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INTERNATIONAL MECHANICAL & INDUSTRIAL ENGINEERING CONFERENCE 
(IMIEC) 2018 

WELCOMING ADDRESS 
Rector State University of Malang 

Dear  
Mr. Chairman and committee member of the International Mechanical and Industrial Engineering 
Conference 2018 (IMIEC 2018), Ladies and Gentleman, the co-hosts, respectable keynote 
speakers and invited speakers, parallel speakers and all participants of the conference, All the 
pleasure is mine to welcome you all to State University of Malang, the learning university which 
values on tradition, integrity, continuity and innovation. 
 
Ladies and gentleman, 
It is an honour to be the host of the IMIEC 2018 as it provides unique opportunity for respectable 
researchers, experts, scholars, students and even policy makers to share ideas on hot issues and 
trending topics in mechanichal engineering. IMIEC 2018 also aims to establish framework as well 
as international collaboration amongst universities in Indonesia and worldwide research facilities, 
especially to facilitate research publications by Indonesian students and scholars in reputable 
international journals. It is undoubtful that the crucial step to pave the way for a university to 
gain international recognition, it must be indexed internationally, entering all fields of reputable 
peer-reviewed publications. At State University of Malang, we got this challenge, we do believe 
that such conference like IMIEC can be regarded as potential answer to the aforementioned 
challenge and therefore makes this conference prestigious. The State University of Malang is 
proactively luring, supporting and encouraging its researchers to be bravely publish their works 
on internationally reputable journals. 
 
Therefore, I would like to take this occasion to express my appreciation to keynote and invited 
speakers of the conference, the prominent figures in their field. My appreciation should also be 
addressed to all co-host universities who have shared significant contribution to make this event 
possible. To all parallel speakers as well as all participants coming from various places, your 
contribution makes this conference is truly special. 
 
Finally, in anticipation of a successful conference, I hereby officially open the International 
Mechanical and Industrial Engineering Conference 2018. Good luck and Have a wonderful time 
and nice conference, Thank you, 

Rector of State University of Malang 
 
  
  
  
Prof. Dr. H. Ahmad Rofi'uddin 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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INTERNATIONAL MECHANICAL & INDUSTRIAL ENGINEERING CONFERENCE 
(IMIEC) 2018 

WELCOMING ADDRESS 
Chairman of International Mechanical and Industrial Engineering Conference, IMIEC 2018 

Distinguished guests, respected colleagues, and ladies and gentlemen, 

It is the time successfully to wrap up a year's work. Considering just how busy you all must be, 
thank you very much for taking your precious time to participate in the International Mechanical 
and Industrial Engineering Conference, IMIEC 2018.  

In particular, I would like to extend my gratitude to distinguished keynote speakers from abroad. 
First of all, please allow me to express my sincere appreciation for coming to our city for:  
1. Prof. Dr. Ir. Masjuki bin Hj Hassan., from Department of Mechanical Engineering, 

University of Malaya, Malaysia 
2. Prof. Ir. I Nyoman Pujawan, M.Eng, Ph.D, From Department of Industrial Engineering, 

Sepuluh November Institute of Technology, Surabaya 
3. Prof. Akio Miyara, from Department of Mechanical Engineering, Saga University, Japan 
4. Prof. Prakasit Sokrai, from Department of Industrial Engineering, Pranakhon Rajabhat 

University, Thailand. 

And also our invited speakers and presenters from all over the world,   

5. SM Shahrul Nizan Shikh Zahari PhD, DIC, MRSC, Industrial Chemical Technology 
Programme, Faculty of Science & Technology, Universiti Sains Islam Malaysia 

6. Assoc. Prof. Andrzej Katunin, from Institute of Fundamentals of Machinery Design, Faculty 
of Mechanical Engineering,Silesian University of Technology, Poland. 

I welcome all of you and hope that this event will serve as a catalyst for strengthening national 
and international cooperation on the share of all coverage mechanical engineering and industrial 
engineering. 

This conference is being held in a series of events 64th Anniversary of State University Malang 
and 53rd Anniversary of Engineering Faculty. 

In addition, I am most thankful for the ceaseless efforts of all committee members of IMIEC 
consortia, all organizers, all cooperating institution as well as the sponsors that support us. 

In this opportunity, I would like to report related to scientific of IMIEC 2018. The committee has 
received up to 200 manuscripts from 7 countries and more than 15 institutions. From 200 
manuscript, the committee has decided to accept 122 papers that will published in MATEC 
International Proceeding indexed by SCOPUS. There are 7 topics consist of 4 topics from 
Mechanical Engineering and 3 topics from Industrial Engineering. 

For your information, IMIEC 2018 is bianual event that continuing the previous event at 2016 
which is IMEEEC 2016. We hope that we can continue to bring this tremendous event on IMIEC 
2019.  

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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INTERNATIONAL MECHANICAL & INDUSTRIAL ENGINEERING CONFERENCE 
(IMIEC) 2018 

Last but not least, I strongly hope that all of the distinguished guests gathered here today will 
offer your generous support and encouragement for the successful conference. 

Thank you. 
 
 
 
 
 
Chairman IMIEC 2018 

2

MATEC Web of Conferences 204, 00002 (2018) https://doi.org/10.1051/matecconf/201820400002
IMIEC 2018

INSPIRON
Typewritten text
Link Go To Paper



Characteristic comparison of photovoltaic 
module and photovoltaic thermal

Krismadinata1,3,*, Remon Lapisa2, Syahril2 and Asnil3

1Energy Research Centre, Faculty of Engineering, Universitas Negeri Padang, 25171 Padang,
Indonesia
2Depart. of Mechanical Engineering, Faculty of Engineering, Universitas Negeri Padang, 25171
Padang Indonesia
3Depart.of Electrical Engineering, Faculty of Engineering, Universitas Negeri Padang, 25171 Padang,
Indonesia

Abstract. This paper discusses an attempt to compares the electrical 
characteristics of two solar modules of the same type and size in which 
one of the solar modules at the bottom is mounted a copper pipe for 
circulating water (as call photovoltaic thermal). The research was steered 
to observe water cooling effect to electrical characteristics of PV module. 
This system serves as a heat absorption on the bottom of the solar module. 
The experiment is conducted at the same time, place, and sunlight 
intensity conditions for both solar modules. The characteristics of short-
circuit current, open circuit voltage, upper and lower temperature and the 
irradiation of sunlight from the two solar modules are observed. The test 
results show that photovoltaic thermal generate greater electrical power 
than solar modules not equipped with heat absorption 

1 Introduction 
Recently, one of the big problems facing the world is global warming. The massive use of 
fossil fuels for industry and transportation has triggered a large amount of CO2 content in 
the air that has an impact on the greenhouse effect. The use of energy sources that are not 
derived from fossils is one alternative to overcome global warming. Solar energy will not 
be exhausted until the doomsday. This is one alternative solution in the use of energy. 
Popular technologies in utilizing solar energy are solar heaters and solar modules 
(photovoltaic). 

Solar heater is a technology that utilizes the sun beam into heat energy. This technology 
is widely used in household to heat water. The solar module also known as photovoltaic 
(PV), can convert sunlight into electrical energy. This technology is widely used for the 
electrification of villages in remote area where they are away from the electricity 
connection utilities. 

* Corresponding author: krisma@ft.unp.ac.id
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The problem of PV is during operation only about 15% of the solar radiation can be 
converted into electrical energy and others are wasted into heat. Though solar energy 
contains sun radiation and heat. It is very unfortunate if the energy used is just one of the 
two elements. One of PV weakness is the power efficiency of the PV decrease as the 
temperature around the PV module increases [1]. 

This is a reason, why the concept of "PV cooling" becomes so important in PV 
generation. It is applied to increase the electrical power generated. The PV cooling reduces 
the heat around the PV module and at the same time, it is gotten heat energy source.  
The technology that can answer the above problem is by combining a PV module with a 
solar water heating module. This method is employed to improve the characteristics of solar 
panels by draining water under solar panels. They absorb heat around the solar panel. This 
system is known as PV solar heater or Photovoltaic Thermal (PVT). This system can 
eliminate external power source for water heater as well as to cool the solar PV module. 

PVT technology has been realized since 1950 [2] and developed by [3]. This technology 
is long over reviewed. In the 2000s, it was continued to review by [4-8]. The optimizing of 
PVT design has been conducted by [9]. Research on the Rhodes Island has been reported 
that PVT efficiency was 9% lower than conventional solar heaters [10].The research on 
PVT technology is also quite popular in Indonesia, especially employing water as heat 
absorbing media. [11-13].  

In this paper, an effort to comprise the electrical characteristics of PV module and PVT 
module. The research was conducted to inspect water cooling effect to electrical 
characteristics of PV module.

2 Methods
The experiment was conducted employing two PV modules of the same size, power, and 
model. One PV module is equipped with copper pipes, water pumps that can drain the 
water so it can function to absorb heat. When the temperature inside the copper pipe is 
larger than 420C the water pump works to drain the hot water to the storage tank and draw 
cold water back into the copper pipe. 

The PVT is designed employing copper pipes as ducts that are placed under the solar 
panels. They are designed spiral-shaped. The diameter of ducts is 5/8 inch. This spiral 
copper pipe is placed under a solar module with a cross-sectional position along the side of 
the solar module. Those ducts is built with 10 curvatures. They are designed to flow more 
fluids. The experiment setup can be shown in Figure 1.  
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Fig. 1. Design of experiment setup 

The experiments were conducted at Faculty of Engineering Universitas Negeri Padang 
(FT UNP). The latitude of FT UNP, Padang City West Sumatera is -0.9470832 or 
0°56'49.5"S, and the longitude is 100.4172 or 100°25'1.85"E.  The characteristics explored 
are solar irradiation, temperature of PV module on the upper side, temperature PV module 
on the bottom side, open-circuit voltage, and short-circuit current from PV module. 
Observations were also conducted at the same time as the same measuring instrument. 
Both solar modules used have specifications as shown in table 1. 

Table 1. Specification of PV module used 

Specification Rate 
Pmax 50Watt ( Peak) 
Voc 21.6 Volt 
Isc 2.98 Ampere 
Vmp 17.6 Volt 
Imp 2.85 Ampere 
Size (mm) 835 X 540 X 28 

3 Results and Analysis
A copper pipe that serves as a water flow conduit placed on the bottom side of the solar 
module can be seen in Figure 2. The conduit configuration is designed circles. This is done 
to get the amount of heat absorbed more. 

A complete series of PV module and PVT module testing can be shown in Figure 3. The 
experiments setup is equipped with a monitoring system. It records all data regarding to PV 
and PVT modules characteristic. All measured data are stored in the memory of computer 
and processed and displayed in the graph. The observed data are irradiation of sunlight, 
ambient temperature, maximum output power, open-circuit voltage (VOC) and short circuit-
current (ISC). 

The data are collected starting morning at 9 o’clock and end at 15 o’clock. The 
monitoring system updates the data every 15 minutes. It needs to get detail information on 
characteristics changes. In Figure 4 the temperature chart changes to both solar modules. 
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The observed temperature is the temperature above the solar module. The maximal 
temperature achieved in this observation reaches 580C in the PV module, while temperature 
on upper side of the PVT module is lower than the PV module. 

Figure 5 shows that the temperature on bottom side of the PVT module is lower than the 
PV module. The maximum temperature the PVT module reaches is 440C, corresponding to 
the initial temperature reference. 

Fig. 2. Copper pipe as water flow conduit Fig. 3. Experiment test setup 

Fig. 4. Temperatures on upper side Fig. 5. Temperatures on bottom side 

The voltage and current generated by the PVT module are higher than the PV module. It is 
especially at 13:00, the open-circuit voltage and short-circuit current of the PV module 
become the lowest at that time. this is shown in Figure 6 and Figure 7. 

The high voltage and current on the PVT module compared to the PV module also impact 
on the power generated. This is shown in Figure 8. 
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Fig. 6. VOC of PV and PVT modules Fig. 7. ISC of PV dan PVT modules 

Fig. 8. Power comparison PV and PVT Fig. 9. Solar irradiation at experiment test 

The highest solar irradiation is achieved at 13:00, as well as the current generated by the 
PVT module. At 11:15, the irradiation of light is quite high also close to irradiation at 
13.00, but within the time it occurs clouds that reduce irradiation received solar module. 
This is illustrated in Figure 9. 

4 Conclusions
In this paper, the performance of the PV module and PVT module is investigated. Data of 
temperature around the PV and PVT module, solar irradiation, short circuit current, open 
circuit voltage of the PV modules are explored. Those data are processed and analyzed for 
both solar modules. The results show that the PVT module has a better performance in 
terms of the power generated than the PV module. The liquid or water that passes on the 
PVT module acts as a coolant or heat absorber from the PV module so that it reduces the 
temperature of the solar module. The dropping temperature of the solar module can 
increase the electrical power generated by the module. 

Authors gratefully acknowledge the support of Ministry of Research, Technology and Higher 
Education Republic of Indonesia (KEMENRISTEKDIKTI) for providing financial support under 
scheme research through PUPT grant No. 855/UN35.2/PG/2018. 
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INTERNATIONAL MECHANICAL & INDUSTRIAL ENGINEERING CONFERENCE 
(IMIEC) 2018 

WELCOMING ADDRESS 
Rector State University of Malang 

Dear  
Mr. Chairman and committee member of the International Mechanical and Industrial Engineering 
Conference 2018 (IMIEC 2018), Ladies and Gentleman, the co-hosts, respectable keynote 
speakers and invited speakers, parallel speakers and all participants of the conference, All the 
pleasure is mine to welcome you all to State University of Malang, the learning university which 
values on tradition, integrity, continuity and innovation. 
 
Ladies and gentleman, 
It is an honour to be the host of the IMIEC 2018 as it provides unique opportunity for respectable 
researchers, experts, scholars, students and even policy makers to share ideas on hot issues and 
trending topics in mechanichal engineering. IMIEC 2018 also aims to establish framework as well 
as international collaboration amongst universities in Indonesia and worldwide research facilities, 
especially to facilitate research publications by Indonesian students and scholars in reputable 
international journals. It is undoubtful that the crucial step to pave the way for a university to 
gain international recognition, it must be indexed internationally, entering all fields of reputable 
peer-reviewed publications. At State University of Malang, we got this challenge, we do believe 
that such conference like IMIEC can be regarded as potential answer to the aforementioned 
challenge and therefore makes this conference prestigious. The State University of Malang is 
proactively luring, supporting and encouraging its researchers to be bravely publish their works 
on internationally reputable journals. 
 
Therefore, I would like to take this occasion to express my appreciation to keynote and invited 
speakers of the conference, the prominent figures in their field. My appreciation should also be 
addressed to all co-host universities who have shared significant contribution to make this event 
possible. To all parallel speakers as well as all participants coming from various places, your 
contribution makes this conference is truly special. 
 
Finally, in anticipation of a successful conference, I hereby officially open the International 
Mechanical and Industrial Engineering Conference 2018. Good luck and Have a wonderful time 
and nice conference, Thank you, 

Rector of State University of Malang 
 
  
  
  
Prof. Dr. H. Ahmad Rofi'uddin 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 204, 00001 (2018) https://doi.org/10.1051/matecconf/201820400001
IMIEC 2018



 

INTERNATIONAL MECHANICAL & INDUSTRIAL ENGINEERING CONFERENCE 
(IMIEC) 2018 

WELCOMING ADDRESS 
Chairman of International Mechanical and Industrial Engineering Conference, IMIEC 2018 

Distinguished guests, respected colleagues, and ladies and gentlemen, 

It is the time successfully to wrap up a year's work. Considering just how busy you all must be, 
thank you very much for taking your precious time to participate in the International Mechanical 
and Industrial Engineering Conference, IMIEC 2018.  

In particular, I would like to extend my gratitude to distinguished keynote speakers from abroad. 
First of all, please allow me to express my sincere appreciation for coming to our city for:  
1. Prof. Dr. Ir. Masjuki bin Hj Hassan., from Department of Mechanical Engineering, 

University of Malaya, Malaysia 
2. Prof. Ir. I Nyoman Pujawan, M.Eng, Ph.D, From Department of Industrial Engineering, 

Sepuluh November Institute of Technology, Surabaya 
3. Prof. Akio Miyara, from Department of Mechanical Engineering, Saga University, Japan 
4. Prof. Prakasit Sokrai, from Department of Industrial Engineering, Pranakhon Rajabhat 

University, Thailand. 

And also our invited speakers and presenters from all over the world,   

5. SM Shahrul Nizan Shikh Zahari PhD, DIC, MRSC, Industrial Chemical Technology 
Programme, Faculty of Science & Technology, Universiti Sains Islam Malaysia 

6. Assoc. Prof. Andrzej Katunin, from Institute of Fundamentals of Machinery Design, Faculty 
of Mechanical Engineering,Silesian University of Technology, Poland. 

I welcome all of you and hope that this event will serve as a catalyst for strengthening national 
and international cooperation on the share of all coverage mechanical engineering and industrial 
engineering. 

This conference is being held in a series of events 64th Anniversary of State University Malang 
and 53rd Anniversary of Engineering Faculty. 

In addition, I am most thankful for the ceaseless efforts of all committee members of IMIEC 
consortia, all organizers, all cooperating institution as well as the sponsors that support us. 

In this opportunity, I would like to report related to scientific of IMIEC 2018. The committee has 
received up to 200 manuscripts from 7 countries and more than 15 institutions. From 200 
manuscript, the committee has decided to accept 122 papers that will published in MATEC 
International Proceeding indexed by SCOPUS. There are 7 topics consist of 4 topics from 
Mechanical Engineering and 3 topics from Industrial Engineering. 

For your information, IMIEC 2018 is bianual event that continuing the previous event at 2016 
which is IMEEEC 2016. We hope that we can continue to bring this tremendous event on IMIEC 
2019.  

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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INTERNATIONAL MECHANICAL & INDUSTRIAL ENGINEERING CONFERENCE 
(IMIEC) 2018 

Last but not least, I strongly hope that all of the distinguished guests gathered here today will 
offer your generous support and encouragement for the successful conference. 

Thank you. 
 
 
 
 
 
Chairman IMIEC 2018 
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Characteristic comparison of photovoltaic 
module and photovoltaic thermal

Krismadinata1,3,*, Remon Lapisa2, Syahril2 and Asnil3

1Energy Research Centre, Faculty of Engineering, Universitas Negeri Padang, 25171 Padang,
Indonesia
2Depart. of Mechanical Engineering, Faculty of Engineering, Universitas Negeri Padang, 25171
Padang Indonesia
3Depart.of Electrical Engineering, Faculty of Engineering, Universitas Negeri Padang, 25171 Padang,
Indonesia

Abstract. This paper discusses an attempt to compares the electrical 
characteristics of two solar modules of the same type and size in which 
one of the solar modules at the bottom is mounted a copper pipe for 
circulating water (as call photovoltaic thermal). The research was steered 
to observe water cooling effect to electrical characteristics of PV module. 
This system serves as a heat absorption on the bottom of the solar module. 
The experiment is conducted at the same time, place, and sunlight 
intensity conditions for both solar modules. The characteristics of short-
circuit current, open circuit voltage, upper and lower temperature and the 
irradiation of sunlight from the two solar modules are observed. The test 
results show that photovoltaic thermal generate greater electrical power 
than solar modules not equipped with heat absorption 

1 Introduction 
Recently, one of the big problems facing the world is global warming. The massive use of 
fossil fuels for industry and transportation has triggered a large amount of CO2 content in 
the air that has an impact on the greenhouse effect. The use of energy sources that are not 
derived from fossils is one alternative to overcome global warming. Solar energy will not 
be exhausted until the doomsday. This is one alternative solution in the use of energy. 
Popular technologies in utilizing solar energy are solar heaters and solar modules 
(photovoltaic). 

Solar heater is a technology that utilizes the sun beam into heat energy. This technology 
is widely used in household to heat water. The solar module also known as photovoltaic 
(PV), can convert sunlight into electrical energy. This technology is widely used for the 
electrification of villages in remote area where they are away from the electricity 
connection utilities. 

* Corresponding author: krisma@ft.unp.ac.id
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The problem of PV is during operation only about 15% of the solar radiation can be 
converted into electrical energy and others are wasted into heat. Though solar energy 
contains sun radiation and heat. It is very unfortunate if the energy used is just one of the 
two elements. One of PV weakness is the power efficiency of the PV decrease as the 
temperature around the PV module increases [1]. 

This is a reason, why the concept of "PV cooling" becomes so important in PV 
generation. It is applied to increase the electrical power generated. The PV cooling reduces 
the heat around the PV module and at the same time, it is gotten heat energy source.  
The technology that can answer the above problem is by combining a PV module with a 
solar water heating module. This method is employed to improve the characteristics of solar 
panels by draining water under solar panels. They absorb heat around the solar panel. This 
system is known as PV solar heater or Photovoltaic Thermal (PVT). This system can 
eliminate external power source for water heater as well as to cool the solar PV module. 

PVT technology has been realized since 1950 [2] and developed by [3]. This technology 
is long over reviewed. In the 2000s, it was continued to review by [4-8]. The optimizing of 
PVT design has been conducted by [9]. Research on the Rhodes Island has been reported 
that PVT efficiency was 9% lower than conventional solar heaters [10].The research on 
PVT technology is also quite popular in Indonesia, especially employing water as heat 
absorbing media. [11-13].  

In this paper, an effort to comprise the electrical characteristics of PV module and PVT 
module. The research was conducted to inspect water cooling effect to electrical 
characteristics of PV module.

2 Methods
The experiment was conducted employing two PV modules of the same size, power, and 
model. One PV module is equipped with copper pipes, water pumps that can drain the 
water so it can function to absorb heat. When the temperature inside the copper pipe is 
larger than 420C the water pump works to drain the hot water to the storage tank and draw 
cold water back into the copper pipe. 

The PVT is designed employing copper pipes as ducts that are placed under the solar 
panels. They are designed spiral-shaped. The diameter of ducts is 5/8 inch. This spiral 
copper pipe is placed under a solar module with a cross-sectional position along the side of 
the solar module. Those ducts is built with 10 curvatures. They are designed to flow more 
fluids. The experiment setup can be shown in Figure 1.  
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Fig. 1. Design of experiment setup 

The experiments were conducted at Faculty of Engineering Universitas Negeri Padang 
(FT UNP). The latitude of FT UNP, Padang City West Sumatera is -0.9470832 or 
0°56'49.5"S, and the longitude is 100.4172 or 100°25'1.85"E.  The characteristics explored 
are solar irradiation, temperature of PV module on the upper side, temperature PV module 
on the bottom side, open-circuit voltage, and short-circuit current from PV module. 
Observations were also conducted at the same time as the same measuring instrument. 
Both solar modules used have specifications as shown in table 1. 

Table 1. Specification of PV module used 

Specification Rate 
Pmax 50Watt ( Peak) 
Voc 21.6 Volt 
Isc 2.98 Ampere 
Vmp 17.6 Volt 
Imp 2.85 Ampere 
Size (mm) 835 X 540 X 28 

3 Results and Analysis
A copper pipe that serves as a water flow conduit placed on the bottom side of the solar 
module can be seen in Figure 2. The conduit configuration is designed circles. This is done 
to get the amount of heat absorbed more. 

A complete series of PV module and PVT module testing can be shown in Figure 3. The 
experiments setup is equipped with a monitoring system. It records all data regarding to PV 
and PVT modules characteristic. All measured data are stored in the memory of computer 
and processed and displayed in the graph. The observed data are irradiation of sunlight, 
ambient temperature, maximum output power, open-circuit voltage (VOC) and short circuit-
current (ISC). 

The data are collected starting morning at 9 o’clock and end at 15 o’clock. The 
monitoring system updates the data every 15 minutes. It needs to get detail information on 
characteristics changes. In Figure 4 the temperature chart changes to both solar modules. 
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The observed temperature is the temperature above the solar module. The maximal 
temperature achieved in this observation reaches 580C in the PV module, while temperature 
on upper side of the PVT module is lower than the PV module. 

Figure 5 shows that the temperature on bottom side of the PVT module is lower than the 
PV module. The maximum temperature the PVT module reaches is 440C, corresponding to 
the initial temperature reference. 

Fig. 2. Copper pipe as water flow conduit Fig. 3. Experiment test setup 

Fig. 4. Temperatures on upper side Fig. 5. Temperatures on bottom side 

The voltage and current generated by the PVT module are higher than the PV module. It is 
especially at 13:00, the open-circuit voltage and short-circuit current of the PV module 
become the lowest at that time. this is shown in Figure 6 and Figure 7. 

The high voltage and current on the PVT module compared to the PV module also impact 
on the power generated. This is shown in Figure 8. 
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Fig. 6. VOC of PV and PVT modules Fig. 7. ISC of PV dan PVT modules 

Fig. 8. Power comparison PV and PVT Fig. 9. Solar irradiation at experiment test 

The highest solar irradiation is achieved at 13:00, as well as the current generated by the 
PVT module. At 11:15, the irradiation of light is quite high also close to irradiation at 
13.00, but within the time it occurs clouds that reduce irradiation received solar module. 
This is illustrated in Figure 9. 

4 Conclusions
In this paper, the performance of the PV module and PVT module is investigated. Data of 
temperature around the PV and PVT module, solar irradiation, short circuit current, open 
circuit voltage of the PV modules are explored. Those data are processed and analyzed for 
both solar modules. The results show that the PVT module has a better performance in 
terms of the power generated than the PV module. The liquid or water that passes on the 
PVT module acts as a coolant or heat absorber from the PV module so that it reduces the 
temperature of the solar module. The dropping temperature of the solar module can 
increase the electrical power generated by the module. 

Authors gratefully acknowledge the support of Ministry of Research, Technology and Higher 
Education Republic of Indonesia (KEMENRISTEKDIKTI) for providing financial support under 
scheme research through PUPT grant No. 855/UN35.2/PG/2018. 
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