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ARTICLE INFO  ABSTRACT 
 
 

The present study was developed with the purpose of evaluating the performance of two 
photovoltaic water pumping systems located at the State University of Ceará, Fortaleza, Brazil 
(latitude 3.40°S, longitude 38.33°W). One of the systems has 50 Wp of nominal power and the 
other 100 Wp of nominal power.  The results presented were based on data collected weekly in 56 
days, scattered in the months of April/2018, August/2018 and September/2018. The photovoltaic 
pumping system of 100 Wp had the highest daily average flow in liters, reaching a value of 3,223 
liters/day, while the smaller system averaged 1,669 liters/day. The 50 Wp system had low power 
generation, with an average of 136.27 Wh/day, equivalent to only 39.24% of the average of the 
100 Wp system. The efficiency of photovoltaic conversion was 6.18% in the 50 Wp system and 
7.84% in the 100 Wp system. 
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INTRODUCTION 
 

Water and electricity are two essential resources for the 
survival and quality of life of human society. However, in 
2015, there were still 844 million people in the World (11% of 
the total) without access to a basic drinking water service 
(WHO, UNICEF, 2017, p.3). As for access to electricity, 1.1 
billion people worldwide did not have it in 2016, 14% of the 
world population (IEA, 2017). The state of Ceará has the 5th 
worst GDP per capita in Brazil among the 27 states, but it has 
access to electricity rates above the national average, reaching 
99.9% of households in 2017. Access to water is below 
average national, 7.4% of households did not have access to 
piped water (IBGE, 2017).  Water pumping systems that use 
photovoltaic solar energy seek to offer a solution for access to 
water and electricity. In recent years, photovoltaic solar energy 
has undergone a drastic reduction of installation costs in the 
World, the weighted average installation costs fell from US$ 
4.39 thousand/kW in 2010 to US$ 1.38 thousand/kW in 2017 
(IRENA, 2017, p.23). Overall installed capacity jumped from 
6.1 GW to 291 GW between 2006 and 2016 (IRENA, 2017, 
p.59).  

 
The installed capacity of photovoltaic solar energy in Brazil 
has also been increasing rapidly in recent years. The country 
has 2.6 GW of installed power, but this represents only 1.57% 
of the national installed electric power from all sources 
(ANEEL, 2020). PV solar water pumping systems in rural 
communities have the potential to expand with the incentive 
provided by the cost savings of photovoltaic technology. 
Irrigation water pumping systems consume the equivalent of 
62 terawatt-hours of electricity per year in the World (IRENA, 
2016, p.8). India has developed an ambitious government 
subsidy program to purchase solar pumping equipment to 
replace diesel pumps and pumps connected to the grid. By the 
end of 2017, 147,500 photovoltaic pumping systems were 
installed in India from the government incentive program 
(MNRE, 2018, p.57). In semi-arid rural regions of northeastern 
Brazil, including regions of Ceará, photovoltaic pumping 
technology could be encouraged by the government, using 
India's expansion as a model. The rural communities of Ceará 
have levels of poverty and water scarcity far superior to urban 
communities. In Brazil, 9.9% of the general population lived 
below the poverty line in 2015 while in rural Ceará, 38.9% of 
the population was below the poverty line in the same year 
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(IPECE, 2017, p.87). Photovoltaic generation systems can help 
reduce energy costs by helping to remove households from the 
rural poverty line, in high energy consumption applications 
such as residential supply, irrigation, fish farming and drinking 
water supply to herds, the largest share of electric power 
consumption in many properties. The objective of this study is 
to evaluate the performance evaluation of two photovoltaic 
water pumping systems installed in Fortaleza, Ceará, one with 
a power of 50 Wp and one with a power of 100 Wp. The 
system with higher power is commonly used with the DC 
pump of the experiment in commercial pumping kits 
photovoltaic for sale in the Brazilian market, being considered 
the reference system. The lower power system will be 
considered the alternative system. The results will be used for 
future experiments in the rural area of the state of Ceará. 

 
Literature review 

 
The standard photovoltaic pumping system consists of a set of 
photovoltaic modules, a power conditioning device (inverter, 
controller), a motor pump unit and a water reservoir 
(FEDRIZZI, 2003, p.20). The positive displacement pumps 
used in photovoltaic systems are diaphragm pumps, for small 
manometric heights, and piston pumps for large manometric 
heights (PINHO; GALDINO, 2014, p.272). Positive 
displacement pumps require a higher electric current for 
starting the pump than the current required for starting the 
centrifugal pump. On the other hand, the decrease in solar 
radiation caused by clouds reduces the capacity of the pump to 
reach the required head. DC motors have advantages for small 
systems because they can be directly coupled to photovoltaic 
modules, which generate electricity in direct current, with low 
cost and complexity. In higher power systems, the use of AC 
motors with inverters that convert DC to AC power is more 
attractive due to the cost and availability of AC motors. Direct 
coupling is mainly used in systems up to 400 Wp (MORALES, 
2011, p.53). The design of a photovoltaic water pumping 
system is a relative complex process, always searching for a 
lower cost system without generating insufficient supply 
during periods of lower solar irradiance. Morales (2011, p.152) 
proposes a methodology based on energy balance, where the 
energy demanded is equal to the energy generated for the 
work, considering the efficiencies of each element. This 
method has limitations caused by the variation of the 
parameters used, as for example, the pump can present a 
different level of efficiency for each level of current and 
voltage. 
 
Muhsen, Khatib and Abdulabbas (2018, p.1003-1004) classify 
the methods of designing photovoltaic pumping in four types: 
intuitive, analytical, numerical and artificial. The intuitive 
method is based on the worst month of radiation or the average 
monthly radiation, this method is the simplest, with the risk of 
oversizing or undersizing the system. The analytical method is 
more precise and develops equations for the size of the 
photovoltaic system in terms of reliability. The numerical 
method is the most used, being based on hourly meteorological 
data to predict the performance of the system in different 
configurations. Among the configurations that meet the 
predetermined performance and reliability parameters, the 
lowest cost is chosen. The artificial method uses algorithms 
such as the genetic algorithm. A photovoltaic pumping system 
with oversized currents and voltage for the pump can burn the 
pump or the motor, while a system with low power can 
generate insufficient current for the beginning of the water 

pumping. A critical point of direct-coupled photovoltaic 
pumping is that the system operates outside the maximum 
power point of the photovoltaic generator most of the time, 
unlike conventional grid-connected photovoltaic systems 
which have inverters with maximum power point tracking 
(MPPT). The points where the I-V curve of the motor meets 
the I-V curve of the generator are known as working points 
(STEIGLEDER, 2006, p.41). In a well-designed photovoltaic 
pumping system the work points at low and high radiation 
levels are not too far from the maximum power point of the 
generator. Michels (2007) measured the performance of a 
system with two 56 Wp photovoltaic modules connected in 
series directly coupled to a Solarjack model SDS-D-228 pump. 
The study chose two days of clear skies to reap the results, one 
day in winter and another in summer. Winter day had a 
pumped flow of 2056 liters while summer day had a flow of 
2377 liters. The efficiency of the system on winter day was 
higher than on summer day, in the morning (9.58% x 9.07%) 
and in the afternoon (9.34% x 8.57%). Nogueira et al. (2015) 
compared a system with three 50 Wp polycrystalline modules, 
model KS50 of the brand Solartec, with a system with a 
monocrystalline panel of 135 Wp, model HG135 of the mark 
Solarterra. A metal structure was built 2.5 meters high, with a 
water tank with a capacity of 100 liters at the top of the 
structure and another tank of the same capacity on the floor of 
the structure. The water was continuously pumped from the 
lower tank into the upper tank via a Shurflo suction diaphragm 
pump. The polycrystalline system had better performances 
than the monocrystalline system in results such as water 
pumping (average of 4182 liters/day x 3536 liters/day), pump 
efficiency (76.07% x 45.38%) and overall system efficiency 
(5% x 4.27%). 
 
Tiwari and Kalamkar (2018) verified the performance of a 
direct coupled photovoltaic pumping system at 4 different 
gauge pressures, 4 bar, 6 bar, 8 bar and 10 bar. Each pressure 
was tested for five sunny days. The photovoltaic arrangement 
had 1.6 kWp of power, with 8 modules of 200 Wp, being 2 
lines in parallel with 4 modules in series. The pump used was a 
Grundfos submersible (model SQF 2.5-2) and the motor was 
an MSF 3 model with MPPT. The highest average daily flow 
was found with the pressure of 4 bar, 27.09 m³/day. The daily 
flow had a drop between 3.5 and 4.5% for each addition of 1 
bar in the pressure. With an irradiance of 800 W/m², the water 
flow per hour was very similar in the four pressures studied. 
However, at 400 W/m² the system had 2.34 m³/h of flow with 
4 bar of pressure against 1.32 m³ / h with a pressure of 10 bar. 
The system with 10 bar presented the best average efficiency, 
with a value of 7.68%. 

 

MATERIALS AND METHODS 
 

The experiment was carried out at the State University of 
Ceará (UECE) - Brazil, located in the geographical coordinates 
3º 79' of Latitude South (S) and 38º 55' West Longitude (W). 
The study evaluated the performance of two photovoltaic 
water pumping systems with direct coupling. The three 
photovoltaic modules used in the experiment (Fig. 1) are of the 
brand Komaes, model KM50, with nominal power of 50 Wp 
each. The first system consists of two Komaes photovoltaic 
modules connected in parallel, with a nominal power of 100 
Wp that supply a Shurflo pump. The second system has only 
one module of the Komaes connected to the other Shurflo 
pump of the same model used in the first system. The fixation 
of the solar modules was carried out in an iron structure, which 
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was grounded. The modules were tilted 10° from the 
horizontal, oriented at 0° azimuth. The module presents in 
standard test conditions (STD) maximum power voltage of 
17.74 V, maximum power current of 2.84 A, and short circuit 
current of 3.04 A (MINHA CASA SOLAR, 2020). The water 
pressure was performed with two Shurflo pumps, model 8000-
443-136. It is a surface pump with positive pumping systems 
through diaphragm chambers. It has 12 VDC rated voltage and 
operates at open pressure, has a flow rate of 396 liters/hour and 
works with 3.1 A of electrical current (NEOSOLAR, 2020), 
which is a current value close to the short circuit current. 
 

 
 

Fig. 1. Picture of three photovoltaic modules installed 
 
The hydraulic part of the system (Fig. 2) was mounted on a 
pre-existing masonry structure with 2 meters in height. It has a 
solid cube-shaped base with a hollow cylinder at the top. 
Inside the cylinder were the pipes, the pumps, the hydrometers 
and the electrical measuring equipment.  
 

 
 

Fig. 2. Hydraulic structure 
 

Above the cylindrical structure, a glass cube with edges of 30 
cm was fixed. Next to the masonry structure, a 150-liter 
Fortlev water tank was installed at ground level. Between the 
water surface level inside the water tank and the water outlet in 
the glass cube there is a height difference of 1.91 meters. All 
the water pumped into the upper reservoir returned 
immediately to the lower reservoir, generating a permanent 
cycle. The water pumped from the water tank through the 
pumps, then through the two hydrometers and reaches the 
glass cube in two separate pipes. The glass cube is not airtight, 
it allows the passage of external air from openings at the top.  
The equipment of measurement of the volume of water 
pumped was the Unijato hydrometer of the brand Saga, model 
US-3.0, nominal flow of 1,5 m³/h, maximum flow of 3 m³/h. 
This vertical hydrometer is Class A, with a minimum flow rate 
of 40 liters/hour and a transition flow rate of 150 liters/hour 
(SAGA MEDIÇÃO, 2020). The device that measures the 
electric energy generated by the solar modules is the DC 
wattmeter model PZEM-031, of the brand Peacefair. It works 
with measuring ranges between 6.5 V and 100 V voltage, 0 to 
20 A current, 0 to 9999 Wh of energy, with an accuracy of ± 
1% (PEACEFAIR, 2020). The schematic diagram of the 
experiment is shown in Fig. 3. 
 

 
 

Fig. 3. Schematic diagram of the experiment 
 

The pyranometer that measured the solar radiation is of the 
brand Kipp & Zonen, model CMP3, being in a station PCD to 
85 meters of distance of the installed photovoltaic modules. 
The pyranometer CMP3 (ISO 9060: 1990 Second Class) 
provides measurement of global short-wave solar radiation in 
the 300 to 2800 nm spectral range (KIPP&ZONEN, 2020). 
The data in the station is integrated in periods less than 60 
minutes. Between the photovoltaic modules and the pumps 
there is a DC wattmeter to measure the generated electric 
energy. The flow data of the water and the energy generated 
were collected weekly from the direct reading of the 
hydrometers and wattmeters respectively. The experiment was 
carried out during April/2018, in the period from April 2 to 
April 28, and the months of August/2018 and September/2018, 
from Auguster 6 to September 2, representing 56 days of 
collect. At the end, seven indicators were obtained.  
 

Pumped flow: The flow refers to the volume of water pumped 
divided by the operating time of the system, which can be in 
hours, days or months. In equation 1 are the flow (Q) in liters / 
day, i.e., the volume of water (v) in liters and the time (t) in 
day: 
 

� = 	
�

�
																																																																																													(1) 
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Electric power: The daily electrical energy (Eed) in Wh is 
achieved by integrating the instantaneous electric power (Pot) 
in watts, over time (t) in seconds. The integration quoted in 
equation 2 is done by the PZEM-031 wattmeter itself. The 
resulting value in joules is then converted to Wh: 
 

��� = 	 � ����
���

	 . ��																																																																			(2)		 

 
The daily radiant energy received by the PV generator (Edgf) in 
Wh is achieved by integrating the instantaneous irradiance (G) 
in W/m² incident on the horizontal plane of the photovoltaic 
arrangement, over time (t) in seconds, multiplied by the area of 
the photovoltaic (Ag) generator in m², thus: 
 

���� = 	�� � �

���

. ��																																																																					(3) 

 
The area of the photovoltaic modules is obtained by 
multiplying two dimensional data (750 mm x 510 mm). The 
integration contained in equation 3 is provided by the 
pyranometer of the PCD station. 

 
Photovoltaic conversion efficiency: The daily efficiency of 
the photovoltaic conversion is obtained through the quotient 
between the daily electric energy generated and the radiant 
energy received by the photovoltaic generator (STEIGLEDER, 
2006, p.109). Thus we can calculate the daily efficiency of the 
photovoltaic conversion (ηpv) from the equation 4: 

 

	η��	����� = 	
���
����

																																																																											(4) 

 
Performance ratio (PR): Another parameter evaluated is the 
performance ratio (PR) that consists of the relation between 
the real and theoretical energy outputs of a photovoltaic 
installation (MORAIS, 2017, p.66). It shows the proportion of 
electric power that is available to the pump after the operation 
losses, such as losses due to the heating of the photovoltaic 
modules. It is expressed in percentage and can be calculated by 
the following formula (DE LIMA et al., 2017, p.81): 

 

�� = 	
��
��
		�	100%																																																																								(5) 

 
The final productivity (YF) of equation 5 can be defined as the 
total electric energy generated by the photovoltaic array and 
delivered to the motor pump during a defined period of time 
(day, in the case) divided by the nominal output power of the 
PV system. It represents the amount of hours per day that the 
photovoltaic system must operate at its nominal power to 
generate the amount of energy produced. 

 

�� = 	
���

���,���
�
��ℎ

���

�																																																												(6) 

 
The reference productivity (YR) is the global horizontal 
irradiation (HT) in the plane divided by the reference irradiance 
(HR). The (HR) value is of the order of 1 kW/m². The reference 
productivity is a measure of the theoretical energy available in 
a location over a defined period of time. 

�� = 	
��

��
�
��ℎ

���

�																																																																							(7) 

 
Manometric height: The determination of the manometric 
height uses as reference the study of Moreira (2009, p.55). It is 
measured in meters from the geometric height (Hg) and the 
friction losses occurring in the suction and settling pipes, 
converted to an equivalent length (H), starting from the 
formula: 

 
�� = 	�� +	��																																																																											(8)			 

 
The friction losses in the pipes had their results obtained 
through tables constructed using the Flamant Equation 
(FRANKLIN ELECTRIC, 2016, p.66), which is applied to 
load loss calculations in small diameter pipes. 

 
Efficiency of the pump: The daily efficiency of the pump is 
achieved with the quotient between the daily hydraulic energy 
(EH) and the generated daily electrical energy (Eed). The 
electric energy (Eed) was found in equation 2. And the 
hydraulic energy (EH), in Wh/day, is obtained from the total 
manometric height (AMT) in meters and the daily flow 
pumped (Qd), in the case converted from liters/day to  m³/day. 

 
��		 = 	2,725	.		��	.		���																																																												(9) 
 
Thus, the calculation of the daily efficiency of the pump (ηehd)  
(STEIGLEDER, 2006, p.112) is performed as follows: 

 

η��� = 	
��
���	

																																																																												(10) 

 

RESULTS AND DISCUSSIONS 
 
In this section, we analyzed all data collected from solar 
irradiation, and from the wattmeter and hydrometer of each 
pumping system, with weekly frequency, during the month of 
April/2018, in the period from April 2 to April 28, and the 
months of August 2018 and September 2018, from August 6 to 
September 2. The total was eight weeks with results, 
representing 56 days of collection, being 28 days in each 
period.  
 

 
 

Fig. 4. Average daily solar irradiation per week 
 
The mean daily irradiation of the two periods of 28 days each, 
show that period 1 was a good reference of low solar 
irradiation while period 2 was a good reference of high solar 
irradiation. Period 1 with average daily irradiation of 5.05 
kWh/m² had values close to the average of the month of 
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April/2018, which with irradiation of 5.02 kWh/m², presented 
the third lowest monthly average of the year 2018. The period 
2, with average daily irradiation of 6.35 kWh/m², had values 
close to the average of August/2018, which with irradiation of 
6.23 kWh/m², presented the third highest monthly average of 
the year 2018. Fig.4 brings the values of average daily solar 
irradiation in each of the eight weeks of the experiment. In 
most cases, the weeks of period 2 had irradiations higher than 
the weeks of period 1. Week 1 and 2 had the worst average 
daily solar irradiation between the eight weeks, with averages 
of 4.6 kWh/m², values that are only higher than the values of 
the month of February/2018, only 3.8% more irradiation 
compared with the worst month of the year. Week 8 presented 
an average daily irradiation of 6.82 kWh/m², higher than the 
value of the month of September/2018, 1.3% more irradiation 
compared to the best month of the year. These data show that 
within the eight-week universe of the experiment, weeks 1, 2, 
and 8 are good references of extreme solar irradiance values, 
compared to the monthly values  for 2018. The daily radiant 
energy received by the photovoltaic generator (Edgf) in kWh 
was obtained through solar irradiation by the area of the 
photovoltaic (Ag) generator in m². The area of the Komaes 
KM50 module is 0.38 m², so the area of the 50 Wp system was 
the same area of the module and the area of the 100 Wp system 
was twice, because the larger system has 2 modules. The 
lowest daily solar irradiance in the 50 Wp system occurred at 
weeks 1 and 2, with a mean of 1.76 kWh, while the highest 
value occurred at week 8, with a mean of 2.61 kWh. The 
average daily flow rate of the two photovoltaic water pumping 
systems, in liters per day, in each 28-day period is shown in 
Fig. 5. The mean volume of water pumped in period 1 was 
1,089.75 liters per day in the 50 Wp system, representing only 
41.03% of the average flow pumped by the 100 Wp system, 
which in turn was of the order of 2,655.5 liters per day. As the 
incident radiation on the 50 Wp system represented 50% of the 
incident radiation in the 100 Wp system, it can be stated that 
the volume pumped by radiation incident in period 1 was 
higher in the 100 Wp system. The average volume of water 
pumped in period 2 was 2,248.5 liters per day in the 50 Wp 
system, equivalent to 59.31% of the average flow pumped by 
the 100 Wp system, which in the case pumped 3,790.5 liters 
per day. Thus, the volume pumped by incident radiation in 
period 2 was higher in the 50 Wp system. 
 

 
 

Fig. 5. Average daily flow (liters / day) per period in each system 
 
The results of the pumped water flow show that the system 
with lower power (50 Wp) was more impacted by the 
variations of solar irradiation. In the set of 56 days of the 
experiment, the average flow rate of the 50 Wp system was 
1,669 liters per day, and the flow rate of the 100 Wp system 
was 3,223 liters per day. The result of the smaller system flow 
represented 51.79% of the largest system flow. For the purpose 
of comparison, Chilundo (2014) developed an experiment with 

a photovoltaic pumping system applied to the irrigation of an 
agricultural unit in the city of Fortaleza with the Shurflo pump 
8000-443-136 in 2014, the same city and the same pump used 
in this study. The photovoltaic module used was the CSUN 
135-36P model, of the brand Exxa Solar, with a nominal 
power of 135 Wp, with power higher than the larger system of 
the present study. The system applied to irrigation achieved a 
daily average flow of 5.84% greater, compared to the daily 
average of the system of 100 Wp in the 56 days. The average 
daily solar irradiation level in the comparison had a difference 
of less than 1%. The 100 Wp system had higher flow per 
installed power, but the irrigation system operated with a 
higher total head, of the order of 10.5 meters. The 50 Wp 
system had great difficulty working on days of low radiation, a 
fact that happened on rainy and cloudy days. At week 1 there 
was precipitation in five of the seven days. Despite 
representing 50% of the nominal power of the 100 Wp system, 
at week 1 the 50 Wp system only pumped the equivalent of 
34.34% of the water pumped through the bigger system, just in 
the week with the lowest daily average solar irradiation of the 
order of 4.6 kWh/m². This shows that it is difficult for a low 
power system to ensure supply in isolated systems of the 
public power grid, where there is no possibility of a grid 
connected auxiliary system compensating for insufficient 
water pumping. On the other hand, at week 8, where there was 
the highest average daily solar irradiation at 6.82 kWh/m², the 
50 Wp system pumped 61.83% of the water pumped by the 
bigger system. The months of August and September have 
historical radiation higher than the month of April in the city 
of Fortaleza, and in the week 8 the days had many hours of full 
sun. The 100 Wp system presented lower volume variation 
pumped between the 8 weeks of the experiment, demonstrating 
greater reliability in the water supply, which can be vital in 
applications that require this characteristic. However the 
differences between the worst week and the best week were 
relevant, at week 1 only 55.6% of what was pumped at week 8 
was pumped. The average daily electrical energy (Eed) 
generated in each 28-day period by the two pumping systems, 
one with 100 Wp and the other with 50 Wp, is available in Fig. 
6. The daily average electrical energy (Eed) generated by the 
lowest power system in period 1 was 90 Wh/ day, which meant 
only 30.31% of the average of the bigger power system, which 
reached 296.9 Wh/day. In period 2, the average (Eed) of the 50 
Wp system had 182.53 Wh/day as a result, 45.92% of the value 
of 397.53 Wh/day of the 100 Wp system. Therefore the ratio of 
generated energy/incident radiation was always lower in the 50 
Wp system. 
 

 
 

Fig. 6. Average daily electrical energy (Wh/day) per period in 
each system 

 
As for the average daily electrical energy (Eed) in each week, 
the 50 Wp system presents 50% of the nominal power of the 
100 Wp system, but in every week generated less than 50% of 
the energy generated by the bigger system. In week 1, it only 
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generated 25.22% of the largest system. The 100 Wp system on 
the other hand had the energy generated with a more 
proportional behavior in relation to the flow, since as the water 
pumped increased in each of the 8 weeks, the generated energy 
also increased in all the 8 weeks. In the routine observations of 
the wattmeter it was found that the 50 Wp system operated 
with the voltage at levels much lower than the values of the 
rated voltage of the pump, except for hours closer to noon. 
This significantly impacted on the low energy generated. The 
greatest impact factor in the power generation of the 100 Wp 
system was the presence or absence of cloudiness, since even 
between 8:00 am and 9:00 am the system worked with good 
power whenever the sky was cloudless. In 56 days, the daily 
electricity generated averaged 136.27 Wh/day in the smallest 
system and 347.22 Wh/day in the biggest system. One point to 
note is that with a clean sky, in the early hours of the day, the 
pumps of the two systems started operating with a voltage 
between 7 V and 7.5 V, thus above the minimum operating 
voltage of the wattmeter, and a current value between 1.7 A 
and 1.8 A. The working point inside the IV curve of the solar 
module of the experiment, with the voltage and current levels 
mentioned, is far from the point of maximum power (PMP) of 
the module, because the maximum power voltage (VMP) of 
the Komaes KM50 module is 17.74 V, under standard test 
conditions (STC). A far-left working point voltage of the 
(VMP) means a current close to the current short-circuit on 
curve IV. 
 
A current of 1.8 A from start-up of the pump, considering the 
short-circuit current  of 3.04 A of the Komaes KM50 module 
in STC, means a radiation incident on the module of 
approximately 60% of the radiation incident on STC, or 600 
W/m². Thus we have an operating input of the pump with an 
approximate incident irradiance of 600 W/m² in the system of 
50 Wp and with an approximate irradiance of 300 W/m² in the 
system of 100 Wp. The 100 Wp system with 1000 W/m² of 
incident irradiance would operate with approximately 5.68 A 
of electric current if it were connected to an inverter or 
controller with MPPT, since the nominal current of the 2 
photovoltaic modules in parallel are added, with minimum 
differences caused by the increase in temperature. However, as 
the electric current in the wattmeter reached a maximum of 3.5 
A at high-radiation times at noon, the system's working point 
moved to the right of the IV curve, distancing itself from the 
maximum power point (PMP) and impacting negatively on the 
generation of electric energy. The daily efficiency of the 
photovoltaic conversion (ηpvdaily) in each 28-day period was 
obtained by dividing the values of average daily electrical 
energy (Eed) by the daily radiant energy received by the 
photovoltaic generator (Edgf). The data of the daily (ηpv) per 
period are shown in Fig. 7. 
 

 
 

Fig. 7.  Daily efficiency of photovoltaic conversion by period 
 

The daily efficiency of photovoltaic conversion reached 4.66% 
in period 1 and 7.69% in period 2, in the case of the 50 Wp, in 
the system of 100 Wp the efficiency was 7.51% in period 1 and 
8.18% in period 2. The very low result of the efficiency of the 
system of 50 Wp in period 1, compared with the other three 
results, can be explained by the difficulty of the smaller set 
working with radiations below 600 W/m². And since period 1 
had significantly lower irradiations, this minimum value of 
irradiation had more difficulty to be achieved. The Shurflo 
8000-443-136 pump showed an interesting operation, only 
starting with a minimum level of current and voltage sufficient 
to perform water pumping. Therefore, the irradiations below 
the minimum input level of the Shurflo 8000-443-136 pump 
did not generate electrical energy measured by the wattmeter. 
The efficiency of the photovoltaic conversion had an average 
value during the experiment of 7.84% in the 100 Wp system, 
and in 50 Wp system it reached only 6.18% of efficiency. 
Nogueira et al. (2015) compared a pumping photovoltaic 
system with three 50 Wp polycrystalline modules, model KS50 
of the brand Solartec, with a system with a monocrystalline 
panel of 135 Wp, model HG135 of the brand Solarterra, in the 
city of Cascavel, Brazil. The efficiency of the photovoltaic 
conversion was 9.4% in the monocrystalline set and 6.57% in 
the polycrystalline set. Thus the result of the 50 Wp system 
was lower than the two sets of the Cascavel and the result of 
the system of 100 Wp was superior to that of the 
polycrystalline system and inferior to the monocrystalline 
system. 
 
The lowest values of the reference productivity (YR) and final 
productivity (YF) in the 50 Wp set were found at week 1, with 
4.6 kWh/kWp.day and 1.33 kWh/kWp.day, respectively. The 
highest values of (YR) and (YF) were at week 8, with 6.82 
kWh/kWp.day and 4.07 kWh/kWp.day. The reference 
productivity values (YR)  in the 100 Wp set were the same as 
the 50 Wp system for weeks and periods. The lowest value of 
final productivity (YF) in the bigger system occurred at week 
2, with 2.49 kWh/kWp.day. Meanwhile the highest value of 
(YF) occurred at weeks 7 and 8 with 4.22 kWh/ Wp.day. 
During the 56 days, the (YR) score reached 5.7 kWh/kWp.day 
and the (YF) at 2.73 kWh/kWp.day in the 50 Wp system, and in 
the 100 Wp system the (YF) score reached 3,47 kWh/kWp.day. 
With the values of the final productivity and the reference 
productivity, an important result was obtained, the 
performance ratio (PR). It shows the proportion of electrical 
energy that is available to the water pumping system after 
system losses, such as those caused by the heating of 
photovoltaic modules and by the non-operation of the 
photovoltaic system near the maximum power point (PMP) of 
the curve IV. The results of the performance ratio of the two 
systems per week are shown in Fig. 8. The performance ratio 
in the 50 Wp system varied greatly at 8 weeks, from vexative 
value such as 28.9% at week 1, the worst result, up to 
acceptable results for a direct coupling pumping photovoltaic 
system, such as 59.7% at week 8, the best result. The 
performance ratio in the 100 Wp system ranged from 54.1% at 
week 2, the worst result, and 63.2% at weeks 6 and 7, the best 
result. In period 1, in period 2 and total time of 56 days, the 
performance of the smaller system was 35.6%, 57.5% and 
47.9%, respectively. During every week the largest system 
obtained acceptable results for a system that does not work 
with inverter or load controller with MPPT function. In period 
1, in period 2 and in total time of 56 days, the system 
performance ratio of 100 Wp was 58.8%, 62.7% and 60.9%, 
respectively. 
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Fig. 8. Values of the weekly performance ratio (PR) per system 
 

Morais (2017) evaluated the performance ratio of a 5.2 kWp 
photovoltaic system connected to the public electricity grid 
through an MPPT inverter. The system is located at a distance 
of 40 meters from the two pumping systems of this study, in 
Fortaleza, Ceará. The study was conducted between 
October/2016 and September/2017. The performance ratio 
(PR) over the 12 months was 75.6%. The relevant difference 
for the two pumping systems is justified by the absence of 
equipment that makes the PV pump system with direct 
coupling work at the point of maximum power of the I-V 
curve. The identification of the total manometric height 
(AMT) allowed to obtain the results of the hydraulic energy 
(Eh) of the systems and the daily efficiency of the pump (ηehd). 
The manometric height is the sum of the geometric height 
(Hg), whose value is 1.91 meters, with friction losses in the 
pipes calculated in equivalent meters (Hp). The values of the 
losses were based on the addition of the length of the suction 
pipe, the length of the settling pipe and the equivalent length of 
two 90° knees, two 45° curves and a check valve, existing in 
each pumping. At the end, with the addition of all the values, a 
result of 15.7 meters of extension was obtained, adding pipes 
and connections. In order to calculate the (Hp) result, the value 
15.7 meters was multiplied by 1.2%, loss of load found for 
3/4" PVC pipes with 0.5 m³/ hour flow (FRANKLIN 
ELECTRIC, 2016, p.66). The result of the (Hp) friction losses 
found was 0.19 meters. The value of the total manometric 
height (AMT) was 2.1 meters, from the addition of 1,91 meter 
(Hg) with 0.19 meter (Hp). The average daily hydraulic energy 
(Eh) in Wh/day of the two systems required to pump the water 
had the result based on the daily flow multiplication, in the 
case converted to m³/ day, by the (AMT) and the value 2.725. 
In period 1, in period 2 and in the total time of 56 days, the 
mean values of the daily hydraulics of the smaller system had 
results of 6.23 Wh/day, 12.86 Wh/day and 9.55 Wh/day, in 
this order. In period 1, in period 2 and in the total time of 56 
days, the average values of the daily hydraulics of the bigger 
system reached 15.19 Wh/day, 21.68 Wh/day and 18.44 
Wh/day, respectively. The daily efficiency of the pump (ηehd) 
was found by simply dividing the average hydraulic energy by 
the average electric energy generated. The efficiency data of 
the pump per week are shown in Fig. 9. The efficiency levels 
of the pump system of the 50 Wp system were significantly 
higher than the levels of the 100 Wp system, ranging from 
6.5% to 7.3% in weekly values, against values between 4.8% 
and 5.5% of the bigger system. The efficiency of the pump in 
56 days averaged 7% in the 50 Wp system and 5.31% in the 

100 Wp system. The efficiency of the pump in both systems 
had a weak result. However, these results were expected 
because the range of operation with the manometric height of 
the experiment is very far from the operating range where the 
Shurflo 8000-443-136 pump has a higher level of efficiency. 
 

 
 

Fig. 9. Efficiency of the motor pump assembly per week 
 in each system 

 
Conclusions 
 
The comparison between the photovoltaic system of water 
pumping of 50 Wp and the system of 100 Wp presented a 
proportional evaluation in indicators like flow of water and 
electric energy generated, having as reference that the power 
of one system is twice the power of the other.  In indicators 
such as photovoltaic conversion efficiency the comparison was 
made through the absolute values found. The comparison was 
balanced, the 50 Wp system won three of the six indicators. 
The average water flow of the 50 Wp set achieved the best 
proportional result with 1,669 liters per day against the system 
flow of 100 Wp of 3,223 liters per day, the lowest system had 
51.79% of the largest system flow, having only 50% of the 
rated power. As the hydraulic power depends directly on the 
flow value, there was a new proportional win of the 50 Wp set, 
with the same 51.79% of the absolute value of the 100 Wp set. 
During the period of the experiment, the average daily 
hydraulic energy of the smaller system was 9.55 Wh/day, 
while the average daily hydraulic energy of the larger system 
reached 18.44 Wh/day. Finally, the system of 50 Wp obtained 
the best level of efficiency of the pump, with an average of 7% 
against 5.31% of the system of 100 Wp. The 100 Wp system 
won the comparative in three indicators. The daily electrical 
energy (Eed) generated by the largest system had an overall 
average of 347.22 Wh/day, the highest proportional value, 
against only 136.27 Wh/day in the lowest system. The 50 Wp 
system obtained only 39.24% of the largest result, having 50% 
of the nominal power. The efficiency of the photovoltaic 
conversion had an average value during the experiment of 
7.84% in the set of 100 Wp, the best result, while the set of 50 
Wp reached only 6.18% of efficiency of the photovoltaic 
conversion. The performance ratio (PR) in the 100 Wp system 
achieved the highest value, with 60.9%, against only 47.9% in 
the smaller system. The result of the system of 100 Wp 
regarding the pumped flow had a more satisfactory result in 
relation to the level of stability of the average weekly flows. 
The worst week in terms of average flow, with 2,242 
liters/day, reached 69.56% of the average flow of the eight 
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weeks, in the system of 50 Wp the worst week had only 
46.13% of the average average flow. The result of the average 
flow rate of the 50 Wp system was surprising because no 
photovoltaic pumping kits with such low rated power are sold 
in the Brazilian market with the value of the electric current of 
the photovoltaic system in STC similar to the nominal electric 
current of the pump in the range of smaller manometric height 
required. The100 Wp system presented better performance in 
period 1, with lower solar irradiations, and the 50 Wp system 
presented better performance in period 2, with higher levels of 
solar irradiation. At the end it can be concluded that the results 
of the two photovoltaic pumping systems were satisfactory. 
For comparison purposes, the average pumping of 3,223 liters 
per day in the 100 Wp system is equivalent to 8.14 
uninterrupted hours of operation of the Shurflo 8000-443-136 
pump with its nominal flow of 396 liters/hour, in the smaller 
manometric height possible. Thus, the photovoltaic system of 
water pumping proved to be a good alternative to pump water 
in the rural area of Ceará, with the possibility of avoiding 
expenses with the electricity bill and alleviating poverty. 
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