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Abstract

Earth's primary energy reserves are limited, and the world's oil depletion in
the useful life of about 45 years, to reduce fossil fuels dependence, the world is
actively developing renewable energy. IEA forecast the future of global primary
energy demand annual average growth rate of about 1.6% in 2008 and 2030
shows that the human energy dependence are inextricably linked. However,
solar year, about 23,000 TWy/ year, this energy compared and other energy
sources is far greater than human meeds. Actively develop and put into
application will solve the energy crisis and one of the best way to create human
pinnacle of revolution.

Nowaday the worldwide countries take the research on renewable
energy,saving energy and environmental protection to take new resource from
using technology of solar,which mainly applied on solar thermal energy and
solar power. In solar electricity, solar cell absorb 400 ~ 1000nm solar spectrum

and absorption of photons into electrical energy,which was not been transferred
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are one of important research objects on saving energy and environmental
protection , its mainly application under the law of conservation of energy ,60%
to 70% will be converted into thermal energy and raise the back side
temperature on photovoltaic modules (PV module) , usually the temperature
came up to 75 ° C even higher, the actual maximum power (Pmax) of the solar
cells was less than Standard test Condition(STC) reduced around 18% to
25%(relative value). PV module power generation efficiency is affected by the
characteristics of the temperature coefficient, under STC model the photovoltaic
chip with packaged we found its temperature coefficient of its power generation
efficiency, when it in crystalline photovoltaic modules the characteristics of the
power generation. efficiency decrease from 0.4 to 0.5% as the temperature
increasese 1 , then in Amorphous Si photovoltaic modules will be reduced by
about 0.25%. In this study provide the concept of design applications of solar
photovoltaic and collector efficiency (PV / T), heat the back of the photovoltaic
modules with high thermal conductivity materials (such as copper or aluminum)
collector, to achieve the purpose of cooling and thermal storage by the thermal
conduction and convection.

PV /- T module is to enhance the effectiveness of the integrated solar
applications, In addition, Taiwan's renewable energy incentive measures to aid
the express solar water heater performance standards must be greater than or
equal to 50%,in this research develop production of PV / T system energy
efficiency (electricity & heat) is greater than 50% as an indicator.The key point

in development PV / T modules is to ensure whether there is a good combination
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between the PV modules and solar collector, the collector pipe design (tube
number, diameter, flow channel configuration, material) package adhesive
material shallwith high thermal conductivity and excellent electrical insulation,
insulation capacity also determine the collection efficiency. After that developed
the three PV / T module, in which Type-1 PV / T module has the best
performance,the collection efficiency (1) can came to 60.55% when the inlet
and ambient temperature set as the same degree with the open circuit voltage
state. In addition, if connected to the MPPT function electronic load state, when
the inlet and ambient temperature is set the  same degree, the collection
efficiency (1) up to 47.45%, 13.25% power generation efficiency, the overall
efficiency of 60.70%.

In this study, also development Type-1 PV / T module for system
performance testing,as results: the thermal efficiency up.to 42.49% (water
temperature is upgrade to 10 ), the power generation efficiency to 13.05%, the
comprehensive energy efficiency by 55.54%; it was reached the index of the
experimental design.And also underr TRNSYS, (Transient Cycle Systems,
Dynamic Simulation Program) software simulation and designed PV / T
system,compare the measured data and simulation data , TRNSYS simulation of

the relative error is less than 10%.

Keywords PV,Solar thermal,Photovoltaic Thermal System, TRNSY'S,

Electricity Efficiency, Thermal Efficiency

v






..........................................................................

..........................................................................

..........................................................................

.................................................................... 1

1L A e N o e, 1
1.2 QP i NP 4
I % /4 ——= 1 | . W\ e 6
14 Sy Bl CEAM WA N 8
LS onll eane—t HR " NP RS, 15
1.6 Y N g e RS 17
.......................................................... 18

2.1 Tl g e el Ry e 18
ANEEEN S\ £ T B8O BY / ~ TS 18
212 AN W el e 23
213 TN, . 26
214 A g e 32
21 T NEERRWMT 39
2 47
2. 2. 49
O PP PPN 50
223 55
224 60

2 61
231 62
232 65
233 e, 68
3.1 TRNSYS 74
3 75



VIII



1-1

1-2

1-3

2-1

2-2

2-3

3-1

4-1

4.2

4-3

4-4

4.5

4-6

PV/T

T™MY?2

TRNSYS

Kyocera

Kyocera

Type-1 PV/T
Type-2 PV/T

Type-3 PV/T



4-7 PV/T - 100

4-8 101
4-9 12 PV/T - 105
4-10 2010~2020 PV/T Roadmap - ---106

5-1 Type-1 PV/T @ 109

5-2 TRNSYS Type-1 E % 112




-1 2

1-2 e 3
1-3 7
1-4 16
2-1 e 20
2-2 e 20
2.3 e e 21
2-4 P-N 23
2-5 e 24
2-6 e 25
2-7T e 26
2-8 p-n - I-vV) e 27
2-9 - I-V) e 28
2-10 e 29
2-11 e 30
2-12 32
2-13 e 33
2-14 PV e 33



2-15 e 34

2-16 PV 35
2-17 PV 35
2-18 PV 36
2-19 PV 36
2-20 PV 37
2-21 Photon International PV e 41
2-22 Photon International . = 2011 PV e 42
2-23 Photon International™ 2012 PV e 43
224 e 43
2-25 2010~2050 © e 47
2-26 1981 Solar One —==-=m=mmmm 49
227 e 50
2-28 52
229 T et 54
230 L e 55
231 e 55
232 57
2-33 0 58
234 60
2-35 e 61
2-36 PV e 62
2-37 PVIT 63

XII



2-38 --

2-39 PV/T

2-40 PV/T

2-41 PV/T
2-42 PV/T
3-1 TRNSYS

3-2 T™MY?2

3-3

3-4 Type-2 PV/T

3-5

3-6

3-7 T™Y?2
3-8

3-9 TRNSYS

4-1 Solidworks 3D
4-2 AutoCAD 2D
4-3 PV/T

4-4 Type-1 PV/T

45

X



4-6 Type-2 PV/T = e 92

4-T Qe 92
4-8 PV/IT 100
4-9 PVIT e 101
4-10 PVIT 103
4-11 Type-1 PV/IT e 104
4-12 Type-2 PVIT e 104
4-13 Type-3PVIT  <QRBRREBS & oo 105
5-1 Type-1 PV/T | e o e 108
5-2 Type-1 PV/T. ™ e 108
5-3 2011/11/16 Type-1 PN /B < e e e 110
5-4 2011/11/18 Type=1 PV/D s e e e 110
5-5 2011/11/21 TyperLiPNIB, o fm ot e 111
5-6 2011/11/22 Type-1 PV/T" & B B B B e 111
5-7 2011/11/30 Type-1 PV/T = e 111
5-8 Type-1PV/T PV 112

XIv



1.1

PR 2

1. /
50%2 F kp R AR
98 6

it AR R 650 1000

98



2009

28 TWyl/year

35,000

W osEfE Moo

16 yea 2050

3.75*107kW
1.7*10°kW

40



(1)
2)

TWyl/year

SOLAR"
23,000 TWylyear

2009 World energy
consumption
16 TWylyear

2050: 28 TWy

renewable

/—/;\
g WIND
peryear @

Waves1

Natural Gas

3-11 peryear
OTEC

Petroleum
2—6 peryear
Biomass

(3]

23,000



1.2

Thomas Seville 1698
1859
1-1
45
( 2010
20%) 1-2 IEA 2008~2030
1.6%
1-1 N
BETEA
N et | £
B £ RAR xR
TR 13,832 187 8,609
(2010 £ E) =Y > SVASE/NI AN =GN
ER 2996 3.2 727
(2009 ) UL JRLALR AL
A] {5 FHEE 46.2 &= 58.6 &£ 84
1-2 Bl
2008 2015 2030 2008-2030
¥ R 3315 4 023 4 908 1.0%
A& i 4 059 4 525 5,109 1.0%
RE R 2,596 2,903 3,670 1.8%
% & 712 817 901 0.9%
-, S 276 321 414 1.9%
t W 1,225 1385 1,662 1.4%
A 89 158 350 7.2%
& E3 12,271 14,121 17,014 1.6%

200



2000

1970

CJESTIF(European Solar The

30

(Photovoltaic/Thermal PV/T

PV/T

011



1.3

(PV
Module) PV
PV 1 PV C

0.45%=1%

EVA

PV

45L
0.516m> PV/

12~44% PV

) g

PV



PV/T
COLLECTOR

PV MODULE

HEAT
COLLECTING
PLATE

HOT WATER
CONTROLLER L
oo + STORAGE | [~ SUPPLY
ACHOV® _,._COLD
B WATER

-+

PV/T

( PV/T

TRNSYS TRNSYS

TRNSYS

TRNSYS



Type-1 PV/T PV/T
PV/T
PV/T
PV/T
1.4
1978 © Kern  Russel
1980 Massachusetts Institute of
Technology, MIT S.D. Hendrie PV/T
1981  P. Raghuraman._ PV/T
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Table 1. Test results of IPVTS (¥/4.=82 1/m")

Date Daily total Water temperature T, (°0) Efficiency
1999 solar radiation in tank (°C) T 1. N, E
H, (M]/m” day) Initial 7, Max
05/02 6.9 25.4 333 25.4 0.385 0.09 0.475 0622
05/03 73 2811 373 288 0411 0.09 0.501 0648
05/08 157 282 158 208 0372 0.09 0.462 0609
05/11 15.9 25.7 431 213 0363 0.09 0.453 0.600
05/13 12.2 315 143 30.0 0271 0.09 0.361 0508
05/17 10.0 329 1238 32.1 0337 0.09 0.427 0574
05/18 153 35.7 490 340 0291 0.09 0.381 0528
05/21 15.2 280 417 315 0.445 0.09 0.535 0613
05/23 9.6 35.0 162 32.1 0376 0.09 0.466 0613
05/24 97 40,0 139 317 0.122 0.09 0.212 0359
05/25 6.6 35.3 4056 29.6 0.232 0.09 0.322 0.469
Use of TRNSYS for modelling
. . and simulation of a hybrid Renewable
2001 Soteris A. Kalogirou
PV-thermal solar system for Energy
Cyprus
(1). PV/T PV/T
25 1/h
(2). PV 2.8%
PV/T 7.7%
PV/T ( 4 ) 31.7%
System studies on combined
2001 M.J.M. Jong
PV thermal panels
PV/T PV/T
183m’ 150m’ 3600m’/h
16 ~21 PV/T 6.9% 27%
Proceedings of
Economic analysis of hybrid the
) photovoltaic/thermal solar International
2001 S. Tselepis ) )
systems and comparison with Conference PV
standard PV modules in Europe 7-11
October
PV/T PV
PV PV
20 PV/T PV/T PV/T
PV/T PV/T
10
3
. Hybrid photovoltaic/thermal
2002 Y. Tripanagnostopoulos Solar Energy
solar system
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PV/T PV/T

13% 60% PV/T
3.2% 12%
Table 1. Steady state thermal efficlency #,, results of all tested
— d P hybrid PV/T systems
W }’M PV/T System Thermal efficiency
pc-PV/IWATER 7, =0.55-11.99 (AT/G)
a  PV/WATER ¢ PV/AIR a-PV/WATER 7, =0.60-12.02 (AT/G)
pc-PV/AIR 7, =0.38-9.33 (AT/G)
a-PV/AIR 7, =0.46-10.69 (AT/G)
PV/WATER 7, =0.55-11.99 (AT/G)
PV/WATER +GL 7, =0.71-9.04 (AT/G)
PV/WATER +REF 7y, =0.66-11.89 (AT/G)
,]' 1 PV/WATER +GL +REF 7, =0.80-9.03 (AT/G)
1 PV/AIR n:h:l].BBf—Q.Sl} AT/G)
PV/AIR +GL 7, =0.59-7.88 (AT/C)
PV/AIR + REF N, =0.60-12.68 (AT/G)
7 + + —0.75 /
b  PV/WATER+GL d PV/AIR+GL EMIATR i GL HRER = 0:15-8.80 (A7)

Table 2. Test results of the compared systems PV/WATER, PV/AIR, PV/FREE and PV/INSUL, regarding PV module
temperature T, and electrical efficlency n,, under different weather conditions

| b e ; PV/WATER PV/AIR PV/FREE PV/INSUL

I st T 0 . T, (C0) =, .0 m T, (C) o,
15.0 850 320 0.134 31.9 0.134 339 0.132 50.2 0.118
200 0910 38.1 0.128 41.2 0.126 427 0.124 5.2 0.113
35.0 898 47.2 0.123 48.4 0.121 54.1 0.114 G68.7 0.098

The yield of different combined

2003 H.A. Zondag ) Solar Energy
PV-thermal collector designs
(D. PV/T
PV/T
PV/T 800W/m’
76kg/m*h 1m/s 45°
10% 23%

#HA BB EM FEAFEMN FEHESAEN FREHEFEAEN
FRAmFELER 52 9.7 24 7.6
THAIRFEELER 58 8.9 4 6.6
THICEREEELER 58 8.1 38 58

—HABLEER - 97 - 72
—HRABEEE 83 - 51 2
glass
au
pv laminate
adhesive

heat c.:undu{.:tnr?__. o

water flow

Hybrid

photovoltaic-thermosyphon
2006 T.T. Chow . Solar Energy
water heating system for

residential application
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2006 T.T Chow  Solar Energy
37.6~48.6% PV

10.3~12.3% PV (STC) PV
15~29%
transparent TPT | r A o

insulau‘on material <« ack co
absorber 7
A sensitivity study of a hybrid
photovoltaic/thermal Applied
2007 JJ. Lu ) )
water-heating system with Energy
natural circulation
(1). Thermo-siphon flat plate glazed. PV/T PV/T
17.6m*> PV Cell Covering factor+0.63 Front Glazing Transmissivity 0.83
PV/T 157kg 10.15%
48.73%  PV/T 58.88%

gtV

()
E—— > (3)

. v
s 38
25

g

]
Bat
Accumulator battery
Load

2z -
(1) front glazing; (2) TPT, (3) EVA: (4) PV module;

) ) Computer o0ad !~
(5) silicon gel; (6) absorber; (7) thermal insulation;
(8) back cover. Fig 3. Electrical system of the PV/T test rig.

Characteristic efficiencies of the PV/T system for different water masses

m (kg) 95 14542 151 +2 157 2
mjfA. (kg/m?) 53.98 8239 85.80 89.20
Me (%) 9.44 10.18 10.08 10.15
(%) 31.21 45.46 46.71 43.73
(%) 36.94 51.88 53.01 55.02
E} (%) 46.29 62.36 63.30 65.28

).
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TRNSYS PV/T
1.5
PV/T
1.7
PV/T PV/T
PV/T
Experimental validation of an
. . o Renewable
2011 Z. Olymaip improved concept of building
) . Energy
integrated photovoltaic panels
(1). PV/T (Gap150mm) 9%
2). PV/T
;3| @
(3).
PV/T
4
Efficient single glazed flat plate
. photovoltaic-thermal hybrid
2011 Patrick Dupeyrat . Solar Energy
collector for domestic hot water
system
(1).Single glazed flat plate photovoltaic-thermal hybrid module
1 (2).A 0.57x1.1 (m)

(3).Single crystalline PV module
(4).Packing factor 0.67
(5).Testing method EN12975 (module test)

(6).The modular thermal efficiency at zero reduced temperature is 0.88 in open circuit

mode.

(7). The modular thermal efficiency at zero reduced temperature is 0.79 in MPPT mode.
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(2) (Voc,Open-Circuit Voltage) O
3)

(4)
()

' Dark current ]
d
! | Hluminated current
;
V
3 : ;Voc -
L
Isc L
1)
1/
| LI222272 7"  Max output
-1 power point
2-9 ~ o (1V)
2-10
(2.3)
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V
_ B ik
= ISC IS [exp(”V ) l}

1, PV (A)
Isc (short-circuit current) (A)
Iy (A)
ﬁﬁ """
PR
B
%

2-10

2-11
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Vi PV V)

ANA—O<----- ;
R :
A | 5 N
% Lo
o : <3
@ Isc ! ‘Ud gRsh I'x Ip\fi§ ’é\
Py
LI
|
Ot mmmme '
2-11 3
2-11 Iy (2.5)
Vv
li = l’lp]s CXp Ko( +]pvRs) —1 (25)
s
"y
Ny
K,
Ig (2.6)
[14]
T 3 q EG(w -I- J-
I = 1. [—] ex P (— =
el el =0 ) 2.6)
Isr Tr (A)
T, °K)
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ISC
(2.7) 4
K.
I =1 _+—1(T-T)xS.
. [ 000 LT ] Q.
L., 1000W/m

’/—\
Ki (1. )
S,
/ "

A\ YEEDR

Pty =1v-17|exp—L Ly 1
kTA n,

(2.8)

Irradiance

2-12(a)(b)
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2-12(c)(d)

PV

C ) (MPPT)

PV

Fi(A) B (W)
40 k=
35 |-
3.0
25 0.75KW/rd
20
15
10|
05

=2 3 (W)
3j5 70 o
o 80 |- 502€T
f-g :’E B 75¢C
1.5 30 -
1.0 20
05 10
1 | 1
0 5 10 15 20 25
(©) TR (d) RV
2-12
2.14
(PV)
52%( 2-13 )
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PV

& "..‘1, 1, ]

ME
WRE.

4kW.

TN &AM
344 380/220Vac.

2-14 PV
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) PV

L AC

(216 2-17)

PV

PV

PV
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PV
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@
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2-18

PV

PV

IW

IR B

EhISE

1 L

2-19 PV
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4. PV

2-20

Eou (kWh)

Py (kWp)
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2. (Performance Ratio PR)

PV

PV

PR PV (PV

@2.11)
— EOut
Mot = H, xA,
A 2.11)
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4. (Rp)
PV
300W/m> 8

(2.12)
R,={[P/Po]x[1000(W/m*)/G)]}

G,
P,
2.1.5
2009
2009 W ((109)giga-watts) 2010
7.4 GW ( 42 %) 3.6 GW (
20 %) 1.3 GW ( 7 %) 900 MW
(feed-in-tariffs, FITs)

2009

20
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2010 (Q4)

2011 2010

2011 2011
20.6 GW 23.3 GW
2-21  "Pphoton International 2011 2 2011 O

PV 9 2 20

2011

2011 9
18.6GW

2 GW 20.6 GW 2012 Photon International
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Golobal PV demand estimate 2/2011 vs 9/2011

HLow  MAverage B High

2011 prior 2011 update 2012

2-22
2012
5.0 GW
2-24 (18] 86
84 % 2-24
85 % ( ) 15
% 35% 30 kW 23 % 30~100 kW 23 %
100 kW~1 MW 19 % 1 MW

2011
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2011 PV

PV
(residential)
(commercial) (utility)
1] 2011 9 PV
1.3 2010 1.9 2008 4
2008 66%
Solarbuzz 2015
6.4 GW
2011 | Sl | i [low - high (averagel |
o Ng 1 average!
Germany H:—;;‘; 5,000 - 7,500 (6,245)
ay . | | | !
Italy I 2.200 - 8,000 (4,439)
| ! i
USA BT 1,646 - 3,000 (2,326) ‘
| | | '
Japan i 1,000 - 1,510 (1,337) g ‘
. ;| | |
China ‘ 9|no-1,rl}?3 {1,3|0?1 . |
France B 700-1500(1,107) |
Canada i1 400 - 808 (543) I
India 500 - 500 (500) | :
Slovakia | | 300 - 500 (424) | |
| | [ | |
Australia | 1 200- 623(421) s
Tl
0 2,000 4,000 6,000 8,000 10,000 12,000 MW
2-22  Photon International ~ 2011 PV 7]
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2012 | ‘ |
Germany *ﬁ@ﬁ%@?ﬁ%: 4,500 - 6,000 (5,333) ;
USA | 2549-4,500(3,715) ‘ |
ltaly i | 2,000 - 5,884 (3,500] i
China . 1620-3500(2,327) ’
Japan 1,:|uu-3.|4m{2,1|34}
India I ers- 1,000 tJm! | | |
France lg;‘lﬁa%@ 5on-l1.9m [;59} | |
Canada B 500 - 1,000 tll‘ml | | |
Australia || 450- 623 (512) '
Greece | I !300-?'49 cm:J | |
0 2,000 4,0|oo 6,000 8,000 10000 12,000 MW
223 Photon International = 2012 PV (17

Photovoltaic Market Segmentation in Germany 2010

> 1 MWp ']90/0 ...........

Field: 15%
' - = 30 kWp: 35%

>100kWp - ...
T MWp: 23%

Rooftop: 85%'

E e & 300 100 kWp: 23%

Source: Federal Network Agency 2011, BMU 2071

2-24 [18]
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2011 7

66 % 5

2011 PV

1.15 O IRR
10 MW 15

Solarbuzz

2012
2011
129 G
2010
960 M
PV 138 % PV
13 %
011 ()

PV
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International Energy Agency (IEA)

IEA 2010 2050
2-25 2010
0.02 % 40 TWh(1012 ) 2020
200 GW 34 GW
1% 10 50
% (grid-parity) 2030
900 GW 105 GW
5%
2040 2,000 GW 127 GW
9 %
2-25 2010~2050 [20]
2020 25% 2050
5% 2225 %
25 %
2050 3,000 GW
4,500 TWh(1012 ) 141 GW
11 % 23 GT

((109)giga-tonnes)

2-2  1EA (crystalline silicon)
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[20] (crystalline silicon)

2010-2015 21 %
17 % 5 cell
(emitter) (passivation) 10 % CIGS 14
% CdTe 12 % to roll
TCO (transparent conductive oxides) o :
2015-2020 19 %
14 %
cell
2020-2030 21%
wafer

15 % ‘ 15 %
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OECD North America

OECD Paciic

Develeping Asia

t '4/1?5"
smeagmuwpmm
EERE L]

e, i

§ 25% 2 p

309%- s 2 3

1 & 200 '%;w w0 w2

T N

Emﬁ :|m =

=

e iz

i 5% 2020 2030 2050

L 2020 2030 2050 =

Global Herizontal Irradiance

& 3TIER. \iii- 7 -

R
600 1600 2900 KW/ miyear Map © STIER 2010, reproduced with permission
2015 2020 2025 2030 2035 2040 2045 2050
B L T T T T IR CTTPPrTTY =
<o roigh 2020
Share: 1% ‘Share: 5% ‘Share: 9% Share: 11%
B R A R > 4500 TWhyr
i A Transition to self- .
%i,, i sustained markets
gggzam.
B om
T e il

2-25 2010~2050

2-2

stalline silicon technologies

[20]

[20]

2020 - 2030 / 2050

Efficiency targets
(commercial modules)

Industry manufacturing aspects

R&D aspects

Thin film technologies

Single-crystalline: 21%
Multi-crystalline: 17%

Silicon (5i) consumption
<5 grams / watt (g/w)

New silicon materials
and processing

Cell contacts, emitters
and passivation

2010 - 2015

Single-crystalline: 23%
Multi-crystalline: 19%

Si consumption < 3 g/W

Improved device structures
Productivity and cost optimisation
in production

Single-crystalline: 25%
Multi-crystalline: 21%

Si consumption < 2 g/W

Wafer equivalent technologies
New device structures with
novel concepts

Efficiency targets
(commercial modules)

Industry manufacturing aspects

R&D aspects

2.2

Thin film Si: 10%
Copper-indium/gallium

(CIGS): 14%
Cadmium-telluride (CdTe): 12%

High rate deposition

Roll-to-roll manufacturing
Packaging

Large area deposition processes
Improved substrates and
transparent conductive oxides

47

Thin film Si: 12%
CIGS: 15%
CdTe: 14%

Simplified production processes
Low cost packaging

Improved cell structures
Improved deposition techniques

Thin film Si: 15%
CIGS: 18%
CdTe: 15%

Large high-efficiency
production units

Advanced materials and
concepts



1981

10MW )
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R

i .;'lkiﬂ ‘}z

2-26 1981 Solar One

2.2.1

(21]

( )

Fourier's heat conduction law)
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( convective heat -transfer

coefficient )

9

2-27

[21]

50






2)

3)

ﬁ L
SEEnAREERH LA -

Ei e e S Lo

52

()

(21]




(4)

[21]
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2-29
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O a

3)

2-31

2-31 21

2.2.3
= ( )-(
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) (1)
) 3) 4
()
(1) ) 3)

(2

2 A MC, (T, T)
0, = =
BHagEa sz ARl Ag G
T,-T,
= a,-U, ( ) (2.13)
G B - -
LY A
Ne )
(kg)
(kcal/(kg = )
()
s ()
Ag (m®)
G (MJ/(m*> + day))
Qo
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I, ()
ne (Ti-T)/G 2-32

f \ (2.14)

|
Al B 2 A B mC (T, - T,)
e = =
BHAEMZ 2 QBT Agl
T, T,
=Fp (7 a)-FpUp ( —— ) (2.14)
I
m (kg/sec » m’)
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(T0).

(W/m?)
nc FR UL (Tin - Ta)/I
1.0
8
60
ne |
Al
2‘7 Fr(T @)e=.75
' Fz Ui=7.5 W/m? - °C
b1 L s )
0 02 04 .06 08 10 12 14

(Tw—Ta) /1 (m2+ °C/W)

2-33

89 3

2-3
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FR(T(Z)

FrU;L

2-3

RFGAE R 2 B HEREAR
ERFREEEF Py B R
BB BHS EHS
FR( T (1) FrlL Fk( T ) Frl. FR( T ) FrlL
=0.75 =7.0 =0.65 =T7.5 =0.85 =20.0
AR By fis oK B R AE AR B
B SHE R fmas | BEX ERiol AZEF
A5 M R oK B oK B oK 2B oK B
=0.5 =0.5 =0.5 =0.5

W/m?
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2.24

[23]
2000 7 2,800
2006 12 2200
2008 11 7,200 ( 2-34 )
14 2000 2008
6.1% 2008 178 4.9%
ZHEIE(m?)
140,000 -
400
120,000 _— 111'60{)" ' 11.300
89,100 ! ¥
10009 82200 73500 72,800 780 :
6,600] | 69,500 75,50
80,000 o] o
60,000 57,600 54.400 56,80
40,000 e
18,100 _——
20,000 1910 5,000
00 gy 5230 Y
671686970 71727374 75 76 77 78 79 60 61 82 83 84 85 86 87 88 89 90 91 62 63 04 95 96 67 98
2-3 [23]
2-35 1990 2007
2006 EU 47% ;
(2 1 GWth) 1 3 . 5 GWth
2020
91 GWy,  ESTIF
9% 78%
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KW .

e s 3,500,000
*
- 3,000,000
2,000,000 Glazed collectors ’
— Glazed collectors (forecast) / 500,000

1,500,000 / 2,000,000
P 1,500,000

1,000,000 N
1,000,000

500,000
500,000

2.3
(Solar Cell)
1000
W/m’ 75%))
18%~25%( e
2-36 PV
1 0.4~0.5% PV

0.25%
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16 f— — !
L) e ———
ag14 1 MonoSi
o 0.4-05%FC
g 10 1
6 a5 thin film
3 4 D_ZSW"C.
. J
0 T, =25

0 10 20°F 30 40 50 60
Cell temperature (°C)

2-36 PV [25]

2.3.1
- PV
2-37

l.

2 (Ab PV

3. (Flow channels)

( S )
PV/T
4. (Adhesives) PV
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EVA VHB

SILICONE
5. (Solar cell)
CIGS -

6. (Air gap)

7. (Frame set) :

o)
~
Q
)
N
[—
=
(e}

PV/T

Glazing cover
Frame set

Air gap

PV cells
Adhesives
Flow channels
Absorber
Insulation

2-37 PV/T [25]

PV/T
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60%~70%

PV
PV/T
(238 ) PV/
PV
PV/T

1.
2. PV/T
3. PV/T

PV
4. PV/T

PV/T

(BIPV/T) ( )

PV/T
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2-38 (23]

2.3.2
PV/T
(
2-39
(
PV/T
1. @V T
PV/T PV BIPV(Building
tegrated Photovoltaic) PV
PV/T PV
(
2-40 )

2-41 PV/T
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(1) 2-41-(a) PV/T

(2) 2-41-(b) PV/T
(3) 2-41-(c) PV/T
4) 2-41-(d) PV/T
(5) 2-41-(e) PV/T

(6) 2-41-(f) PV/T

RS RAR T

\ B B A2 T A
ABCHRERIME |\ MCE e
TSN L -y e
35k (30°C~3507C)
SRR~ TR
(40°C~50C) *BIPV/T/i I
A A T 'i?ﬁé?&‘iz@
S HE AR AR * ZE R
* FRE A #oK
(40°C~50C)
SR GEIR(50T 1)
8 F R AR B
e N N B B R
2-39 PV/T
:“‘ﬁﬂ%ﬂﬁﬁ“ﬂz : ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ 2 : ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ 2: ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ t
N R R — : : 3 st
NN T P EEC) i
i : i : 3 : it s 7
ana 2 in 5 soped 2 ana 2 ingfat s i front E cldfvam ig glazed wof 2 sunshede
dopedrodt o geof, ..z fetwol x  wgl  x cfthelacade n  faade ww

2-40 PV/T
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I 1er— Glazing Cover
I — Air ap

| PV Madule
= = I o by Flowr

(c
: :*—'—Glaz:ingl:uver
P = I = o e iy Flow
. PV Module
' > => ==> " i Flow

(e)
2-41
PV/T
PV/T

PV/T

PV/T

(1)
2)
€)
(4)

PV

PV/T
2-42-(a)
2-42-(b)
2-42-(c)
2-42-(d)

67

2 il iy }. Ahsorber
PO000000 1 e
Insalation
(b
JGlaz:i.ng Cover
I } L1y Gap
i gGlazing Cover
i iy Gap
T P B e
| = = = i Flow
(d)
: F—— (5lazing Cover
= = = w——— v Floar
| : PV Moaodule

Absorber
Flowr Channels
Inmlation

PV/T

PV/T

PV/T

2-37

PV 2-42
PV/T

PV/T
PV/T

PV/T



233

()
(6)
(7)
(8)

2-42-(e)
2-42-(f)

2-42-(g)

2-42-(h)

PV Modale
Adhesives
Absorber
Flovar channels
Inmalation

2-42

68

PV/T

PV/T

PV/T

PV/T

lamng Cover
A Flear

PV Module
Adhesives
Absarber

Floar Charmels
Inslation

Glaming Cover
Au1r Flover

b P¥ Module

: A dhesives

A i e T
PO OO OO0 - o e
Insalation

(d)

je—— Flamng Cover
o= > > ler— PirfVapour mivtore
----------------------- : ':'iﬂ_,—w.a.ter Flevar

PV Moduls
Inmalation

HJ—Glaz:i.ngCDve:r
. T ~ ¢ r e duir Flowr
be—— Glass

s 1 <5 ' " Primary Water Flowr
h]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]j. ~ ¢ ~eEr r L— Transparent P¥ Modale
= L Ay Flover
'—Ll— Ahsorher Secondary

Water Floar
Inslation

i

(h

PV/T

PV/T PV/T



PV

PV/T

PV/T

" @
PV/T

(2.15)

(o)

B.J. Huang PV/T
(Primary-Energy Saving)

(2.16)

(7]

nf =N+ (ﬂe/?]power) (2 16)
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Ne PV/T (Primary-Energy Saving) (%)

Mpower 0.38 (%)

(23]

PV/T O
(Carnot

P

PV/T

(2.17)

(2.17) N (2.18)

293K
7. =1=( ) 2.18)
293K + (tum —ta)
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L )

lq ()
PV/T (ee) (2.19)
€, =T G
_ ge .G (2.19)
e, PV/T <::::>

(2.20)

2.21)
= (e X 1) +1e 2.21)
PV/T
PV/T

PV/T
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PV/T My

PV/T

72



PV/T Me)
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3.1 TRNSYS
TRNSYS(Transient System Simulation)

(Wisconsion) Solar Energy

(TRANSSOLAR)

HVAC

FORTRAN77

D Unix VMS

TRNSYS
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3-1  TRNSYS TRNSYS

Tmsys Simulation Stndio - [SDHW2]

'U"F)le Edit Vjew DueclAccew Agembly Calcu]aba Tool: Widow 7

WEEER olo| sllel] ~lf

0| = [ &pplications Library [T-ESS]
=1 Controllers

{0 Contollers Library [TESS)

= {1 Electrical

-0 GHP Library [TESS)

{0 Green Building Library (TESS]
{0 Ground Coupling Library [TESS)
[ Heat Exchangers

I:l HWAL

HvaC Library [TESS)
Hydrogen Systems

Hydranics

Hydrorics Library [TESS)
Loads and Stuctures

Loads and Stuctures [TESS)
Obsolete

Optimization Librany (TESS)
Output

Physzical Phenomena

Solar Library [TESS)

Solar Thermal Collectars

& I:l Starage Tank Library [TESS)
(] Themal Storage

=3 Utility

F-0 Utiity Library (TESS)

[ Weather Diata Reading and Processin

E u@ﬂsﬁl

.

Tee plece

|

DDDDDDDDDDDD

S

Ready | puM |

3-1 TRNSYS

3.2

TMY (Typical Meteorological Years) [271[28]
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(National Renewable Energy Laboratory,NEAR)
(National Solar Radiation Data Base,NSRDB)

T™Y?2 NEAR 1995 ™Y

Average Year Weather Data

8760
3-1 24
3-1 TMY2 [29]
Plohent Data Completeness
Class A | Class B
Extraterrestrial Horizontal Radiation 1 1
Extraterrestrial Direct Normal { {
Radiation
Global Horizontal Radiation 1 1
Direct Normal Radiation 1 1
Diffuse Horizontal Radiation 1 1
Global Horizontal Illuminance 1 1
Direct Normal [1luminance 1 1
Diffuse Horizontal [1luminance 1 1
Zenith Luminance 1 1
Total Sky Cover 1 1
Opaque Sky Cover 1 1
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Dry Bulb Temperature

Dew Point Temperature

Relative Humidity

Atmospheric Pressure
'Wind Direction

'Wind Speed
Horizontal Visibility
Ceiling Height
Present Weather

—_— | | | |

2,3,4
2,3,4
2,3,4

Precipitable Water
Broadband Aerosol Optical Depth
Snow Depth

— = = = (oo N = =] == =] =

hn | | —

Days Since Last Snowfall

(Notes:

1. Serially complete, no missing data.

2. Data may be present only every third hour.
3. Nighttime data may be missing.

4. Data may be missing for up to 47 hours:

5. Serially complete, except for Colorado Springs, CO.

1987

1987.04

8760 10

12

DOE

3-2 TMY?2 142
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3.3 PV/T

TRNSYS PV/T
PV/T
PV/T

Type-1 PV/T

78



Type-1

PV/T

Type-1 PV/T

3-2 TRNSYS

(32

Green Building
Libary(TESS)

PVT Collectors

Thermal
Storage

Stratified
Storage Tank

Weather Data
Reading and
Processing

Standard
Format

Hydronics

Pumps

Controllers

Differential
Controller
w ‘Hysteresis

Output

Printer

Output

Online Plotter

Utility

Integrators

Hydronics

Pipe Duct

Utility

Forcing
Function

79




Trnsys Simulation Stodio - [EYT simulation- Type-2 FY T]

TRNSYS

=" File Edit ¥iew Diectfccess Assmbly

Ol E@ o=

| olc| sl 2] slel

Caleulate Tools Wmdow 2

|

Weather

% |@lels #1]

|

> |5 |l
§

Collectors

2 il

Pump-2

TYPEldh

Flomer 1

Daily Results-2

Daily Btegration.

= B

Daily Results

Ready

80

{1 Applications Library [TESS]
-1 Controllers

({0 Controllers Libramy [TESS)
-1 Elechical

{1 GHP Librany (TESS)

(#-{1 Green Building Library (TESS)
({1 Ground Coupling Libram [TESS)
-{Z1] Heat Exchangers

= HvaC
- Z0 HYAL Library [TESS)

=7 Hydrogen Systems

=-{Z1 Hydronics

1 {0 Hydrorics Libram [TESS)
#-{Z1 Loads and Stuctures
#-Z1 Loads and Structures [TESS]
-1 Obsolete
1 {1 Dptimization Library [TESS]

-0 Output

=2 Physical Phenomena

-] Solar Library [TESS)

=7 Solar Thermal Collectars

=-{Z1] Storage Tank Library [TESS]

=27 Thermal Storage

= Uity

(L0 Utility Libwary [TESS)

1 (L] Weather Data Reading and Processin

WM



;_‘:)‘; Trnsys Simulation Stodio - [EYT simulation- Type-2 FY T]

°J° File Edit WView Directfccess Assembly

Calenlate  Tools Window 2

Daily Results-2

o] = = T = e = i s i S =T S =T
|

o g " 78
& e ——§ B,
_@ E Dulylmd—z i
el ! i
4
e
) 5

5 " Dally Btegration

Talk

[ZE0 | 4w |||

# (1 Applications Library (TESS)
=27 Controllers

=] Controllers Library [TESS)
=1 Electical

# (L1 GHP Library [TESS]

#1 ({1 Green Building Librany [TESS)
# {11 Ground Coupling Library (TESS)
@ [ Heat Exchangers

10 HWAC

@ (L HVAC Library [TESS)

=7 Hydrogen Systems

@ [ Hydrovics

1 {0 Hydrorics Libram [TESS)
%1 Loads and Stuchures

#-Z1 Loads and Structures [TESS]
=1 Obsolete

@ (L Dptimization Library [TESS)
- Output

1 [ Physical Phenomena

1 {1 Solar Library [TESS)

1 Solar Thermal Callectars
({0 Storage Tank Librar [TESS)
w1 Thermal Storage

=270 Utility
® @ 1 (1 Utiity Library (TESS)
> Damp3 {1 Weather Data Reading and Processin
b Daily Result
Panp-2
TYPEldh
L4 L,—VJ < | B
Readyr N
3-4 Type-2 PV/T
( Parameter

Input

(P¥ T simulation-ITRI F¥T-210-1) Collectors

Output...

) 3-5

PV/T

Parameter ]Input ] Cratput ] Derivaiive] Special Ca.rds] External Files] Cnm.ment]

EJ 14| gl Reflectanze |u_01 ]chlim T ~
i 5 | | Brissivity 055 [Feten T

T8 | | 1ot cues Lt B F T

17 & PV cell wfewence termpesatue ‘25 lc Wl

13 o PV cell wefevence sadistion |1[III |Wh1r"‘2 e

19 & BV efficiency at mference condition |l].1414 lFIaCti.Dm i

2 o Efficiency modifier - ternpserstue |-l]_l]]42 |1.’C Mo

T || g Effciency rodifier - mdstion [P0z [ ) -

3-5

81




External Files

) Weather -» Collectors

Table |

[y | select variae fiter [al

~

b
B

El

Ambient tempessture
selative humidity
wind velacity

wind direction

Almospheric pressure

beam radiation on tilted surface

sky diffuss radiation ontilted surface

ground reflested diffuss radiation on tilted surface
angle of incidence for tilted surface

slope of tilted sueface

82

userdefined data 2

userdefined data 3

userdefined data 4

extratesrestiial radiation on hotizontal
solar zenith angle

solar azimuth engle

total radiation on hotizontal

beam radiation on horitonzal

sky diffise radiation on horizontal
ground reflected diffuse radiation on horizontal
angle of incidence on horizontal suzface
slope of hotizontal suface

total radiation on tilted surface

Ié&t temperature

Inlet flow rate
Anibient teaperature

Shy temperature

Inside oof suiface temperature
Incident solar radiation.

Total horizontal radiation
Hotizontal diffisse radistion
Ground reflestance

Incidence angle

Callectar slope

Top loss convection coeffisient

Fluid heat transfer coefficient

200
20000




Trnsys Simulation Stadio - [P¥ T simulation- Type-2 P¥ T]

=" File Edit View Diectlccess Asembly

Caleulate  Tools Window 2

Dlslal@l &lel@l o« slzl 2l &l slsl] mel el mzlsln)Es

= | |8l =

1
Daily load-2

(P¥T simulation-Type-2 PYT) Weather

Parameter | Input | Output | Dexivative | Special Cards

Esternal Files ¥ Copmment |

5 [ | £ [ | | [ | [

i 1 & Weather data fils

EE TG T IRN R —

{1 Contrallers

[#-[C0 Contrallers Library [TESS)

#- [ Electical

[+ GHP Library (TESS)

Green Building Library (TESS)

I& ) Ground Coupling Library [TESS)

Heat Exchangers
] HvaC
1] HYAL Library TESS)
11 Hydrogen Systems
1 Hydronics
|1 Hydrorics Library [TESS)
1] Loads and Structures
1] Loads and Struchures [TESS)
11 Obsolete
|1 Optimization Library (TESS)
11 Output
|1 Physical Phenomena
1] Solar Library [TESS)
11 Solar Thermal Collectors
|1 Storage Tank Library (TESS)
|1 Thermal Storage
11 Ultility
1] Utility Library [TESS)
'] ‘Weather Data Reading and Processin

TY¥PE14h

Ready

|~

| &

[ wm[

3-7

Tinsys Simulation Studio - [PYT simulation- Ty

T™MY2

= File Edit Waew Diect Loces

Asembly Caleulate Tools Window 2

T R e R T e s T T ET S T

I Function editor - Plugin:

Weather |

Function editor

M > |5 o] X |Elels =]

“Walue of function

b |

&

i
b

TP E % b

“alue of tirne

T s ‘& ‘o 4o <%

&l
t5-2
Jesults —

TYFPEl4h

Ready

83

#- {1 Applicatiors Library [TESS)
{21 Contrallers

{271 Controllers Library (TESS)
{1 Electrical

{21 GHP Library [TESS)

{1 Green Building Library (TESS)
{271 Ground Coupling Librars [TESS]
{21 Heat Exchangers

{3 HvaC

{1 HYAC Library [TESS)

{11 Hydrogen Systems

{21 Hydronics

{71 Hydrorics Libram [TESS]

{2 Loads and Stuctures

{71 Loads and Structures [TESS]
{1 Dbsdlete

{271 Optimization Library (TESS]
{2 Dutput

{71 Physical Phenomena

{2 Solar Library [TESS]

{271 Solar Thermal Collectors

{2 Storage Tank Library [TESS)
{71 Thermal Storage

{0 Uity

{20 Utility Libeary [TESS)

] Weather Data Reading and Processin

|~
v




F8 ( 3-9
) PV/T PV/T PV/T

PV/T PV/T List File

stratorBE i \py LSDEW dck
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4.1 PV/T

PV/T
50% PV/T ( 4
PV/T PV
( )
PV/T
Kyocera ( KD210GH-2P)
PV (STC) 4-1
4-1" Kyocera
Kyocera
Model KD210GH-2P
Cell Polysilicon
No. of Cells 54
Maximum Power (W) 210
Optimum Power Voltage (Vmp) 26.6
Optimum Operating Current (Imp) 7.9

85
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50%
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Open Circuit Voltage (Voc) 33.2

Short Circuit Current (Isc) 8.58

Cell Efficiency (%) 15.98

Module Efficiency (%) 14.14

Size (mmxmm>mm) 1500%x990%40

Weight (kg) 18.5

: : IEC 61215
Certification 1SO 9806.1
STC( 1000 W/m2 AM1.5 PV
25 75%)
PV/T 4 Kyocera
IEC61215 ( 4-2 )
4-2  Kyocera
Kyocera
SER NO. 7200 7201 7202 7203
Maximum Power (W) 207.519 | 209.652 | 209.044 | 207.994
Optimum Power Voltage (Vmp) 26.65 26.96 26.93 26.89
Optimum Operating Current (Imp)| 7.78 =% 7.76 7.73
Open Circuit Voltage (Voc) 88309 33.29 33.24 33.15
Short Circuit Current (Isc) 8.46 8.48 8.48 8.44
Module Efficiency (%) 13.974% | 14.118% | 14.077% | 14.006%
PV/T TYPE TYPE-2 TYPE-3 | TYPE-1
4.1.1 PV/T
PV/T ( + ) 50%
PV/T (30 ¢( )~60 (
) ) PV
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PV

PV
EVA PVB TPT
4-3 Phenovaboard
4-3
(W/mk)
1 0.036~0.04
2 0.034~0.41
3 6P 0.034~0.36
4 0.24
5 Phenovaboard 0.019

4.1.2 PV/T

4-3 PV/T
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i | il o~

T e

L Typel  "gAND ¢ Saapugpt /g

(1) . - B B e 4
(12.6mm) ( 154cm Imm)
0.15mm ( 142 x 9.7 cm)

( 4-5 ) 10

(2) Kyocera
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3) Phenovaboard

PV Madule
Adhesives
Absorher
Flowr channels
Insalation

4-4  Type-1 PV/T

4-5

4-4° Type-1 PV/T

Type-1 PV/T

Polysilicon
o. of Cells 54
Maximum Power (W) 210

90
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2. Type-2

(1)

2)

3)

Optimum Power Voltage (Vmp) 26.6
Optimum Operating Current (Imp) 7.9
Open Circuit Voltage (Voc) 33.2
Short Circuit Current (Isc) 8.58
Cell Efficiency (%) 15.98
Module Efficiency (%) 14.14
Size (mm>*mm>mm) 1500%x990x4
Weight (kg) 50
Thermal Efficiency (%) 60.55
OCT ( ) 4742
STC NOCT

S PV/T
4-6
6 (18mm)S (
Q 0.15mm
(
Q 6
Kyocera
Phenovaboard

91

875cm

(
47

54

Imm)

15.6 x 15.6 cm)

)
Q
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PV Madule
Adhesives

£ ibsorher
Flenar channels
Inmlation

4-6 Type-2 PV/T

4-7 Q

4-5 = Type-2 PV/T

Type-2 PV/T

Model Type-2
Cell Polysilicon
o. of Cells 54
Maximum Power (W) 210
Optimum Power Voltage (Vmp) 26.6
Optimum Operating Current (Imp) 7.9
Open Circuit Voltage (Voc) 33.2
Short Circuit Current (Isc) 8.58
Cell Efficiency (%) 15.98
Module Efficiency (%) 14.14

92



Size (mm>*mm>mm) 1500%x990x4
Weight (kg) 50
Thermal Efficiency (%) 41.30
OCT ( ) 4742
STC NOCT

3. Type-3
Type-2
(D)
6 (18mm) (
0.15mm
(
6
(2) Kyocera
(3) Phenovaboard

93

PV/T

154cm Imm)

( 15.6x 15.6 cm)

4-6



4.2 PV/T

PV/T

4-6 Type-3 PV/T

Type-3 PV/T

Type-3

Polysilicon

0. of Cells 54

Maximum Power (W) 210

Optimum Power Voltage (Vmp) 26.6

Optimum Operating Current (Imp) 7.9

Open Circuit Voltage (Voc) 33.2

Short Circuit Current (Isc) 8.58

Cell Efficiency (%) 15.98

Module Efficiency (%) 14.14

Size (mm>*mm>mm) 15009904

Weight (kg) 50

Thermal Efficiency (%) 41.33

OCT ( ) 4742

STC

PV/T

ISO 9806-1 CNS 15165

PV/T

IEC61215
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4.2.1 PV/T

PV/T

1.
(1) / / O
(2)
(3)
2.
(1)
3.
(1) 800W/m’
+50W/m’
2
)
+2%
3) PV/T
+1
4) PV/T

+0.1
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) PV/T
+0.1

(6) PV/T

(7) 40 <ii§
1

(8) 10 m/s
©9)
+10
(10)
+1
) PV/T

+1

45

96



(1)

2)

3)

(4)

(7) PV/T

(8)

97

PV/T

PV/T
+]°

PV/T

200mm

PV/T

PV/T

PV/T

Y



PV/T Im

10m

+1

(9) PV/T V/T

(10) PV/T

(11)

(1) PV/T
PV/T

2) PVIT

3

(5)

(6)
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(1)

(2)

PV/T 9 9

(R?) 0.95
18

45
3)
4)
(5)
6

Q (aperture area)

4-8

PV/T
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4-8 PV/T
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4.2.2 PV/T

) 4-9
C ) (120L)
(PT-100)
PLC
4-8
4-10
BASN S o dhEms R
N
RE /TN
AN
! |
A I
! |
-~ |
———————— |
BERAE
(PT-]OO)[
KA E
SR
Er g RR
R
-9 PV/T
4-8
+0.5 RTD
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RTD
+0.1
+0.02 12-bit
Flow Technology
FT-6
+1.0 % Flow Technology
FC70A-L
+0.5 m/s
+20 W/m® ~Eppley PSP
AMD K-6 PC
+0.2 %
+1.0 %
20 Channel
+0.5% FS
Fluke 2640A
ls
1000 10MQ
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4-10 PV/T

4.2.3 PV/T
PV/T
PV/T
N PV/T (%)
G (W/m?)
T ()
Ty ()
1. Type-1 PV/T
4-11  Type-1 PV/T PV/T

M)
60.55% PV/T

(M) 56.24% MPPT

103



47.45% 13.25%

Mo
60.70%

-0.005  0.000 0.005 0.010 0.015 0.020
(Ti-Ta)/G

. =-13.468x + 0.4745 (Thermal MP P’
. Type-1 PV/T v X+ 04745 (The 0
0.7 R*=0.9957

¥|=-0.3645x + 0.1325(Electrical MPPT)
nc R*=0.9991
U0
y=-13.378x +0.5624(SC)
R’ =0.9895
0.5 y=-14.613x + 0.6055(0C)|
e R*=0.9841
~
~
> “ The 1 (MPPT
= 04 = crmal (MPPT)
20,368

W Electrical MPPT)

A Thermal (Short circuit)

©  Thermal (open circuit)

-_— (Thermal (MPPT))

~— (Electrical (MPPT))

— (Thermal (Short circuit))

0.025 0.030

- (Thermal (open circuit))

A=IEISHPN

PV/T

(M)
M) 18.90%

Type-2 PV/T

N
D

s

(Ti-Ta)/G

045
0406 y =-11.748x + 0.413
0250 \ D2 _ 0 a6
VOO R =059
6300

- 0250

=

-0.005 0.000 0.005 0.010 0.015 0.020

o |

4-12 Type-2 PV/T
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3. Type-3 PV/T

4-13 Type-3 PV/T PV/T
Mo
41.33% 45 M) 16.60%
0.450 Type-3 PV/T
0400 0407
0,350 o~ y =-12.065x + 0.4133
0.300 Wﬁzw%si
_ 0250 —
0.200
0.150
0.100
0.050
0.000
0.000 0.005 0.010 0.015 0.020 0.025
(T Ta)G o |
4-13 Type-3 PV/T
PV/T Type-1 PV/T
Y. Tripanagnostopoulos 12
PV/T 4-9 T.<T,
PV/T 55%
4-9 12 PV/T 301
PV/T System Thermal efficiency
pc-PV/WATER 7, =0.55-11.99 (AT/G)
a-PV/WATER 7,y =0.60-12.02 (AT/G)
pe-PV/AIR 7, =0.38-9.33 (AT/G)
a-PV/AIR 7,, —0.46-10.69 (AT/G)
PV/WATER i =0.55-11.99 (AT/G)
PV/WATER + GL N =0.71-9.04 (AT/G)
PV/WATER + REF 7, =0.66—11.89 (AT/G)
PV/WATER + GL +REF 7, = 0.80-9.03 (AT/G)
PV/AIR Ny =0.38-9.33 (AT/G)
PV/AIR +GL Nn = 0.59-7.88 (AT/G)
PV/AIR +REF 7 =0.60-12.68 (AT/G)
PV/AIR +GL +REF 7y =0.75-8.89 (AT/G)
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pc-PV

4-10
2010~2020 Roadmap
2015 PV/T
PV/T 65%

4-10 2010~2020

PV/T

60%

GL

PV/T

2020

Roadmap

Year 2010

2015

2020

Photovoltaic thermal
estimation at 0 GWth

Market

Photovoltaic thermal
estimation at 0.2 GWth

Photovoltaic thermal
estimation at 4 GWth

PWT liquid collector 55%
PYT air collector 40%:

Product

PYT liquid collector 60%
PAT air collector 458

PVT liquid celiector 85%
PVT air collector 50%:

= Solar collector made of metal
zhsorber e_g. copper, aluminum
and stainless steal.

= C5P —glazing material e.g glass

= Insulator material - thermoplastic

Technology

- Mew coating material for absorber
collector - Titanium Mitrite Oxide
(TINOX)

= improved long wave absorption.

= Combi system — B + solar
collector | metal absorber +
evacuated tube)

= CPWT — new concentrating
material - Fresngl lens + extrems
concentratad photoveltaic [XCPV]

AVARVENVY

= optimization on thermal mod = Optical optimization on PV *|ndustrizl collector
(fins)afficiency = Unglazed PvT collactors + melding.
= Effect of system design on the hzat pump
efficiency. - Optimization of the reflector
R& D = Research on sensitivity ta the heat dasign.
resistance between the PV and » Laser, plasma and ultrasonic
solar collactor . welding for collector.
- Optimization on gap between PV = Nana coated surfaces for
and solar collector. reduce friction losses of fluid
fhow.
— ———— S
Resources Supply chain

Staff/skills
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5.1 PV/T

Type-1 PV/T

TRNSYS PV/T O
Type-1

5.1.1 PV/T
PV/T 0
(PT-100)-
T1(PV

1-T2 TI-T2 2

PV/T Solar Cable

5-2 Type-1

PV/T
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5-1  Type-1PV/T

5-2 Type-1PV/T
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5.1.2 PV/T
- PV/T
2011/11/21 11:00 15:00
9:00 15:00 5
5-1 2011/11/16 PV/T
42.49%( 10 ) 13.04% 55.54%
PV/T ( + ) 50%
(SER NO.7201 PV ) 12.89%
+1.14%( Type-1 PV/T

PV STC -0.799%) Type-1 PV/T

5-1 Type-1 PV/T

Type-l PVIT R k(T im) #8m TSy
88 |zmo=s|zases|sasss|ners |Eeks [somyss n, . @k, . HEn AR
OMImd) | (kWh) M1y (c) () (c) (%) (%) (%) (%) E

2011/11/16] 8175009175 0.44 5.15886822| 242066 [34.491425) 28.01716593 | 4249518574 13.04789565 | 55.54308139] 12.89962411 1.14%
2011/11/18] 2741895653 0.147 0.50879796 | 25.144125 [ 26.158475| 2484072018 | 1249591276 | 12.99698025 | 25.49289301 | 13.35063957| 2.72%
2011/11/21] 6.889410571 0397 4.05722922| 23.6638 |31.752375| 2437421661 | 39.65710652| 13.9696166 | 53.62672312] 14.14555635] -1.26%
2011/11/22] 8810777975 0466 5.0119872 | 23.23565 | 3322765 | 2589200199 | 3830621501 | 12.82176186 | 51.12797687 | 12.82176186 0.00%
2011/11/30] 7902260521 0413 4.03641282] 23.85645 [31.903525| 25.62654146 | 34.3967793 | 12.66004575 | 47.06672505] 12.70062359| 0.24%

500W/m’ ( ) PV/T

PV/T

109



5-3 2011/11/16 Type-1 PV/T

5-4 2011/11/18 - 300W/m’

PV/T

5-4 2011/11/18 Type-1 PV/T

5-5 2011/11/21 (
6.88 (MJ/m*)  2011/11/22( 5-6
) 8.81 (MJ/m’)

2011/11/30(  5-7)
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5-5 2011/11/21 Type-1 PV/T

900 50
. Ias

800 B B A 3
3 R REAL \ j T4
700 ay. NG 2 : J\_ S 40

a o0 =

5-7 2011/11/30 Type-1 PV/T

Type-1 PV/T PV
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5-8 Type-1 PV/T
52.8 PV 59.6

6.8 Type-1 PV/T

.

5-8 Type-1 PV/T PV
5.2 PV/T
PV/T TRNSYS Type-1
PV/T 2011 11716 11/18 11/22
11/30 9:00 15:00(
2011/11/21 11:00 15:00) 5-2

10%

5-2. TRNSYS Type-1 PV/T

TRNSYS

Mt MNe Mo Mt MNe Mo
(o) | (%) (%) (o) | (%) (%)

2011/11/16 8.18 43.71 [ 12.94 | 56.65 |42.50 | 13.05 | 55.54 -2.86% 0.83%
2011/11/18 2.74 13.55 [ 12.31 | 25.86 |12.50 [ 13.00 [ 25.49 -8.44% 5.29%
2011/11/21 6.89 41.59 [ 12.91 54.50 39.66 [ 13.97 | 53.63 -4.87% 7.59%
2011/11/22 8.81 39.69 | 11.74 | 5143 3831|1282 | 51.13 -3.61% 8.44%
2011/11/30 7.90 3591 [ 12.01 | 47.92 |34.40 [ 12.67 | 47.07 -4.40% 5.21%

(MJ/m)
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6.1

56.24%

13.25%

PV/T

MPPT

Mo
60.70%
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60.55%

(M)

47.45%



PV/T

PV/T PV/T (

)-( ) PV/T

)
PV/T

13.04%

pe-1 PV/T

Q TRNSYS
10%
Q PV/T

PV/T (1500 x 999mm)
( PV/T )
PV/T

PV/T PV/T
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PV/T

7.
500W/m” ( ) PV/T
PV/
6.2
1.
(2.16kWp)
2.
PV/T

@ PV/T
PV/T
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