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Abstract— Local and global, general and specific photovoltaic irrigation projects are introduced. Brief information about solar panels, their 

different types, their manufacturing, functionality, efficiency, and design processes are also presented. Concentrated Photovoltaic (CPV) is 

also described thoroughly, which is a brand new technology in the field of solar energy, and its possibility to be introduced to the Egyptian 

market, replacing flat plate c-Si Photovoltaic and conventional diesel generated power systems. A previous case study is introduced for a 

project operated in an area that has a similar Direct Normal Irradiance (DNI) to that of Egypt. Furthermore, a composed case study is 

discussed in detail for a project to be implemented in the area of Alexandria, Egypt. Last but not least, a detailed cost analysis is then 

conducted for this exact project to demonstrate the economical difference between all the previously mentioned powering systems. Where 

Low Concentrated Photovoltaic (LCPV) was found to be the best alternative in terms of present and future value. 

Index Terms— Concentrated Photovoltaic, Conventional Photovoltaic, Cost Analysis, Cost Reduction, Diesel Generators, Egyptian 

Irrigation Systems.   

——————————      —————————— 

1 INTRODUCTION                                                                     

round 50% of the Egyptian population is engaged in 
the agricultural sector, making agriculture an essential 
aspect of economic development of the country. How-

ever, agriculture in Egypt is negatively affected by low rain-
falls, relatively low humidity, hot climate and the fact that 
water quality and volume of the Nile is constantly decreasing. 
Moreover, 85 to 90 percent of farmers work on lands of maxi-
mum 5 Feddan (21000 m²). This has led to making the Delta 
region rather used to accommodate Egypt’s rapidly growing 
population than to be used in agricultural. Thus, to meet the 
increasing crop demand; in the past decade, agricultural busi-
ness was forced to restore uninhabited and desert lands for 
agricultural use, for example, the western and the eastern 
desert areas. The immense evapotranspiration - occurring due 
to extremely high temperatures – and the sandy soils usually 
require constant and persistent water application, mak-
ing irrigation agriculture essential in Egypt. 

Costs of diesel for irrigation systems are terribly inflating 
because of the absence of diesel in the markets. Furthermore, 
the use of diesel fuel is also more expensive when used in de-
serted lands due to their remoteness. Taking into considera-
tion the transportation expenses of diesel, maintenance costs 
and overhauling of generators, using diesel will not anymore 
be economically feasible and attainable for those farms in the 
coming years. At the same time, Egyptian crop exporters are 
losing competitiveness in the international market due to crop 
losses that were caused by lack of irrigation. High carbon dio-
xide emissions, tremendous diesel discharges into the soil and 
precarious long distance transportation of diesel to the farms 

are just a few of many ecological disadvantages of diesel oper-
ated water pumping systems. Therefore, we have to find an 
alternative energy source in order to overcome the flaws of 
diesel powered systems and to enhance the growth and devel-
opment of Egypt’s agricultural sector. 

With 90 % of desert land, higher possibilities of clear sky-
days and solar radiations that reaches 2600 kW/h, Egypt is 
one of the most potential countries in the Middle Eastern and 
North African region for solar energy availability. The intro-
duction of solar powered pumping systems presents a magni-
ficent chance to overlook the usage of non-reliable and non-
sustainable fossil fuelpowered generators. Moreover, the im-
plementation of solar powered irrigation systems helps to 
conquer the risk from the variation and fluctuation in both 
fuel and supply prices, and instead ensures stable and reliable 
on farm energy supply. Thus, crop losses due to insufficient 
irrigation will never be a consequence. 

In comparison with Diesel prices, solar energy is not yet a 
competing substitute considering the price of input only. This 
is due to the strong governmental financial support of diesel 
by the Egyptian government. Given the current economic sit-
uation, governmental financial support will decrease ade-
quately within the next 2 years to make solar energy a compet-
itive replacement. However, this is probably the case for re-
mote desert farms. A simple cost analysis was carried out for a 
distant desert farm in Egypt showed that 1 kW/h generated 
from diesel energy will cost the farm 1.55 L.E. due to the cost 
of transportation, unlike energy generated from photovoltaic 
panels which will cost 1.05 L.E. for every single kW/h. With 
respect to irrigation, this means that one cubic meter of water 
costs the farm 0.45 L.E. when using diesel-powered pumps 
and 0.28 L.E. when using solar energy. Using a different ener-
gy source, such as Photovoltaic Systems, has proven to be 
much more cost-effective for isolated desert farms. 

There are various numbers of different pumping systems 
that can be used in irrigation. The most popular photovoltaic 
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cells being used recently are the poly-crystalline and mono-
crystalline cells. Different initiatives and sustainable energy 
firms has picked polycrystalline cells, though mono-crystalline 
cells are much most efficient. However, since mostly every 
single farm in Egypt is located in an isolated remote desert 
area, where on-grid systems and in-house cabling would bare-
ly be found, thus polycrystalline cells has proven to have a 
much better cost-efficiency ratio. Determining which solar 
pumping systems to be used depends on different factors. 
Standalone solar photovoltaic systems for direct irrigation 
offer a very simple solution. However, these systems do not 
provide a backup power supply. Therefore, 3 different and 
more sophisticated solar pump systems were widely available 
in the market, where we will be clearly illustrating each and 
every one of them in this paper. 

2 PHOTOVOLTAIC PROJECTS 

In February 2008 the Supreme Council of Energy estab-
lished the Egyptian Electricity Power Strategy, which aims to 
contribute 20% of the total renewable energy generated by 
2022, including 12% solar energy by establishing solar stations 
linked to the grid with a total capacity of 7,200 MW. 

Due to the subsidies and support given to the field of re-
newable energy projects by the government in the last 5 years 
particularly, public and private corporations related to this 
field have invested an enormous amount of money in renewa-
ble energy projects. Most of these corporations are national 
firms, not only contractors implementing the project in a site, 
but also manufacturers and maintenance firms. Table 1 shows 
a list of contractors, some key projects established by those 
contractors, and the technical details for these projects. These 
tables can give a slight idea on how important solar industry 
has become and how high of a potential it has to develop. 

3 SOLAR PANELS 

A solar cell is an electronic gadget or device that gets sun-
light and transforms it straightforwardly into electrical power. 
It usually comes in the size of a compact disk, octagonal in 
shape, and colored dark blue. Solar cells are regularly pack-
aged together to make bigger units called solar modules, 
themselves coupled into significantly larger units known as 
solar panels Just like the cells in a battery, the cells in a solar 
panel are intended to produce electricity; yet where a battery's 
cells produce electrical power from chemicals, solar panel's 
cells produce electrical power by capturing sunlight. They are 
scientifically named photovoltaic (PV) cells because they use 
sunlight - "photo" is a Greek word that means ―light‖ in our 
dictionary - to make electricity - the word "voltaic" is a refer-
ence to Italian electricity pioneer Alessandro Volta. 

3.1 Components and Functionality 

A solar cell consists of two compressed upper and lower 
horizontal layers, n-type silicon and p-type silicon respective-
ly. It generates electricity by allowing solar beams to stimulate 
electrons to jump across the junction between the different 
layers of silicon. When solar beams strike the cell, photons 
bombard the upper surface. The photons then carries their 
energy down through the cell. They then give up their energy 
to electrons in the lower p-type layer. The electrons use this 
energy to jump across the barrier into the upper n-type layer 
and escape out into the circuit. Flowing around the circuit, the 
electrons gives power to any connected instrument or ma-
chine. The below figure (Figure 1) clearly demonstrates the 
previously elucidated powering technique of solar cells, where 
subsequently; n-type silicon is the blue area, p-type silicon is 
the red area, photons are the yellow blobs, and electrons are 
the green blobs [1]. 

3.2 Efficiency 

According to the law of conservation of energy, energy cannot 
be created nor destroyed, it can only be converted. If this implies 
a thing, it is that a solar cell doesn't create energy, but it can only 
change light energy from its form into electrical energy. Accord-
ing to previously conducted statistical analysis, in practice, most 
cells convert about ten to twenty percent of the energy they re-
ceive into electricity. The typical market-found flat plate c-Si solar 

Figure 1. Demonstration of how a single-junction solar cell 

works[1]. 

TABLE 1 
PV PROJECTS IMPLEMENTED IN EGYPT & AFRICA 
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cell has a theoretical maximum efficiency of around thirty percent 
(Shockley-Queisser limit). This is due to the presence of different 
wave lengths in a light ray, and conventional flat plate c-Si cells 
are only capable of capturing photons that have a certain fre-
quency band. Furthermore, most photons either have plethora of 
energy when striking the solar cell which leads to wasting the 
excess energy or some doesn't even have enough energy to pene-
trate and knock out electrons, thus are also effectively wasted. 
However, at the very best scientists have manager to reach a 46% 
efficiency in perfect laboratory conditions using multi-junction 
solar cells which is capable of collecting photons of different wa-
velengths [1]. 

Figure 2 shows a set of different efficiency values for different 
types and generations of solar cells. Where the very first solar cell 
invented had an efficiency of only 6%, the highest achieved effi-
ciency was 46%, and the efficiency for the daily seen conventional 
1st generation PV cell had an average efficiency value of 15%, and 
that’s unlikely to get much better. 

Moreover, there are numerous troublesome aspects that con-
siderably affect the efficiency of the whole solar system negative-
ly. Such aspects includes; the construction of the panels, their 
positioning and angle of inclination, the DNI (Direct Normal Ir-
radiance), the temperature they are subjected to - temperature 
and efficiency have an inversely proportional relation, and their 
surface neatness. 

4 CONCENTRATED PHOTOVOLTAIC 

Concentrated Photovoltaic (CPV) is gradually being seen as a 
revolution in the field of photovoltaic since it holds the best guar-
antee in addressing the vitality complications antagonizing the 
world. A CPV system has a similar purpose to that of the conven-
tional PV system, which is to convert light energy into electrical 
energy. The distinction between both technologies lies in the ad-
dition of an optical structure that focuses a considerable area of 
sunlight rays onto every cell. CPV has been established in the late 
1970s and has been going through a rapid process of develop-
ment since then, yet is just now achieving business practicality. It 
is the most updated technology to enter the renewable energy 
sector generally and the solar sector specifically [2]. 

CPV technology uses optical lenses and mirrors to concentrate 
solar beams onto high-efficiency photovoltaic single or multi-
junction cells. The combination of optics and solar cells thus re-
sults in the highest commercial efficiency obtainable. The main 
concept behind CPV is using cheap but efficient concentrating 

optics that intensely reduce the cell area, allowing for the use of 
high efficiency, more expensive cells and potentially a LCOE (Le-
velized Cost of Electricity) competitive with standard flat-plate 
PV technology in certain sunny areas with high DNI (Direct 
Normal Irradiance) [3]. 

CPV is best suited for sunny regions where the DNI values are 
2000 KWh/ (m²a) and above. Concentrated photovoltaic systems 
are classified into three different categories according to the con-
centration factor of the technology configuration (See Table 2). 
Almost more than 90% of the CPV production up till late 2016 are 
assorted as HCPV (High Concentrated Photovoltaic) having a 
dual-axis tracking system. For HCPV systems, where concentra-
tion ranges from 300 times to 1000 times on an insignificant cell 
area, allows the use of highly sophisticated, efficient, but rather 
expensive multi-junction solar cells. These solar cells are based on 
III-V semiconductors (e.g., triple-junction solar cells made of GaI-
nAs/GaInP/Ge). Furthermore, LCPV (Low Concentrated Photo-
voltaic), CPV with a concentration ratio below 100 times, has 
started to be commonly deployed. Since they primarily use crys-
talline silicon solar cells and a single-axis tracking system, ending 
up with a less complicated system than HCPV that has a consi-
derably pleasing efficiency [4]. 

TABLE 2 
DESCRIPTION OF CPV CLASSIFICATION 

Class of CPV Typical Con-

centration 

Ratio 

Tracking Type of Con-

verter 

HCPV (High 

Concentration 

Photovoltaic) 

300 - 1000 Two - Axis III-V multi-

junction solar 

cells 

LCPV (Low 

Concentration 

Photovoltaic) 

2 - 100 One or two - 

Axis 

Mostly c-Si 

and some-

times other 

materials 

used 

A crucial motive for large-scale power plants using high 
concentrated photovoltaic is the substantial increase in the 
efficiency of single modules. Higher cell efficiency means less 
area required for the same outputs, which allows a massive 
reduction in land-related system costs. In the recent four 
years, CPV efficiencies have reached 26-29% on site in real life 
conditions. Scientists and R&D sectors in reputable companies 
still predict a further increase in efficiency of over 32% in the 
next decade due to predictable improvements in not only the 
efficiency of the cell itself but also in the effectiveness of the 
optics. Furthermore, tracking systems in CPV help to optimize 
the energy production rate throughout the daytime of a sunny 
region, in particular on the late part of the morning when elec-
tricity demand peaks. However, in contrast to concentrated 
solar power, the range of power output of a project is vast, 
varying from a kilowatt range to a multi-megawatt range, 
which makes it a better alternative when comes to adapting to 
the local demand. Some CPV systems also inhabit a smaller 
area of land, since the tracking systems, with quite narrow 
bases, are not tightly packed. In several cases, this could allow 

Figure 2. Bar chart comparing the efficiencies of different 

types of solar cells [1]. 
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for continued use of the land for different purposes, for exam-
ple, agriculture - which is the case of this study. Finally, HCPV 
could provide an advantage over traditional c-Si technology in 
hot climates, because of the lower temperature coefficient. 

According to a study conducted by VasilisFthenakis, senior 
scientist at Brookhaven National Laboratory, he concluded 
that post-concentrating solar energy on a mono-crystalline 
solar cell over a broad range of concentrating rates results in 
an output variation of a non-linear curve. Which means that 
the higher the multiplier of solar energy, the greater the CPV 
efficiency was. Until the range of 500 suns which is the effi-
ciency peak for the mono-crystalline silicon material. Refer to 
figure 3, which is a chart that illustrates the relationship be-
tween concentration rates and efficiency [5]. 

 

4.1 Low Concentrated Photovoltaic (LCPV) 

LCPV (Low Concentrated Photovoltaic) systems have a 
concentration ratio of – as mentioned above – 2 to 100 times 
[Mostly 5x – 10x]. Examples of these systems include prism-
based concentrators, V-troughs, and compound parabolic con-
centrators. They typically use single junction silicon solar cells, 
have quite simple designs and often employ concentrating 
optics made of cheap plastic or glass. LCPV are easier and less 
expensive to manufacture and maintain than HCPV systems 
as they do not require dual-tracking or active cooling systems. 
Moreover, in addition to the direct component, LCPV are also 
capable of capturing an extensive amount of the diffuse solar 
radiation, making them particularly suitable for almost any 
climate [6]. 

Cost Advantage of LCPV 

As indicated earlier, the aim of pursuing the LCPV design 
is to reduce the installation cost of a solar PV system. It is 
therefore important to predict theoretically the cost reduction 
that can be achieved by creating an LCPV module. According 
to Sarmah et al. The typical conventional PV module is made 
of silicon solar cells coated between two thick glasses. There-
fore, the cost comparison of the LCPV module should be com-
pared with the commercially available glass-coated PV mod-

ule. To simplify the analysis, other costs such as the inverter, 
external wiring from the modules to the inverter and overall 
PV system installation cost are not considered in this analysis. 
The concentrating and non-concentrating PV modules used 
for the calculation here have dimensions of 111 cm x 85 cm x 4 
cm. The breakdown cost for the conventional PV module and 
the LCPV module are presented in Table 3. From the table, the 
LCPV module could reduce the manufacturing cost by 31.75% 
when compared with a traditional solar PV module [7]. 

TABLE 3 
THEORETICAL COST OF FABRICATING A 111CM X 85CM MODULE 

(EGP) 

Item Conventional 
Solar PV Module 

LCPV Module 

PV 703.00 174.00 
Concentrator 0.00 254.00 

Glass 120.00 60.00 
Encapsulation 83.00 111.00 

Frame 73.00 73.00 
Wiring 30.00 17.00 
Labor 141.00 96.00 
Total 1,150.00 785.00 

Cost Reduction 
(%) 

- 31.75 

 

4.1 High Concentrated Photovoltaic (HCPV) 

HCPV systems use concentrating optical Fresnel lenses or 
dish reflectors that focus sunlight to concentrations of a thou-
sand times or even more. The solar cells require a high quality 
active cooling system to assure high-temperature related per-
formance and prevent thermal damage. Passive heat sinks are 
additionally recommended than active cooling systems for an 
enhanced overall efficiency and project economy. Multi-
junction solar cells are presently preferred over single junction 
cells, due to lower temperature coefficient, which is the ability 
to maintain effectiveness at an increased temperature, and 
higher efficiency. 

According to the standard test conditions, Multi-junction 
has reached an efficiency of 46% for production cells. The 
standard test conditions are the best case scenarios for a solar 
cell to generate electrical power, where for example, the inci-
dent optical power is optimized to 850 W/m² and the cell 
temperature to 25 °C. However, in real life, an HCPV cell will 
usually operate under conditions of an inconstant spectrum 
and higher temperature. Correspondingly, the optics used for 
solar beam concentration have an efficiency of around 70 to 90 
percent themselves. Taking these factors into consideration 
would possibly cause an efficiency drop to about 36% of direct 
current power. Whereas under similar circumstances, a c-Si 
panel would have an efficiency of maximum 18%. 

5 CASE STUDIES 

5.1 Previous Case Study 

According to the construction firm ―LORENTZ‖ which is a 
multinational firm known for implementing PV systems all 

Figure 3. Demonstration of how a single-junction solar cell works [4]. 
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over the world, they conducted a case study for a PV system 
they implemented later in Am Nabak, Chad for drinking wa-
ter supply, Chad is a country in central Africa that is known 
for its desert climate and it has a similar solar irradiance as 
that of Egypt. Thus, it was essential to study their case and 
analyze the difference in cost between using PV system, diesel 
system, and water transport for this project. Tables4 & 5 gives 
detailed data of initial costs, operational costs, total costs, and 
total savings respectively. Assuming a daily water require-
ment of 160 m³, an annual general cost increase of 3%, and an 
annual 10% increase on fuel. 

TABLE 4 
INITIAL OPERATIONAL & TOTAL COST COMPARISON BETWEEN DIF-

FERENT SYSTEMS. AM NABAK, CHAD. JULY, 2017 

 

Water 
Transport 

PV Diesel 

Initial Costs 
Well build-

ing 
0 USD 49,000 

USD 
49,000 

USD 
Pumps and 

installation 
0 USD 27,500 

USD 
10,000 

USD 
Additional 

Infrastructure 
0 USD 27,500 

USD 
27,500 

USD 
PV modules 0 USD 16,500 

USD 
0 USD 

Diesel gene-
rator 

0 USD 0 USD 14,000 
USD 

Initial sys-
tem costs 

0 USD 120,500 
USD 

100,500 
USD 

Operational Costs 
Energy re-

quired per day 
- 29 KWh 29 KWh 

Tank/truck 
cost per day 

1,200 
USD 

0 USD 13.70 USD 

Diesel cost 
per day 

542 
USD 

0 USD 16.75 USD 

Mainten-
ance/ Servicing 

per year 

0 USD 500 USD 3,500 USD 

Yearly op-
erational cost 

635,83
0 USD 

500 USD 14,612 
USD 

Total Cost 
1 year cost 635,83

0 USD 
121,500 
USD 

115,112 
USD 

5 year cost 
(no cost in-

crease) 

3,179,1
50 USD 

123,000 
USD 

173,560 
USD 

5 year cost 
(cost increase) 

3,533,1
72 USD 

123,155 
USD 

182,939 
USD 

 

 

 

 

 

 

TABLE 5 
PROJECT'S TOTAL SAVINGS. AM NABAK, CHAD. JULY, 2017 

Total Savings 

Number of years PV / Water Trans-
port 

PV / Diesel 

1 year cost 514,330 USD -6,388 USD 
5 year cost (no cost 

increase) 
3,056,150 USD 50,560 USD 

5 year cost (cost 
increase) 

3,410,017 USD 59,784 USD 

5.1 Previous Case Study 

Diverse maps and set of data were retrieved from different 
Egyptian authorities such as; Ministry of Water Resources & 
Irrigation, National Water Research Center, and the Research 
Institute for Groundwater. These data showed the locations of 
water wells and groundwater tables for the whole city of 
Alexandria, and other technical specifications for this specific 
geographical area. Concerning these data and some irrigation 
systems design techniques, a case study for an irrigation sys-
tem in El-Hammam, Alexandria was composed, where this 
area had 91 wells, with an average depth of groundwater of 11 
meters, average discharge of 50 m³/h and an irrigation de-
mand of 30 m³/h. Also, taking into consideration that the av-
erage pump efficiency is about 80% and the total working 
hours per day for the system is 12 hours. 

6 COST ANALYSIS 

The previously mentioned case study is theoretically im-
plemented using five different powering systems; diesel gene-
rators, conventional photovoltaic, low-concentrated photovol-
taic, and high-concentrated photovoltaic. A cost analysis is 
then conducted and all five systems are compared in terms of 
present worth and future worth. 

1) Conventional PV Pumping System 
After using several solar demand and pumping system cal-

culators, solar irrigation system’s components quantities are 
thoroughly obtained for El-Hammam, Alexandria’s project. 
Moreover, according to highly qualified technical supervisors 
and environmental engineers from Tiba Solar and Cairo Solar, 
who are pioneers in the field of solar manufacturing, data 
about prices and availability of the system components are 
also attained. 

Prices of Components for a Conventional PV System 
 Solar module (STC 250 watt) = 2,400 L.E. 
 Steel frame price for 2 solar modules = 2,500 L.E. 
 Battery 100 ampere = 1500 L.E. 
 Charge controller = 800 L.E. 
 Water pump inverter = 120,000 L.E. 
 Submersible pump 3kw = 26,856 L.E. 
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Components needed for El-Hammam’s Project 
 1022 Solar module (250 watt) 
 511 Steel frame 
 1022 Battery (100 ampere) 
 1022 Charge controller 
 1 Inverter (250 hp) 
 91 Submersible pump (3kw) 

According to the given data about the prices and quantities 
of the solar irrigation system’s components, the total initial 
cost for the project is 8,644,796 L.E., and could be calculated as 
follows: 

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝐶𝑜𝑠𝑡 =   𝑁𝑜. 𝑜𝑓 𝑈𝑛𝑖𝑡𝑠 × 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑈𝑛𝑖𝑡  (1) 

The photovoltaic system uses no fuel, which means that 
there are no operational costs, and has very low maintenance 
costs. The only maintenance for the photovoltaic system is the 
replacement of inverter, controller and batteries,which costs 
120,000 L.E./unit, 800 L.E./unit, and 1500 L.E/unit respective-
ly, on a 10 year basis. Adding these costs up to the initial cost, 
gives a total project cost of 12,052,996 L.E. 

2) Diesel Generator Pumping System 
For diesel generator systems component costs were ob-

tained from Egypt Power Group and are as follows: 
 Diesel generator (200kw) = 1,058,238 L.E. 
 Diesel generator fuel consumption full loaded = 53.5 

liters/hour 
 1 liter diesel = 2.35 L.E. 
 De-carbonization = 5500 L.E. 
 Oil / Change = 2400 L.E. 
 Oil Filter = 510 L.E. 
 Air Filter = 600 L.E. 
 Estimated Overhaul Cost per Year = 10,000 L.E 

By using Eqn. 1, the total initial project cost if diesel gene-
rators were used is 3,622,134 L.E. 

The diesel generator requires constant maintenance on a 
regular basis. Where according to Egypt Power Group em-
ployees,for a diesel engine set that is continuously running, 
the standard require 35 oil changes, 6 de-carbonizations and 
1.5 overhauls per year. The life cycle cost different levels of 
diesel engine maintenance requirements. By adding the opera-
tion and maintenance costs to the initial cost, the summation 
of the project’s cost using diesel generators is 21,660,272 L.E. 

3) Low Concentrated PV Pumping System 
The total cost of the irrigation system calculated, including 

the water pump inverter cost and the submersible pumps cost, 
was 𝟖,𝟔𝟒𝟒,𝟕𝟗𝟔 L.E., this price excludes maintenance costs. By 
subtracting the costs of water pump inverter and submersible 
pumps, which is common for all the systems being compared 
in this analysis, the total cost of the conventional PV system 
will be: 

𝑃𝑉𝑡𝑜𝑡𝑎𝑙  𝑐𝑜𝑠𝑡 = 8,644,796 −  120,000 +  91 × 26,856  
= 6,080,900 𝐸𝐺𝑃 

As per the above equation, the cost of the conventional PV 
system is 6,080,900 stand-alone, for a project that has a power 
demand of 186 kWp. Thus, the cost of each watt in EGP can be 
calculated as follows: 

𝑐𝑜𝑠𝑡

𝑤𝑎𝑡𝑡𝑝
=  

6,080,900

186
 ÷ 1000 = 32.69

𝐸𝐺𝑃

𝑤𝑎𝑡𝑡𝑝
 

According to the breakdown cost analysis conducted by 
Sarmah et al, in table 3,the analysis arrived to a conclusion 
that the percentage of cost reduction between conventional PV 
and LCPV is approximately 31.75%. Which means that the cost 
per watt power of electricity for LCPV is: 

𝑐𝑜𝑠𝑡

𝑤𝑎𝑡𝑡𝑝
 𝐿𝐶𝑃𝑉 = 32.69 ×  

100 − 31.75

100
 = 22.31

𝐸𝐺𝑃

𝑤𝑎𝑡𝑡𝑝
 

Thus, the total cost of LCPV system for the El-Hammam, 
Alexandria irrigation project will approximately be: 

𝐿𝐶𝑃𝑉𝑡𝑜𝑡𝑎𝑙  𝑐𝑜𝑠𝑡 = 22.31 × 1000 × 186 = 𝟒,𝟏𝟒𝟗,𝟔𝟔𝟎 𝑬𝑮𝑷 

Adding to this value the water pump inverter cost and the 
submersible pumps cost, should give a grand total cost of: 

𝐿𝐶𝑃𝑉𝑝𝑟𝑜𝑗𝑒𝑐𝑡  𝑐𝑜𝑠𝑡 = 4,149,660 +  120,000 +  91 × 26,856  
= 𝟔,𝟕𝟏𝟑,𝟓𝟓𝟔 𝑬𝑮𝑷 

This concludes that the percentage of cost reduction for the 
whole project is: 

% 𝐶𝑜𝑠𝑡 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝐿𝐶𝑃𝑉 =
8,644,796 − 6,713,556

8,644,796
× 100

= 22.34% 

Maintenance costs for LCPV cannot really be obtained 
through previous experiences, since there is generally not a 
single LCPV system in the world that has been implemented 
25 years ago – the expected lifetime of a PV project -. Howev-
er, since LCPV usually uses the same materials and compo-
nents used in a flat plate c-Si conventional PV system, it can be 
deduced that the maintenance costs for LCPV and conven-
tional PV will roughly be the same. N.B. Taking into consider-
ation that lens costs will be compensated in the difference in 
the amount of charge controllers and batteries. 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝐿𝐶𝑃𝑉 𝑎𝑓𝑡𝑒𝑟 25 𝑦𝑒𝑎𝑟𝑠  𝑊𝑖𝑡ℎ 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 

= 6,713,556 +  120,000 × 2 

+  800 × 1022 × 2 +  1500 × 1022 

= 10,121,756 𝐿.𝐸. 

4) High Concentrated PV Pumping System 
According to the ECA (Egyptian Customs Authority) 

clause (70/20/00/00/90) and (81/12/99/00/00), the customs 
and VAT (Value Added Tax) of almost all types of fabricated 
glass – to be used as concentration lens – and for III-V multi-
junction cells are 10% and 13% respectively. That makes a total 
of 23% on the total prices of the items. Taking into considera-
tion an additional 25% as a further approximation for trans-
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portation and miscellaneous costs. This sums up to a total of 
48% customs and VAT on the imported materials. Thus, the 
total cost of HCPV per watt is to be multiplied by 1.48 for a 
rough estimate when comparing the costs of other systems to 
HCPV. 
All the costs used in the imminent analysis will be neglecting 
maintenance costs for HCPV. Since maintenance costs for 
HCPV is very hard to obtain due to the limitations and restric-
tions on the research in this section of the Egyptian market. 
NREL (National Renewable Energy Laboratory) has derived 
an equation to calculate the cost per unit watt of HCPV power 
in USD, the equation is as follows [8]: 

$

𝑊𝑝 𝐷𝐶  
=

𝑐𝑜𝑠𝑡 𝑎𝑟𝑒𝑎 

𝑝𝑜𝑤𝑒𝑟  𝑜𝑢𝑡𝑝𝑢𝑡 𝑎𝑟𝑒𝑎 
=

1

𝜂𝑆𝑃𝜒
 
𝜙𝑆

𝐶
+

𝜙𝜒

𝜂𝜒
                          (2) 

Where: 
ϕS  = Cell costs in $/m2 

ϕx  = Primary optic costs in $/m2 

C   = Effective (or optical) concentration ration 

ηχ  = throughput efficiency of the concentrator 

ηS  = Cell efficiency 

Pχ  = 1,000 W/m2 and corresponds to the CSTC incident DNI 

solar resource. 

According to data from NREL’s recently published re-
search papers, the actual average cost of III-V cells are $2100 
per square meter, the cell efficiency is approximately 36%, and 
the Fresnel lens efficiency is 80%. Furthermore, the DNI can be 
identified from the contoured DNI map from SOLARGIS, 
which in the case of El-Hammam, Alexandria, Egypt is 2200 
kWh/m2. According to a very well-known Chinese manufac-
turer and supplier in the field of lens fabrication, Fujian Fran 
Optics Co., Ltd., the average price of 1m2 of Fresnel lens is 
approximately $720 per square meter. Last but not least, the 
effective concentration ratio was assumed 500 suns, which is a 
moderate and reasonable value that won’t require a massive 
cooling system. 

𝑐𝑜𝑠𝑡

𝑤𝑎𝑡𝑡𝐻𝐶𝑃𝑉
=  

1

0.36 × 2200
×  

2100

500
+

720

0.80
 = 1.142

$

𝑤𝑎𝑡𝑡𝑝
 

 
The cost of HCPV will be multiplied by 1.48, where 48% 

additional importing fees where added into consideration, 
since no manufacturers in Egypt is probably capable of fabri-
cating the multi-junction cells or the required lens. This sur-
mise to a cost of: 

𝑐𝑜𝑠𝑡

𝑤𝑎𝑡𝑡𝐻𝐶𝑃𝑉
 𝑃𝑜𝑠𝑡 𝐶𝑢𝑠𝑡𝑜𝑚𝑠 = 1.142 × 1.48 = 1.69

$

𝑤𝑎𝑡𝑡𝑝
 

Converting this value from United States Dollars to Egyp-
tian Pounds gives: 

𝑐𝑜𝑠𝑡

𝑤𝑎𝑡𝑡𝐻𝐶𝑃𝑉
 𝑃𝑜𝑠𝑡 𝐶𝑢𝑠𝑡𝑜𝑚𝑠 = 1.69 × 18 = 30.42

𝐸𝐺𝑃

𝑤𝑎𝑡𝑡𝑝
 

The total cost of powering 186 kWp (El-Hammam project’s 
demand) submersible pumps excluding the costs of the pump 
inverter and the pumps themselves are: 

𝐻𝐶𝑃𝑉𝑡𝑜𝑡𝑎𝑙  𝑐𝑜𝑠𝑡 = 30.42 × 1000 × 186 = 𝟓,𝟔𝟓𝟖,𝟏𝟐𝟎 𝑬𝑮𝑷 

If pump inverter cost and pumps cost are included in this 
calculation, it will give a grand total project cost of: 

𝐻𝐶𝑃𝑉𝑝𝑟𝑜𝑗𝑒𝑐𝑡  𝑐𝑜𝑠𝑡 = 5,658,120 + 120,000 +  91 × 26,856 

= 𝟖,𝟐𝟐𝟐,𝟎𝟏𝟔 𝑬𝑮𝑷 

This concludes that the percentage of cost reduction for the 
whole project if HCPV is to be used will be: 

% 𝐶𝑜𝑠𝑡 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝐻𝐶𝑃𝑉 =
8,644,796 − 8,222,016

8,644,796
× 100

= 4.89% 

6.1 Future Value 

By taking a general look on the total costs of all four differ-
ent types of pumping systems, it is notable that in this specific 
project diesel generator pumping system is by far the most 
expensive system and the least beneficial of all, in terms of 
sustainability and surely environmental impact. However, 
since these types of projects is usually meant to function for a 
25 year period at least, Therefore all the amounts paid 
throughout the whole period will most likely be affected by 
inflation rates. In order to calculate the total future value for 
the different pumping systems, the interest rate from the Cen-
tral Bank of Egypt needs to be known – 18.75% for September 
2017. Also a set of different economics equationsare to be 
used, such as the compound value for the initial cost and the 
future value of annuity for operation and maintenance costs. 
Their equations are as follows: 

• Compound Interest Formula: 

𝑀 = 𝑝 1 + 𝑖 𝑛     (3) 

Where:  M = Final Amount Including Principal 

  P = Principal Amount 

   i = Interest Rate per Year 

  n = Number of Years Invested 

 
• Value of Annuity Formula: 

𝐹𝑉 = 𝑃𝑀𝑇  
(1+𝑖)𝑛−1

𝑖
     (4) 

Where:    FV = Future Value 

   PMT = Periodic Payment Amount 
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    n = Number of Compounding Periods 

   I  = Interest Rate per Year 

The rates of interest according to the Central Bank of Egypt 
is rapidly ascending and descending each and every month. 
This is due to the difficult economic situation Egypt is going 
through in the last couple of years. Thus, conducting a cost 
analysis based on an absolute percentage of interest rate, will 
probably be invalid. However for the worst case scenario, the 
highest rate of interest - which is also the most recent value - 
will be taken into consideration throughout the analysis. 

1) Diesel Generator 

 𝐹𝑢𝑡𝑢𝑟𝑒 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐶𝑜𝑠𝑡 = 3,622,134 ×

 1 +
18.75

100
 

25

= 𝟐𝟔𝟓,𝟗𝟓𝟑,𝟎𝟒𝟕 𝑳.𝑬. 

 𝐹𝑢𝑡𝑢𝑟𝑒 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 & 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡 =

  53.5 × 2.35 × 12 × 365 +  5500 × 6 +

2400+510+600×35+15,000×1+18.7510025−118.

75100=𝟐𝟕𝟖,𝟔𝟗𝟖,𝟗𝟕𝟒 𝑳.𝑬. 

 𝑇𝑜𝑡𝑎𝑙 𝐹𝑢𝑡𝑢𝑟𝑒 𝑉𝑎𝑙𝑢𝑒 =

265,953,047 + 278,698,974 = 𝟓𝟒𝟒,𝟔𝟓𝟐,𝟎𝟐𝟏 𝑳.𝑬. 

2) Photovoltaic 

 𝐹𝑢𝑡𝑢𝑟𝑒 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐶𝑜𝑠𝑡 = 8,644,796 ×

 1 +
18.75

100
 

25

= 𝟔𝟑𝟒,𝟕𝟑𝟗,𝟎𝟑𝟒 𝑳.𝑬. 

Since maintenance costs for PV systems are paid in a 10 
year intervals, thus, the Future worth of maintenance cost will 
be calculated in a different way than that of the annually paid 
diesel generators maintenance costs. In this case, the com-
pound interest equation will be used. Refer to figure 4 for fur-
ther illustration. 

 𝐹𝑢𝑡𝑢𝑟𝑒 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡 =

 120,000 +  800 × 1,022 +  1,500 × 1,022  ×

 1 +
18.75

100
 

15

+  12,000 +  800 × 1,022 +

1,500×1,022×1+18.751005=𝟑𝟖,𝟑𝟔𝟓,𝟕𝟓𝟐 𝑳.𝑬. 

 Total Future Value = 634,739,034 +
38,365,752 = 673,104,786 L. E. 

3) Low Concentrated Photovoltaic 

 𝐹𝑢𝑡𝑢𝑟𝑒 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐶𝑜𝑠𝑡 = 6,713,556 ×

 1 +
18.75

100
 

25

= 𝟒𝟗𝟐,𝟗𝟑𝟖,𝟖𝟕𝟗 𝑳.𝑬. 

 𝐹𝑢𝑡𝑢𝑟𝑒 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡 =

𝟑𝟖,𝟑𝟔𝟓,𝟕𝟓𝟐 𝑳.𝑬. 

 𝑇𝑜𝑡𝑎𝑙 𝐹𝑢𝑡𝑢𝑟𝑒 𝑉𝑎𝑙𝑢𝑒 = 492,938,879 +

38,365,752 = 𝟓𝟑𝟏,𝟑𝟎𝟒,𝟔𝟑𝟏 𝑳.𝑬. 

6.2 Comparing Results 

As noted from the previous analysis, the percentage of cost 
reduction from using LCPV was calculated to be 22.34%. 
While the percentage of cost reduction from using HCPV was 
calculated to be 4.89%. This means that LCPV in this case 
study was actually 17.45% more cost efficient than HCPV, 
though HCPV is the more recent technology of the two. How-
ever, that doesn’t make LCPV an absolute better alternative. 
LCPV was found to be better in this case study due to its sim-
plicity that makes it manufacture-able in Egypt, thus, avoiding 
additional costs like customs and VATs. Moreover, if HCPV 
components started to get manufactured and fabricated in 
Egypt in the near future, this will make it a tough competitor, 
even better than LCPV. The below graph, Figure 5, shows a 
cost comparison between the flat plate c-Si system, the LCPV 
system and the diesel generated system in terms of installa-
tion, operation, and maintenance costs. 

 

 Figure 4. Method of calculating future worth of mainten-

ance cost 

Figure 5. Comparison between different energy source types 
(maintenance included) 
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TABLE 6 

COST COMPARISON BETWEEN DIFFERENT IRRIGATION SYSTEMS 

 

Initial 

capital 

cost (L.E.) 

Total cost 

after 25 years 

(ignoring 

maintenance) 

(L.E.) 

Total cost 

after 25 years 

(including 

maintenance) 

(L.E.) 

Future 

Worth 

(After 25 

Years) 

(L.E.) 

Diesel gene-

rator Pump-

ing System 

3,622,134 17,389,022 21,660,272 544,652,021 

Conventional 

Photovoltaic 

Pumping 

System 

8,644,796 8,644,796 12,052,996 673,104,786 

Low Concen-

trated Pho-

tovoltaic 

Pumping 

System 

6,713,556 6,713,556 10,121,756 531,304,631 

High Con-

centrated 

Photovoltaic 

Pumping 

System 

8,222,016 8,222,016 --- --- 

7 SUMMARY AND CONCLUSION 

After a simple mathematical calculation, conventional pho-
tovoltaic would seem the better alternative when being com-
pared to diesel generators; however, this turned out not to be 
the case. Though Diesel generators have a much higher opera-
tion and maintenance costs, yet the enormous initial cost of the 
conventional photovoltaic system and the exceptionally high 
rate of interest in Egypt has led to a gigantic future value for 
PV. This exceeded the future value of the summation of the 
initial costs and M&O costs of the diesel generator. On the 
other hand, the extremely low initial cost of LCPV has allowed 
the system to remain the cheapest of all, even in the future 
value. Where, as deduced from the analysis, the percentages of 
cost reduction for LCPV when compared to diesel and c-Si PV 
were approximately 2.5% and 21% respectively, in the future 
value. Moreover, LCPV is a very simple upgrade regarding 
components used, which means that introducing such tech-
nology to the market would be accepted by solar powering 
systems stakeholders. And subsequently, the Egyptian gov-
ernment would allow subsidies to such sustainable projects. 
This brings the conclusion that LCPV is by far the most cost-
efficient system. 

Furthermore, HCPV is a very promising technology that 
will most likely prove to be the best alternative in Egypt prob-
ably in the next decade. However, it needs more acknowled-
gement in terms of research and development, for better un-
derstanding about its possible compatibility with the Egyptian 
market. 
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