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INTRODUCTION

 
 The available solar power incident on the earth’s 
outer atmosphere is 1.36 kW m-2 and reaches
kW m-2 near the surface. One of the best
advantage of this energy is to use PV
Not only are these systems more cost
long term, as shown by researchers over the 
years,they also minimizes environmental impact 
from emissions such as carbon dioxide
2015).Besides, the PV industry is 
the reduction in manufacturing and process
wastes, opportunities for recycling into different 
systems throughout their lifetime, and so on
(Minnaert, 2004). Another huge advantage for PV
based systems is the extent to which they can replace 
fossil fuel based systems in the sense that they 
become almost entirely self-suffic
systems may require monitoring and, rarely, 
maintenance, but they do not need “refueling” of any 
kind or external inputs to function regularly, as 
opposed to externally-dependent 
systems (Benaouadj, 2015). In addition to this, 
systems also allow for the repurposing of equipment 
that may have otherwise dumped and not recycled, 
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A B S T R A C T  
Energy conservation has become a dominant topic in the field of energy,and is even 
considered as one of the primaryfields on the global level. The use of renewables for 
energy conservation has become a highly viable option nowadays with the increase in 
technological advancements in that area.Renewable energy products have both higher 
efficiency and lower costs today than at any other time in the past. The most well
known of renewable technologies is the photovoltaic (PV)technology, despite not being 
the most-used one. Renewable energy is not a substitute for other energy sources like 
oil and coal as of yet, but is usually used as the backup energy source for hybrid 
systems. This paper presents an intuitive design for car parking lights powered by PV 
technology, which produce power at daytime to charge batteries,whilepower is drawn 
from the batteries to power these lights at night time. An additional idea used here is to 
use recycled batteries for the system instead of purchasing new batteries to reduce the 
cost and to utilize older batteries, such as car batteries, instead of disposing of them. 
This paper showsnot only the intuitive design but also a real life application
lighting system of theSoharUniversity campus parking lot. 
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systems throughout their lifetime, and so on 

. Another huge advantage for PV-
based systems is the extent to which they can replace 
fossil fuel based systems in the sense that they 

sufficient.The PV 
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maintenance, but they do not need “refueling” of any 
tion regularly, as 

dependent conventional 
. In addition to this, PV 

ystems also allow for the repurposing of equipment 
that may have otherwise dumped and not recycled, 

and minimal initial investment for system 
components beyond the main PV supply 
system(Spacek, 2015). 
 Kumar  et al.(2011) (Kumar, 2011)
15 kWh/day PV system to meet
requirements of Caledonian College of 
Engineering,in addition to help
capacity system implementation 
performance analysis for the new campus. The 
system contained 16 PV modules with a tilt an
30° facing south (with an output of 3.28 kW), 
aMPPT battery charge controller, 
batteries and an inverter. The result was a system 
with a capital cost of around US
projected life cycle cost (LCC) of approximately 
USD 40,500, leading to a Cost of 
USD 0.3946/kWh and a life cycle period of 12 years. 
The system was under-utilized but was shown to be 
capable of higher performance with
optimization. 
 Kazem et al.(Kazem, 2013)
PV/Wind/Battery system to supply road illumination, 
and made a comparison of this hybrid system to a 
diesel generator system. The authors use
software for numerical analysis and the optimum 
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system design found for the hybrid system is a 4500 
kW PV, 20,000 batteries, 5000 kW inverter and 100 
wind turbines. The CoE found to be 0.400 USD 
/kWh. As for the diesel generator system, the 
HOMER design results are 7000 kW diesel generator 
with a CoE of 3.164 USD /kWh. 
 Kazem et al.(Kazem, 2012)presented an optimal 
stand-alone PV system design to supply electricity 
for rural areas in Oman, dealing with crucial 
parameters such as orientation and temperature of 
PV. The design was carried out using HOMER 
software, and the resulting system is as follows; 33 
kWh/day load, 3 kWh PV arrays with 15 modules, 
200 Wp, 10 sealed lead acid batteries with 12 V and 
100 Ah each.A charge controller (MPPT controller) 
with 12 V, 3 kW, and 250 A, an inverter with 12 V 
DC, 3 kW, 240 V AC. The system’s CoEwas 0.044 
USD /kWh. 
 Kazem et al.(Kazem, 2012, 2013) designed a 9 
kW solar PV system for a health clinic in Oman, for 
a daily load demand of 42.307 kWh/day. The authors 
designed the system numerically through HOMER to 
show costs of the PV system components and the 
cost of energy. The perfect system has 9 kW PV 
module, 100 batteries, and 6 kW inverter with a CoE 
of 0.418 USD /kWh. The authors compare the CoE 
of such design to the CoE of a diesel generator, 
which is 0.5581 USD /kWh. The most expensive 
system proposed by HOMER is a system with 200 
batteries and 10 kW inverter, with a cost of energy of 
0.746 USD/kWh. Althoughthis system is greater than 
diesel’s CoE,yet comparing the total Net Present 
Cost(NPC) and maintenance costs, besides the 
volume of gas emissions, the PV system is found to 
bemore feasible. 
 It is clear seen that PV system start competing 
with diesel and other fossil fuel energy sources. In 
addition, the research in literature focuses on CoE, 
capital cost and life cycle period. Furthermore, the 
PV system design could be classified into: intuitive, 
numerical and analytical methods.  
 This paperdebates the design process of a PVcar 
parklighting system installed in the main parking lot 
of the Sohar University campus to replace the 
currently existing one that uses an inefficient lighting 
system and uses power from the power grid. 
Additionally, the validity of the proposed system 
from the point of view of the extent of power 
andfinancial savings will be examined.  
 
2. Methodology: 
 The method of design that is used here called the 
intuitive method, which is a simplified sizing method 
that takes into consideration every subsystem on its 
own. This method does not account for the random 
nature of solar radiation.However, it does account for 
the changes in the solar irradiance throughout the day 
and throughout the year. The advancedsystem 
contains a PV array, a controller for maximum power 

point tracking, batteries, inverter and,of course, 
theloads. 
2.1. Load: 
 
 The load of the system is the soul of the 
solution, knowing that the entire system built to feed 
the load, allowing it to operate properly. A used 
method estimates the energy demand of the load, 
with the energy of every appliance calculated and 
multiplied by an average number of hours of useto 
specify the load profile. The losses caused by wiring, 
dirty modules and DC/AC conversion considered by 
adding 20% to the load. 
 The load must be the first consideration to 
design the PV system because it controls the type of 
system to be installed/ used. For DC loads, direct 
supply from the PV used and unlike the elements 
used for AC load, no need for batteries, inverters, 
converters and charge controllers. The AC loads 
require those elements because PV’s output must be 
DC, and the inverter is used to convert it to AC while 
the controller manages the energy storage within the 
system and into the batteries. Also, the controller 
ensures the electrical protection of the system, and 
finally the batteries are used to store energy produced 
by the PV system to be released at night when 
needed. In this case, the load is AC powered. The 
parking lights in Sohar University campus are an 
interesting application and an important one, 
especially for university parking where illumination 
is vital at night and necessary for safety purposes as 
well as visual purposes. Figure 1 shows the load 
lights. 
 Sohar University spends about 35,000 OMR per 
monthon electricity (USD90,897.29), noting that 1 
OMR approximatelyequals 2.6 USD, and, therefore, 
spends yearly about USD1,090,767.48 per year. It is 
important to conserve power to decrease these costs; 
therefore, the use of renewable energy to supply 
some loads can be feasible and cost-effective for 
extended periods of time. Additionally, utilizing 
loads with better power factor and higher efficiency 
and lifetime to save costs too. Table 1 shows the 
park’slighting loads of the university, their sizes, and 
costs. 
 One appliance selected from table 1 to test the 
load estimation method; in this cast it is the 14 
compactfluorescent lamp (CFL) light bulbs, which 
replaces with a type that has better cost, efficiency, 
and light-time. The CFL replaced with light emitting 
diode (LED) lights with 230 V AC, 12 W by 
multiplying the numbers of LED lights (14) by the 
AC load power (12 W) and the result is multiplied by 
the daily duty cycle (12 hours/day).The result 
multiplied by the weekly duty cycle (7 days/week) 
resulting a total daily average 2016 Wh. Noting that 
surge watts of LED light are 15 W, and finally from 
the load estimation method it was found that the 
actual amp-hour load is 8.77 Ah/day. 

 



45                                                                         Ali H.A. Al-Waeli et al, 2015 
Australian Journal of Basic and Applied Sciences, 9(36) December 2015, Pages: 43-45 

       
 
Fig. 1:One CFL load light. 
 
Table 1: The current parking lot illumination system of Sohar University. 

NO 
of 

The parking lots in the 
University and their 

location 

Number of 
light bulbs 

in each 
parking 

Types of light 
bulbs in the 

parking 

Number of replaced 
light bulbs per 
month/months 

Power of each 
light bulb 

Price of each 
light bulb in 

(USD) 

1 Main gate parking lot. 
14 CFL  bulb 

14   light bulb every 
month 

23 W/230  V 3.38 

4 Halogen Lamp 
1 Light bulb every 3 

months 
1000W/230 V 46.8 

2 
Parking lot in front of 

Saham building. 

8 Halogen  Lamp 
1 Light bulb every 3 

months 
400  W/230  V 16.9 

6 Garden Lights 
6 Light bulbs every 

month 
23 W/230   V 3.38 

3 
Parking lot to the right of 

Saham building. 
14 Road  Lights 

1 Light bulb every 3 
months 

70  W/230  V 12.48 

4 Halogen   Lamp 4 Every 3 months 400 W/230  V 16.9 

4 
Parking lot to the left of 

Saham building. 
9 Road Lights 9 Every 3 months 70 W/230 V 12.48 
4 Halogen   Lamp 4 Every 3 months 400  W/230 V 16.9 

5 
Parking lot behind Liwa 

building 
3 Road lights 3 Every 3 months 70 W/230 V 12.48 
14 Halogen  Lights 14 Every 3 months 1000 W/230  V 46.8 

 
2.2. Evaluating solar energy potential: 
 Before moving forward, a distinction must be 
made between the different terms solar irradiance 
and insolation. Solar irradiance refers to the amount 
of solar power striking a certain area, and is a 
measure of the intensity of the sunshine and is 
usually given in kilowatts per square meter (kW m-

2).Whereas insolation refers to the amount of solar 
energy received on a certain area andmeasured in 
kilowatt-hours per square meter (kWh m-2). The 
latter term is equivalent to peak sun hours, which is 
the number of hours during which the solar 
irradiance equals 1 kW m-2(Khatib, 2010). 
 Solar radiation data is usually found as daily 
average values for all months during the year.Thus, 
we must take into account the specific hours where 
the radiation is at its maximum, which is usually at 
noon. A readiness assessment report from IRENA 
regarding Oman (Renewables readiness assessment, 
2014) has shown that solar radiation in Oman 
changesduring the year from as low as 2.37 
kWh/m2/day to as high as 7.34 kWh/m2/day, with 
Sohar being the 3rd highest city in terms of solar 
radiation. 

 On the other hand, the insolation varies 
seasonally due to the change of the earth’s position 
with respect to the sun.Some systems, due to this 
reason, employ tracking arrays to change the tilt 
angle of the PV modules to continue obtaining the 
maximum irradiance possible throughout the 
year.Thus, leading to a higher power output overall 
(Khatib, 2010).Fig.2shows the worksheet used to 
determine the solar energy potential required in the 
PVLS. 
 Firstly, the corrected load usage is obtained (in 
Ah/day); then it’s divided by the average number of 
peak sun hours per every month of the year.Thus,the 
location’s latitude (24° for Sohar) took to obtain the 
required current potential at the default tilt angle. 
This procedure is then repeated for the tilt angle ±15° 
to account for the variations in the sun’s position 
throughout the year (with its position in the winter 
being lower than in the summer). From here, the 
current maximum potential and the corresponding 
value of peak sun hours for that month are taken at 
each angle, with the “worst-case scenario” 
considered for the system’s design. Table 2 shows 
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the peak sun hours per day and design current both corresponding to the tilt angle used. 

 
Fig. 2: Sun potential estimation. 

 
Table 2:Optimal tilt, peak sun hours, and design current. 

 
 
2.3. Batteries: 
 The primary aspect of the new design is using 
the old-used-batteries (i.e. car batteries) which 
usually disposed of once the usable capacity 
hasfallen to somewhere between 60-70%, which 
means its ability to discharge the stored power has 
decreased. The use of these used batteries (recycling 
batteries)ensures saving more costs (free system 
battery cost), and that leadsto only purchasingthe PV 
modules, inverter, charger controller and system 
accessories. Before using the batteries, an intuitive 
design must be made to realize the usable battery 
capacity and the total number of batteries, alongside 

their combinations. The design worksheet provided 
in Fig. 3. 
 Fig. 3 shows the total number of batteries 
needed for 14 LED lights that works for 12 hours a 
day is 4 batteries, with 2 in parallel and 2 in series. 
The usable battery capacity found is 30 Ah. It is 
important to note that since Oman is a sunny country 
(Sohar), the storage days (number of “no-sun” days) 
assumed for this system are only 2 days.This 
assumption considers as the worst case scenario for 
Sohar.Also, it is significant to specify that the 
number of no sun days is an important factor to find 
the required battery capacity in ampere-hours. 

 
Fig. 3:Battery design worksheet. 
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2.4.Designing the Photovoltaic array
 The main aim of the PV array is to generate 
enough energy to meet the load as well as cover for 
all potential losses in the system (even during the 
worst-case scenario(s), which is why
scenarios from both the battery and
planning phases are always used). Current (in A) is 
used instead of power (in W) as it describes the 
load/system specifications in a more meaningful 
way, i.e. specifying anexact current output at a 
particular voltage is more accurate than specifying 
anexact power output that may or may not be met at 
the required operating point. The available PV 
modules that meet the requisite current, voltage 
power requirements are compared techno

 
 Additionally, no part of the array should ever be 
shaded, as that may cause gross output losses due to 
the resulting heat dissipation (thus causing system 
failure if sustained for longer periods of time). 
However, to ensure system safety should this occur,
bypass diodes are installed around series connected 
modules. The 12V arrays do not require this 
procedure, and it maybe ignored for 24V, but they 
must be fittedwith higher-voltage arrays to provide 
alternative current paths (Markvart, 2006)
Additionally, shading should be avoided even if 
these diodes are in place, utilizing
angle, surrounding foliage as Fig. 5 
 Another important point to note is the most 
prominent location of failures in PV arrays: 
interconnections between modules placed in 
module junction box. These occur due to reverse 
current flow from the battery, or simply due to 
weakening of the wires themselves for any other 

Fig. 5:
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Designing the Photovoltaic array: 
The main aim of the PV array is to generate 

enough energy to meet the load as well as cover for 
all potential losses in the system (even during the 

why the worst-case 
and solar potential 
). Current (in A) is 

used instead of power (in W) as it describes the 
load/system specifications in a more meaningful 

current output at a 
voltage is more accurate than specifying 

may or may not be met at 
required operating point. The available PV 

modules that meet the requisite current, voltage and 
power requirements are compared techno-

economically to determine the best choice (i.e. best 
performance/size and cost, lowest temperature
variance). Fig. 4 illustrates the 
 The batteries voltages determine the 
voltage of the array, which doesn’t cause m
variationsin the current. For the crystalline silicon 
modules case, the voltage, current, and power 
outputs are also slightly affected by the module 
temperature.Although the effect 
small (up to 0.5%/°C in most cases) 
influence the operating point enough to cause system 
failure, unless very high temperatures are reached 
(Groumpos, 1987; Markvart, 2006)
arrays must be properly mounted to keep a constant 
and cool airflow as much as possible. 

Fig. 4:PV array sizing worksheet. 

Additionally, no part of the array should ever be 
output losses due to 

the resulting heat dissipation (thus causing system 
failure if sustained for longer periods of time). 
However, to ensure system safety should this occur, 

installed around series connected 
e 12V arrays do not require this 

for 24V, but they 
voltage arrays to provide 

Markvart, 2006). 
Additionally, shading should be avoided even if 

utilizing considering sun 
 reveals. 

Another important point to note is the most 
prominent location of failures in PV arrays: the 

ons between modules placed in the 
module junction box. These occur due to reverse 
current flow from the battery, or simply due to the 
weakening of the wires themselves for any other 

reason. Despite the relative ease 
issues on-site in most cases, any PV system must 
implement measures to prevent them from occurring 
in the first place. The preferred solution involves 
installing blocking diodes either in each parallel 
branch or in the main array
(either individually installed into the array or via the 
charge controller itself), as shown in 
previous solution being recommended for larger, 
more highly-branched systems to prevent current 
flow from passing from stronger branches into 
weaker ones, whereas the latter one 
systems. The usage of the both solutions 
output drops. For maintenance purposes, a circuit 
breaker/switch should be install
(also recommended for the battery circuit)
should be installed to protect all current carrying 
conductors in the system (all these
fitted for extreme cases). 

 
Fig. 5:Bypass and blocking diodes configuration. 
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economically to determine the best choice (i.e. best 
cost, lowest temperature-

 design worksheet. 
batteries voltages determine the operating 

voltage of the array, which doesn’t cause many 
For the crystalline silicon 

case, the voltage, current, and power 
outputs are also slightly affected by the module 

effect extent is relatively 
small (up to 0.5%/°C in most cases) that doesn’t 

the operating point enough to cause system 
s very high temperatures are reached 

Markvart, 2006). Therefore, PV 
arrays must be properly mounted to keep a constant 
and cool airflow as much as possible. 

 

reason. Despite the relative ease of fixing these 
ases, any PV system must 

implement measures to prevent them from occurring 
preferred solution involves 

blocking diodes either in each parallel 
branch or in the main array-controller connection 
(either individually installed into the array or via the 
charge controller itself), as shown in Fig. 5. The 

solution being recommended for larger, 
branched systems to prevent current 

flow from passing from stronger branches into 
weaker ones, whereas the latter one is used in smaller 

both solutions is to prevent 
output drops. For maintenance purposes, a circuit 

installed to isolate the array 
(also recommended for the battery circuit).The fuses 

to protect all current carrying 
conductors in the system (all these parts must be 
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2.5. Inverter: 
 The use of the inverter is only necessary when 
the load is an AC load, as the output of the PV is a 
DC.Factors that must be considered on the output 
side are output power, as well as voltage, frequency 
and waveform variation tolerance. As for the input 
side, the DC voltage, surge capacity, and acceptable 
voltage variation must be considered. The inverter 
heavily affects the performance, reliability and cost 
of the entire system;thus careful planning is in 
order.For this system, the required output of the 
inverter is 230 V AC at 50 Hz. The inverter selected 
for this system is an inverterwith 12V 180W, 230V 
AC 50Hz. The operating temperature ranges from -
20 to +50ºC and the maximum humidity is 95%. The 
peak power output of the inverter is 180 W. To 
calculate the price of the inverter, the trending price 
for PV-Inverter per watt, which 
is1.8USD/Wmultiplied by the peak output power, 
which is 180 W, resulting in a price of 324 USD. 
 
2.6. The ChargeController: 
 The purpose of the charge controllers in PV 
systems is to prevent batteries from damaging 
themselves through overcharging or over-
discharging. Hence,it prevents premature battery 
failure, as well as load protection. As such, it is an 
extremely vital component of such systems. A 
controller does so through redirecting or turning off 
all or part of the input PV array current when the 
maximum battery state of charge (SOC) reached. The 
specifications of the charge controller are the highest 
output of 350W, 10A and 24V system voltage. The 
price of the charge controller is 630 USD, which is 
the result of multiplying the peak power output 
(350W) to the trending price of the solar charge 
controller (1.8 USD/W (Feldman, 2014)). 
 

RESULTS AND DISCUSSIONS 
 
 The PV lighting system validation achieved by 
comparingits economic aspectto that of the current 
version of the same system. It is important to note 
that the system differs in the sense that it hasdifferent 

light bulbs (LED instead of CFL). The first step is to 
evaluate the economic aspect of the conventional 
parking lot lighting system. 
 
3.1. The economic value of the conventional 
parking lights system: 
 Firstly, to get the total capital(capital + 
replacement) cost of the lights, the price of the CFL 
lights (3.38 USD each) is multiplied by their quantity 
(14 pcs) which is 47.32 USD. The initial cost 
multiplied by 12 months per year (considering 
replacing the lights every month) and 25 years for 
lifespan, to compare this conventional system 
economically to the PV system, as the PV’s lifespan 
is 25 years. The final value is 14,196 USD. 
 
Secondly, the cost of energy over the lifespan of the 
system calculated as follows: 
���� = 14 	
�� × 23 � 	
��⁄ × 12 ℎ� �
�⁄

× 365 �
� ��⁄ × 25 ��
× 10 ��/��ℎ = 352.59 � ! 

���� = 916.74 USD. 
 Thirdly, the life cycle cost is the sum of the cost 
of energy and the capital cost of the lamps over the 
25 year period, which is 15,113 USD from the 
calculations, considering the cost of electricity is 10 
bz/kWh (or 2.6 cents/kWh) after governmental 
subsidies. 
 Without governmental subsidies, the actual cost 
of electricity is 70 bz/kWh (or 18.2 cents/kWh), and 
the LCOE here is 2468.13 OMR (or 6,417.2 USD), 
leading to a life cycle cost of 20,613USD, and a cost 
of energy of 82.9 cents/kWh. 
 If this idea is applied to the remaining park 
lights, then the capital and maintenance cost is found 
to be 47,081 OMR (or 122,411 USD). Additionally, 
the LCOE was found to be 29,215OMR (or 75,958 
USD) and 204,502 OMR (or 531,706 USD) with and 
without subsidies, respectively. These results reveal 
that the energy conservation hasa significant impact 
on the cost and economic of these systems. Table 3 
shows the general layout of the LCOE and LCC 
calculations for the complete subsidized system. 

 
Table 3: LCC & LCOE for the complete subsidized conventional system. 

NO of The parking lots in the 
University and their location LCC (in OMR) LCC (in USD) LCOE (in OMR) LCOE (in USD) 

1 Main gate parking lot. 
5,460.00 14,196.00 352.59 916.73 
1,872.00 4,867.20 4,380.00 11,388.00 

2 Parking lot in front of Saham 
building. 

702.00 1,825.20 3,504.00 9,110.40 
2,340.00 6,084.00 151.11 392.89 

3 Parking lot to the right of 
Saham building. 

547.20 1,422.72 1,073.10 2,790.06 
2,600.00 6,760.00 1,752.00 4,555.20 

4 Parking lot to the left of Saham 
building. 

4,320.00 11,232.00 689.85 1,793.61 
2,600.00 6,760.00 1,752.00 4,555.20 

5 Parking lot behind Liwa 
building 

1,440.00 3,744.00 229.95 597.87 
25,200.00 65,520.00 15,330.00 39,858.00 

  47,081.20 122,411.12 29,214.60 75,957.96 
 
3.2. The economic value of the photovoltaicparking 
lot light system: 
 Before calculating the LCOE and the total initial 
cost, it is important to note that the batteries are free 
(because they are recycled car batteries), the bulb 

holders and connecting wires, as well as the space for 
this equipment are all considered free since it is 
already installed, in addition to the absence of the 
LCOE, as there are no fees for energy consumption 
beyond the system itself. 
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For the initial costs of the system: 
 LCC =cost of LED bulbs over system life cycle 
+ cost of PV modules over system life cycle + cost of 
inverters over system life cycle + cost of charge 
controllers over system life cycle + cost of batteries 
over system life cycle 
 LCC = (14 lamps/5 years × 25 years × 6 
USD/lamp) + (280 USD/module × 2 modules) + (630 
USD/controller × 2 controllers) + (324 USD/inverter 
× 2 inverters) + (0 USD for all recycled car batteries) 
= 2888 USD. 
 This leads to the PV system having an annual 
LCC of 163.73 USD, with a price per peak watt of 
40.8 cents/kWh, less than half of the COE of the 
system’s unsubsidized counterpart (considering this 
metric uses only a part of the actual power 
consumed, i.e. peak wattage production, it can be 
safely said that the cost of energy would actually be 
much lower, further validating the 
system’sefficiency). These results show a remarkable 

drop in both power consumption and 
economicimpact, which further validate the system’s 
capabilities. 
 
4. Conclusions: 
 In conclusion, the proposed parking lot lighting 
system found to be economically feasible.In addition 
to accomplishing other goals, including nullifying 
harmful emissions that would’ve been used to satisfy 
the same load.Also, the recycling equipment 
(specifically car batteries) that would have disposed 
of and thus decreasing further environmental harm 
and economic cost. The proposed system uses 2 PV 
modules, 4 car batteries, a solar charge controller, 
and an inverter. The CoE of the conventional system 
was found to be 82.9 cents/kWh, whereas the PV 
system had a price per peak watt of 40.8 cents/kWh, 
further validating the efficacy of the PV system 
compared to its conventional counterpart. 

 
Notations: 
 

Bz Baize 
CoE Cost of Energy 
CFL Compact Fluorescent Lamp 
ELD Light Emitting Diode 

IRENA The International Renewable Energy Agency 
LCC Life Cycle Cost 
NPC Net Present Cost 
OMR Omani Rial 
PVLS Photovoltaic Load System 

 
REFERENCES 

 
Benaouadj, M., A.Aboubou, 

M.Y.Ayad,M.Becherif, O.Akhrif,2015.Performance 
evaluation of an autonomous photovoltaic system for 
recharging electrical vehicle batteries. Balkan 
Journal of Electrical & Computer Engineering, 3(1): 
36-41.  

Feldman, 2014. Photovoltaic System Pricing 
Trends: Historical, Recent, and Near-Term 
Projections 2014 Edition [Online]. Available at: 
http://www.nrel.gov. 

Groumpos, P.P. and G.Papageorgiou, 1987.An 
optimal sizing method for stand-alone photovoltaic 
power systems. Solar Energy, 38(5): 341-351. 

Kazem, H.A., S.Al-Asadi,2013. Feasibility 
Study of Photovoltaic/Wind/Battery Hybrid System 
for Oman.International Journal of Engineering 
Science and Technology, 3(3). 

Kazem, H.A.,F.Hasoon, F.Al-
Qaisi,N.Alblushi,H.Alkumzari,A.Alfora, 
A.Alwaeli,2012. Design of stand-alone photovoltaic 
for rural area in Oman.NCT 3rd symposium, Oman. 

Kazem, H.A., S.Ali, A.Alwaeli,K.Mani, 
M.T.Chaichan,2013. Life-cycle cost analysis and 
optimization of health clinic PV system for a rural 
area in Oman.The World Congress on Engineering, 
UK, 2. 

Kazem, H.A., 
M.T.Chaichan,S.A.Saif,A.A.Dawood, 
S.A.Salim,A.A.Rashid, A.A.Alwaeli, 2015. 

Experimental investigation of dust type effect on 
photovoltaic systems in north region, Oman. 
International Journal of Scientific & Engineering 
Research, 6(7):293-298.  

Kumar, R., F.Sheik, D.Raghavesh, Resel, 2011. 
Performance analysis of Solar Installation at CCE. 
Caledonian Journal of Engineering, 7(1): 25-34. 

Markvart, T., A.Fragaki, J.N.Ross,2006. PV 
system sizing using observed time series of solar 
radiation. Solar Energy, 80(1): 46-50. 

Minnaert,B.and P.Veelaert,2014.A proposal for 
typical artificial light sources for the characterization 
of indoor photovoltaic applications. Energies, 7: 
1500-1516. 

doi:10.3390/en7031500  
Khatib, T., 2010.A Review of designing, 

installing and evaluating standalone photovoltaic 
power systems. Journal of Applied Sciences, 10 (13): 
1212-1228. 

Spacek, A.D., 
J.M.Neto,L.G.Clemente,O.H.Ando Junior, 
F.C.Malfatti,2015. Photovoltaic Luminaries of low 
cost for public streets.International Conference on 
Renewable Energies Power Quality (ICREPQ’15) La 
Coruna (Spain). 

Sultanate of Oman: Renewables readiness 
assessment, 2014. International Renewable Energy 
Agency.p. 32. 


