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Abstract— This paper presents the findings of a study to compare the temperature difference emanating from two types of 
photovoltaic systems (mono-crystalline and poly-crystalline) retrofitted on metal roofs under Malaysia climatic conditions for two 
months (November and December) of the year. The data obtained for each 5-minutes logged interval includes module cell 
temperature, ambient air temperature and solar irradiance. The data was analyzed and higher temperature difference was 
recorded for poly-crystalline system as compared to mono-crystalline based system. The Ross coefficient for both system was 
determined.  
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I. INTRODUCTION 

Photovoltaic (PV) is a technology that converts light 
energy directly into electrical energy. The electrical output of 
the PV modules depends on several factors. It can be 
clustered into three categories which are heat effect 
(mounting configuration and air gap under the PV array), 
light input (solar irradiance and shading) and other factors 
(dirt and aging). These factors will derate the current, voltage 
and power generated by the PV module.  

Retrofitted mounting is referring to the installation of PV 
modules on top of the existing roof tiles with suitable 
brackets to hold the PV modules. The small air gap between 
the module and the roof surface can limit the air flow 
through it. The main concern for this type of installation is 
the heat buildup underneath the PV array since the air gap is 
limited. In addition to the limited ventilation, the temperature 
of the roofing material can also directly affect the operating 
temperature of the PV modules.  

Malaysia is classified as Af (equatorial rainforest and 
fully humid climate region) under Koppen-Geiger world 
climate map [1] which experienced high and uniform 
temperature [2]. This ambient environmental condition can 
have a profound effect on the overall performance of the 
system. 

Several studies have been done to quantify the 
temperature of PV modules. This is because module 
temperature (Tcell) is one of the main factors that directly 
affect the electrical output. The modeling of Tcell can be 
divided into two categories; analytical and empirical 
modeling. Analytical modeling is a study based on 
theoretical formula while empirical modeling based on 
experimental measured data. Many empirical studies [3]–[8] 
have considered only ambient environmental factors. Only 
some studies [9]–[11] have make relation  between the 
immediate built environment of the installation on the 

temperature of the PV module. The ambient environmental 
factor refers to ambient temperature (Tamb), solar radiation 
level, wind speed (ws), relative humidity (RH) and wind 
direction, while the immediate built environment refers to 
the type of roof material and the spacing between the roof 
surface and the PV modules.  

Since all the studies required many factors to calculate 
Tcell, therefore, the simplest linear expression that relates 
Tamb, Tcell and temperature difference ∆T is used in this study 
[12]: 

Tcell Tamb + ∆T                     

In addition, Ross model is also the simplest model that 
integrates Tcell, Tamb and G. These are expressed as:  

     Tcell Tamb + kG   

where k is the Ross coefficient. 
Ross coefficient (k values) depends on several aspects 

which are module type, wind velocity and integration 
characteristics [13]. TABLE I summarized the k values for 
various mounting types based on adapted data from [14]. 

This paper presents the findings of operating temperature 
of poly-crystalline (poly-Si) and mono-crystalline (mono-si) 
PV module retrofitted on metal roof under Malaysian 
climate. The objectives were: 

1. To compare the temperature difference of PV 
modules (poly-crystalline and mono-crystalline) 
retrofitted on metal roof. 

2. To identify the suitable type of mounting 
ventilation for PV system (based on Ross 
coefficient). 
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TABLE I.  VALUE OF ROSS COEFFICIENT FOR VARIOUS MOUNTING 

TYPE 

PV array mounting type 
Ross coefficient 

(°Cm2W-1) 

Free standing 0.021 

Flat roof 0.026 

Sloped roof: Well cooled 0.020 

Sloped roof: not so well cooled 0.034 

Sloped roof: highly integrated, poorly ventilated 0.056 

Façade integrated: transparent PV's 0.046 

Façade integrated: opaque PVs—narrow gap 0.054 
Adapted from data in [14]. 

 

II. METHODOLOGY 

 
Two types of retrofitted grid-connected PV (GCPV) 

systems were used in this study. The systems are located at 
Green Energy Research Center (GERC) at UiTM Shah 
Alam. The system comprises of poly-crystalline and mono-
crystalline as shown in Figure 1.  

 
TABLE II.  SYSTEM SPECIFICATIONS AND SITE DESCRIPTIONS 

Subjects Poly-Si Mono-Si 

Site 
Green Energy Research Center (GERC), 

UiTM Shah Alam 

Type of system Grid-connected 

Nominal power 5.405 kWp 9.0 kWp 

Array configuration 
Array 1: 1 x 12 
Array 2: 1 x 11 

Array 1: 1 x 18 
Array 2: 1 x 18 

PV technology Poly-crystalline Mono-crystalline 

PV module tilt and 
orientation 

10° facing South-East 

Gap spacing 15 cm 

Mounting type Retrofitted  

Roof material Metal  

  
TABLE III.  PV MODULE CHARACTERISTICS 

Parameter Unit Poly-Si Mono-Si 

Maximum power (Pmax) Wp 235  250  

Voltage at Pmax (Vmpp) V 29.5 30.5 

Current at Pmax (Impp) A 7.97 8.20 

Open circuit voltage (Voc) V 37.0 38.1 

Short-circuit current (Isc) A 8.54 8.71 

Temperature coefficient of 
Pmax (γ) 

%/°C -0.45  -0.42  

Temperature coefficient of 
Pmax (γ) 

%/°C -0.33 -0.31 

Temperature coefficient of 
Pmax (γ) 

%/°C 0.06 0.04 

Temperature coefficient of 
Pmax (γ) 

%/°C -0.45 -0.42 

 

Both PV systems were retrofitted on metal roof. The air 
gap height between the back surface of PV module and roof 
surface is 15 cm. The system specifications and site 
descriptions are shown in TABLE II. 

The technical characteristics of the module are shown in 
TABLE III. These characteristics indicate that poly-Si has a 
higher temperature coefficient compared to the mono-Si 
module. 

 
Figure 1.  Poly-crystalline and mono-crystalline PV modules retrofitted on 

metal roof  
 

The irradiance sensor placement is shown in Figure 2. 
The figure for cell temperature sensor and ambient 
temperature sensor are not available because its was not 
accessible as it is located underneath the modules.   

 
Figure 2.  Irradiance sensor placement 

A. Data Collection 

The data collected were air temperature which is referred 
as Tamb, back_of_module surface temperature is referred as 
Tcell, solar irradiance on plane_of_array (POA) is referred as 
G. It is also noted that sensors location for ambient air 
temperature is located between metal deck and PV modules 
which might not represent the actual ambient temperature. 
All the parameters were logged at interval of 5 minutes. A 
total of 17568 continuous data of a month of November and 
December 2015 were analysed.  
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III. RESULTS AND DISCUSSION 

A. Irradiance Profile 

The daily irradiance profile for the months of November 
and December are shown in Figure 3 and Figure 4. 
Referring to Figure 3 and Figure 4, there are a number of 
occurrence of G more than 1000 Wm-2. The maximum and 
average values of G and peak sun hour (PSH) for the two 
month were calculated and summarised in TABLE IV.  

Maximum recorded G on November and December was 
1345 Wm-2 and 1284 Wm-2 respectively. The average G for 
both months is 361.13 Wm-2 and 393.20 Wm-2. PSH for 
November is 4.42h while December is 4.55h.  

TABLE IV.  AVERAGE AND MAXIMUM VALUE OF G AND PEAK SUN 

HOUR 

Parameter Gmax (Wm-2) Gavg (Wm-2) 
Average PSH 

(hour) 

November 1345 361.13 4.42 

December 1284 393.20 4.55 

 

 
Figure 3.  Daily irradiance profile for November 2015 

 
Figure 4.  Daily irradiance profile for December 2015 

B. Distribution frequency for irradiance 

Due to variations of solar irradiance with time, the 
irradiances are grouped into several bins to analyse the 
frequency distribution and shown in Figure 5. The highest 
frequency is at bin G of 100 Wm-2 while about 12% is at bin 
of 1000 Wm-2 and greater.  

 
Figure 5.  Frequency distribution of G 

C. Temperature difference 

The temperature difference (∆T) is analysed based on 
bins in Figure 5. Referring to Equation (1), the ∆T can be 
expressed as follow: 

 
 ∆T = Tcell Tamb   (3) 

 
The results for both poly-Si system and mono-Si system 

are summarized in TABLE V. The findings are as follows: 
 ∆T of poly-Si are consistently higher than mono-Si 

for all bins of G and for both November and 
December except for bin of 100 Wm-2 in 
November. This finding is consistent with [11] 
which are the ∆T of poly-Si are generally higher 
than mono-Si based on two months data. 

 ∆T generally increases with G. The corresponding 
∆T ranges from the lowest at 1.93 °C for poly-Si at 
bins of 100 Wm-2 and the highest at 23.64 °C for 
bins of 1200 Wm-2 also for poly-Si. 

TABLE V.  AVERAGE TEMPERATURE DIFFERENCE FOR EACH BINS 

Bin (Wm-2) 

Temperature difference (∆T) (°C) 

November December 

Poly-Si Mono-Si Poly-Si Mono-Si 

100 1.93 1.95 2.75 2.72 

200 4.70 4.44 5.93 5.75 

300 8.61 8.31 8.71 8.32 

400 10.43 9.87 11.25 10.97 

500 12.72 12.05 13.51 13.20 

600 14.62 13.75 15.38 14.68 

700 16.52 15.26 17.17 16.39 

800 18.51 17.10 18.18 17.42 

900 20.32 18.82 20.19 19.18 

1000 21.61 19.59 21.39 20.38 

1100 23.38 20.86 22.98 21.36 

1200 23.64 22.12 22.87 20.84 
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D. Regression of Tcell vs Tamb 

PV modules experienced different thermal impact during 
heating up and cooling down. Referring to [9], the PV 
modules started to cool down at 1300 h. Scatter plot graphs 
were analysed to study the relation Tcell and Tamb by using 
regression analysis as shown in Figure 6 and Figure 7. 

Both graphs show that Tcell increases in a linear manner 
with gradients varying from 1.76 to 2.27 and R2 from 0.91 
to 0.97. It is shown that Tcell and Tamb having good statistical 
relationship. 

 

 
Figure 6.  Cell temperature against ambient temperature of November 

2015 

 
Figure 7.  Cell temperature against ambient temperature of December 

2015 

E. Regression of Tcell vs G 

Scatter plot graph of Tcell against G was analysed for 
heating up which is from 0700 to 1300h. Polynomial 
trendline of poly-Si is higher than mono-Si and it shows that 
poly-Si is slightly more sensitive to temperature rise 
compared to mono-Si for both November and December 
2015. Both graphs show Tcell increase with G in a polynomial 
manner with R2 from 0.8303 for mono-Si in December and 
0.9256 also for mono-Si in November as shown in Figure 6 
and Figure 7 where R2 indicates the fitness of the trendline. 

 
Figure 8.  Cell temperature against G of November 2015 

 
Figure 9.  Cell temperature against G of December 2015 

F. Regression for Temperature Difference  vs G 

Data for heating-up hour of 0700-1300 h were analysed 
to determine Ross coefficient as given in Equation (2).  

The Ross coefficient is evaluated as the slope of the 
regression plot. Based on regression plot of Tcell–Tamb 
against G for November 2015, k value for poly-Si is 0.022 
°Cm2W-1 while 0.021 °Cm2W-1 for mono-Si. The Ross 
coefficient for December also shows the same value as 
November and it is shown in Figure 8 and Figure 9. The 
results were summarized in TABLE VI.  

The results shows that the k values obtained in this study 
is in the range with the previous study [11] that shows that 
the k values for poly-Si ranges from 0.018 °Cm2W-1  to 
0.029 °Cm2W-1 while for mono-Si k values ranges from 
0.016 °Cm2W-1 to 0.032 °Cm2W-1, for system retrofitted on 
metal roof.  

Under IEA study, k values ranging from 0.020 °Cm2W-1 
to 0.056 °Cm2W-1 that listed for several PV systems as 
shown in TABLE I. Referring to TABLE I, it means that 
poly-Si system and mono-Si system falls within “sloped 
roof: well cooled” for air gap height of 15 cm which is 
considered as having good ventilation. 
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Thus, from the data sets and analysis from this research, 
it is quite clear that the IEA definitions were quite close 
agreement with this research finding, despite the fact that 
the IEA guidelines were developed in higher latitude 
regions. 

 
Figure 10.  Temperature difference against G of November 2015 

 
Figure 11.  Temperature difference against G of December 2015 

TABLE VI.  SUMMARY OF ROSS COEFFICIENT 

Parameter System 
Ross coefficient 

(°Cm2W-1) 
Descriptions 

November 
Poly-Si 0.022  

Sloped roof: 
well cooled 

Mono-Si 0.021 

December 
Poly-Si 0.022 

Mono-Si 0.021 

 

IV. CONCLUSION 

This study has presented the comparison and analysis of 
operating temperature of PV modules for retrofitted PV 
system on metal roof under Malaysia climatic conditions for 
two months (November and December) of the year.  

The results indicate that ∆T for poly-Si module is 
consistently higher that mono-Si for both system and month. 
The ∆T ranges from the lowest at 1.93°C for poly-Si at Bins 
of 100 Wm-2 and highest at 23.64 °C for bins of 1200 Wm-2 
also for poly-Si. 

The Ross coefficient for poly-Si is 0.022 °Cm2W-1 while 
0.021 °Cm2W-1 for mono-Si and both system and month falls 
within sloped roof: well cooled for air gap height of 15 cm. 

ACKNOWLEDGMENT 

The authors wish to express gratitude to Ministry of 
Higher Education Malaysia and Universiti Teknologi MARA 
for the support for providing financial support under research 
grant of FRGS/2/2014/TK06/UITM/02/5; in particular to 
Assoc Professor Dr Ahmad Malik Omar, Head of Research 
Centre (GERC) for sharing the data for this study. 

 
REFERENCES 

 
[1] M. Kottek, J. Grieser, C. Beck, B. Rudolf, and F. Rubel, “World Map 

of the Koppen-Geiger climate classification updated,” Meteorol. 
Zeitschrift, vol. 15, pp. 259–263, 2006. 

[2] Malaysian Meteorological Department, “General Climate of 
Malaysia,” 2015. [Online]. Available: 
http://www.met.gov.my/web/metmalaysia/home. [Accessed: 07-Mar-
2016]. 

[3] H. Zainuddin, “Module Temperature Modelling for Free-standing 
Photovoltaic System in Equatorial Climate,” Universiti Teknologi 
MARA, 2014. 

[4] H. Zainuddin, S. Shaari, A. M. Omar, S. I. Sulaiman, Z. Mahmud, 
and F. M. Darus, “Modelling of operating temperature for thin film 
modules for free-standing systems in Malaysia,” Clean Energy and 
Technology (CEAT), 2013 IEEE Conference on. pp. 455–460, 2013. 

[5] G. Tamizhmani, L. Ji, Y. Tang, L. Petacci, and C. Osterwald, 
“Photovoltaic Module Thermal / Wind Performance : Long -Term 
Monitoring and Model Development For Energy Rating,” pp. 936–
939, 2003. 

[6] J. Kurnik, M. Jankovec, K. Brecl, and M. Topic, “Solar Energy 
Materials & Solar Cells Outdoor testing of PV module temperature 
and performance under different mounting and operational 
conditions,” Sol. Energy Mater. Sol. Cells, vol. 95, no. 1, pp. 373–
376, 2011. 

[7] MS IEC 61215:2006, “Crystalline Silicon Terrestrial Photovoltaic 
(PV) Modules - Design Qualification and Type Approval,” Malaysia, 
2006. 

[8] R. G. Ross Jr, “Interface design considerations for terrestrial solar 
cell modules,” in 12th Photovoltaic Specialists Conference, 1976, 
vol. 1, pp. 801–806. 

[9] N. Z. Zakaria, H. Zainuddin, S. Shaari, S. I. Sulaiman, and R. Ismail, 
“Critical factors affecting retrofitted roof-mounted photovoltaic 
arrays: Malaysian case study,” CEAT 2013 - 2013 IEEE Conf. Clean 
Energy Technol., pp. 384–388, 2013. 

[10] Z. Ye, A. Nobre, T. Reindl, J. Luther, and C. Reise, “On PV module 
temperatures in tropical regions,” Sol. Energy, vol. 88, pp. 80–87, 
2013. 

[11] N. Z. Zakaria, H. Zainuddin, and S. Shaari, “Thermal Impact on Cell 
temperature of Retrofitted Roof-mounted Photovoltaic Module,” Int. 
J. Appl. Eng. Res., vol. 9, pp. 7921–7927, 2014. 

[12] S. Shaari, A. M. Omar, A. H. Haris, and S. I. Sulaiman, Solar 
Photovoltaic Power: Fundamentals. Malaysia: MPIPV-KETTHA, 
2010. 

[13] L. Maturi, G. Belluardo, D. Moser, and M. Del, “BiPV system 
performance and efficiency drops : overview on PV module 
temperature conditions of different module types,” Energy Procedia, 
vol. 48, pp. 1311–1319, 2014. 

[14] T. Nordmann and L. Clavadetscher, “Understanding Temperature 
Effects on PV System Performance,” 3rd World Conf. Pholovoltaic 
Energv Convers., pp. 2–5, 2003.  


