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Abstract: Systematic approach and sustainable use of water and energy is the key point for human existence. Irrigation systems are one 
of the main directions for the development of the economy. Renewable energy sources, especially solar photovoltaic (PV) energy are suitable 
as input energy for the irrigation systems. By using the original and innovative scientifically sizing method named Critical Period Method, 
the irrigation systems are sustainable, given the economic, environmental and social indicators. This method includes design elements of the 
solution by subsystems: Photovoltaic generator + invertor - PV, pump station - PS and water reservoir - WR based on the critical period of 
operation of each one. Critical Period Method is different from the usual sizing methods because instead of a single critical period, which 
relates to the maximum daily water consumption, this method considers three critical periods (for subsystems PV, PS, and WR) due to the 
different balancing days. Each of the critical periods is determined with regards to a certain balance period. Critical day/period for 
subsystem PV is determined by statistical minimization, with regards to the difference between over pumped and demand quantity of water. 
For the subsystem, WR critical day/period is the day with maximum water demand and the shortest duration of solar radiation suitable for 
the operation of the pump station. A critical day/period for the subsystem PS also coincides with this critical day. Pumps use electric energy 
produced by using solar photovoltaic energy and causing water pumping into the water reservoir, which with its usual hydraulic role of 
storing water also has the function of energy reservoir. This concept is adaptable and can be implemented in the previously constructed 
systems, as well as for the new ones. Application of Critical Period Method replaces the installation of long energy supply lines and 
associated energy losses, and additionally reduces greenhouse gas emissions. Application of Critical Period Method is suitable for rural 
areas because of locations where classical power network is not available or has limited availability, i.e. remote areas and on islands. In 
order to prove this innovative method, a practical application is predicted to perform in irrigation of agriculture field in Deçan, Kosovo. 
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1. Introduction 
Usage of solar photovoltaic (PV) energy, not only in urban 

water supply systems but also for irrigation systems has special 
importance for the entire human population of the world. Even if 
the location has a sufficient quantity of water, it should be noted 
that electricity supply for its abstraction, further distribution, and 
use can be a problem. PV energy is particularly suitable for 
energy supply for irrigation and water supply systems in rural 
areas because there are locations where classical power network 
is not available or has limited availability. In this situation, 
especially in remote areas and on islands, PV energy solves the 
problem of distribution with water and energy. 

In doing so, the emphasis is not only on the use of PV 
energy but also on the improving the performance of pumping 
stations and reservoirs, as well as the remaining parts of the water 
supply system (for the most part that refers to pipelines). The 
above-mentioned solution is sustainable, given the economic, 
environmental and social indicators, which is achieved by using 
original and innovative scientifically method, i.e. Critical Period 
Method (CPM), which was presented and explained in details in 
doctoral dissertation (PhD thesis) from 2014, titled 
''Sustainability of the urban water supply system operating'' and 
many other published scientific papers (Đurin, B., 2014, Đurin, 
B. , J. Margeta, 2014, Borisov B. , B. Đurin, J. Matin, 2016, 
Margeta, J. , B. Đurin, 2016, Đurin, B. , L. Baić, 2016, and many 
others). Such kind of methodology (CPM) so far hasn’t been 
applied anywhere in the world. This concept was presented in 
London at the international scientific conference "World 

Congress on Sustainable Technologies'' in 2015, where it was 
declared for the best work on this conference. Furthermore, it 
was presented at the International Exhibition of Innovations 
(ARCA), held in Zagreb in 2016, where it was given a bronze 
medal for this innovative method. In November 2016, this project 
was presented at the Faculty of Geotechnical Engineering, which 
was proclaimed the best student presentation for the City of 
Varaždin, which as one of seven partners, has been included in 
the EU project "CENSE 2020 - Circular Economy from North to 
South Europe 2020 ', co-funded through the 'Europe for Citizens' 
program - European Executive Education, Audiovisual and 
Culture Agency (EACEA). Accordingly, this methodology was 
also presented at the CENSE 2020 conference in Campulung in 
Romania in April 2017. Nevertheless, this methodology was 
chosen to present the Faculty of Geotechnical Engineering at the 
University Fair in Zagreb, held in November 2016. Also, the 
same concept was presented at Open Door Day of Faculty of 
Geotechnical Engineering in Varaždin, University of Zagreb, 
held in April 2017. 

There is a plan to apply CPM on the existing irrigation filed 
at location in Prapaqan, Municipality Deçan, Kosovo. This 
project is predicted to be financed by Ministry of Education, 
Science and Technology, Republic of Kosovo in cooperation 
between University of Prishtina and University of Zagreb. 
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2. Innovative methodology for sizing of the 

irrigation systems – Critical Period Method (CPM) 
 

2.1. Description of the mathematical model 
Critical Period Method (CPM) includes design elements of 

the solution: subsystem “PV”, subsystem “pumping station” and 
subsystem “water reservoir”, based on the critical period of 
operation of each one. By using of solar photovoltaic energy, 
electric energy is produced and used for operational work of the 
pumping station. Pumping station pumps water into the water 
reservoir. From the water reservoir, water is distributed to the 
irrigation machine or to the irrigation pipelines on the green 
areas. The balancing period tb of water pumping and water 
consumption (water and energy balance) is usually at least one 
day and may be several days, usually no more than five (tb = 1 till 
5 days). Moreover, it has been proved that the reservoir with its 
usual hydraulic role of storing water also has the function of 
energy reservoir through the proven functional connection with 
the source of energy, which is in this case subsystem PV. This 
relationship between stochastic input energy and deterministic 
output energy is expected because larger reservoir volume 
reduces the influence of some extreme time series values of the 
input solar radiation intensity (solar energy). CPM is different 
from the traditional (common) methods as a single critical period, 
which relates to the maximum daily water consumption, this 
method considers three critical periods due to the different 
balancing days (periods). These are critical periods for sizing  of 
subsystems such as: PV, pumping station and water reservoir. 

The minimum required power for the subsystem PV is 
determined from established differences ∆Vtb,i between pumped 
water amount ∆VPS,tb,i and required water amount ∆Vdaily,tb,i: 
 

itbdailyitbPSitb VVV ,,,,, −=∆    (1) 

 
where i, are days in the year; i = 1, 2, ... , 365 days. 
 

The critical day/period for PV generator design (subsystem 
WR) t*Pel,PV,tb,i is determined by statistical minimization, where 
∆Vtb,i  is a difference, which is typically equal to 0: 
 

*
,,,,min itbPVPelitb tV ⇒∆    (2) 

 
In general, the critical day/period for the designing of the 

volume reservoir is the day with the maximum water demand 
Vmax,daily,tb,i 

and the shortest daily duration TS(i) of solar radiation 
suitable for pump station operation, providing that on the 
available day insolation ES(i) is sufficiently high. Based on the 
above mentioned, the required water reservoir volume V*tb,i for 
each alternative tb is obtained using statistical maximization, with 
the associated critical day t*V,tb,i: 
 

*
,,,

*
, max itbVitbitb tVV ⇒≥    (3) 

   
As a rule, this critical day refers to the day in which the daily 

duration of solar radiation TS(i), which is suitable for pumping, is 
the shortest duration of the analyzed year. 

The same situation applies to the capacity of pump stations 
(subsystem PS) Q*PS,tb,i where the critical day t*PS,tb,i, is defined 
by the following expression: 
 

*
,,,,

*
,, max itbPSitbPSitbPS tQQ =>≥   (4) 

   
The application of the mentioned sizing methodology of the 

irrigation system (CPM) is resulting in more rational sizing of the 
entire irrigation system i.e. in achieving the sustainability of 
systematic use of water and energy. It is a deterministic 
approach, which accommodates a large range of possible 
conditions. It is also a conservative approach because the 
elements of the solution are potentially overdesigned. Such 
approach provides a reliable irrigation system. Such this kind of 
methodology (CPM) so far hasn’t been applied anywhere in the 
world. Currently, “State of the Art” shows that other procedures, 
models, and techniques for sizing of the PV irrigation systems 
(and also a PV water pumping systems) didn't reach CPM, with 
regards to the mutual relationship of all subsystems sizes.   

Based on the obtained values, the minimum required size of 
the PV system is determined, which provides the necessary 
inflow of water in the critical period. The results obtained from 
the scientific research show that the acceptability of the solution 
grows when the balancing period used for sizing of the system is 
longer. Lower PV generator power is obtained by applying an 
extended balancing period. Presented solution is more reliable 
and safer, regarding operational work of each subsystem (PV 
system, pump station, and water reservoir) of the entire irrigation 
system, comparing to the usual water supply systems, which uses 
conventional or renewable energy. 
 

2.2. Presentation of the solar photovoltaic (PV) irrigation 
system sized by Critical Period Method (CPM) 

This paper analyses two possible variants of an autonomous 
water supply system using PV energy to drive the pump station 
by pumping the water into the water reservoir; Variant I which 
uses PV generator & inverter while Variant II uses batteries, 
Figure 1 and Figure 2.  

In Variant I, PV cells (forms the PV generator) are used for 
the conversion of solar radiation into direct current power, which 
is converted by inverters into alternating current necessary for 
pump drive. In case the pump station is powered by direct current 
pumps, the inverter is not required. Available insolation Es, i.e., 
electric energy Pel,PV determines the period of the pump station 
operation Ts with uniform rate during the daily work period. 
 

 
 

Fig. 1   Schematic representation of the observed irrigation system for 
Variant I 
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Variant II has the same working principle; the difference is 
that water is stored in the surface water reservoir and pumped 
over to the irrigation device using electrical energy stored in solar 
batteries.   

 

 
 
Fig. 2   Schematic representation of the observed irrigation system for 
Variant II 
 

In both variants, it is necessary to set up minimum two 
pumps. A first pump (pump 1 in a well) is used to pump water 
from a well and deliver it to the water reservoir 1. Rainwater 
(precipitation water) is collected in this water reservoir. 
Rainwater is collected from the existing roofs and PV cells via 
grooves for water discharge into the water reservoir 1. If the roof 
or the solar cells are at a sufficient height, the rainwater is 
drained by gravity (free fall). In case such gravitational flow is 
not possible, it is necessary to install a "booster" pump for 
pumping over. It should be noted that this water reservoir does 
not function as a pumping tank or conventional water reservoirs 
for flow and consumption equalization since both pumps operate 
when the intensity of solar radiation is at its optimal operating 
level. This implies that the hourly, as well as daily input,  is the 
same as hourly/daily output from this water reservoir, so there is 
no need to provide for the volume equalization. In Variant I, 
water is drawn by surface pump 2 from the water reservoir 1 into 
the water reservoir 2 where water is collected and distributed to 
the areas being irrigated. Variant II has the same working 
principle; the only difference is that the water from water 
reservoir 1 is coming into surface water reservoir 2 in most of the 
cases by gravity or by “booster” pump if it is not possible to 
provide flow by gravity. These types of irrigation can be also 
used for enclosed areas (greenhouses). Typically, water is 
pumped over into a water reservoir during the day while the 
irrigation takes place at night, which is more suitable for the 
vegetation, with the reduced evapotranspiration as well. The 
distribution of water from the water reservoir to the crops is 
mainly gravitational in Variant I since the water reservoir is 
situated at a certain height above the ground surface thus 
achieving the required water pressure. In Variant II water is 
distributed by pump 2. 

In any case, it is necessary to provide the required volume of 
the water reservoir 2, namely the water required to meet the 
irrigation needs. Primarily this need will be provided by pumping 
groundwater, with a certain amount obtained from rainwater. 
However, an additional volume of rainwater will not be foreseen 
for the water reservoir 2, since it is assumed that this quantity of 
water will be considerably lower than the planned amount of 
water drawn from the well. Rainwater has an additional purpose 
of mixing with underground water, which makes it more suitable 
for the irrigated vegetation. In addition, this amount of water to 
some extent also relieves the underground aquifer layer. 

The last part of the observed system includes the output 
pipelines from the water reservoir. In this case, one can predict 
the irrigation of an area based on the installed connected 
pipelines or irrigation devices.   
 

3. Implementation of the methodology 
3.1. Case study 
Momentarily, there are a couple of possible locations for 

construction of the presented innovative irrigation system. Most 
important and the biggest location is existing irrigation field at a 
location in Prapaqan, Municipality Deçan, Kosovo. Existing 
irrigation system consists of PV power plant with power of 3000 
W (15 modules with 200 W of peak power for each of them), 
water reservoir with capacity of the 500 m3 and submersible 
water pump with power of 2200 W, Figure 3. With the listed 
main parts, irrigation system also includes all required equipment 
(pipelines, electronic and mechanical devices). Irrigation area has 
size of 8.9 ha, wherein planted agricultural crops are 1.8 ha of 
raspberries which are irrigated with Φ16 mm drip irrigation 
system, 1.6 ha of nuts also with Φ16 mm drip irrigation system, 
2.0 ha of pumpkins with Φ110 mm flat irrigation, 1.0 ha of white 
bean also with Φ110 mm flat irrigation, 0.5 ha of plum with Φ16 
mm drip irrigation system and 2 ha of meadow with Φ110 mm 
flat irrigation.  
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Fig. 3   Schematic representation of the irrigation system in Deçan 

 
Groundwater, which is situated at a depth of 25 m, is used for 

irrigation and the usage of the existing well shows that its 
capacity is sufficient. There is a plan to apply presented 
innovative methodology (CPM) on this location.   
 

3.2. Implementation plan 
The main task of the presented project ideas is to construct, 

describe, and present the solar photovoltaic (PV) irrigation 
system, which will be sized by using of the CPM. There will be a 
couple of stages after this. The first stage will be testing of the 
proposed innovative methodology. This means comparison of the 
measured and calculated values, i.e. comparison of the subsystem 
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sizes, which are calculated by using the mathematical 
model/calculated data (included within CPM) and by using the 
data measured on the location of the built project.  

Next stages will be a comparison of CPM method with other 
methods for sizing of the PV irrigation systems, which can 
possibly be applied. This will be very valuable due to a 
comparison of the mathematical model and real situation model 
for all possible sizing methods. Also, measured values of the 
input meteorological parameters will be compared with 
modeled/calculated values and values obtained from 
meteorological services or other available sources, i.e. internet 
sources.  

There will be a possibility of using the excess of the produced 
electric energy or pumped water for many purposes, as is stated 
in this project proposal. Measured output values will be 
compared with the calculated values. Based on this, the possible 
excess will be adopted with bigger reliability. Unfortunately, 
using only mathematical model doesn’t provide this accuracy. 
Such analysis will contribute to the techno-economic analysis of 
the entire project and also to the ‘’cost-benefit’’ analysis.   
Determination of the possible differences or discrepancies of the 
input parameters, calculated subsystems sizes, and output values 
are directly related to the reliability of the PV irrigation system. 
Possible over-sizing means big reliability, but here is a possibility 
for decreasing of the particular subsystem size. On the other 
hand, under-sizing means decreased reliability. 

After detection of such kind of the occurrences, 
recommendations for their removal should be provided. For this 
(last) stage, these recommendations cannot be proposed 
beforehand, because assumed nonlinear connections and 
dependencies between all subsystems will be exactly determined 
after field measuring and final analysis. Normally, strong SWAT 
analysis will be provided.  
 

4. Conclusion 
The use of PV electric energy for water pumping in urban 

water supply system can contribute to the sustainability 
objectives of the urban areas and urban water system. It 
represents a realistic alternative energy. PV pumping is 
applicable to different settings of pump stations in the urban 
water system and suitable for smaller water supply systems 
where pumping stations are quite distant from the power supply 
lines. The local application replaces the installation of long 
energy supply lines and associated energy losses, and 
additionally reduces greenhouse gas emissions. The impacts of 
the application of sustainability objectives depend on the local 
climate and characteristics of the water supply system. The 
proposed concept is adaptable and can be implemented in the 
previously constructed systems, as well as new ones.  

Given that the primary energy source (Sun) is inexhaustible 
and free of charge, energy supply essential for the operation of 
water pumping system is sustainable. It should be noted that the 
cost of energy from conventional sources is increasingly raising 
(i.e. electric energy in this case). Currently, the Life Cycle Costs 
(LCC) of PV systems is bigger than LCC of conventional 
(classic) energy systems. However, LCC of the PV systems is 
becoming smaller due to PV cell price decreasing. The above is 
also supported by the current trends of decreasing the quantity of 
fossil fuels. 

The proposed innovation can be used as a stand-alone power 
system or in combination with electric energy from the regional 
network, other local energy sources as well as with other 

renewable energy sources. That solution can be used to cover the 
needs of daily and seasonal peak energy. It is important to bear in 
mind the fact that the price of PV generator is significantly 
decreasing and production is increasing, as well as the efficiency 
of cells. This means that the cost of application will be lower, 
more reliable and more productive. It is not difficult to conclude 
that the environmental and social criteria are largely met, due to 
the fact that the system as a whole has the function of sustainable 
development.  

Ecological criteria such as CO2 reduction can also be 
economically evaluated, by revenue, through Renewable 
Obligation Certificates, ROCs. The use of mentioned 
concepts/solutions may contribute to the EU 20-20-20 Target by 
2020 because it increases the share of renewable energy, 
increases energy efficiency and reduces greenhouse gas 
emissions. In almost all countries in the world, regardless of the 
climate, this solution can be successfully implied. In other 
climate areas and urban areas the result would be slightly 
different; nevertheless, the basic features of the presented 
solution would be the same. The surplus of produced electric 
energy can be used for other needs (different electric devices) or 
can be sold to the electric companies. In addition, energy surplus 
can be used for water pumping to the other consumers (for 
irrigation of green areas, gardens, orchards, nursery-gardens, 
etc.). With regards to the irrigation systems, groundwater in 
combination with rainwater could be used for irrigation water 
demands. Purified wastewater can be also used for mentioned 
purpose. 
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