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Abstract 
 

Day by day water resources in the world are getting shortened and agricultural lands are gradually getting 
dry. Water extraction for agricultural purposes in the regions far away from the electric network, brings 
extra costs. In the regions that are close to the electric network, high electric bills are encountered. In 
irrigation systems, cost-efficient and high performance power generation is possible thanks to the solar 
energy. When parameters such as the quantity of water and the well height required are known, cost-
efficient agricultural irrigation can be achieved by proper pump selection. In this study; dynamic change 
realized on daily and annual basis was researched for off-grid photovoltaic pump system (PVPS) that is 
attached to photovoltaic (PV) panels. In this system, PV panels are directly attached to the pump that feeds 
a tank placed high above. According to the measurements performed in the application area, Malatya 
province; analyzes were carried out on solar radiation, change of temperature, electrical efficiency and 
pump water flow. Months that had similar solar radiation and temperature values, were gathered under 
three different groups. That is, instead of monthly data, months that were of similar nature, were named 
as the Warm period, Lukewarm period and Cold period. In consequence of the study, major changes were 
observed in the system flow and efficiency throughout the day. Therefore, it was determined that 
designing any PVPS application according to daily average values without investigating the dynamic 
process, would cause performance decrease and additional costs. 

 

Keywords: Solar Efficiency; Solar Radiation, Photovoltaic Panel System, Energy Efficiency. 

 
1. Introduction 

 

Today, solar energy is practically and economically 
used in agricultural irrigation systems. Thanks to the 
developments in PV panel and control devices; PVPS 
design, installation, operation and maintenance have 
become easier. Therefore, if there is a need for water at 
any point, the solution in terms of reliability and 
sustainability, is PVPS. 

 However, the main problem here is that; the number 
of panels used in PV systems are more than adequate, and 
accordingly, the costs are increased. With this study, it was 
aimed to prevent the installation of high cost systems, in 
other words, to provide the maximum water flow made 
possible by using less PV panels.   

When choosing a pump system, purchase and assembly 
costs are usually analyzed. However; purchase and 
assembly cost, is a very low cost compared to the energy 
used during the operation of the system. In literature, 
there are studies indicating that the purchase price of a 
pump throughout its total lifetime, is 3.6%, assembly price 
is 6.6%, and the total energy consumed by the pump, is 
92.8%  [1-9]. 

Incidence angle of sunbeams to the earth, is depended 
on the hour angle of the world throughout the day, and on 
the declination angle throughout the year. This change on 
daily and yearly basis, also cause changes in several 
meteorological data such as radiation intensity and 
ambient temperature. Due to the change observed in the 
meteorological data on daily and yearly basis; electrical 
efficiency in the solar energy applications, changes 
throughout the day and the year. This change observed in 

PV panel systems, particularly established for agricultural 
irrigation, increases the importance of optimization and 
design. Because, sudden changes in the meteorological 
data, do affect the current-voltage I-V) characteristics and 
radiation intensity of PV panels, and the ambient 
temperature, therefore these changes also affect the 
system output, that is, the pump water flow [9-21]. 

 
2. PV Pump system    
 
The most suitable solution for agricultural-purpose or any 
other pump; is depended on the parameters such as 
altitude changes at the point of application, on whether 
there is an inverter available in the system, and on which 
season of the year and which hour of the day the water 
should be used. PV irrigation systems that have the 
highest efficiency, are the systems in which batteries are 
not used, and PV panels are directly activated via a control 
device.  Off-grid PV panel group was directly attached to a 
DC submersible pump. The water was transferred to a 
tank that had been placed higher than the point where the 
water would be used [21-62]. The system diagram related 
to the PVPS analyzed, was shown in Figure 1.  
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Figure 1. Directly bowered PVPS chart 
 

Two important parameters affecting the electrical 
efficiency of PV panels, are solar radiation and 
temperature. The location of any place is expressed with 
the latitude and longitude on which it is situated. Solar 
radiation values of this place are fixed, and impossible to 
change. Other parameter that affects the electrical 
efficiency of PV panels, is temperature and it is open to 
intervention. That is, PV panels can be heated and cooled 
down by external intervention. Therefore, it is required to 
reduce PV panel temperature in order to increase the 
electrical efficiency of PV panel, or to increase the number 
of PV panels in order to meet the demanded power.   

Meteorological data related to the period between 
May-2013 and April-2014, were monitored and recorded 
instantaneously. Arithmetic mean was calculated for each 
month, and daily global radiation values were calculated. 
In Figure 2, daily average global radiation values in a 
month in Malatya, are indicated 
 

Figure 2. Daily average global radiation values in a month in 
Malatya 

In order to determine the temperature related to the 
months, arithmetic mean of the total temperature was 
calculated for each month, depending on daily 
temperature values. In Figure 3, daily average 
temperature values in a month in Malatya, are indicated. 
 

 
Figure 3. Daily average temperature values in a month in Malatya 

Instead of making a separate calculation for each 
month, basing upon 12 months of a year; months that 
were of the similar nature, were evaluated in three 
different groups in terms of solar radiation and ambient 
temperature. In this approach, as a result of classifying the 
months together, which produced similar results in 
accordance with radiation intensity and ambient 
temperature parameters, we can see that three different 
groups have appeared. These groups were called as the 
Warm period (May-June-July,-August), Lukewarm period 
(March-April-September-October) and Cold period 
(January-February-November-December) in accordance 
with their radiation intensity and temperatures. The 
advantage of this classification is that; it is possible to 
reach correct results by looking at the solar radiation and 
temperature at any place located on a latitude-longitude 
point different from where we are. Because, by this means, 
it might be considered that Cold period, Lukewarm period 
and Warm period represent the places that have low, 
medium and high radiation intensity and temperature 
values, respectively. Thus, correct results on the system 
efficiency can be achieved by looking at the temperature 
and radiation values without making any calculation. 

For the application area, an evaluation was carried out 
in four-month groups. By means of calculating the 
arithmetic means of these groups; hourly solar radiation 
and temperature values were compared in terms of 
electrical efficiency and pump water flow for one day, and 
a detailed analysis was carried out.   

  
3. Conclusion the impact of radiation intensity and 

ambient temperature on the water flow 
 
The daily change of solar radiation belonging to each 
group, was shown in Figure 4; and the daily change of 
ambient temperature, was shown in Figure 5. Here, the 
point that needs to be paid attention is that, the group that 
has the highest radiation intensity, also has the highest 
temperature value at the same time. In terms of PV 
systems, high radiation intensity is positive for the system 
performance. However, high temperature creates a 
negative impact on PV system, and reduces the efficiency. 
In addition, high temperature causes the vegetables and 
the other creatures consume more water. Therefore, in 
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order to meet the water requirement instantaneously, 
more PV anels are used for more water flow in the regions 
located on warm climate zone. And this cause an increase 
in start-up costs. That is, it is not right to make a decision 
on the performance by only looking at the radiation 
intensity.   
 

 
Figure 4. The change of daily radiation intensity in terms of 
efficiency  

 

Figure 5. The change of average daily ambient temperature   
   

As it can be seen in Figures 4 and 5, there is a dynamic 
change in the radiation intensity and ambient 
temperature throughout the day. It can also be seen that 
the ambient temperature fluctuating in the same direction 
with the radiation intensity, adversely affects the 
efficiency of direct-connected systems [11-13].  
It is an understandable issue that the efficiency is reduced 
as the temperature rises; and the issue that the efficiency 
is reduced as the radiation intensity rises, can be 
explained by going down to the optimum temperature 
values.    
 

4. The Impact of meteorological conditions on the 
water flow 

 
In three different periods determined for Malatya that had 
been chosen as the application area, daily change of 
current dynamic process under instantaneous radiation 
intensity and ambient temperature. The impact that these 
dynamic values created on the system output, was 
measured by the pump flow for system efficiency, and the 
results acquired are indicated in Figures 6, 7 and 8. There 
were serious noticeable changes in the system outputs 
throughout the day. The highest amount of water drawn, 
was acquired for the Warm period in every hour of the 
day. However, Cold period, that is expected to include the 
lowest amount of water drawn by PVPS, pumps more 
water in the early and late hours of the day when 
compared to the Lukewarm period. This is because, the 
ambient temperature is quite low for the Cold period, and 
the radiation intensity in this period, are very close to the 
optimum values. This impact was verified by looking at 
the change in the amount of water pumped into the tank. 
This outcome is opposed to the general expectations. 
When Figure 6 is analyzed, efficiency in the Warm Period 
is at its peak in every hour of the day. For PVPS, it can be 
clearly seen that the efficiency is reduced as the radiation 
intensity rises. This decrease in the efficiency, needs the 
use of more panels in order to reach the flow required in 
large pump systems.   

In order to prevent the use of more PV panel, in other 
words, in order to reduce the start-up cost, it was intended 
to reduce the temperature on PV panel. To this end, a fan 
with cooling function was assembled into the system, and 
electrical yield at different levels was gained for the Warm, 
Lukewarm and Cold periods by reducing PV panel 
temperature. Thus, there was an increase in the amount of 
water transferred into the tank. The daily change of 
electrical efficiency, solar radiation, temperature and 
water flow for the Warm Period, was shown in Figure 6, 
for the Lukewarm period in Figure 7, and for the Cold 
period in Figure 8. 

 

 
Figure 6. The daily change of electrical efficiency, solar radiation 
and water flow in the Warm period   
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Figure 7. The daily change of electrical efficiency, solar radiation 
and water flow in the Lukewarm period   
 

  
Figure 8. The daily change of electrical efficiency, solar radiation 
and water flow in the cold period   
 

When Figures 6, 7 and 8 are analyzed together, it is 
understood that the solar radiation is stable, meaning it 
cannot be changed. And, temperature parameter is open 
to external intervention. In other words, the temperature 
of PV panel can be increased or reduced when desired. In 
Figures 6, 7 and 8, it can be seen that at the moments when 
the temperature was maximum for each three groups, the 
electrical efficiency was minimum, therefore the water 
transferred into the tank, was also minimum. When a fan 
was assembled into the system to reduce the 
temperatures of PV panels, the system temperature was 
decreased. The decreased state of system temperature, 
was indicated by red dashed lines. Therefore, the quantity 
of water transferred into the tank, showed an increase at 
the rates of approximately 17%, %11 and 5% for each 
three groups.   

Warm period, was the group that was mostly affected 
by the temperature in terms of electrical efficiency. It was 
also the group that had the greatest increase in the 
electrical efficiency and in the water flow when the 
temperature was decreased. In the Lukewarm period, a 
recovery at the rate of 11%, was observed. And in the Cold 
period, PV panels ran closely to the maximum 
performance because the ambient temperature was not 
high. Therefore, the cooling operation in the Cold period, 
provided a recovery of 5% at the most.  

According to this application, the use of fan in order to 
reduce the temperature in the Warm and Lukewarm 
periods, was at a convincing level in terms of efficacy rates. 
Another way to acquire the energy generated by PVPS, is 
to add PV panels to the system. However, in the 
application conducted, it was observed that it was 
required to use a 400W panel instead of a 300W panel. 
And this, increased the system cost at 33%. As Current-
Tension characteristics of PV panels are non-linear and 
because they would run by one motor, these types of 
systems do not reach the maximum performance. Because 
in order to run closely to the maximum performance, 
panel connection configuration is needed to be optimized 
in the large systems that use more than one panels.   

As the system already runs closely to the maximum 
performance in the Cold period and because the additional 
yield it provides is 5%, an extra fan for cooling down the 
system is unnecessary. Fan increases the extra cost 
burden. 
 
5. Conclusions 
 
For a selected PVPS system, the dynamic change in the 
performance depending on the instantaneous change in 
the daily radiation intensity and ambient temperature 
during three different periods determined for Malatya, 
was analyzed. Due to the relationship between the 
radiation intensity and ambient temperature, these 
periods might be considered as; cities and regions that 
have low instantaneous average radiation intensity are 
included in the Cold Period; cities and regions that have 
medium instantaneous average radiation intensity are 
included in the Lukewarm Period; and cities and regions 
that have high instantaneous average radiation intensity 
are included in the Warm Period.     

 The selected PVPS application can reach a high 
performance in the regions that particularly 
have low ambient temperature average. The 
reasons for high performance are; the proximity 
between the maximum operating point of the 
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panel and system, and the positive impact of low 
ambient temperature on PV system efficiency. In 
other words, as the sunbeams do not reach high 
temperatures during sunrise and sunset, they 
positively affect the efficiency. As it can be seen 
in Figures 6, 7 and 8, there have been great 
changes observed particularly in the flow and 
the system performance. Accordingly, when 
making a PV system selection for any region, the 
reaction that the system would make against the 
changes in the meteorological conditions of the 
region throughout the day and the year, should 
also be taken into consideration. Otherwise, the 
system performance would be far less than 
expected, or the purchase of more PV panels 
would be required. Purchasing more PV panels 
also increases the system cost. In addition, as the 
pumps have non-linear characteristics, PV 
panels included in the system, should be revised. 
Because for efficiency at the maximum 
performance, panel connection configuration 
should be optimized in the large systems that 
use more than one panels. 

 When high temperature values were reached, a 
cooling fan was assembled into the system in 
order to prevent the electrical efficiency and 
water flow from decreasing. As the temperature 
was decreased, a rise in the electrical efficiency 
and in the water flow was observed. In Figures 6, 
7 and 8, the increase in electrical efficiency and 
water flow is indicated by dashed lines. 

 The greatest advantage of this system is, its 
simplicity.  

 In this system, the water tank operates as an 
accumulator, and it has stored the pumped 
water in order to consume it later. Water that 
would suffice for a few days in the tank, was 
stored in optimum-scaled direct storage PVPS, 
and it was observed that there was enough water 
even when the PVPS was not running. Thanks to 
this method, no accumulator or generator were 
needed.      

 As the tank was placed much higher than the 
consumption points, it provided the adequate 
pressure. Extra pressure pumps and pressure 
tanks were not required.   

 In sunny days, PVPS filled the storage tank 
slowly and the system did not run when there 
was no sun. Because the weather continuously 
kept opening and closing in cloudy. 
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