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ABSTRACT

In Northern Cyprus, groundwater is overexploited causing the water table to decline below
the sea level and has high levels of salinity and classified as “hard to very hard” and
“slightly alkaline to alkaline” based on the reviewed previous scientific studies. Presently,
water, which is used drinking and domestic used, comes mainly from the water pipeline
project of Turkey-North Cyprus via a pipeline under the Mediterranean Sea to Northern
Cyprus. However, the island experienced a water shortage in summer 2020 due to serious
damage to the water pipeline. Therefore, a water desalination unit that is powered by
renewable energy is a good solution for desalting groundwater for domestic purposes on
the island. In this study, the Guzelyurt region (agriculture region) was selected since it
faced great challenges due to chemical contamination and intrusion of seawater in the
groundwater sources. The objective of this study is to investigate the potential of wind and
solar energy in the selected region based on 33-year meteorological data (wind speed,
global solar radiation, air temperature, and sunshine duration). The results demonstrate that
Burr (4P), Wakeby and Generalize Extreme Value are considered as an effective
distribution among 37 distribution functions to analyze the characteristics of wind speed in
the region. Also, the results showed that the region has huge solar energy potential
compared to wind energy potential. Consequently, the present paper has investigated the
feasibility of small-scale grid-connected PV systems with various sun-tracking systems as
power sources to satisfying the farms' electric and water needs. The results show that the
proposed system with Two-axis sun-tracking system can provide effective solutions for
energy poverty in regions with very positive socio-economic and environmental impacts.
Also, the small-scale grid-connected PV system will provide the farms' electric and water
needs at energy production costs lower than the electricity price grid-connected consumers
pay. Finally, this study is tried to increase awareness about utilizing PV sun-tracking
systems and the feasibility of small-scale grid-connected rooftop PV systems in the

selected regions.

Keywords: Northern Cyprus; grid-connected; wind potential; solar potential; techno-
economic; sun-tracking system



OZET

Kuzey Kibris Tiirk Cumhuriyeti’nde yeralti sularinin asir1 kullanimi sebebi ile su tablasi
deniz seviyesinin altna diismiis ve asir1 derecede tuzlanmaya neden olmustur. Onceki
bilimsel calismalar 1s18inda tuzlanmanin etkisiyle yeralti sulart ‘sert-cok sert’ ve ‘hafif
alkali- alkali’ olarak smiflandirilmistir. Halihazirda igme suyu ve kullanma suyu, TC-
KKTC Deniz Alt1 Boru Hatti1 Projesi kapsaminda Gegitkdy Baraji’nda toplanmaktadir.
Ancak, boru hattinin ciddi sekilde hasar gérmesi nedeniyle 2020 yili yaz ayinda adada su
sikintist yaganmistir. Bu nedenle, yenilenebilir enerji ile calisan suyu tuzdan arindirma
linitesinin, evsel amaglarla yeralti suyu tuzunun giderilmesi igin iyi bir ¢dziim olacagi
disiiniilmistiir. Bu arastirmada, kimyasal kirlenme ve deniz suyunun yeralti suyu
kaynaklarma karigmasi nedeniyle biiylik zorluklarla kars1 karsiya kalan Gilizelyurt bolgesi
(tartm bolgesi) secilmistir. Bu arastirmanin amaci, 33 yillik meteorolojik verilere (riizgar
hiz1, kiiresel Giines radyasyonu, hava sicakligi ve gilineslenme siiresi) dayanarak segilen
bolgedeki riizgar ve giines enerjisi potansiyelini incelemektir. Sonuclar; bolgedeki riizgar
hizinin 6zelliklerini analiz etmek i¢in Burr (4P), Wakeby ve Generalize Extreme Value’nin
37 dagitim fonksiyonu arasinda etkili bir dagilim gosterdigini ortaya koymustur. Ayrica
sonuclar, bolgenin rlizgar enerjisi potansiyeline kiyasla ¢ok biiylik Giines enerjisi
potansiyeline sahip oldugunu gostermistir. Sonug olarak bu arastirmada, Tarim arazilerinin
elektrik ve su ihtiyacin1 karsilamak i¢in glic kaynagi olarak cesitli glines izleme
sistemlerine sahip kigiik 6l¢ekli sebeke baglantili PV sistemleri incelenmistir. Sonuglar, iki
eksenli Giines takip sistemi ile onerilen sistemin, sosyo-ekonomik ve gevresel etkileri ¢ok
olumlu olan bolgelerde enerji yoksunluguna etkin ¢éziimler saglayabilecegini gostermistir.
Ayrica, kiiciik Olcekli sebekeye bagli PV sistemi, tarim arazilerinin elektrik ve su
ithtiyacini, sebekeye bagl tiiketicilerin 6dedigi elektrik fiyatindan daha diisiik enerji tiretim
maliyetiyle saglayacaktir. Son olarak, arastirma ile, segilen bolgelerde PV Giines izleme
sistemlerinin kullanimini ve kii¢lik 6l¢ekli sebekeye bagli ¢ati PV sistemlerinin fizibilitesi

konusunda farkindalig1 artirmaya calisilmistir.

Anahtar Kelimeler: Kuzey Kibris; sebeke baglantili; rlizgar potansiyeli; giines potansiyeli;
ekonomik; giines takip sistemi.
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CHAPTER 1
INTRODUCTION

1.1 Background

Water scarcity is one of the essential issues facing the world due to growth of population
and the increasing pressure on the water resources consumption. Two-thirds of the world's
population may face water scarcity due to over extraction of groundwater reserves or
pollution of existing surface water resources (Clemens et al. 2020; Rezaei et al., 2019; Jia
et al. 2018). Moreover, climate change has led to reduce the availability of groundwater
resources, which is one-third of all freshwater withdrawals used for domestic, agricultural

and industrial purposes (D6ll et al. 2012).

In recent years, the trend of water shortage has been increased due to the growth of
population, decreased rainfall, and water management issues (Aparicio et al. 2017).
According to the World Water Assessment Programme (2015), the water shortage is
expected to affect more than 40% of the world's inhabitants. Moreover, drought and
salinization problems are serious problems for most of the Mediterranean countries
including Cyprus. Therefore, desalination systems can be an alternative solution for
solving the water shortage for drinking or irrigation purposes (Fritzmann et al. 2007;
Mansouri et al. 2020). Desalination is the process of the removal the salts from the
feedwater, typically containing a high concentration of salts to produce freshwater
containing a low concentration of salts (Khan et al. 2018; Mostafaeipour et al. 2019). In
general, desalination processes is classified based on two main desalination technologies;
(1) desalination based thermal vapor generation and (2) desalination based thermal vapor

compression (Elmaadawy et al. 2020; Li et al. 2018).

Reverse Osmosis (RO) membrane technology is widespread technology. RO is routinely
used to remove salt from groundwater in small/medium/large scale decentralized plants.
Several factors could be related to this shift such as lowers energy consumption (Al-
Karaghouli and Kazmerski 2013; Greenlee et al. 2009), the ability to remove 95%-99% of
TDS along with nearly 100% of heavy metals, organic matter, viruses, and bacteria
(Hoslett et al. 2018; Ezugbe and Rathilal 2020), easy to operate/maintain, and have lower
environmental impacts (Ahmad and Schmid 2000; Mufioz and Fernandez-Alba 2008). RO
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is carried out by motor-pumps and semi-permeable membranes (Khiari et al. 2019). In the
literature, Cyprus has two large seawater reverse osmosis desalination namely, Dhekelia
and Larnaca with a plant capacity of 60,000 m3/d and 40,000m3/d, respectively (Kim et al.
2019; Farhat et al. 2020).

In general, the processes of desalination require significant quantities of energy. Thus,
renewable energy sources can be considered a viable alternative and eco-friendly energy
source to power the desalination plants, to reduce the dependency on fossil fuel for water
desalination and minimize the cost and risk of water distribution. Numerous scientific
studies concluded that the integration of desalination and renewable energy technologies
for freshwater production is a good solution for solving the shortage of water and desalting
the groundwater for drinking/irrigation purposes (Mahmoudi et al. 2009; Akhatov et al.
2011; Triki et al. 2013; Wright and Winter 2014; Gokcek and Gokcek 2016; Gokeek,
2018; Wu et al. 2018; Vakili-Nezhaad et al. 2019; Fodhil et al. 2019; Monjezi et al. 2020).
For example, Wright and Winter (2014) concluded that PVV-powered electrodialysis would
meet the water demands of rural Indian villages due to its viability and reduce the energy
required. Peng et al. (2018) found that hybrid renewable energy systems including
photovoltaic panels, wind turbines, battery banks, and reverse osmosis desalination
increased the reliability of the system for increasing the availability of freshwater. Fodhil et
al. (2019) found that a hybrid grid-connected PV system has the potential to supply
significant power for seawater desalination stations. Besides, Monjezi et al. (2020) found
that coupling solar photovoltaic thermal cells to RO desalination could be led to a
reduction of 0.12 kWh/m3 in the specific electricity consumption rate of RO desalination.

1.2 Scope of the Study

According to Kassem et al. (2020), the solar power system could be utilized as power
sources to reduce high-energy consumption and CO2 emissions in Northern Cyprus
compared to the wind system (Alayat et al. 2018; Kassem et al. 2018). Furthermore, the
previous scientific studies (Gokgekus and Doyuran 1997; Gokgekus et al. 2002; Gokgekus
and Nourani 2018; Arslan and Akin 2019) concluded that Guzelyurt agriculture faces
great challenges due to chemical contamination and intrusion of seawater in the

groundwater Ssources.



Moreover, in the literature, a lot of the scientific studies carried out on utilizing the
renewable energies in RO plants in off-grid mode, however, few studies have considered
the grid-connected mode. Fodhil et al. (2019) utilized the grid-connected PV system as a
power source for the 2500m3/d seawater RO desalination plant. Moser et al. (2013)
compared different renewable energy options to power RO and multiple-effect distillation
plants by using two methods; (i) suggested grid compensation and (ii) suggested the
addition of an equivalent firm power supply capacity to cover the energy shortage. Ko et
al. (2013) developed a new approach of a grid-connected seawater reverse osmosis based

on energy cost reduction.

Therefore, the present study focuses on the economic and financial assessment of utilizing
wind energy and solar energy as a power source for the saline water desalination in the
agricultural region (Guzelyurt) and generating electricity for the household. To achieve
this, the solar and wind energy characteristics in the selected regions are analyzed based on
a 33-year database (1985 -2017). For wind energy potential, 37 distribution functions are
utilized to identify the suitable probability functions for estimating the wind energy
potential in the selected region. Goodness-of-fit tests including Kolmogorov—-Smirnov (K-
S) test, Anderson—Darling (A-D) test, and Chi-squared (C-s) test are used to select the best-
fit probability distribution model. For solar energy potential, the solar radiation data, air
temperature and sunshine duration, which obtained from the Meteorological department,

are analyzed.

Generally, utilizing wind and solar systems can help to reduce the pressure on freshwater
and conventional energy consumption as well as, to reduce CO, emissions associated with
fossil fuel. In this regard, three small RO desalination plant is designed to meet the water
needs for the household and farm. The power requirement of the RO desalination plants is
calculated to develop a grid-connected solar or wind system. The structure of the proposed

system in the present study is illustrated in Figure 1.1.



Solar PV panels

-

s
\

Power
converter

Desalination Plant

Wind turbine

Household

N\

Electric KWh meter

Electricity grid

Figure 1.1: Schematic of a typical grid-connected wind/solar power system for household
and desalination plant



1.2 Research Outline

The importance of renewable energy to the world is discussed in this chapter. The water
resources and agriculture potential in Northern Cyprus are presented in Chapter 2.
Moreover, the methodology that used to investigate the potential of solar and wind energy
is explained in Chapter 3. In Chapter 4 all test results are displayed for the proposed

system. On the end of the dissertation, the conclusions are presented in Chapter 5.



CHAPTER 2
WATER RESOURCE AND AGRICULTURE POTENTIAL

2.1 Water resources in Northern Cyprus

The water resources in Cyprus are classified into groundwater resources (75.5%), semi-
perennial low-discharge springs (0.3%), several surface water reservoirs (20.4%), and few
small-scale treatment plants (3.8%) (Elkiran et al. 2020). Figure 2.1 shows the main river

basins in Northern Cyprus. Also, Figure 2.2 shows the streams in Northern Cyprus.

\.W/
Legend:

Western Mesarya/ Mesaoria Plain

Central and Eastern Mesarya/Mesaoria Plain
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Figure 2.1: Main river basins of the northern part of Cyprus (Turker and Hansen, 2012)

Figure 2.2: Streams in the northern part of Cyprus (Turker and Hansen, 2012)



Furthermore, the estimated annual volume provided for irrigation and groundwater
recharge is approximately 8.4 mill m3, which means about 33% of the operational storage
capacity is used for irrigation purposes (Kassem et al. 2020). Besides, based on theoretical
estimation for surface water stored volume for groundwater purposes, it is found that
around 14% of the operational storage capacity is used for groundwater recharge (Kassem
et al. 2020). Also, it is estimated that about 30-40% of water stored is lost due to
evaporation (Kassem et al. 2020). Table 2.1 shows some selected dams in Northern Cyprus

with their capacity and year of construction.

Table 2.1: Constructed dams in Northern Cyprus (Agboola and Egelioglu, 2012)

o Year of Capacity Irrigation
District Dams ) e 3
construction  (10°) [m~] area [ha]
Gonendere 1987 940 150
Gegitkale 1989 1360 240
Gazimagusa Mersinlik 1989 1140 170
Tatlisu 1989 156 50
Ergazi 1989 400 84
Akdeniz 1988 1470 -
Guzelyurt
Gemikonagi 1988 4120 -
Gegitkoy 1989 1800 161
Zeytinlik 1989 50 -
Karsiyaka 1989 25 -
Girne Arapkdy 1 1990 440 40
Arapkdy 2 1990 600 65
Besparmak 1992 775 67
Dagyolu 1994 392 82
Degirmenlik 1990 297 30
Hamitkoy 1992 529 95
Lefkosa ]
Serdarli 1992 391 56
Lefkosa 1994 517 40




The Gulzelyurt groundwater basin is located within the western part of Northern Cyprus
(Figure 2.3). Since 1957, increasing rates of pump-age have caused a progressive decline
in the groundwater levels, locally reaching 45-50 m below mean sea level (Gok¢ekus and
Nourani 2018; GoOkgekus and Doyuran 1995; Arslan and Akin 2019). Limited natural
recharge and excessive withdrawals from approximately 250 active municipal and
irrigation wells have not only produced a considerable reduction in the aquifer storage but
also degradation of groundwater quality due to saltwater intrusion and bedrock
contamination (Gokc¢ekus and Nourani 2018). The aquifer provides the main source of
potable water. The total basin area of the Aquifer is around 460 km2 of which 1/3 of this
area is under the control of the Greek Cypriot Community and 2/3 is under the control of
Turkish Cypriot Community Authorities (Sofroniou and Bishop 2014). Most of the
aquifers in the northern part of Cyprus are unconfined (phreatic) made up of the river or
coastal alluvial deposits, mainly silts, sands, and gravels (Ergil 2000). The main aquifers in
the north part of Cyprus are Girne mountain aquifer, which is located in Besparmak
Mountains close to the north coast, Glizelyurt aquifer, located in western Mesarya, and

Gazimagusa aquifer, located in Southeastern Mesarya.

The aquifers are mainly being recharged by rainfall and river flows (in a very limited
period of the year) and are more or less all showing trends of depletion due to reduced
recharging, frequent droughts, and increased abstraction mainly by farmers in their effort

to increase their production level.
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Figure 2.3: Glzelyurt aquifer location in North Cyprus (Gokgekus and Nourani, 2018)

The Guzelyurt aquifer, which is the largest coastal aquifer in the northwestern of the
island, provides water not only for irrigation requirements in the region but also for the
municipal needs of Leftkosa and Gazimagusa cities. According to Gok¢ekus and Doyuran
(1995), the capacity of the Guzelyurt aquifer is found to be 920million cubic meters and
recent studies demonstrate that the aquifer has is depleted and the average groundwater
level reaches 70 meters below the mean sea level in some local areas (Gokgekus and
Kassem 2020). The second important aquifer is the Mount Aquifer, which runs across the

northern coast of the island with a thin strip of 1.5 km wide. The surface of this
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underground reservoir is about 40 km2, with an average annual renewal of 10.5 million
cubic meters areas (Gokcekus and Kassem 2020). At the watershed of the Guzelyurt
groundwater basin various lithological units of the Troodos massif (middle-Upper
Cretaceous), Lapathos group (Oligocene-Lower Miocene), Dhali Group (Middle-Upper
Miocene), and Mesaoria Group (Upper Miocene-Upper Pliocene) constitute the bedrock
(Gokgekus 1990). The basin itself comprises flanglomerates (Plestocene) and Holocene

deposits.

The Pre-Tertiary Troodos Massif rocks are the oldest units exposed within the watersheds
of the Guzelyurt groundwater basin (Searle and Panayiotou 1980). In general, the Troodos
Massif is a huge igneous body, which is exposed in the central part of Cyprus. It is made
up of Troodos Plutonic Series, Sheeted Dyke Complex, and Pillow Lava Series (Gass and
Masson-Smith 1963).

2.2 Agriculture potential and water quality

The production of agriculture is an essential sector in the economy of the Northern part of
Cyprus (Payab and Turker 2019; Giannakis et al. 2020). The total agricultural land in the
Northern Cyprus is about 187069 ha and the total area equipped for irrigation is about
9.714 ha. Generally, agricultural production share in GDP has been decreased over the year
in Cyprus (Papadopoulou et al. 2020). Agricultural water scarcity is more related to the
variability of rainfall and access to water resources. According to Park (2020), the annual
rainfall in most regions Northern part of Cyprus is within the range of 250-400 mm while
Girne (Kyrenia) has the maximum annual amount of rainfall with a value of 583mm.
However, the lack of insufficient water resources and dependence on rainwater for
irrigation has reduced the production of agriculture yield (Mason 2020; Dodd 1993).
Furthermore, agricultural withdrawal accounts for about 75% of the total water
withdrawals in Northern Cyprus according to Kahramanoglu et al. (2020). Also, drought
and salinization problems are serious problems for Northern Cyprus since 1970
(Kahramanoglu et al. 2020). When considering irrigated land, it is noteworthy that over
48% of the total irrigated land is currently devoted to citrus production, 24% to vegetables
and greenhouses, 20% to other fruits, and 2% to legumes (Kahramanoglu et al. 2020).

Northern Cyprus's main crop is Almond. Apricot, Banana, Carob, Fig, Grape, Grapefruit,

10



Lemon, Loquat, Mandarine, Olive, Peach, Pear, Plum, Pomegranate, Walnut, and Valencia

orange.

According to Gokgekus et al. 2002, the activities of agriculture in Northern Cyprus are
mainly carried in the Guzelyurt region. Agriculture is a major economic activity in
Guzelyurt region (Yildirim et al. 2020). Hence, the region has a high potential for both
production and consumption compared to other regions in Northern Cyprus (Arslan and
Akun 2019). Guzelyurt region has a large expanse of agricultural land suitable for crop
production (Ergil 2000). However, the Glzelyurt state faces significant water challenges
(Payab et al. 2020). The agriculture in the Glzelyurt region is divided into two farming
systems, namely rainfed agriculture (agriculture that relies on natural rains) and irrigated

farming systems.

According to Gokg¢ekus and Nourani (2018), Citrus fruits constitute the major agricultural
product in the Guzelyurt basin, which compares about (70%) of the total production. Also,
the most extensive aquifer in Northern Cyprus is located in the Guzelyurt area. Due to
seawater intrusion, the physical, chemical, and microbiological properties of aquifer
quality have changed. Based on the studies carried by Gokc¢ekus and Doyuran (1997) and
Arslan and Akin (2019) related to evaluating the domestic and agricultural quality of
Guzelyurt Basin, it is found that the groundwater samples have high levels of salinity and
classified as “hard to very hard” and “slightly alkaline to alkaline”. The effect of climate
change on water resources in the region should be addressed in terms of its relation to the
water cycle, water pollution, water scarcity, poor water administration, lack of resources
for research and technological development, and lack of environmental planning.
Additionally, the agriculture in Glzelyurt is expected to increase by helping the water
pipe-line from Turkey. Consequently, despite government efforts to extend funding and
technical assistance to the farmers, there is still a need to increase the productivity of the

agricultural sector.
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CHAPTER 3
MATERIAL AND METHODS

3.1 Analysis Procedure

In this section, the potential of solar energy and wind energy in Guzelyurt region are
presented. Also, small-scale RO desalination system is designed with various flow rates for
agriculture and domestic purposes. Furthermore, the technical, environmental and
economic aspects for construction grid-connected solar/wind system in the selected region
are presented. A flowchart given in Figure 3.1 illustrates the analysis procedure of this
study.
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Figure 3.1: Schematic description for the proposed methodology

3.2 Data and Study Area

Figure 3.2 shows the location of the selected region. In this study, the monthly
measurement data including average temperature, minimum and maximum temperatures,
solar radiation, sunshine duration and wind speed were collected from the Meteorological
department located in North Nicosia (Lefkosa) during 1985-2017. The data were measured

at various heights. A cup anemometer device was used to measure the wind speed at 10m
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height. Additionally, the actinography and thermometer devices were used to measure the

solar radiation and temperature at a height of 2m above the ground, respectively.
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Figure 3.2: The geographical location of Guzelyurt, Northern Cyprus

3.3 Wind Energy Analysis Procedure
3.3.1 Multi-parameter probability distributions for wind speed characterizes

Several scientific studies have investigated the characteristics of wind speed using various
distribution functions. For instance, Alayat et al. (2018) utilized ten distribution functions
to analyze the characteristic of wind speed in eight selected regions in Northern Cyprus.
The results showed that the three-parameter Generalized Extreme Value distribution
provided the best fit to the actual data for most regions in Northern Cyprus.

Kassem et al. (2019) analyzed the distribution of wind speed in three coastal regions in
Lebanon using ten distribution functions. The results indicated that a two-parameter Log-
logistic was considered as the best distribution function to study the wind speed for all

selected regions.
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Khan et al. (2019) used various distribution functions to analyze the characteristics of wind
speed on seven locations in Pakistan. The results showed that three-parameter Generalized
Extreme Value distribution was able to provide the best fit to the actual data for the most

regions.

Alavi et al. (2016) utilized eight distribution functions for estimating wind speed
distribution at five stations in Iran. The results showed that Nakagami and Weibull were

selected for modeling wind speed in the selected stations.

Masseran et al. (2015) studied the wind speed characteristics in Peninsular Malaysia using
Weibull, Gamma and Inverse Gamma distribution function. It is found that Gamma and
Weibull were considered as the best distribution functions to study the wind energy

potential in the selected region.

QOuarda et al. (2015) used parametric models, mixture models and one non-parametric
model for the evaluation of wind energy potential in United Arab Emirates. The results
showed that Kappa and Generalized Gamma distributions provided the best fit to the actual

data for all selected stations.

Based on previous scientific studies, it can be concluded that the used distribution function
for analyzing the wind speed characteristics are two-parameter Weibull, three-parameter
Weibull, Gamma, Lognormal, three-parameter lognormal, Logistic, Log-Logistic, two-
parameter Inverse Gaussian, three-parameter Generalized Extreme Value, two-parameter
Nakagami, two-parameter Normal, one-parameter Rayleigh, generalized Gamma

distribution, exponential, and Kappa distributions.

In this study, 37 distribution functions are used to study the characteristic of wind speed in
the selected region (see Table 3.1). The method of maximum-likelihood is utilized to

estimate the parameters of distribution models.
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Table 3.1: Probability density and cumulative Distribution of used distribution functions
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Table 3.1: Continued
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Table 3.1: Continued
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3.3.2 Goodness-of-Fit test

In order to check the validity of the specified probability distribution model, Goodness-of-
fit test statistics are utilized. Kolmogorov-Smirnov (K-S) test, the Anderson-Darling (A-D)
test, and Chi-squared (C-s) test are the most well-known empirical distribution function
tests.

Kolmogorov-Smirnov (K-S) test
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1<isn n

D = max <F(xi) _! ; L F(xi)> (3.1
Where

1
E,(x) = - X (Number of observation < x) (3.2)

Anderson-Darling (A-D) test

1 n
A2 =—n— E;(Zi — 1) X [InFy(x;) + In(1 = Fx(xp_i41))]  (3.3)

where

Fx(x;) is the cumulative distribution function of the proposed distribution at x;, for i = 1,
2,...,N

Chi-squared (C-s) test

k

x? =Z@ (3.4)

i=1

where 0; is the observed frequency for bin i, and E; is the expected frequency for bin i

calculated by
E; = F(x3) — F(xq) (3.5)

where F is the cumulative distribution function of the probability distribution being tested,

and x;, x, are the limits for bin i.

3.3.3 Estimation of wind turbine energy output

The wind power density (WPD) indicates the how much energy is available at the region
that needs for converting it to electricity by using a wind turbine. It is the ratio between the

wind power (P) and area (A) and it can be estimated using Egs. (3.6) and (3.7).
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P 1

1= Epv3 (3.6)
P o1
1 =7 ) (3.7)

Furthermore, the average WPD can be determined using Eq. (3.8)

_1 =3 3.8
_Epv ()

| "ol

where P is wind power density in W, P is mean wind power density in W, A is swept area
in m?, p is the air density in kg/m®, f(v) is the probability density function (PDF), and T is
the mean wind speed in m/s.

The percentage of errors in estimating the wind power density is calculated as follows

(%) G
A/ estimated A

%)
A/ gctual

Moreover, the ratio of the actual energy output (E,,;) in a period to the theoretical

Error = )“C”‘al x 100% (3.9)

maximum output (E;.) is called the capacity factor (Cr). It can be expressed as follow

(3.10)

3.4 Solar energy analysis procedure

In this section, the methodology that is considered for the proposed solar PV plants in the
selected region is discussed. In general, power generation depends on the capacity of the
PV system (number of PV modules). In the present study, grid-connected solar PV systems
are proposed for generating enough energy to power the residential buildings and RO

desalination plant in the coastal region in Northern Cyprus. It should be noted that the sun-
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tracking system, shading or partial shading, dust, and cell operating temperature are the
essential parameters that affect the power generation of the PV system (Lau et al. 2017).
According to Kassem et al. (2020), the important parameters that are considered for

designing a PV solar plant are defined as follows

Power generating factor (PGF)

PCF — SI X SH (3.11)
~ STCI '

Energy demand (ED)

ED = ECAL (3.12)

Solar PV energy required (SPVER)

SPCER = PER X ELS (3.13)

PV module sizing

TWPR = SPVER (3.14)
" PGF '
PVMS = TWPR (3.15)
" PVOPR '
Inverter sizing (IS)
IS = PER X FS (3.16)

where Sl is solar irradiance, SH is the sunshine hour, STCI is standard test condition
irradiance, ECAL is the energy consumption of all loads, TWPR is total watt peak ratting,

SPVER is solar PV energy required, PGF is panel generation factor, PVMS is PV module
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size, PVOPR is PV output power rating, FS is the factor safety, PER is peak energy

requirement, ELS is energy lost in the system and the factor safety is 1.3

3.5 Design of water desalination system

In order to ensure quality of water for the crops, farmers have selected to finance and
install small-scale desalination plant. The saline groundwater from the coastal aquifer is
the main source for the desalination plant. Therefore, in order to determine the energy
needs from the wind/solar renewable system, the energy required for the RO desalination
plant should be estimated. It can be determined using the below equation (Gold and
Webber 2015; Fornarelli et al. 2018).

_SEC-q
P R,

(3.17)

where Pj, is power requirement of the RO in kW, CFj, is the capacity factor of the plant
(CFp = 95% (Gold and Webber 2015), gq is the flow rate for the feed water in m*h and
SEC is the specific energy consumption of desalination in kWh/m? (it is varied between 0.5
and 3 kwh/m? (Semiat 2008; Siddigi and Anadon 2011; Gold and Webber 2015; Fornarelli
et al. 2018).

In the present study, the value of SEC is assumed to be 1.5 kWh/m?®, which is the average
value of 0.5-3 kWh/m?® range given in the literature (Semiat 2008; Siddigi and Anadon
2011; Gold and Webber 2015; Fornarelli et al. 2018). Also, it is assumed the flow rate is
15000L/day (15m?*/day) that referred to the constant capacity operation of the RO plant.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Wind Energy Potential

The descriptive statistics including mean, maximum, minimum, standard deviation (SD),
coefficient of variation (CV), skewness, and kurtosis of each region are presented in Table
4.1. 1t is observed that the mean wind speed is within the range of 3.424-1.325m/s. The
maximum and minimum wind speed values are recorded in July 1981 and February 1990,
respectively. The variation coefficients are moderately high, ranging from 9.43 to 41.44 as
shown in Table 4.1.
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Table 4.1: Descriptive statistics of wind speed data at 10m

Year Mean SD CvVv Min. Max. Skewness Kurtosis
1981 2.12 0.844  39.82 0.413 3.294 -0.3 0.09
1982 1.325 0549 41.44 0.767 2.464 0.97 -0.05
1983 1.685 0.484  28.75 1.013 2.558 0.62 -0.18
1984 1986  0.781 39.32  0.877 35 0.33 -0.28
1985 2.954 1.102  37.32 1.3 4.316 -0.11 -1.59
1986 1.86 0.53 28.5 1.023 2.7 -0.18 -1.05
1987 1.661 0587 35.34 0.7 2.539 -0.25 -0.89
1988 3.035 0.558 18.38 2.245 3.89 0.18 -1.26
1989 2.794  0.934 33.42 1.1 4.194 -0.78 0.4
1990 3.289  0.608 18.48 2559 4.814 1.49 2.89
1991 3.424  0.655 19.12 2497  4.219 -0.37 -1.73
1992 3.287 0.834 25.38 2.2 4.683 0.39 -1.42
1993 3.094 0.73 23.58 2171  4.629 1.02 0.23
1994 3.019 0.509 16.87 2.339  4.083 0.58 0.32
1995 2.835 0.3341 11.78 2.1857 3.2333 -0.73 -0.43
1996 2.981 0.45 15.11 2.363 3.637 0.34 -1.54
1997 2982  0.718 24.07 2.119  4.065 0.44 -1.2
1998 2.803  0.801 28.58 1.603  4.126 0.57 -0.61
1999 2562  0.478 18.66 1.794  3.386 0.12 -0.64
2000 2531 0.601 23.75 1.8 3.713 0.9 -0.05
2001 2.369 0.45 18.99 1.847 3.355 1.03 0.69
2002 1931 0.629 32.58 1.119 3.339 1.06 1.17
2003 2.81 0.818 29.13 1.643 4.618 0.78 0.86
2004 2.776  0.543 19.56 1.981 3.872 0.58 -0.12
2005 2.766  0.436 15.75 2.129 3.565 0.63 -0.22
2006 2.706 0.419 15.48 2.177 3.571 0.7 -0.15
2007  2.4368 0.2297 943  2.0645 2.8387 0.14 -0.65
2008 2495  0.456 18.26 1.881 35 0.65 0.79
2009 2.4875 0.3018 12.13 1.8742 3.0032 -0.35 0.65
2010 2416  0.447 18.51 1.567 3.264 0.01 0.56
2011 2.3947 0.2667 11.14 2.0484 2.8533 0.06 -1.31
2012 2.326  0.389 16.72 1.803 3.166 0.88 0.37
2013 2.601  0.404 15.54  2.052 3.384 0.58 -0.11
2014 2475  0.418 16.89 2 3.2 0.89 -0.6
2015 25693 0.3451 1343 19516 3.052 -0.08 -0.7
2016 2501 0.348 13.93 1994 3.071 0.11 -0.8
2017 2.431 0.55 22.64  2.027  4.045 2.62 7.8
Mean 2.6547 0.2658 10.01 2.2847 3.1299 0.55 -0.76
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Moreover, the annual and monthly wind speed data during the investigation period are
shown in Figure 4.1. It is found that the maximum and minimum wind speed values are

recorded in 1991 and 1982 with a value of 3.42 and 1.32m/s, respectively.
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Figure 4.1: Mean annual wind speed during the investigation period

During the investigation period, the highest and lowest values of monthly wind speed are

recorded in February (3.1 m/s) and October (2.3 m/s) as shown in Figure 4.2.
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Figure 4.2: Mean annual wind speed during the investigation period

25



In this study, the monthly wind speed was utilized to identify the characteristics of wind
speed of the selected region using the 37 distribution functions. Kolmogorov-Smirnov (K-S)
test, Anderson-Darling (A-D) test, and Chi-squared (C-s) test were utilized to select the best
distribution among the 37 distribution functions. In general, the lowest value of K-S, A-D,
and C-s value will be selected to be the best distribution to analyze the wind speed
characteristics. Table 4.2 lists the distribution parameter and the value of K-S, A-D and C-s
for average monthly wind speed. Based on the K-S test, Burr (4P) distribution has the lowest
value, which considered as the best distribution function to investigate the wind speed
characteristics. Also, it is found that Wakeby and Gen. Extreme Value distribution functions
are considered as the best model to study the distribution of the wind speed based on A-D
and C-s, respectively. Similar result has been by Alayat et al. (2018). The found that Gen.
Extreme Value distribution provided the best fit to the actual wind speed data for Glzelyurt
region compared to other selected distribution functions (Weibull, Gamma, Lognormal,
Logistic, Log-Logistic, Inverse Gaussian, Nakagami, Nakagamia and Rayleigh).The best
model, which provided the best fit to the actual data, is presented in Table 4.3. Figure 4.3

illustrates the frequency histograms and probability plots of wind speed.
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Table 4.2. Distribution parameters and results of goodness-of-fit tests

Distribution Parameters K-S A-D C-s

Beta 0,=0.58185 ,=0.78053 a=2.3 b=3.1 0.17013 1.8632 0.33395
Burr k=0.19211 0=49.81 B=2.3823 0.13005 0.2668 0.03030
Burr (4P) k=127.37 0=1.3101 p=15.381 y=2.2876 0.12794 0.2698 0.04014
Cauchy 6=0.14742 pn=2.5378 0.18187 0.7702 0.10935
Dagum k=104.9 a=17.063 p=1.8908 0.21216 0.8986 0.00016
Dagum (4P) k=0.28041 0=2.8269 $=0.46745 y=2.3 0.24792 4.6530  N/A

Erlang m=105 p=0.02509 0.19172 0.3323 2.05420
Erlang (3P) m=2 B=0.21163 y=2.272 0.20730 0.4254 0.09838
Exponential 2=0.37855 0.58133 4.5638 0.14390
Exponential (2P) 1=2.9268 y=2.3 0.19310 2.6417 0.11206
Gamma a=105.27 B=0.02509 0.20116 0.3406 2.15430
Gamma (3P) a=1.7468 p=0.21163 y=2.272 0.12857 0.2511 0.03568
Gen. Extreme Value k=0.01546 ©=0.21437 p=2.5146 0.15718 0.2378 0.00006
Gen. Gamma k=1.0164 0=113.61 $=0.02509 0.21260 0.3863 2.34190
Gen. Gamma (4P)  k=1.6904 0=0.41362 $=0.5036 y=2.3 0.30717 55363  N/A

Gen. Logistic k=0.1799 ©=0.14286 p=2.5978 0.17486 0.2868 0.00055
Gen. Pareto k=-0.39012 5=0.5009 u=2.2813 0.13675 0.2153 0.01672
Gumbel Max 6=0.20074 p=2.5258 0.17926 0.2767 0.00112
Gumbel Min 6=0.20074 p=2.7575 0.25788 0.9356 1.74250
Inv. Gaussian A=278.1 p=2.6417 0.21417 0.3571 2.40850
Inv. Gaussian (3P)  A=2.11 u=0.53604 y=2.1056 0.15144 0.2514 0.01670
Log-Gamma a=101.78 p=0.0095 0.19391 0.3035 0.23564
Log-Logistic a=16.433 p=2.5915 0.14347 0.3719  0.10495
Log-Logistic 3P)  «=2.7752 B=0.38737 y=2.1922 0.15429 0.2604 0.04058
Log-Pearson 3 a=20.862 B=0.02099 y=0.52929 0.18397 0.2731 0.28454
Logistic 6=0.14195 u=2.6417 0.23067 0.4720 2.21960
Lognormal 6=0.09178 1=0.96715 0.21026 0.3733  2.43480
Lognormal (3P) 6=0.49197 p=-0.75889 y=2.116 0.15642 0.2553 0.01617
Nakagami m=25.57 Q=7.0392 0.19951 0.3463 2.01130
Normal 6=0.25746 p=2.6417 0.20892 0.3797 2.03010
Pareto a=7.4492 p=2.3 0.21266 2.0468 0.39601
Pareto 2 a=218.29 p=575.56 0.58129 4.5640 0.14298
Rayleigh 6=2.1077 0.44864 3.1272 0.03958
Rayleigh (2P) 6=0.41051 y=2.208 0.27648 0.8349 4.21780
Wakeby «=0.5009 B=0.39012 y=08=0 £=2.2813 0.13675 0.2153 0.01672
Weibull a=11.345 p=2.7081 0.16788 0.6225 1.07920
Weibull (3P) 0=1.3802 B=0.39094 y=2.2827 0.14105 0.2597 0.02935
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Table 4.3: Best models for studying the characteristics of wind speed

Goodness- Rank

of-fittest 1 2 3 4 5

K-S Burr (4P) Gamma (3P) Burr Wakeby Gen. Pareto

D-A Wakeby Gen. Pareto Gen. Extreme Value Gamma (3P) Inv. Gaussian (3P)
C-s Gen. Extreme Value Dagum Gen. Logistic Gumbel Max Lognormal (3P)
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Figure 4.3: Frequency histograms, probability density and cumulative distribution
function plots of average monthly wind speed

Furthermore, the wind power density (WPD) value can be regarded as a representative value
for the potential of wind energy of a specific location. In this study, the value of air density is
assumed to be constant (p = 1.23 kg/m3). The estimated value of the average WPD for the
selected region is tabulated in Table 4.4. It is found that the value of WPD is around
11W/m?. According to the average power density values classification, the wind energy
generation potential of the selected region is classified as class 1 (poor) (Kassem et al.,

2019). Thus, it can be concluded that the high-scale wind turbines are not suitable to generate
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electricity from wind energy in the selected region. However, the low cut-in wind turbine is

considered as a good option to be utilized to produce electricity in the selected regions,

which can be installed on the rooftop of a building.

Table 4.4: Parameter values of the best distribution functions at 10 m height

Model Variable Value Model Variable Value
Burr (4P) mean [m/s] 2.6402 Burr mean [m/s] 2.6471
Variance 0.0746 Variance 0.1051
SD [m/s] 0.2732 SD [m/s] 0.3242
CcVv 0.1035 Ccv 0.1225
Skeweness 1.3598 Skeweness 2.5896
Kurtosis 2.5255 Kurtosis 13.6010
WPD [W/m?]  11.0424 WPD [W/m?]  11.1292
Wakeby mean [m/s] 2.6417 Gen. Extreme Value  mean [m/s] 2.6417
Variance 0.0729 Variance 0.0788
SD [m/s] 0.2701 SD [m/s] 0.2807
CcVv 0.1022 CcVv 0.1063
Skeweness 0.7499 Skeweness -1.2349
Kurtosis -0.1992 Kurtosis 2.8862
WPD [W/m?]  11.0612 WPD [W/m?]  11.0612
Gamma (3P) mean [m/s] 2.6417 Gen. Pareto mean [m/s] 2.6417
Variance 0.0782 Variance 0.0729
SD [m/s] 0.2797 SD [m/s] 0.2701
CcVv 0.1059 Ccv 0.1022
Skeweness 1.5132 Skeweness 0.7499
Kurtosis 3.4348 Kurtosis -0.1992
WPD [W/m’]  11.0612 WPD [W/m’] 11.0612
Dagum mean [m/s] 2.5759  Lognormal (3P) mean [m/s] 2.6444
Variance 0.0414 Variance 0.0765
SD [m/s] 0.2034 SD [m/s] 0.2765
CcVv 0.0790 Ccv 0.1046
Skeweness - Skeweness 1.7132
Kurtosis - Kurtosis 5.6352
WPD [W/m’]  10.2551 WPD [W/m’]  11.0951
Inv. Gaussian (3P) mean [m/s] 2.6417 Gumbel Max mean [m/s] 2.6417
Variance 0.0730 Variance 0.0663
SD [m/s] 0.2702 SD [m/s] 0.2575
CcVv 0.1023 CcVv 0.0975
Skeweness 1.5121 Skeweness 1.1395
Kurtosis 3.8108 Kurtosis 2.4000
WPD [W/m’]  11.0612 WPD [W/m’] 11.0612
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4.2 Solar Energy Potential

In general, solar radiation (SR) is one of the major factors that affect the annual energy
exported to the grid by the panel and the capacity factor (Mehmood et al. 2014;
Khandelwal and Shrivastava 2017). The variations of average monthly and annual global
solar radiation (SR) are illustrated in Figures 4.4. It is found that the monthly solar
radiation is varied from 69.98kWh/m? to 219.67kWh/m? as shown in Figure 4.4(b). The
maximum and minimum values of SR are recorded in June and December, respectively.
Moreover, it is observed that the highest and lowest values of annual SR are recorded in
2016 and 2009 with a value of 2041.46kWh/m? and 1463.63kWh/m?, respectively.
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Figure 4.4: Average solar radiation; (a) annual and (b) monthly data
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In general, global solar radiation is considered applicable for evaluating the energy
generation for the flat PV system. The solar energy potential was classified based on the
annual value of global solar radiation (GSR) as shwon in Table 4.5 (Pravilie et al. 2019). It
is found that the solar resource of the selected region is categorized as good (class 4). Thus,
this region is a suitable region for installing a PV system in the future due to the high value
of GSR.

Table 4.5: Classification of solar energy

Class Annual GSR [kWh/m?]
1 (Poor) <1191.8

2 (marginal) 1191.8-1419.7

3 (fair) 1419.7-1641.8

4 (good) 1641.8-1843.8

5 (excellent) 1843.8-2035.9

6 (outstanding) 2035.9-2221.8

7 (superb) >2221.8

Additionally, the behavior of average annual sunshine duration and air temperature is
analyzed for the selected location as shown in Figure 4.5. Based on the data given in
Figure 4.5, the average temperature in the selected location was approximately 18.5°C.
Also, the sunshine duration during the investigation period ranged between 8.5 and 9.6

h/day as shown in Figures 4.5.
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Figure 4.5: Annual air temperature and sunshine duration during the investigation period

4.3 PV system as power source for household and reverse osmosis desalination plant

To ensure sufficient supply from the energy source during the year, the load profile of the
household and desalination plant is calculated. This section aims to evaluate the techno-
economic performance of small-scale grid-connected PV systems with various sun-
tracking systems and PV technologies for a family household. Designing the electrical load
is an essential part of this section. The energy demand in the family house is required for
different usage. The energy demand (E;,,4) in KW/d of the considering household can be

estimated using the given equation.
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Ncategory

Foaa= ). BT, (4.1)
=1

where P; is the rated power of the j-th kind of household appliance (kW), T;NJ is the
number of the j-th kind of household appliance, T; is the used hours per day of the j-th kind
of household appliance (h/day) and Ncgtegory IS the category number of household

appliances.

The monthly electrical energy consumptions of the considered household are shown in
Figure 4.6 during the period of 2014-2020.
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Figure 4.6: Load demand of the household

It is found that the total electricity consumption of the selected household is about
7900kWh/year (i.e. 21.67 kWh/day). Besides, the required power need for the developed
RO desalination plant is estimated to be 1kW (see section 2.3). The maximum daily power

consumption for the household and RO desalination plant is estimated to be 26kWh/day.

The aim of this section is to design a PV system that able to meet the energetic
requirements of the household and RO desalination plant. To be the developed system is
feasible, the designed system should respect the annual net energy balance condition (Eqg.
(4.2)) (Nacer et al. 2016).
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Einj > Eabs (4'2)

where Ej,; is the amount of photovoltaic energy injected into the grid and Egy, is the
amount of electricity purchased by the system from the grid.

Moreover, the maximum power (B, ) Of the fixed-tilt PV system can be determined based
on the maximum value of global solar radiation (Gsg) using Eq. (4.3) (Maammeur et al.
2017).

EucP;
P = (4.3)
max GsrfPvNiny

where P; is the solar radiation at STC in kW/m? G is the global solar radiation
(KWh/m?/d), f»y is the PV derating factor (80%), E4c is the daily power consumption in
kwh/d and 7;,,, is the inverter yield (99.9%).

Based on the actual data, it is found that the maximum global solar radiation of
7.32kWh/m?/day is recorded in June. Using Eq. (4.2), the maximum power of the PV
system is found to be 4.53kWh.

A large number of Photovoltaic (PV) modules with different specifications are available in
the Turkey and Northern Cyprus market. A selection criterion is needed to select the best
Photovoltaic (PV) modules for the proposed PV system design. In general, Mono-
crystalline PV modules having the highest efficiency compared to Poly-crystalline cells
and amorphous silicon modules. The selection of PV modules depends on the required
applications. According to Said et al. (2015), several aspects such as cell type, system cost,
the warranty, and the size and watts are widely used to select the best PV modules of
different technologies. In this study, The PV modules with an efficiency of less than 15%
are not selected. The chosen of the suitable PV-module type was selected based on Eqg.
(4.4).

i PV module capacity X Module efficiency
Panel selection =

(4.4)

module price X Frams area of the module
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By using the proposed criterion, it is found that AS-M60-310W made Mono-crystalline,
which is manufactured by Ankara Solar was selected. Table 4.6 summarizes the

specification of the selected module.

Table 4.6: PV module specification at Standard Test Conditions

Item Specification
Manufacturer Ankara Solar
Model AS-M60 310W
Maximum Power (Pmax) [W] 310

The voltage at Maximum Power (Vmp) [V] 31.7

Current at Maximum Power (Impp) [A] 9.8

Open Circuit Voltage (Voc) [V] 39.7

Short Circuit Current (Isc) [A] 10.12
Operating Temperature Range [°C] -40~85
Temperature Coefficient of Pyax [%/°C] -0.41
Temperature Coefficient of Voc [%/°C] -0.31
Temperature Coefficient of Isc [%/°C] 0.05

Module Price [$] 77

Moreover, the inverter is a device used to convert the produced DC power from the PV
panels to AC power. There are several types of inverters in the market. However, the
suitable inverter selection depends on three main factors (output AC power, DC-AC
conversion efficiency, capital cost). After an intensive search for a proper inverter choice,
two units of central inverters of Sunny Central 850CP XT with a capacity of 954kW and
98.6% efficiency were used. The specification of the selected inverter is available in Ref.
(Tanfon Solar).
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4.3.1 Technical viability

Figure 4.7 illustrates the monthly average daily global radiation on a horizontal surface and
various orientation angles. In general, the optimum angles including slope angle and
azimuth angle for the fixed-tilt system are estimated using Photovoltaic Geographical
Information System (PVGIS) simulation tool. Several scientific studies have used PVGIS
to find the slope angle and azimuth angle for the PV system (Abdallah et al. 2020; Bailek
et al., 2018). Generally, the PVGIS provides the optimum slop and azimuth angles that
give the maximum annual global solar radiation for a specific location (Abdallah et al.
2020). Therefore, the slop and azimuth angles for selected locations are estimated to be 31°
and 2°, respectively. Also, the optimum azimuth angle for vertical axis system is found to
be 52°. It is observed that the highest value of solar radiation is obtained from the sun-
tracking systems (vertical axis and two axis systems) as shown in Figure 4.7. Also, it is
found that the maximum and minimum values of solar radiation are recorded in July and

December as shown in Figure 4.7.
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Figure 4.7: Monthly average daily global radiation on a horizontal surface, fixed-titled
surface, vertical-axis surface and Two-axis

In this study, the techno-economic analysis of the proposed PV systems (fixed-tilt, vertical
axis, and Two-axis system) have been investigated using RETScreen software. According
to Mehmood et al. (2014) and Khandelwal and Shrivastava (2017), solar radiation and the

number of clear sunny days are important factors that affect the annual energy exported to
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the grid by the panel and the capacity factor. The monthly electricity generation (EG) from
the proposed systems is shown in Table 4.7. It is found that the monthly EG is within the
range of 414.84kwWh-804.45kWh for fixed-tilt system, 518.14-11545.24kWh for vertical-
axis system and 535.48-1218.46kWh for Two-axis PV system. The maximum value of EG
is recorded in July for all proposed systems. It can be concluded that the amount of output
power could be increased by 51.46% and 43.60% when the Two-axis and vertical-axis sun
trucking system are used. Besides, it is found that the capacity factor (CF) values of all
developed systems is 19.27, 25.58 and 26.60% for fixed-tilt, vertical axis, and Two-axis
system, respectively as shown in Table 4.7. These observations can be supported by other
scientific researchers who analyzed the feasibility of a grid-connected PV system. For
instance, Kazem and Khatib (2012) found that the CF of the proposed PV system in Oman
was within the range of 16-23%. Also, Obeng et al. (2020) found that the CF of grid-
connected PV systems with various technologies was varied from 15.37% to 15.75%.
Moreover, Mohammadi et al. (2018) found that the value of CF of grid-connected PV
systems with different sun-tracking modes was within the range of 17.54-27.42%.
Moreover, several studies concluded that the use of the Two-axis instead of the fixed-tilt
option significantly increases the generated electricity (Mohammadi et al., 2018; Rad et al.
2020). Therefore, it can be concluded that the value gotten from the present study for each
location is compatible with the acceptable values. Consequently, it is technically
sustainable to build a grid-connected rooftop PV system in locations. The results indicate

that the variation of the EG and CF as a function of location.
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Table 4.7: Electricity generation in kWh for the developed systems

Month Fixed-tilt  Vertical-axis Two-axis

Jan 463.14 577.68 595.06
Feb 508.70 621.69 632.86
Mar 683.51 865.31 889.23
Apr 710.55 894.45 925.14
May 782.07 1082.26 1140.81
Jun 791.33 1143.50 1207.97
Jul 804.45 1155.24 1218.46
Aug 787.46 1101.50 1156.33
Sep 734.39 956.79 985.10
Oct 663.31 865.31 895.05
Nov 506.09 635.77 654.52
Dec 414.84 518.14 535.48
Annual 7849.83 10417.65 10836.02

4.3.2 Economic sustainability and Emission reduction

The performance of the aforementioned sun-tracking systems is evaluated by the
estimation of the economic and environmental factors for each system. In this study, the
financial parameters (Table 4.8) inflation rate, discount rate, reinvestment rate, debt ratio,
debt interest rate, which are considered as input variables for estimated economic
indicators are assumed based on other previous scientific studies. In the present study, the
system cost is around $2100-$2600 for 4.65kW PV system, which is estimated based on
recent market data in the country and is consistent with cost prices available in the

literature.
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Table 4.8: Financial parameters

Factor Unit Value
Inflation rate % 2.5
Discount rate % 3
Reinvestment rate % 9
Project life year 25
Debt ratio % 50
Debt interest rate % 7
Debt term year 20
Electricity export escalation rate % 2

The main results regarding the economic performance of the 4.65kW grid-connected PV
system for all developed PV systems are summarized in Table 4.9. The obtained results
showed that the value of NPV for the proposed systems is positive and this makes the
project to be financially and economically feasible according to Owolabi et al. (2019),
Kazem and Khatib (2015) and Rehman et al. (2017). Also, it is found that the proposed
projects in the selected locations are economically acceptable based on the internal rate of
return, which is a measure of a project’s profitability (Owolabi et al. 2019; Kazem and
Khatib 2015; Rehman et al. 2017). .

Moreover, it is observed in Table 4.9, the developed PV project has the longest value of
simple payback of 2.68 years for fixed-tilt grid-connected and the lowest one for Two-axis
PV system. In addition, it is found that the equity payback values are within the range of
1.26-1.49 years. These results indicate that the PV projects in the selected region make

financial sense.

Additionally, it is found that the lowest value of EPC is obtained from Two- axis PV
system with a value of 0.0159%/kWh compared to other systems. The EPC value of the
proposed projects is compared with the exited value of small-scale PV systems in the
literature. It is found that the LCOE values of the proposed systems are within the range of
the maximum (3.165%/kWh) and minimum (0.0199%/kWh) of EPC values obtained from
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the literature. Moreover, it is noticed that the value of EPC is slightly increased by 3%

when the fixed-tilt system is used as shown in Table 4.9.

It is noticed that the developed systems are provided a very good insight into the economic
viability of the project for all regions. Additionally, the obtained results demonstrated that
the development of the proposed 4.65kW PV power system is economically acceptable due

to the obtained favorable economic results.

Table 4.9: Economic performance for all developed system

Variable Fixed-tilt ~ Vertical-axis Two-axis
Gross annual GHG emission reduction [tCO;] 5.75 7.63 7.94
Simple payback [Year] 2.68 2.40 2.31
Equity payback [Year] 1.49 1.32 1.26
Net Present Value (NPV) [USD] 14805.23 19993.24 20916.86
Annual life cycle savings [USD/year] 850.23 1148.17 1201.21
Energy production cost [USD/KWh] 0.0185 0.0166 0.0159

4.3.3 Variation of electrical Production

As mentioned previously, the mean total energy consumption for the chosen household is
found to be about 9940kWh. Also, the total annual energy generating from PV systems is
varied from 7849.83-10836.02kWh. Figure 10 shows the monthly average electrical
energy produced by the proposed PV system of 4.65 kW and the electrical energy
purchased from the grid for various PV systems. The results indicate that the PV system of
4.65kW covers almost household and RO desalination plant | load throughout the year as
shown in Figure 10. In addition, it is observed that the proposed system covers the total

energy consumption for a month of July and August as shown in Figure 4.8.

Furthermore, it is observed that around 40% out of the total energy consumption is covered
by the grid and the remaining energy consumption is supplied by PV systems during the
winter season. This is due to a heavy electrical load connected in the system like a water

heater during winter season. For the other seasons, The PV systems could cover all the
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energy consumption due to normal environmental parameters such as air temperature,
relative humidity, amount of solar radiation, sunshine duration, and so on. Also, due to the
length of day that depends on sun altitude, the geographical latitude of the location,
declination angle of the sun, and hour angle, the amount of energy production from the PV
system will be increased.
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Figure 4.8: Monthly variation of energy generation from PV system and grid
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CHAPTER 5
LIMITATIONS AND CONCLUSIONS

5.1 Limitations

Before starting the main conclusions in the present study, it is essential to acknowledge the

limitations of this work.

e First, the financial parameters were assumed based on historical values in the
literature.

e Second, the influence of various parameters such as dust, irradiation intensity, air
temperature, and relative humidity was neglected due to the limitation of
RETScreen software.

e Third, the cost of the proposed projects was estimated based on the existing cost in

the literature.

5.2 Conclusions

Due to rising electricity tariff rates and reducing the dependency on domestic power
generators, installing renewable energy systems has become increasingly attractive for

residential consumers, which is supported by previous scientific studies.

Also, due to a lack of detailed study about determining the suitable probability distribution
models for analyzing the characteristics of wind speeds in Northern Cyprus, the finding
from the present study showed that Burr (4P) and Wakeby are considered as an effective
distribution for estimating the wind speed distribution in the selected region. It is found
that the value of wind power density is found to be about 11W/m?, which is classified as
poor according to the classification of wind power density at 10m height. Thus, it can be
concluded that the high-scale wind turbines are not suitable to generate electricity from

wind energy in the selected region.

Furthermore, the analysis indicated that the selected region has a high potential for
generating electricity from solar energy compared to wind energy. The results demonstrate
that the average annual electrical energy from the Two-axis tracking system was found to
be around 10836 kWh. This amount of energy output would contribute significantly to

44



reduce fossil fuel consumption and CO2 emissions in the country. It is concluded that the
small-scale grid-connected PV system will provide the domestic energy and water needs at

an energy production cost lower than the electricity price grid-connected consumers pay.
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