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Bp, Statistical Review of World Energy, June 2022 & 2024.

Global Wind Energy Council, Global Wind Report, 2024.

IRENA, Off-Grid Renewable Energy Statistics, 2024.

IRENA, Renewable Capacity Statistics, 2024.

IRENA, Renewable Energy Statistics, 2024.

IRENA, Renewable power generation costs, 2021 & 2023.

IRENA, Smart Grids and Renewable, A guide for effective deployment, Nov.2013.
IRENA, World Energy Transitions Outlook 2023.

IRENA, IRENASTAT Online Data Query Tool.

10.OPEC, World Oil Outlook 2050, 2024.
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IRENA (2024), Renewable Energy Statistics 2024, International Renewable Energy Agency (IRENA), Abu Dhabi
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IRENA (2024), Renewable Energy Statistics 2024, International Renewable Energy Agency (IRENA), Abu Dhabi
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@ Ogtasl) g Jadil) Alaa
196 232d) - 2026 O gamddl g EdUil) alaall

4548 a5 135 MW delhiuly g lill jhhdaih Arbollde j5e @

LS3lia) d ) Jsall ST iy U S al (8 corall Cisla 2024 ple dles
1.29 GW dasy 7L 4da 5

38U 820l Ll il (3o e (o el seS (30 20 % i) s (o g siall (0
2025 sle Jslay uadill dilha g ~Ly )l

& Al yeSl B Ll ZL W gl e Jilsl e Al ke 3 Adana yiiad jae A
Goia 120 km am o iy daclhy dyje Glga (10 ac 2y i3 (¢S Ay jal) dilaidll
531400 GW/h Lealis] iy dny , 38ie 700 N & 5 pdiall pas Jucay ¢ puall A
.800000 ton/year sai &5 SI ausl U e il (ge i

580 Aawn 3l Jin ) dass g dlile Ly de e (e SST jean aa g
54262 Sl S g5 sl @i 5l Gl 2l cilas N ddla) (MW
i e 250 MW 54252

SV Ala) 252 MW 3,08 sadl mids (8 #L ) ddase 2023 ple juae Caaid)
S 3l i g o gl gl L A8l g g e Lge g Waddi e Jaad dediia 71y ) ildasa
1.1 GW adlea) Gy

4S5 (117 MW deUinly dlslal) dalaia 8 #Ll) A8l ¢ 5 0 gl 25 00,90 8
Calia 5 i 4l Sl A8 (e saaaiall AU Cilalgns) 02 81 @d 5 Y 9 G sale 205
2020 oo 820 % s> S

Aalai8V) Apatill 5 oSN (3 saiall (e Jysaly #lll A8 & 5 e lae (B T
LS Lisin 200 GW/h s laie 4l 58 48l 2l gl ¥ 0 (sile 148 43S Ay el
{sdellinly s (il s gaill) e b 2l A8UR) (e 5 jdia cflna Ailaes 2552
ol Al a L dad alii g caaldl g 5 il 82 MW s caandll £ 5 58l 89 GW
470 MW s~ Lgle dlaiall 5 32l

0.63 % Jiie 2023 ale Ll 28Ul 4SSl 8 GBSl oY1 Jial Ly e
acis 117 MW 3% sasaiall d8Uall ddansa ) dlhall de ) ja 223 2015 ple b
el eSl 2l g5 8 Baaaiall A8 5 508 50l 3 5 s Baadl 50,V (8 A8l o Ul Cladla
2030 ple Jslxi 50 % S
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196 232l - 2026 & samddl g Gllil) alaal)

aaly sy Lyl A8UAL TS A el Jsal) ST AailEs ol 1) 38 el 3 smaal) ilia
e 5 yia Jsl 400 MW 508 Juiall 453 7l ) dasse Jiai 5 <2024 ale 400 MW
i O A 3,17 GW S Wi 82 ) gl Al A gadl A L)) 8l
Al 0852026 ale Jolas 1.37 GW d8lay #ly Ao e (g0 ZUWYL el ad gy
radY) Can s puell o s e g il
Zlol A8l ay jlie 45D duadlio ASTaall 8 Banaial) AL ik sl el 5l (3Ll
LG5 <700 MW 338 a5 500 MW 338 Jleill ae 54Ul addl e e j 68

.600 MW 3_a,
253MW a3 ) 28l cya ol oSl a5 g ual&l 58 pall 3 i sl
2024 oo

Bl 8 st O (S Eua Basaia jilias (e A8l U] e deally il sall cudld
Lo sy saaaiall Bl Caagusd 8 5 A8l e ik gl allall (e 35 9% 53 2040
2020 ale A ASIgiuall el 568U (10 6-8 % O
1S3l Ayl Jsall S Aails A8l Culagl 3as g adac 2 522l <) el
Lol dilda s il
2000

1500

1000

I ‘ 500
- - [ | | I I 0
3 $ f\

Q\jl—-_"m

(2022 sl (SETA, 2022) [17, 18] g A8Ua 5 bt LSSila) 4y jadl Jpal) JiS) 52 Jol)

10 9ubgd) A8 6-1-2
Alenll 038 W) e ptiad) AN Al G ALY sy saaeS o g ugl) i
Gk oo SV e s ugl) Jead caalis) AdS gl ) Leie il s Lgibalia
colallS A f A8l anliy ling LS d8Ua ) zling elall 5l sall 5l (AL Sl Judatll
inan Y Ll Tal yie Lalaial 3 a1 o giall QDA oo (sl 5 canli) okt 3lef Le s g
Gk skt Alaia V) 138 an 55 a8 5 i) cliUall Jae Jag Of 4l a3 45308 3a
8 Baaaiall Bl S je b elalall ot LS LY 485 8 (il g 5 jaell 23]
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@ Ogtasl) g Jadil) Alaa
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Gy a5y T g )5Sl 288 cdpunaall ABUAY oty dalii] 84S 50! Basiiall Y )
12.5 % e ST aladiuly < gll il & 450 5eS d8a ) 4l sais elall (e Cn gl
@l e Jleall J) L Cus 2K gile g Gile aal B o omadll pladll (e
e 53 Lt g aiaal) 358 1 055 O 4l 58 3 Ul e (o el i | AdlKil)
ailall aal 5l axe e Alad Al 5 AY Baaaial) clilall e Ley (358 5 ¢ A
39.5 daSall Cumad dpgiall L) S by 7l )l A8la 5 Apuedd) A8UIS 5 8l iy
sV a3 & Jlsall Cm g pmgl) JE1 (s GO el g g piie gl JY 53 () sala
pshi ile ] LS <2030 ole W sty JaiS o il (a5 <2027 ple Jsls 2000 m?
e ll 160 drs 5 3152032 ale Jslay 40000 m? AT Jlse G s 2 il
O A sindl 4 oS 48Ul 5 Aeliall 5 3 )laill 5 ) 35 Cana gl 5. 2040 ple Jslas ciasa
o DT R 30LS 3 i3 50 800 4ena Qi e Jaxin Jlse (a5 38 AL S|

REPYCA RS
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Sl Suadll
dg gaal) 4TS oy ¢ sxad) J juall & )
(Larial) ghal) g1 ))
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(6539 22009 Ll 201864 5 5 21, 22, 2372 S8 J Jaal) -1-3

S Janiaaal) Ll 3l Je 30l AL pslaal) (e pheas 3585 8 (g gaad) 5l
ol S jae sl Jall 2 g8 1 il JpaS Jamian O (S g il gual) (g ga )
Il S e 8o ol Jerion () (S s g ie 08l 53 (gl J jall 4l Jilas 5o
10-100 % ¢ g osh i Asma anaiy g i) Jpal) e Jaliy
Clapual) i) e Jliy Lae 68511 (5 ol & uansSY) e o) sina 65 ) ac Ly
GoAIl Apala e i D (=15 el 0 xS 5 sl 5 (2SI ST galal o) 5l 45 5Lall
SO, /SO asil (e Jis Laa Tan Uasess a3 W) i€l e (g gimg ¥ el
Jala dyis S ol JSE AN Allal) Lgia 5 3 (e alail] dlanisall gy ) ellas
3 il dilee Lgd (5 a3 Cua ddgdaill 2@l o) gl aal Fliy Jalal G i) S .
b gl Jia uilaie Jas s 253 525 Jsibgonl) Sl Sy 5 Jsiltiaal) Joas alasiuly
odlaie e Jay ol g glSI i gl 5l &l
¢l J 5l Z U} &l ghad -2-3
(5SS (S gadly J s3all Jaliy o sausll ) a0 dine L1 )
il ae 60 °C e 2 giall ey 3l Jelds (Y
AL 5 O yeala)) Juad ¥
ainll g ladall clally (g oall J5pal) Joe £
2l G e (mitai s g8 sl il jlnd) Blgiul (B b gl (g gal) Jonall ey
Eilasil (283 5 SO, Sl 2T AU Sl Slai) 258 5 a3 5 €60 Yo Ay 5280
3adaie 4y yhaall i gy S 5 Hagll Cilail alaxil 5 10-15 % dawiy (50 ,S)) 20uST J 41 5l
dsds il Ol e Bl 3T g 5 050l S jme yee (e 2 3 Lae il
(2000 <48 5 5 (i ) [24]. 285 10 (s a8 ) 4l 5 €220 g epil JSGy A gla g (Jaill Jo8
(A Clual) (G5 8 Ukl i 30 455 5Y) 2l SY) A 48 ol 5 Jialy
de 5 Hsadiy ol jaall de ju jaladil @il (5 giane (aldad) s dllall da 55l Sy
Al gl ol il oy 5830 e 5 85
t(g sl ) a8 gLl (e sadl) Jand) -3-3
Al a3l e e s e (Radl) palea) Jiiae i) (gl Jpal) 285 gl
(ofiline Gilla G cbygeall Jod cuy (S Jeriall s aaal) Gaedll ) <y J5Y)
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Al 5 ey Al Jiliae Adlide dpena o die duilatie e G e dga g ade g2 9a g
ALY 590 900 3G el jaide jug 65 °C A5 ) a da jo g Adliaa Jelis

Dt aadind Al Al s GinaS o suli ) Glele caaadin) Y1 ALY 3
alle Siaall s (sl o Janall o g0aldll 38T (e (g 580) puilaie e cla
(Chen, 2012)[27] Axsilaiall &) jaaal) aladiu) @ gie

A s Canasy o) il Lia ol S llaima (e i dilaiall e 3 jaaall 5 i)
dut Cllae N dala Vg ¢ aall gla il A sgu s G ppndal) G2 5 sl J ) Jucd
(gl ol Z8) @l glad 123 JE Jiay (5 ganll J )

[28, 29, 30](khemnath, 2022- Micic, 2014- Overview. 1998); 5_iwy | Jel&

OCOR HO
CH; KOH CH,
OCOR—HC  +3CH; —OH <(———> HO— HC +  3CH,COOR
\ N
CH; CH;
/ 7
OCOR HO

Shin L sl Jelic
i B TC
— o
[y Tm— J; ) 3 paay e
" e oY
g i
AW Y
(s iy
il S35

5l ol ) < ghd 1-3 Jedd)

Jpall @) il gall g iy g il (5 gall Ol Cilial sa Ay
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s Jeadl Gl glad

)l a i ey 3l 8 a3 elall g 31 85 °C () ellgiunall Ll iy B cpdud o
A&8/5 5 33 900 Ay &b il aa 65 °C e il Al Jelal) 3 ) ja A

Sl (N e s il A sanli sal) 28 S JSGAN KOH. Y Jsiliall Caal
U5 1-2 % O p sl sad) el 5 e (0.1-0.6) O s ) 55 J silinall dpanas oy

CH;0H + KOH — CH;0K + H,0O

Jil a5 (o) sk JSi s el Caal Jelill jaind gl sall 2 gine d8lia) 2a
St ¢ pealall (A a5 (5 sanll 50l oo Llall ¢ italall crabead Ty 5 (3383 aans (e
ial) g ol il Aplaall Coni) B plaall elally iUl (5 gaadl J 3l

o Janall p gnlisl) ausSh (g (580 ailaia € il Jhaa ddlaly 4 jail) e
On OsSe pilatie e AT Giss aladiul Ala ae gl i ol o38N (e Jala
G s Bac ) 5 5 4 jlite glial) il (g gdiall jliazll e dleaal) Gulaill s ypasd) 3yl
O oladl aladiul gal Cauaill ) Je Wil (e ) (adsil @lldy 5 cdadé 15 min Ja Jelidl o

900 43U <l jad de yug 65 °C 4L 3 ) ya Ax 3 die 50 ml glleall Cy )l aaa
5kl 5 i) Jeli il 123 Jsand) Jiay Laan 1 9% sanali s il le A g (885 ) 52
PABD L 5 Joldil) 250 pe oluas a5 i aad )50 S 3l (g sl oy (8

100% (as8lis* cuy 5l ana /a38S * (g guall J j0al) ana) = 253 yall
Sl Guadl) ) 9 3 Auailaial) B julad) 3 ) il 1-3 Jaad)

= 2 = fJd Al | daaaa A

% 3555 ml -Cpopenlall | ml-s sl J 0 w(u.u)/djﬁ;ﬂ)
74.9 15 40 0.1
88.05 13 47 0.2
89.9 13 48 04
89.9 13 48 0.6

o e Ml das 3y lise cilSE KOH e U5 2 % Gl 2ie ool e
KOH 5 Ui5% 1 e Slel 58158 aladin) sasdll
ol Jopall ¢ ds py S (B <y ) Jertsal) el )l g0y y aladiul il
Ol 8 (/U 5aS) L Juadl 5 Jeldill 250 0 (addil ¢ ST uadlil) oy jandall
5l ada 0530 min Jel e s b5 1 % asali sl Clebe A5 laan 0.2 % (o2

.65 °C
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353 30 S8 A8Lal) Ja g 50 i die dan Lygea J 68 3 bl Alla e geilidl) e o8
il Ay aef aaal) Gualll g0 iy of D58 oS JUIL 77,6 % 55l Jelis
sy e IS () G JoaS) Al s e 353 all a3 2-3 S8 e gy i
358 5 A0l 5l pailadd) 2223 Jsaad) ma gy i il o Jastisall 5 2aall (el
(88 a5 8 Auslaiall 3 pladl 3 53uY) e ) (g gaall 3l

0 0.1 0.2 0.4 0.6
P PRGITET/S PN

Saxiaall g daall Guadd) ) g8 3 (g gaad) J5aal 39350 S (2-3) ad ) J)

L (g gaad) 5l Al 3dl) (aibadd) 2-3 Jgandl

Jatione (uad 190 Cy) s Gwad gyl s L Jg Sy pailadl)
0.86 0.852 0.88 A kg/m?
5.23 4.28 4.92 mm?/sec -4S all A 5 31
32.9 34.50 29.29 API gravity
334 333 335 T90%- C°
49.2 50.87 53 (ASTM D976) lisull o8
61 62.5 63.5 (ASTM D4737) izl yiisa
113 110 154 Uaxll ki - C°

olaiall ye Slaall juaad S5 duiaiall e b i) ae duilaiall 3 jiul) il 4 i
Sbarll dine (e Jliall Jela s Gun o(0l g3l81 o laal) e Aleae Az 2ulST)
bl elally Jut 5 i) a5 <48 hsaad dlana [ % slall ) oIS (men J slaay Jadis 2l
Cadaill a5 (2 -3) mm ki (1-2) em Jsby Slaae JR5 e Aiaall S A
& oS A caiat 8 B 150 °C 5l all ds die Caia ol sell 8 delu 24 32
o el caa ) il A3y play Slaad) s ¢lld a3 (800 °C Aa ol die (3 ya o 8
(il e s el slally Jansill 5 rndi il aay g Agilall Gulaill <l i pala 5 Adlad) sl
5 all da 0 die QS 5150 °C Aaall vie (55305 50 o3 Yl ol sell (b Jlial) Caia
4h32300°C
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ARl (5 sdial) Jlcardl e dlasall (ulail) g paad) 20ulSH) Sliadl Jaladl Capa gi
olaill 5 aaall 20SY 4 giall Canal) 323 Jsaall Jiay ((AAS) A paliaial) s
Dlea plasinly 4ud 5 209.95 mY/g GSé sl o gl mhadl Ll ey piill aay g I8

.Bet

Gl a9 @ Jldad) g Jalad) Jillad 3-3 Jgaal)

% Aizall sy gl Jalad) | Jas/(Fe203+CuO)
Fe203 10.10 11.2
Ti02 3.45 3.66
AlO3 14.67 15.20
K20 0.12 0.15
MgO 0.67 0.58
CaO 2.87 2.43
SiO» 51.36 51.9
CuO 0.89 1.47
P,0s 0.9 0.92

3y Jelis 8 didaall o g il Juadl vie duslaiall e 5 el 5 i) Jelis 5 al
oalias) bl & yelal (pH=9 0.2 = o3l () Jsasl dianal) duil) G Al
Al pe 4 lie ) g oal) Jopall 580 55l oLy 55 Caaill 1) 5 i1 Jelds o)
D Al Cpomndall e (g sadl 5l sk Juad 35 508 Ao ju g uilatia s aladil
Lol 8 ahaind fac )y Guilaiad) je sl Cilea G uall 038 JS 63 sama 3318
Alaxivedl of saaad) ¢ gy 3l 5 yaladl 3 5in)

paal) el )50 3 Ailaiall g i) e il (g gall ol 253 5 (IS
5 il Alla e il &3 lie 515 €97.92 % Janiasall (el )50 <3l 54¢99.06 %
87.51 Y ey mddl 353 5all YIS uilatia e Jar s 3 ga g0 2l by geall J 58

2 Glia Hiae s s dlla Ul g al) Jonl) (aibad dad 4-3 Joaall ek
8l o gl (5 saall J pall lisadd) o8 5 5 da 5 315 AUS 8 alias) Jas ol G puilaia
038 5 ¢ae sl Adad 3ol )5 cilaiall B lall 3 yiul1 Ala e 4 )lie ¢ Jariiasall Cy 3
oslaie jiaa aladiul A e Juadl Clical go gl g guall Jpall Lo ial il
[31]SNL 2015

bysgasmgaie gsa s Gilla G uadlill G sl 5 (g saadl J 50 (3-3) Sl
ol b oy g alasdind (gal w0 J o) 48lad sl 5 JSG jedad uilaie ye Qlia
B Jelin 8 uilaie
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ouilalia i il s s a5 a5 Al b (g gl J 5 4 Ea (3-3) Jedd)
Guilaia e s aladiady 3 ) 3 i) Cpe il g giad) J Al pailiad 14-3 Jgandl

[31] Azl ddial 5l B bspadsd  detieepaad s s sl i oaibadl
0.85-0.89 0.838 0.859 0.8504 g/cm3 A
2.3-6.0 4.1 5.06 4.18 mm?/sec da 5 1)
= 38.98 33.207 34.89 API
Max. 360 334 335 335 T90% °C

At least46 EN 49.8 49.46 51.66 #AASTM D970)

ISO 5165:1998 il
Atleast51 EN-ISO 63 61 64.8 el g
4264:1996 (ASTM D4737
Min. 100 120 120 115 saasll Aads
Max. 0.8 0.4 0.3 0.2 Free Fatty Acid

mgKOH/goit

il sroa a5 o Jo Ll a5 LY 4GS 3y 35y 30 ) Jsasl) (e Al canll - @
o sl Al (dali 5 os gaaldl J ) 0 S5 8

Jeldl e g o JsaSll g a3l LAl dualadial) je dlall il jlasdl Gy o
Crrmalall e 5l Gt 35 ccaatll ) dleall o 33U (g 3 a5 63 i)
Lalas 5 Tas T il Jpall (IS5 dan jpual e g

Adle 481K e da gliay podiuall bl Hlially iady @

Aoallall Ll @l il gall pa oxiiall (5 gaadl J pall sl il sall il o

Ol ol Jally b sale o e Ja sa s Lol Ll (s goadl 08501 108 yiiny @
Ional) o Al (s s S (g S5 BT Al ) A B a8 s
T (58S Sy i (815 (g 5y

IS jae Jand Ll adany Lo e 5ill 5 apniill e 55080 (5 all J 3l sy @
oslu s e S
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& A Jadl)

L (g 38a) gl ad) Jiailf cpe 3 g8 gl L)

Aol

“
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tdadia -1-4

«(LDPE) 48Ul (média (uliy) ol o (oaibaal JS50 ASaindll) cllail) o o<
258 dad Jsdls ((pp)oslsn Jsdls (HDPE) 4GSl e ol (Joall
il (Jsall & (PET) <Y 55 ol (a5 «(PS) G Jsdls «(PVC)
[32] (KAPSARC, 2024) 4Ssins Sl lal (e €Y1 ¢ 5ol by g Jdsall 5

Ll 8 Ay e B3l ) () Adamall G glesa gl ) g allall LS d2e B30 ) Ry
1.5 Oe itndll (g adlall Y1 312505 L la ke 1.3 () doail e giall Adial
Al (5 3a5 2018 ple (A b sale 359 ol L 1950 ale A b ol
S Gsin Ob (ade 250 e ST 080 ais cciladll s Al pUld Byl pla Y
il 8 5aY) per et b s (Ol 9e10) 52 e Al b Lgmy 358

Go einsall Galiil) (a AL Al gl 3 i Al (8 e O S i) o Ly
A s L sl s Lellas vl o Al 5 pam S Y aall AUl | jla Tyl Sl il
By ¢ 3 gaall Jlall ;Sie V) (oamy piady ¢ 5830 s Bae (5 pxiad Of (Sang
clall Ja clll sl il o) adl dlaill ) sl 3auSY) dplakl)
rie il skl (ld AT Aals e sl o ay Janay oS5 dagdal) o Al 280000
Jail das 4 yill g elall g o) sedl (8 L8 oy Al Y sadll ¢yl (caly 51 o o 5300
sadiy o gall g il A Ao 5l i Ledalasd S Y JSLEe et DUl
[33, 34] (Zhang, 2022, Fucic, 2018).42 ) 5 slsall dae 43

chal o sk (i cplal) 488y adad ) Sl el S geall Jlaill Jsay
ALlall 35585 o Sayy clamally Slaall B e Lo ey ol pmall s ey
Al

Ol s ALY gl all Jladll Jie ASaudll clal) dallae L 23300
Sapaill 5 gl pall Jlaill s (o i 5 oAl 2 5a) 2585 ) Sl s Jy sl
Sl g o(illapmall) Ll (ilae b Gliwdl) ana Juli e 3 0l o Sl 5 ) sl
Ji CallS g lle gt 80 L4S) i Ledl el (e a W) g ¢ oualdl) (5 guanll (5 50 S (5 sina
[36] (manda, 2021). S 53]} Jia dail ya 35l s a5 zlind lleny i Jlie die s

(GalAll e 5 s s ala Jadi 5 g san ) () Ll A S Slaudll Jy sl Sy
(Jeldill (ya ) Al g¥) 8ol 58 i egpindl) Jona tfie dleall il e 55 cCpn 50
bl g 3aall ol yall Jadll &) g8 Creadinl A8y B lal) Jalsally (Jeliall & 6
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@ Ogtasl) g Jadil) Alaa
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el S jae (o0l s3SI 5 Lia sl 5 Sbndl (e e 353 53) Adalisal) iUl
L3580 % (A ASaudll g i 2l Joag g

AU Uy 8l Joall e J8 Gl daey el daill cu ) Sl
(Damodharan, 2019)[37] .csie) 3 _a LS 5 ¢ Jlaiiy)

Ly ¢ Sl (gl pall JIaill ) alatind e e g 5 il ST clilagil ¢ oS5
D) Jaial S i ye (S ol il 3y dmiiia Gaal) Clila
Il S jae (A Al Jany s 5 5aaY)

Gl Jasad Jgn Axal pe (williams et al, 2009, 202D)[38.39] Cislll Gany 5 yal
salels o yiall (5l yall Jladll e e so KU A 5T CulaY) 5 damn s ued) S AL
& 515 deliall aranai il 8 Cany s o(Hlaall as ol Cpaill) AL (5 jiadll JuS53Y)
5ol m a0 O M dea i g s il a5 s g Apali) e Juanill Cag yla g éaall
il (5 ) el Jlaill g gl 5l Slalall e Jiaall ¢ 55 ge i ) L Zlaal
At s S A il i) 5 (s gl

& peen Loy ALK L) (e 8aELY) 5 andaatl (g g 928l LAY & seda (Gaadat o
330U AU 5 sleal) il o Aald g A gr KU lilani) A (add g 02 ) sal) b g

vty aal) Sl 2l 8 dlgiaal) Gl e Ji 4SO cllall ) exisale Y
O] Ao DU il SASY Al Jom A0 60 sa3 calad ) sasiall ae) el
417 (2024 ¢8I Eiail 33a ) ,e\AAL.N\ Lﬁjl;i Sl e sl Giled ya)

Ol (8 A Rl ol ASaal) palaBY) 5 dind) adliall Jga Al oy yal
Oman g Aaladl Aaall Flea 8 agaad 3 cillail) 5 oY ALalSie Adad (pana Glld g (dy el
gl a1 a8l gl Al 5o Caalll al8 DA (e 138 5 cdmgadall 3 ) gall () gam g (Sl Jas
a3 (8 dalial Apaad) 3kl (sl @kl (o ) a8 SOl cllal)
By Aalriveall dpaiil) Calaal (3iad A el Al Clllial ae s Sl i)
Ullae ding Ay pall (el G Dl i) p Uy ghas o ) Al Jall 038 a5
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oaaall (i g W ol sle g g o gaial¥) addd 7.6 Jsdl
i il Aglee 3150 e Jsanll & 5 alil) alad) J slaall i 55 a3 Jelall elgiil any
8-6 JSl L LS e spial¥) calall (ylanall A3l Srndll Cidlall adad s

JAIAN (e a griall) alal didagal) liudlyl) adid 8-6 JSAd)
e G 5 JalaS (25 %) S all st sa¥) Silele Jshae Al Aali ) ) Capal
Sle a8 edla UG e sniad¥) Glele ) e Jsaandl el jail) pe Cilai
osla Jin shiall elall aul N Jue o e 45 ) g g Adin el dapie mad i 48
9-6 JSall LS | o sl sl sl slall IS e Ll (40

G Al 2y g OB (powial¥) ilpla) JSial) (eadlgd) Gaal Jl1 9-6 JSY)
aaail) aay Aall s HI (5595 100 °C Al die Candad o 8 8 &S0l 2Dl Caia
o e(fiel 3ae 1000°C A e 3 s Gl j3 die 4Dl ) 5 ddda (8 dxada g 220 o210 il
A Al Aabaall 8 5 aee il 2y Asiall o siadV) 0T ()55 92l & s
2 AI(OH); — ALO:;+ H:0

‘ = S
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sl e A Al (SOl i) As 8 (e Al jaiae (i (gal 4a8 58
Zll Jane G 1-6 Jsaalls asial¥) 2l e Jgeanll &3 Gon g ynel) Giils
335 Joxe cp 11-6 S5 2880 15 LV sm Jeliil aind Cum il (5 5el) e
el ae (a5 el
Gl aa g gl BN Jara il 1-6 J 2

16 12 10 8 6 4 2 t (min)

0 840 1000 1040 900 500 100 V (ml)

0 70 100 130 | 150 | 125 50 | Q (ml/min)

160
140
120
100
80
60
40
20

0
0 5 10 15 20

Gl aa G g gl (BB Jara 1116 Jsl)
241 + 6HCI — 24ICI, + 3H,
2x27 6x36,5 2x133,5  3x22,4
6gr X y z
x = ZE08 _ 94 37 Jelill o D) A il jmeal) 1S

2X27

y = % = 29,67 gr 43l & il & i) ) oK mle S
_ 6X2x22/4

z=—"""="7,46L L kialhull (s ndl Gl ana

2X27
37 % 4 ) sl Ay siall o 51,19 gr/ ml 48ES Jasisall bl [ 5IS men i Ly
Al ISl e Lola 2555.12 ml 5,38 Laas (meall 00 24.3 gr il o 5k 48
0.37 x 1190 = 440 g /L

24.3x1000
4403

=55.12 ml
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e Glaaly @y sia Sl cuadll 335wy Jelill) o Gl Bl ae o gaall Glua g
OSE Gaaall (e Gailh pa Jeldill Lo DU das)) dilia) o3 dleldiall o spial¥) dpS JalS
zuald 100 ml i Lhiall eladl ey JalS JS& Jeliill & gan (laal 65 ml aaall
.65 % vol <sbadll (meall 3 i3
Glee 5 Ljlai Jelail) e il o ial¥) ) 518 aS Ciluaal
G ¢29.67 g o psial¥) s mle (e AUl sl Gl aa AL Asbaall (40
A Aslaall o 25 9% 553l 53 i 5] Cilela e Lgilelia
2AICl; + 6NH,OH — 2AI(OH); + NHA4Cl
133.5 % 2 6 X 35 78 * 2
29.67 X y

29.67 x 3 x 35
* =T 1335
29.67 X 78
e
SN (.88 g/ml 48ES 525 % o 1S 5 ¢23.33 g 4dila) a5l L sa¥) J slae daaS

A (e psial¥) IS le ae Je il lacal aiilia) aal ol anall Clia Cany
:23.33><1000
220

25 Y% 038 5 o sa¥) 2S5 53 Jslaa e 106 m o3 aaa ddla) iy )
2S5 3a) ianl 2Ma JSEE (125 ) 2S5 el (o diaild 408 ddla] s N
8 AR Apiamall i) ) sy (mld g5 (ks Lsdia Jall 138 (S KUy (o sl
(100 % sl o s3ial¥) ale 5 ga3) Alaniusal) dpe gial¥1 byt (il SLesSl S )
(28l Ol el s amd o3 Griaiall aee e ) e sa anall 18

o)l (meall ST gl e o gla ia @l e mae el elally i) Jal) Jue o3
ol alie (35 Jleatindy ellb o @33l o3 5 Jariasall

& ¢100°C Al vie Cadaa 8 5 pdall Bl e da ) e Al Cidal o3 Laaey

= 23,3 gr
y = =17.33 gr

X =106 ml

351 50 ) (8 3 S i 1000°C Al i € 5330 p0 ) Al i
:3,33\33\ ZAEPA e I:UJ‘“ Gﬁm\ A;mSj‘z’\ 3_1.45 cls ("3 -?J:"."J\j\
2AL(OH);—~AL20; + 3H,0
2x78 102
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YT ax7g YT
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88 % (s Aleall 353 50 ML 5L 8 10 gr oS8 pubas ) e

il o) ya) ang AT diana pualic 35a 5 (e S 100 % L G 2008 51 138
LY aladiuly Jilad el ja) ang A8 4 Aid) A8 paal casialY) adal (5 jeaic
31 a Cila )2 tie 4SS G Wl g 5l (e e Y1 e 4l Lale (i) anSBU Al
Badaie Gl e Y Allexiusl (a3 S Alias dad 93 e 48 ) a ) paany Aadl ye

Labaial Coplall jelaf Cua lale Lina 33U FTIR ) pead) s xd¥) Cada Gy
Opalaial s L V1 8 Lk sl Taile 3500 Cm! asall 22l xie g8
Opabaial s -OH Asia s m Jals) a5as 238 1400 Cm™! 5 1600 Cm! xie

. Al-O iyl )l LalaieY (paile 800 Cm!' 5600 Cm! (s sall (paanll die (g je

4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
em+1

el doy il el a guial¥) a0 £ aad) coal A sk 12-6 JSA)

' 'L4- 19 nm
‘ L3=27 Am

6 =27nm L5 =27 nm

4 il Sy g SN pgaal) o yedil LaS Lale a gaial¥) daniS i 13-6 JS&d)
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(032 2ol e o3 Granade WS ) shaul JS5 e Cpiana Cplelia (e 45 5Sa
AR u'a.a;l\ & :\%}\.\A‘Y\ C'_!\_J\.s.ﬂ\ ¢L§ Jelas ;\);:}( JJ;Y\ Jelad atadl ({3

I Jelial e llaiad) G s suell asant s a5 () RS AY) Jeladl

55 eV delaadl e ) s stall Cailadl 8 aSaa el 53 5 e daaila 428 Cilaa o
Jelid) aa caie il 7 5 Al danadiall Aaidll e 5 pula Capial yie Jeliall 138 Jias
Allie 32 Glaa) e AU Jelidl po doall &3 ddiatic i elall g siny o3 U
) o shall il 8 o Al Aatd g ciaal 5 calalll 3dy yhay Al g slal) e cilall
daidl) die U galiay 3530 AT ulad gl Juagy dhrn Gulie S il Cuaiad
Seall w146 ) J<ally | A Jelad) e g osuedl e 75 Al dacadd)
Alas SOl il ¢ ja At a5 Llas aiadl)

Llas aiaall jlgadl 14-6 JS&l)
&) (o 5eY) lele) il Jale Adlia) Ao JSal) sl I 15-6 JSEN G
O s oY) Osllh il Jedyy Jeldll e il asial) S mle Jlae
Ol aal 1000 °C Aa ) ie e ji g adiady alu 3ay (K15 cp sial¥) 2S5 Ham
Ala ga aladiuly Ay il ol ja) ool adde Ulias 53 4y oo CdA e ol Stk
Ja Al JelieS Lariiuall Ll shaull) (ae o el Jelii Y dlld 5 mi s doala
Ciliaal) aeall 8 aaad) Gase (e e Olsd 4lSal 8 UL capaall (aee LS i b
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Ol ¢ ladl 5 Jadill Aatiall Jsall 8 saaaiall A8l cilelin yy shi dglee #lad (jlaal
O Lys a1 yel asy 3a0aial) A8 jalians aladiul apaiild ABlae iyl 5 Jalasy Janll
ek s Sl dd g sanaiall A8l (5 s 8 Adliall e Jall elli 3ac e 4ils
Adglail) )
(e Ae gana (iadl @l g saraciall A8Uall Jlaes Llxd Lalaia) o slaill (udas J 50 5o
(3l jolian s daadl Sl ag s 8 soaaiall AU jaliae 50 a8 Lgaaf i) il
Fladl s el (e aall Bl 5 el Jall g3 S e Slizad
1 53l
Bl (e AT HaasS Al 2 (5 stue o s Lale 53808 580 s oLl )
Az oall Glall Galea 1 Ja W ) S5 axe (N Adlall gale A pall ol oS i
L3l i (e 8ol 5 Jlanall 138 3 Aadiiall J sall e aled) Jalll ) sladll s Y
8 gloall (b Ao Tine @lld o) & o Ao 40 gall culelalll g el gail) de JSIA (e
Alalid) dadid)
Aoyl <l jaill @by g A8l BeliS e D (il ) jlg Aali p dalall de i) Y
(silasbaa allail (il g
aaaial) A8l A 8y Ao Liall dpaiill 3y ja3 8 (alal) g Uadll ol y3) ¢
5 clgad ol g Saa¥) e slasy) saly ) cdaaaiall d8Uall ol aladial saly ) 0
Aall & gl AL CallSl) duzaddig LY 4y peal) ALY A8k 8 jLaiiaY) saly )
Al Ly 6l 300 5 Caany Al&l) 48U aladtiul (pe aall
A guaal) 5 A cllaill g 5l yal) Jlaill 485 8 Aens & say g ilisl 36l yal 1
Aalle 4000 5 561 5 (5 paa ld Auilatia ye Aalia <l Jles aladiul 5 o AY)
lerrand] S je 2aad (G yha e Aleatiial) A8l & g 3 DL ClaaSd) (e BalEBLY) Y
Ao bl il IV s Ml 5 Lea e il gall goaidill édpalin Jlandy
Al e ) 5l haliall () daai 4 gudand) e juedil Aliie Gl g apinal A
Ol ey Gigh @ G Al all SV (e dime gl A2, 4
dallall je oaml Y1 8 el (gsall O pial LA BalS Lgaladial
alaall o1 o2a e slial Tk dyans sall e ) 30
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Aaalal) Aadll caile Jda s deaa 3 ¢ pan (o Aaliual) patil) (38a3 A sa0aal) A8kl 6o
el — (AU daall -l ) alal) Jaliad dala — 3 plal) IS 4 Hladl) g ddlall & ganll g il Hall
2023 s - &N
0 Sl A5l (SRREN Fliall a1 (e ol g 320aal) A8l jalaan lis (alall o 3l
Youba Sokona, ISB 978-92-9169-631 — 4, 2011, IPCC gLl L dyiadll 4353l
.Ramon Pichs-Madruga, Ottmar Edenhofer
Lagall ve adall JS ) Aalviveall dpeiill sl oadi jied JLAS saasiell clillall b LeiinY)
2019 el @ sle 5 4 jladll 5 4palai®Y) o slall agae Al G puall 5

3l ((GCC) 2l o gbatll Galaa J ol dalaional) Apatil) (gua% A s g2 582000 AdU)
2013 6l daals ol sall Glaf Gliae 3 ol Ghagll Al 5 dpeiill ) (o kil

J15.2015-2030 alse ) I i 3l dalyiceal) dpaiil) (3aiad A LBl 5 3axacial) 48Ul adl 5

2016, ISSN, 2353-0480 ¢« _jram 0yl cdaliaBBy) bl jall ASall ddsa 3l o

B Gaaldl Al 3EYL Jise dsas 5 ddmall 5 Ll OH A )l st dlee anli

2014 ¢ N e 4y 53l g eailipadat 5 ) 5alll Ssanl (el sgaall (300 daalas i 5 H2el)

2eal QA e 3 coaaial) cldlall Chay Bas g Ay gall/ A8 dgadl) Basatiall QUL esala |

2010 cgJ).\;j\ 2aal (e 2aal 2 cgJ_,..\_;J\

Union of Concerned Scientists, 2014. .

Paul Scherrer institute, "Data for Nuclear accidents Modified to Reflect Unscear .

Findings/ Recommendation 2012 and NRC Soarca Study", 2015.

s ol agle g ALaBY) o glall IS cAagaiiall At (3883 8 B2aatal) LY daaaly oo,

@ngj"mhab)q\)ﬂ\ 2011 cJ\Aa;ﬁﬂBcﬁ)a):\.&c

World Economic Outlook (WEQO), 2004 .
Lol sl e Leia Yl 5 Aala®Y) Aiall ey jall Ahiall 8 clalandl 5 ey ikl Baaaial) Z8LY

2019 -ESCWA 1 5Su¥) -gasiiall aaY)

International Renewable Energy Agency (IRENA), Renewable Energy L) 8.

and Jobs, Annual Review 2016.

) Al elaia¥l s gaba®y) 5V e 5l Gaiadl 28Ul 501 5 saaaial) A8l 53

2023 <56 2221l <Euro-mesco _L“g)\,pl\ L cdialiall Blia cQJJ‘Y\ Lﬁ

SEIA, 2022 .
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ol e 5015 el el Sl caaln o s 3 5 S0 iy ) il Ll AL 1
Al

Aaliae Gl iw ddlall Culai sas g Y

3sena— pali dlne O 2 dlaas (s e 3 Lglaladiul g b jabas dlnd) 43kl QS Y)Y
2018 (el pad

Canll o gll S8 pall ey sl me a0l (uiga 2 il g hlA) 5 BEY) (g puall 28 YY
2009 Azadlell 43 ¥ ASlad) | ol 2LEYI

5020 ste -duns dena ol dxal e 585 30 dilne Joa olae] canmial (g pal) 350 VY
BYL (IMF) (sl 60 (3 gim jLiise 3 sanl by Al 3 el Al 5 ISH SLaiEY)

Biodiesel CO> emissions: A comparison with the main fuels in the Brazilian .Y ¢
market. Christian, R., C., Jodo, Andrade de C., Jr., Jos¢, L. S., 90 (2009) 204 —
FUEL PROCESSING TECHNOLOGY 211.

Advanced Chemical Reactor Technologies for Biodiesel Production from .Y©
Vegetable Oils., Lugman, B., Istadi, 1., Purwanto, P., A Review Department Of
Chemical Engineering, Indonesia 2016.

Stratas Advisors, A Hart Energy Company. Global Biofuels Outlook to 2025 .¥1
Paul Niznik. Biomass Research and Development Board, Technical Advisry
Commihes, May 20, 2015.

Improving biodiesel yields from waste cooking oil by using sodium methoxide .YV
and a microwave heating system. Chen, K.S., Lin, Y.C., Hsu, K.H., Wang, H.K.,
Energy, 2012; 38(1): 151-156.

UFOP. Biodiesel 2014/2015: Report on the current situation and prospects, .YA
Berlin, 2016.

Influence of reaction conditions and type of alcohol on biodiesel yields and .Y4
process economics of supercritical transesterification. Micic, R.D., Tomi¢, M.D.,
Kiss, F.E., Nikoli¢-Djori¢, E.B., Simiki¢, M. Energy Convers Manag, 2014; 86:
717-726.

An Overview of Biodiesel Life Cycles. A Joint Study Sponsored by: U.S. .Y+
Department of Agriculture and U.S. Department of Energy. May 1998.

Biodiesel SNI 7182:2015 System Information Standard Nasional Indonesia. .Y
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Pyrolysis of polyolefin plastic waste and potential applications in asphalt road .Y
construction. Abdy C., Zhang Y., Wang J., Yang Y., Artamendi 1., Allen B.,
2022: A technical review. Resources, Conservation and Recycling 180, 106213.

Potential health risk of endocrine disruptors in construction sector and plastics .Y¢
industry: Fucic, A., Galea, K. S., Duca, R. C., El Yamani, M., Frery, N.,
Godderis, L., & Moshammer, H. (2018). a new paradigm in occupational health.
International Journal of Environmental Research and Public Health, 15(6), 1229.

Plastic waste conversion to fuel" a review on pyrolysis process and influence of .¥®
operating parameters". Murthy, Krishna, Rahul J. Shetty, and Kumar Shiva,
Energy Sources, Part A: Recovery, Utilization, and Environmental
Effects (2020): 1-21.

Thermochemical conversion of plastic waste to fuels: Nanda, Sonil, and Franco .1
Berruti. a review." Environmental Chemistry Letters 19.1 (2021): 123-148.

Damodharan, D., et al. "Utilization of waste plastic oil in diesel engines: a .YV
review." Reviews in Environmental Science and Bio/Technology 18.4 (2019):
681-697.

Onwudili, Jude A., Nagi Insura, and Paul T. Williams. "Composition of products .YA
from the pyrolysis of polyethylene and polystyrene in a closed batch reactor:
Effects of temperature and residence time." Journal of Analytical and Applied
Pyrolysis 86.2 (2009): 293-303.

Williams, Paul T. "Hydrogen and carbon nanotubes from pyrolysis-catalysis of .V
waste plastics: A review." Waste and Biomass Valorization 12.1 (2021): 1-28.

Recycling of consumer dry cell batteries, David J. Hurd, David M. Muchnick, .¢-
Michael P. Schedler, and Tom Mele, Noyes Data Corp., Park Ridge, NJ, (1993),
276 pp. [ISBN No.: 0-8155-1325-9].
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Adeniran, A. A., & Shakantu, W. (2022). The Health and Environmental Impact .£¥
of Plastic Waste Disposal in South African Townships: A Review. International

Journal of Environmental Research and Public Health, 19(2), 779.
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Algerian News Agency, Developing renewable energies and increasing their share
in the national energy mix is a priority, 7 October 2025.

Bahrain News Agency, Bahrain to host the world’s largest rooftop solar power
plant, 2 November 2025.

Bjreview, The truth behind China's wind power boom, 2 February 2026.

Clean energy wire, Germany’s renewable electricity generation capacity rises
11%, driven by solar, 8 January 2026.

Daleel, Saudi renewable projects hit 4.5 GW in NREP round, 1 November 2025.
Eye of Riyadh, TAQA, EWEC announce financial closing for IGW Al Dhafra
Power Plant, 31 December 2025.

Global energy world, Borkum Riffgrund 3, Orsted's Largest Offshore Wind Farm
in Germany, Produces First Power, 5 December 2025.

International Finance Corporation, World bank group, IFC and AMEA Power
Deepen Partnership to Boost Energy Security in Egypt, 18 December 2025.

Iraq News, Iraq launches renewable energy projects, 12 October 2025.

IRENA Renewables 2025, Analysis and forecasts to 2030.

JMK Research, India’s 2025 Renewable Energy Sector Review: Key Highlights
and Way Forward, 30 December 2025.

Mercomindia, India's solar power generation rises 22% yoy in 2025 on project
commissioning surge, 5 February 2026.

PR Newswire, 7.8 GWh Saudi Arabia ESS Project Officially Connected to the
Grid, 18 December 2025.

PV magazine, Kuwait shortlists five bidders for 500 MW solar project,
7 Oct. 2025.

PV magazine, China adds 315 GW of solar in 2025, 28 January 2026.
Renewables now, Renewables provide record 44% of Britain's power in 2025,
16 January 2026.

Renewables now, Edison to kick off over 500 MW of new wind, solar in Italy in
2026, 5 December 2025.

Reuters, China's solar installations up 30% month-on-month in October,
25 November 2025.

Solar Paces, China connects 9 more CSP projects in 2025 for 27 total,
26 Jan. 2026.

Solar power world, Solar continues to lead new US electricity deployments,
2 February 2026.
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Solarabic, Algeria adds 400 MW of solar power to its electricity grid, 7 Oct. 2025.
Solarabic, Iraq announces progress on solar energy projects in 8 governorates,
24 November 2025.

Solarabic, Egypt signs agreement to build solar power and storage plant in
Hurghada, 6 November 2025.

Solarabic, Ghat, Libya, inaugurates 9 solar power plants to secure drinking water,
29 October 2025.

Solarabic, Kuwait: Buildings required to produce 10% of their consumption via
solar energy, 7 December 2025.

Think ING, Renewables growth to be driven by shifting priorities, 22 Jan. 2026.
Trade Arabia, Kuwait issues RFPs for S00MW renewable energy projects,
2 December 2025.

Transition Zero, A year of solar acceleration: the Q4 2025 Solar Asset Mapper
release, 2 February 2026.

Uisolar, Egypt signs 1.2gw solar plus storage project agreement, 21 Nov. 2025.

sl 3965 g ] : il 160

Al24news, Green Hydrogen: Algeria Reaffirms Firm Commitment to Strategic
Partnership with Europe, 13 November 2025.

Bloomberg, China rumps up green hydrogen with support from 5-year plan,
17 November 2025.

Decarbonfuse, Five US Green Hydrogen Projects Begin 2025 Shift to Cleaner
Energy, 1 October 2025.

Egypt Oil & Gas, Egypt Targets 10mt/y of Green Hydrogen with New Investment
Push, 1 December 2025.

EU-Oman Green Hydrogen Forum Summary Report, 30 November 2025.

Fuel cells work, EU Commission Confirms SoutH2 Corridor Re-Included in PCI
List as Key Hydrogen Infrastructure Project, 5 December 2025.

Global hydrogen hub, China launches its first national green hydrogen subsidy
framework, 24 October 2025.

Hydrogen insight, China surpasses 10 million tonnes of green hydrogen
production capacity under development for the first time, 25 November 2025.
JMK research and analysis, India quarterly green hydrogen, Q4 2025.

JSW, JSW Energy Commissions its first Green Hydrogen Plant, 11 Nov. 2025.
Masdar, OMV and Masdar sign binding agreement to develop and operate new
140 MW green hydrogen plant in Austria, 6 November 2025.

Nzero, U.S. DOE Cuts Hydrogen Funding: Implications for Building
Decarbonization, 20 October 2025.
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Renewables now, Saudi Arabia's Neom green hydrogen project 1s 90% complete,
23 December 2025.

Reuters, China's first coal to chemicals project with green hydrogen starts
commercial operations, 21 November 2025.

S&P global, Green hydrogen developers reckon with reality check in Europe,
5 November 2025.

S&P global, Chinese hydrogen producers target cost of production reductions,
10 November 2025.

Sunrise commodity data group, China's Annual Green Hydrogen Production
Exceeds 220,000 Metric Tons, Leading Globally in Multiple Technical Indicators,
2 December 2025.

Tank terminals, SARCO, Go Energy Explore Green H2 Project in Saudi Arabia,
15 October 2025.

Univdatos, India Green Hydrogen Market Highlights, 9 January 2026.

Utilities middle east, SNOC, Siemens Energy and Decahydron explore natural
hydrogen potential in Sharjah, 5 November 2025.

West wood energy, Hydrogen Compass — Nov., Dec. 2025 and Jan. 2026.

Wood Mackenzie, The 5 key takeaways from Wood Mackenzie's Hydrogen
Conference 2025, 2 December 2025.

Zawya, SARCO, UAE's Go Energy to explore green hydrogen project in Saudi
Arabia, 12 October 2025.
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BloombergNFE, Energy transition investments trends, February 2026.
International Renewable Energy Agency (IRENA), Fostering a just energy
transition: A framework for policy design, January 2026.

Sustainability Simplified, Why the energy transition still wins in 2026,
30 January 2026.

United Nations Development Program (UNDP), The Saudi shift: laying the
groundwork for a clean energy future, 2 October 2025.

aaggal] dilall § il yglai

China daily, World's first IAEA collaboration center for fusion energy research,
training established in SW China, 15 October 2025.

China national nuclear corporation, Unit 2 of CNNC Zhangzhou Nuclear Power
approved for fuel loading, 20 October 2025.
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Chinees academy for science, China Achieves Milestone in Compact Fusion
Project with Key Component Installation, 10 October 2025.

Chinees academy for science, China Launches International Program to Advance
"artificial sun" Research, 25 November 2025.

Chinees academy for science, China's Next-generation "artificial sun" Achieves
New Milestone with Divertor Prototype, 15 October 2025.

Egypt oil & gas group, Egypt, Russia Seal Fuel Order, Cooperation for El-Dabaa
Nuclear Plant, 19 November 2025.

Euro news, EU carmakers to comply with 90% emissions reduction by 2035 as
full combustion engine ban scrapped, 16 December 2025.

European Commission, Commission invites views to shape its Small Modular
Reactor Strategy, 10 November 2025.

National Conference of State Legislatures, News Reactor, 18 November 2025.
Nocent, Independent Nuclear News, US Nuclear Regulatory Commission
Approved 13 Reactor Licence Renewals in 2025, 7 January 2026.

Nordsip, Nordic and Baltic Ministers Endorse Nuclear Energy, 10 October 2025.
Nuclear newswire, U.S. and Saudi Arabia reach deal on nuclear energy
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Abstract

Technologies for Converting Waste into Renewable Energy

Dr. Nova Juma

This research examines integrated technologies for converting various waste streams
into renewable and clean energy, with the dual objectives of enhancing energy security and
mitigating environmental impacts. The study focuses on four principal waste-to-energy
pathways: biodiesel production from waste cooking oils, fuel generation through thermal
degradation (pyrolysis) of plastic waste, biogas production via anaerobic digestion of organic
and animal waste, and hydrogen production from aluminum waste.

Key technical achievements include identifying optimal operating conditions for biodiesel
production through transesterification using heterogeneous solid catalysts, and designing
laboratory-scale reactors for plastic pyrolysis and anaerobic digestion. The plastic waste
pyrolysis process yielded flammable liquid fuels and gases with compositions comparable
to petroleum fuels, as well as recoverable mineral oxides. The use of heterogeneous catalysts
significantly enhanced heating rates and fuel yields, particularly in the pyrolysis of rubber
compared to polyethylene terephthalate.

In parallel, anaerobic digestion of household and animal organic waste produced
combustible biogas and valuable organic fertilizer, demonstrating a simple, cost-effective,
and environmentally friendly solution adaptable to both mobile and fixed units. The study also
highlights the feasibility of using wastewater as a water source and as a provider of anaerobic
bacteria, especially in remote areas. Seasonal operational optimization was proposed using
simple solar collectors to maintain fermentation temperatures.

Additionally, the research successfully demonstrated clean hydrogen production through
the oxidation of aluminum waste using hydrochloric acid, with high-efficiency recovery of
aluminum oxide. The recovered aluminum oxide was identified as a valuable by-product that
can be reused as a catalyst in biodiesel production or catalytic plastic pyrolysis, enhancing
circular economy outcomes.

Overall, the results confirm that fuels produced from waste—biodiesel, plastic-derived
fuels, biogas, and hydrogen—meet relevant technical and environmental standards and can
partially substitute conventional fossil fuels, particularly in the transportation and energy
sectors. The study concludes with policy-oriented recommendations emphasizing the
development of enabling infrastructure, promotion of small and medium-sized renewable
energy projects, support for research and development linked to national industrial capabilities,
and encouragement of green investments across all waste categories.

* Ph.D. in Chemical Engineering
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Abstract

Renewable energies and their potential role in the global energy
transition process

Taher Abdel Salam Al-Zaytouni

Today’s global energy sector is undergoing an accelerated structural transformation. The policy options driving its current
and foreseeable future include energy efficiency and productivity, fossil fuel conversion, carbon capture and storage, renewable
energy expansion, and the share of nuclear energy in the energy mix. The wide range of potential portfolios of these options
are being thoroughly evaluated on an ongoing basis in terms of their contribution to supporting development on the one hand,
and their role in facilitating the transition to a sustainable approach to energy production and consumption on the other hand.

And given the important role that renewable energies can play in this area, this study will focus primarily on renewable
energies and their potential role, among the collection of the available alternatives, in the global energy transition agenda. The
study addresses this topic through five main chapters, in addition to the conclusion and recommendations.

The first chapter deals with developments in using renewable energies globally and in Arab countries, as well as the Arab
investments in renewable energies, the second chapter deals with modern technologies for the production of renewable energies
and cost trends in renewable energy technologies, the third chapter reviews the future prospects for renewable energies in
terms of the features of the global transformation in the energy sector and its main indicators and future expectations for the
demand for primary energy sources, the fourth chapter is dedicated to national and international policies, and their role in
promoting the deployment of renewable energy, while the fifth chapter deals with the challenges and difficulties facing the
wider use of renewable energies, the study concluded with the conclusion and the following recommendations:

*  OPEC member countries have huge investment opportunities in the renewable energy sector, as in the case of oil and
gas sector, due to huge resources and strong growth in domestic energy demand. Some of these countries face a real
challenge due to the pressure on their budgets resulting from the trade-off between investing large sums in these two
sectors, and investment needs in other economic sectors to achieve sectoral balance for development, but investing
in more renewable energy in the domestic demand mix means freeing up more oil and gas for exports and creating
more new jobs in wages in the short term, and promoting sustainability in the longer term. Therefore, countries facing
this challenge should seriously consider the vital role of strategic planning in achieving clear and sustainable goals
and providing a comprehensive roadmap aimed at directing investments and projects towards specific paths. The
role of strategic planning should not be limited to setting goals, but should include designing clear programs and
precise implementation procedures (including, in this context, possible legislative reforms to enhance investment
attractiveness), allowing periodic measurement of progress and identifying areas for improvement.

»  There is a strong need to modernize electric utilities and networks in operation in some countries with weak utilities
and networks. Renewable energy sources, primarily wind and solar energy, will not be able to bring the desired
transformation unless electricity utilities are strong, financially sustainable, and qualified to attract the necessary
investments to modernize networks and meet increasingly complex needs, as renewable energy differs from fossil
energy in that solar and wind energy depend on whether factors and change accordingly from one season to another,
and sometimes from one minute to another, so modernizing the existing infrastructure may include adapting it to these
changes. The sector also needs to direct more investment to manage larger amounts of distributed energy sources,
such as rooftop solar panels, as customers increasingly use them to power their homes while selling the surplus back
to utilities.

*  The overall environmental and social impacts of Renewable energy technologies need to be carefully considered for
the mineral extraction and processing activities involved in the deployment of the green technologies, which, if not
properly managed, may hinder the achievement of climate and related sustainable development goals.

*  The concept of international cooperation in the integration of renewable energies into the global energy system
must move from high-level understandings to the level of practical application, and work in the form of technical
partnerships and joint operational task forces, in a way that brings together the real international players in the various
stages of the renewable energy industry supply chains to work together to achieve one goal: finding and applying real
solutions to the real challenges that constitute the technical and cost barriers that restrict the industrialization of the
renewable energy industry at all stages of its supply chains.

*  The study recommends the preparation of detailed maps of the global supply chains for the renewable energy industry,
showing the countries or regions eligible for localization of content and value addition, to achieve diversification in
the distribution of sources and production, and regional supply chains.

Advisor to the Management Committee Mellitah Oil & Gas B.V. - State of Libya



However, the research also identified critical challenges. Dust accumulation reduced panel
efficiency by 20% monthly, necessitating biweekly robotic cleaning using drones equipped with
rotating brushes. Additionally, thermal losses escalated in summer, with panel temperatures
exceeding 50°C, diminishing efficiency by 8-10%. To mitigate this, the study introduced a hybrid
cooling system combining passive air ventilation (via elevated mounting structures) and active water-
cooling loops, which stabilized temperatures at 35—40°C and improved efficiency by 12%. Economic
analyses revealed an initial investment of $1.2 million for a 1 MW system, with a 6—7-year payback
period under current diesel prices ($0.80/L). However, government subsidies, such as Saudi Arabia’s
National Renewable Energy Program (NREP), could shorten this to 4 years by covering 30% of
installation costs.

The study’s findings underscore the viability of solar hybridization as a strategic investment for
the oil and gas sector. Beyond cost savings, the system enhances operational reliability by reducing
unplanned downtime by 30%, as evidenced by uninterrupted pump operation during six simulated
grid outages. Furthermore, it aligns with Sustainable Development Goals (SDGs), particularly SDG
7 (Affordable and Clean Energy) and SDG 13 (Climate Action), while supporting corporate ESG
(Environmental, Social, and Governance) targets. For instance, a station adopting this model could
achieve LEED certification or comply with ISO 50001 energy management standards, bolstering its
market reputation.

Despite these advantages, barriers to adoption persist. High upfront costs of lithium-ion batteries
(40% of total system expenses) and a shortage of technicians trained in hybrid energy systems remain
significant hurdles. To address these, the study advocates for Energy Performance Contracts (EPCs),
where third-party investors fund installations in exchange for a share of long-term energy savings. It
also recommends partnerships with technical universities to develop specialized training programs in
solar-hybrid system maintenance.

Looking forward, the research highlights emerging opportunities to expand this model. For example,
excess solar energy could produce green hydrogen via electrolysis, providing a carbon-neutral fuel
for backup generators or heavy machinery. Additionally, Al-driven predictive maintenance platforms
could further optimize performance by analyzing real-time data from [oT sensors to forecast equipment
failures or efficiency dips.

This study positions solar-hybrid systems as a linchpin for modernizing the oil and gas industry’s
energy infrastructure. By mitigating outage risks, slashing emissions, and future-proofing operations
against regulatory shifts, the model exemplifies how traditional industries can harmonize profitability
with planetary stewardship.



Abstract

Flat-Plate Solar Collector System to Supply Energy to Gas
Reinjection Stations During Power Outages.

Dr. Mahdi Goucem

The global oil and gas industry faces mounting pressure to balance operational reliability with
environmental sustainability, particularly in critical infrastructure such as gas reinjection stations.
These facilities are essential for maintaining reservoir pressure and optimizing hydrocarbon
recovery, yet their dependence on conventional power sources—such as diesel generators and
centralized grids—exposes them to significant risks during power outages. Sudden electricity
interruptions disrupt lubrication and cooling systems, leading to catastrophic mechanical
failures, including thermal deformation of turbine shafts and bearing warping, which can halt
operations for weeks and incur multimillion-dollar repair costs. Compounding these challenges
are escalating environmental regulations and global commitments to reduce carbon emissions
under frameworks like the Paris Agreement. This research proposes a transformative solution:
integrating a flat solar collector system hybridized with battery storage to ensure uninterrupted
power supply, enhance operational resilience, and align with sustainability goals.

The study focuses on designing, simulating, and field-testing a solar-diesel hybrid energy
system tailored for gas reinjection stations in arid environments, such as those in the Middle
East and North Africa (MENA), where extreme temperatures, frequent sandstorms, and high
solar irradiance coexist. The system employs LR5-72HTH-600M photovoltaic panels, selected
for their high efficiency (22.3% under standard test conditions) and durability in harsh climates.
These panels are arranged in 21 parallel strings, each containing 26 panels, to achieve a total
capacity of 328 kW. The configuration ensures optimal voltage (1,052 V) and current (290 A)
outputs, compatible with the SOFAR 350KTXO inverters, which feature seven independent
Maximum Power Point Tracking (MPPT) channels to mitigate efficiency losses from partial
shading or dust accumulation. To address the region’s environmental challenges, the panels are
mounted at a 29° tilt angle and oriented southward to maximize annual solar absorption, a design
validated through 3D solar path simulations using tools like PVsyst and Helioscope.

A cornerstone of the system is its 500 kWh lithium-ion battery bank, engineered to provide
backup power during grid failures or nighttime operations. The batteries are managed via an
intelligent energy storage system (ESS) that prioritizes load-critical equipment, such as lubrication
pumps and circulation fans, while optimizing charge/discharge cycles to extend battery lifespan.
Field tests conducted over 12 months at a gas reinjection station in Saudi Arabia demonstrated
the system’s ability to generate 1,450 MWh of annual energy, offsetting 85% of the station’s
diesel consumption. This resulted in a 25% reduction in operational costs (equating to $160,000
in annual savings) and a 480-ton annual reduction in CO, emissions—equivalent to removing
104 gasoline-powered vehicles from roads.
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