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Abstract: Due to the fact that the price of fossil fuel is increasing in developing countries, many
researchers are investigating the scientific research to overcome the challenges day to day. This
research was focused to Design solar water pumping for supplying water for multipurpose
utilization in Shambu town. Normally water pumping needs generator driven pumps, which
requires fuel and human labor but the diesel generator is operated through the man power by using
fuel diesel and also needs maintenance. The design and Evaluation of the system was done by using
Ethiopian Excel Toolkit through fitting Locations, The results found by design for Total daily water
requirement, Maximum (Design flow rate), Storage thank size, Net positive suction Head (NPSH)
available, NPSHrequired, PV array size needed, most Economical module size and Actual size PV
Array, recorded values from the toolkit were 4,750.9m3/day,261.7L/s, 9,501.8m3, 14.28m, 5.00m,
8896wp, 150wp and 9000wp respectively, considering design month of July(5.0kwh/m2/day) of
solar irradiance. The Design for solar water pumping system contributes basic knowledge for local
community by creating awareness and assists them, to use the design sample as starting point to
install solar water pumping system and for cultivations of crops via familiarizing themselves with
new technologies.

Keywords: Excel Toolkit, Net Positive Suction Head, Actual PV Array Size, Economical Module
Size, Water Pumping System

1. Introduction

In developing countries like Ethiopia, which have scarcity of fuel resources and
composed many rural area, it is very difficult to cover all places by electric power to the
locations and supplying of water to rural areas as well as to town is very difficult [1].
Majority of water resources for rural, town and for irrigation of crops and watering
animals, the sources are deep wells, shallow wells, Rivers, and ponds. Diesel and petrol
driven pumps for supplying water have many problems like running cost, maintenance
cost, and high consumptions of fuels and lack of availability of parts to replace the
generator during breakage time [2]. Thus Solar water pumping, which is driven by
photovoltaic energy can solve the diesel generator problem that utilized for pumping
water.

Solar generator, which is a solar module made up of silicon cells is the best options
for water pumping in fulfilling water demand for town and remote areas [3]. The
availability of solar irradiance in the site, where PV module or generator installed ad
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shading, climatic conditions can affect the locus maximum power output. Additionally,
there are other huge problems for which the use of solar energy is the best option. Scarcity
of the nonrenewable energy resources like coal is mostly used for the generation and
supply of electrical energy which demands in the world [4]. This generation of electricity
will increase carbon content in the climate, which lead to increase the pollution
environment and global warming. So in developing countries, solar photovoltaic water
pumping system can be used for the supply of water for multipurpose can be the best
alternative solution to tickle the problem today and in the future.

2. Materials and Methods
2.1. Site description

Shambu is a town and separate woreda, in western Ethiopia, see Figure 1. Located
in the Horro Guduru Wollega Zone of Oromia Region west of Lake Fincha'a, this town has

an elevation of 2,503 meters above sea level. It was previously the administrative center of
Horro woreda.
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Figure 1. Map of Shambu town.

The design was carried out using different soft wares like Ethiopian excel toolkit and
Lorentz Compass.

2.2. Data need for Design using the toolkit and Procedures
2.2.1. Data needed for PV sizing and determining the water requirement demands

a. Population size of the town
b. Number of cattle

c.  Number of equine

d. Number of pigs

e. Number of Goats/ Sheeps

f.  Number of camels

g. Number of chickens

2.2.2. The procedures followed for using the soft wares were

Determination of the location by the software’s through providing
Latitude(N) and

Longitude (E)

Determination of daily water requirements

Determination of hydraulic power requirement

Estimation of solar resources(Solar irradiances) in the site
Financial analysis

5@ 0 a0 TR

Summarizing the Design and Recommending the data users

World of Science: Journal of Modern Research Methodologies 2025, 4(1), 1-11

https://univerpubl.com/index.php/woscience



The Ethiopian solar toolkit Excel developed by The Ethio-Resource Group was used
for the design and analysis.

The data used for population of Shambu town was taken by estimating population
size for Designing sample analysis to create awareness among our community towards
adapting new technologies.

Figure 2. Solar water pumping figure demonstrating multipurpose utilization.

Source: Lorentz Compass

The Figure 2 above illustrates as solar water pumping have the capacity of supplying
water for multipurpose utilization, especially for home water supply, irrigating orchards,
supplying water for swimming pool, Drinking for animals and for irrigating different
crops, By having this concept in mind, the design was carried out for Shambu town.

3. Results and Discussion
3.1. Determination of Daily water requirements

The toolkit was used location details of the Shambu town for determination of daily
water requirement and this location information were illustrated in the summary sheet of
the excel toolkit used for the design .

Thus the Community water supply was estimated from population size and from
the daily per capital water consumption. Water demand estimation also considers the
future demand from the growing population. Livestock water supply was estimated from
the number of animals using the system multiplied by the per capital water consumption
[5]. The design also considered, livestock population growth rate.

Usually, water demand estimation considers the life time of the water lifting system
or the major cost item of the system components. A properly sized system would suffice
the existing and growing demand for water during its life time. The user has to forecasted
and entered the population size of the community and/or livestock number anticipating
the life time of the water pumping system [6]. The toolkit does not forecast future demand.

The Ethiopian standard for water supply is 15 and 20 liter per person per day in rural
and urban settlements respectively [7].

Livestock water supply depends on the type of animal of daily water requirement
illustrated in Table 2 below as per the standard unit for categorization of livestock by type
in tropical areas. According to International Livestock Research Institute (ILRI), per capita
water demand is 25 liters per TLU per day, Extremely hot heat-stress weather could
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increase the daily requirement by 20 to 30% [8]. The flow rate is calculated based on the
peak sunshine hours of the design month.

Table 1. Determination of Daily water requirement.

STEP 1. Determine Daily Water Requirement

1. Vilage/community water supply Daily Water Requirements: nter population valuse for th predicted period
Community wate supply ¢ b esimate from population iz an from the daly percapita waterconsumption. Weter demend Quantity  U/day
estmetion s cosiderste furedemand rom thegroming population. Usually wterdemend stimtion conidrste i time 6 Popltonse 100000 450000
0fte watr g system r te mejor st f te ystem component
7 Cattle 10 10000
2. Waterfor lvestock Camel 0 0
Livestock wate supply s estmete fomthe umber of aimals usig the system mulfle by the per capia water corsumption, & Equine 0 160
als0 considers fivestock population rondh e, Sheepgoat 010
Pigs 0 M
Plase enter daily water demands for the predlcted periodingray shaded el Chicken 0 9000
3.locationName: ~ Regon ~~ Oromia Tone  Horro Guduru Wollg:Woreda  Horro
Kebele 1 SiteName - Shambu 8 Other water demand (/day) T
4, Community water suppy
Per capita water demand 45 liters/day (ranges from 150 S0 litrs/day) 9 Fnter addiional percentage of daily water 32
5 Water for estock supply that you want to account for torageor
oes i Green Shaded Cell are compenszte forlosses due o spillge.
Livestock ~ Water demand  Typica vaues ) )
S W typicl valuesfor estock water
Cattle 100 25-60 reqwremenri Theselvalues oy 10 Storage Tank Required - days of storage 20 days
il ) 00 Vary depending on vestock breed
) and olso secsonally. Users are . ; ;
Equine ] -6 ‘ , 11 TotalDaily Water Reuirement 47509 mfday
requiredtoenter agpropriote
Sheep/goat | 10 4-15 .
Volues n Gray shaded clls. . . .
Pigs 0 0-0 12 Maximum/Design flow rate W17
Chicken Bl 01 ‘Irshouldnotexteedsafeyieldoftheweﬂ ‘ Womh
Note: Water demand for humans and ivestock may vary depending on localclimatic conditons. 13 Storage Tank size 9508 "

From table 1 above, total daily water requirement was recorded automatically
4,750.9m3/day, Maximum Design flow rate was 261.7 L/s and the storage Thank size was
9,501.8m3.

According to, table 2 below, the recommended typical values of water demand per
animals and types were demonstrated in the software toolkit for the design purpose,
tabulated in the following table but the water demand varies based on the climatic
conditions of the area for humans and live stocks.

Table 2. Sater demand recommended for livestock’s.

No Livestock type Typical values(L/day)
1 Cattle 25-60
2 Camel 40-70
3 Equine 30-45
4 Sheep/Goat 4-15
5 Pigs 10-20
6 Chicken 0.10

Source: International Livestock Research Institute (ILRI)
3.2. Determination of Hydraulic Power requirement for the Design

The second step of the design process was determination of the Hydraulic Power
Requirement. In the Toolkit the designer entered the type of water source, type of pump,
dynamic and static heads, and type and size of pipe network including fittings. The user
had the possibility of choosing types and sizes of pipes from drop-down menus and
calculates head losses in the pipes and fittings. The toolkit calculates the total dynamic
head and the total hydraulic power requirement of the system, when appropriate value
feed to it. The Net Positive Suction Head Required (NPSHrequired) was found 5.00m and
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it should be compared to solar pump manufacturers manual and the system calculates
the (NPSH Available =14.28m ) and the minimum depth of the Pump position from the
dynamic water level was illustrated in the tool kit. The ‘-’sign on the ‘-15.72m, Minimum
depth from the dynamic water level” indicates that the pump must be below this level.
From figure 3 below, the results obtained by consideration of Bore hole and submersible
pump the total hydraulic head was 39.406m4/static water level below the ground(hg) at
80m,Draw down(hd) of 20m,pump position from dynamic water level(hp) at 25m, Vertical
lift above the well head(hv) was at 41.4m, The total static head from the toolkit calculated
immediately,141.4m and From the design again considering the head losses in the pipe
,results found were by taking into account the required data must be feed by the designer,
Thus riser diameter pipe was considered 12inch,riser pipe type was selected from the drop
down menu, as Galvanized steel, Delivery pipe length of 300m,delivery pipe diameter of
18inch,delivery pipe type of Galvanized steel by taking into account the Friction losses for
pipe aging of 5%(0-15), friction losses in the pipe, total friction losses in the pipes and
fittings was calculated 7.2m.the residual reservoir exit was 2m,the Total dynamic head
obtained was150.6m,the percentage of friction losses of 5% and Then finally, the overall
total hydraulic Power requirement, for solar water pumping of submersible pump type
was obtained, 386,180.1 watt, from the design data’s. The Figure 3,below illustrates the
layout of the Hydraulic Power Requirement sheet from the excel toolkit.

Note The sketch on the left indicates static head parameters for a bore:

STEP 2- Determine Hydraulic Power Requirement Static Head MERD
To determine the hydraulic power requirement, th total daily water demand and the 5 Staticwaterlevel below the roundl ()~ 800m hole with 2 ;‘“bme“‘b‘e ?:{mp' f”‘e Ske‘mﬂ“" the riht s a ‘““h‘""
el dyaic bead sl b koown 6_ - pump o.r a float pump lifting from a surface water source. When
- - appropriate, note the values of NPSHyg and NPSHy;,4 to avoid
Enter values only n Gray shaded cels. Refer the diagrars. 7_ 25‘0, m cavitation problems. Enter 0 for draw down for surface water pumping
Bore hole — 8 Vertical fft above the well head () 44m systems. For Float pumps enter 0 for Water level below the pump (hp).
— P 9 Total Static Head 1414m
torage
Vertical lift Tank Head loss in pipe
above ground 10 Riser pipe diameter 12jinch
Pipe fittings o AN | N
(Check value) v 11 Riser pipe type Galvanized Steel Surface Water Source
\ 12 Delivery pipe length 300m
o 13 Delivery pipe diameter 18/inch
14 Delivery pipe type Galvanized Steel Vertical lift
Pipe fittings 15 Adustment of friction loss for pipe aging 5%(0-15) above pump
Water level below (elbow) Friction loss in the pipe 518m iy
ground/ Dym R,
{Static Witer Lewel) wm:'[ﬂ‘[; " Head losses in pipe fittings i
el the) Enter fitting sizes in inch Quantity Size
e
Depth 16 Gate Valves 1 18/inch
-~ oraw down (ha) 17 Globe Valves 0 18linch Pigefitings
N S 18 Check Valve 0 18/inch 2. Foot vahve, strainer)
'ump position from Waterl ‘
I ——__ dynamic water level 19 Foot valve with strainer 0 18/inch Aa"“;"?‘ el
20 90 Degree Elbows 1 18linch ()
Enter values in inch Quantity  From (inch)  To (inch)
— 21 Reducers 0 18 2
1 Source of water Bore-hole 22 Diffusers/Expansion 2 2 18
2 Choose the type of pump: Submersible pump 23 Friction losses in pipe fittings 202m
3 Enter suction pipe length (For Suction pumps only) 24 Total Friction losses in pipes and fittings 12m
N
(Enter 0 for other types of pumps) 00m 25 Residual pressure at reservoir exit 20m 29 NPSHgeqyieg 5.00m
4 Total Hydraulic Workload 39.406m'/s 26 Total Dynamic Head 150.6 m 30_ 1428 m
27 Percentage of friction losses 5% 31 _ 5720m
28 386,180.1 Watt Note: NPSHasise > NPSHpeguireq to avoid cavitation

Figure 3. Determination of Hydraulic Power requirement.

The toolkit accommodates designing of systems for bore-holes and surface water
sources, 0 (zero) was entered for other type of pumps.

Note the changes in the labels indicated by bullet number 5 to 10 for different types
of pumps. The correct type of pump appropriate to the type of water source was selected,
so that the labels that describe the type of data in subsequent cells were correctly displayed.
The schematics on the left and right side of the worksheet guide the user which data are
referred in the cells provided.

The diameter and type of suction pipe (in the case of suction pump), riser pipe (in
the case of submersible pumps or positive displacement pumps[9] and delivery pipes was
entered from the drop-down menus.

Pipe length was entered in meters. Since “Inch” is the standard unit of measurement
for pipe sizes, the designer must choose the appropriate size of pipes from the drop-down

World of Science: Journal of Modern Research Methodologies 2025, 4(1), 1-11 https://univerpubl.com/index.php/woscience



menu. Similarly, the pipe material whether galvanized steel, PVC or polyethylene, must
also be selected from the drop-down menu.

Head lose in the pipes due to friction is pretty much accurately estimated using
Moody’s equation for the first estimation. Then, Colebrook’s equation to the tenth iteration
was used to determine friction losses in pipes to high precision. Note that the widely used
Moody’s Diagram for estimation of friction losses in pipes during fluid flow was generated
from Colebrook’s equation [9] as illustrated in equation 1 and 2 below.

Equation 1 : Moody's equation calculating friction losses in pipes

e 106\
f—0.0055[1+(200005+E] ]

Where:
= { - friction factor
* e - effective surface roughness
= D - diameter of the pipe
* Re — Reynold’s Number

Equation 2: Colebrook’s equation to the tenth iteration was used to determine friction
losses in pipes to high precision

=11.14-21 £ e }
=1.14-2log, | =+——=
i : Zio D Re\ff

The toolkit is primarily intended for designing a new water supply system.
However, it also allows the user to determine the total dynamic head in aged pipes in an
existing water supply system provided that the user has sufficient knowledge about the
effect of age on the pipes. Effect of aging is prominent in iron-based pipes as the main
source of aging is the building up of corrosive materials which increase the surface
roughness and also allow suspended particles to accumulate.

3.2.1. Age effects in iron-based pipes in water distribution system

Hydraulic properties of iron-based pipes may change due to aging. Accumulation of
corrosive materials and suspended particles in the inside surface of aged pipes increase
pipe roughness and reduce pipe diameter [10]. In both cases, the changes in the pipe
surface profile increase head loss due to friction as a result of increased surface roughness
and increased flow velocity due to reduced pipe diameter [11]. The rate of accumulation
of corrosive and suspended materials in pipes depends on the nature of the fluid in terms
of its chemical composition and suspended materials, the age of the pipe and the type of
iron-based material such as galvanized steel, thin-walled steel, and bituminous coal lined
cast iron.

A knowledgeable user can estimate the increase in the roughness of the pipe surface
and the reduction of pipe diameter due to water age effect in percentage terms relative to
anew pipe. To consider aging effect on pipes, the user can calculate ageing effect adjusted
pipe size and selected the nearest pipe size available from the drop-down menu.

Number and type of pipe fittings must also be entered in cells indicated by bullet
numbers 16 to 22 to calculate the corresponding head loses. Residual pressure at the
reservoir exit must also be entered by the Designer. Once all the necessary values are
correctly entered, the Toolkit calculates the Total Dynamic Head, the percentage of friction
losses and the total hydraulic power requirement of the water supply system. Observing
the percentage of the total head loses, the user can play paramount role by selecting
different pipe sizes and types until an acceptable percentage of head loss is obtained. To
avoid problems of cavitation, the Toolkit helps determine the Net Positive Suction Head
available (NPSHAvailabe) and calculates the maximum height of the pump position from
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the source water level. User needs to enter the value for NPSH required (NPSHRequried)
from the manufacturer’s manual.

3.3. Determination of solar irradiances in the site

The third step in the solar water pumping system design Toolkit is estimation of the
solar resource in the area of interest. The user needs to fill in necessary data in the spaces
provided in the tap labeled as Solar Resource. This part of the Toolkit helps to determine
the design month and mean solar irradiance based on solar resource data entered by the
user. Solar resource data can be available from various sources including own
measurement, national solar resource atlas, online data sources[9] Table 3 below shows the
layout of the Solar Resource estimation component using the toolkit excel.

The user enters geo-referenced data to locate the specific location of the pump site.
This will appear in the description of the project in the summary part. Altitude of the site
should also be entered. The altitude value was used to modify the performance of a
generator when comparison is made in the feasibility assessment section of the Toolkit.

Table 3. Determination of solar irradiances.

Step 3- Estimate the Solar Resource in the site 4 Design month is the month for which the solar pumping system is sized to ensure
Determine the mean mothly global solar iradiance in kWh/m’/day fr every month of the year, This can be suffcient water supply when the solar imadiance s the minimum while the
obtained from sveral sources. Solar irradiance data can be obtained from the nearest meteorology station, corresponding hyraulic power is the maximum. This is the month where the Reference
national solar resource maps or own data for the site. Area is the maximum.

1 Enter the GPS coordinates of the site in Decimal Degrees o Average hydraulic ~ Solar Iadianceon  Ratio
(Eg. 7.9549999 E, 34.31399917N) power (KWh/day) - Aray (cWh/m'fday)  PyIrad
Latitude: 934°N Longitude: 376°t January 1947.7 6.6 296.85
Altitude: 2503m February 1947.7 63 306.94

2 Enter the tilt angel for the solar array 15° March 1947.7 6.1 31886

(Tilt angele between 15 to 18" for ite in Ethiopia) April 1947.7 58 3%
3 Populatethe tabl with the mean mothly daly solar imadiance data for the site (Wh/m’day) May 1947.7 57 3417
oo "!mm " Irradiance (Note: For inhabited June 19477 56 349.85
Month  onHorizontal ™=
o onArray areas, the  solar July 1947.7 50 386,18
lanuary 6 15 66 radiation flux  varies August 19477 58 33812
February 6 15 63 from about 3 to 30M) September 19477 60 3454
March 3 15 6.1 per m per day (0.8to October 1947.7 63 3116
April b 15 58 83 Wh per i’ per Novemebr 1947.7 65 299,66
May 6 15 57 day), depending on December 19477 6.6 294.02
June b 15 56 the place, time and
July 54 15 50 weather conditions). Design month is the month for which the solar PV system is sized to ensure sufficient
August 6 15 58 water supply when the solar resource is the minimurn.
September b 15 6.0
October 6 15 63 5 Design month is the month of July
Novemebr 6 15 6.5 with mean solar irradiance of 50 KWhm'fd
December 6 15 6.6

The tilt angle is the angle of inclination of the solar array. In regions near the equator,
this is mainly useful to maintain sufficient slop to drain rain water or other to wash away
dusts from the solar array. Inclination level between 10 to 15 degrees is sufficient, for
regions further away from the equator [12] the inclination helps to maximize the
intercepted solar irradiance by the solar array for winter. In this case, the inclination
usually is equal to the latitude of the location.

Monthly average Global solar irradiance on horizontal surface data must be entered
in gray and white cells under the instruction labeled by bullet number 3. Design month is
determined to ensure maximum water demand during the month where the solar
irradiance is the minimum. If the Designer prefers to use annual mean solar irradiance for
sizing the system, then in all months the annual mean value of the solar irradiance must
be entered.
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3.4 .Pump selection and solar array sizing

The fourth step in the Toolkit is about solar PV array sizing and to complete this part
of the design process the user needs to refer to manufacturers’ manual for pumps. Input
values required in this section are pumps-motor performance efficiency which is referred
to as subsystem efficiency. It combines the pump and motor efficiencies together. Another
value needed from the user is about the pump or inverter/controller unit voltage and
current requirement. Table 3 below shows the layout for the Solar PV Array Sizing sheet
of the Toolkit.

Pumps technology has improved over the years and it is possible to obtain some
pumps that perform at 70% or higher efficiency at the design point of operation [13].
However, the average performance could be lower by 10% or more. User needs to refer to
the efficiency graph provided by pump manufacturers and determine the average
efficiency which usually ranges between 50% and 60%. The Toolkit uses the average
subsystem efficiency to calculate the solar PV size needed for the water pumping system.

With the subsystem efficiency value entered, the electrical energy and the
corresponding solar PV array size required was calculated[6]. Selection of appropriate
solar panel size and arrangement of the panels, series and parallel combinations, depend
on the operating voltage and current ranges of the pump or inverter/controller. Solar
panels must be arranged in series and parallel combinations so that the minimum voltage
and current required to keep the pump working are ensured and also that the supply
voltage and current do not exceed the maximum allowable amount to the pump. Thus
from the design 15 modules combined in series and 4 module strings combined in the
parallel ,indicates effective design selection .Voltage losses from the solar array should be
kept between 5% and 10% [14] . Long wire runs from the solar array to the
pump/controller/inverter should be avoided as much as possible by installing the array
near the pump location or using appropriate wire sizes. The wire lose factor should be
entered to account the loss into the solar array size.

The actual array size with parallel and series arrangement of the panels are also
determined by the Toolkit as indicated in table 4 below and Fig 3 and 4 illustrates solar
water pumped monthly and hourly by using solar water pumping. The Toolkit also
provides options for selection of panel sizes and the corresponding configurations.

Table 4. Solar PV array sizing.

Solar PV Array Sizing
Step 4- Determine PV Array Size Selection of medule size and PV array arrangement
When determining the PV array size, derate factors for the array performance (Selection of madules is made from size that range from 50 Wp to 250Wp)
due to power mismatch and cell temperaturing increase are considered. In this 5 Minimum operating input voltage to pump/inverter 400 Volt
worksheet a derate factor of 20% is considred.
6 Maximum input voltage of pump/ inverter 620 Volt
Required electrical energy and the corresponding solar PV power
7 Maximum input current of pump/ inverter 20,0 A
1 Average subsystem energy efficiency 44% (Typical values 30% to 50%)
& Wire loss factor 0.95 (Typical values 0.8 to 0.95)
2 Peak subsystem power efficiency: 50% (Typical values 40% to 60%) Other Possible Configerations
9 Most economical module size 150 wp A B c TotalWp I, Ve
3 Required electrical energy: 30.6 kwh 7.29 kw 0 31 6 9300 179 603
10 Number of modules connected in sieries 15 75 31 4 9300 184 595
4 PV Array Size Needed: E,&Qﬁ‘Wp 80 23 4 9280 183 580
11 Number of module strings in parallel 4 9 3 3 B3/ 158 615
w0 39300 183 606
12 Actual Size of PV Array 9,000 wp 120
150 15 4 9000 184 576
Note: Use manufacturers manual for pumps to determine the appropriate 170 14 4 9520 194 561
type and size of motor-pump unit at the Maximum Flow Rate (shown in Warning: System voltage and current must not exceed the 250

‘Daily Water Requirement' sheet) and at the Total Dynamic Head (shown A - Single PV module size in W

maximum Voltage and maximum Current of the pump or inverter.
in 'Hydraulic Power Requirement' sheet). Read the pump efficiency from 8- Number of modules in series

the manufacturers' manual at the system's operating head and discharge. i C- Number of parallel module strings
. L . . . In such cases, user may need to look for a different array

Also determine the minimum and maximum input voltage, and maximum L o e
input current to the motor-pump unit directly or to the inverter. Enter these configuration or another motor-pump unit or inverter with higher

values in the erav shaded cells, maximum input voltage and current.
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The above table 4, illustrates the PV array size needed is 8,896Wp,considering peak
subsystem power efficiency of 50%,while required electrical energy was 36.6KWh,the
maximum input voltage of pump/inverter was 620volt for the actual size pv array of
9000Wp and the most economical module size was displayed by the toolkit was 150Wp
through considering wire loss factor of 0.95.From the design the pv array sizing
demonstrated that the designed solar water pumping can be through considering the
outcome of the possible configurations of module arrangements, thus the design
illustrated for 150Wp of module size ,15 number of modules connected in series,4 module
strings connected in parallel, the required Imax(Maximum current input) was 18.4A and
Vmax of 576Volt needed to obtain the desired result
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Figure 4. Daily Volume of Water Pumped in a Specific Month (m3/day).
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Figure 5. Hourly rate of water pumping in a typical day of the month with

Minimum Irradiance.

From the figure 4 and 5 above, the daily volume of water pumped in specific month
in m3/day at the design month of July, with irradiance of the months in the year at Shambu
town was 4751m3/month and hourly rate of water pumping in a typical day at this month

resulted 332.3m3 of water.
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4. Conclusion

It was concluded that, Solar water pumping system design Toolkit is used for
estimation of the solar resource in the area of interest. This part of the Toolkit helps to
determine the design month and mean solar irradiance based on solar resource data
entered by the Designer. Solar resource data can be available from various sources
including own measurement, national solar resource atlas, According to the design the
results found were,

a. Total daily water requirement was recorded as 4,750.9m3/day for the town, it can also
help full for cattle, sheep, goat and other uses

Storage thank size was 9,501.8m3 as per the design

NPSH required was 5.00m3

NPSH available was 14.28m3

Required Electrical energy 36.6kwh

Minimum Operating input voltage of pump/inverter was 400volt

Maximum Operating input voltage of pump/inverter was 620volt

Maximum input current of pump/inverter 20A

@R o o o

Generally, the design illustrated for 150Wp of module size, 15 number of modules
must be connected in series,4 module strings connected in parallel, the required
Imax(Maximum current input) was 18.4A and Vmax of 576Volt needed to obtain the
desired result by considering Wire loss factor 0.95 its Most Economical module size found
was 150wp,Actual size PV Array 9000WP.

4.1 List of abbreviations
A=Ampere
Imax=maximum current
Wp= Watt peak
NPSH = Net Suction Head
Vmax= maximum voltage
KWh = Kilowatt hour
L/s = littre per second
4.2 Recommendations
The authors recommended the following points based on the design

a. The design is very helpful for delivering courses related to practical solar application
in any area

b. The community of Shambu town can utilize the design as in put data

c. Students and instructors can use the design as raw data for other designs

d. It adds knowledge for the scientific community in the globe
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