Fig. 6 Temperature of PVT collecter by solar radiation.
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24.53%= LT dAFFO| 7P 2 % 1A daE, FS5Y
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Table 6. Simulation Result (Thermal factors)

Ambient PV Fluid Inlet Outlet
Month Temp Temp Temp Temp Temp
O §e) §e) §e) §e)

1 0.37 27.37 19.19 17.78 20.55
2 2.95 29.27 20.38 18.85 21.85
3 7.99 28.36 20.05 18.63 2143
4 14.89 30.85 21.79 20.24 23.30
5 20.99 30.62 21.98 20.50 2341
6 23.98 31.97 22.75 21.16 24.27
7 26.77 32.90 23.03 21.34 24.66
8 27.50 34.36 23.70 21.87 25.46
9 22.18 3421 23.57 21.75 2533
10 18.24 31.76 21.57 19.82 23.26
11 9.49 29.30 19.82 18.20 21.40
12 2.90 26.18 18.58 17.28 19.84
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Table 7. Simulation Result (System performance)

PV Power Heat Electrical Thermal
Month (W/hr) Exchange Efficiency Efficiency
(Wrhr) (%) ()

1 155.62 321.44 14.49 23.83

2 157.37 349.14 14.37 25.02

3 133.73 326.45 14.29 27.34

4 124.09 355.48 14.07 31.47

5 99.46 338.86 13.93 36.18

6 95.29 361.93 13.81 40.22

7 91.47 387.24 13.72 46.20

8 97.67 418.51 13.65 46.61

9 118.53 417.17 13.79 39.22

10 122.62 400.17 13.98 36.63

11 141.26 372.24 14.27 30.57

12 138.85 298.60 14.47 25.10
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