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(1) — Khaznadar,B. Sktani,P.(2020). Integration of solar panels with the architectural context of residential buildings,
Erbil city as a case study. Sulaimani journal for Engineering Science. Vol 7, Number 2, June, 2020.

(2) - Elinwa.U, Ogbeba. J, Agboola.O. (2020). Cleaner energy in Nigeria residential housing. Article in journal
Results in engineering. 7, feb,2020.
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(1)— Yul kim,S. Choi,H. Eum,J. (2018). Energy-Independent Architectural Models for Residential Complex Plans

through Solar Energy in Daegu Metropolitan City, South Korea. Article in Journal of Sustainability. 11, Feb, 2018.
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(1) — Elinwa,U. Radmehr, M. Ogbeba,J.(2017).Alternative Energy Solutions Using BIPV in Apartment Buildings of
Developing Countries: A Case Study of North Cyprus. Article in Journal of Sustainability. 15, August, 2017.
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(1) ~Kuan, S. Chan, C. Shu,c. (2013). A study of BIPV net-zero energy building. International Journal of Smart
Grid and Clean Energy. July 2013.
(2)- Yi-bing xue, D. (2013). Solar Energy and Residential Building Integration Technology and Application.

International Journal of Clean Coal and Energy, May,2013.
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(1) — ElI-Menchawy,A. Bassioni,H. Farouk,A. (2011). Photovoltaic Systems in Existing Residential Building in

Egypt. International Journal of Scientific & Engineering Research. Vol,2. Issue,7. July, 2011.
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(1) - Nasa Science, How OId Is the Sun? 25 May 2021.
https://spaceplace.nasa.gov/sun-age/en/. at 16-4-2023. at 12:30 pm.

(2) - Lodders, K. Solar System Abundances and Condensation Temperatures of the Elements. The Astrophysical Journal.
591 (2): 1220-1247. 10 July 2003.
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(6) — International Bureau of Weights and Measures. The International System of Units (SI) (PDF) (8th ed.), p. 120, 2006.
https://www.bipm.org/documents/20126/41483022/si_brochure_8.pdf . at 19-4-2023. at 3:35pm.
(7) - Chen, J. Ibid.
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(1) = The World Bank. Solar Photovoltaic Power Potential by Country. at 23-7-2020.
https: //www.worldbank.org/en/topic/energy /publication/solar—photovoltaic-power—potential-by—country . at 14-5-2023.

at 8:00 pm.
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(3) — GEO-CRADLE project. The Solar Atlas of Egypt. 2018.
http: //www.nrea.gov.eg/Content filesSOLAR%20ATLAS%202018%20digital 1 .pdf . at 19-4-2023. at 3:30 pm.
(4) — Hoyer—Klick, C. et al. Solar Atlas for the Southern and Eastern Mediterranean, in: ISES Solar World Congress 2011.
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http://www.nrea.gov.eg/Content/files/SOLAR%20ATLAS%202018%20digital1.pdf
https://imagine.gsfc.nasa.gov/science/objects/sun1.html
https://globalsolaratlas.info/download/world
https://globalsolaratlas.info/download/world
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(1) - Rogalski, Antoni. Infrared and terahertz detectors (3rd ed.). Boca Raton, FL: CRC Press. p. 929, 2019.
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(4) — The Atlanta Committee for the Olympic Games, The Washington Post. History Of Olympic Torch Relays.
https://www.washingtonpost.com/wp-srv/sports /olympics/longterm torches /history.htm. at 3-7-2022, at 1:00 Am.
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(6) — Foltz, Richard. Religions of Iran: From Prehistory to the Present, London: One world publication. 2013. pp. 10-18.
(7) — Richardson, L. The History of Solar Energy. at 3-5-2022.
https://news.energysage.com/the-history—and-invention-of-solar-panel-technology/. at 3-7-2022, at 1:30 Am.
(8) — Hicks, B. The History of Sunrooms. at 24-12-2018.

https: //sunshinesunrooms.com/the-history—of-sunrooms/. at 3-7-2022, at 2:00 Am.

- YS$ -
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https://news.energysage.com/author/luke2/
https://news.energysage.com/the-history-and-invention-of-solar-panel-technology/
https://sunshinesunrooms.com/the-history-of-sunrooms/
https://iea-pvps.org/wp-content/uploads/2020/01/IEA-PVPS_15_R07_Coloured_BIPV_report.pdf
https://iea-pvps.org/wp-content/uploads/2020/01/IEA-PVPS_15_R07_Coloured_BIPV_report.pdf
https://iea-pvps.org/wp-content/uploads/2020/01/IEA-PVPS_15_R07_Coloured_BIPV_report.pdf
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http://solarcooking.org/saussure.htm

Artist's conception of de
Saussure'’s improved hot box

(1) - Oliver J. Thatcher, ed., The Library of Original Sources, vol. 3: The Roman World Milwaukee: University Research
Extension Co. 1907. 100, 103-9.

(2) = The Solar Cooking Archive. Horace de Saussure and his Hot Boxes of the 1700's.

http://solarcooking.org/saussure.htm. at 3-7-2022, at 2:30 Am.
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https: //library.fes.de/pdf-files /bueros/amman/15927.pdf
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dumeiniuiid | il el | Jucald|

(YY) <
Locadd) A8UAIL olaadl (s

www.cadnet.cz : jradll

Apcsndl) Z8UY padieg Allell 8 (93] (ine Jof ety "oy G (g)lenall Bl Cppiall G Chasliia g
o Yore L) dalus iy ¢ sSue g’ A5 "ol A "G5Sl san e sag colaa) Gius b
Aalisa HUail) 138 laag a1 leball 38 candl) g ledlly elyend) cind AesY) pasiey sl DS (e Sl
dalie Gl AES Jef gin s o dfie ((Anha Dlaass) dalag sl e plall (sSug (Ve vev e
Jrasil) o gl daulas Canbih Lasedas ca9u¥) (sl dllaa asia gl ilios dualasl) #1511 dauds <7 YY4
ially (il Glaanall (o Agtiall Ball PIA e 4iied 2 ele ) el PA g caapud) (g)al
Lhall Lpsadl) 8N cilag) Il (V) =Y) IS ety LS AN bl Al dadl (Y1 2
elos sl mhaad o dlall Gleasall ot Sy el S DA o gulad (8 Bleall Jlaay
) clayal i o el Gilgals g phall Clread) zas (Ko WS ((Dalile 5 Ligicss mhau) o2 il

(VYY) JSEL e WS

Y10 ale Gl s e -0 1907 e G5l (siea |
OsSh Jad e (V)-Y) JSa
1 dadll
https://www.historicabq.org/1956—solar-heated—-building.html at 12-3-2022. 3:00 pm

(1) - Earth Alert. “Solar Building,” ca. 1974, at 24-10-2022.
http: //www.earthalert.org/B_P%20Solar%20Building%20Brochures.pdf.
(2) - Sawyer, S. Albuguerque Modernism, Solar Building. at 6-5-2023.

http: //albuquerquemodernism.unm.edu/wp/solar—building/.

(3) — Wang, Y. “Design of solar Residential Building Integration,” Journal of Building Energy Efficiency, Vol. 38, No. 1,
2010, pp-53-55.

(4) — Ma. D, Xue, Y. Solar Energy and Residential Building Integration Technology and Application. International Journal
of Clean Coal and Energy, 2013. 2, 8-12.
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https://anwarsadat.org/site/project_img/pdf/16777.pdf. at 6-5-2023.
(2) — Pifre, A. Ericsson, J. Land Art Generator, Solar Power. The 19th CENTURY SOLAR ENGINES OF AUGUSTIN
MOUCHOT. at 29-2-2012.
https://landartgenerator.org/blagi/archives/2004. at 3-7-2022, at 12:15 Pm.
(3) — Atlas Obscura. Odeillo solar furnace.

https://www.atlasobscura.com/places/odeillo-solar-furnace. at 3-7-2022, at 3:00 Pm.

-YV -
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https://ar.wikipedia.org/wiki/%D9%81%D8%B1%D9%86%D8%B3%D8%A7
https://anwarsadat.org/site/project_img/pdf/16777.pdf
https://landartgenerator.org/blagi/archives/2004
https://www.atlasobscura.com/places/odeillo-solar-furnace
http://sadat.bibalex.org/Historic_Documents/Historic_Docs_All.aspx?TabName=Photo&PageIndex=1&page=57&albumId=830&photopage=2#Gallery
http://sadat.bibalex.org/Historic_Documents/Historic_Docs_All.aspx?TabName=Photo&PageIndex=1&page=57&albumId=830&photopage=2#Gallery
http://sadat.bibalex.org/Historic_Documents/Historic_Docs_All.aspx?TabName=Photo&PageIndex=1&page=57&albumId=830&photopage=2#Gallery
http://sadat.bibalex.org/Historic_Documents/Historic_Docs_All.aspx?TabName=Photo&PageIndex=1&page=57&albumId=830&photopage=2#Gallery
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(2)— Smith, Zachary Alden; Taylor, Katrina D. Renewable and alternative energy resources: a reference handbook. ABC-
CLIO. 2008. p. 174.
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https://renewablebook.wordpress.com/chapter-excerpts/350-2/
https://renewablebook.wordpress.com/chapter-excerpts/350-2/
https://egy-map.com/project/%D9%85%D8%AD%D8%B7%D8%A9-%D8%A7%D9%84%D9%83%D8%B1%D9%8A%D9%85%D8%A7%D8%AA-%D8%A7%D9%84%D8%B4%D9%85%D8%B3%D9%8A%D8%A9%E2%80%8E
https://egy-map.com/project/%D9%85%D8%AD%D8%B7%D8%A9-%D8%A7%D9%84%D9%83%D8%B1%D9%8A%D9%85%D8%A7%D8%AA-%D8%A7%D9%84%D8%B4%D9%85%D8%B3%D9%8A%D8%A9%E2%80%8E

dumeiniuiid | il el | Jucald|

dadil) (34 dadly) Y-Y-¥

Eon A e sl Wlsh ahi cidiye e dawhlineg S Glase o Blie Ay celagad) iYL Capes
() eguall el Jshall (o el asall lglshag ¢ G’ VXY (JIVE N exV,0 e ladag b ¢ iagils
VAAY ale " S Gloyla’ CASS) 285 (8 Ay Age Andil (g ¢ c06SH Gasil) 3ok (e Geadll G Canig
b Aadl) @l padisy Alggen SLpeSl Al Al dliage 8ol pelacd L) 35 AadY) i vie asly
sya Jisad (b Lgie Ji hn a3y cdoal) il e sase jhaal b of V) auibaal) cibilee 8 dauled
Y GllAl o paties WS Mipsail) #1591 DA 0 6lpe€ ) Sanidl

Lipal) dady) vy -y
Vo VAL e asall ddsh Zhi cash) Lpdall Gaall (Say cnalina 3¢S ¢ lad] 525 ¢ JApall soualls Cayas
o Gl egall 0355 ol cAumndiall (B8 Aad¥)y ehanl) caat AadY) G Lo asal) Jokall 138 kg ¢ iasils
Ballal "ysSf' LIS aay pall egunll plad 0n c6S UG Al OSal a8y () S ha Ve ) £
gdde spuall lades vie GGl ans @lysly o g €Y Eilal LaaY Levie VAT Gle Ssuall
iy 5 " 3adl Alls's e i gl e IS CRES) VAVT 5 VAV ale By . UysSd salln sl 13
O VAAY Gl by ccilig YT e el LS dle Canity ggall agiliddl yeale (mpan vie a7l
et LS (D) andll (e A2 Ay Adladdl ppilecd) BB, (g0 A8leS LS gim ' U (S
.(\ ‘I—Y) Jaly
IED @R
Dad Fnde
Tale @
g DR
D OEDE OTO
i SL0b b
Dade Oa0) 0N
'S 5S la’ sailedl aadind YAVA ale by cdaadll Ba 2 3ga Job b Al auag VA0 € Gle L
il o Gl e (Dagsins <l spllall cpidnl jud 1V4Y) ale by el WDAD 8 0sSludl <ol
P Gigyla 3 Lgihlae o pualial) Gaany il 58U Jlasl e Jond sgall dungall JIshY) (ans Sligigh

l’il’"i'.‘»
m il

(1 ])
oL

)

a
|

(Va-Y) J<a
deae LhalS : Haadll

(1) — Haigh, Joanna D. '"The Sun and the Earth's Climate: Absorption of solar spectral radiation by the atmosphere'. Living
Reviews in Solar Physics. 4 (2): 2. Bibcode:2007LRSP....4....2H. doi:10.12942/Irsp-2007-2 .

(2) — Nasa Science. Living in the Atmosphere of the Sun.

https://sunearthday.nasa.gov/2007/locations/ttt_sunlight.php. at 15-4-2023, at 11:30 pm.

(4) — The Official Web site of The Nobel Prize. The Nobel Prize in Physics.

https://web.archive.org/web/20180617170415/https: //www.nobelprize.org/nobel_prizes/physics/laureates/1921/index.h

tml. at 3-7-2022, at 12:55 Pm.

(5) - Zhang, Q. 'Intensity dependence of the photoelectric effect induced by a circularly polarized laser beam" Physics
Letters. 1996. pp 125, 216.
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https://doi.org/10.12942%2Flrsp-2007-2
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2007LRSP....4....2H
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.12942%2Flrsp-2007-2
https://sunearthday.nasa.gov/2007/locations/ttt_sunlight.php
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(1) = The Renewable Energy Hub. What is Silicon Solar Cells. 21-4-2023.

https://www.renewableenergyhub.co.uk/main/solar-panels/silicon-solar—cells. at 20-5-2023. at 2:30 pm.

(2) — Photonics Dictionary. Photovoltaic cell.
https://www.photonics.com/EDU /photovoltaic_cell/d6199. at 3-7-2022, at 12:45 Pm.
(3) — Thomas, R., Fordham, M. & Partners (eds). Photovoltaics and Architecture, London: Spon Press. 2001.
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(1) — Trivich, D. Photovoltaic Cells and Their Possible Use as Power Converters for Solar Energy. Ohio Journal of
Science: Volume 53, Issue. 5-9-1953.
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(3) — Nasa Science. Nasa’s Heasarc: Observatories, OSO 1.
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(1) - "Bell Telephone Laboratories'. American Institute of Physics. at 9-6-2019.

(2) — Rowlett, Russ. 'Lighthouses of Japan: Nagasaki Area’. The Lighthouse Directory. University of North Carolina at Chapel
Hill. at 3-7-2022, at 12:55 Pm.

(3)~ Intergovernmental Panel on Climate Change IPCC, Assessment Report of the Intergovernmental Panel on Climate
Change, 2007 Makers, Cambridge University Press.

http: //www.ipcc.ch /publications_and_data/. at 18-4-2023. at 3:30 Pm.
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(1) - G. Nandan, et al., Eutectics usage to enhance the efficiency of the solar photovoltaic modules, in: Proceedings of
International Conference in Mechanical and Energy Technology, Springer, 2020.
ced) gadll ) s B = (Y)
(3) — Brigham, K. Why solar electric vehicles might be the next generation of EVs. CNBC, at 22-11-2022.
https://www.cnbc.com/2022/11/22/how-sono-aptera—and-lightyear—are—making—solar-powered—evs—a-reality.html. at
28-5-2023. at 3:30 Pm.

_Yo-


https://www.cnbc.com/2022/11/22/how-sono-aptera-and-lightyear-are-making-solar-powered-evs-a-reality.html
https://www.asharqbusiness.com/?gclid=Cj0KCQjw98ujBhCgARIsAD7QeAiC3eaDIpRtffNsfdXrPjdeZMjOlzf9bZh0KYWL3Ewj4WJvNHyFxfIaAhATEALw_wcB
https://www.asharqbusiness.com/?gclid=Cj0KCQjw98ujBhCgARIsAD7QeAiC3eaDIpRtffNsfdXrPjdeZMjOlzf9bZh0KYWL3Ewj4WJvNHyFxfIaAhATEALw_wcB
https://www.asharqbusiness.com/?gclid=Cj0KCQjw98ujBhCgARIsAD7QeAiC3eaDIpRtffNsfdXrPjdeZMjOlzf9bZh0KYWL3Ewj4WJvNHyFxfIaAhATEALw_wcB
https://www.asharqbusiness.com/?gclid=Cj0KCQjw98ujBhCgARIsAD7QeAiC3eaDIpRtffNsfdXrPjdeZMjOlzf9bZh0KYWL3Ewj4WJvNHyFxfIaAhATEALw_wcB
https://www.asharqbusiness.com/?gclid=Cj0KCQjw98ujBhCgARIsAD7QeAiC3eaDIpRtffNsfdXrPjdeZMjOlzf9bZh0KYWL3Ewj4WJvNHyFxfIaAhATEALw_wcB

dumeiniuiid | il el | Jucald|

GVAVY ale b N VT s (e Aliping oS Bda e gl anlgl) gl QS it o Lae paaisg
EACA (po aalll gl Al (S RIS Cacaitl LS (YY) JAIL iy LS Y Y0 Gle 8 gn oY
G ¥ Yo ) AAS a2 aliasl yaiew o adsiall (g (DY AYY Gle (8 N VAV (A Y) s ale B Y
A8 alasied ) aa Allad) Jea 3RS (aldil (8 apedl sl 13gh (0 —Y) KAl mony LYY Gle
VAAY ale dela s i 0 ) Jloa (e Lligan g 0SH IAY (e B2l gall ¢liygSl 2 1) il G cifiguing o)
slpell 2] e ATV E s U8 La o(FY=Y) JSAL sy LS YA YY Gle ddele s ha V) e s )
Lad i edahSo¥) Ly l) ol Hhd candaid VoYY b 8y (VYY) IS sy LS callal) (s e
(O aleal 25 gaplal) S jew xigld (Lildll il e Lgpsl (G ruaspl) Al dar 631'Y s s 1)
Al s ey moaly (Aigung oSl Zilal) dealiy saaaid) A8l jolias o slieY) deyu ) o) L
ol Aligmg 3ol 1) S ) Ay o) AN il (2B il o 1Y Luss Layon Sl g a1
Baaiall d8 o (3] 8 sl Adguin g o<l ALY 3588 o pdgiall as elgihie Jsn dagiball Claluadly mlanY]
AaasSal) bl il Cullds culad) Gsedl iliginas dage e chundlall gl Blas (Y Gle &
S on ASL Ariging ekl A8 & clina) et of adsiall ey egsSl duniiie F8UAY Aladil ola

g yely santiall il¥slly siglly (paal

90

$76.00
(Ya-Y) J<a 70
ligung6SH AN land Jacisia
g VAVY ple bia (pal) Vsl
Yoo e 50
HEXWEN|

https://www.evwind.es/price_h

e _1977-svg 20
i
[l

1977 1981 1985 1990 1995 2000 2005 2010 2015

$iwatt

istory of silicon pv cells sinc

=
o

(1)- evwind. Price history of silicon PV cells since 1977.

https://www.evwind.es/price_history_of silicon_pv_cells_since_1977-svg. at 29-5-2023. at 9:30 Pm.

(2) — Fernandez, L. Average installed cost for solar photovoltaics worldwide from 2010 to 2021, Statista. at 8-2-2023.
https: //www.statista.com/statistics /809796 /global-solar—power-installation—cost—per—kilowatt/. at 1-6-2023. at 4:30 Pm.
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https://www.ashargbusiness.com/ at 11-3-2022. at 2:10 pm.

(5) — Special Report on Solar PV Global Supply Chains. IEA Report, July 2022.
https://www.iea.org/reports/solar—pv. at 29-5-2023. at 8:30 Pm.

(6)- World Energy Investment Report 2021. [EA, 2021.
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(2) — Patlitzianas K. D. Solar energy in Egypt: Significant business opportunities. In: Renewable energy
2011,36:2305-2311.
(3) — Ministry of Electricity and Renewable Energy. Introduction to New & Renewable Energy Authority (NREA).
http: //www.nrea.gov.eg/About/Intro. at 3-7-2022, at 10:00 Pm.
(4) - Samir, H. Ali, N. Applying building — integrated photovoltaics (BIPV) in existing buildings, opportunities and constrains in Egypt.

International conference — green urbanism, 2017. P.P 614-625.
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(6) — International Business Publications. Egypt Energy policy laws and regulations handbook, Vol.1 strategic information and

developments. International business publications, USA, 2015.
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(1) — Ibrahim A. Renewable energy sources in the Egyptian electricity market: A review. In: Renewable and sustainable
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(1) = Ministry of Electricity and Renewable Energy. Photovoltaic Cell Systems Projects.
http://www.nrea.gov.eg/Technology/HeatingSystems. at 3-7-2022, at 11:00 Pm.

(2) — Ministry of Electricity and Renewable Energy. Photovoltaic Cell Systems Projects.
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(1) — Heinstein, P. etal. Building Integrated Photovoltaics (BIPV): Review, Potential, Barriers, and Myths. Expert View from
Science. Green 2013, 3(2): 125-156.
(2) — Fonash, S. etal. Solar cell electronics. Encyclopedia Britannica. 6 June, 2023.
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(1) — American Chemical Society. How a Solar Cell Works.
https://www.acs.org/education/resources/highschool /chemmatters /past-issues/archive-2013-2014/how-a-solar—cell-
works.html. at 20-5-2023. at 3:00 Pm.
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(1) - Czochralski Crystal Growth Method. Bbc.co.uk. 30 January 2003. Retrieved on 6-12-2011.

(2) - Nishinaga, T. Handbook of Crystal Growth: Fundamentals (Second ed.). Amsterdam, the Netherlands: Elsevier
B.V. 2015. p. 21. ISBN 978-0-444-56369-9.
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published by John Wiley & Sons Ltd. 2022. DOI: 10.1002/pip.3595.
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(1) — Solar Square. AMORPHOUS SILICON SOLAR CELL: COMPONENTS, WORKING PRINCIPLE, PRICE, AND
PROS & CONS. 24 June, 2022.

https: //www.solarsquare.in/blog/amorphous-silicon-solar-cell-price/. at 10-7-2023. at 12:20 Pm.

(2) — Bolt, O. Amorphous Solar Panels Advantages and Disadvantages. Energy Theory. 6 February, 2023.
https://energytheory.com/3-amorphous-solar—panels—advantages—and-disadvantages/. at 21-6-2023. at 3:30 Pm.

(3) — Sharma, A. Kothari, D. Solar Pv Fagade for High-rise Buildings in Mumbai. International Journal of Civil

Engineering Research. ISSN 2278-3652 Volume 8, Number 1, 2017. pp. 15-32
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(2) — Reese, M. Cadmium Telluride Solar Cells. National Renewable Energy Laboratory (NREL).

https://www.nrel.gov/pv/cadmium-telluride-solar—cells.html. at 21-6-2023. at 2:30 Pm.

(3) — Solar Feeds. Copper Indium Gallium Selenide (CIGS).

https://www.solarfeeds.com/mag/wiki/copper—indium-gallium-selenide/. at 21-6-2023. at 2:38 Pm.

(4) — Conibeer, G. Third—generation photovoltaics. Materials Today. 2007, 10 (11): 42-50. doi:10.1016/S1369-

7021(07)70278.

https: //www.sciencedirect.com/science/article /pii/S136970210770278X?via%3Dihub. at 21-6-2023. at 4:00 Pm.

(5) — Sinovoltics. GaAs Solar Cells.

https: //sinovoltaics.com/learning—center/solar—cells/gaas—solar—cells/. at 21-6-2023. at 3:40 Pm.
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(1) - Lejtman, A. Solar Panel Dimensions Chart. climatebiz. 18 July, 2022.
https://climatebiz.com/solar-panel-dimensions—chart/. at 21-6-2023. at 2:30 Pm.

(2) — Tolle, R. etal. The Production of Aesthetically Pleasing Module prototypes within the BIMODE-Project Proc. 16th
European PVSEC, 01-05 May 2000 in Glasgow.
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(1) — American Solar Energy Society. Polycrystalline Solar Panels vs Monocrystalline Solar Panels. 20 February 2021.

https://ases.org/monocrystalline-vs—polycrystalline-solar—panels/. at 21-6-2023. at 2:00 Pm.

— Palmetto. Black vs Blue Solar Panels: What’s the Difference?
https://palmetto.com/learning—center/blog /black—vs—blue-solar-panels—monocrystalline-polycrystalline. at 10-7-2023.
at 1:30 Pm.

(2) — Dennis, S. Polycrystalline Silicon Cells: production and characteristics. Sinovoltaics, 8 October, 2020.

https://sinovoltaics.com/learning—center/solar—cells /polycrystalline—silicon—cells—production—and—characteristics/. at 21—

6-2023. at 2:05 Pm.

(3) — Eder, G. et al. Coloured BIPV Market, Research and Development IEA PVPS Task 15, Subtask E Report T 15-07:
2019; Report IEA-PVPS T15-07: 2019; International Energy Agency: Paris, French, 2019; p. 60.

(4) - Tolle, R. et al. DEVELOPMENT OF COLOURED SOLAR MODULES FOR ARTISTIC EXPRESSION WITH SOLAR
FACADE DESIGNS WITHIN THE 'BIMODE”-PROJECT. Proc. 16th European PVSEC, 01-05 May 2000 in

Glasgow.
(5) - IEA PVPS Task 15, Subtask E, Report IEA-PVPS T15-07: 2019. COLOURED BIPV Market, Research and
Development. Feb 2019.
https://iea—pvps.org/wp—content/uploads/2020/01/IEA-PVPS_15_R07_Coloured_BIPV_report.pdf. at 21-6-2023. at
10:00 Am.
(6) - Peharz, G. Ulm, A. “Quantifying the influence of colors on the performance of c-Si photovoltaic devices”,
Renewable Energy. 2018, 129, 299-308; doi: 10.1016/j.renene.2018.05.068.
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(1) — Klampaftis, E. etal. Integration of Color and Graphical Design for Photovoltaic Modules Using Luminescent Materials.
IEEE J Photovoltaic. 2015; 5:584-90.

- |IEA PVPS Task 15, Report. Ibid.

(2) - IEA PVPS Task 15, Report. Ibid.
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(1) - SOLAR MAG. Transparent Solar Panels: Reforming Future Energy Supply. Solar Magazine. 29 February, 2020.

https://solarmagazine.com/solar—panels/transparent-solar-panels/. at 21-6-2023. at 5:00 Pm.

(2) — Airis Solutions. Solar Panels Dimensions.

https://airisenergy.us/solar-panels—dimensions/. at 21-6-2023. at 1:10 Pm.
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(1) - Eiffert, Patrina and Kiss, Gregory J. Building-Inte grated Photovoltaic Design for Commercial and Institutional
Structures: A Source Book for Architects. s.l.: DIANE Publishing, 2000.

(2)~ Building integrated photovoltaics: A practical handbook for solar buildings' stakeholders. Becquerel institute Report
2020.

(3) — MIT Libraries, MASSACHUSETTS INSTITUTE OF TECHNOLOGY. MIT Buildings: Solar Houses.

https://libguides.mit.edu/c.php?g=175920&p=1160317. at 29-3-2022, at 12:30 AM.

(4) — Dietz, A.G.H. and Czapek, E.L. "Solar heating of houses by vertical south wall storage panels," Heating, Piping &
Air-Conditioning 22 (March 1950): 118-125.

(5) — "Sun house at Dover, Mass., passes second successful winter without fuel bill," Heating & Ventilating 47 (July

1950): 95.
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(1) - Solar architecture. Pompeu Fabra Library.
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(2) — Energy performance requirements for buildings in Europe. Economidou, Marina. s.I European Commission, 2012.
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(1) - Richard, H. etal. The Environmental Brief: Pathways for Green Design, Taylor and Francis. 2007, p. 44. ISBN 978~
0-203-96681-5.

(2) - Corbey, S. 'The BedZED lessons'. University of East London. 2005.

(3) — Schoon, N. BedZED - the UK's first major sustainable community, THE BEDZED STORY. Bioregional. April 2016.

https: //www.bioregional.com/projects—and-services /case—studies /bedzed-the—-uks—first-large—scale—eco-village. at

19-6-2023. at 8:15 Pm.

(4) — Building integrated photovoltaics: A practical handbook for solar buildings' stakeholders. Becquerel institute Report 2020.

(5) — Onyex Solar. Photovoltaic Glass for Building. 2020.

https://onyxsolar.com/bejar-market. at 19-6-2023. at 8:20 Pm.

(6) — EURAC RESEARCH. Omicron Headquarter. Institute for renewable energy.

https://bipv.eurac.edu/en/case—studies/omicron—headquarters.html. at 3-4-2022. at 3:00 Pm.

(7) — Fries, E. Solaris 416. Solar architecture.
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(1) — Tabriz, S.N.; Fard, F.; Partovi, N. Review of architectural day lighting analysis of photovoltaic panels of BIPV with
zero energy emission approach. Res. J. Appl. Sci. 2016, 11, 735-741.

(2) - Report IEA-PVPS T15-04, 2018. Photovoltaic Power Systems Program, international definitions of BIPV. 2018.

(3) — Burgess, D. building-integrated photovoltaics. The encyclopedia Britannica.
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(4) — Simon, R. and Guriento, N. Building Integrated Photovoltaics/a handbook, Birkhduser, Basel, Switzerland. 2009.
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(1) — Kiss Cathcart Anders, 1993. Building integrated photovoltaics. National Renewable Energy Laboratory (NREL). 1993.
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Wiley & Sons. 2011.

-1 -


https://solarchitecture.ch/apartment-building-in-zurich-hongg
https://solarchitecture.ch/apartment-building-in-zurich-hongg

8 skl | () ol 9029 RS | il 0 i} il bl | Jud|

(o\—\“) J<a
Alaall e BIPV 5l (aS53
el Lslal) clasdl) b

Anders, : il e Capal LLL

K. Building integrated

photovoltaics. National
Renewable Energy

Laboratory (NREL). 1993 P Pl N

clgalgl) Y-r—v

S daalsl ghaal) 8 ity Solid diemal)l ciladavall o e () dgaly 058 dnladl Lkl dgay (e
plasial (Sa Jully cddlgilly cilanall 8 Jiasiy VOid dgjeall cladacally <Curtain Walls it Lailsal)
s g ) el g3 ae A8ladl) aus aUall # sl aladiad (Kag cdgalsll Ghas e JolSie (K alail) &1l
(Al yeSl O lagll nadiy duggll an 10 NV ¢ e e g1 s DA e dgalsll Bils e 151
gLl oo sl die o damy WS cdgalsll Dl ge dashlly Blhall die e oy ghdll 138 Janss
i Sy poieatll Ales 5l Ll clS else ccilgalsll gl IS e 1Y) S s () sl
Clangll oda il s clgae laede Teja Ayigung oSl #1588 Cumy gl Al dgalsll Gilasg
caanl) g Qg 5ol Lgie Llie Bac sy auiail) & sl 1385 (Al Jilea ol dualis clas
ohaall all 05% o Sa L) casas dgalsll ohas 068 O (gl e oy (aasall adys dalal i
clealsl) ohas 058 o oass o(01-F) () (0Y-T) 0o IV oy LS () Ll e IS5 o f il
Al gl 5Sially saaall Jolall e Slgalsll pa AUl JalS5 sy L (0V=F) ISl oty LS Ariais
salsall A8lal) o dssie (e S15 cdian) (glonal) uail) sl el we 2lsh 435S e b ¢ isall 8L sl
) 8 gilia e JB1 0585 Clgalsll DA

(1) - Jelle, B.P. Building integrated photovoltaics: A concise description of the current state of the art and possible
research pathways. Energies 2016, 9, 21.

(2) — Eissa, A. etal. Effect of Using Building Integrated Photo Voltaic (BIPV) with the Building Envelope in Changing the
Local Architectural Character. Journal of Engineering Research (ERJ). Vol. 7, No 2, 2023. DOI:
10.21608/ERJENG.2023.204157.1170.
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(3) - Clua Longas, A. etal. Towards Advanced Active Fagades: Analysis of facade requirements and development of an

innovative construction system. In Proceedings of the PLEA 2017, Edinburgh, UK, 3-5 July 2017; Volume 1, pp.
192-199.
(4) — Heinstein, P. etal. Building integrated photovoltaics (BIPV): Review, potentials, barriers and myths. Green 2013, 3,
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(1) — Roecker, C. etal. Solar Energy Systems in Architecture—integration criteria and guidelines. In International Energy
Agency Solar Heating and Cooling Programme. International Energy Agency: Paris, France, 2013.

(2)- Attoye, D. etal. Ibid.

(3) — Montoro, D. Vanbuggenhout, P. Ciesielska, J. Building Integrated Photovoltaics: An overview of the existing products
and their fields of application. In Report Prepared in the Framework of the European Funded Project; SUNRISE:
Saskatoon, Canada, 2011.
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(1) — Photovoltaic systems for facades and roofs. Nice solar energy, Germany.2019.
(2) — Mitrex Building Integrated Solar Technology. Project Report Midland Court House.
https: //mitrex.com/solar—facade /#pane—2. at 2-9-2023. at 8:00 Pm.
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(1) — Kiss Cathcart Anders, 1993. Building integrated photovoltaics. National Renewable Energy Laboratory (NREL). 1993.
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(1) — Agathokleous, R. Kalogirou,S. Part I: Thermal analysis of naturally ventilated BIPV system: Experimental
investigation and convective heat transfer coefficients estimation. Solar Energy 169 (2018) 673-681.
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(1) - Report IEA PVPS T15-06:2019. Compilation and Analysis of User Needs for BIPV and its Functions. 2019.

(2) — Wanner, N. NEW ACCESSORIES FOR CLEANING FACADES AND SOLAR POWER INSTALLATIONS. Kércher.
at 5-10-2020.

https: //www.kaercher.com/int/inside—kaercher/company/media—information/media—information/2169-new-accessories—

for—cleaning—facades—and—solar-power—installations.html. at 2:00. at 19-7-2022.
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Abstract

Energy is considered a primary source of life in any society and is indeed one of the most
critical issues of development throughout history. Consequently, it plays a fundamental
role in achieving economic development for any country. This is why energy sources
have been a major cause of many conflicts and wars between nations. With
technological advancement, human needs for energy increase, leading to a higher
demand for energy sources, especially petroleum derivatives due to their ease of
transport and storage. The world is experiencing a clear crisis in traditional energy. In
Egypt, for instance, electricity prices rise annually, in addition to the environmental
pollution resulting from the consumption of this energy and the increase in carbon
dioxide emissions. The continuously growing population increases the demand for
housing, prompting the state to build numerous new housing units to accommaodate this
urban expansion and meet the demand for housing due to the constant increase. This
also involves opening new axes and cities across the country during this period to
alleviate congestion around the banks of the Nile River. These factors significantly
shape cities, leading the world to search for environmentally friendly alternatives to
traditional energy. One of the most important alternatives is solar energy, which is
abundantly available in Egypt throughout the year. The research problem lies in the
potential use of the BIPV system (Building Integrated Photovoltaics), where solar
panels are integrated with the building envelope to produce electrical energy, a
contemporary reality in many countries worldwide. The research problem specifically
focuses on studying the feasibility of using this system in Egypt, where solar radiation
is abundantly available, based on the following hypothesis: "The envelope of new
residential buildings in Egypt can become a significant source of sustainable electrical
energy production.” The significance of the research lies in the possibility of
transforming residential urban areas in Egypt from energy-consuming units to units
producing clean energy. It aims to provide a realistic solution for producing electrical
energy from the local urban context and to find a low-cost, sustainable, and clean energy
source. The research aims to reach a set of construction requirements for constructing
new residential buildings in Egypt using the BIPV system to achieve a sustainable
building suitable for local conditions. Additionally, the research aims to develop a set
of recommendations that can pave the way for the implementation of the BIPV system
in Egypt, and to develop preliminary features for formulating a new housing policy that
can be applied in fifth generation cities. This research falls within quantitative
experimental studies and is based on the following procedures: (1) practical
experimentation and (2) simulation processes on several virtual and real models, where
the simulation process relies on a set of applications to achieve the desired results.

The research consists of 9 chapters. The first chapter discusses the nature of the research
problem, the concept of energy, energy consumption, energy crises, climate change,
renewable energy sources, the aim of the research, its significance, the methodology
followed in the research, and previous studies. The second chapter addresses solar
energy, covering the source of solar energy and the classification and uses of solar
energy. The third chapter discusses the use of photovoltaic energy in architecture,
including the components of the photovoltaic system, the photovoltaic system, the
working method of the BIPV system, structural and mechanical considerations, climatic
considerations, environmental considerations, architectural considerations, and the
actual application of the BIPV system in architecture. These chapters constitute the
theoretical background of the study. The remaining chapters discuss practical study.
The fourth chapter examines the experiment of measuring electricity generated from
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the panels. The fifth chapter discusses design determinants, including facade height as
a design determinant, the ratio of the area of openings to the facade area, and the number
of units in the residential floor. The sixth chapter discusses expressive determinants,
including the colors of the panels, the shadow of facade projections, and the shadow of
the building mass. The seventh chapter discusses the determinants of general location,
including the building's shadow on the ground. The eighth chapter addresses economic
determinants, including the direct economic feasibility of using the system. The
research concludes with the ninth chapter, which presents the findings and
recommendations, and finally, the references and sources.

The research concluded with several important findings, including: (1) The BAPV
system should be installed on residential buildings in Egypt by mounting the system at
a 30-degree tilt angle facing south on the roof. The BIPV panels should be installed
only on the eastern, southern, and western facades (2) The number of floors in buildings
using the system should be no less than three. It is preferable to use the system with
high-rise residential towers with floors reaching up to 20 or more (3) The architectural
expression resulting from the BIPV system typically falls within the realm of smooth
architecture, characterized by the absence of projections or shadows. Any shadow on
the building will reduce the efficiency of the solar panels in generating energy,
particularly for the southern, eastern, and western facades. This means it is necessary
to abandon the idea of protrusions and recesses in the building facade design, despite
the aesthetic richness of this idea, as it does not align with the functional nature of solar
panels (4) When planning land subdivision projects, the axes of the residential land
plots should be rectangular and oriented north-south. Buildings should be connected
through the southern and northern facades (5) The system is highly economically
viable, as it recovers its cost after 19 years while the system's lifespan is up to 30 years.
Additionally, it covers the electricity consumption bill of the residential unit
permanently throughout its lifespan.

It is evident from the foregoing that the BIPV system is considered one of the promising
and economically successful solutions to address Egypt's energy problem, especially in the
urban sector. The photovoltaic units integrated into the building envelope are highly
suitable for generating clean energy, effectively turning the building into an energy-
generating machine. However, this technology requires further research and continuous
development to enhance the efficiency of solar panels. There is a need to attempt local
production to reduce costs and eliminate imposed fees. Moreover, providing incentives to
users of the system is necessary to facilitate its widespread adoption.

Keywords:
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