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Abstract

Solar energy has a good potential in several agriculture applications especially in rural and isolated areas and can be
considered as a clean substitution fuel instead of fossil fuels. The photovoltaic water pumping system is one of the best
alternative irrigation methods. This article presents a procedure for estimating the appropriate size of a photovoltaic system
designed to power a pumping system for four irrigation methods (surface, sprinkler, drip, and developed surface irrigation)
under different climate conditions for summer of three crops (cotton, thin corn, and soybean) and for winter of three crops
(wheat, Bean and Barley). The solar simulation model estimated the hydraulic power, photovoltaic (PV) peak power, PV
required area, total system costs and specific water demand according to the type of crop under different irrigation methods in
three different geographical locations in Egypt at a different total dynamic head 50,100, and 200 m. As a comparison between
the required water demand in several irrigation systems, it is found that the percentage of the amount of water demand per
Fadden (m3F) related to surface irrigation system for summer crops such as cotton crop was 85.7%, 79.9%, 66.7% in
developed surface, sprinkler, and drip irrigation respectively. While in case of thin corn crop was 74.3%, 79.9%, 66.7% and
for Soybean was 85.7%, 79.9%, 66.6%, respectively. In winter crops, the percentage of the amount of water demand per
Fadden (m3/F) related to surface irrigation system for wheat crop was 85.6%, 79.9%, 66.7% and for bean crop was 85.7%,
0.79%, 66.7% and for Barley crop was 85.7%, 79.9%, 66.6% in developed surface, sprinkler, and drip irrigation respectively.

Keywords: Solar water pumping system, PV sizing, Cost analysis, Irrigation methods, Beni-Suef.

1. Introduction

Water in several countries around the world
is facing a scarce resource due to water
contaminations, insufficient flow in some of the
rivers and an increase in water demand due to
increasing in population and installing new rural and
urban areas [1]. Global population growth and land
use changes due to agricultural land expansion have
intensified the need for world-wide fresh water. Due
to global warming, climate change is becoming more
impacting both potential fresh water supply and the
decline the amount of rainfall [2]. Egypt has a high
renewable energy potential including solar, wind and
biomass power [3]. While Egypt's farming area
stretches from 3.3265 km? or 7.91 million Fadden in
2003 (3.3 percent) to 3.7503 km? or 8.92 million
Fadden in 2012. It still needs to expand its farming
areas to meet the growth of its population [4]. Solar
power is the world's most plentiful energy source. It

is not only a solution to the current energy crisis; it is
also an environmentally friendly source of energy.
The generation of photovoltaic (PV) is an effective
solution to solar energy use. Solar panels are now
widely used for street lighting, communications and
meet household electric loads. Solar panel costs have
been steadily decreasing which encourages its use in
different sectors. One of its important applications is
the solar water pumping systems. Solar powered
irrigation system is considered an effective solution
for farmers in the current energy crisis. People used a
variety of power sources including animal power,
hydropower, wind, solar and diesel fuels [5]. Solar
water pumping system (SWPS) is currently
considered as an essential and vital solution to solve
the current gap between water requirements in the
agriculture sector. SWPS can be a cost-efficient and
stand-alone solution to meet remote watering needs.
The national specialized boards provided a
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comprehensive information for the availability of
underground water in the Egyptian desert [6]. There
have been many research efforts to reduce irrigation
water losses. Drip irrigation is the manner in which
the lowest water losses occur and thus the lowest
amount of water is required to water a plant
adequately [7]. The common methods of irrigation in
Egypt are surface, sprinkler, drip irrigation and
developed surface irrigation as following [8]:

a) Surface irrigation

It is the most common method that does not require
significant cost, as it is characterized by being easy to
use by submerging the soil with water

b) Sprinkler irrigation

Sprinkler irrigation is a simulation of the process of
rainfall on the ground and is one of the modern
irrigation systems that are used to irrigate the desert
areas with sandy land, which cannot keep the water
for long time and it is also suitable in irrigation of the
lands that irrigate the lifting of wells as it is also used
in clay lands. It can be easily controlled in the
amount and timing of irrigation water

¢) Drip irrigation

Drip irrigation is done by making suitable methods
that can deliver water to plants and those methods
delivered water solely in the forms of points, either as
continuous or separate, by using drops. Also, it works
to make the irrigation process highly organized.

d) Developed Surface irrigation

is considered the advanced surface irrigation that
controlled of water transported by pipes from the
source. It has developed techniques and methods

The advantage of using solar energy to power
agricultural water pump systems is that increased
livestock and irrigation water requirements tend to
coincide with the seasonal increase in solar incoming
energy. That means, the volume of water pumped by
the SWPS at a certain time depends on the total
amount of solar energy available during that period.
The SWPS's main components are the PV array and
its supporting construction, the electric controller and
the pump [9]. Solar pumps are classified as an either
positive displacement pumps or centrifugal pumps
(e.g., diaphragms, pistons or helical motor pumps).
The scope of this paper is to present a mathematical
model to evaluate the system performance of the
SWPS for irrigation of different crops under different
TDH. Finally, a complete sizing of the system
components is identified; the system cost, power, and
land requirements are estimated. Raturi [10]
presented a comparison of use of water pumping
system by diesel engines and solar power with a
feasibility analysis in a rural solar water pumping
system. The results of the production tests showed
that the cost of the water was EUR 0.65 per m® on the
basis of the financial simulation values. The

Egypt. J. Chem. Vol. 65, No. 3 (2022)

estimated pumping costs for solar energy rural areas
are 30 percent lower than those for diesel systems.
Zainutdinova and Lutpullaev [11] presented the
potential of solar energy and the prospect of
socioeconomic growth in remote and mountainous
areas. The market for solar pumps in Egypt depends
very much on the solar radiation and the quantity of
subterranean waters contained. The national standard
showed the availability of surface water in the
Egyptian desert in the following areas: Sinai, East
Delta, Middle Delta, West Delta, Middle Egypt,
Upper Egypt, Al-Wadi El-Gadid. Cuadros et al. [12]
presented an approach to design in Spain, a method
based on the assessments of irrigated water
requirement (IWR) for photovoltaic water pumping
(PVWP) systems for drip irrigation of the olive tree.
Hamidat et al. [13] developed a program to test the
efficiency of PVWP irrigation systems in the Sahara
regions. The study found that PVWP systems are
appropriate for small-scale irrigation of crops.
Zvonimir and Jure [14] presented a new optimization
of PVWP irrigation systems has been proposed. The
goal was to reduce the size of PVWP system in light
of IWR and water quality limitations different
irrigation water pumping  systems, in particular
(PVWP) versus Diesel Irrigation Water Pumping
System (DIWPS) and Wind Power Water Pump
(WPWP) systems. The working of PVWP is separate
from fossil fuels and thus overcomes all of the
associated difficulties: supply of fuel, fluctuating fuel
costs, fuel and oil pollution, emissions of exhaust gas
and greenhouse gases. Gad [15] added the PV
system-driven water pumping technology to a South
Sinai, Egypt through computer simulation software.
The program calculates the system's hourly
performance under different PV array guidelines on
every day of the year. Kathiriya et al .[16] illustrated
the performance evaluation of rain pipe irrigation
under solar photovoltaic pump and found the average
water horse power of solar photovoltaic pump ranged
from 2.05 to 2.40 hp, 1.84 to 2.16 hp and 1.68 to 1.97
hp at operating pressure of 0.25, 0.50 and 0.75
kg/cm2 during 10:00 am to 4:00 pm also showed
that the uniformity coefficient, distribution
uniformity and mean application rate is increased as
increased the operating pressure and the coefficient
of variation is increased as decreased the pressure.
Xie et al. [17] presented the Costs of Groundwater-
Fed Irrigation in Sub-Saharan Africa Under Two
Energy Solutions of Solar or Diesel. Also, compared
economic performance of groundwater pumping for
irrigation under two energy solutions of solar
photovoltaic (PV) and diesel fuel and estimated the
life-cycle costs of the power units of two pumping
systems for a range of crop and irrigation method.The
program calculates the system's hourly performance
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under different PV array guidelines on every day of
the year. Egypt is divided into three main agro-
climatic zones: (i) Lower Egypt (Nile Delta) which
extends from northern Cairo through to the
Mediterranean Sea and has some winter precipitation;
(if) Middle Egypt which runs from south Cairo to the
borders of Asyut and is characterized by limited
rainfall, and (iii) upper Egypt which run from Asyut
to Aswan also, the desert run from south Sinai to Red
Sea as shown in Fig.1[18].
The Geographical data for Beni-Suef in Egypt has
coordinate longitude (31.1086578°) and latitude
(29.0419507°), Alexandria has longitude (29.9°) and
latitude (31.20°), and Aswan has longitude (32.78°)
and latitude (23.97°).
2. Mathematical modelling
Some basic steps should be taken in consideration to
describe the complete design process of the SWPS:

a. Estimated the amount of solar energy falling on

the horizontal surface [19].

b. Water requirements calculation.

c. Calculating the Total Dynamic Head (TDH)

d. Select a pump to cover the water demand and

the desired pressure.

e. Sizing of PV capacity (kW)

f. Evaluation of system land needs.

g. Costs SWPS estimate.

Flowchart simulation software is built on the basis of
system components mathematical modelling as
shown in the flowchart in Fig. 2. This program
contains the necessary input data and all the design
results are generated by the excess production. The
program is versatile and can provide a variety of
solutions that meet input data and customer demands
and can be used by feeding the specific location
information to get similar results at any place around
the world.
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Fig.1. Main agro-climatic zones of Egypt.

2.1 Calculation of the water demand

Calculating of the water demand based on different
methods of irrigation for different crops per Fadden
in Beni-Suef city is the average water consumption
for many crops per Fadden ( @,.) mday that

provided from Agriculture Research Centre, Water
Mining and Field Irrigation Research Department
[20].

2.2 Calculating the total dynamic head (TDH)

TDH is the sum of the overall static head (hs), losses
in friction head (h) and minor head losses (hm). The
total static head is the difference in height between
the source of water input (Z1) and the outlet level
(Z2). The friction head losses (hr) are caused by the
wall shear stress on the interface between the tubular
fluid and the pipe walls. It is directly proportional to
the pipe length (L) and inversely proportional to the
inner diameter of the pipe (d).
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Fig.2. Flow chart of the simulation model.
Additionally, the friction head losses are related to a
friction factor (f), which is dependent on the
Reynolds number (Re) of the flow and the relative
roughness of the inner pipe walls (&). The minor head
losses (hm) in the system are due to the unstable
turbulent flow in pipe fittings, connectors and valves.
Its magnitude is quantified by a loss factor (k), which
is specific to each type of fitting and independent of
the fitting material [21]. The total dynamic pumping
head is represented as [22, 23].

TDH= h,+ h; + h,,=(z, — z,)
v® L

where 17 is the velocity of flow (m/s), f is the friction

factor, L is the length of pipe (m), d is the pipe
diameter (m) and k is the loss coefficient for

different components.

2.3 Pump Selection
Pump sizing can be calculated focused on these
factors [24]:

> Pump flow rate m? /day

» Pumping head (m).

> Type of operation (centrifugal or positive

displacement)
» Water source (surface or submersible).

2.4 Hydraulic power
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The hydraulic power,P;, required to lift a volume of
water over a total head, TDH
P, = pgQTDH @

Where p is the density of water (1000 kg/m3), g is

the gravitation (9.8 m/s?) and @ is the volume flow
rate (md/s).
2.5 Estimating the System Land Requirements

The area of the PV can be calculated from [25,26]:

B
A,, = —— ©)
Npp Ninp T B

where A,,,, is the photovoltaic module area, m? Ej is
the required electrical energy for pumps, Wh/d, 1;,,..
is the inverter efficiency, Ly is the PV efficiency, H

is the daily solar radiation, Wh/m? day, and T is the

temperature coefficient of panel.
2.6 Sizing the PV capacity (kW)
The power of PV can be calculated from [24].

Fpl-‘ = HHFHSG r-lpl-‘ (4)
where H__ is the standard solar radiation 1000 W/m?2

2.7 Cost calculation of SWPS

In the current simulation program, the overall cost of
the solar water pumping system is estimated taking
into account the direct unit price of each of the
system components, such as photovoltaic panels,
frames, inverters, pumps, pipes and cable systems.

3. Results and Discussion

Results illustrated several simulations runs for data of
different crops: in Cotton, Thin corn and Soybean in
summer and Wheat, Bean and Barley in winter by
different irrigation methods: Surface, Sprinkler, Drip
and Developed Surface irrigation at different head
50,100 and 200 m, at specific water demand that
based on the type of crop. Figures 3-8 illustrate a
sample of 3 crops in each season in Beni-Suef city.
Figure 3 illustrates the relation between hydraulic
power and head of different crops under different
irrigation methods. According to the amount of water
needed for each crop at different TDH, the power
required for pumps (kW) for different summer crops
are between (5 to 50 kW) and for winter crops are (2
to 24 kW) and may be increased depending on values
of TDH. It was found that the lowest pumping power
was in case of drip, sprinkler, developed surface and
flooded (surface) irrigation system for cotton, wheat,
bean, soybean and barley respectively. While in case
of the thin corn crop, it is found that the pump power
in sprinkler irrigation method is higher than that in
surface developed irrigation method that refers to the
amount of water needed for this crop.
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Figure 4 illustrates the water demand per Fadden for
comparison between summer, winter crops. It is clear
from the figure that the surface irrigation method has
higher water consumption than other methods and
on the other hand, thin corn crop in case of sprinkler
irrigation has higher amount of water than the
developed surface and drip irrigation methods
because that type of corn needs higher amount of
water in case Sprinkler than developed surface
irrigation.

The comparison showed that developed surface
irrigation method is better than surface irrigation
method to provide amount of water. The calculated
data showed the amount of water required ranges in
case surface irrigation in summer crops from (380.9
to 509.25 m3/day) and in winter crops was from
(2115 to 241 m¥day) but in developed surface
irrigation method in summer crops is from (326.5 to
436.5 m%/day ) and in winter crops was from (181.25
to 206.625 md3/day) also, Summer crops required
amount of water in case of sprinkler irrigation from
(304.7 to 407.3 md¥/day) and drip irrigation from
(253.9 to 339.5 m®¥day) and winter crops required
amount of water in sprinkler irrigation method from
(169.166 to 192.75 m®/day) and in drip method from
(141 t0160.6 m®/day) as shown in Fig.4.
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Irnigation Methods for Soybean
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Fig.3. Relation between pump power and head of
different irrigation systems in Beni-Suef city.

Figures 5-8 showed electric energy consumed (KWh),
exact areas of PV panels (m?), power of PV (kW),
and total costs at different heads for different crops in
two seasons; summer and winter respectively. The
electric energy consumed can be calculated as given
in Table 1. The energy consumed at different TDH is
illustrated in Fig.5 for different crops.
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Trrigation Methods Table 1. Calculated required electric energy
) ‘ consumed (kWh) at different TDH for many crops
mSufoce W DeveiopedSulace MSpiker W 0rp under four irrigation methods in Beni-Suef city.
600
(E“:TSUU Summer | Surface | Developed | Sprinkler | Drip
= Crops irrigation | surface irrigation | irrigation
40 irrigation
E o Summer crop, TDH=50 m
< 20 cotton 60.998 [ 52.283 48.794 40.662
E 100 Thin Corn | 58.912 43.780 47.126 39.280
= ) Soybean 81.547 69.897 65.233 54.364
cotton thincomn soybean TDH=100 m
Summer Crops cotton 121.997 | 104.566 97.588 81.324
* Thin Corn | 117.824 | 87.559 94.253 78.560
Irrigation Methods Soybean 163.093 | 139.794 130.467 108.729
mSurface  m Developed Surface  m Sprinkler  m Drip TDH=200 m
cotton 243,993 | 209.131 195.176 162.647
L0 Thin Corn | 235.648 | 175.119 188.506 | 157.120
;;w‘ 250 Soybean 326.186 | 279.588 260.933 217.458
w - Winter Crops| TDH=50 m
= Wheat 33.868 | 29.024 27.089 22.578
-E 150 Bean 30.492 26.141 24.393 20.323
£ Barley 38.592 33.087 30.865 25.721
u TDH=100 m
£ 50 Wheat 67.736 58.047 54.178 45,157
5 . Bean 60.983 52.283 48.786 40.646
W Barley 77.183 66.174 61.730 51.442
eat Bean Barley
- TDH=200 m
Winter Crops Wheat 135471 | 116.095 | 108.355 [ 90.314
Fig.4. Water demand for different crops (m®/day) in Bean 121.966 | 104.565 97.573 81.293
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Fig.5.b Electric energy consumed (kWh) at head =
100 m in Beni-Suef city for different crops
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Fig.5.c Electric energy consumed (kWh) at head =
200 m in Beni-Suef city for different crops
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Fig.5.d Electric energy consumed (kWh) at head =
50 m in Beni-Suef city for different crops
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Fig.5.e Electric energy consumed (kWh) at head =
100 m in Beni-Suef city for different crops
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Fig.5.f Electric energy consumed (KWh) at head =
200 m in Beni-Suef city for different crops

The total actual area of photovoltaic (m?) at different
TDH and the variation of PV peak power and it is
related area for different crops under four irrigation
methods in Beni-suef city at different TDH is shown
in Figs.6 and 7.
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Fig.6.a Exact area of panels, m? of different crops in
Beni-Suef city at Head = 50 m
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Fig.6.b Exact area of panels, m? of different crops in
Beni-Suef city at Head = 100 m
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Fig.6.e Exact area of panels, m? of different crops in
Beni-Suef city at Head = 100 m
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Fig.6.f Exact area of panels, m? of different crops in
Beni-Suef city at Head = 200 m
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Fig.7.a PV peak power variation of different crops at
head=50 m in Beni-Suef city.
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The system cost depends on several parameters, for
instance manufacturing country, company, brand
name (for the main components like PV panel,
pumps, and inverters), PV type of technology as
mono crystalline or polycrystalline silicon, thin film,
etc. Fig.8 illustrates total cost of different crops at
different heads.
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Fig.8.b Total costs of different crops at head = 50 m
in Beni-Suef city
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at H=200 m

BSurface B Developed Surface imgation W Sprinkler ¥ Drip
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Fig.8.c Total costs of different crops at head = 200 m
in Beni-Suef city
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Fig.8.d Total costs of different crops at head =50 m
in Beni-Suef city
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Fig.8.e Total costs of different crops at head = 100 m
in Beni-Suef city

Figures (9&10) illustrate the relation between head
and hydraulic power at different crops in summer and
winter for different irrigation methods in Alexandria
and Aswan respectively. According to the amount of
water needed for each crop in Alexandria and Aswan
at different TDH, the power required for pumps (kW)
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for the following summer crops are between (5 to 45
kw) and for winter crops are (2 to 22 kW) in
Alexandria and in Aswan the power required for
pumps (kW) in summer crops are (5 to 60 kw) and
for winter crops are (5 to 30 kW). The values of
pump power are increased depending on the values of

TDH as shown in Figs. (9&10).
mSurface wDeveloped Surface mSprnkler WDap 3t H=200m
700,000
{5600,000
500,000
B 400,000
300,000
& 200,000
100,000
0

:

Wheat Bean Baley
Winter Crops
Fig.8.f Total costs of different crops at head = 200 m
in Beni-Suef city
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Fig.9.a The relation between pump power and head
in Alexandria city
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Fig.9.b The relation between pump power and head
in Alexandria city
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Fig.9.c The relation between pump power and head
in Alexandria city
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Fig.9.f The relation between pump power and head in
Alexandria city
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Trrigation Methods for Soybean

Irrigation Methods for Barley
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25000 Suef and Aswan, cities, respectively. Therefore, four
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= 15000 _shown in Fig.11. Also, it can be calculated as given
g in Table 2.
& 10000
5000 Table 2. Calculated water demand (m?3/day) for some
; crops in the three cities.
0 % 10 150 0 % Crops | Surface Alexandria | Beni- | Aswan
irrigation Suef
Head (m) Cotton 3454 381 | 4895
Fig.10.d The relation between pump power and head Thin Corn 337.5 367.9 | 467.5
in Aswan city. Soybean 464.9 509.3 | 648.8
Trrization Methods for Bean Crops | Developed | Alexandria | Beni- | Aswan
- Surface Suef
=g SUrTaCE ITigation === Sprinkler —4=Dripp irrigation —#—Developed Surface irrigation
Cotton 296 326.5 | 419.6
30000 Thin Corn 289.3 273.4 | 400.7
25000 Soybean 398.5 436.5 | 556
Crops | Sprinkler | Alexandria | Beni- | Aswan
‘; 20000 irrigation Suef
= 15000 Cotton 276.3 304.7 | 391.6
. Thin Corn 270 2943 | 274
£ 10000 Soybean 371.8 407.3 | 519
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e irrigation Suef
0 Cotton 230.2 253.9 | 326.3
0 50 100 150 00 250 Thin Corn 225 245.3 | 311.7
Head (i) Soybean 309.9 339.5 | 432.5
Fig.10.e The relatiqn between_pump power and head As comparison between PV peak power (kW) in
in Aswan city.
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several irrigation systems at TDH (50,100 and 200
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m), the percentage of PV peak power per Fadden at
TDH (50 and100 m) respectively related to TDH 200
m for studied summer crops in three cities for
different irrigation methods are 25% and 50%. The
results from the simulation model are used to
compare PV peak power (kW) variation with
different crops at previous irrigation methods of the
same crops as a sample for the same studied cities, at
TDH =50 m as an example as shown in Fig. 12.

| Developed Surface Irrigation Method |

mAlexandria mBeni-Suef mAswan

= 600
o
= 500
£
= 400
H
g 300
T 200
o
+ 100
2
Cotton.

Thincom Soybean
Crops

Fig.11.a Comparison between water demands
(m3/day) of crops for different cities under different
irrigation methods

|Surface Irrigation Mel.hod|
B Alexandria  ®Beni-Suef  ®WAswan
% 700
= 600
£ 500
2 400
E 300
« 200
w
= 100
= 0
Cotton Thincom Soybean
Crops

Fig.11.b Comparison between water demands
(m?3/day) of crops for different cities under different
irrigation methods
Table 3. indicates the exact calculated data of
photovoltaic peak power values (kW) with some
crops at TDH 50 m per Fadden as sample at three
cities under four irrigation methods. Fig.13 illustrates
the total cost of the PV panels for different water
demand applied loads for the same studied cities,
Alexandria, Beni-Suef and  Aswan cities,

respectively, for TDH = 50 m as example.
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Fig.11.c Comparison between water demands
(m?3/day) of crops for different cities under different
irrigation methods
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Fig.11.d Comparison between water demands
(m?3/day) of crops for different cities under different
irrigation methods
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Table 3. calculated PV peak power values (kW) with
different crops for three cities using different
irrigation methods at TDH 50 m.

Crops | Surface Alexandria | Beni- | Aswan
irrigation Suef
Cotton 9.5 10.8 | 15.3
Thin Corn 8.6 9.9 15.5
Soybean 11. 129 | 16.8
Crops | Developed | Alexandria | Beni- | Aswan
Surface Suef
irrigation
Cotton 8.2 9.3 13.1
Thin Corn 74 74 134
Soybean 9.7 117 | 144
Crops | Sprinkler | Alexandria | Beni- | Aswan
irrigation Suef
Cotton 7.6 8.7 12.3
Thin Corn 7.0 8.1 12.5
Soybean 9.1 116 | 134
Crops | Drip Alexandria | Beni- | Aswan
irrigation Suef
Cotton 6.3 7.2 10.2
Thin Corn 5.8 6.6 10.4
Soybean 7.8 8.6 13.4




240 A. Gamal et.al.

Surface Irrigation Method

B Alexandria mBeni-Suef = Aswan

gls
élfl
12
g 10
A8
g 6
Ag
R 2
0
Cotton Thincon Soybean
Crops

Fig. 12.a Comparison of Solar PV peak power
variation of different crops in different cities
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Fig. 12.b Comparison of Solar PV peak power
variation of different crops in different cities
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Fig. 12.c Comparison of Solar PV peak power
variation of different crops in different cities
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Fig. 12.d Comparison of Solar PV peak power
variation of different crops in different cities.
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The system cost depends on several parameters, for
example manufacturing country/company, brand
name (for the main components like PV panel,
pumps, and inverters), PV type of technology (for
example, mono crystalline or polycrystalline silicon,
thin film, ...etc.). As in this study for the three cities,
several runs of the simulation model were performed
to provide the total cost of the solar water pumping
system in L.E for different irrigation methods per
Fadden at different TDHs. The obtained results are
shown in Fig.13.
| Surface Irrigation Method]

o Alexandria mBeni-Suef mAswan

250,000

3 200000
=
= 150,000
8
© 100,000

F 50,000

0
Cotton Thincom Soybean
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Fig.13.a Comparison between total costs (L.E) of
different crops for different cities.
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Fig.13.b Comparison between total costs (L.E) of
different crops for different cities.
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Fig.13.c Comparison between total costs (L.E) of
different crops for different cities.
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Fig.13.d Comparison between total costs (L.E) of
different crops for different cities.

4. Conclusion

Solar water pumping systems are considered to be a
feasible solution for many applications in rural and
remote areas, especially where traditional sources of
electricity are not accessible or available at affordable
prices, because of the quick need for sustainability.
The present study focused on a study for a complete
design of a photovoltaic solar water pumping system
for irrigation under different irrigation methods
components with different total dynamic head and
specific water demand based on the type of crops.
This is done by the presently developed computer
program. The hydraulic power, PV peak power, PV
required area, and total system costs for different
total dynamic head ranged from 50,100 and 200 m
were calculated in Beni-Suef city and also done a
comparison between Beni-Suef, Aswan and
Alexandria. The simulated results can give for any
head, the corresponding pump electric power at the
desired total dynamic head, the required PV peak
power and its related area requirements and the
corresponding total cost of the system components in
L.E. The amount of water demand percentage per
Fadden (m®/F) for summer crops as a cotton crop in
case developed surface, sprinkler, drip irrigation
respectively, is (86 %, 80 %, 67%). Also, the thin
corn crop save amount of water per Fadden under
previous irrigation methods is (74%, 79%, 66%)
respectively, and Soybean has (85 % ,79.9 %, 66.7
%). In winter crops as Wheat crop provides amount
of water percentage per Fadden under surface
developed, sprinkler and drip irrigation are (85%,
79%, 66%) also, the Bean crop save amount of water
per Fadden under previous irrigation methods
respectively, is (85.7%, 80%, 66%) and Barley has
(86%, 79.97%, 66%). Due to the hot climate and
increasing the rate of evaporation, the number of
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irrigation periods is increased in Aswan city which
consequently increasing its water demand /Fadden
which leads to increasing the power of PV system
and its cost respectively even it is located in hottest
weather than Ben-suef and Alexandria cities. Several
simulations were performed through most of
Egyptian cities focusing on previous three cities. The
present results offered a powerful tool for designers,
users as well as costumers and it is found that the PV
solar water pumping system is economically feasible
and can be used anywhere in the world as long as the
data relevant to the site is fed to the program. The
result indicated that Beni-suef city has a significant
potential for solar water pumping system to provide
clean energy sources needed for irrigating the desert
area located nearby the governorate to provide
sustainable development with a clean environment to
the new land reclamation community.
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Nomenclatures

Apy PV area, m?

d Pipe diameter, m

EL daily required electrical energy for
pumps the Wh/d

f friction factor

g Earth gravity, 9.8 m/s?

H Daily irradiation, Wh/m?/d

Hsc Standard solar irradiation, 1,000
W/m?

hf Major loss, m

hm Minor loss, m

hs Total static head, m

k The loss coefficient for different
component.

| Pipe length, m

Pn The hydraulic Power, W
Ppyv PV power, W
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Q Total water demand per day, m%/day

TDH  Total Dynamic Head, m

Tc Temperature correction factor of the
PV module

v Velocity of flow, m/s

12> Height difference between water
source inlet (z1) and level of water
outlet(zz), m

p Water density, kg/m?®

inv Inverter efficiency

o PV efficiency
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