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Abstract: A new modified configuration for the stand-alone photovoltaic (PV) system to electrify a remote area house-

hold load in Egypt is presented. The modeling, simulation, and operational control strategy for the system is developed. 

The developed control aims to optimize the energy flow within the system, such that the load is satisfied independent on 

the variations in insolation. Also, it aims to protect the battery against overcharging or excessive discharging. Moreover, it 

aims to protect the global system against the unpredictable excess or deficit of the available energy. The simulation results 

led to a good realization of the operational control strategy. 
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1. INTRODUCTION 

Renewable energy sources are considered as alternative 
energy sources to conventional fossil fuel energy sources due 
to environmental pollution and global warming problems [1]. 
One of these, most important, sources is the photovoltaic 
(PV) modules, which may be equipped with storage batteries 
to supply electrical power to remote locations worldwide [2-
6]. 

The provision of electricity to remote areas derives im-
portant social and economic benefits to remote communities 
throughout the world. The common configuration of PV sys-
tems that is usually used for this purpose is the stand-alone 
type [6,7]. Where, stand-alone PV systems can be considered 
as reliable and economical sources of electricity in remote 
areas, which are far from the grid power supply [5,8-14]. 
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The power supplied by a PV array depends upon the in-
solation level, cell temperature, and array voltage. Battery 
forms an important element of stand-alone PV systems, be-
cause of the fluctuating nature of the output delivered by the 
PV arrays. Both the battery voltage and the PV array voltage 
vary during operation due to the charging state of the battery 
and the atmospheric conditions [7,8,15]. 

In this paper a new modified configuration for the stand-
alone PV system, which includes a storage battery, is pre-

sented; to electrify a remote area household load in Sinai 
Peninsula of Egypt. Also, the complete modeling and control 
of this system is developed and simulated; to indicate the 
capability of the developed control strategy in controlling 
and protecting the modified configuration of the stand-alone 
PV system. 

2. CONFIGURATION OF THE PV SYSTEM 

The block diagram of the suggested PV system, in this 
work, is shown in Fig. (1). This system can be described as 

 

 

 

 

 

 

 

Fig. (1). Block diagram of the suggested PV system. 
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autonomous system, which can supply electricity to the re-
mote area household load without being connected to the 
electric grid. The PV array is used to convert the incident 
solar energy into electrical energy, while the battery is used 
to store the excess power from the PV array; to supply the 
household load at night and during deficit times of solar en-
ergy. 

The power management and control unit is used to opti-
mally control the management of the energy flow within the 
overall system, and to match and protect its components. The 
dump load is used, in this work, to guarantee the proper 
functioning of the suggested PV system, where it is used to 
consume the surplus energy generated by the system. 

3. STAND-ALONE PV SYSTEM SIZING 

The schematic diagram of the considered stand-alone PV 
system is shown in Fig. (2). Where, the PV array is consid-
ered to be the only source of the required electrical energy in 
the system, and the battery is the storage medium. Therefore, 
the considered stand-alone PV system must be carefully 
sized to continuously supply the required electrical power to 
the household electrical load. It is to be noted here that the 
author has accomplished the required complete sizing steps 
in another paper [5]. Where, the remote area household load, 
in this case, includes five lamps (each of 60 W), one washing 
machine (100 W), one water pump (120 W), and one televi-
sion set (80 W). The monthly averaged daily radiation data 
of the remote site [16] together with the load data are used, 
in [5], to size the stand-alone PV system. Where, the sizing 
process is based on the energy balance between the radiation 
and the load. The results of the sizing process are: 1392 WP 
PV array and 1500 Ah battery. 

4. STAND-ALONE PV SYSTEM MODELING 

4.1. The PV Array 

The PV array has a nonlinear current-voltage (I-V) char-
acteristic, which can be described as [17]: 
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4.2. The Battery 

The battery can generally be modeled according to its 
state of charging or discharging in the system. Where, the 
relation between the battery voltage VB and current IB during 
the states of discharging and charging can, respectively, be 
described in terms of the battery ampere-hour rating AH and 
state of charge SOC of the battery by the following two 
equations [18]. 
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Note that the last term of Eq. (6) is included only if the 
first two terms sum to more than 2.29 V/cell. Also, the other 
terms are given by: 
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Note, also, that the factor 0.189 of Eqs. (5) & (6) repre-
sents the internal resistance due to polarization. Moreover, 
the battery typical open-circuit voltage can be indicated to be 
dependent on the battery SOC, as shown in Table 1 for a 12 
V lead-acid battery [19]. 

 

 

 

 

 

 

 

 

Fig. (2). Schematic diagram of the stand-alone PV system. 
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Table 1. Typical Open-Circuit Voltage at Various Charge  

Levels 

Charge Level (%) Battery Open-Circuit Voltage (V) 

100 

75 

50 

25 

Discharged 

12.7 

12.6 

12.45 

12.2 

11.7 

 

5. STAND-ALONE PV SYSTEM CONTROL 

Stand-alone PV systems for remote area household elec-
trification must be totally self-sufficient in generating, stor-
ing and supplying electricity to the household electrical load. 
These systems are subjected upstream to the unpredictable 
variations in solar insolation and/or ambient temperature and 
downstream to the household electrical load. Therefore, 
these systems must require certain control strategy to opti-
mally manage the energy flow within them. Where, in this 
work, the designed control strategy can determine the current 
state of the system and subsequently can issue the appropri-
ate orders or commands aimed at optimizing the energy 
transfer function within the system, to fulfill the technical 
requirements of the system. The main purposes of the de-
signed control strategy are to satisfy the household electrical 

load and to discharge or charge the storage battery whenever 
possible. Moreover, the designed control strategy can protect 
the storage battery from excessive discharge and overcharge, 
and at the same time it can protect the global system from 
the unpredictable excess or deficit of the available energy. 
The designed control strategy, as shown in the flowchart of 
Fig. (3), is based on the IF-THEN rules; such that the IF-part 
of a rule represents the current state of the system, while the 
THEN-part represents the suitable-issued-control command 
of the system. 

6. STAND-ALONE PV SYSTEM SIMULATION 

MATLAB-SIMULINK is a general simulation software, 
that uses a graphical user interface (GUI) tools, which allows 
a model to be built up from a basic library of mathematical 
blocks. For example, to model a global system using the 
SIMULINK software, the complete mathematical models of 
the constituent subsystems must be available at first. Then, 
the complete SIMULINK model of the global system can be 
easily formed by linking the different constructed models 
together. Here, considering the designed stand-alone PV 
system to be a global system, that includes the subsystems: 
the PV array, the battery, the load, the dump load, and the 
controller, then the designed stand-alone PV system can be 
easily simulated by using MATLAB-SIMULINK, as shown 
in Fig. (4). Where, the complete mathematical models of the 
constituent subsystems together with the daily load profile of 
the household are utilized in this case, to model the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Flowchart of the designed control strategy. 
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Also, the system’s controller is mainly constructed, here, 
depending completely on using the flowchart of Fig. (3). 

7. SIMULATION RESULTS 

Due to the unavailability of the measured hourly solar ra-
diation data for the studied site, the results of the stand-alone 
PV system are best evaluated by comparing the performance 
of the system during a hypothetical sunny day with that ob-
tained during a hypothetical cloudy day. Where, Figs. 5(a) & 
(b) show the variations in the hypothetical solar insolation, 
for a sunny day and for a cloudy day, respectively. 

The performance of the system currents during the sunny 
and cloudy days is shown in Figs. 6(a) & (b), respectively. 
Thus, it is illustrated from Fig. (6) that the PV current is pro-
portional to the corresponding insolation level only. While, 
the battery current and the dump load current depend on the 
insolation level, the state of charge of battery, and on the 
load demand. Also, it is indicated from Fig. (6) that the load 
is satisfied with the required current, whatever the value of 
the corresponding insolation level is. 

Fig. 7(a) & (b) illustrates the performance of the system 
voltages, during the sunny and cloudy days, respectively. 
Thus, Fig. (7) indicates that the voltage difference at the ter-
minals of the dump load is the same as that of the PV array; 
and this is true since the dump load is connected in parallel 
with the PV array. Also, the figure indicates that the PV 
voltage exists only during the daylight time and its value is 
nearly independent on the variations in solar insolation. 
While, the load and battery voltages exist all over the 24 
hours of the day and have nearly constant value (i.e., inde-
pendent on the insolation variations). 

The Performance of the system powers during the sunny 
and cloudy days is indicated in Figs. 8(a) & (b), respec-

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). SIMULINK block diagram of the stand-alone PV system. 

 

 

 

 

 

 

(a) During sunny day 

 

 

 

 

 

 

(b) During cloudy day 

Fig. (5). Variations in solar insolation. 
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tively. Hence, it is shown from Fig. (8) that the generated PV 
power is proportional to the corresponding variations in solar 
insolation only. While, the battery power and the dumped 
power depend on the corresponding insolation level, the bat-
tery state of charge, and on the load demand. Also, it is illus-
trated from Fig. (8) that the load is satisfied with the required 

power, whatever the value of the corresponding insolation 
level is. 

Figs. 9(a) & (b) indicate the state of charge of the system 

battery during the sunny and cloudy days, respectively. 

Thus, it is cleared from Fig. (9) that whatever the value of 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) During sunny day                               (b) During cloudy day 

 

Fig. (6). Performance of the system currents. 
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the insolation level be during the day, the maximum depth of 

discharge of the battery will not exceed the designed maxi-

mum permissible value which is 80 %. 

8. CONCLUSION 

Remote and isolated areas usually need a stand-alone PV 
system to electrify their electrical loads. The configuration of 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) During sunny day                               (b) During cloudy day 

 
Fig. (7). Performance of the system voltages. 
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the designed stand-alone PV system consists, mainly, of a 
PV array and a storage battery. The complete mathematical 
model of the designed system is developed and simulated by 
using MATLAB-SIMULINK. Also, the control of the sys-
tem is optimally designed to issue the suitable control com-
mands, which are based upon the current state of the system. 
Simulation results indicate that the overall performance of 
the system depends on the insolation level, state of charge of 
the battery, and on the load demand. The results indicate, 

also, the priority of the designed system to satisfy the load 
with the required power, whatever the value of the insolation 
level is. Moreover, they indicate the high capability of the 
designed control strategy in protecting the global stand-alone 
PV system against the hazards caused by the unexpected 
excess or deficit of the available energy. At the same time 
the results exhibit, also, the high capability of the control 
strategy in safely charging and discharging of the system 
battery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) During sunny day                                     (b) During cloudy day 
 

Fig. (8). Performance of the system powers. 
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(a) During sunny day 

 

 

 

 

 

 

 

 

(b) During cloudy day 
 

Fig. (9). State of charge of the system battery. 

9. NOMENCLATURE 

IPV = PV array output current 

VPV  = PV array voltage  

 
n

s
 = number of series-connected cells 

 
n

p
 = number of parallel strings 

IPh = photo-current 

 
I

os
 = PV cell reverse saturation current 

 
I

sc
 = PV cell short-circuit current at standard con-

ditions 

 
I

or
 =  reverse saturation current at reference tem-

perature 

n = ideality factor 

K = Boltzmann’s constant 

e = charge of electron 

 
T

r
 = reference temperature 

 
T

c
 = PV cell temperature in °C 

T = PV cell temperature in K 

sc = short-circuit current temperature coefficient 

Rad = PV cell illumination 

  
E

Go
 = band gap for silicon 

 
T

air
 = ambient temperature in°C 

Vr = battery cell rest voltage 

Vro = battery cell rest voltage at 25°C 

Ri = battery internal resistance per cell 

Ro = battery internal resistance per cell at 25°C 

nBs = number of series-connected battery cells 

nBp = number of parallel strings of batteries 
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