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ABSTRACT 

Solar powered pump motor is a special DC motor normally manufactured 

in advanced countries such as Germany, USA, etc. To obtain PVP 

(Photovoltaic pumps) users in Egypt must import them from abroad. This 

study was conducted to modify a locally assembled solar powered 

irrigation pump. A direct coupled photovoltaic pumping system has been 

assembled and installed in the Egyptian desert in Inshas at the Nuclear 

Research Center (31
O
 21' E, 30

O
 17' N). Eight hundred Watts DC motor 

with brushes was modified to match unsteady PV generator current 

output. The DC motor was supplied with PV generator current, which was 

divided between 9 and 4 modules.  The 9 modules were connected to the 

rotor and the 4 modules to the stator field.  The motor was tested without 

load for several hours in situ and was coupled to the centrifugal pump. 

Pump-set output was tested at different insolation levels and a 

relationship was carried out from observed data. Monthly solar insolation 

for ten years period was obtained from a program named "Meteo-Norm" 

software in order to predict and calculate the average daily pumping 

system water delivery in cubic meters per month. The system showed 

flexible response to the PV generator output power demonstrated in DC 

motor RPM and consequently water delivery.  

Keywords: photovoltaic, PV pumping, directly coupled pump.  

INTRODUCTION 

lternative energy sources were undermined until fuel prices 

started to rise significantly in the last few years. High initiating 

costs of PV generators was a limiting factor for those users to 

utilize such renewable and clean energy source. Even though this solar 

technology may have a higher starting cost than that of conventional fossil 

fuel, the low maintenance and operation cost and the ability to operate 

without fuel make the solar powered systems cheaper to keep. 
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Many researches were carried out to increase PV systems efficiencies in 

other words to decrease the initiating costs. PV pumping system is a 

promising step towards sustainable irrigation since crop water 

requirement and solar power generation are closely correlated to radiation. 

(Mayer and Müller, 1996). The least expensive method of pumping water 

using PV energy is by directly connecting a DC motor (Merino et al., 

2008). This study concerns using locally assembled pumping system 

powered by PV to provide water for irrigation as a cost-effective 

parameter in the PV pumping system. System efficiencies and pump 

discharge was studied. Photovoltaic Pumping system (PVP) was related 

with daily solar radiation intensity derived from "Meteo-Norm" software. 

Solar irrigation system needs to take account of the fact that demand for 

irrigation water will vary throughout the year. Pande, et al. (2003), 

designed and developed a solar photovoltaic pump (PVP) operated drip 

irrigation system for growing orchards in and region considering different 

design parameters, like pumps size, water requirements, and the diurnal 

variation in the pressure of the pump due to change in irradiance and 

pressure compensation in the emitters. Short and Thompson (2003), 

showed that solar powered water pumping has the potential to bring 

sustainable supplies of potable water to millions of people in developing 

countries. Mueller et al. (1998) said that due to the high initial costs of 

PV-generators the power requirement of the system has to be minimized 

from the beginning. Since the hydraulic power is the product of flow and 

pressure, following targets are set: 

 Reduction of the required flow by avoidance of water losses and 

 Reduction of pressure loss by an optimum hydraulic system layout. 

Betka and Moussi (2004), stated that performances of a photovoltaic 

pumping system based on an induction motor are degraded once 

insolation varies far from the value called nominal, where the system was 

sized. Bione et al. (2004), proposed a photovoltaic pumping systems 

with solar tracking, coupled to low concentration cavities, as a viable 

alternative to reduce the final cost of the pumped water volume.   
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PVP's initiation costs are a limiting factor to be utilized by farmers for 

irrigation. Studies were always concerning the increase of PVP system 

efficiencies as an indirect way to decrease the costs. In this study, local 

market materials were matched to construct a DC motor to drive a 

centrifugal pump as a replacement for pumping systems readily imported.  

MATERIALS AND METHODS 

Experiments were conducted at Nuclear Res. Center; Inshas, Egypt 

 ,Two sets of Siemens M55 modules with max. out power 55 watt .(أّشاص )

were used to generate the power to run motor pump. First set was 9 

modules each three in series, while the other set was 4 modules each two 

in series. Multimeter, tachometer and pyranometer were used to measure 

generator output (Voltage and DC current), DC motor speed (rpm) and 

solar intensity (W/m
2
) respectively. 

A series DC motor (Fig. 1) was coupled to a centrifugal pump as shown in 

Fig. (2). Schematic drawing of pumping-set in site shown in Fig. (3). 

Motor was modified to respond smoothly to the low current supply PV 

generator along the daytime through the months. The motor starts 

smoothly when the solar intensity reaches 495 W/m
2
 (threshold level).  

Meteo-Norm climatological database for solar energy applications were 

used to get solar radiation values for the site under investigation. These 

values, which provide solar radiation averages for 10 years (1995-2005), 

were used to determine the pumping system output as a relation between 

solar intensity and solar generator output power.   

Preliminary experiment was conducted to acquire a relationship between 

PVP system outputs and solar-radiation intensity values; which could be 

rapidly differ from minute to minute during the day and through different 

seasons. Solar radiation, power consumption (as Voltage and Current), 

motor RPM and pump flow varied, while head was kept constant at 4 

meter.  
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Fig. 1: The DC motor and the manufacturer power connection diagram. 

 

Fig. 2: Pump set fixed vertically on the basin at the experiment site. 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Schematic drawing of pumping-set in site. 

 

PV generator modules 

 
Centrifugal 

pump  
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RESULTS AND DISCUSSIONS 

Measurements were performed in order to evaluate the Photovoltaic 

pumping system (PVP). Correlation relationships of different parameters 

affecting PVP system performance and characteristics were achieved. Fig. 

(4) Represents the motor power consumption at pumping discharge rate 

during a selected day in June month.   
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Fig. 4: Pump flow rate and power consumption through a selected day 
in July month. 

Pump manufacturer characteristic curve indicating pump running speed at 

1450 rpm, with rate of discharge 8m
3
/h and 4 meter head with efficiency 

about 40%. Alternatively maximum measured speed was less than 1200 

rpm and the maximum calculated pump efficiency using equation (1) was 

less than 40%, Fig. (5).  

Maximum required power (Watt) = 

t

hgQ



 
max … (1) 

Where 

 Qmax   is         Maximum flow delivered (m
3
/ s      (  

   h     is     static head (m) 

    ρ    is      water density, kg/m
3
 

    g    is     gravity       (m/s
2
) 
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           t   is     Total system efficiency at maximum flow, % 
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Fig. 5: Motor speed and pumping system efficiencies at different power 

consumption values. 

Linear relationships concerning solar radiation values (W/m
2)

 with both 

pump discharge (m
3
/h) and DC motor power consumption (Watt) were 

obtained using curve fitting equation (600≤R≤1050) as illustrated in Fig. 

(6, 7) respectively. 
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Fig. 6: Pump delivery correlated to solar radiation. 
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Fig. 7: DC motor power consumption (Watt) with different solar 

radiation values. 

 

Daily solar radiation average for each month was derived from "Meteo-

Norm" database for area under investigation. Calculated pump output 

flow at certain solar radiation values were determined using empirical 

equation (2) and was plotted for all months. Fig. (8) represents a selected 

month (June) as an case in point. 

Q = 0.0101 R − 2.8356 ………………. (2) 

Where: 

Q       is the pump discharge   (m
3
/h) 

R       is the solar radiation     (W/m
2
). 

The total water amount through the year was calculated as drawn in Fig. 

(9). The figure shows differences between months, higher in summer, and 

this need to be compared to crop evapotranspiration, ETc , in order to 

identify the area to be cultivated without water shortage leading to water 

stress for the plants. Pumping system can deliver between 60 rising up to 

80 m
3
/day, while in winter months was fluctuating from les than 10 

m
3
/day rising up to 60 m

3
/day. 
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Fig. 8:  Hourly average radiation (derived from Meteo-Norm software) 

and the computed pumping discharge for a selected month (June). 
  

 
Fig. 9:  PVP hourly discharge through the year. 

CONCLUSION 

Experiments were conducted using direct coupled photovoltaic pumping 

system. A locally assembled solar powered irrigation pump was modified 

to match the PV generator variable output. Different relations were 

carried out in order to evaluate the performance of the motor and the 

pump to meet the water needs of a certain desertic area in Egypt. The 
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results show high relation between pumping system delivery and solar 

radiation values. Hourly based average measurements for ten years (1995-

2005) of solar radiation values were linked to PVP discharge to estimate 

the whole year water output of the system. Pump discharge was 7.33 m
3
/h 

at 4 meter head with 1016 W/m
2
soalr intensity. Pumping system 

efficiency was less than 40%. 
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 العربي صخالول

 تقيين الأداء لوضخة رً تعول بالطاقة الشوسية هجوعة هحليا

 أحوذ حجازً، هحوذ ى. العوضي، هحوود م. حجازً،

 رشذً و. الجنذى. 

مٖرٗخاا٘    لىطصقا  ٍاصرارم ٍااِ ٍ٘ىاد يسااجَدىَيااصٓ لىار  خدلً ّظاصً خا  أجريا  لىجااص لإ ت ااج

 ا  لىسا٘   رَس   )تيص  ٍسجَر(. تٌ ل اجخدلً ٍرارك مٖر ا  ٍٗ اخ  ةاص كم ٍرمسيا  ٍجا٘ل رم

ٍاِ أجاو  . تاٌ عَاو لىقيص اصل لىلازٍا عي  لىَررك ىيسٖو تق٘ئَ لىَريي   عد عَو لىجعديو لىلازً

حيث تٌ قيصش مو ٍِ  رع  لىَرارك    ل اجٖلاك لىطصقا    تقييٌ أكلء لىَررك لىنٖر   ٗلىَ خ  

ٗ ٍعده لى    ٍع قيٌ لتراعص  لىشَسا  لىَخجي ا   ٗ مصٍا  ميٖاص علاقاصل وطيا . ٗ ما ىل قيسا  

. عْد ظرٗف لىجشغيو    ٕا ٓ لىجار ا %( 84م صءم لىَ خ  ٗ مصّ  تقص لإ لىن صءم لت َي  ىٖص )

ٗ قيٌ للارعص  لىشَس  لىَقد م مو  اصع   ا    يِ تصر صل ّظصً لىر   صىطصق  لىشَسي  تٌ لىر ط 

ً 3.77ٗ ماصُ تصارف لىَ اخ   (6449-5999عشار  اْ٘لل ) لىَاْا  عيا  لىَج٘ ط
7
/ اصع   

ٗلل/ً :545ً ٗ إراعص  رَسا  ٍقادل ٓ 8عْد خاصطط يعاصكه 
6

. ٗ ماصُ ٍعاده ل اجٖلاك لىَرارك 

ٗلل/  اصع . أظٖار لىْظاصً إ اجاص   جيادم ٗ  اريع  ى ّخ اص  أٗ  664عصكه لىنٖر   للأقص   ت

لت ت ااص    اا  ٍعاادلال لترااعص  لىشَساا  ٍااع إٍنصّياا   اادء لىررماا  ىنااو ٍااِ لىَراارك ٗ لىَ ااخ  

ٗلل/ ً 899ٍاصرارم عْااد ٗ ا٘ه ٍقاادل  لتراعص  لىشَساا   لىا  
6
تظٖاار لىْجاص ر ك جاا  ل تاااصة  . 

ّجااص ر ل اجخدلً ٍاَ٘عاا  لى اا  لىجاا   . رااعص  لىشَسا  لىَقااد مٍرت عا   اايِ ّظااصً لى ا  ٗ قاايٌ للا

  تعَو  صىطصق   لىشَسي  لىَاَع  ٍرييص مصّ  ٍشاع  ىجاْ  تط٘يرٗ تصْيع ٍثيلاتٖص ٍرييص.  

 


