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Nowadays, increasing fossil fuel usage in communities has led to
an unpleasant consequence. Environmental pollution is caused by
unnecessary consumption, on the other hand, the reduction of resources
are the most important consequences. Hence, using renewable and clean
fuels like solar energy is a good replacement. In many countries, solar
cells play a significant role in generating electricity, but the cost of
electricity produced by them is very high due to the high cost of
construction and maintenance; that is why they are less popular. Many
efforts have been made in recent years, to determine the working point
of solar cells which are used in any environment and at maximum
power. The peak power point The point at which the cell has the highest
output power is called, called the maximum power point tracking
(MPPT) technique, in terms of how to set the point of reference at the
maximum power point. In this thesis, some techniques for tracking the
maximum power point of solar cells have been introduced; among them
the performance of two hill-climbing techniques and incremental
conductance in variable environmental conditions and two scenarios
have been investigated.
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1. INTRODUCTION

Today, the growth of energy consumption in modern industrialized societies has led the world to
face irreversible and threatened environmental degradation, in addition to the risk of the rapid
extinction of fossil fuels. Therefore, in international programs and policies, a special role has been
devoted to renewable energy sources for sustainable global development [1]. The World Energy
Organization has suggested that fossil fuels such as oil, coal, and gas will end in less than ten decades.

*Corresponding author (Rahil B ahrami). E-mail: R-bahrami@aftermail.ir ©2019 International Transaction Journal of
Engineering, Management, & Applied Sciences & Technologies. Volume 10 No.15 ISSN 2228-9860 eISSN 1906-9642 CODEN:
ITJEA8 Paper ID:10A15E http://TUENGR.COM/V10A/10A15E.pdf DOI: 10.14456/ITJEMAST.2019.199



mailto:R-bahrami@aftermail.ir

Fossil fuels contain more than 79% of primary energy consumption in the world, of which 57.7% is
used in transportation. The growing demand and the community have forced politicians to seek a
suitable alternative to fossil fuels [2].

Renewable energies have been much considered in recent years due to increased availability and
lower costs, so that, for example, the European Union generated 12% of its electrical energy in 2010
through new energies. In our country, in this regard, the Organization of New Energy of Iran,
following the policies of the Deputy Minister of Energy Affairs of the Ministry of Energy since 1995,
has undertaken to address this issue in order to access the information and technologies of the world
about the use of renewable energy sources, potential research and implementation of numerous
projects. [3]. Renewable energies have different energy structures than conventional energy
production technologies because the development process of renewable energy has high initial
investment costs and the maintenance costs are low, but in the generating energy from conventional
sources methods, the costs of primary investment are low. It can be expected to have different
benefits to the development of renewable energy usage in the country, mainly depending on local
conditions, the characteristics of alternative resources and social concerns. One of the benefits of
renewable energy is increasing the security of energy supply, reducing global warming and
environmental protection [1]. The exploitation of renewable energy also increases the availability of
sustainable and secure energy sources for less developed regions. Tracking the maximum power
point in a solar cell is very important due to the increased use of PVs in small and large networks and
the maximum exploitation of solar cells. Hence, it is urgent and cost-effective to use an efficient
maximum power point tracking (MPPT) technique that can track this point in any environmental
conditions [4].

The purpose of this study is to determine the most efficient technique for tracking the maximum
power point of solar systems' rapid environmental changing conditions.

2. BACKGROUND RESEARCH

Itis really important to have a renewable energy system. Wind and sunlight energy are some of
the most renewable energies. Solar energy, among other renewable energies, is a matter of great
interest. Hence, the demand for solar cells to supply energy is increasing. More than 45% of future
energy will be generated by solar cells [5].

The solar cell acts as a current source, which produces current as light radiates at the surface. A
PV cell alone cannot produce enough power and is not used in many applications. In order to get the
maximum energy from the cell, they are connected in parallel or in series. PV modules can produce
output power [6].

MPPT techniques are used to find the voltage and current that maximizes the power of the PV
array at a certain temperature and radiation conditions. The first MPPT techniques were introduced in
the 1960s. Today, many techniques have been introduced to track the maximum power point in PV
systems. These techniques include open-circuit voltage, short circuit current, hill climbing, and smart
techniques. The use of hill climbing techniques, incremental conductance, and distraction and
observation are more common among the many techniques available, which are used for simplicity
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and convenience [7].

The drawback of the PV system is the high cost of solar cells and low economic interest.
Although the price has slowed down in recent years, with the advancement in the structure and
process of solar cell production, the price of electricity produced by solar arrays is still high in terms
of electricity produced by fossil fuels. Therefore, the use of the PV array is extremely important at
maximum power [8].

When the PV array is directly connected to the charge or used to charge the battery, the system's
operating point is at the intersection of the I-V curve of the solar system and the load line. Normally,
this point is not in the MPP of the PV array [9]. Installation costs in solar systems are high. In order to
overcome this problem, a power converter is used with a key switch called the maximum power point
tracker to maintain the point of the PV system in the MPP [10].

Numerous techniques have been developed for tracking maximum power so far. The general
principles of methods can be divided into four categories: the first is the techniques that follow a basic
algorithm. These types of techniques can be referred to as distraction and observation, hill climbing
and increasing conduct.

The second group of techniques is based on solar cell modeling. In these techniques, solar cell
modeling and the establishment of relationships in the proposed model will be predictable for solar
cell properties and the system will be designed and implemented based on the model. The main
problem with this type of technique is the lack of flexibility by replacing the solar cell with another
cell. In a way, each implementation only has been designed for the same solar cell. In addition to the
problem, finding a solar cell model and parameters before designing itself is another problem.

The third group of techniques is based on the relationship between working point and solar cell
parameters. The fourth category is smart controlling techniques. In this type of technique, fuzzy logic
control or fuzzy logic and artificial neural networks are used. The maximum power point control and
tracker can include sensors, PWM wave generator, and MPPT implement. This section, with the
MPPT control system, can be found depending on the technique available by measuring the required
point-of-duty parameters, which is the maximum point of the solar cell's output power [11-13].

3. IMPLEMENTATION AND RESULT

3.1 INTRODUCING MAXIMUM SOLAR POWER POINT TRACKING TECHNIQUES

3.1.1 HILL-CLIMBING TECHNIQUE

This technique uses a change in the converter working cycle to determine the maximum power
point. As shown in Figure 1, before MPP, the increase in voltage increases the power, but after MPP,
we can increase the voltage by decreasing the voltage. This is the basis of the hill-climbing technique
[14].
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Figuré 1: The hill-climbing technique chart [i4].

The Flowchart of this technique is presented in Figure 2. In fact, when the condition j_]l; =0
holds the maximum power point is tracked. The cycle of work in each sampling period is obtained by
comparing the power in the present moment and power at the instant. When dP> 0, the working cycle
must be increased to dD> 0. If dP <0, the work cycle should be reduced to dD <0 [15].

V(i) s I{i)Received

|

P(i)=V(i )*I{i)

|

P(i)-P(i-1)=0

Figure 2: Flowchart of the hill-climbing technique [15]

The main problem in this technique is the relationship between the system stability in
steady-state periods and the lack of rapid response to changing radiation conditions. Steady-state
periods require a small change in the work cycle to prevent a high oscillation around the maximum
power point, as this will reduce the energy received by the PV. On the other hand, rapid changes in
radiation require a larger work cycle to track maximum power [16]. Another problem with this
technique is its fluctuation around the maximum power point. Of course, this oscillation can be
reduced by diminishing the range of dD variations, but it slows the process of finding MPP [17].

3.1.2 INCREMENTAL CONDUCTANCE TECHNIQUE

This technique has been used more than others among all the MPPTSs techniques because it has
more precision in tracing in stable conditions and has the ability to better adapt to variable weather
conditions [17]. This technique uses the PV power curve to track MPP. The slope of the PV curve at
the MPP moment is zero and for output voltage values it is less than the MPP voltage is positive and
for output voltage values greater than the MPP voltage is negative. The derivative of the power of the
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PV module is given in relation (1), and the resulting relation for the error value e is obtained from (3)
[18]:

P _dVxl) |, d g

v v adv @
Also,

a1 I(i)—l(|—1)+l(i)=0

v vV oV (i)-V(i-1) V(i) ),
and

Vi)V (i-9 V(i) -

Therefore, the MPP tracking is required to follow the trend shown in Figure 3. This is done by
inserting a simple separator with the e signal as the input and the coefficient of fit k. Correlation
coefficient function k is adjusting the error signal e in the appropriate range before the integral
compensator. The closer the point of reference to the MPP is, the smaller the error signal e, which

makes tracking easy [19].
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Figure 3: Flowchart of Incremental Conductance Technique [19]

3.2 MODELING OF MAXIMUM POWER POINT TRACKING TECHNIQUES IN THE
SOLAR SYSTEM

In the presented models, one solar module with a maximum power of 60 watts is used as the solar

system; and its voltage and current outputs will be used as inputs of the intended technique. On the

other hand, the influencing factors of operation of the solar module are the temperature and solar

radiation, and it is possible to examine the reactions of the techniques by applying changes to these

conditions.

3.2.1 SIMULATED SOLAR SYSTEM
Figure 4 shows the solar system used in the simulations. This system includes a PV module, a
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boost converter, and a battery. Radiation R shines on the module and its temperature T is measured.
Simulations are made for two hill-climbing and incremental conductance techniques. The PV system
consists of the following components.

Figure 4: PV system.

The amount of solar radiation and operating temperature in the introduced system was initially
considered as constant then it has been investigated by applying changes in the system response at
different temperatures and radiation. The temperature has changed from 25 to 60 degrees Celsius and
the radiation range from 800 to 1000 W/m?. The following system components are introduced:

Module PV: The used module includes 36 silicon-based polycrystalline cells. The electrical
characteristics of this module are shown in Table 1.

Table 1: Electrical Specifications of the PV Module.

Max power(Pmax) 50 W
Voltage in (Vmp) Pmax 17.1V
Flow in (Imp) Pmax 35A
Short circuit current (Isc) 3.8A
Open circuit voltage(Voc) 211V

DC/DC Boost Converter: Load impedance must be equal to the source impedance to have a
maximum power transmission from source to load. Impedance equivalence can be achieved by
adjusting the DC/DC converter's working cycle. The converter should work with the corresponding
cycle of work to determine the maximum power point. The converter cycle should be adjusted with
the variable operating conditions so that the maximum power is taken from the PV module. There are
different architectures for the DC/DC converter, but due to the wide use and reliability of the
architecture, this architecture has been used. The D; diode protects the PV module against the
negative current. C; is located at the entrance of the converter to limit the components of the
high-frequency harmonics.

3.3 TECHNIQUES AND SIMULATION SCENARIOS
The responsiveness has been investigated under two constant temperatures and steady-state

scenarios in order to investigate the performance of the techniques. The values of temperature and
radiation for all three models are considered to be of the same magnitude to facilitate the comparison;
in the steady-state, the temperature is 25, 45 and 60 degrees Celsius, and in the steady-state radiation
conditions they are 900, 950, and 1000 W/m?,
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3.3.1 HILL CLIMBING TECHNIQUE

Simplicity is the key advantage of this technique. The main problem with this technique is the
stability of the system under constant radiation conditions and the lack of rapid response to rapid
changes in radiation. Stationary radiation requires a small cycle of work to prevent high power
fluctuations around the maximum power point, which reduces the amount of energy received by the
PV. On the other hand, rapid changes in radiation need more work cycles to quickly track the
maximum power point. An illustration of the simulated HC technique is shown in Figure 5.

Figure 5: Slope Technique in Simulation.

3.3.2 INCREMENTAL CONDUCTANCE TECHNIQUE

The incremental conductance technique is very much used compared to all the MPPT techniques
due to the high accuracy of tracing in stable conditions and good adaptation to atmospheric
conditions. The disadvantages of this technique can be high operating costs. The following is an
overview of the incremental conductance technique. In Figure 6, this technique is implemented
according to the flowchart process.

Figure 6: Incremental conductance technique 1 (in accordance with flowchart) in simulation.

3.4 SIMULATION RESULTS
In this section, the images of response techniques are presented in both scenarios. It should be

noted that in addition to the sustained response, the dynamic response of these two techniques is also
presented.

3.4.1 THE FIRST SCENARIO: A CONSTANT RADIATION WITH VARIED TEMPERATURES
In this scenario, radiation is considered to be 800W/m?, and the temperatures are 25, 45 and 60
degrees Celsius respectively.
Table 2: Constant radiation with varied temperatures.

Color Work cycle rate Color Work cycle rate
Red 2% Purple 8%
Dark blue 4%
Green 6%

From Table 2, the speed of tracing decreases for the hill-climbing technique with increasing
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temperature, and this is independent of the amount of work cycle. For example, in a working cycle of
2%, the start time of the track at 25°C is 0.02 seconds, and this value reaches 0.05 and 0.08 seconds at
45°Cand 60°C. This hasalso been the case for other values of the work cycle. On the other hand, the
dynamic response is clear. This technique has a lot of fluctuations around the point of work, which
has previously been cited as one of the disadvantages of this technique. The amount of fluctuations
increases with the increasing working cycle, but the temperature increase increases the number of
oscillations.

3.4.2 THE SECOND SCENARIO: VARIED RADIATION WITH A CONSTANT TEMPERATURE
In this scenario, the temperature is 25°C and the radiations are 900, 950, and 1000 W/m?,
respectively.
Table 3: Constant temperature with varied radiations.

Color Work cycle rate Color Work cycle rate
Red 2% Purple 8%
dark blue 4%
Green 6%

According to Table 3, there is no change in the radiation pattern at the start of tracing for the
hill-climbing technique, and this is independent of the amount of work cycle. For example, in a
working cycle of 2%, the start time of the detection in the radiation is 900 times 0.02 seconds, and this
value reaches 0.02 seconds for the radiation of 950 and 1000 W/m?. This has also been the case for
other values of the work cycle.

4. DISCUSSION

4.1 DISCUSSION THE RESULTS OF SIMULATION TECHNIQUES
Maximum power point tracking techniques are put in ambient conditions such as temperature

and radiation variations, but their performance results have been examined only in the mode of the
change of a factor due to the complexity of their complexity, that is why only one factor has been
investigated at any one time. Also, sampling frequencies are considered low and the work cycle is
updated at the same time in order to emphasize the accuracy of the output results. The mentioned
techniques are compared in terms of response time (tracking speed) and dynamic response. The result
is drawn with changes in the various work cycles, and for more clarity at the end, all the graphs
obtained in each cycle are drawn together in order to make it easier to compare the time and accuracy
of the responses between simulated different techniques. At first, the results of each technique in the
first and second scenarios are examined separately, then the overall results are compared with each
other.

4.2 THE FIRST SCENARIO OF CONSTANT RADIATION WITH VARIED

TEMPERATURES
As can be readily seen, the speed of tracing decreases for the hill-climbing technique with

increasing temperature, and this is independent of the amount of work cycle. For example, in a
working cycle of 2%, the start time of the track at 25°C is 0.02 seconds, and this value reaches 0.05
and 0.08 seconds at 45°C and 60°C. This has also been the case for other values of the work cycle. On
the other hand, the dynamic response is clear. This technique has a lot of fluctuations around the point
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of work, which has previously been cited as one of the disadvantages of this technique. The amount of
fluctuations increases with the increasing working cycle, but the temperature increase increases the
number of oscillations.

The low performance in high temperatures is due to the poor performance of the solar cell
assembly. Because at high temperatures the cell flow is significantly increased, but the voltage
decreases linearly, which ultimately reduces the total gain of the set. This is the case for the other two
techniques in the first scenario.

As we have seen, the incremental conductance technique decreases with tracking speed with
increasing temperature, and this is independent of the amount of work cycle. In a working cycle of
2%, for example, the start time of the track at 25°C is 0.04 seconds, and this value reaches 0.77 and
0.1 seconds at 45°C and 60°C. This has also been the case for other values of the work cycle.

On the other hand, it is clear from the dynamic response that this technique also has many
fluctuations around the point of work, which can be cited as one of the disadvantages of an
incremental conductance technique, but the simplicity of the execution partly compensates this
defect. The amount of fluctuations increases with the increasing working cycle, but the temperature
increase increases the number of oscillations.

Comparing the two techniques shows that the response time in the hill-climbing technique is
lower, but the incremental conductance technique is faster than the hill technique to the desired work
point. The oscillation rate in the observation technique is lower, but as indicated, this technique does
not function well at the variable temperature and makes the system unstable. Therefore, in
steady-state and variable temperature conditions, if the response speed is considered, the
hill-climbing technique is appropriate and if the responding time of the working point is considered,
then the incremental conductance technique is appropriate.

4.3 THE SECOND SCENARIO OF VARIED RADIATIONS WITH A CONSTANT
TEMPERATURE
As observed, there is no change in the radiation pattern at the start of tracing for the hill-climbing
technique, and this is independent of the amount of work cycle. For example, in a working cycle of
2%, the start time of the detection in the radiation is 900 times 0.02 seconds, and this value reaches
0.02 seconds for the radiation of 950 and 1000 W/m?. This has also been the case for other values of
the work cycle.

On the other hand, the dynamic response is clear. This technique has many fluctuations around
the point of operation. The amount of fluctuations increases with the increase of the working cycle,
but the increase in temperature reduces the number of oscillations slightly.

The performance weakness in high radiation is due to the poor performance of the solar cell set.
Because the high radiation influences the p-n bonds in the semiconductors, which ultimately reduces
the overall gain of the set.

As seen, the incremental conductance technique does not show a change in radiation at the start
of tracing, and this is independent of the amount of work cycle. For example, in a working cycle of
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2%, the start time of the tracking in the radiation is 900 times 0.04 seconds, and this value reaches
0.04 seconds for radiation of 950 and 1000 W/m?. This has also been the case for other values of the
work cycle.

On the other hand, the dynamic response is clear. This technique has many fluctuations around
the working point. The amount of oscillation increases with increasing work cycle, but the
temperature increase significantly reduces the number of oscillations.

5. CONCLUSION

Comparing the two techniques shows that the responding time in the hill-climbing technique is
less, but the incremental conductance technique is faster than the desired working point. The amount
of oscillation in the observation technique is lower, but the time to reach the optimal point in this
technique is very high. Therefore, in variable and steady-state modes, if the time for commencement
of accountability is considered, the hill-climbing technique is faster, but if the speed of reaching the
work point is considered, then the incremental conductance technique is appropriate.
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