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Abstract

The transition toward renewable energy sources, particularly solar energy, represents a strategic approach to
addressing the environmental and economic challenges associated with dependence on conventional energy
sources, achieving sustainable development requirements, and reducing carbon emissions. This study aims to
design, implement, and evaluate the technical, economic, and environmental performance of a hybrid solar energy
system to supply part of the electrical loads of the Electrical Engineering Department at the College of Engineering
Technology in Al-Qubbah, Libya.

The study adopted an integrated scientific methodology that included electrical load analysis, hybrid solar system
design, and component selection based on operational efficiency and reliability criteria. This was followed by
system implementation and operational testing under both no-load and actual operating conditions, in addition to
a comprehensive technical and economic performance assessment. Prior to system implementation, the total
electrical load of the department was 4500 W, of which 1600 W were supplied by the proposed solar system.
Given that the department operates for five hours per day, the daily energy consumption of the supplied loads was
estimated at approximately 8000 Wh/day. By applying a safety factor of 20%, the design energy demand was
increased to 9600 Wh/day.

The system consists of six photovoltaic panels with a total rated capacity of 2760 W, a 4200 W hybrid inverter
operating at 24 V equipped with an integrated 120 A charge controller, four gel batteries with a total capacity of
500 Ah configured to provide a 24 V system voltage, and a comprehensive electrical protection system. The
results indicate that the system was able to supply approximately 35.5% of the department’s total electrical load,
demonstrating satisfactory operational efficiency and stable performance. Despite the relatively limited annual
economic return of about 400 Libyan dinars, attributable to government subsidies on electricity tariffs, the findings
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confirm the technical and environmental feasibility of the system through reduced conventional energy
consumption and lower carbon emissions.

Keywords: Hybrid Solar Energy, Technical and Economic Performance, Energy Sustainability, Educational

Institutions, Grid Dependency Reduction.
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Integrated MPPT Charge Controller Performance (Table 11)

30 30
254
22 A 28
209 27V
— r26 —
=z z
= o
c 4
515 g
3 s
=] 24 >
104 235V
F22
54
0A
0 T f 20
Daytime (Charging) After Sunset (Discharging)

MPPT ool alaial Jall sgall & sl o £(10) JSi

(Alaadl Jilai g g cadal 581 ceiDLulY) 4l gt Cdlua i) 6-6

Gl g ¢ uSladl ) dsadtl) =1 IV (pe A lad) i lall Jiid 2ala] 0 e 450 56 S DS aladiin) o
Craaafin LS aUaill saaieal) 4piall colioal sall (385 Hlil) Jasi s 4y ) al) desadl cilallaia e (380 55 Ly
g5 Y 1 5k ¢ uSlall g dlandl ~ ke 5 <y Uadl) da shaie (s 0l sil) L6 2aL625 adade Cld LIS
ST adaie ld Blia go aladiol e divg G Y e shaiall (e e all 138 85 jlall ol Ll dag
Llaall yi gt (omals AL Jalse 3adais Al yeSU a8 gall Juliny cdulaal) 5Ll Lol
el 71 V) ilaal Garade Laaaal ¢ (DC) e i 2kl s 53 o e 3NN Al 54
Db (AC) 2255 L adald (S 3 &3 LS 125A, b jUall 4 ghaie dlead JAY1 5 A32:400V
9o LS edih el Al e il jUadl ad e Jypeal) dadll A 1e20-16 A 0¥ ol
LSOl Sl e JA1 A0 eSO la il apen 38 celld ) ddlz) (11) JSEl) 8 ua s
O LS L S i o gl il jlalaie Jle 5 daliaall 4l Jal sall (e Llen Cangs Al )le
(g Lay callaill (8 Laadiiuaall 4y e adal sill 5 CSUSH gy gam sall i) il 5all (9) J 520
Ao ghaial) (1l sSa Calial (348 gall 5 () Jail)

ff

|

|
1O

i e

i

,II i AERS A B " : I.II
Apne Sl 28U A glaial AL jeSl) Aleall a6l om0 G 1(11) a8 84

99 | Journal of Insights in Basic and Applied Sciences



AU 8 Hoakinal) iy S el il OIS Ly pam sl il il sl (i 1(9) ) Jsin

Lo (o sl Cilial gall ¢ 3all
g 5 (Jsh)) 2k 65 (2 25) s 2ake 4PV Cable 2151 eUls
5 e 5 4 e (Jumia)ale 50 51 () 23) 24 20 o U
BEDC 2l V400 JWA32 7)) adals
B8 DC %> s 250V ks 125A il (i3
LEAC 22230V U AL6 z Al olali

; LAT day Caagl) (panadl) AU (AL Y Gut Al g Al cp o<l 5-14
G =) Al s 25 Uil il oSl 35S a5l 5 SlSadll il Jleef JaSiasd 2ay
ea alii 4l oS laal sarg oz 5l JS1 460 W s e el 3,38 ¢ (PV Panels) 4 s 5 %S
5 e Apusatl) 1Y) Jaa 55 5 5m 851311 A oltie Gand 15k 35,07V o8 Gl
2 Jane il e (380 gia Lay ) 510 da shaidd IS agall 18 ) Cangs (Series Connection)
8l Gealall 8 520l 2l ) Bl 038 Jaa gl 38yl sldie) &3 (Slall L3PV Input)
elanll 3 sl ddads aiti da slaial 4 o ganeall 2l Jlae e s 53 5 < Sall(Technical Label)
Apadll 48U 1Y) JMaiaY) s e¥) Jirdil) e Lay ¢ Bl Ja il 4401 205, (MPPT)
(1 oS3 o3 388 24V DC o_laia oanid 3¢ Jeny (Hybrid Inverter) osss (Sle aladiny | Hki g
Juasi o3 385 &y jlay 12V 242 5250AN 4xess «<GEL & 58 ¢ bty 4 (e <l sl cliy
e Jgmanll Nl e oy jlay JS Jaa 5 (5a Cum o631 58 ) 4 pa 48yl iy adl
Gaulily Ley ¢500AN @l jUad) @il ISl daid) 30l 31 (55158l e (e gaaall Jay ) &5 <24V 3¢
dnall 5 2gal) G Lulia B8 0Kl 138 a5 b6l Jlaa) aeas il cillhic aa
Sl ppena e L8l 55 doa Jdl 5 Gl llae 3eliS Ganay 5 ¢ollaill 4y sllall
Glaall adals ) dpsadll 715N (e da JA) () lldls (+) ansall el Jo) S Jua 58
ol 5SSyl (5 5 <alaldll 2 e (a5 Aglaall (3 s31m Jals (PV DC Breaker) ) 50 (<lall
Oe 3ng s A M) Al 5eSU Alaal) i g Ley Sl 3 (PV+ [ PV=) o)) Jalae ) 5 il
Sl Jay 122025 imje adaian 3l S JiS aladind a3 eS| sl s gl 53l 30 el jll jlalie
4ia 5 cdalaall (3 500m JAN (Battery DC Breaker) <l jUadls alall dleal) adalay <y jUadl)
ad an coaliy Loy aaiall Jaa Hlddl a8y Sl Gd (Battery Input) <boleadl Jiaa )
(S siun ad 5 Al Sl ) gall Jlis Chagy el can pdill p adlll lilee (e da3lll Alad) il Ll
Gadaie Al plas ae Janll Lo 5o Guagll g il (e andiiall GuSlall Of Lay s, Al 4adld)
cbld e AN jaas oy o3 i ¢ (Utility Grid)ielel) b oS 30l 5 dadll #1511 Jie
daigl) andy Aalall Lo3adll s ol sl (AC Grid—Inverter Breaker) geass 23 yia )
O 3] Ly ) 13w ity 5 Sl A (AC Input) 228l il Jaae ) alia 65 a3 dail <)
) abia 5i &5 338 (AC Output) oSl z s Ll dalall vie 43l 5e<l) Jual) aes o by Uail
Aaall (e Al 4 5 S clma Il S35 (Manual Transfer Switch) wssy Jdisas i
fed oy il O G Fliaad) 138 8 515 andll i )

(Solar System Mode) dssadll de shiall Aol g Jlaal¥l Jdii -1

(Utility Mode)iaad) 4l 56Sl A, (e JaaY) il -2

(OFF Mode) Jea¥) cse Jalslly 4l 58l 43all Jusd -3
Joniil) gyl (38 5 A0y Sl 4p2ill 48 i e Jlania g Sl A5 e 3 o (8 i i) 108 g
(12) JSAL i e o8 LaS AdliA

100 | Journal of Insights in Basic and Applied Sciences



Utility Grid

6 x 460W PV Panels
(35.07V, 13.11A) MPPT Input
PV DC A 7 u
Breaker
-PV /PV- f—— =t -
- AC Input . & ﬁ il
BB e I
I DC Breaker Inverter Breaker =5 Manual Transfer Switch
——
Battery Bank i & So!a-r System Mode
e 2. Utility Mode
3. OFF Mode

I

4 x12V 250Ah Electrical Loads

(24V 500Ah)

A S gl 5 5 Aiang]) Awnaill ALY Aadaial Slall Jaladiall (o 1(12) JS&

, //, = ‘
e '

" ’l 'H

INs
N\ W/ \

| DC Ccable =

DCPowerl-—-b \ T
GOAhZIIVJS.I&.lb, . 1

”)l

0B

L A S g cuuS il g 8ty o U] 4080 JSUiall 6-14
A ol Al Al Slasall (e 1ae Ugad s dpsadll 48Ul Akl Leall dasill dls ye DA
M ”@\d#\;u)w\a&)}\@m LG_‘AJM}JJA
cha\ﬁ]\g@éi@yd\c.kuiu\s_W\C\}SY\%)J@“M@MMJ:\AJ&}J?& -1
il paliaial 36l Glaal (a2 30 L) dpalie dae o) 3 s 320 o LG3) by
) @ aladinuly alSaly dife dlile dpaee JSLa (S Jig aranal e ASEA Ja &5 aadl)
A sllaall 4y o) 311 s LAl b il Al 2
Jshi & Gl sy cpdi iV 5 Al 10N Cp cOUKH Jishl 8 e -2
Gy 8 Laa dadl) 48 a0l Jals 558 alses 2 sl adge (a Adlisall Cansy Clpa 5l
ol 5 288 oy ol (2 10) ST adaie culd COLS aladinly ASEA Ja 2 agall 8 38) 58
Sy a8 OIS ) shal s 53 ae ¢de 5Ll

101 | Journal of Insights in Basic and Applied Sciences



Ugal s il 58U S i aier (i adly 35 8Y1) 5 56y 28lie e Ji) s8I (e 55y (38158 p2e -3
Lula Jaa g Gl hal aladi) 4 clulial) GDEA e 3l Jals Lgini 4 4y g2aa
Sl J ) g nall Jua ¢l Glaal (Heat Shrink) ol s disS ae daasa(Lugs)
Calaaad 3 sa g Camr el Jals (5 AV a5l e 3k 5eSH Ji S @l jle 8 Al -4
il aaall SO @l jlue aadaii (5 )5 pall (e OIS Alaiall Gudi A8 400 S
JEie JS ol sl e diie PVC 48803l jaul se Jah pald jlius aranai &5 Jalaill
GOAY) Gl e
Ol (padd) AUSIN A8l piliil)-15
1 a sl 4Bl zL3) 1-15
i A aaaill As e DA & el el pUall o gl Al 5eSH A8l U] a8 Caagy
Ay 8 el 59,0 Cile s Jaus sl g Apunadtll 21 Y1 da shaiad 48 jall dpans¥1 3080 e alaic V)
el &) IO A yall 400 5 j0il) carly Gaga B0 Cileluh saiy 3 ) 5 (Al
2760 W =6 x 460 W = 4 sall <) ) gt¥) das
At i) 3 5 ¢ (80Y)o ke AUAIL 4IS oS slaic ) &5 ¢ad siall A8l L) alutia) (a il g
aaii o8] g Jie cAdlidall Ao slaiall il S 3 Al giall o8 gall Clia) sy pladiin S AL Zal)
oY) Jalaall 138 (o o5f 50 il g 4 ) jal) cnl il ) Zalza) e 5 ¢ uSlall g opaididl
Aall (38 5 e 5 Aaniiall 400 eI &8N Cliea 5 cclld e 2y s Jurdiil) amy aUaill Ladl) 28
20Ul
Aail) 3eliS X cadll plady) x A8 pall ) sl Ao = Lragy Aqilall 4Bl o
11.040kWh/day) ) = (%80) x 5hiday x2.760kW =
AUaIl 4 giud) Alal) AQIEEY Julas 2-1-15
Ay sl Al 5 Joritll Jlae | Jaii 5 sadil) pUaill 4 gicall Aledinl) AN 50 o
A A i) (e Glad daiall 404 oS A8l Jlea) &y Jiaall (& G sin ) Jln 200 4eiy
A8l (38 5 3aa) 1) Aol Jal g oS ) A4ISH ol o5 el e 21054029 KWh/year Jaill
Al
4 gand) Al sl dalk)
L sis daiiall 4 leal) Z3LLY)

= kwhcu.\\ A8l

Di k h0049—200—k h
inar /kwh 0. = 2029 w

o) san (uSay Lae (Aaiie 48Ul as 5 (S Aadiiia dla s 481K aiaty allaill o dagiil) oda jelad

Lo giall g yuadll gadll e dalagil) alaiy)

(LCOE)&aiiall d8Ual) 441<5 3-1-15

Al 4l A e alaiel &z owedll aUall AalaBY) gsaall sl
(& Baainall LalaB¥) iy gall aal (e 223 315 (Levelized Cost of Energy — LCOE)
el J3A (Kwh) 4l eI 48Ul 3as 5 o2 L) 4l Jaws e (o0 iz 3) Badaiall 48Ul dakaif <l 5o
e aUaill 4 ety 480 Man) dond JYA (o dball 138 Class oy 2Usill ol W) Ll
ABNR) (38 g ¢ oaal 38V yandl ) oda Lganlii) dad giall Ly 5e S A8 s

Alail) A4lS5 e

- = LOCE “aiwl) d8Ual) 445
) Y1 anll IO Aaiiall 8L llaa

102 | Journal of Insights in Basic and Applied Sciences


tel:300
tel:4029

4029 kwh/year. s~ laall & saall Gl:ﬁ‘;(\.ku)h &b adlall L) lbea A8 e dlaie Yl
Jaadil) 3 yid JOA daiial) A0L (<D ddal) ‘;Lu\ o ‘aiu2( ‘;_Lz.\‘)ﬁé\ ;Auu“ e ) il
5 sl

E total =4029x%20 =80.580 kwh/20year

e ball 5 Joanill CallSs Ailaly g ol L13,000 &l plaill 3058 AAS) of ke aay
ok S ol (LCOE) daisall 48lall 4415 (8 43 20 (s

17000
Di kwh 0.210 = ——— = LOCE sl d8Ual) 443
inar /kwh 0.210 80 580 0cC

Cost Comparison: Grid Tariff vs. Hybrid Solar LCOE

0.200 A
0.175 1
0.150 1
0.125 1
0,100 1
0.075
0,050
0025
0.000 -

Libyan Grid Tariff Hybrid Solar System (LCOE)

Ll Ayaatl) A8UY 2605 JSe AS08] 4d (A 45 )lia 3(13) JS4

Cost (LYD/kWh)

Al gl Aai) 4-1-15

Las 5 1600 W s b ansdll d aUail (pe slasall Jlaa¥) e o)) 4k oSU Jlaa¥) joas e 3Ly
8000 Wh/day ('ss 538 d8Uall e gall eDlgiu) 08 5 hfday avdll (ol ol sall 5 58 o)
Aaie) ai Juaall 8 dagie ye Gl ol ae daladll 8 415 pa Glasia s allaill 48 65 ga 3y 32l g
il iy LS 9600Wh/day 38 sasenaill (o sl LY ol 200 Tonsts ol il
5% X5 Lae 11040 Whiday sai Al s = siall oUaill (g G gy Aaiiall 8l o dplusal)
e Clad (ala s ae JalS (S andlly 400 5o Jlaal) 40335 e Uil

gt Jaal) Cidas b AU dadlua il 5-1-15

Aoalal) 400 HeSU A ce ) Cagdd o ai a8 el aUall ) ) 391 Qi
el AT el A0S0 A8 Maals aUail) e Aaiiall A8l 45 jlie o5y oLiaS Aanlisall 038 pans il
kwh/day s> (e lelu 5 B3 il Jal ol 28l Dlgiul Jleal o e el
kwh/day \ei a8 &l il 5 4ol ¥ ld Jlaa¥) dadashy o gl (ungll cuaidll aUail) avecai 3 22,5
A Al Tad 5 AUl aalise Apusd s Sy 1/ 8

8 sl (e datiall ddLl)

50, =1 =
35:5% =100x9773 ASlginall A8UAL Les

= (%)pail) daaluw s

103 | Journal of Insights in Basic and Applied Sciences



Contribution of the Solar System to Total Department Load
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Economic Indicators of the PV System
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Environmental Impact of the Hybrid Solar Energy System
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