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Abstract: At the present flash in time, renewable energy sources have achieved great worth for modern day society. The 
main reason for this boom is the need to use substitute sources of energy to fossil fuels which are free of CO2 emissions 
and contamination. Among the current renewable energy sources, the growth of solar PV has been spectacular. The PV 
Module itself accounts for around half of total PV system costs. The continuous reduction in PV Modules cost is therefore 
a key element of improving the competiveness of PV. Therefore different module technologies developed. While 
crystalline Si is the most mature PV technology but is more expensive whereas thin film technology is cheaper and has 
additional advantages but has less efficiency than crystalline. So it is important to know the suitable module technology as 
well as the electronic circuitry as per requirement. The objective of the present study is to assess the suitability of 
different PV technologies under Indian climatic conditions. This paper deals with the comparative analysis of two 
different module technologies i.e. polycrystalline and CdTe of same rating, both technologies are first used with MPPT
based charged controller and then the same technologies are used with PWM charge controller. Along with this the 
performance of poly-crystalline silicon type PV modules has been investigated at different tilt angles. This paper is mainly 
divided into four sections, first section presents the overview of photo voltaic technologies used, section second represents 
the experimental setup and equipment used for the experiment, section third shows the methodology of test, whereas the 
discussion of result is represented in section fourth. 
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I. INTRODUCTION

The limited availability of fossil energy carriers and environmental impact of energy consumption demand mid- and 
long-term strategies both for the rational use of energy and for increased renewable energy utilization [1]. Society is 
facing serious problems such as climate change, resource depletion, and pollution. To meet these challenges a 
‘‘technology revolution’’ in the field of clean energy technologies is required in order to decouple economic growth 
from adverse environmental impacts. Solar power has the potential to become a protagonist in this ‘‘revolution’’. 
Renewable energy sources and technologies have potential to provide solutions to the venerable energy problems 
being faced by the developing countries like India [2]. Solar power technologies will have to become a major pillar 
in the world’s future energy system to combat climate change and resource depletion [3]. However, it is unclear 
which solar technology is and will prove most viable. Therefore, a comprehensive comparative assessment of solar 
technologies along the key quantitative and qualitative competitiveness criteria is needed [1]. The Solar Photovoltaic 
(PV) system installations in India have increased after the launch of Jawaharlal Nehru National Solar Mission 
(JNNSM) by Ministry of New and Renewable Energy, Government of India. The main objective of the JNNSM is to 
achieve 20 GWp generation capacity using solar power systems by 2020 [1]. The capacity of installed grid 
connected PV systems in India is about 1176MWas on 31 Jan 2013 in which mono, polycrystalline silicon (p-Si) 
modules are mostly used [2]. Thus, crystalline silicon modules have dominated the PV installations in India. 
However, emerging new PV technologies like Copper Indium di-Selenide (CIS), Hetero-junction with Intrinsic Thin 
layer (HIT), Cadmium telluride (CdTe) and concentrator having low manufacturing costs and high efficiencies are 
also deployed worldwide. The knowledge of performance of different PV technologies under diverse Indian climatic 
conditions is a key parameter for the successful implementation of the Solar Mission. There are evidences that 
modules of differing technologies are more suitable for certain specific climates [4]. A number of studies have been 
carried out by different researchers to evaluate the suitability of module technology according to the climatic 



 

 

condition. Carr [5] compared the performance of five different PV technology modules: c-Si, p-Si, amorphous triple 
junction silicon (a-3j-Si), CIS and the laser grooved buried contact (LGBC) c-Si, in the temperate climate of Perth, 
Western Australia over a year. The result shows variation in behavior and output of different technologies. Huld [6] 
estimated the energy yield of photovoltaic (PV) modules at arbitrary locations in a large geographical area for three 
different PV technologies: crystalline silicon, CuInSe2 and CdTe based thin-film technology in order to map their 
performance in fixed installations across most of Europe and to identify and quantify regional performance factors 
and shows the difference in module technologies. Makrides [7] evaluated the performance of thirteen different PV 
technology systems with nominal power 1 kWp each under the high irradiance and hot climatic condition of Cyprus. 
The outcome of the study indicates that the energy yield range between 1600 and 1700 (kWh/kWp), the highest 
energy yields have been produced by the technologies having lowest temperature coefficient of maximum power 
(Pmax) indicating the importance of the temperature losses due to hot climate. Skoplaki [8] explained the operating 
temperature plays a central role in the photovoltaic conversion process; the electrical efficiency and the power 
output of a PV module depend linearly on the operating temperature. Also it is known that the yearly optimum tilt 
angle of flat plate PV modules to collect the maximum yearly incident solar energy is equal to the local latitude [11]. 
In some applications, it may be difficult to install the PV arrays with their optimum tilt angle and orientation due to 
the nature of the application or the site in which the application will be used. So, it is very important to study the 
performance of PV arrays at different tilt angles and orientations [12].

These site-specific assessment studies have helped in identifying suitable technologies for those locations. 
Therefore, the main objective of this study is to evaluate the performance of different PV technologies and the 
electronic circuitry under Indian conditions which are as follows:

1. Poly Crystalline Technology: Poly Crystalline technology is the most matured technology started early in 1940s 
when a P-N junction was obtained by growing N-type Si from melt on P-type Si. The current market of the poly 
crystalline technology is. A big question mark for the future is the source of highly purified silicon for solar 
cells. Fifty percent of the cost of a module is due to the cost of processed silicon wafers[9]. The present 
technology is relatively mature but several studies have shown that it still has a large cost reduction potential. 
As for other industrial products, manufacturing cost follows a learning curve which indicates that for every 
doubling of manufacturing volume, cost drops by 20%.

2. Cadmium telluride (CdTe) Technology: The first solar cell based on CdTe/CdS has been reported in 1972 with 
an efficiency of 6%. Since then, significant improvement has been made in the cell and the highest efficiency of 
16.5% has been reported. Cadmium telluride (CdTe) based        modules have been successful lately due to their 
low cost position [14]. Their market share increased from 1% in 2005 to 9% in 2009. But the manufacturing 
process of this technology is still immature. CdS/CdTe has also been known for their stability for a longer time 
[10]. However, this technology faces some problem such as environmental related and problem with telluride 
(Te) raw material [13]. 

II. EXPERIMENTAL SETUP AND APPARATUS USED

An experimental photovoltaic outdoor test facility with two different photovoltaic technology module arrays: p-Si 
and CdTe (Thin Film) have been set up at Solar Lighting Lab, TERI (The Energy and Research Centre), New Delhi 
(Latitude 28°37N, Longitude 77°04E). SLL is an independent testing and evaluation center for solar lighting. The 
lab is supported by Ministry of New and Renewable Energy (MNRE) for testing and long term performance 
assessment of solar lighting system. 

In this study, an outdoor test setup is established at solar lighting lab (TERI) for two different module 
technologies: Poly Crystalline and CdTe to compare the Energy yield of both modules at the tilt of 28° at the same 
environmental condition. In company with this experiment the performance of two same rated polycrystalline 
modules are examined for different tilt angle i.e. 28° and 18°. The temperature varies from 12°C in winter to 35°C in 
summer season at New Delhi. The block diagram of experiment and the outdoor set up is shown in Fig. 1 and Fig. 2, 
respectively. 



 

 

          

Figure.1. Block diagram of experiment                                           Figure.2. Outdoor experimental Setup

Three tests were conducted to evaluate the performance of both crystalline and CdTe. The first test is to
calculate performance parameter for both Crystalline and CdTe by using MPPT based charge controller. The second 
test is to calculate the performance parameter by using a PWM charge controller. The third test is done to evaluate 
the effect of different tilt angle on the same polycrystalline module. Hence comparison is made between the two 
technologies for both type of charge controllers i.e., with and without MPPT. The specifications of the modules and 
equipment used are given in Table 1 and Table 2. 

TABLE.1. SPECIFICATION OF MODULES

Module 
Type

Voc(V) Isc(A) Pmax(Wp) Area(m2)

p-Si 21 5.08 80 0.62

CdTe 60.8 1.88 80 0.72

TABLE.2. APPRATUS USED

S.No. Equipment Specification

1.       Modules(CdTe and p-Si) 80 Wp

2.       Multi meter 0-100V

3.       Solar Power meter 0 - 1999W/m2

4.       Battery 12V/100Ah

5.       Load(Street light) 29 W

6.       Charge Controller(MPPT 
and without MPPT) 12/24 V, 0-10A

7.       Thermocouple -40 - 10000C

8.       Clamp meter 0 - 10A

III. METHODOLOGY
Firstly the two identical (12 V 100 Ah) Lead Acid Batteries are charged with the help of a MPPT based charge 
controller and discharged with a Street Light Load of 29 W for 7 hours (from 10 AM to 5 PM) and its performance 
parameters such as Average of Total Energy Generated throughout the day, Average Specific Energy Yield, 
Average Efficiency of the system and Average operational efficiency are evaluated for both the modules. Then the 



 

 

same test is repeated for PWM charge controller. Five cycles of each test is performed. For the third experiment five 
cycles of charging and discharging with different tilt angle (18° and 28°) for same polycrystalline module has also 
been done. The purpose of these tests is to find the total power generation of crystalline and thin film module 
throughout the day operation when used for battery charging application and its applicability in the solar lighting 
application. A comparison is also done between MPPT based charge controller and PWM charge controller to 
estimate the role of electronic circuits. While charging the battery from the different modules, observations such as 
the global radiation, back temperature of modules, ambient temperature and electrical specifications are noted down 
at every half an hour for analysis purpose. Performance parameters evaluated as follows:

Performance Parameters:
a) Total Energy Generated: is the total Wh generated by the module in a day while charging and is represented by:

t

Where Et is energy generated in each hour
t= time (1 to 7).

b) Efficiency: is the ratio of output energy to the input power.

Efficiency (%) = Output Energy (Wh) *100        (1)
Insolation* Area

c) Solar Operational Efficiency: is the ratio of practical output to the rated output of the module.

Solar Operational Efficiency (%) = Output power (Wh) *100
                                                 Rated power (Wh)

IV. RESULTS AND DISCUSSIONS

This paper investigates comparison of the average conversion efficiency, average produced energy and average 
operational efficiency on the performance between two different module technologies by using two different charge 
controllers. Five cycles of charging and discharging has been done with MPPT and PWM charge controller for 
CdTe as well as Polycrystalline module and parameters are evaluated. The result shows that CdTe module 
performed better as compared to Polycrystalline module when it was used with MPPT charge controller while when 
it was used with PWM charge controller, performance of P-Si module was good. With PWM charge controller
average energy generated in a day from p-Si and CdTe module was 225 and 132Wh respectively. When it was used 
with MPPT charge controller the average energy output of the p-Si and CdTe module was 239.33 and 289.78 Wh 
respectively, represented in fig. 3 and fig. 4.  This difference is due to the reason that open circuit voltage of the 
CdTe module is much more than crystalline module in the range of 50 to 60 V while it is 19 V for p-Si module. For 
charging 12 V batteries there is a large difference in battery voltage and open circuit voltage of CdTe module that is 
why the performance of CdTe module is diminished when it was used with MPPT charge controller, i.e., 
mismatching losses are reduced when CdTe is used with a MPPT based charge controller whereas PWM charge 
controller is not able to reduce the mismatching losses of CdTe technology.

With MPPT charge controller the CdTe module performed well with average energy generated 289.78 Wh 
compared to p-Si with 239.33 Wh although efficiency of CdTe was less i.e. 9.62% as compared to p-Si i.e. 11.71% . 
The maximum energy generated in a day was 48.8 Wh for p-Si and 27.8 Wh for CdTe module when used with 
PWM charge controller while it has gone up to 72.89 and 54.23 Wh for CdTe and p-Si module, respectively when 
used with MPPT charge controller. Also from figures we can see that the in the peak sunshine time of the day more 
energy is generated i.e. from 12 to 3 PM.  

Operational efficiency is also compared for two modules; it can be observed in fig. 5 and fig. 6 that the 
operational efficiency of p-Si is better than CdTe when it is used with PWM charge controller while with MPPT 
charge controller CdTe performed better than polycrystalline. Maximum operational efficiency of p-Si module is 
70.71% while 95.6% for CdTe module at the irradiation of 1124 W/m2. 



 

 

            
              

Figure.3. Energy generation using PWM Charge Controller                                    Figure.4. Energy generation using MPPT charge Controller

          

Figure.5. Operational efficiency using PWM charge controller                        Figure.6. operational efficiency using charge controller with MPPT

Figure.7. Energy generation at different tilt angle
Figure 7 represent the effect of tilt angle on the performance of the modules. For solar energy applications, the 
optimum orientation is usually suggested to be south-facing in the northern hemisphere, and the optimum tilt angle 
depends only on the local latitude. The local latitude in this case is 28°. For the 28° tilt angle the average total 
energy generated throughout the day found to be 237.22 Wh whereas for the tilt angle of 18° it was 211.85 Wh only 
i.e. 11% less than 28°tilt angle.



 

 

V.CONCLUSION

The performance of two modules polycrystalline and CdTe (Thin film) is examined and compared at the same 
climatic condition with two different types of charge controllers that is MPPT and PWM. The major conclusions are 
as follows:

1. CdTe module performed better when it was used with MPPT charge controller because of its high open circuit 
voltage while for PWM charge controller polycrystalline module is fine.

2. Average Energy generated throughout the day and Average operational efficiency is more for CdTe module 
compared to polycrystalline.

3. The tilt angle and orientation of the PV modules are important factors that affect the performance of PV 
modules.

4. The optimum tilt angle and orientation of the PV modules are equal to its local latitude and south facing, 
respectively.

VI. WAY FOREWARD

The test was conducted at Solar Lighting Lab (TERI). For more comprehensive study of performance of 
solar modules there are some additional important factors that should be considered for e.g. long term degradation of 
modules, role of electronic circuitry in PV system, effect of temperature. These experiments are conducting at Solar 
Lighting Lab, TERI. The present study is to be continued for the detailed analysis of performance of the different 
type of PV modules. 
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