
Research Article

Ali O. M. Maka*, Mubbashar Mehmood and Tariq Nawaz Chaudhary

Design, simulation and performance analysis of
photovoltaic solar water pumping system

https://doi.org/10.1515/ehs-2022-0040
Received May 14, 2022; accepted November 20, 2022;
published online December 1, 2022

Abstract: The solar photovoltaic system is one of the
technologies which is used to pump water in rural, iso-
lated and desert areas where electric connection to the
main grid is a problem. The study area is selected
because of its higher natural resources of solar radiation
over the year. Thus, that encourages us to adopt this
study in order to understand the effects of various
operating parameters on performance behaviour, which
leads to enhancing the system design. This paper aims to
assess the solar water pump system’s design and esti-
mated performance in real environmental conditions.
The PVsyst has been used to design and simulate a sys-
tem which allows us to analyse the operating behaviour
of a photovoltaic solar water pumping system. The solar
PV pumping system design is considered; the photo-
voltaic module has characteristics and the pumping sys-
tem characteristics. The photovoltaic array losses due to
temperature were estimated about −14.3% and the soiling
losses represented approximately −5%. The results showed
that performance losses were significant variance in the
months of the summer season from May to July. Therefore,
their implication on the water flow rates significantly de-
creases throughout the months of the summer season from
May to July, respectively.

Keywords: performance analysis; performance simulation;
solar photovoltaic; system design; water pumping.

Introduction

Renewable energy development has increased rapidly in
recent years to fulfil the rising global energy needs and
tackle global warming (Ali, Shafiullah, and Urmee 2018;
Owusu and Asumadu-Sarkodie 2016; te Heesen, Herbort,
and Rumpler 2019). The world is moving toward exploit-
ing renewable resources in order to reduce reliance on
traditional energy sources. Consequently, solar energy is
deemed one of the clean/renewable energy sources that
can generate electricity; thus, in the direct application of
sunlight absorptions and adoption of semiconductor
materials in photovoltaic devices (Bhatia and Gupta 2019;
Bradford 2008). Solar PV technology has recently had
large deployment worldwide (Maka and Alabid 2022).
Solar phot; ovoltaic pumping systems have been used
successfully in rural, outback and isolated regions. Thus,
this has become one of the most important and rapidly
growing renewable energy sources in solar PV applica-
tions (Ali et al. 2016; Aliyu et al. 2018; Maka et al. 2019).

The desert is one of the most viable sustainable
energy resources globally; thus, it has a great potential for
solar and winds energy over the year. Therefore, this may
be achieved by utilising all available opportunities for
sustainable development in rural and outback areas
(Maka et al. 2019; Mohamed 2014). So, the water is an
important element for the flourishment of plants, animals
and human beings. The application of water pumping
is one of the most effective solar PV applications for
providing water to residents in rural parts (Aliyu et al.
2018; Maka et al. 2019; Yahyaoui et al. 2015). Therefore,
among the most important PV usage in developing
countries is photovoltaic (PV) water pumping, which can
be a great catalyst for economic and social development
(Benghanem, Daffallah, and Almohammedi 2018; Chi-
lundo, Mahanjane, and Neves 2018). The water pumping
for drinking and irrigation in remote areas equipped with
PV water pumping systems applications have been sub-
ject to various experimental and analytical investigations
by some scholars. For example, Sharma, Sharma, and
Tiwari (2020) investigated the performance assessment of
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solar water pumping a system located at Karansar, Jaipur
(Rajasthan); thus, using existing local data with the help
of simulation. Hence, has been present an optimisation
of the solar PV system. Furthermore, the simulation of
this study has been used for system characteristics and
operation.

Allouhi et al. (2019) examined an optimum configura-
tion system of solar PV that can power energy to solar
submersible pump systems in order to fulfil the needs of
domestic water to 5 remote area houses located in Morocco.
Also, compared economic analysis and revealed the sug-
gested systems are cost-competitive with a traditional water
source. Ghoneim (2006) presented a performance optimi-
sation of a solar photovoltaic water pumping system
according to Kuwait’s climate conditions. The system con-
sists of direct coupling of the photovoltaic water pumping
system, including the photovoltaic array, DC motor, cen-
trifugal pump, and water storage tank. A developed com-
puter program is used to determine the performance of a
suggested system inKuwait. In thatmodel,fiveperformance
parameters are considered to model the performance of
amorphous silicon solar cell modules. In addition, the
orientation of the photovoltaic array, the size of the photo-
voltaic array and pump-motor-hydraulic system character-
istics are all optimized to provide the optimum performance
for the developed framework. Odeh, Yohanis, and Norton
(2006) introduced a transient model using the TRNSYS
simulation program for photovoltaic water pumping sys-
tems. That work analysis considered the fellows’ aspects:
(i) gain average performance ratios for a system, the mean
efficiencies and a photovoltaic array over time and under
various operating situations; (ii) explain the effect of system
characteristics and mismatch of pump characteristics;
(iii) investigate the impact of the frequency distribution of
insolation on the system performance, and (iv) performing
life span cost studies to determine the optimal size of a
photovoltaic array. Campana et al. (2015) proposed a novel
optimisation technique, which considers not only the
availability of groundwater resources and the impacts of
water supply on crop harvest. Basically, themodel has been
simulated by combining the dynamics of the photovoltaic
water pumping system, water supply, groundwater level,
crop yield and crop water demand. The consequence is
displayed the optimal configuration that can guarantee
ongoing operations, leading to a significant decrease in the
size of photovoltaic arrays, the capital investment expense,
and the payback period.

Benghanem, Daffallah, and Almohammedi (2018) pre-
sented experimental data for the Madinah site’s solar water
pumping experiment facility in Saudi Arabia. So, that helps
to add value to the studies of sizing the photovoltaic water

pumping systems. The results have shown a nonlinear
relationship between solar power and water flow rate that
experimentally has been obtained. Also, there was an
increase in the flow rate with the rise of pump power for
different heads. Shebani and Iqbal (2017) modelled a sizing
of Libya’s solar water pumping system, that is based
on a daily demand assessed using HOMER software. The
dynamic modelling of a solar photovoltaic water pumping
system is considered using a Permanent Magnet DC
(PMDC)motorpresented in theMatlab/Simulink. The results
showed improvement in the systemefficiencyattainedwhile
the PMDC motor runs at a particular speed instead of the
ultimate photovoltaic power point. Nasir (2019) presented a
design/simulation of a solar photovoltaic water pumping
system for irrigation of a potato farm located southwest of
Ethiopia. The system was designed by taking into account
the geography of the location and localmeteorological data.
The PV system was designed in such a way that it could
irrigate a hectare-sized potato farm with daily water needs.
In addition, it has been studying the economics and envi-
ronmental characteristics of solar photovoltaic water
pumping systems. Azzain and Lali (2016) compared the
conventional pumping costs and solar pumping for water
agriculture in Awjila, Libya. The results displayed the water
flows of the proposed site by using smaller solar pumping
systems and the lowest cost. Also, solar pumping systems
have a significant economic gain over traditional systems in
both the medium and long term. Chahartaghi and Nikzad
(2021) studied the environmental, performance assessments
and exergy of a solar water pump system. A COMPASS
software was used to analyse the overall system perfor-
mance on a one-hectare area of land. Therefore, the sug-
gested solar water pumping system has the highest exergy
efficiencies of 3.56% and the lowest of 0.27%, that based on
the resrech findings.

Therefore, based on the studies mentioned above, this
work aims to assess the design and performance of solar
PV photovoltaic pumping systems in a normal operating
environment. The selected area has a great water resources
reservoir, and it has great potential for solar energy resources
throughout the year. Subsequently, that will lead to gain
sustainabledevelopment.Hence, the significanceof thiswork
is to comprehend the effects of various operating parameters
on performance behaviour, which in turn leads to enhancing
the system design. The scope of this work is detailed as fol-
lows: Introduction presents the introduction, and Methods is
for materials and methods, including the area of study
and the theoretical analysis. Results and discussions presents
results and discussions, including PV module characteristics
and pumping characteristics. Lastly, Conclusions summar-
ised the conclusions and suggested future works.
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Methods

In this study, PVsyst software has been used to design and simulate
the operating behaviour of a photovoltaic solar water pumping
(PVWP) system. This package has good features for characterising the
performance design of PV systems. It also assists in the system’s
design, which allows for estimating the quantity of energy generated.
To fulfil the required daily water needs, it is important to consider the
environmental data of the selected area. Numerous factors affect the
selection of (PV) photovoltaic solar water pumping systems, such as;
(i) water need, (ii) water source, (iii) solar irradiation and (iv) dynamic
head. Accordingly, these factors are considered in the investigation of
this current study.

Area of study

Mourzuq is an oasis located in the southwest region of Libya; its
inhabitants are actively famous in the agriculture profession.
Figure 1 displays its geographic location in Libya. The desert climate
is predominant over the year, so hot and dry in the summer and
winter seasons, and it is rarely rainy. The western wind and local
wind, so-called “Gebli”, prevail in the region and normally carry dust
particles in months from February to July. The selected area has a
great water resources reservoir; therefore, the regions are located in
the Mourzuq basin. Also, there is a great available potential for solar

energy resources throughout the year. Therefore, the utilisation of
solar photovoltaics to power water pumping systems is considered to
be one of the promising PV applications. However, installing
photovoltaic water pumping (PVWP) systems is required because of
enough potential for sunlight and a water source.

The requiredMateo data for theMourzuq city used in the study is
derived from Meteonorm software; the database offers the monthly
meteorological data for any location on the earth. The area altitude is
455 m above sea level, it is latitude 25.55°S, and longitude 13.56°N.
Figure 1. Illustrates the location of Mourzuq city in the south west
region of Libya. It is rich of sunshine hours on a daily basis/yearly
and has a great source of underground water.

Environment factors such as ambient temperature, solar radi-
ation, and wind speed cloud significantly influence the performance
of solar photovoltaic systems, and these environmental elements
should be carefullymonitoredwhen designing such systems (Allouhi
et al. 2019; Maka, Salem, and Mehmood 2021). The optimum yearly
energy production from a conventional Poly-Si module is consid-
ered. Although the tilt angle usually corresponds to the latitude of
the area, in terms of yearly energy output, there is no significant
difference within ±5 degrees of the optimal tilt angle (Allouhi et al.
2019). Therefore, for this study area site, the optimum design tilt
angle is about 30°.

Table 1. details the monthly meteorological data of the study
area. The average monthly global solar radiation is 187 kWh/m2;
hence, the high values were shown from the months (April–August),
and the estimated annual global solar radiation is about 2293 kWh/m2.

Figure 1: The map specifies the location of the study area in Libya.
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The average monthly diffuse solar radiation is about 46 kW/m2and
the annual diffuse solar radiation is about 563 kWh/m2. The average
monthly wind speed is about 3.8 m/s. The average monthly ambient
temperature is about 26 °C; whereas for months from May to
September, the average temperature reaches 30 °C.

The solar radiation is specified in terms of the units as kilowatts
per square meter (kW/m2) (Morales and Busch 2010). The sun’s
energy photons hit the photovoltaic panels made of P-N semi-
conductor material, then generate electron-hole pairs and accumu-
late charges on the opposite plate, ultimately resulting in power
generation. The environmental temperature is one of the climate
parameters that ought to be considered, hence, having a negative
impact on the semiconductor material. Hence, as a result of the high
environmental temperature with a high cell temperature coefficient,
in turn, leads to a drop in cell performance efficiency (Allouhi et al.
2019; Mohamed et al. 2021). The design of solar photovoltaics must
match the energy requirement of the pump. Therefore, the solar PV
array size is investigated by two regulation methods as DC-DC con-
verter with MPPT and direct coupling (Allouhi et al. 2019; Ba et al.
2018; Hoang 2019; Ramulu et al. 2016). The system operating control
is an MPPT-DC converter equipped with an (MMPT) maximum power
point tracking. The minimum MPP voltage is 30 V, and maximum
MPP voltage is 300 V, and the maximum input current is 13 A. The
hydraulic installation/design and the well characteristic parameters
are detailed in Table 2.

Theoretical analysis

The estimated hydraulic load determines the size of a photovoltaic
water pumping system. Different types of pumps are typically distin-
guished by their head versus flow rate characteristics (Ghoneim 2006).
The hydraulic energy requirement is specified as the energy required
by the water pump for daily water demand through the dynamic head.
The hydraulic energy requirement of the system can be calculated by
using Eq. (1) (Action 2015):

The hydraulic energy requirement

= Water reqirement ×Water density × gravity × Head
3.6 × 106

(1)

Generally, the total head or the hydraulic head (H ) is the sum of
the three key terms, the static head, the friction losses, and the draw-
down water level, as expressed by Eq. (2) (Allouhi et al. 2019):

H = Hs + Hdd + Hf (2)

where Hs is the static head, Hdd is the draw-down water level, and
Hf is friction losses in the hydraulic circuit. It is important to be
considered mechanical friction factors such as elbow friction. The
volumetric flow rates as a function of head and hydraulic energy
can be expressed by Eq.(3) (Taoufik et al. 2014). That includes both
hydraulic energy system efficiency and photovoltaic efficiency.

Q = Hydraulic energy . ɳ
H. g.  ρ

(3)

whereH is the hydraulic head, ɳ is system efficiency, g is gravity, and ρ
is density. More, the overall system efficiency is given in Eq. (4). The
efficiency is the main parameter for the design and performance
analysis of solar PV systems.

ɳ = ɳPV  . ɳPump (4)

where ɳ is system efficiency, ɳpump is the hydraulic pump efficiency,
and ɳpv is the PV photovoltaic efficiency given Eq. (5).

ɳpv = Pmax

Pin
= Isc.Voc.FF

Pin
(5)

where Pmax is the maximum output power produced from the solar
cell,Pin is the quantity of incident power on the solar cell Isc is the short
current and Voc is open-circuit voltage, and FF is the fill factor. The
pump efficiency can be defined as the ratio of hydraulic energy to the
electric power induced from the solar energy:

ɳpump = Hydraulic energy 
P(input)

(6)

The estimated output power (P) gained from the solar module of
the unit PV module is given Eq. (7):

P = V . I (7)

where, V is the voltage, and I is the current. The requirement of solar

PV is given the ratio of the requirement of hydraulic energy to the

average of daily solar irradiation, as given Eq. (Action 2015):

The solar PV reqirement = Hydraulic energy reqirement
Averge of  daily solar irradiation

(8)

Table : Monthly meteorological data.

Global radia-
tion kWh/m

Diffuse radi-
ation kWh/

m

Wind
speed
m/s

Ambient tem-
perature oC

January . . . .
February . . . .
March . . . .
April . . . .
May . . . .
June . . . .
July . . . .
August . . . .
September . . . .
October . . . .
November . . . .
December . . . .

Table : Well characteristic parameters.

Parameters Values/unit

Static depth  m
Maximum pump depth  m
Piping length  m
Piping type PE , ( mm)
Elbows 

290 A.O.M. Maka et al.: Design, simulation of photovoltaic solar water pumping system



Therefore, in the design system, practical is important to know
the number of solar PV modules based on their size, capacity and
efficiency. The number of solar PV modules can be determined using
Eq. (9) (Sharma, Sharma, and Tiwari 2020).

Number of  PV module = Hydraulthe reqired power from PV array 
Power rating of  unit module

(9)

Results and discussions

PV module characteristics

In practical, solar PV cells/modules’ performances depend
on the operating conditions, environmental conditions,
and design parameters. Photovoltaic systems have become
more affordable over the last three decades, and they are
currently accessible in every country. Solar photovoltaic
technology is reliable if it is carefully designed and
mounted, as well as if local infrastructure is established for
a long range of service maintenance. In this context, four
performance parameters are commonly used to determine
solar cell characteristic curves. These four parameters
determining the I–V equation are the light current, the
series resistance, and diodes characteristics and voltage.
The voltage-current characteristics of solar cells/modules
are used virtually to assess their performance behaviour.

Meanwhile, the output voltage and current of a solar
cell depend on the temperature and radiation level as it is
a nonlinear power source. Therefore, the operating point
of the solar cell varies as the climatic conditions change.
For estimating the performance of the solar cell, several
photovoltaic modelling programmes have been devel-
oped (Ghoneim 2006). The module consisted of 54 cells
linked together; the system was structured of 12 modules,
and each 6 of them is connected in series. The maximum
power point current is approximately 8.16 A; the power
temperature coefficient is about −0.40%/oC, cell effi-
ciency is 16.4%, and the fill factor is about 0.73.

Figure 2. shows I–V curve characteristics of the solar
module used in the PV panel. The cell temperature is 25 °C,
and the incident irradiance is 1000 W/m2, the air mass is
1.5. It is equipped with a one-diode, the series resistance
Rs is 0.340 Ω, the shunt resistance is 200 Ω, and the
produced maximum power is 215.5 W. Therefore, the
module efficiency is about 14.4%, the maximum point
voltage is 26.5 V, maximum point current is 8.13 A.
Figure 3. shows the P–V curve characteristics of the solar
module used in the PV panel. The module temperature is
25 °C, the incident irradiance is 1000 W/m2; the series
resistance is about 0.340 Ω, the shunt resistance is 200 Ω,

and the maximum power is 215.5 W. Table 3 specifies the
details of solar photovoltaic modules that are used in this
study also, the electrical performance parameters. The
silicon polycrystalline (Si-poly) PV solar modules are
used with nominal power is 215 Wp. It also included key
design parameters of short circuit current (Isc) and open-
circuit voltage (Voc).

Pumping characteristics

The solar PVdevice is the prime-mover to operate the pump
to lift the water to the surface. Based on the water source,
the kind of pump and mounting could be surface mount,
floating, or submersible. The water pumps have become
more efficient, and their usage is increasing rapidly;
consequently, pumps will become one of the energy con-
sumption devices.

In the photovoltaics solar pumping system, hydraulic
load andpump flow rate change over time.Hence, to assess
the effectiveness of a solar PV water pumping system, one
must investigate the well’s characteristics during the sys-
tem’s operation. Various pump types are typically distin-
guished by their head versus flow rate pattern (Ghoneim
2006). The design for the well utilized in this study takes
into account the dynamics of the water during pumping.
The estimated hydraulic load determines the size of a solar
photovoltaic pumping system. Figure 4 shows a schematic
of solar PV pumping system configurations.

A pump is a machine that transmits kinetic work into
liquid power energy. It is integrally connected to the elec-
tric motor and has torque, speed, and flow characteristics
(Amira, Tahar, and Abdelkrim 2021). The pumps can be
divided into two types based on their operating principles:
positive displacement and dynamic pumps. The latter,
dynamic pumps, act by boosting the velocity and pressure
of a liquid in a diffusing flow path.

The selection of a pumping system for a specific
application is an important decision. This will be based
on the required energy needs and discharge, head, per-
formance, possible maintenance in the future, financial
costs, etc. Consequently, numerous kinds of pumps with
various classifications (the most common types are cen-
trifugal and positive displacement pumps) are utilised in a
specialised field (Alshamani 2018). The efficiency of cen-
trifugal pumps powered by solar energy systems is a
function of solar intensity, pumping head and flow rate.

The volume of water flow per day and the distance the
water must be delivered are the initial steps in designing a
photovoltaic water pumping system; however, it is impor-
tant to keep in mind that water consumption forecasts. The
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pump type is SQF 0.6–2 submersible pump was suggested
for this operating condition. Table 4 details the estimated
hydraulic and the installation within the well/pump char-
acteristics. Also, the optimumsystempumpinghead is 42m,
and the pump’s services voltage ranges from 3–300 V.

The solar panel’s desired power is determined by the
quantity of energy needed to run the pump. Therefore, the
power needed to run the pump has an approximately
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Figure 2: I–V curve characteristics of solar PV module at standard test conditions STC.
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Figure 3: P–V curve characteristics of solar PV module at standard test conditions STC.

Table : PV module chrematistics.

Parameters Values/unit

PV module type Si-poly
Nominal power  Wp
Short-circuits current . A
Open-circuit voltage . V
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capacity of power 4328 kWh. Consequently, the estimated
annual pumped water is about 133,669 m3/year; the sys-
tem efficiency was about 80.7%, Table 5 lists details of the
energy system.

Tables 4 and 5. show that the total water demand is
18,250 m3/year, which is 50 m3/day. While designing the

piping system, it is important to consider an adequate pipe
size to gain the required flow rates. This also helps to avoid
the losses that might occur due to energy loss in exit from
pipes and bends or elbows. Figure 5 shows the daily
dynamics flow rates from sunshine to sunset and its flow
rates as a function of the magnitude of solar intensity.
Hence, the maximum flow rates are shown at noontime,
which was approximately 5.2 m3/h; the overall average
flow rate is about 3.8 m3/daily. Thus, as a result of the
increase in solar irradiance, the flow pump rate increases
linearly.

Moreover, the sun is in a perpendicular position
during the noontime as the natural sunmovement. While,
during the sunrise and sunset, the solar intensity is lower
values. Therefore, it is recommended to install a tracker
system to track sun movement on daily basis hours, that
in order to have high efficiency. Also, another tracker
should be applied to track the seasonal changes in the
sun’s position. As predicted, the high values of power
result in high values of flow rates; hence, at the value of
420 W, the equivalent value of 1.1 m3/h at the designed
pumping head of 42m.While at 50Wpower, the flow rates
approach zero flow. Therefore, the influence of changes in
the pumping head from (30–70 m) significantly leads to
decreases in the discharge flow rate values, as shown in
Figure 6. Thus, the power rate of the pump displays
various operating characteristics.

Figure 4: Schematic of solar PV pumping system configurations.

Table : listed pump chrematistics.

Parameter Values/unit

Pump type SQF .–
Average head  m
Average of water needs  m/day
Power . kW
Voltage range – V

Table : listed the annual energy system.

Parameter Values/unit

Water pumped , m/year
Water needs , m/year
Missing water .%
Energy at pump  kWh
Specific energy . kW/m

System efficiency .%
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It is important to mention here the performance of
solar water pumping systems is largely affected by varia-
tions of the solar radiation intensity and total lead (Tiwari
and Kalamkar 2018).

The performance of the pumping system is propor-
tional to the incident solar radiation and the pumping
head. The best pump efficiency is obtained at the low
dynamic head andhigh solar intensity. The optimised solar
PV array achieved the maximum power rate of the sub-
mersible pump at the optimum pumping head. Figure 7

illustrates annual normalised array production, subse-
quently from February–March is the highest value, and
June and September are the lowest values. Thus, despite
the highest values of solar radiation intensity during the
monthsApril–July, as depicted in Table 1., the photovoltaic
array losses occurred due to temperature losses, estimated
to be −14.3%; the thermal loss factor is about 20 W/m2 K,
and the soiling losses represent approximately −5%.

It is vital to consider the system reliability and lifetime
of solar water pumping before investment. Based on the
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Figure 5: Estimation of daily flow rates.

Figure 6: The water flow rate versus power at different pumping heads.
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analysis performed in the research design presented in
reference (Kumar et al. 2022); it is also anticipated that the
project investment will be sustainable for 25 years if solar
photovoltaic is applied to a water-pumping system, with
or without a subsidy.

The annual normalized system losses are shown in
Figure 8. which presents a cumulative analysis of total
system losses that occurred during power generation.
Therefore, the summer season has shown a high level of
system performance losses, particularly in the months of
(June–August), due to a drop in array productivity, high
environmental temperature and soiling (dust/sands/
dirt’s), which is accumulating on PV module surface.
Whereas in the winter, autumn, and spring seasons

months, the system performance losses are relatively low.
To increase the productivity and for better performance of
solar PV systems in desert regions, it is recommended that
the system installation should have a regular clearing from
soiling accumulations (Maka et al. 2019; Mohamed and
Hasan 2012). Thus, many techniques are available to clean
the photovoltaicmodules to boost their potency. To name a
few, either dry cleaning or wet cleaning is more effective
than manual cleaning or an automatic approach.

Figure 9 shows the variance in the annual perfor-
mance ratio during the summer season months. Hence,
the decline in average flow rates, increased ambient
temperature, and losses in arrays productions are due to
performance degradation. However, the winter month has
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Figure 7: Annual normalised array production.

Figure 8: Annual normalised system losses.
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shown a good performance ratio due to fewer system losses.
For more details, the performance ratio is illustrated in
Figure 8; hence it showed that the high-performance ratio
PR was about 72% obtained in the months of January and
December. On the other hand, the low-performance ratio
was approximately 61% and obtained in the month of July,
although the mean PR for the annual is about 66%. It
is important to be mentioned here the reduction in the
capacity of thepower system is due to various types of losses
that occurred at the operations. Therefore, the performance
ratio (PR) is defined as the ratio of the actual yield of the
solar photovoltaic system to the reference yield, as given in
Eq. (10) (Sharma, Sharma, and Tiwari 2020):

PR = Ya

Yr
(10)

whereYa is the actual yield of the solar photovoltaic system
and Yr is the reference yield. The performance ratio repre-
sents the entire influence of system losses due to ambient
site conditions, installation component efficiencies, and
system installation angles on the systems-rated output.
Thus, the performance ratio shows how near a solar
photovoltaic system’s performance is ideal in the actual
situation (Oloya, Gutu, and Adaramola 2021; Sun, Tu, and
Wang 2019).

There was a variance in the average running flow
rates throughout the year; thus, the average flow rate
depends on various factors such as pumping heads, PV
energy yields and operating conditions, etc. The flow rate
over the year deteriorated during June; hence, it gradually
decreased from March to April. However, July improved
and slightly increased due to system performance los-
ses, as depicted in Figure 10 (a). Moreover, Figure 10.

(b) displays the pump’s hydraulic energy behaviour over
the year. As a result of system performance losses, the
pump energy and deterioration during April so gradually
decreased during June and September were the highest
rates of losses recorded; although there was a bit of
improvement in July and August and from October to
December, steady flows. Therefore, that deterioration has
been reflected in pumping annual flow rate patterns.

Hence, as a result, hydraulic efficiency decreases, so
hydraulic load losses are significant whenever the solar
irradiation is high. Furthermore, once the water flow rate is
substantial, the hydraulic load losses are substantial; thus,
the hydraulic loss is proportional to the flow rate. Finally,
the consequence of mismatching the pumping heads and
pumping rated heads leads to substernal losses in effi-
ciency; this may happen due to inadequate design.

Notwithstanding, the optimal pumping head for
maximum photovoltaic efficiency might not be the same as
the optimum head for the greatest system efficiency.
Nevertheless, on the other hand, the optimal pumping head
is the one that gives the highest average system efficiency
(Odeh, Yohanis, and Norton 2006). Figure 11 displays the
annual performance of the designed system towork all year,
so the maximum flow rate is about 5.4 m3/h. The number of
operating hours is more during the summer season; it can
operate from 8 am to 6 pm. In the winter, autumn and
spring season months (January, February, March, April,
September, October, November and December), the oper-
ating hours are 9:30 am to 5 pm.

There is a different comparison approach as the prime-
mover of a pumping system. Therefore, Verma et al. (2021)
compared the diesel-pump water pump and solar PV
pumping system; and concluded that solar PV systems are
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Figure 9: Annual system performance ratio.
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more reliable, environmental-friendly and economical,
particularly in developing countries.

However, in the months from May to July, there were
about 19% losses in water flow. Therefore, as mentioned
before,most of the photovoltaic array losses occurred due to
temperature. Physically interpreted, as the cell temperature
rises, the energy band gap will decrease, which leads to an
increase in the cell current and decrease in voltage, then the

power will drop and the efficiency. Hence, the temperature
effects on the solar PV can be mitigated by two methods:
– The operations and maintenance framework solution

by adopting cooling techniques. So, this is considered
impractical from the point-view of some scholars and
would be relatively expensive and increase overall
system cost. Moreover, despite highwind speed during
those months, the PV modules don’t cool passively

Figure 11: Annual pumping performance by considering the average water pumping flow rate as a function hour of the day.
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Figure 10: Annual pump performance, (a) average yearly running flow rates, (b) yearly pump hydraulic energy.
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through natural convection due to high ambient
temperature.

– The design perspective solution can be developed by
installing modern PV modules with the technology of
half-cut cell modules to mitigate temperature effects
(Dolan et al. 2019; Zhang et al. 2017). These prototypes
of PV modules have lower-temperature coefficients
and their capability to operate at minimum perfor-
mance losses in hot environments, i.e., lower temper-
ature coefficients will lead to fewer power losses from
the PV modules.

The method that reduces the power loss in the PV modules
is the technology of half-cut cell modules that have been
developed in the industry. Consequently, cutting the cell
into two segments will reduce the current level of the cell
string by reducing the resistance loss (Zhang et al. 2017). The
dust accumulation on thePVmodules is an issue that can be
solved by regular cleaning of PV modules (Mohamed and
Hasan 2012). Hence, theweekly cleaning schedule is early in
the sunrise or sunset; it is easy to perform and will not be
extra cost-related. Thus, the system itself will pump the
water from the down well to the surface. For high operating
performance with high reliability and availability of the
solar photovoltaic system, PVWP applications are signifi-
cant in considering environmental conditions in remote
areas. Hence, the average PV array output powers depend
on solar radiation only, but it depends on combining the
whole parameters of environmental conditions.

Conclusions

Thiswork presented the design andperformance analysis of
the PVWP system in Mourzuq, located in the south-west of
Libya. The performance investigated was significantly dis-
played; hence, photovoltaic array losses due to temperature
losses were estimated approximately −14.3%, and the soil-
ing was about −5%. The design perspective considers solar
PV modules with low-temperature coefficients that can
withstand hot environments. This investigation gives the
developers of solar photovoltaic water pumping systems an
overview of the average daily flow rate value; that can be
delivered for a specific head and photovoltaic configuration
prior to installing a photovoltaic water pumping system in a
specific site. Hence as demonstrated, the high-performance
ratio PR was approximately 72% gain in January and
December. On the other hand, the low-performance ratio
was approximately 61% and obtained in the month of July,
although the mean PR for the annual is around 66%.

The yields from PVsyst software are valuable results
for performance assessment and comprehending the
whole approach to systems design. This study uses simple
mathematical equations to assist scholars, developers,
and technicians understand the design method of solar
water pumping systems. Solar water pumping systems or
water pumps that use other sustainable energy are clearly
appropriate for rural and isolated regions. These appli-
cations might contribute to the regional communities’
social and economic growth. The future suggestedwork is to
adopt inclusive research of PVWP with a study of techno-
economic feasibility and investigate a big size of PVWP
systems for agriculture purposes. Also, study the use of high
potency solar PV modules such as the bifacial technique.
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