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Abstract

The research represents an attempt to investigate one of the
important power sources at this time which is The Energy,
as it concludes different types of energies such as:- chemical
energy, mechanical energy, heat energy, solar energy,
nuclear energy, electrical energy and light energy. Also
another source of energy, which is fossil energy, such as- oil,
coal and natural gas.

The researcher investigates another type of energy as well,
which is the renewable and durable energy (R&D). This
significant energy is necessary for both the environment and
mankind. The research also explains the solar cells
developing stages, and how they generate the power.
Moreover, the hydrogen energy and how to utilize it at
the power station.

The researcher suggests a solar cells system for producing
power and analyzing water, where as this system could be
used at Misurata town.

Finally, this study contains comparisons between the daily
sunlight hours and the whole days of the vyear.
Calculations, results, findings and recommendations are also

concluded in the last chapters.
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1 Hydrogen fuel is channeled through field flow
plates to the anode on ocne side of the fuel cell,
while aoxygen from the air is channeled to the
cathode on the other side of the cell.

Backing il
Hydrogen - = Loxygend
Flow Fiald

Choygen
Flow Field

At the ancde, a
platinum catalyst
causes the
hydrogen to split
into positive
hydrogen ions
{protons) and
negafiively charged
electrons.

The Polymer Electrolyte
Membrans (PEM} allows
only the positively
charged ions to pass
through it to the cathode.
The negatively charged
electrons must trawvel
alang an extemal circuit
to the cathode, creating
an electrical current.

\ Water

Cathode

Anode

_—4____(_.._—-" At the cathode, the electrons
and positively charged

hydrogen ions combine with
oxygen o form water, which
flows out of the cell
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S angle

| CGeogrpheal htinude |
v (o

Subeolare radistion ‘

Sigall bl wadd) pladdl Glua (Y-0) JS&

sidand 5 isal el gLl s (Sass
Peff.direct =P* Sin 6 = P * Sin y =P* Sin(90-®)=P*Cos ® (1)
Sl pdlall wadd pladYi=Peff.direct =Effective direct solar radiation
P=Direct solar radiation = ,&lsall wadd) gladl)
3, v, ® =Angles =JS&l & LS L g 31
The angular position of the sun is estimated by: gaamdll g3l 5 b gal)
€=23.5 *Sin (d-83) Q)
sddaci) g2 (uaddl (5 90 3l puda gl ey L&) Jale

Sin §=Sin €* Sin ® + Cos € Cos ®*Sin(15*(t-6)) (3)
uaddl g 9131 Jaall g ga

€=Declination angular position of the sun
il (e = t=Local time
The angular position of sun in a year :g-’li-,a LS Al A (el (5 13 o gll
() glaiy) Ailaa /¥-0
ct Gl ed psallidibiall pod al) baghd da 3, )
: € puaddl g gl 3N adgall ¥

€=23.5*Sin(d-83) “)
: Sin o LN Jalea <5 g.‘.aw.ﬁ\ &w\ &Ltb‘ ATUU-V
Sino=Sin€ *Sin® +Cos € Cos® Sin(15 *(t-6)) S)
ptoe) e | plady) ABUST o ) Ja giall, €
I=1.35(Kwh)*Sind )

ruadl) LYl g Cigla ¢ 5 ailaal) (shlia B 5 sal) Cidiad)
Salad) Ao g3 msny i) 138 9 Lgw il 2 ) L) Jual )
(Clear sky) 4dball slawll + ¥ Gz 912 98 9 Haze factor (F)os

RV
The transmission factor T [3Y]
T=e-1/Sin€ *F @)
T=Transmission factor, F=Haze factor

"



The direct radiation : 8 hul) o jdlal) glady) -9
on a horizontal area
Ieff.direct.horiz.=1350{w/m2}*e((-/Sin€)*F)*(Sin€*Sin®
+Cos€*Cos®*Sin(15*(t-6)) t))
sl LS g Jaall 138 g n Jie gl e a6 Lagas el LAY 7z dad
Ieff.direct.inclenation=I* e((-I/Sin€) *F) *(Sin€* Sin(®-n) +Cos€*Cos(P-n)*
Sin(15*(t-6)) 9
n= angle of inclination:<ua
Ada ) g crny pdilial) 8 g i) 9l i) g i)
[35]. (1.4)Jalally
(R): A8 ) o Bilud) plady) g Jitall mhand) o pdibual) glady) ¢y Al
R=(Sin€*Sin(®-n)+Cos€*Cos(P-n)*Sin(15*(t-
6))/(Sin€*Sin®+Cos€*Cos®*Sin(15*(t-6)

J_ﬁll..\d\ &M\J\ ‘T‘J"‘b

(10;

Ao g3 cany Jilal) hud) o jdilall A gsl) sla iy REI ) EQUY
Ieff.direct.inclenation=R* leff .global .horz (11)

Llee 4oweadll LA 5lail : Photovoltaic (pv) system model:deadd) LMAY ol o3 gai ¥
o al.5 05 e day Caid (S )].5 o) sp AL 5 25COLMAN 5 ) ya da 0 2ie 5 1000W/m” < oslis
& 43as 5 s(PEAK CAPACITY) 4dall (5 sumill oaall o pdall o2 cant Sl 5 (s sad) DL
[34] .(Watt peak) {Wp} s sadll & 5l
[34T el LUAN 5 Sl = 3laill (a3 sl Bl Cliial 5o any Jany (5-5) pd ) Jsaal)

Tuadl) LDIAY 1 g cilhial ga oy (£-9) Jgia

Produc Type | Nomin | No. | Height | Width Spec.
er al of [mm] [mm] Costs
power | cells [$/Wpea
[W] K]
Siemen | Pro4JF/7 75 36 1200 527 6.45
S 5S
BP BP275 75 36 1188 530 6.45
Solar
6.45
Shell RSM 100 72 1328 710
100

‘ power(P):c+& s{Kwh/day} 3l
24 vie | y8lall gl S [ A< PV System model :(V) a2y el glady) Glua zigad -1

‘ {W/m?}aely
Equivalent I of direct radiation I based on 24 h {w/m’}:
I = (1*1000) /(30%24) (12)
Average Cell temperature, Tee{C } 4al 3 s dx ja Jaws ia,
TCeH:Tu-i-(O. 1 *I) (13)

{Watt peak} {@1000w/m?} 3 all da o e laldie] P3 sl (5 sl dagll
P =pmopur *(1-0.004*(Tee —25)

(@1} {WAa 55l n s 2 Ghaa P 3laid (6 saadll Aol

1y



Maximum module performance P regarding temperature
P ~P**1")/1000 (14)
- {Kwh/day}iels Y& JMA # 1l 5 73 gall P dliaiiall (5 sundll 4iLl)
P =(P *24)/1000
N Cadill 4 slhaall #1511 i 23l
N=P/P (15)
el el e ddadll) A usadl) AiUall 43S, dialal) cililuall ey
[37] DESAL SOLAR VERSION 1, s shaiall aladiuly 45) jas ddhia
[30] V0.+4+7 Jshalai s ¥Y YVAY (a e Jad &) e Aipe o
Jsraall Gl jlaall el ja) 5 4831 il e J seasliDegree of latitude o all Jady (i sl (S
Aan 08 Juadl e
‘ [36] (Y) {é‘) (add) £lady) Gl GJJA.'\.Y
;b LS ASHRAE(1981) 73 503 Aol g3 oy G 58! ehanad) dan) g2 Jaal 5l) sl g Ll

G =GanOSBZ +Gd (16)
O5Sa Gg Gy 8 Hesaly i i) et 3350 g ladY ) ¢ il (53 50el) o 5all Gy, Gy
AV gl alasil
Gpn=A exp(-B/Cos0,) (17)
G4=C Gun (18)

0=¢ 8 A 2ic jalhll jwedll gladll= Adua
The apparent solar irradiance at air mass = 0
The atmosphere extinction coefficient :s ol JExY) Jalae=B 5
The diffuse radiation factor :gledy) HLiS Jale= C
eLend) Al e kil oig) Ladl dany (M) st 5 sl Al g J gumdll it %5 A B,C s
HE IS Galagn V) 4Ll

[38] (ASHRAE 1981) cxa &dlall glawdl A B,C <l il ad (5-0) Jg2a

Date A (W/m®) B| C

Jan 21 1230 0.142 0.058

Feb 21 1214 0.144 0.060

Mar 21 1185 0.156 0.071

Apr 21 1135 0.180 0.097

May 21 1103 0.196 0.121

21 1088 0.205 0.134
Jun

Jul 21 1085 0.207 0.136

21 1107 0.201 0.122
Aug

Sep 21 1151 0.177 0.092

Oct 21 1192 0.160 0.073

Nov 21 1220 0.149 0.063

Dec 21 1233 0.142 0.057

ilaie (Y ) gLl o (S asill o3¢ Gy g2l JDA (e g
0 Candl Ayl 5 A sty ellag
s k) Gh.ud\ S (add) pladl) il (V) {é‘) GJJA.LY'
Y1 Y alaall Bk e b (e Jaall Al s e Bl pedandd) s 53 Jal 11 L) gLy
G=Gp.+Ga.HGagr.t (19)

G =total irradiance received by a tilted surface Jilall mhull Jal Il &Ll & sana

TA



Gy =beam irradiance received by a tilted surfaceitall mhadl ddas) 50 Adalod) o 3al)
G sky diffuse irradiance received by a tilted surface aul 2 Jaal 1) jiiiall (g gland) & Laiil)
QL) 2l
Ggr.=global irradiance reflected the ground
and received by a tilted surface

£ Lt 5 cp Lot A Ja s ¢ i 5SH pla¥ls Jalal danad) 1) Jal gl o, 31 ) (uSiniall 35S g Lol

G, 3t b LS Ggrt Gar ‘G oo IS Aa el Lalaaind OSay Y] mdandl e il
AV A il gy W pas (S
Gp.t = Gp* Gp./Gp =Gp*1p (20)

rp A s (Say g 81 ) Aland g0 Joal ) g lasY) ells )

P FADXS
r, =Cosf/Cosb, « if 0" <|0]< 90’
=0 «if |0]> 90° (21)
& LS 4l jal (S Ggr.t i L
Gy =(pgrG) (1-Cos S)= pg:G Sin*(S/2) (22)
p 2

where, pg= The ground reflectivity 4 ¥ 4aulSasy)
(1-Cos S )/2= Shape factor between the tilted Surface and
the ground
0.7-0.2 ¢ 585 oY) 5 Jilall ehandl (0 JSEN Jalae
Liu and Jordan(1960)z! 8 s
AT Aalaall 3 LaS i a3 Sy G 2a)l Ll
Gat =Gy * Ga.t/Ga (23)
Ga./Gq ¢ 233 4alad) Sl jall JIA (ga
10l s elanadl s il el (g JSEN Jalna 8
Ga./Ga=(1+Cos S)/2 =Cos? (S/2) (24)
- o) 233 Klucher(1979) datas J3A (15
Ga/Ga=(Ga/G) Cos® (S/2)[1+Fsin’(s/2)] [1+Fcos’0Sin’0,] (25)

F =1 -(Gd/G)? (26) LN
(G4/G) =1,(F=0) : Lﬁ\ ngal\ wdhall YT 6 gl YA Lé
_Gh.as :\JJL!.A“J

G/G=(1-G/G)rp+Ga/GCos*(S/2) + pg:Sin’(s/2) (27)
T Lﬁ}w\ ‘;1353\ t\.’.&Y\ CJ}M
G/G=(1-G4/G)ry+G¢/GCos*(S/2)[1+Fsin’(s/2)] [1+Fcos*0Sin’0,]
+pgSin’(s/2) (28)
e Jgeanll (Say Jilall ol de b JSU Jaaal 5l g L) Jand
oy tiom Baal g delu s il (19) ad ) Adabaall JalSS 2aii) 0
0 IGEu)Gydt + 1[Gy dt+ 1 [Gyrdt (29) ;
Aeludl Jsh e @l il JS1 ot IS5 0 5Sy Dl o (s
o Lol de Ll Caualia e &l juaiall ol () 55 Co g Bas )
ALlS Aol i 05 i) Jgha e Alaainaall 3o gidl) o) o8
ol LeSAa L) Aalal) e Allall 028 i
/T =(1- To/T )Ry+ pgrSin®(s/2)+ Ia/I Cos*(S/2)  (30) ‘
(Y9 )ady Adobaall ranah 35S @ L) 3 g alaiiasl Sy Liadl
I/T =(1- Ta/T )Ry+pgSin’(s/2)+ Ia/1 Cos*(S/2)
[1+F;Sin*(S/2)][1+ F;Cos’0Sin°6,] (31)
rob S i Fy s elall g ledYI T s
Fi=1-(Ia/T)? (32)

14



YL a5 Ry Y mlacd) e 8L el L) Bl edand) e Aol JS0 Ll g Lad¥) o 5a (s sl
Ry=[(0p-0 )/(®h2-0n1)][Cosb/Cosb,] (33)
Caaiiall 4k vie Jilall mhand) e Ja gl 3505 8 O Cas
D230y O 3 pasall il A 6) 5 (68 0, W s @y O
JEGETEN
®;=max (0, Wg)
©p =min (02, Oss) (34)
oh=max (o, Og)
®hp=min (7, Mss) . . .
58 el s Al i 2oLl U35 G s (0, @) Ssel) S
(il ol Ay uadill o5 ) delu dy5) ) 568 el 32a) 5 dclas
Sl lasall Aailly ualill g 58 Aol Ao ) ) (68 Ogges
Bushnell (1982)4alas (& ((0gsp ¢Mgre) s gt Al Aalaall

Shls
O 5= arc Cos(-a/D)+ arc Sin(c/D)
o 3= arc Cos(-a/D)+ arc Sin(c/D) (35)

with,
(Dsrt:max((l)sra ® srt) ¢ @sst:min((‘)ss co sst)
and
la/DI< 1 and |C/DIL1
a,

a=Sind(Sin® *Cos S-Cos®Sin S *Cosy)
b= Co0sd(Cos®*Cos S +Sin®*Sin S*Cosy) (36)
C=Cosd*Sin S*Siny
D=(b? +C?)!"2
0 =Slexic] > |C/Dlsl [a/D] IS st s sl G5 pdans ¥ 03
(s ‘(Usr)«_;g‘ A yida Tl (Ot Ogrr) O JS Alalaall
Sl e
o LS aay Jial) ekl ) 3 el gl o sl a2l

Hi =ty [(Gp.+Ga.c+Gar) dt ‘ (37) ‘ ‘
28 sl iy g ) 5 (35 ) B 5l (A (tgetyr) O Ca
gt ALl ALY e S sS asalil) Lty Alslas
A/H =(1-Hy/H)Ry, + pgSin’(s/2) + Hy/H Cos*(S/2)  (38)
Jeal sl el el g ladY) das gie G dsaadl) (& Ry, o S
8 ) a5y daal sl @lly ) Jilall sedad) 3o 5
(Klein 1977)dalas (& dalaall 024
Rb:Rl/Rz (39)
R;=(Cos S*Sind*Sin O)(wss- 0sr)(1/180)-
( Sin 6 *Cos®*Sin S* Cos y)( 0ss- 0grt) (M/180)+
( Cos®Co0s8Cos S)( Sinmg-Sinwgy) +
(Cos0CosySin®Sin S)( Sinmgy-Sinwg)-
( CosoSin S Siny)( Coswsst — CoSmgr) (40)

R,=2(Co0s06CosPSinmw+(m/180) g Sin®Sind) (41)
. [38](azimuth angle) glawll Caandl &350 5 8y s
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58 a5l el el e8I (g A3l e Adlaiay 5 jueY) i) Ja2e =5.3%3731=19774.3kw/h
=19774.3/12 = 1647.86 kw/h
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G ellad o gl sade L elanad) () 65 VU 6 (it s Jll) 8 5 535 Y dsaddd) 28U (0 a sleal) (e
s Al eS A8l ) 533 (3 sk (saaly G 3al Sl

Aaiiall cilasall 5 4500 Shaliall  aadioy o Alilull by jUaidl Aol g o 33301

Aol 50 el Sl 2 5 (e il ABlia) (3 5k e lla g oL ST Ay I A0t} Aol 53 0 Al X
85,4 Clela 8 Apadl) LAY

Jalas 855,00 el 8 Al LA (e Al oy oS aladiinly @lla g Cpm 5 asell a5y oy 5330 ¥
planil s 8 ol eS8 3 (5 A8 50 Congued) aladiud 5 iS5 Cn g el Jaadl 4l olall
10-30 % s Electrolyzer L =ls sl (b g ali dleall G 48 Jlall 038 1 gie g¢ panadll g laiy)
LA Lal o s pasell JalaS g o (A Jsaty AL 5 Jolail) As (g s jall 038 8 48U
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[38] A il sl (e TKw Jaé a5l a2 kw 41 (gl caaill g Cpn g sael
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o8 el g gl Gleluoae (ST 00 T YY) o (B o souedl o)A Aol 5 La b 5 s
O Juani Ll gl Aol Ve T=1F €07 € g 58l aladin) L o 5L Gl cleld) sxe o S5 dela VY
el g bl clelusae s A o Gasdis Kwh/day Yo V=100% YE/1 Y £ e 5 il ol <
AUl b 288 A8l camg GO (o 5 ) Aashiie adilio O Cangy AL 5 Ll itV gl el
A= s | Dl 58 3 Guadll H3lial) LY (g0 B pilie 4y sllaall 3 )08)) 5o el 8 SBLAY) Ao 5]l
A=00% Y¢/
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4 sllaall 4000 3 8l (o
=F * (B* 2)+A) (43)
55l 3 sdlall= F Caa
Poupuis® (o=l 7 sl (e Lgnle daaaall 4400 5 ) ()]
Poutput=Nmodoul* Amod*Po p/m’ (42)
G llaall s Lo 8 Sy g Ay slladll 3,08l =P
s ) IO ALK Aalial) e dpa LAl 5 )8l aaiad)d slhaall 5 508 Cuss jaiie 585 2 slll dalie=A | g
(I\_.,,M\ 3 a8l) s 3 e
Axfial juans sl g sh cn B i a5 =) I B liSl= 1) g0u
Poutputes® eal) 75l (e lle Jeand) IS 5,080 IF AB* 2 o

VY



s clbeal) gadai v 4
DAl (e Aima oY e 2L o i
V) s

Kwh A Yo=uwadll ¢ shull dlebu JAA (1 5 dlia daddiual) 2paS))
Kwh 4Y,0 =Y#*£7 Vo= 5 juell 4 shaia e o 3A0l e @il zLiay)

Kwh Y+ ). Yol e) ) sl el yeSl e Jal 2Laa) ¢3)
Kwh\ . \.Vo ::dlaj‘ b.JA ‘_é LfJL“ﬂ}
o) )V psa (o el Ll (e Al dal) 5 a8l ARl A shaiall Aad g3 & sl =P
kwh/m? Y. 4 V=(4ul) i shaidll

( % V¢ ‘3-‘-‘ )% YoV (e B_yxda g;é’} C\}Yy\ S‘GS:T]modoul
(Ll oy 5)d; slhaall 4l o) gl 43S0 =1 1Y) dalise= A g

Poutput:nmodoul *Amod. * Po.p/m2 . (42) Aaladl) Sk

Lies 10175 =0.1% Ampoa *2.97 £ 0%) + BeliS dic
Amoda = 101.75 /0.1%2.97 =342.6 m’

101.75 =0.25% A mea *2.97 : %Y0 sl 2ic

A moa= 137 m?

ek Al Aleludl ae 53 5delu 1V ¢ sa wedll g shull dleludie €AY 00 T YY) ag A
e 5l el el (e Juani Ll g deli Vo A=Y £0Y € 5 5a0) aladiial (g
k wh/day ¥+.Y=00% Y£/VY ¢
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Produc | Type | Nominal | No. of | Height | Width Spec.
er power cells [mm] [mm] Costs
[W] [$/Wpea
K]
Siemens | Pro4l] 75 36 1200 527 6.45
F/75S
BP | BP275 75 36 1188 530 6.45
Solar
6.45
Shell | RSM 100 72 1328 710
100
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Date A (W/m?) B C
Jan 21 1230 0.142 0.058
Feb 21 1214 0.144 0.060
1185 0.156 0.071
Mar 21
Apr 21 1135 0.180 0.097




