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Thesis Title The Study on Optimization Conditons of Photovoltaic and Thermal

in Thailand
Name — Surname Mr.Supat Tongnunui
Program Mechanical Engineering
Thesis Advisor Mr.Sathaporn Thongwik, Ph.D.
Academic Year 2014
ABSTRACT

This research aimed to study the suitable operation of the two types of photovoltaic—
thermal (PVT) modules such as the crystal line type with absorbed area of 1.96 m’ and the
amorphous type with absorbed area of 1.69 m’. The experiments were set up at the Rajamangala
University of Technology Thanyaburi Pathum-Thani Thailand (latitude 14.04 and longitude
100.73). In order to compare the thermal and photovoltaic efficiencies, the experiments were tested
with the water mass flow rate of 0.01, 0.02 and 0.03 kg/s respectively.

The experiments were tested during daytime with the solar radiation between 600-800
w/m’ and the water outlet temperature of 29-60°C. The result shown that the thermal efficiency and
photovoltaic efficiency were depended on the water mass flow rate. The suitable conditions for both
PVT used 0.03 kg/s of the water mass flow rate. The crystal line type had the thermal and
photovoltaic efficiency of 44.46 % and 13.86 % respectively, which were higher than those of the
amorphous type with 35.43% and 11.50 % respectively.

This result could be applied to control the suitable operation condition of both PVT
types. Not only, it has the highest electrical efficiency, but also it can be applied for hot water

applications as well.

Keywords: solar energy, photovoltaic—thermal, PVT, renewable energy
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Greater actually generated
watt-power compared to crystalline

silicon PV modules.

Kaneka s Si) has light

absorption. Compared to mono-crystalline (c-Si) or poly-
(poly-Si), it i IO power

Another advantage is that the single junction a-Si layer can
be made extremely thin, use less material and energy

thereby enabling high productivity for Silicon PV Modules —
‘® Comparison of generated

g

K imitless Solar Energy

B8

-

g2 8888

Total generated watt-power per year [KWh/1kWp]
-

©Si

yearis g 5 i
University Demographic Moduie Field Test and Ope 5 E o 3
at the Intemational PV SEC-11, Sapporo, Hokkaido, g !

+ NEDO : New Energy and Industrial Technology Des

Superior performance
during summer L
actual generated ver.
The ¢-Si PV modi >r-ge Eicdes Btioeting
capabilty by rises in =SiPV |

extreme summ ¢ y

— \ &) C 0
maximum pong;j)m yri J 7. { 29er\
contributing to the ut 3 2

consumption due to the i va uss of ¢ é‘gg
homssandofﬁeei! i\ ) @ arll
. wcall O W\ /) : ‘ |

Total monthly generated wati-power per TKWp(kWh)
g

x
-

Kaneka Silicon PV's generated wati-power is about the same as that of other
crystalline sificon PVs during the winter months, but in summer, the Kaneka
Silicon PV generates significantly more power compared to other crystaline

1 2 3 4.6 6 7 8 9 10 Trig— —
1890 - —

Module Fleld
sihcon Vs Source: sl ational PV SEC-11
Test and Operatona! Analysis” presented at the I rY ¢

. o Amasiinnat Analeix” Cresented at the latemational PV SEC-11,
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~ Standard PV modules
- For industrial or roof top applications

- rﬁ/ EEE

s ——
mmnmwu
is by the total of individual PV module power outputs calculated
based on the JIS Standards. Power output under actual usage conditions can vary depending on the level of solar radiation,
installation conditions (directions, angles and conditions),

+ Specifications subject to change without notice.
«JIS: St
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8]
X

Less mat
Amorphous snl«oon |

Less slllcon t 1 [cy
Thin-film silicon PV madul uires less sili ’ ( _EP
- The thickness of a-Si cell is 0. ¢ por PN
that of crystalline silicon ( 7
- The a-Si cell is directly —
appropriate for A\ <A

—

‘(ray ack Tlme)

V the energy used

year shorter than that
iémn e environmental sfect

Technology Research
MWM

EPT= EO0/ Eg
EO : Energy for
PV

manufacturing
Eg : Generated power
by PV for one year
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Renewable Ené gV
“Phétovoltaic Modt

120 Watts and 125 Watts

Excellent designed Multi (Poly) - crystalline PV module

High consistency and reliability of Ekarat Solar's 120/125 Watts PV
modules versatility for users and solar system designer to suit a
needed application. A village solar systems, residential roof, solar
home unit, telecommunication station, and battery-charge station
as well as stand-alone and grid connected systems are recom-
mended and commonly used with these 120/125 Watts modules.

High efficiency module, more than 12%, is a result of solar cell’'s
superior power out put, which has been developed by our solar cell
partnership. Moreover, other component materials are also se-
lected to comply with international standards such as IEC 61215

and Safety Standard IEC 61730. These create a customer's confi-
dence ensured with a manufacturing based 20 years limited warranty.

e Low iron tempered glass allows a high light transmission rate with a great robustness.

® EVA encapsulate sheet, back-sheet, and clear anodized aluminum frame are technically equipped to protect
the module against all weather condition.

e Junction box with IP65 to ensure water proof and prolong lifetime operation.

e Special cable with connectors is offered as option for easy interconnection in grid-connected systems as well
as stand-alone systems.

e Bypass diode included in promptly provided junction box is to prevent the power dropped by partial shading.

Electrical Characteristics

ES2125
125W
+3%

36
17V
7.36A
764 A
215V
-0.0816V/°C
+16mA/°C
-0.3750 %/ °C
15A
1000V

9

——
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Mechanical Characteristics

Dimension 1481 x 661 x 38 mm.
Weight 11.2 kg.
Dimension tolerance +1 mm.
Junction Box Degree of protection: IP65 and compatibility with
2.5 - 4.0 mm cross section cable size.
Diode Silicon or Schottky By - pass diode for every 18 cells connection.
Frame Anodized Aluminum.
Construction structure Front: High light transmission tempered glass with 3.20 mm thickness;

Back: Weather proof back sheet material.
Laminated Material: EVA.

Qualification and testing

1SO 9001 for qualify management system.

IEC 61215 : Crystalline silicon terrestrial PV modules— Design qualification and type approval.

IEC 61730 : PV module safety qualification. To ensure a safety for users and installing operator of our products.
TIS 1843 : Thailand Industrial Standard equivalents to {EC 61215,

CE mark : European Conformity.
o Auy, ’-‘o gl-tlw.‘.o

’ é Sa LN
= , =/ mm 7
2 TOVehemond S \
o A3
“0009023"
Module drawing diagram IV - curves
Irradiance

1,000 W/m?, 800 W/im?, and 600 W/m?

" T
| | N\ ) S
! G W S T N N2\ T
| | ' [ T | -
RO 3 74 [ {
B AR ", 16806 W /'] - | ]
2 18 " __I, ~f BT =
= ' X . ¥ \ |
g } ~ F \ {
p FECTION # | (500 W /'] |
sibf2s19) JUNCTION BOX % s = O™ —_ J
2 \
\
‘ \
: \ |
f \ \
! \ |
. A e s L VY A Vo A M |
Volage (V)

L o8 2602 - Model: 120W/125W

These data rep the perf of typical modules as d at their out put terminals, and do not include the effect of such
additional equipment as diodes or cables. The data are based on ts made in with ASTME 1036-85 corrected to
SRC (Standard Reporting Conditions, also known as STC or Standard Test Condmons) which are:
® lllumination of 1kW/m® (1sun) at spectral distribution of AM1.5

(ASTME892-87 global spectral irradiance);
e Cell temperature of 25°C.
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Abstract

In this paper,experimental the was optimized the condmons of photovoltaic and thermal
(PVT ) modules, including of crystal line type effect area 1.96 m’-and amorphous type effect are 1.69
m? under climatic Thailand installed’and test at rajamangala university of technology thanyaburi The
experiment were test under various condition with flow rate of water at 0.1,0.2 and 0.3 kg/s The result
of this study shown that the suitable optimization of photovoltaic-and thermal crystalline type at 0.3
kg/s of water flow rateefficiency in producing electric 1.16 9% and thermal 32.36.% Amorphous type
at 0.3 kg/s of water flow rate producing electric - 7.40 % and thermal 9.83 %

Keywords: solar energy, renewable energy, photovoltaic and:thermal (PVIT) modules
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