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ABSTRACT: Solar water pumping for irrigation and drinking purposes is considered one of the
most recently power system needed. The most important usage of solar pumping systems is to irrigate
the agricultural lands to help farmers instead of using electrical or fuel system that take a lot of time,
high cost, effort and much losses. In this research, the performance evaluation of a mini water pump (5
Watt) powered by small solar photovoltaic (PV) panel (10 Watt) was investigated to supply the needed
water for irrigating roof cultivation units. The experiments were carried out at Faculty of Agriculture,
Zagazig University, Sharkia Governorate, Egypt (Latitude 30.5° — Longitude 31.5°) in winter and
summer seasons of 2018. Two solar pumping systems were evaluated; DC solar pumping system
(DSPS) and AC solar pumping system (ASPS) under different operating parameters of PV panel tilt
angles (15°, 30°, 45° 60° and 75°), solar radiation hours during daylight (9:00 to 15:00) and pumping
heads (0 ,0.5, 1 and 1.5 m). All parameters were evaluated by determinations of pumping discharge,
hydraulic energy, pump efficiency and cost. The obtained results revealed that, the best PV panel tilt
angle for Zagazig region was 45° and 30° in winter and summer, respectively. Discharges and
pumping efficiencies of ASPS were higher than DSPS. The optimum pumping conditions were 0.25
and 1 m of pumping heads with 220 l/hr., and (83 1/hr., for winter, 88 I/hr., for summer) of pumping
discharge for ASPS and DSPS, respectively. Pumping costs of one cubic meter of water by DSPS at
pumping heads of 0, 0.5, 1 and 1.5 m were (0.16, 0.17, 0.19 and 0.21 LE) and (0.15, 0.17, 0.19 and
0.21 LE), during winter and summer seasons, respectively. While pumping costs of one cubic meter of
water using ASPS were about 0.22, 0.45, 1.23 and 7.11 LE/m’ at the same heads, respectively. So, a
small size of solar PV power system can be efficiently supply irrigation water for roof cultivation units.

Key words: PV, DC solar pumping system (DSPS), AC solar pumping water (ASPS), tilt angle,
discharge, hydraulic energy, pump efficiency, cost.

INTRODUCTION conventional electricity because of savings in
the construction of infrastructure and cables

In Egypt, although the exerted huge efforts of extends. Also, high and continuous rapid in

government to face the challenges of lack access diesel prices and transporting costs in addition to
to grid electricity due to the inability of current its environmental problems make that non-
producing to catch up with the rapidly increase reliable source of energy. Therefore solar PV is
in population (Khattab et al., 2011), therefore, considered one of fastest growing RE technologies
depending on electric power source in remote in the world. This is due to its simplicity
and developing rural areas suffers many problems. installation, flexibility size, low operation and
So, it became necessary to utilize the renewable maintenance cost, environmentally friendly
energy (RE) sources to produce the needed because there is no harmful greenhouse gas
requirements of energy for developing those emission from it (Said e al, 2017).
communities. Whereas, the cost of producing Additionally, solar PV panels are easy to install
electricity from RE sources is lower than on rooftops, producing no noise, having no
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moving parts and depending on solar energy
which freely supplied by nature and available
anywhere there are sunlight. Egypt is one of the
largest potentials of solar energy applications in
the world. It locates in the World Sunbelt area
and enjoys 9-11 hr., of daily sunshine with
annual normal direct solar energy of 2000-3200
kWh/m®. Egypt’s present energy strategy
encouraged and intended to increase the share of
RE to 20% of Egypt’s energy balanced mix by
2022 (NREA, 2011). So, and according to the
present national plan of solar power is to install
3500 MW by the year 2027; including 700 MW
of PV (NREA, 2013).

In this context, supplying energy for agricultural
applications particularly, water pumping for
irrigation or drinking purposes requires alternative,
clean, reliable and available low-cost systems
instead of using diesel generators or electric
motors. One of the most advantages of the solar
PV water pumping system was the most less
cost system over the years in comparison to
diesel, gasoline even electricity pumps.
Additionally, operating cost is very low because
it doesn't require fuel. It has a very low
maintenance cost if the system has well set up,
only it requires a simple periodic maintenance
for cleaning of panels. The lower cost of solar
pumping system will be selected by all farmers
in the future because not only, the cost of PV
panel decreased by over 80% in the last 10 years
but also, the cost of diesel or gasoline increased
by over 250% (Foster and Cota, 2014), Hence
there was a comparison between two systems
the first was PV water pumping system while
the second was diesel water pumping system by
the life cycle cost (LCC) analysis resulted that
the first system was the more economical choice
(Narale et al, 2013). On other hand the PV
water pumping system was obtainable as the
commercial product, had proved efficiency,
require few expert manpower once when
operated, and maintenance cost was much low
and cheap (Yingdong et al., 2011). Moreover,
solar PV is characterized as a renewable resource
doesn't produce any harmful contaminants to the
surrounding environment vice versa in the case
of fossil fuels which produce harmful gases
(Guiqiang et al., 2017). Actually, it is found
that, one of the main functions of PV water
pumping systems is to decrease ecological
effects as a result of the extravagant use of fuels,
especially in irrigation (Gopal et al., 2013).

Noting that, the water pumping using solar PV
was one of the best systems for irrigation
(Shinde and Wandre, 2015).

Singh and Mishra (2015) designed a mini
unit that consisted of water tank with size of
(400x400 x 300) mm, pump shaft coupling, DC
motor voltage of 24 V, current of 14 A and
power of 250 W, PV 8 A/21.6 V/150 W (Gad,
2009) investigated a DC water pump working by
PV in Egypt. The pumping discharges were
24.06, 21.47 and 12.12 l/day in summer, equinoxes,
and winter, respectively, and the PV efficiencies
were 13.86 and 13.91% in winter and summer,
respectively. The dynamic head of the pump
impacts the performance of this system. In hours
of the early morning or near to hours of evening
time, the solar radiation was lower so the
efficiency of the system was high when used a
small of the head. Reciprocally in the hours at
noon, the radiation was highest, and then the
system using a big head was the highest
efficiency. The max electricity efficiency from
the PV panel is influenced by the tilt angle
(Benghanem ef al, 2014). Hamidat and
Benyoucef (2008) designed a DC pumping
water system and AC pumping water system.
The two systems of PV pumping were first
consisting of centrifugal pump and AC engine
and second system consist of positive displacement
pump and DC engine which have been tested
with result the DC system was the best performance
comparatively. Also, (Chandel et al., 2015)
reported that, the DC pump solar system without
storage power in the battery was still low cost,
easy and reliable to used small irrigation system
with the sprinkler or drinking water supplies.

In this context, solar water pumping has been
focused whereas; it can be directly converted
solar energy into electricity for water pumping
using PV solar panels. Whereas, it can produce
electricity for either storing in batteries or using
directly in DC motors or converting into AC by
using inverter and then connecting water pumps.
So, as a contribution for sharing and using PV
systems in small applications to participate in
achieving the national plan of solar power in
Egypt, this paper aims to study and evaluate the
performance of small PV water pumping system
(5 Watt of pump, 10 Watt of PV) in summer and
winter seasons to supply the needed irrigation
water for roof cultivation units.
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MATERIALS AND METHODS

The investigation was carried out during
winter and summer seasons of 2018 at Faculty
of Agriculture, Zagazig University, Zagazig, Sharkia
Governorate, Egypt to evaluate technically and
economically a small installation of solar PV
water pumping system suit to roof cultivation
units under solar Egyptian radiation conditions
in Sharkia Governorate, Zagazig District.

Materials
Solar PV water pumping system

A solar PV water pumping system was installed
as shown in Fig. 1. It consists of:

Solar PV panel

A 10 Watt solar PV panel (model of STPV-
36CELLS A Grade), is a packaged type of
polycrystalline connected assembly of crystalline
silicon photovoltaic cells, was used as a DC
output power source for operating of water
pump. It has 0.56 A,,/17.9 V,,, and 0.62 A
/21.5 V. with dimensions of 310 x 217 x 17mm.
Solar PV panels use light energy of the sun to
generate electricity through the photovoltaic effect.

Pumps

Two pumps with the same power were
evaluated: the first one was a DC pump (with
specifications of: 5 Watt of power size,
dimensions of 90 x 40 x 35 mm and 0.5-
0.7A/12V); the second was an AC pump (with
specifications of: 5 Watt of power size,
operating voltage of 220-240 V and 50 Hz of
frequency).

Voltage regulator

It was used to stabilize the outside voltage of
the solar PV panel to 12 volt to operate pumps.
This worked to protect pumps from any
increased voltage difference that can cause
damage of pumps. The maximum ampere was SA.

Battery

A battery (model of UNKOR MxVolta) was
used with specifications of 12V/7 Ahr., 20 hr.,
to store the produced electrical energy by the PV
panel.

Charger controller

The charge controller was used in PV solar
pumping water system if was used the battery so
as to keep the battery from the overcharging.
The model used was (ISO 9001) with rated
voltage of 12/24V and the current of 20A.

Invertor

The inverter was used to convert direct
current (DC) to alternating current (AC) by the
capacity of 500 W and the input voltage was 12
V and the output voltage was 220 V. The model
used was (HOPSON V500).

Roof cultivation units

Four basins of wood with dimensions of 150
x 100 cm were used on different heights of 0,
0.5, 1 and1.5 m from roof level to test pumping
system on these heads, as shown in Fig. 2. The
basins had been cultivated with Thyme (7Thymus
Vulgaris). It is a medicinal and aromatic plant. It
was cultivated in two rows (50 cm in length and
each row containing 5 plants for one basin). It
has many uses like in cooking, medicine to treat
gastrointestinal diseases and field of cosmetics.
The medical part used by Thyme is the
flowering branches and leaves. It was generally
common in the countries of the Mediterranean
basin, which is found in all types of land,
preferably sandy and yellow.

Methods

Experiments were conducted to evaluate two
installations (as shown in Fig. 3) of solar PV
water pumping systems during winter and
summer seasons of 2018 year; DC solar
pumping system (DSPS) and AC solar pumping
system (ASPS). Each treatment was for three
consequently days for replicates. Two systems
were 10 Watt of PV power and 5 Watt of pump
power. They were evaluated by determinations
of PV efficiency, pumping discharge, hydraulic
energy, pump efficiency and cost under the
following conditions:

Different PV tilt angles (15°, 30°, 45°, 60° and 75°)
Different daylight hours (from 9:00 to 15:00)
Different pumping heads (0, 0.5, 1 and 1.5 m)
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Orientation of PV panel

A 10 watt PV was oriented to face exactly
the South direction (as shown in Fig. 4) with
different tilt angle (o) to choose the best angle
for winter and summer seasons to optimum the
PV efficiency of collecting and converting solar
radiation to electricity by indicated output
ampere and voltage measurements.

Measurements and Determinations
Solar radiation

The solar radiation intensity during operating
daylight hours (9:00 to 15:00) was measured
using a solari-meter (Model of TES-132,
TENMARS, Taiwan), with measuring range of
0-2000 W/m?, resolution of 0.1 W/m’ and
accuracy of £ 10 W/m’.

Volt and amber

Digital multimeter (Model of UT33C) was
used to measure the output current and voltage
for PV and pump. All ranges could be selected
by a single rotary switch which set both the
function and the range value. The DC Voltage
ranges are: 200mV, 2000mV, 20V, 200V and
500V. While the current measurement was 4
positions on the rotary switch: 20mA, 200mA,
2000 mA and 10A. And it was used of 20V and
10A to measurement volt and ampere. Fig. 5
showed the connecting methods for measuring
operations in both DSPS and ASPS installations.
Whereas, using the multimeter in AC circuit was
with battery, inverter and AC pump, while at
DC circuit was with PV panel, voltage regulator
and DC pump.

Efficiency of PV panel

The efficiency of PV panel to calculate the
gained energy from the incident solar energy for
each tilt angle for winter and summer seasons
was determined using the following equation:

I..x
—1ovVov 100 (Chandel er at,, 2015)
SRXAPV

MNpy
Where:

nev = PV efficiency (%)

Ipy = Output current of PV (Ampere)

v,,~ Voltage output PV (Volt)

SR = Average solar radiation intensity (W/m?)
Apy= Surface area of PV panel (m?)
Electrical energy

The required electrical energy for operating
the pump was calculated as the following
equation:

E.=1 V. Cos6
Where:

E.= Electrical energy of the pump (Wh)

I= Current intensity (Ampere)

V = Voltage (Volt)

Cos0 = power factor (0.7) (Umran, 2015)
Hydraulic energy

The output hydraulic energy of pump was
calculated as the following equation:
_ prgxQxt«<TDH
B 3600

E, (Chandel et al., 2015)

Where:

E,= Hydraulic energy of pump (Wh)

p = The water density (1000 kg/m”)

g = The gravity acceleration (9.81 m/s’)

TDH = The total dynamic head of pump (m), it
concludes the head of pump and the head
required to overcome friction loss (hy , as
following the equation:

TDH=H + hy
Where:

h= required head to overcome friction loss
taken (20% of H).

Q = the discharge of pump (m’/s), The pump
discharge was measured using a stopwatch and a
scale pail of 18 L of plastic and the volume of
water out of the pump was calculated in 5
minutes for each replicate then calculated as
following equation:

Where:
Q= Discharge of pump (m’/s)
V= Volume of water (m®)

t = Time (sec.)
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Fig. 5: Measuring methods of voltage and ampere in DC and AC systems

Total efficiency of pump

The total efficiency of the pump was
calculated as the following equation:

Eh

Nep =

Where:

Ny = Total efficiency of the pump (%)

0.4 = Factor of transmitted power for small
pumps (Frederick, 2010)

— _EL % 100 (Benghanem et al., 2014)

and ASPS

et al., 2009).

Life cycle cost (LCC) analysis of DSPS

The life cycle cost analysis was carried out
for the DSPS and ASPS power systems
assuming useful life of 20 years for PV panel
system and ten years life for battery. The capital
cost for two system is given in Table 1 (1$ =
17.8 EGP. This cost analysis was estimated in
the following LCC analysis according to (Chel
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Table 1. The capital cost of DSPS and ASPS
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Components of system Cost (LE)

DSPS ASPS
PV 175 175
Cables 35 35
Voltage regulator 65 _
DC Pump 100 _
AC Pump _ 50
Battery _ 390
Inverter _ 300
Charge controller _ 400
Total 375 1350

Present maintenance cost Where:

1+ -1

S axas ™

Where:
Py= Present maintenance cost (EGP).

Cy= Annual maintenance and repairs cost (taken
2% of capital cost).

i = Interest rate (taken 10%).

Net present cost

Pree =Fi+ Py + [{f?i;lﬂ] B [(1 +SiJ3'3']
Where:
Pne= Net present cost for PV (EGP).
P;= Capital cost (EGP).
Cg.p= Battery and pump cost (EGP).

S= Salvage value of system at the end 20 years
(taken 15% of capital cost) (EGP).

Annualized cost
(ix(1+1i)*

Bl (GRS

Where:

A=Annualized cost of system (EGP).
Cost per unit of electricity generated

_Aa

=7

C= Cost per unit of electricity generated by PV
(EGP/kWh).

U= Total annual electrical energy used from PV
(kWh/year).

Specific (Criterion) cost

Criterion cost of pumping one cubic meter of

water by two systems (DSPS and ASPS) was

calculated in (LE/m’), as the following equation:
C
Cy = 5

Where:

Cy = Criterion cost of pumping 1m’ of water
(LE/m’).

V= Pump productivity (volume of pumping
water per one kWh of electrical energy from
PV) (m’/kWhr.).

Pump productivity

Q

V. =
E = Ep
Where:

E,= Required electrical energy for one hour of
pumping (kWh/hr.)

Q= Discharge of pumping (m’/hr.)
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RESULTS AND DISCUSSION

Effect of Tilt Angle on PV Efficiency

The obtained results of PV efficiencies at
different tilt angles during day light from 9:00 to
15:00 are shown in Fig. 6. The results showed
that, in general, the output ampere values of the
PV panel as well as the PV efficiencies are
affected majority by the tilt angle and
orientation of PV panel. This is due to the
proportional relation of incident solar energy on
PV panel and the output power (ampere and
volt). Whereas tilt angle as a function of latitude
is an important parameter affecting the
orientation of incident and reflected solar
radiation into/out of panel surface. Average
solar radiation intensity increased gradually
from 9:00 hour and reached to the peak at 11:00
to 13:00 hour then decreased to 15:00 hour.

In winter (28/1/2018), PV panel efficiencies
increased from 15° until reached to the peak at
45° then decreased slightly until to 75° (in
Egypt, latitude of 30.5° and longitude 31.5%). At
average and maximum solar radiation intensity
of 423, 525 W/m’, respectively, the average
daily PV efficiency was 28.4, 31.8, 36.9, 32.6
and 30.7 % for tilt angles of 15°, 30°, 45°, 60°
and 75°, respectively. This because the incident
sunbeam angle with the vertical plane is high, so
increase of tilt angle led to increase the output
power of PV panel as a function of gained solar
energy till reach 45°. The 45° tilt angle of PV
panel was the best angle. Higher or lower than
angle of 45° led to reduce the normal solar
radiation on the panel surface and increase the
reflected solar radiation.

While in summer (29/7/2018), vice versa PV
efficiencies increased by reducing the tilt angle
because the lower incident angle of solar
radiation and perpendicularity of sunlight during
most daylight hours. The 30° tilt angle of PV
panel was the best angle. Whereas, at average
and maximum solar radiation intensity of 810,
891 W/m’, respectively, the average daily PV
efficiency was 18.1, 21.3, 17.5, 15.6 and 14.9 %
for tilt angles of 15°, 30°, 45°, 60° and 75°,
respectively.

Finally, it should be noticed that, values of
PV efficiencies in summer compared to winter
season was reduced. This is due to the great

impacts of solar radiation changes and temperature
levels on PV panel power output and its efficiency.
Additionally, high temperature levels affect
negatively the PV efficiency whereas there is an
inverse proportion between temperature and
panel power. Therefore, the PV panel power
decreases when the ambient temperature increases.
So, the PV panel was tilted with angle of 45°
and 30° for winter and summer, respectively for
all treatments of pumping evaluation.

Pumping Evaluation of DSPS

The results of pumping discharges at different
heads and solar radiation variations during daylight
from 9:00 to 15:00 for three days in winter and
summer seasons were shown in Figs. 7 and 8,
respectively. The obtained results showed that,
in general, the discharge of pump in head 0 m is
the highest one and by increasing the head until
to 1.5 m, the discharge decreased. Where the
discharge is inversely proportional to the head of
pumping. Also, the results revealed that, the
discharge as well as the solar radiation increased
gradually from 9:00 hour and reached to the
peak at 11:00 to 13:00 hour then decreased to
15:00 hour.

In winter, the average daily pumping discharges
for three days were 100.8, 93.2, 83 and 77.5 l/hr.,
at average solar radiation intensity of 508.3 W/m”
for head 0, 0.5, 1 and 1.5 m, respectively. While
in summer, the average daily pumping
discharges were 116.2, 101, 88.1 and 80.4 l/hr.,
at average solar radiation intensity of 782 W/m’
for heads 0, 0.5, 1 and 1.5 m, respectively.

Hydraulic Energy and Pump Efficiency
of DSPS

The wvariations of hydraulic energy and
efficiency of pump for DSPS at different heads
and sunlight hours during daylight from 9:00 to
15:00 for three days in winter and summer
seasons were shown in Figs. 9 and 10,
respectively. From the obtained results, it can be
said that, the hydraulic energy and efficiency of
pump in head 1.5 m is the highest one and by
decreasing the head until to 0 m, they decreased.
Where the hydraulic energy and efficiency is
proportional to pumping head. Also, the results
revealed that, the hydraulic energy and
efficiency were related to a large extent to the
solar radiation variations during daylight.
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Fig. 10. Variations of hydraulic energy and pump efficiency of DSPS in summer

In winter, the average values of hydraulic
energy (for the three days) were 0.03, 0.15, 0.27
and 0.38 Wh with pumping efficiency of 3.1,
13.8, 23.4 and 31.6% for head of 0, 0.5, 1 and
1.5 m, respectively. While in summer, the
average values of hydraulic energy were 0.04,
0.17, 0.29 and 0.4 Wh with pumping efficiency
of 3.6, 15.5, 25.2 and 33.7 % for head of 0, 0.5,
1 and 1.5 m, respectively.

Pumping Evaluation of ASPS

In fact, performance pumping of ASPS
haven’t influenced by the season. This is due to
its dependability on battery as a power source
for operating of the AC pump. But the charging
of battery affected by the solar radiation
intensity during winter and summer seasons. So,
battery completely charging time was estimated;
180 and 160 minutes at average solar radiation
of 536 and 826 W/m’ for winter and summer
season, respectively.

Fig. 11 shows results of the average discharge
and hydraulic energy value of AC pump for
different pumping heads. These results revealed
that, by increasing the pumping head, the
discharge decreased but the hydraulic energy
increased to reach the peak at 0.5 m of pumping

head then they together decreased after that. At
heads of 0, 0.5, 1 and 1.5 m, the pumping
discharges were 281, 140, 61 and 18 Ul/hr.,
respectively, while the hydraulic energies were
0.092, 0.229, 0.2 and 0.09 Wh, respectively. The
optimum head can be concluded approximately
at 0.25 m of head from the figure.

Effect of Pumping Head on Both
Discharge and Efficiency of the Pump

The results of the effect of pumping head on
both discharge and efficiency of the pump are
shown in Fig. 12. Generally, the average
efficiencies of both DC (winter and summer)
and AC pump increased gradually by increasing
of the pumping head vice versa the pumping
discharges decreased. For the AC pump, the
average discharge values were 281, 140, 61 and
18 I/hr., and the average pump efficiencies were
60, 70.4, 74.8 and 79.2% for pumping heads of
0, 0.5, 1 and 1.5 m, respectively. While for DC
pump, the average discharge values were 101,
93, 83 and 77 l/hr., with average pump
efficiencies of 3.1, 13.8, 23.4 and 31.6% in
winter (at average solar radiation of 508.3
W/m?®) for pumping heads of 0, 0.5, 1 and 1.5 m,
respectively; and average discharge values were
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Fig. 12. Effect of pumping head on both discharge and efficiency of the pump
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116, 101, 88 and 80 l/hr., with average pump
efficiencies of 3.6, 15.5, 25.2 and 33.7% in
summer (at average solar radiation of 782
W/m?) for pumping head of 0, 0.5, 1 and 1.5 m,
respectively. From these results, it can be
concluded that, the optimum pumping heads
could be obtained by crossing the discharge and
efficiency lines. So, for the used pump the
optimum pumping head was 0.25 m in case of
ASPS (with discharge of 217 I/hr.,) and 1 m in
case of DSPS (with discharges of 83 and 88
I/hr., for winter and summer seasons,
respectively).

Specific Pumping Productivity of Both
DSPS and ASPS

Fig. 13 shows the results of specific pump
productivity for both DSPS and ASPS. From the
figure it can be concluded that, the pump
productivity (function of discharges) was
inversely proportional to the pumping head.
Where, DSPS produced 9.31, 8.61, 7.66 and
7.15 m’/kWh of water pumping during winter;

10.03, 8.72, 7.60 and 6.95 m’/kWh during
summer, at pumping heads of 0, 0.5, 1 and 1.5 m
respectively. While the average pumping
productivity of ASPS was about 24.27, 12.09,
449 and 0.77 m’/kWh at the same heads,
respectively.

Cost Estimation of Both DSPS and ASPS

Fig. 14 shows the results of criterion costs for
both DSPS and ASPS. From the figure it can be
concluded that, the criterion costs of DSPS was
lower than in the ASPS, this is due to the
additionally fixed costs of ASPS components
included charger controller, battery and inverter.
Pumping costs of one cubic meter of water by
DSPS at pumping heads of 0, 0.5, 1 and 1.5 m,
respectively were (0.16, 0.17, 0.19 and 0.21
EGP) and (0.15, 0.17, 0.19 and 0.21 EGP)
during winter and summer seasons, respectively.
While by ASPS were about 0.22, 0.45, 1.23 and
7.11 EGP/m’ at the same heads, respectively.
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Fig. 13. Specific pump productivity of both DSPS and ASPS



78 Hassan, et al.

B DSPS winter EADSPS summer [EASPS
7
s b
£
S~
2 5
8 1
c
2
E 3
S 2
1
0
0 1 1.5
Head (m)
Fig. 14. Criterion cost of both DSPS and ASPS
Conclusion ASPS was about 24.27, 12.09, 4.49 and 0.77

From the obtained results, it can be

concluded that:

- The small size of solar PV power system (10
Watt) is efficient to operate a small pump (with
power of 5 Watt) under the solar radiation
conditions of Zagazig District for supplying
irrigation water for roof cultivation units.

- The best tilt angle of PV panel for Zagazig
District was 45° and 30° in winter and summer,
respectively.

-Pumping head affects the
performance to a large extent.

pumping

- Discharges and pumping efficiencies of AC
pumps are higher than DC pumps with the
same power.

- The optimum pumping conditions of the used
pump (5 Watt) are 0.25 and 1 m of pumping
heads with 220 I/hr., and (83 l/hr., for winter,
88 1/hr., for summer) of pumping discharge for
AC and DC pumping systems, respectively.

- One kilowatt in hour by DSPS pumped 9.31,
8.61, 7.66 and 7.15 m’ of water during winter;
10.03, 8.72, 7.60 and 6.95 m’ during summer,
at heads of 0, 0.5, 1 and 1.5 m respectively.
While the average pumping productivity of

m’/kWh at the same heads, respectively.

- Pumping costs of one cubic meter of water by
DSPS at pumping heads of 0, 0.5, 1 and 1.5 m,
respectively were (0.16, 0.17, 0.19 and 0.21
EGP) and (0.15, 0.17, 0.19 and 0.21 EGP)
during winter and during summer seasons,
respectively. While by using ASPS the water
pumping costs of Im’ were about 0.22, 0.45,
1.23 and 7.11 EGP/m’ at the same heads,
respectively.

REFERENCES

Benghanem, M., K.O. Daffallah, S.N. Alamri
and A.A. Joraid (2014). Effect of pumping

head on solar water pumping system. Energy
Convers Manag., 77 : 334-339.

Chandel, S.S., M.N. Naik and R. Chandel
(2015). Review of solar photovoltaic water
pumping system technology for irrigation and
community drinking water supplies. Renew.
and Sustain. Energy Rev., 49: 1084-1099.

Chel, A., G.N. Tiwari and A. Chandra (2009).
Sizing and cost estimation methodology for
stand-alone residential PV power system, Int.
J. Agile Systems and Manag., 4 (1): 21-40.



Zagazig J. Agric. Res., Vol. 46 No. (1) 2019 79

Foster, R.and A. Cota (2014). Solar water
pumping advances and comparative
economics. Energy Procedia, 57: 1431-1436.

Frederick, K.M. (2010). Developing a site-
appropriate solar electric powered water
pumping system. M.Sc. Thesis, Florida
Univ., 44-51.

Gad, H.E. (2009). Performance prediction of a
proposed photovoltaic water pumping system
at South Sinai, Egypt climate conditions. In:
Proc. 13™ Int. Water Technol. Conf.
Hurghada, Egypt, 739-752.

Gopal, C., M. Mohanraj, P. Chandramohan and
P. Chandrasekar (2013).Renewable energy
source water pumping systems. Renew. and
Sustain. Energy Rev., 25: 351-370.

Guigiang, L., Y. Jin, M.W. Akram and X. Chen
(2017). Research and current status of the
solar photovoltaic water pumping system — A

review. Renew. and Sustain. Energy Rev.,
79: 440-458.

Hamidat, A. and B. Benyoucef (2008).
Mathematic models of photovoltaic motor-
pump systems. Renew Energy, 33 (5): 933-
942.

Khattab, N., H. Soliman, M. Metias, 1. El-Seesy,
E. Mettawee, E. El-Shenawy and M. Hassan
(2011). Implementation of solar technologies
in the development of rural, remote and sub
urban communities. Int. J. Thermal and
Environ. Eng., 3(2): 59-66.

Narale, P.D., N.S. Rathore and S. Kothari
(2013). Study of solar PV water pumping

system for irrigation of horticulture crops.
Int. J. Eng. Sci. Invent., 2 (12): 54-60.

NREA (2011). New and Renewable Energy
Authority Po Annual Report, (2010/2011).
Ministry of Electricity and Renew. Energy,
Egypt: http: / www. nrea. gov. eg/ Media/
Reports.

NREA (2013). New and Renewable Energy
Authority Po Annual Report, (2012/2013):
http://www.nrea.gov.eg/Media/Reports.

Said, D., M. Mostafa, K. Youssef and H.
Waheed (2017). Highlight of grid-connected
PV systems in administrative buildings in
Egypt. Renew. Energy and Sustain.
Develop., 3 (1): 87-94.

Shinde, V.B. and S.S. Wandre (2015). Solar
photovoltaic water pumping system for
irrigation: A Rev. Afr. J. Agric. Res., 10
(22): 2267-2273.

Singh, B. and A.K. Mishra (2015). Utilization of
solar energy for driving a water pumping
system. Int. Res. J. Eng. and Technol.
(IRJET), 2 (3): 1284-1288.

Umran, H.M. (2015). Study and analysis for the
effects of power factor correction in al-najaf
cement plant. Al-Qadisiyah J. Eng. Sci., 8(1):
59-72.

Yingdong, Y., J. Liu, H. Wang and M. Liu
(2011). Assess the potential of solar
irrigation systems for sustaining pasture
lands in arid regions— A case study in
Northwestern China. Applied Energy, 88 (9):
3176-3182.



80 Hassan, et al.
) As ) 3 dpsadd) ABUANL olial) gridal pabaal) /a8 siall Ll Jamy psia Al o] 4l
s dal) by — JUED Cpallina dasa daaf - ild gllae o8 dana — Gs Lo e
e = B )3l drala — e )l A4S — e ) 5l Anigl) and

Gblee L4300 claladin) (e Lot Lal Laliia) Z8UAY) dalasf SST e slaall fua 8 dpsaddl) ALY e\.ﬁ;.\u\).\.uu
A_AJ)J\ ol_mn J‘J.A“ﬁb.é.l\ emu, ca\.ml\."fu\}d\ J‘M\jd)i\d“@\)}\ &—’LJA’J‘)‘;».A‘JY‘ C)u.a.\.u\
emd\JuM\jdHﬂ\CM\amudw\))j\@m\)y‘d)mGAL@JM\)JSY\}&JJM\@UMM
(um\JJcAJ*SJA\}sLycﬁuﬂ;qﬁ&\jdﬁl\juﬁﬂ\w‘ﬁaﬂ\d)ﬂ\&d AT IGITEN J}ﬂ)l\j\;\.})@ﬁ\
V) Bpma Apuedi Aa gl 5 (5 0) B ypraa sl Adima 1 (e OIS pladiuly Al A8UAIL Jany olaall gria aUas aniss
- GOl 3N Al e ) 3 AIS 8 o plall Caai s 8 jpraal) el e ) ) Clas g s A 3 oLl b il (i
YoVA ale Capall 5 el o ge A @lldg ((OF),0 Jsdall ad 0¥+ ,0 (n jall ad) jeaa - 48l Aailas
I3 daae Jany AT5 paiise L 3 Aacae Jany plai sl dpuadl) 48Ul olpall foa dakail (o (palda api &
el (OVO 5 0T 4080 ¢ OF 101 0) duadll #1511 e A5l ) (2 Ol poria sae Ciafelligan yia s
dﬂ;@;w&%@\bjn;ﬁgﬁéjse(\,oj\c~,°c~)@A\QL{:G3J\6(\°;~~_‘1;~~)3:\A5..~J|t\.ui}]\
Sl )0 sa Ay gl 3 daadl 0f Ledle: Jhaniall i) Cana 5f 08 5« ISl 3ol (S 5 el A8 (il
23l Ll I3 Adaally el 3L 5 oyl (LS5 ¢ sl e Cavall g oA Juad AOY e 5 080 (3,58 3]
AN ULE G S8 AYY) 5 G/ 530 YY 0 Gy yia Y 0, Y0 il il fall Cag yla iilS 5 el e e
slall (e aa) i) Caalall il o A8 il Layy, Mgl e paisall 5 22 yiall aUaill alS @lld g o(Canall o/
¢ \1)45‘}’;;‘3"“4;‘5?(\ 0 ¢ ) ¢,0 ~)C_~auLGIAJJ|J_K:M\JL\J\u|JML|C_.A|eLEJ‘H
L@_J.'\;~ YY 54,9 ¢,V \O)c_ulsg_u_mﬂ\d.aaﬂ@}c\_\_ml\dmﬂ(b)mt@_u;~ YY o o,¥9 @, VY
Lu_,..a.a\_@_u;\/ VY ), YV v, 80 ¢ YY)MSJ\;\.’LJJJ.\A\Ju\u\dwhc.A\e&J@wc(hw
G5l ks el Al (g ) else alaa) 8 A yadl) cana N ¢ gl e clela )Y il (el i (S
3ol mhau¥l de) ) 3 5l ole fual 3 piall el Grall Cilas g ladin) (Say

£ < :O & ‘
50 Aos — el RS Aoy ) At o8 a5 S isie A Spane 1Y



