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(1) Available online at http://www.ipcc.ch/index.htm, accessed on, 10/2/2017.

(2) Jane, E., and Walter,V., Climate impact on Energy systems-key issues for
energy sector Adaptation, world bank ,Washington, USA, 2011.

(3) Renewable energy and energy efficiency in developing countries: contributions to
reducing global emissions — second Report, united nations Environment programme,
2016, p. 6, available online at http:// www.Unep.org, accessed on, 20/2/2017.

(4) Renewable capacity statistics, 2017, International Renewable Energy Agency
(IRENA), available online at http://www.irena.org, accessed on, 3/3/2017.
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- http:// www. wikipedia.org

(2) Richard, S. et al., The Future of Solar Energy, An Interdisciplinary Mit Study,
Massachusetts Institute of Technology, USA, 2015.

(3) Zekai, S., solar Energy fundamentals and modeling techniques, springers —
verlage, British, 2008, p. 258.

(4) Robert, F., et al.,, Solar Energy — Renewable Energy and the Environment,
Taylor & Francis Group, USA, 2010, p. 179.

U



Ugnmndly LI Suall Ly o) Ad) o) Aol

LA Gopl e Al g€l ABlall e allad) 2 L) of Goloaad) il il 28
ple duad 4 LY o) a8 ellage Gl ALY gaiaY ooV ale gl dgigin 4<l)
ale Clslage YA G LY ol & a0V 5l ggine ey clslage Call Ya4,A s a¥ 01T
AT Gle Glglane YE4) ) alul aY 4y

OIS 288 daidie Bha Gilas JB 831 Jaall Lol 8 Aigan g yeSl WA Ciana
e AileS Al (e Lolalial e lial) [Lalls o laail) fiu dag) sa oY) Lealasinl
colall 2and Aapd 050 Lo () elyell Bl Aaps (aids Cus (gl mha (e 38 Cle i)
Aaal Cre Al 1) 3 Saad) au Chagy Aplaall (ahe U Lealiy) 8 asil) a3 Gl aayy
al g Jootl) Gliidiag asdll i) e dailill (ghall Gulial) alle Sl Joli,
Gilan g S dadiall elyell Hha lags Adigaag oSl LAY il ¥ a3 (s ¢4
clsll Bha dap gLl (3 el g ladD (hall il e sl cadizall slsell )
sl Aalis) (alisd) aule (it Laa (Raste Aa Y0) (Bl apaall (o dfigins oSl LD
Oasin 3 SeSl Ll s (il ) a5 WS g el LAY

gy Luadll A8l (e eligSll 25 LasleSS i dagill 8 G L e sl
USRS IYRN I P VO [ WHERE HOE EVC PRV [T PV ) QPR i PR LS PR
Gia3 ) Calll ey o Call Aalal Ll a8 U Gas ¢ eae Uiy Lol
oy Al Gligea) paas B G ¢ ean (b A Sl WAL e gseaill 3ol
WAl §ha daps gl e @ A Cligedl daliyy (Mg li€ o i 5 Al dlee
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(1) Mesude, B., et al., Temperature Dependent power modeling of photovoltaics,
Energy procedia, Vol. 57, 2014, available on line at http://www.Sciencedirect.com,
accessed on, 12/1/2017.

(2) Tuza, A., Mahieddiine, E., A comparative Analysis of PV module temperature
models, 6" international conference on sustainability in Energy and buildings,
Energy procedia, Vol. 62, 2014, available on line at http://www.Sciencedirect.com,
accessed on, 12/1/2017.

(3) Effendy, M., et al., Performance test conditions for direct temperature elements
of multiple PV array configurations in Malaysia, the 6™ international conference
on applied Energy (2014), Energy procedia, Vol. 61, 2014, available on line at
http://www.Sciencedirect.com, accessed on, 12/1/2017.
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(1) Hafez, M., Increasing the Efficiency of Photovoltaic Systems, M.S, Department
of — Electrical Engineering - Faculty of Engineering — Fayoum University, 2014.

(2) Subhash. C..et al., A study on Photovoltaic Parameters of Mono - Crystalline
solar cell with cell temperature, Energy Reports, Vol. 1, 2015, available on line
At http:// www.Sciencedirect.com, accessed on, 12/1/2017 .

(3) Khalifa, M., A study for the Physical properties of some solar cell, M.S,
Department of — Physics - Faculty of SAcience — Mansoura University, 2015.

(4) Catalin,G., et al., Efficiency Improvement of photovoltaic panels by using Air
cooled heatsinks, Energy procedia,Vol. 85, 2016, available on line at http://
www.Sciencedirect.com, accessed on, 12/1/2017.

(5) El-tantawy, H, Investigation of temperature and inclination Angles effects on
the performance of photovoltaic cells, Ph.D , Department of Mechanic - Faculty
of Engineering — Banha University, 2016.
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(1) NASA Surface Meteorology and solar Energy, available on line at http:// www.
Eosweb.larc.nasa.gov, accessed on, 1/12/2016.

(2) Available online at:  http://www.Esrl.noaa.gov/gmd/grad/solcalc/azel.html,
accessed on, 11/1/2015.
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(1) Goswami, D., et al., Principles of Solar Engineering, Second Edition,Taylor &

francis, USA, 2000, p. 24.
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(1) Gilbert, M., Renewable and Efficient Electric Power Systems, A John Wiley &

Sons, Inc, USA, 2004, P. 476.

(2) Michael, K., and Markus, H., Modeling of Nominal operating cell temperature
based on outdoor weathering, Journal of solar energy material & solar cells, Vol.
95, 2011, p. 1638, Available online at http://www.Elsevier.com, accessed on,

28/2/2017.

(3) Michael, P., Fundamentals of Physical Geography, ond Ed., 1999, P. 9, Available

online at http://www.E-Booksdirectory.com, accessed on, 20/8/2016

(4) Robert, F., et al.,, Solar Energy — Renewable energy and the Environment,

Taylor & Francis Group, USA, 2010, p. 14.
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(1) Gilbert, M., Renewable and Efficient Electric power systems, op.cit, P. 476.
(2) Ibid, P. 477 .
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(2) Chenming,H, and Richard, M., Solar cells from Basics to Advanced Systems,
Mc Graw - Hill Book Company, USA, 1983, p. 39.
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cSymd) Al (Bsiomally Sunad alall plisiroly dpad At Badomal) aBlally <L ¢S 3050 (V)
http://www.Nrea.gov.eg : siss ¢ o) Slskald 528 e~ (2Y V0

(3) Available online at http://www.Nrea.gov.eg.

(4) Anasuya, G., and Hippus, S., Institutional Roof to Solar NIAS experience with
A100kw Solar System, National Institute of Advanced studies, Indian Institute
of Science campus, INDIA, 2017, P.6.
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(3) Tiwari, G., and Swapnil, D., Fundamentals of Photovoltaic Modules and their
Applications, RSC publishing, UK, 2010, p. 104.
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The Thermal Constraints on the Photovoltaic
Performance in Egypt
" Study in Applied Climatology "

ABSTRACT

Recently, interest in photovoltaic cells has increased, because it is a clean
and renewable source of electricity from sunlight, but the performance of
photovoltaic cells is negatively affected by increasing its temperature above the
optimal limits (25 °C). This results in low power output and reduced voltage,
Sun radiation and air temperature affect the cell's temperature and then its level
of performance, the research aims to determine the degree of the impact of
climate elements, especially solar radiation and air temperature in the
performance of PV cells, identify the months and areas in which thermal
Constraints focus on the performance of photovoltaic cells in Egypt. Identify
ways to reduce the negative impact of heat Constraints such as cooling processes
as well as ideal cell orientation. The negative impact of thermal Constraints
increases during the months: May, June, July, August and September, with a
voltage reduction of 11.2%, and the energy produced by 15.8%. Therefore, the
PV cells during these months need to be cooled in order to reduce their
temperature. The thermal constraints are increasing in the southern regions of
Egypt compared to the rest of them, especially the governorates: Qena, Sohag,
Luxor, Aswan, Red Sea and New Valley, where the cell voltage drops by about
3.7 volts (8.3%). The electricity produced drops about 21.3 watts (11.5%) The
average annual temperature of the cell to (48 °C) is higher about (23 °C) than
the standard cell temperature.

Key Words: Thermal constraints - Photovoltaic cells - Applied climatology - Renewable energy
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