INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH
Saad S. Alrwashdeh, Vol.8, No.2, June, 2018

Assessment of Photovoltaic Energy Production at
Different Locations in Jordan

Saad S. Alrwashdeh*

*Department of Mechanical Engineering, Faculty of Engineering, Mutah University, P.O Box 7, Al-Karak 61710 Jordan

(saad.alrwashdeh@mutah.edu.jo, saad_r1988@yahoo.com )

tSaad S. Alrwashdeh; P.O Box 7, Al-Karak 61710 Jordan, Tel: +962 3 2372 380,
Fax: +962 3 2375 540, saad.alrwashdeh@mutah.edu.jo

Received: 26.12.2017 Accepted:02.03.2018

Abstract- Jordan is considered one of the sun-belt countries, which possesses high solar radiation on its horizontal surface.
This work presents the energy output of photovoltaic (PV) module for three sites in Jordan; these three sites are Irbid (32° N
and 35° E) in the northern Jordan, Amman (32° N and 36° E) in the central Jordan, and Agaba (29° N and 35° E) in southern
Jordan. The paper analyses the solar radiation data and ambient temperature to compare the PV energy output at these sites.
The analysis showed that the Agaba is the optimum location in term of PV energy production compared to the selected study

locations. It is found that the annual energy production for a module with 340 W capacities is 502 kWh.
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Abbreviations

FF Fill factor

G Solar irradiance (W/m?)

lpm Current at maximum power (A)

Isc Short circuit current (A)

NOTC Normal operating cell temperature (C)
Pmax Power at maximum power point (W)
Ta Ambient temperature (C)

Tc Cell operating temperature (C)

Vac Open circuit voltage (V)

Vpm Voltage at maximum power (V)

1. Introduction

Jordan relies on imported oil from neighboring
countries, which causes a financial burden on the national
economy [1, 2]. Domestic energy resources, including oil
and gas, cover only 3-4% of the country’s energy needs.
Jordan spends more than 7.5% of its national income on the
purchase of energy. The levels of energy and electricity
consumption will probably double in 15 years. Jordan
accounts an average of 15.85x10% ton of emissions, of which
CO; constitutes around 97%; fossil fuel combustion almost
producing 85% by mass of the total GHG emissions [3].

Recently, photovoltaic (PV) systems are being widely
used to generate electricity due to its positive features. These
features and other advantages make photovoltaic technology
as promising one over other generation systems. Examples of
these features are PV systems converting the solar radiation
into electricity through a simple solid-state device which has
a low temperature, no moving parts in the PV systems, low
maintenance cost, pollution free, long effective operation
life, high reliability and easy to install and operate [4-11, 55-
62]. Production power amount from a PV system depends on
the available solar energy at the site and the performance of
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the PV panels. For that, electricity generation cost varies
from one site to another site. Therefore, for more electricity
generation and environmental profitable PV panels must be
installed at sites where relatively higher solar irradiation
intensities are available and pollution levels are also high.

The performance of PV systems at different sites around
the world are studied by many researchers. Kim et al. [12]
study the performance and present economic analysis for two
installed photovoltaic systems in different locations in Korea.
The performance of a grid- connected Photovoltaic is
monitored and studied for a long time in order to improve the
PV performance [13-18]. Ayompe et al. [19, 20] presented
the measured performance of a 1.72 kW rooftop photovoltaic
system in Dublin, Ireland. Many studies presented a solution
of the high energy consumption of the world countries, PV
can contribute significantly to the reduction of the primary,
conventional energy supply, as well as to the reduction of the
CO, emissions [21-28].

Several researchers [29-33] compared between the roof-
mounted PV system and using a PV system within the
boundary of the building site to generate electricity which is
less favorable because the area outside the building’s
footprint could be shaded or developed in the future. Thus, it
cannot be guaranteed to provide long-term generation.

The energy situation in Jordan presented and discussed
the importance of the increasing role of renewable energy
technologies in the energy mix in Jordan [34-41]. Badran
[42] has studied different solar power technologies. He
suggested that the Jordanian government needs to do more
serious steps towards the utilization of industrial solar energy
for power generation applications in arid regions.

The studies in the above have discussed the energy
situation in Jordan and examined the potential of PV energy
production at different locations. In this study, the PV energy
output at three locations in Jordan is presented. The three
locations (Irbid, Amman, and Agaba) will be studied to
estimate the annual energy output per PV module and the
reduction in the amount of emitted greenhouse gases. In
addition, these estimations are used to determine the best site
of PV power plant in Jordan.

2. Locations Data

The three locations in Jordan were investigated in this
paper at the north (Irbid), the center of Jordan (Amman), and
south (Agaba) between (35° E and 36° E) latitude and (29° N
and 32° N) Longitude and various elevations between 50 and
1120 m. The geographical locations of these stations are

shown in Figure. 1. The global radiation which is a
combination of direct, diffuse, and albedo radiation [43-46]
for the three sites is listed in the table. 1 [47]; these data
present the monthly average global radiation on a square
meter per day. The data have been recorded for a period of
more than 10 years. According to the data obtained from
these sites, the summation of global solar radiation available
over the year in Irbid, Amman and Agaba is 1876, 1967 and
2151 kWh/m?respectively. In addition, the monthly average
ambient temperature in the daylight of the three sites is listed
in the table. 1
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Fig. 1. Distribution of three locations, Pre-selected, over
Jordan[48].

3. Estimation Energy Production

The PV system electricity generator is the PV module,
which is consists of a number of solar cells and these cells
are connected in different ways on a panel. The area of the
solar cell is of the order of few square centimeters [49]. The
efficiency of the PV module is the main parameter in the
system which represents the ratio between the PV power
output and the global solar radiation input. Nowadays, PV
modules with 20 % efficiency are available in the market
with reasonable cost [50-52].

In this work, a SUNIVA (OPT340-72-4-100) PV module
with 72 cells is chosen which has a module efficiency of
17.43 %. This module has a maximum power output of about
340 W when the global radiation is 1000 W/m? and with an
area about 2 m?[53]. Table. 2 shows the manufacturing
specifications of the PV module [53] which are under
standard laboratory test conditions (air mass 1.5, irradiance =
1000 W/m?, cell temperature = 25 °C).
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Table. 1 Monthly average global radiation and ambient temperature

Monthly average

Monthly average ambient

Month g(llc:\t;a:]/rr;agllg;?)n Average Daily Sunshine Hours temperature (°C)
A B C A B C A B C
January 5.4 5.5 5.9 6 7 8 9 8 14
February 6.7 6.8 7.1 6 7 8 10 9 16
March 8.4 8.5 8.7 7 8 9 12 14 19
April 10 10 10 8 10 9 16 17 24
May 11 11 11 9 11 11 20 23 27
June 11.4 11.3 11.3 11 13 12 22 25 31
July 111 11.1 111 11 13 12 24 26 33
August 10.3 104 104 11 13 12 23 25 33
September 8.9 8.9 9.1 10 11 11 23 26 31
October 7.1 7.3 7.6 9 10 10 21 23 26
November 5.7 5.7 6.1 7 8 9 14 16 20
December 5 5.1 5.5 5 6 7 9 12 15
Table 2 Specifications of the PV module

Characteristics Value Units

Maximum power (Pmax) 340 w

Maximum power voltage (Vpm) 37.8 \%

Maximum power current (Ipm) 8.99 A

Open circuit voltage (Vo) 46 \%

Short circuit current (lsc) 9.78 A

Module Dimensions 1970 x 990 mm

Temperature coefficient of Pmax -0.420 %/°C

Temperature coefficient of Vo 0.335 V/°C

Temperature coefficient of Isc -0.047 mA/°C

Operating Module Temperature -40 To 85 °C

The maximum power output (Pmax) of the PV module
under the site weather conditions can be estimated by the

following equation [54].

Pmax(G,T¢) = Isc(G) x Voc(Tc) x FF

Where Iy is short circuit current, Vo is open circuit voltage,

and FF is fill factor.

The fill factor is the ratio of the maximum actual power

where lym is current at maximum power and Vpn is voltage
at maximum power.

It is clear from the Eq. 1 that the short circuit current is
Q) proportional to the irradiance (G) and the open circuit
voltage is proportional to the cell temperature (Tc). The

voltage at the site are given as [18]:

output to the theoretical maximum power output. The fill

factor is given as:

FF = Pmax/ Isc . Voc = (Ipm.me/ Isc.Voc) X JI I’2

Voe(TC) = Vo — 0.0023 x Number of cells x (Tc — 25)

The cell temperature (Tc) is determined by:

@

IseG) = lsc (when 1kW/m?) x G (in kW/m?)

Tc=Ta+ (NOCT -20) /0.8 G (KW/m?)

practical short circuit current and practical open circuit

©)
(4)

®)
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where NOCT is normal operating cell temperature (usually
between 42 and 46 <C), and Ta is ambient temperature [18].

The PV power output measurement system layout is
shown schematically in Figure. 2.
Fig. 2. Measurement system layout
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The system consists of PV module connected to digital
voltmeter/ammeter device and DC load. The voltmeter/
ammeter device is used to measure the open circuit voltage
and the short circuit current. The power of DC load must be
equal or greater than the maximum PV power capacity to
ensure consumption of all the PV electricity transferred to
the grid. The digital weather station is used to measure the
ambient temperature and solar radiation at the site. The
thermocouples are mounted on the top and bottom surfaces
of PV module and inserted between the glasses and the solar
cell the PV surface to measure the PV cell temperature and
taking the average value of these temperatures. The data of
voltmeter, ammeter, thermocouples, and weather station are
collected by the data logger and stored in the computer over
the year.

4. Results
4.1 PV Energy Output

PV module energy output depends on the available
solar radiation at the selected location, ambient temperature
at the selected location and the efficiency of PV module. In
this investigation, the same PV module is used for the three
locations. The main measurement parameters of the PV
output are the short-circuit current and the open circuit
voltage, the short circuit current is evaluated by Eq. 3 which
is proportional to the available solar radiation at the site.

Figure.3 presents the average short circuit current for
the three locations during the year, the maximum average
short circuit current of Irbid, Amman, and Aqgaba are 4.65,
4.28 and 5.51 A respectively, while the minimum average
short circuit current are2.03, 2.17 and 2.69 A respectively.
The maximum value of average short circuit current for the

three locations occurs in June, and the minimum was in
December.
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Fig. 3. PV module average short circuit current for the three

locations.

Equation. 4 is used to calculate the open circuit voltage.
It is clear from the Eq. 4 that the open circuit voltage is
affected by the cell temperature at the site, so it should first
calculate the cell temperature than calculating the open
circuit voltage. To calculate the cell temperatures using the
Eq. 5, it is clear from the Eq. 5 that the cell temperature is
affected directly by ambient temperature, which is presented
in Table. 1 for the three locations.

Figure. 4presents the results of the average cell
temperature through the year. The maximum cell temperature
of Irbid, Amman, and Agaba are 60.6, 63.54 and 70.53°C,
respectively. Figure.5 shows the open circuit voltage for the
three locations through the year. The maximum average open
circuit voltages of Irbid, Amman, and Agaba are 45.93, 45.65
and 45.28 V, respectively, and the minimum are 43, 42.8 and
42.2 V respectively. The maximum value of average open
circuit voltage is for the three locations occurring in January
because the ambient temperature is minimum, and the
minimum value of average open circuit voltage for the three
sites occurs in July because the ambient temperature is
maximum.
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Fig. 4. Average cell """ temperature of PV module
for the three locations
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Fig. 5. Average open circuit voltage of PV module for the
three locations.

PV module power output under the real site weather
conditions can be estimated by Eqg. 1. Figure.6 shows the
result of power of the PV. It is found that the maximum
power for Irbid, Amman and Agaba can be reached at 151,
153.33 and 175.16 W respectively.
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Fig. 6. PV module power output for the three locations

The average daily and monthly PV energy outputs per
one module and over the year are estimated and presented in

Figures. 7 and 8, respectively. DC that the maximum
average daily PV energy outputs of Irbid, Amman, and
Agaba are 1.66, 2.02 and 2.10 kWh respectively, and the
minimum are 0.35, 0.45 and 0.63 kWh respectively. Figure 8
shows the monthly PV energy output over a year. The
maximum monthly PV energy outputs of Irbid, Amman and
Agaba are 49.83, 60.88 and 63.06 kWh respectively, and the
minimum are 10.58, 13.50 and 19.17 kWh respectively.
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Fig. 7. The average daily PV energy output for one module.
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Fig. 8. The monthly PV energy output for one module

In order to determine the best energy output location, one
has to determine the cumulative energy output during the
year. Figure 9 shows the total cumulative energy output over
the year for the three considered locations. The total energy
outputs per module for Irbid, Amman and Agaba are 359.26,
443.11 and 501.97 kWh respectively.
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Fig. 9. The annual PV energy output for one module
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5. Conclusions

In this work, the performance of a PV module is
investigated under three location conditions in Jordan.
According to these locations data, the annual global solar
radiation available in Irbid, Amman and Aqgaba is 1876, 1967
and 2151 kWh/m? respectively. The generated electricity per
one PV module during the year in Irbid, Amman and Agaba
is 359.3, 443.1 and 502.0 kWh respectively.

It can be concluded that the location with the highest
global solar radiation has the best capacity of electrical
power generation. On other hand, the location with highest
global solar radiation is the best in reducing the amount of
greenhouse gases and it is found to be the Agaba location
among the considered three locations in Jordan. For the
future studies, it is recommended to investigate all the sites
in Jordan in order to figure the best location for such
investments as well to make the selection of the system
components easier.

References

[1]J.0. Jaber, Q.M. Jaber, S.A. Sawalha, M.S. Mohsen,
Evaluation of conventional and renewable energy sources
for space heating in the household sector. Renewable and
Sustainable Energy Reviews, 2008. 12(1): p. 278-289.

[2] Ammari, H.D., S.S. Al-Rwashdeh, and M.I. Al-Najideen,
Evaluation of wind energy potential and electricity
generation at five locations in Jordan. Sustainable Cities
and Society, 2015. 15: p. 135-143.

[3] Jaber, J.0., Future energy consumption and greenhouse
gas emissions in Jordanian industries. Applied Energy,
2002. 71(1): p. 15-30.

[4] Bahadori, A. and C. Nwaoha, A review on solar energy
utilisation in Australia. Renewable and Sustainable
Energy Reviews, 2013. 18: p. 1-5.

[5] Yuksel, Y.E., M. Ozturk, and I. Dincer, Thermodynamic
performance assessment of a novel environmentally-
benign solar energy based integrated system. Energy
Conversion and Management, 2016. 119: p. 109-120. V.
Verma, A. Kane, B. Singh, Renewable and Sustainable
Energy Reviews, 58 (2016) 1017-1026.

[6] Verma, V., A. Kane, and B. Singh, Complementary
performance enhancement of PV energy system through
thermoelectric generation. Renewable and Sustainable
Energy Reviews, 2016. 58: p. 1017-1026.

[7]1 Guenounou, A., A. Malek, and M. Aillerie, Comparative
performance of PV panels of different technologies over
one year of exposure: Application to a coastal
Mediterranean region of Algeria. Energy Conversion and
Management, 2016. 114: p. 356-363.

[8] Plangklang, B., N. Thanomsat, and T. Phuksamak, A
verification analysis of power quality and energy yield of
a large-scale PV rooftop. Energy Reports, 2016. 2: p. 1-7.

[9] Liao, W. and S. Xu, Energy performance comparison
among see-through amorphous-silicon PV (photovoltaic)
glazings and traditional glazings under different
architectural conditions in China. Energy, 2015. 83: p.
267-275.

[10] F. Touati, M.A. Al-Hitmi, N.A. Chowdhury, J.A.
Hamad, AJ.R. San Pedro Gonzales, Investigation of
solar PV performance under Doha weather using a
customized measurement and monitoring System.
Renewable Energy, 2016. 89: p. 564-577. J.-Y. Kim,
G.-Y. Jeon, W.-H. Hong, Applied Energy, 86 (2009)
265-272.

[11] Sehar, F., M. Pipattanasomporn, and S. Rahman, An
energy management model to study energy and peak
power savings from PV and storage in demand
responsive buildings. Applied Energy, 2016. 173: p.
406-417.

[12] Kim, J.-Y. G.-Y. Jeon, and W.-H. Hong, The
performance and economical analysis of grid-connected
photovoltaic systems in Daegu, Korea. Applied Energy,
2009. 86(2): p. 265-272.

[13] Kumar, A. and V. Verma, Photovoltaic-grid hybrid
power fed pump drive operation for curbing the
intermittency in PV power generation with grid side
limited power conditioning. International Journal of
Electrical Power & Energy Systems, 2016. 82: p. 409-
419.

[14] Dhar, S. and P.K. Dash, Adaptive backstepping sliding
mode control of a grid interactive PV-VSC system with
LCL filter. Sustainable Energy, Grids and Networks,
2016. 6: p. 109-124.

[15] KW. Kow, Y.W. Wong, Rajparthiban K. Rajkumar,
R.K. Rajkumar, A review on performance of artificial
intelligence and conventional method in mitigating PV
grid-tied related power quality events. Renewable and
Sustainable Energy Reviews, 2016. 56: p. 334-346.

[16] Dhar, S. and P.K. Dash, A new backstepping finite time
sliding mode control of grid connected PV system using
multivariable dynamic VSC model. International
Journal of Electrical Power & Energy Systems, 2016.
82: p. 314-330.

[17] Pinto, S.J. and G. Panda, Performance evaluation of
WPT based islanding detection for grid-connected PV
systems. International Journal of Electrical Power &
Energy Systems, 2016. 78: p. 537-546.

[18] A. Mohanty, M. Viswavandya, S. Mohanty, P.K. Ray,
S. Patra, Modelling, simulation and optimisation of
robust PV based micro grid for mitigation of reactive
power and voltage instability. International Journal of
Electrical Power & Energy Systems, 2016. 81: p. 444-
458.

802



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

Saad S. Alrwashdeh, Vol.8, No.2, June, 2018

[19] L.M. Ayompe, A. Duffy, S.J. McCormack, M. Conlon,
Measured performance of a 1.72 kW rooftop grid
connected photovoltaic system in Ireland. Energy
Conversion and Management, 2011. 52(2): p. 816-825.

[20] L.M. Ayompe, A. Duffy, S.J. McCormack, M. Conlon,
Validated real-time energy models for small-scale grid-
connected PV-systems. Energy, 2010. 35(10): p. 4086-
4091.

[21] Caraiani, C., C.I. Lungu, and C. Dascélu, Energy
consumption and GDP causality: A three-step analysis
for emerging European countries. Renewable and
Sustainable Energy Reviews, 2015. 44: p. 198-210.

[22] S. Meyers, B. Schmitt, M. Chester-Jones, B. Sturm,
Energy efficiency, carbon emissions, and measures
towards their improvement in the food and beverage
sector for six European countries. Energy, 2016. 104: p.
266-283.

[23] Kumar, S. and R. Madlener, CO2 emission reduction
potential assessment using renewable energy in India.
Energy, 2016. 97: p. 273-282.

[24] Gutiérrez-Martin, F., R.A. Da Silva-Alvarez, and P.
Montoro-Pintado, Effects of wind intermittency on
reduction of CO2 emissions: The case of the Spanish
power system. Energy, 2013. 61: p. 108-117.

[25] Adam, A.D. and G. Apaydin, Grid connected solar
photovoltaic system as a tool for green house gas
emission reduction in Turkey. Renewable and
Sustainable Energy Reviews, 2016. 53: p. 1086-1091.

[26] Tarroja, B., B. Shaffer, and S. Samuelsen, The
importance of grid integration for achievable
greenhouse gas emissions reductions from alternative
vehicle technologies. Energy, 2015. 87: p. 504-519.

[27] A. Gambhir, T.A. Napp, C.J.M. Emmott, G.
Anandarajah, India's CO2 emissions pathways to 2050:
Energy system, economic and fossil fuel impacts with
and without carbon permit trading. Energy, 2014. 77: p.
791-801.

[28] T. Aboumahboub, K. Schaber, U. Wagner, T.
Hamacher, On the CO2 emissions of the global
electricity supply sector and the influence of renewable
power-modeling and optimization. Energy Policy, 2012.
42:p. 297-314.

[29] C. Good, T. Kristjansdottir, A. Houlihan Wiberg, L.
Georges, A.G. Hestnes, Influence of PV technology and
system design on the emission balance of a net zero
emission building concept. Solar Energy, 2016. 130: p.
89-100.

[30] Good, C., I. Andresen, and A.G. Hestnes, Solar energy
for net zero energy buildings — A comparison between
solar thermal, PV and photovoltaic-thermal (PV/T)
systems. Solar Energy, 2015. 122: p. 986-996.

[31] A.M. Nobre, C.A. Severiano Jr, S. Karthik, M. Kubis,
L. Zhao, F.R. Martins, E.B. Pereira, R. Rither, T.
Reindl, PV power conversion and short-term forecasting

in a tropical, densely-built environment in Singapore.
Renewable Energy, 2016. 94: p. 496-509.

[32] E.M. Saber, S.E. Lee, S. Manthapuri, W. Yi, C. Deb,
PV  (photovoltaics) performance evaluation and
simulation-based energy yield prediction for tropical
buildings. Energy, 2014. 71: p. 588-595.

[33] G.A. Dévi, E. Caamafio-Martin, R. Rather, J. Solano,
Energy performance evaluation of a net plus-energy
residential building with grid-connected photovoltaic
system in Brazil. Energy and Buildings, 2016. 120: p.
19-29.

[34] Bouri, E., B. Awartani, and A. Maghyereh, Crude oil
prices and sectoral stock returns in Jordan around the
Arab uprisings of 2010. Energy Economics, 2016. 56: p.
205-214.

[35] El-Karmi, F.Z. and N.M. Abu-Shikhah, The role of
financial incentives in promoting renewable energy in
Jordan. Renewable Energy, 2013. 57: p. 620-625.

[36] Al-Ghandoor, A., Evaluation of energy use in Jordan
using energy and exergy analyses. Energy and
Buildings, 2013. 59: p. 1-10.

[37] Z. Al-Hamamre, A. Al-Mater, F. Sweis, K. Rawajfeh,
Assessment of the status and outlook of biomass energy
in Jordan. Energy Conversion and Management, 2014.
77: p. 183-192.

[38] A. Al-Ghandoor, M. Samhouri, I. Al-Hinti, J. Jaber, M.
Al-Rawashdeh, Projection of future transport energy
demand of Jordan wusing adaptive neuro-fuzzy
technique. Energy, 2012. 38(1): p. 128-135.

[39] Hassouneh, K., A. Al-Salaymeh, and J. Qoussous,
Energy audit, an approach to apply the concept of green
building for a building in Jordan. Sustainable Cities and
Society, 2015. 14: p. 456-462.

[40] Tamimi, A., Energy situation in Jordan. Energy
Conversion and Management, 1993. 34(6): p. 519-521.

[41] Alzoubi, H.H. and A.A. Alshboul, Low energy
architecture and solar rights: Restructuring urban
regulations, view from Jordan. Renewable Energy,
2010. 35(2): p. 333-342.

[42] Badran, O.0., Study in industrial applications of solar
energy and the range of its utilization in Jordan.
Renewable Energy, 2001. 24(3-4): p. 485-490.

[43] E.P. Marques Filho, A.P. Oliveira, W.A. Vita, F.L.L.
Mesquita, G. Codato, J.F. Escobedo, M. Cassol, J.R.A.
Franca, Global, diffuse and direct solar radiation at the
surface in the city of Rio de Janeiro: Observational
characterization and empirical modeling. Renewable
Energy, 2016. 91: p. 64-74.

[44] Y. El Mghouchi, A. El Bouardi, Z. Choulli, T. Ajzoul,
Models for obtaining the daily direct, diffuse and global
solar radiations. Renewable and Sustainable Energy
Reviews, 2016. 56: p. 87-99.

803



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

Saad S. Alrwashdeh, Vol.8, No.2, June, 2018

[45] Qin, Y., K. Tan, and J. Liang, Theory and procedure for
measuring the albedo of a roadway embankment. Cold
Regions Science and Technology, 2016. 126: p. 30-35.

[46] Gueymard, C.A. and J.A. Ruiz-Arias, Extensive
worldwide validation and climate sensitivity analysis of
direct irradiance predictions from 1-min global
irradiance. Solar Energy, 2016. 128: p. 1-30.

[47] Alsaad, M.A., Solar radiation map for Jordan. Solar &
Wind Technology, 1990. 7(2): p. 267-275.

[48] Al-Soud, M.S. and E.S. Hrayshat, A 50 MW
concentrating solar power plant for Jordan. Journal of
Cleaner Production, 2009. 17(6): p. 625-635.

[49] G.C. Vougioukalakis, A.l. Philippopoulos, T.
Stergiopoulos, P. Falaras, Contributions to the
development of ruthenium-based sensitizers for dye-
sensitized solar cells. Coordination Chemistry Reviews,
2011. 255(21-22): p. 2602-2621.

[50] Reddy, S.R., M.A. Ebadian, and C.-X. Lin, A review of
PV-T systems: Thermal management and efficiency
with single phase cooling. International Journal of Heat
and Mass Transfer, 2015. 91: p. 861-871.

[51] T.M. Sooriyaarachchi, I.T. Tsai, S. El Khatib, A.M.
Farid, T. Mezher, Job creation potentials and skill
requirements in, PV, CSP, wind, water-to-energy and
energy efficiency value chains. Renewable and
Sustainable Energy Reviews, 2015. 52: p. 653-668.

[52] P. Sivakumar, A. Abdul Kader, Y. Kaliavaradhan, M.
Arutchelvi, Analysis and enhancement of PV efficiency
with incremental conductance MPPT technique under
non-linear loading conditions. Renewable Energy, 2015.
81: p. 543-550.

[53] Suniva. https://www.wholesalesolar.com/cms/suniva-
suniva-opt330-72-4-100-silver-mono-solar-panel-specs-
1610309543.pdf.

[54] Beckman, J.A.D.a.W.A., Solar Engineering of Thermal
Processes. Fourth Edition ed. Soalr Energy. 2013,
Hoboken, New Jersey: John Wiley & Sons, Inc.

[55] OlegV. Marchenko, S.S., Efficiency of Hybrid
Renewable EnergySystems in Russia. International
Journal of Renewable Energy Research, 2017. 7(4).

[56] Usha Mandadapu, S.V.V., K. Thiagarajan, M. Raja
Reddy4, B.J. Babu, Design and Simulation of High
Efficiency Tin Halide Perovskite Solar Cell.
International Journal of Renewable Energy, 2017. 7(4).

[57] Camdali, M.T.a.U., Optimal Domestic Solar Space and
Water Heating System in Cesme. International Journal
of Renewable Energy Research, 2017. 7(4).

[58] K. D. Mercado, J. Jiménez and M. C. G. Quintero,
"Hybrid renewable energy system based on intelligent
optimization techniques,” 2016 IEEE International
Conference on Renewable Energy Research and
Applications (ICRERA), Birmingham, 2016, pp. 661-
666.

[59] H. Awata and T. Yachi, "Electric power leveling of the
microgrid system with PV power generation estimation
and power demand estimation,"” 2016 IEEE
International Conference on Renewable Energy
Research and Applications (ICRERA), Birmingham,
2016, pp. 353-357.

[60] W. A. M. Al-Shohani, R. Al-Dadah, S. Mahmoud and
A. Algareu, "Performance of a V-trough photovoltaic
system,” 2016 IEEE International Conference on
Renewable Energy Research and Applications
(ICRERA), Birmingham, 2016, pp. 946-951.

[61] P. C. Babu, S. S. Dash, R. Bayindir, R. K. Behera and
C. Subramani, "Analysis and experimental investigation
for grid-connected 10 kW solar PV system in
distribution  networks," 2016 IEEE  International
Conference on Renewable Energy Research and
Applications (ICRERA), Birmingham, 2016, pp. 772-
777,

[62] A. Weiss and H. Ziegerhofer, "High safety photovoltaic
insular power supply system employing re-used lithium-
ion cells,” 2016 IEEE International Conference on
Renewable Energy Research and Applications
(ICRERA), Birmingham, 2016, pp. 1013-1018.

804



