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1. INTRODUCTION

The search for reliable, long-lasting sources of energy has been an ever challenging task for
mankind. This search is more urgent today than ever before, due to the heavy dependence of modern life on
energy from fossil fuels (i.e. petroleum, natural gas and coal), which are being depleted. In addition, their
combustion products are causing the global pollution problems [1].

In this paper, a methodology to design each configuration analytically is proposed. It is found that
solar photovoltaic modules in parallel and in series, for a power supply of 13 kW, .A complete simulation
model of the system and of the control strategies was realized in the Matlab-Simulink environment. In
photovoltaic (PV) power systems, maximum power point tracking (MPPT) is essential because it takes full
advantage of the available solar energy. And since the output characteristics of photovoltaic (PV) system is
nonlinear and changes with temperature and solar radiation, its maximum power point (MPP) is not constant.
Under each condition PV module has a point at which it can produce its MPP. Therefore, maximum power
point tracking (MPPT) techniques can be used to uphold the PV panel operating at its MPP and then to
increase the PV system efficiency [2]. In our case there is a power to a load in an isolated site (Oran —
Algeria), in order to study the proposed system based on climatic conditions.

2. PHOTOVOLTAIC SYSTEM

This is the most common configuration of the autonomous photovoltaic systems,called Stand-Alone
systems .The whole is usually in DC. Which is better because simpler. But as soon as we deal with the
habitat, there are almost always apparatuses in AC to be fed and because they do not exist in DC. The battery
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of such system is charged by day and serves permanently as a reservoir of energy.The battery , can
easily,receive a loading current and supply a discharging current of different values. The apparatuses are laid
to the battery through a charging regulator. When the battery is full, the regulator cuts the loading to avoid an
overloading. This has the consequence of the loss of a part of the energy produced in summer ,especially in
our climates.This system is as follow in Figure 1.

Short-term storage

Load
Battery DC/DC
Photovoltaic
field .
PV »| DC/DC AC/DC
DC Bus AC Bus

Figure 1. Photovoltaic system

The power load demand for our system is fixed at 1700W. The electrical consumption of the
application is evaluated over 24 h, which is equal to the power consumption multiplied by the operating time
over 24 h. Total application consumption per day: 1700 * 24h = 40800 Wh.

In order to calculate the power of the solar panels, we devide the lowest daily sunlight consumption
by the period of use in the implantation site, as well as in the panels position. (for Oran the average daily
average sunshine value is 4.48 kwh / m2 ). The demonstration is indicated on the following equations:[3]
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Then, this result is increased by a loss coefficient of 0.7 for a first estimate. Real power taking into account
losses
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The storage is calculated by the number of days of autonomy required on average 3 days. For oran, to palliate
the successions of badly sunny days. We reason then in Ah. The need for capacity is thus theoretically
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But as the battery will have its capacity reduced by the cold and other technical constraints, it is necessary to
divide this result by a coefficient of losses which will be taken equal to 0.7 in this example. The actual
capacity required is therefore
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2.1. Description of the model of a photovoltaic cell :

The mathematical model of the photovoltaic generator is based on the one-diode equivalent circuit
shown in Figure 2. The relationship between the current | and the voltage U of the equivalent circuit can be
found by equating the light current I, diode current Ip, and shunt current Iy, to the operation current I,
presented by Equation 5.

:,_C‘I) Rsu v

Figure 2. Circuit is equivalent for a model to a diode of a generator statement

The junction forming the basis of the solar cell is a diode, when illuminated appears in the diode
photocurrent 1, (A) which depends on the amount of incident light (W/m?). Indeed, the equivalent electrical
circuit of the solar cell is based on a diode, adding two resistors to accommodate internal losses. Rs is the
series resistance which takes account of the ohmic losses of the material, of the metallization and metal /
semiconductor, a resistor Rp is current leakage from parasitic currents between the top and bottom of the cell,
by the edge and in particular within the material by irregularities or impurities (Rp << Rs). Applying
Kirchhoff's law, the output current of the cell is given by the following relationship [4]:

I=1_-1p ®)

qU +IR,) U +IRs
=1, -1 J_1|-
: °[exp akT, Rsh

(6)

where | current module (A), I_ light current (A), I res light current at SRC (A), |, diode reverse saturation
current (A), k Boltzmann's constant (1.38066E+23 J/K), q electron charge (1.60218E+19 C), T temperature
cell (K), a is the diode ideality factor, It depends on recombination mechanisms in the space charge zone. In
the ideal case, Rs tends towards O and Rsh to infinity. And in the real case, these resistors provide an
assessment of theimperfections of the diode.

For the design of our photovoltaic power system 13 ky, this field consists of photovoltaic modules
180 W (13modules in parallel 06 modules in series). Table 1 presents the characteristic of selected Panel

Table 1. Electric characteristics of a photovoltaic panel - Blue Solar 180W [5]

peak power 180 W
Open circuit voltage 44,90 V
Intensity shorting 05.50 A
Voltage a Mpp 36.00 V
Current a Mpp 05.01 A

We carried out simulation, to leave standard parameters module SHELL SP180. The following
Figure 3 and Figure 4 present the characteristics of a photovoltaic module field :one traced the variation of
the current compared to the tension for several intensities of solar irradiation. On the other hand, the other
notices that the current is directly proportional to the radiation on these levels of illumination .The tension is
not very degraded when the light drops.
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Figure 3. Curves characteristic of a solar field of 13 k,, (Blue Solar 180W) Influence of the sunning at
constant temperature (25 °C)
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Figure 4. Curves of power of a solar field of 13 k,, (Blue Solar 180W) Influence of the sunning at constant
temperature (25 °C)

The Figure 5 and Figure 6 represent characteristics I-V and P-V of the photovoltaic generator for
respectively, a variable temperature and a constant sunning (1000W/m’). We notice that the site of the point
of maximum power in characteristic 1-V changes dynamically according to the sunning.
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Figure 5. Curves characteristic of a photovoltaic field 13 k,, Influence ambient temperature with constant
sunning (1000 W/m 2)
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Figure 6. Curves of power of a photovoltaic field 13 k,, Influences ambient temperature with constant
sunning (1000 W/m 2)

2.2. DC-DC buck converter

The levels of tension of the apparatuses not being identical, of the choppers (converters DC/DC)
series- connected with the apparatuses make it possible to adjust their tension with that of the bus. These
converters involve obviously losses of energy in the system which remains however generally weak. The
outputs generally lying between 0,95 and 0,99 [6]. One proposes the following values for the outputs at 10%
and 100% of Pnom:

=0.93
{7710 B 0
Thoo = 0.98

According to the equations above, the values of ny and m are thus:

_ -3
{no =7.4x10 ®)

m=13x1073

The following figure illustrates the variation of the output of a converter DC/DC according to its standardized
output power. This model is illustrated by Figure 7.
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Figure 7. Evolution of the output of converter dc/dc according to standardized output

2.3. Inverter DC/AC
The load being fed in AC current, an inverter is thus present between the continuous bus and the
load (Figure 8). There exist various equations to define the output of an inverter according to the delivered
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power. We use the same formula of Macagnan presented previously in equation (9). For our inverter, the
values of the outputs with 10 and 100% of Pnom are:

PS/Pnom ©)

n= 2
R p tho+ m(% )
=0.86
{7710 (10)
Thoo = 0.97
The values of the parameters noand m are finally:
n, =17x1073
-3 (11)
m=18x10

The following figure makes it possible to observe that to 10% of its rated power, the output of the
inverter reaches approximately 0,85 while with full force, it amounts to approximately 0,96. On the other
hand, for low powers ( 5% of the face value), the output collapses dramatically. This model is illustrated by
Figure 8 [7].
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Figure 8. Evolution of the output of the inverter according to standardized output

3. MPPT ALGORITHMS

In order to operate a PV system within its MPP, whatever the irradiance and cell temperature
variations, a MPPT method is needed to find and maintain the peak power. This strategy aims to find the
voltage or current on which the PV system provides the maximum output power. In this work we will work
with 2 methods: [8]

3.1. The perturb and observe method (P&O)

The Perturb and Observe (P&O) method is one of the most commonly used methods in practice. The
P&O algorithms operate by periodically perturbing, i.e. incrementing or decrementing, the array terminal
voltage and comparing the PV output power with that of the previous perturbation cycle. If the PV array
operating voltage changes and power increases, the control system moves the PV array operating point in that
direction. Otherwise the operating point is moved in the opposite direction. The operating voltage of the PV
system is perturbed by a small increment of V, and this resulting change in P. If P is positive, the perturbation
of the operating voltage needs to be in the same direction of the increment. On the contrary, if P is negative,
the obtained system operating point moves away from the MPPT and the operating voltage needs to move in
the opposite direction of the increment. A common shortcoming of this method is that the array terminal
voltage is perturbed every MPPT cycle. Therefore, when the MPP is reached, the output power oscillates
around the maximum, resulting in a power loss in the PV system. Furthermore, it sometimes fails to find the
MPP under the continuously increasing or decreasing irradiation conditions. The logic of this algorithm and
the flowchart are explained in Figure 9 [9].
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Figure 9. P&0O method flowchart

3.2. Incremental conductance Method

The Incremental Conductance (INC-CON) algorithm is based on the observation that the following
equations (12) and (13) hold for the MPP. The principle of this method is to judge whether the system work
at MPP or work at the left or the right [9].

dP_dv) _ v Al LvA 12)
dv dv dv AV

oA (13)
vV V

Therefore, by analyzing the derivative, one can test whether the PV generator is operating at its
MPP or far from it using equations following.

dp >0 for V<V yep (14)
dv
P _5  forV=V e (15)
dv
% <0 for V>V e (16)
dv

The MPP can thus be tracked by comparing the instantaneous conductance (1/V) to the incremental
conductance (Al/ AV). V¢ is the reference voltage at which the PV array is forced to operate. Once the MPP
is reached, the operation of the PV array is maintained at this point unless a change in Al is noted, indicating
a change in atmospheric conditions and the MPP. The main advantages of the INC-CON algorithm are the
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fine control the system obtains, and its high stability under rapidly changing atmospheric conditions. The
flowchart of this method is as shown in Figure 10.
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Figure 10. Incremental conductance method flowchart

4. COMPLETE SYSTEM

Figure 11 presents the complete system which makes it possible to calculate the points of operation
of each component during one day complete (not of time 10 minutes). This model is made up many algebraic
loops: The system is controlled in power. The electric model being the tension according to the intensity, the
point of operation must be required to obtain the required power. The other loops algebraic are that of the
MPU. Indeed, at the moment T, one knows the power of the statement, his tension and the power requested
by the load. Simulink is the ideal tool to solve this type of problem [10].
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Figure 11. Complete model of our installation
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4.1. Power management unit (MPU)

The system is controlled in power, the model allows to define the MPU, Ppy, Pioag + Ppatery depending
on the power output of the PV and that required by the load. An algorithm for power management has been
developed for the studied system. Energy balances are always made at the common bus connecting the
different components of the energy system. The priority is to provide the energy required by the user from
the energy produced by the photovoltaic field. The energy delivered to the user is mainly photovoltaic panels.
The algorithm of the energy flow follows these rules:

1. If the power required by the load is less than the power available solar:
a. The battery is charged in security priority if necessary.
b. The load can only work if the batteries have a high level of care.

2. If the excess solar can be consumed either by battery or by the battery, the voltage of the solar field
increases, thus reducing the intensity and the power delivered by the generator renewable. This method is
illustrated by Figure 12.

v

PLaod = Pov

v

P :va' PLaod

A

PLand :Pharrerv + an

| Data Backup |

t=t+dt |

t<tStOD

END

Figure 12. Schematic MPU - Calculation of power of each component on the bus

5. RESULTS AND ANALYSIS

We chose to study the system where it is autonomous over one year of operation. The power of the
components being fixed, one determines the average charge available and the volume of storage necessary to
the autonomy of the studied system. We will evaluate the influence of the various parameters of the system
in order to determine the performance of the system. Selected localization: Oran-Algeria. The average
sunning is of 5,2 kWh/m2 per day in a plan inclined with 45° (slope of the photovoltaic panels). Figure 13
present describes the evolution of the sunning during the year [11].
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Solar radiation (W/m?)

Figure 13. Average daily sunning with Oran (slope 45°) according to the month

Figure 14 following pages shows the distribution of powers involved within the system. The values
are powers averaged over a year of operation (Annual Energy = Power x annual average 8760). This diagram
allows us to appreciate the energetic point of view the operation of the overall system, providing information
at the component level, as their performance. The load annual average in example is fixed at 3000 W, in
order to study the behavior of the system according to the average sunning, because the average sunning
annual does not exceed 1000W/m 2,
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Figure 14. Evolution of the powers exchanged on the level of bus DC for one year of operation of the system

The application considered here is a charge for supplying at the Oran (independent of one year of
operation). The power of the system is set to about 1700W. The solar array is installed about 13000Wp. The
battery is the same power in order to convert all of the excess solar energy. In order to obtain the maximum
power of the PV field, the voltage of the field Solar system avoiding the implementation of a complex control
strategy (MPPT). Voltage Input is the nominal voltage of the solar field. In this framework we used two
MPPT district methods to evaluate the thermal yield system (The overall system efficiency is 52%). The
system with P&O is appreciable compared to the Incremental conductance (48%), over a year of operation.
Approach adopted for this study is purely deterministic. The average power is fixed at 3kW. Figure 13 is a
simplified diagram to describe the annual power operating PV-Load-Battery. The operation of the system and
the influence of the parameters described below, from the analysis of all simulations. The annual energy
photovoltaic (PV) is the total energy entering the system. Part of this energy is supplied directly to the load
(PV). The second part involves the storage system is reduced by losses in electrochemical cells related to
energy efficiency.
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Figure 15 Evolution of the global losses the sum of these two energies is further reduced by the loss
in the converters. System performance depends on all of these losses. Storage volume is dimensioned so that
the energy stored during favorable months is equal to the energy consumed during the month unfavorable.
When increasing the loss consumption or loss in the converters, it penalizes the load directly. The storage
volume depends only on the annual load profile and raw energy, in the energy supplied by the PV. Half of the
energy produced by the PV array is provided to the end user, the rest is lost. Can not use all the electricity
produced by the field, the electricity stored in the various storage components incurs losses related to its
conversion into chemical energy; different DC / DC or DC / AC generate transmission losses of the current
(Joule losses, etc..). Over a year of operation, only 58% of the electricity produced by the PV array is directly
supplied to the user. This amount of electricity suffers little loss and should be maximized to increase the
overall system performance.
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Figure 15. Evolution of the global losses for one year of operation of the system

6. CONCLUSION

Our study related to the analysis of a photovoltaic system of power intended for a site isolated from
Oran-Algeria. Simulations of the models realized allow an analysis of the operation of the system during one
year. This study takes into account the concept with the solar energy utilization. The taking into account of
this important concept has enabled to us to propose a new manner of having and of interpreting the results of
dimensioning of a photovoltaic installation. The advantage of this methodological approach is to enable us to
better apprehend the solar natural energy of a given site. Solar energy thus presents an private interest for the
countries in the process of development: it is likely to improve very quickly and with the help of an optimal
cost the productivity and living conditions of the geographically dispersed dwellings.
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