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ABSTRACT

A photovoltaic cell produces electrical energy directly from visible light. However, their efficiency is fairly low.
So, the solar cell costs expensive as compared to other energy resources products. Various factors affect solar
cell efficiency. This paper presents the most important factors that affecting efficiency of solar cells. These effects
are cell temperature, MPPT (maximum power point tracking) and energy conversion efficiency. The changing
of these factors improves solar cell efficiency for more reliable applications. There is a large energy demand due
to industrial development and population growth especially in India. The main challenge in replacing
conventional energy sources with newer and more environmentally friendly alternatives, such as solar and
wind energy, is how to capture the maximum energy and deliver the maximum power at a minimum cost for a
given load. The output power of photovoltaic cells or solar panels has nonlinear characteristics and these are
also affected by temperature, light intensity and load.

IndexTerms : Solar Cell, Efficiency, Cell Factor, Fill factor,  Cell Temperature.

1. INTRODUCTION

Among various renewable and sustainable energy
sources, solar energy provides the opportunity to
generate power without emitting any greenhouse gas.
The photovoltaic (PV) system technologies have
increasing roles in electric power technologies,
providing more secure power sources and pollution-
free electric supplies. Photovoltaic power generation
system can directly convert solar energy into electrical
energy. The current - voltage output of photovoltaic
battery is nonlinear, coupled with changes in the
sunshine, temperature and other factors, the output
power is constantly changing. The PV array can supply
the maximum power to the load at a particular
operating point which is generally called as maximum
power point (MPP), at which the entire PV system
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operates with maximum efficiency and produces its
maximum power. Currently, PV modules have very
low efficiencies with only about 12 “ 29% efficiency
in their ability to convert sunlight to electrical power.
Gallium Arsenide solar cells have a high efficiency of
29%, while Silicon solar cells have an efficiency of
about 12-14%. The efficiency can drop further due
to other factors such as PV module temperature and
load conditions. In order to maximize the power
derived from the PV module it is important to operate
the module at its optimal power point. To achieve
this, a controller called a Maximum Power Point
Tracker is required[2].

Several factors affect solar cell efficiency. This
paper examines the factors that affecting efficiency
of solar cells according to scientific literature. These
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factors are changing of cell temperature, fill factor,
using the MPPT with solarcell and energy conversion
efficiency for solar cell[1].

2. STANDALONE SOLAR PV SYSTEM

A complete standalone solar PV system comprises
of the following components, solar PV module(s),
maximum power point tracker (MPPT), electrical
load, charge controller, battery, inverter (for ac loads).
Figure 1 represents a typical solar PV power system.

3. PV MODULE CHARACTERIZATION

3.1 Electrical Circuit and Equations of Solar Cell

The characteristics of PV module are the basic
requirement for tracking the maximum power points
(MPPs) using any MPPT technique. For characterizing
the solar PV module, it is required to model the
characteristic equation from an electrical equivalent
of solar cell (module) as in following figure 2:

 

Fig.1: Typical Standalone Solar Photovoltaic System

Fig.2: Equivalent Circuit of a Solar Cell

3.2 Photovoltaic Cell Characteristics
A PV module is composed of individual solar cells

connected in series and parallel and mounted on a
single panel. The goal is to calculate the power output
from a PV module based on an analytical model that
defines the current-voltage relationships based on the
electrical characteristics of the module.
3.3 Photovoltaic Cell Mathematical Model and

the Output Characteristics.
According to the electronic theory, the equivalent

mathematical model of the photovoltaic cells is:
I = Isc – I0[exp[ (V + IR

S
)/AKT ] - 1] –
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Where I and V is respectively the battery output
current and port voltage; IPV is the photocurrent; I0 is
the battery internal equivalent diode PN junction
reverse saturation current; q is the charge of an
electron; A is diode PN junction ideality factor; K is
the Boltzmann constant, 1. 38 ×10-23  J / K ; T is the
operating temperature of photovoltaic cells; Rs is the
battery’s series resistance; Tr is the absolute
temperature, 273K; Ior is the diode saturation drain
current under Tr; Eco is the width of silicon; S is the
light intensity, W / m2; Ipvr is the short-circuit current
under the conditions of 298 K and of 1000 W/ m2 ;
KI is short-circuit current temperature coefficient
under the conditions of Iscr. Affected by environmental
factors such as light, temperature, the output
characteristics of photovoltaic cells has the obvious
nonlinear. Based on the above model can make the
IV and PV curves of photovoltaic cells are as shown
in Figure1.
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Current-Voltage Characteristics

Power-Voltage Characteristics

Fig.3: The Output Characteristic of Photovoltaic Cell

4. SOLAR CELLS EFFICIENCY FACTORS

4.1 Cell Temperature

As temperature increases, the band gap of the
intrinsic semiconductor shrinks, and the open circuit
voltage (VOC) decreases following the p-n junction
voltage temperature dependency of seen in the diode
factor q/kT. Solar cells therefore have a negative
temperature coefficient of VOC(β). Moreover, a lower
output power results given thesame photocurrent
because the charge carriers are liberated at a lower
potential. Using the convention introduced with the
Fill Factor calculation, a reduction in VOC results in a

smaller theoretical maximum power Pmax = VOC X ISC

given the same short-circuit current ISC.

As temperature increases, again the band gap of
the  intrinsic semiconductor shrinks meaning more
incident energy is absorbed because a greater
percentage of the incident light has enough energy to
raise charge carriers from the valence band to the
conduction band. A larger photocurrent results;
therefore, Isc increases for a given insolation, and solar
cells have a positive temperature coefficient of ISC(α).

Figure 4 shows the I-V and P-V characteristics at
the constant illumination when the temperature
changes. Temperature effects are the result of an
inherent characteristic of crystalline silicon cell-based
modules. They tend to produce higher voltage as the
temperature drops and, conversely, to lose voltage in
high temperatures. Any solar panel or system derating
calculation must include adjustment for this
temperature effect [1].

4.2 Energy Conversion Efficiency

A solar cell’s energy conversion efficiency (η,
“eta”), is the percentage of power converted (from
absorbed light to electrical energy) and collected,
when a solar cell is connected to an electrical circuit.
This term is calculated using the ratio of the maximum
power point, Pm, divided by the input light irradiance
(E, in W/m2) under standard test conditions and the

 

Fig. 4: I-V and P-V Characteristics of Solar Cell Module
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surface area of the solar cell (Acin m2). The efficiency
of energy conversion is still low, thus requiring large
areas for sufficient insulation and raising concern about
unfavorable ratios of energies required for cell
production versus energy collected [12]. In order to
increase the energy conversion efficiency of the solar
cell by reducing the reflection of incident light, two
methods are widely used. One is reduction of the
reflection of incident light with an antireflection coating,
and the other is optical confinements of incident light
with textured surfaces. They showed that the
transformation of the wavelength of light could
significantly enhance the spectral sensitivity of a silicon
photodiode from the deep UV and through most of
the visible region.

The solar module has a different spectral response
depending on the kind of the module. Therefore, the
change of the spectral irradiance influences the solar
power generation. The solar spectrum can be
approximated by a black body of 5900 K which
results in a very broad spectrum ranging from the
ultraviolet to the near infrared. A semiconductor, on
the other hand can only convert photons with the
energy of the band gap with good efficiency. Photons
with lower energy are not absorbed and those with
higher energy are reduced to gap energy by
thermalization of the photo generated carriers.
Therefore, the curve of efficiency versus band gap
goes through a maximum as seen from Figure 5 [2].
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Fig.5: Dependency of The Conversion Efficiency on
Semiconductor Band Gap

4.3 Maximum Power Point Tracking

Currently, the electricity transformation efficiency
of the solar cells is very low that reach about 14%.
The efficiency of solar cells should be improved with
various methods. One of them is maximum power
point tracking

4.3.1 Principle of Maximum Power Point Tracking
Control

The photovoltaic module operation depends
strongly on the load characteristics, (Fig. 4and 5) to
which it is connected [14,]. Indeed, for a load, with
an internal resistance Ri , the optimal adaptation
occurs only at one particular operating point, called
Maximum Power Point (MPP) and noted in our case
Pmax .Thus, when a direct connection is carried out
between the source and the load, the output of the
PV module is seldom maximum and the operating
point is not optimal.

To overcome this problem, it is necessary to add
an adaptation device, MPPT controller with a DC-
DC converter, between the source and the load,
(Fig. 6), [14]. Furthermore the characteristics of a
PV system vary with temperature and insolation, (Fig.
7and 8) [6, 7]. So, the MPPT controller is also
required to track the new modified maximum power
point in its corresponding curve whenever temperature
and/or insolation variation occurs [14].

 

Fig.6: Power-Voltage Characteristic of a PV Module



copyright  samriddhi, 2010-2015 S-JPSET : Vol. 7, Issue 1, ISSN : 2229-7111 (Print) & ISSN : 2454-5767 (Online)
5

Priyank Srivastava, Pankaj Gupta and Amarjeet Singh

Fig.7: Photovoltaic MPPT System

 

Fig.8: Influence of the Solar Radiation for Constant
Temperature

 

Fig.9: Influence of the Temperature of Junction for
Constant Insolation

4.4 Optimization of Area (Fill Factor) under the
I-V curve

Mathematically we can state that the maximum
possible area (product of voltage and current) formed
by the intersection of horizontal line (voltage) extended
to the I-V curve and vertical line (current) extended

to the I-V curve. The maximum power point is always
present at the point of intersection of these extended
lines from voltage axis (voltage at maximum power-
Vmp) and current axis (current at maximum power-
Imp). This MPPT represents the maximum output
power (Po (max) = Vmp x Imp) extracted from the solar
PV system to the electrical load. The rectangle formed
by these two line represents the fill factor of the solar
PV cell. The optimization of this parameter i.e. fill factor
in turn ensures the higher efficiency of the overall solar
PV system. The proposed methodology based upon
fill factor maximization may be considered as the
modified version of the constant voltage method based
MPPT technique. The fill factor based mechanism has
been illustrated in the following figure.

 

Fig.5: Fill Factor Representation
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5. CONCLUSION

The paper examines the factors that affect efficiency
of solar cells. These factors are changing of cell
temperature, using the MPPT with solar cell, fill factor
and energy conversion efficiency for solar cell.
Temperature effects are the result of an inherent
characteristic of solar cells. They tend to produce
higher voltage as the temperature drops and,
conversely, to lose voltage in high temperatures. The
energy conversion efficiency is increased by reducing
the reflection of incident light. The function of the
maximum power tracker is to change the equivalent
load take by the solar cell array, and adjust the
working point of the array, in order to improve the
efficiency.

Changing of these factors is very critical for solar
cell efficiency. The optimum factors make it possible
to get the great benefits of solar electricity at a much
lower cost.
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