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Abstract

There are dozens of hydrogen production methods and techniques from
many sources such as fossil fuels, renewable energy sources and nuclear
energy. Thermo-chemical methods are more efficient at higher temperatures
to produce large quantities of hydrogen. In this article, a comparative
overviews of Generation IV nuclear reactor types for major hydrogen
production methods have been reported. The article is addressing both
electric power cycle and hydrogen production based on nuclear
technologies. Generation IV nuclear reactors can provide hydrogen for a
worldwide hydrogen economy. Both thermo-chemical and electrolysis
(hybrid) processes in hydrogen production have a promising future,
especially when integrated with Generation IV nuclear power plants.
Efficient heat transfer is required for both high temperature thermodynamic
cycles and high temperature steam electrolysis. Highly efficient heat
exchanger designs are one of the key technologies for that purpose.

Jalo
oladl e el Ga Gaag el Zll @lifiy Gyl e @lydall dllia
@bl gl dalally sasid)l dAall  jaleasy oY) agisl e
Gl Y dakipal) Hlall cilagy b 5l ST 058 Adbesl — Ayl
O gd) Ly 400 el A8l 550 Allaall s20 J5Li . ang yaagd) (e B8

"Generation IV reactors and nuclear hydrogen (lsiss illie (o Cipaiy daajie Allall (%)

" International journal of hydrogen energy, published by Elsevier, 2020"‘_; 5,54 production”



2023/3 2aall = 35 aladl — dually 5,3 8

DV il e Lgeill cDlelial i o ey gl bl e Talae)
el = Aplall Gldesdl o US aaam Lallell sl maan 8 Gyl
leed die Lald cacly Jiina cpngyuel U] 8 (nnell) SlpeSl Julails
O U 8L Blall J& a3bs caalll daall e digeil) Bl g Cllasse ps
SRl JlogShl ulailly Allal) ghal) daps @l Aphald) Aualinall ol
a2 sl Ale Lhall cValudl aelal ity Lddlle Bl dapy

ol gl Al il

doado

& Al clalia) e ah alld)l GISw s saly Laglesall sl o
OLS ang Gl L) 28U jbas cilibalia) el Ly dhas)s Hlla])
3 Lol ¢l 5ol el Al jslaa alasied Yl zagll ASE o2 Jal
Zll 50 JSLse L 3lag depuns (5)58aY) agBsl) sitinss 5anas ALl jilias
Cashilly dumanl) HUad¥ls 01939Y) sy hal) Gulia) Jie callall 4 slalls
&) sl bl & aaly GUa Glo (6sin) sl aladin) S L Slas)
G -dall (ailasy Al dlggad s (deliall 3y Lliuall a3l Jal)
J<a dadatl) aleadl) (e A8l £ deas <) dduald) Geo)V) gl
Aidly Aelties Al Bkl ey DS Aigeilly saaaidll bl e 3k
.Y ag8sll e B35 SiSly lgr e

slygSll aladinly JlyeSl dulsall e caag gl # ) 80l Ll adiad
iy gl lgs ¥ dggs dilha jaliae ol dalaiie 5aaaie d8a alias (e
daulsy o ASbaS — dyha Dlee aladiul digeil) A8 e Bl Habal)

Basaially dugeill BN (e JS alasial (Sa Adlall ghall Cilays clelic



il jia’ Cpngyu Dbae o s B e Al ) oY T
Gl iluhy OsSie sanaiall llall delaiiall dagdal) ge A 05Kl
Al pe Aablgie duges Bl ildane oL gl 30 Lnaal il kil

sl 0o %115 e i o dugeill 2l Slelas 440 Wa
GBS DR Ligaill slpgSll Z ) jelay cclld pay Lallall b oLyl
O cAgsll slyeSll e 88 S Lediall Joall o el ity Laiy ALl
Y Ol i o Augal) 28Ul cilbne (e il a3 Lgaal D Qllad) g0
@osil) Aall il Syeall L cpn B ges delie gl Ll Ll el
Oo 2 elpeSh g (b had dugell A8 aladtia) o) LAwgys¥) clelidl
zl 8 Lol Bl Aot ol el e OSall e A8l sl LIS
eDlain] Anla) (po S IS aligy Cagas (g yagl)

Geliall plad b g puell el lafia)) Sy ¢ palal) cagl b
BS Wias Cngyuel) aiay ol mag - Liga¥) Y JEal) i o cddlas
s 4y @Al pahels ddall ddally Jal) 8 auly U e daladiu sie
¢ paliall Caal ng yugll G5Ss + JLa) ddalisy g Jelil) ol 0S Al il
lall cillase (ggiat )] dudls o Asgan i) sall ailial (Sod
Al juas G dals dia (Sl el IS0 Gangngll e By S e
Alia slaiall Jaiadl) G oball (S0 e Cpngpugl) 83 duadl il Al
o Omng gl slady Aadad) J8Ual jraeS Lgedl A cilbaa ) dsls
tgasdll amgpugl) Z Y Al el algdnuy) (e . auly (@l

258505 eliall e 2yl Slgal Sliasl) 8lgall —
Apelad] Ay (S daadall Hha Glays vie ayall Bl el by -



2023/3 2aall = 35 aladl — dually 5,3 8

CH aShpy HladsY) mils Cishy eledl) Llally cligml ol -
il
bl skl CadlSsy Sl s ol -

da99-ill Slelioll Jo mangysaall pLlis] Slaids

Bl e Cpapugl WY dege Anladl @l Jeldl) aEl ()
el Sy (IAEA) A3 dalall Adeal) AUSHH ol ¢y pall 13g] g5l
Genpyuell gola®Y) sl maliy Sl agll 8 (BARC) 5l &ilad
gl clle eln) malnll (Say opblaadl @laYls gyl (HEEP)
& Sesl) dalaally gl SleSl Judaill st Al cde giiall Gang yugl)
eelly ) aslaYl L Aibesl) — dphall Glleadly cdalle s dinidia B cilao
alind) Aalgy duysinl) Al jalasy Lgaill dilall jalas dijlae oS
bl Al 8 Ler (Gang gl dlai] Cailsas (o el alinall dadad (e
Jilly Al gsas ¢Cpardinall U (g duglhaa Sadae Jualis (pes 5 AY
-0slls

Glegane B (o (pagrugll damiall Lggll Glagll (e poall du)y e
il clisy Gyl e bl @llin Ll eladl s 8 ddhas As,
Logoill A8lally saaaiall d8lally (5)s8a) 25850 Jin B jalias (e Cung gl
Rar Gua gl bl aal (NHES) disgl) dggill dalall aUad dey .dud
Aagoill Aallal) Jelial (Ko A8 diminia elipeSlly Congyuel) (e S Z W 0
Spdiall Glall s el e Ounguel) gy elieSlly Hhall s o
oball Sljesll dalaill Jie commgingll zl) Cllee (o degiia degena
B Glays B Bl AlyeSl dudsalls ¢ jlad) (Reforming) JSidy cdaadal)
Aphall = ibeslls diagll sally cdille



o elpesl glia) e Gong puell Y djae L8 o SlyeSl) Jlal)
SNl g 13 @S/ sn e 120 H,O 8 Hy 3 il LalsyY) sl
J<a e oS o oKar (llg Hy e @S T Y AUl a8l s o
dala ollia (sSiu cdnphal) Al caly LaSs ¢ Jullg .30l gS dila i 5)ha
Bhs dap s o (1) JSall 3 miage 5o WS (B dblpgS )
Laudgy Dogia 430 300 oo V) G2l g Sarg gk 4302 900-100
o GeY Gaall Ll Wl L Jaall clelieg Doadall diggll e lidl)
Ko Cun ) daall cllelae ) dals dlin (oind cdugia 452 500
SIS ya S Liad Aaitipall Joriil) Bla ilayd 2058 5 Ll pgS il g
H(2) ISl 8 mage g0 LS g puglly slipeSll g

120
100
|
3 80
3
j, Ay jal) Aal) e ae
g; &0
2 Al gl AUl AL
3
5 | 40
% /—
i /"‘""" —
0
100 300 500 700 200

(€3] B laldl da o
Adle Bl Ao die (il (latll Z3Ual) e Da e 1(1) JS



2023/3 23l — 35 sladll — Auailly 31 5,

55%

SO% /

a5% /
~ |t |

3elact)

40%
O gungd) L) Belis
35% : : :
500 600 700 800 900

(2%) Joliadl 7 A B ) A2
Bha Aoy Slesl dilaill ik e g puelly clpesll 7 ) 501 2(2) J<al
e

Glo (sin 3 Ay Laglgi€s aay (SlyeSl dalail) o (g a2l (o

ol UL o g e gaatll iy el sacliy Amglsia 58l pe
B e e b dess Les colie€ll ) gl DA Jle (gsiene
Aoy Beli€ 3 Al sl ALY lane Aaudys 523al) Augsll Auyyal
Y syl ) sl 8 25 ey .%35-30 s A dead D
gl Laady (8ol 5all Jeliall i Bloa daa 52L) 98 Gasill (g yugl
sl caX LBdle Ayl agyugl WY ddle dajy s Hha
Gila Lasliad Bans dse (el Laglyi€s AAS ) &dlall dphall 4l
S UK Al iy ola) CallSs 5l ) Gl (sages Al 5yl
ausio Sha Slayd 8 bl ey ugll ) sl (e (Al dali ga
Al GliSia) ead Caaad) dsiy LAdal) AaE @l LV il aud
oo 138 ) e a2l e o8 CallSing 8ydlia Ayl (ung gl LY dagsil



G Al G 8 oY) Dphall Al 5l e e olad)
S Gapdl sl cllaad) i o (Kas caaly Ui o cung yugl) sl
ol 4l sl e Taliad)

oSl ) el Jiai ghall - Jlhesl) sl Jad ddee
Al LS Dol e dosene P e Ao Bl ga (g
ol eliny AlpeSl dalaall rfie clahall debide diama Aokl caad
el il L8y sl sball SleSll Jdatlly (PEM) st sl
((Ca-Br) dyhall — Ailasll 2 guallSl drag 1 ily939 ¢(SOEC) cabeall s
(8- qﬁl\—a:a),&l\j (Cu-Cl) OSY = Calaall calyga, «(HyS) gl Q:U.\Sl\j

O JH) Lmidie (e tdiliae Ba Glagd enguel gl clas b
Oe ) Dlle U o(Rsie dn 0 750 e JH) Alawgia N (Lisie dayn 300
O Aogsll clelad) Ay oda Bhall clajy yég 2 L (dsie day0 950
Se NS skl a8 aabl) diall cDlelia g of (Sary aablly Gl Jaal)
phall e giaas %50 G dea Slof Ll Sl 5L ol
Cons e Hha dapn (Slesll dbaally dimgll 480l — dpadl @lysall
Blall oy clalis) Ll 2l diall e Lgeill cDleledll alasi) Ko
Gl Slesll sl Byl g Aagl) LSl — Ljhall cihyall £lyeSlly dlal)
Adladl 5yl paldl sy

leSy djha 48la adiidl (CANDU ACR-1000) sulS Jelia s
AU pasied o AdbasSI-ahall BHhll (Sl (SloeSt ddasll Gl
sl e B8l alatiia) 3 8ol ST gb  Jally L5ydlie Bygemn dojhall
Glahall oas JAAEL A8 ey aaly @Uad Ao cpag agll Y Al eSl)
~48lel (Bhal) pant 5 AKes Al — Db 850 200 e ST Azl
—iphall alli- sl 550 2w 23y L caluhall sda b legad SV Ayl
& - onaSl sl (e degene daulyy (AlyeSlh Jidaill (Cu-Cl) Lileaxl)



2023/3 2aall = 35 aladl — dually 5,3 8

Gkl 4555 & odiald) Jd o saclsll clysall ST 4 Cu—Cl 5y50 oL sl
Ol ZY ¢ (CRL) iy &lads cilyiiiag ¢ (AECL)sasanall 4o0i<l 4y
(SCWR) bl diall (3 zpadl 38 el delie alasiuly (gl Sl
Gllkie e iy e cdigia dapd 530 0)88 aail lan Cu-Cl 550 ol
89 Ke LAY Zaipall Blall Glayy G ge AHkdl Lald gl
el Jelial)l Jia diline clii A e Cu-Cl 8yl s)hall daje calilbie

.(FBRS) daayull 52551l clelaall ol (SCWR) zall (358 clally

Omnapugl) alatiad 3 TS Las (il gialdl gaa el e sdle
(Cu=Cl) Afluasli-ayhall sl ulaill 5505 Alyel sl o5l
oailadlly destiall osall Gl Jedd SlpeSlh diaall 3 aglee i)
ske ¢ (sabuaity) dalailly (la¥ls cAgisally chalgually (Ailall = Ayl
e pane b Lggil) A8l Cillasag cpmgyugll ) clbaa (@ e
ca g )3l Jalse g ddanall iyl (595l (pimg yungll 2 ) laalyy Jadis

SWIL s ual) cBlelial e Cii€a Jh AKaY) Gl Sile gana cilae
Giall aad Ay (S-1) Cupll = ag) 550 (HTGR) Lllall 5hal) dayy il
daydy 8elSH (63 LAl iLyeSl sl gl e (GIF) gabll Jaadl gl
s Gl Gmgongdl Y Aphall - ddhesll clledly Gaidlall 5))all
O Oeoued) Y Cluball Ge el 35y e a0 Aoy L dishll sl
bl L8S L lke cldpy Gla (S5 &1l V) cdbadly Lulil) 28l jileas
bl Al (g gl #1) Gylal wbll daad) (e dggil) A8

Aall bl jaasS dijg pn Dgeill AUl G dueayall dadial) gl
Chsll Pla e guds B o ungyuell ) dalsals Addise Jal (e
Al hall daps (65 Sl AlogSl) ddasll ol (dingl) Aibesl) — )l

10



Jaagyazall alisl aalyll Jaall go dagesill Stle Lol

S Gy 3l Bl Glay o agdll gaf Aulil) cOlelid) A
a2y 1 BEUL pliea st pie ) (s Laa «elaal 2alla 5oiS i
&b WD) Jug dailia s S Ao Dogoll Al AB los a8 s L lgile
5aL) (gygeall (e ¢ ST Bl (gyail 2g8sl cilidaliial aladi Jal e LA
e laall (e gl A Ay S5 (A8 8elS aL3ls e liall 2ym B Ao
GEN-IV iy jla) & ol Jaiend) 3 Laysshasg

dgsll Blall plas e (GIF) abll deall Joll il iy S,
sl ol Adle Bha L) alaial Ald) aag el W) Gllee aa dadial
ke laall HISiVg «GIF Jga pghilly Ganall by Jia poalge d8lia caaig
Aigyally (aldl) g Uadll 5lug (oY) juleay GIF Jleel Jsang cdestiall
adeg Al Aleally dugoll 8l iisall glaill Jolin 3y sl cy\Siyly
GIF o palaall oyl 8 L@V g G gigally LYy dugsill dgall Ll

degana Aatind (GEN-IV) aabll deall (e duggill Zilall cilasdd Kay
) (RG-Pu) =Dleliall 45y poigighll Jia cduadll dlgally 25860 (a0 degiia
L=yl sl cdlelid) o digied) 3¢l (e (MA) dipihll syl
35858 sl 0e UP asuhiad) o UPP e asuisislll w i) e eclly )
Alall el maes b Ainy b eha) A Ldelia) Juin ol cad (g
Jilarll iy cadlell Ailyesl 8ol dal e aalll diall cDlelia gkl
Aayd @iy &bl — dyhall sally el Hhall days (63 el Jbjesl)
3535 - engyuel z ) Jal G sball Juadl diagll cilleall sl dlad) 35l
o2 bl daall edlelan (e tbli Bac

(GFR) Slally 3uall aopual) Jeliall . 1
(VHTR) Tas Zadlall 5l da s Jelia .2

(LFR) abaaylls 2psal aupudl Jeliall .3

11



2023/3 2aall = 35 aladl — dually 5,3 8

(MSFR) sgamall mlalls 3psall apudl Jelidl) .4
(SCWR) zyall Gsb sl 2yaall Jeliall .5
(SFR) asagealls 3yuall oyl Jeliall .6

slgmgilly Slyli it

Oe 2l Y1 gk Jadl 6 Lage oo (gotl) g lladll (3 laly) canly
seluin g Sl Gaidie s ) JEYly ghall Galiay) cble bl
o slyeSl e il Lglhadll dadail) B3l 3la 8 dugell e lelaall il
gy dbnd) assl) ) Ll dall il A cbbadl e paly Gl
Alall e Ao Y o)l agd Ll ad e sl A Bacbuall fpagyngl)
Aliay . altinay paly Glai Lo Cong yugll Y A8l owli] jrad Lyl
Lgeil) aal)ll Jaall e laal dadiyall clayaall (o Gactyl) il (g ol A0
e e el ) a5 A

asdell e gl (Sas WHTR HTR (GFB 1 (gile 35S aslgl) (
Mse Ol ¢S ey orahal) SN 3lse e blell gl 8 i V) e
553 “.—M“:‘fj cz\:\ﬂ.c .Lay_.a G ?)_..J@J\ d,«g iy ‘_Ar— 5}}\5 N-RPREWY ?):déj‘
g g Llle a

(SFR) amigall el oyl deliall o501 guall Lgi (il o) (o
pabasll sl gyl deliall jleaiY) dgm Cigarli-pabiafll 5l (alia)lls
(LFR)

850 sha dnyd (S-1) ddbuesl — Ajhall gl —cupSl 5yen callas
Olelie w gl Adle Bl oy 58sl Qo) Gondially Aisia da
8oy dmwall LaggSill Cllse JS aa agnlglh Bajpall VHTR 5 GFR

12



Bygd OB & ey -Ligie dapd 530 & (syadl) Byl A5y o ¢ua SCWR
Laddiall hall dapy clllic 159 .(S-1) 850 43)lae dawlie 438 & Cu—Cl
gl z ) s e L

SJA\JB.“ L2 A .d :\.AAJS
%JJ-HJ‘ %Jﬂ\ aalal Zﬁeﬁ

saldawahrah@aec.org.sy

References

(1) IAEA, “Releases 2019 data on nuclear power plants operating
experience, power reactor information system (PRIS)”.
(2) Pinsky R. Comparative review of hydrogen production technologies for

nuclear hybrid energy systems. Prog Nucl Energy 2020;123:103317

(3) Safari F. A review and comparative evaluation of thermo chemical
water splitting cycles for hydrogen production. Energy Convers Manag
2020;205:112182.

(4) Sahin S. Comprehensive energy systems. Energy production, chapter
3.14. “Fission energy production”, vol. 3. Elsevier; 2018. p. 590-637.

(5) Yurman D. “U.S. nuclear plants to produce carbon-free hydrogen,”
https://energypost.eu/ (September 17, 2019).

13



2023/3 2aall = 35 aladl — dually 5,3 8

dai L B Jle gl cadaill g
2\,33,39." fjl"” 3 Aol g dsin]|

* *

Abstract

Computed tomography (CT) exploiting the penetrating power of X rays,
introduced into clinical practice in 1972, was the first of the modern slice-
imaging modalities. Regarding life sciences, X-ray CT allows non-invasive
imaging of a large field of view, and sample preparation is comparatively
straightforward. Nowadays, X-ray CT allows 3D imaging from the
organism level all the way down to the level of the organelles within the
cell. While it is often used in biological materials science as an imaging
tool, its use is still growing and developing especially in biological studies.
The application of X-ray CT, which has grown in recent years from a
qualitative imaging tool to a quantitative analytical tool, to the life sciences
Is increasing, complementing traditional light and electron microscopy, and
is likely to increase further with further advances in capability and analysis
procedures.
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Abstract

Climate change is one of the most important issues facing the world
today. Nuclear power can make a significant contribution for reducing
greenhouse gas (GHG) emissions worldwide, meet the increasing demands
for energy, and support global sustainable development. It has considerable
potential to meet the challenge of climate change by providing electricity,
district heating, and high temperature heat for industrial processes with
reduced GHGs. To address the challenges posed by climate change, and to
achieve the goals established in the 2015 Paris Agreement Under the United
Nations Framework Convention on Climate Change (UNFCCC), a
significantly greater deployment of low carbon energy technologies is
needed. The potential role of nuclear power was also addressed in the 2018
Intergovernmental Panel on Climate Change (IPCC) Special Report on
Global Warming of 1.5°C. The International Atomic Energy Agency
(IAEA) released a comprehensive report on Nuclear Technologies and
Climate Adaptation in Africa on the sidelines of COP27 held in Egypt,
November 2022, describing how these technologies are already being
widely used to build resilience on the continent.
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Abstract

Thorium (Th) is a metal that could be used in molten salt reactors; one
of the next generations of nuclear power in which the reactor coolant and
the fuel itself are a mixture of hot molten salts. Th-232 is of interest for
nuclear power generation because it can easily absorb neutrons and
transform into Th-233. Th-233 can become protactinium-233, which in turn
becomes a fissile and energy-producing isotope U-233. Thorium has many
qualities: it produces less waste than plutonium or uranium and remains an
attractive option for the future of nuclear energy. Thorium is a slightly
radioactive metal found in rocks and soils and is quite abundant in the
earth’s crust. Its main isotope, Th-232, is about four times more abundant
than U-238 and as abundant as lead. The amount found, could meet the
energy needs for the next thousand years without need for uranium

enrichment.
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Abstract

Nanotechnology is an important field of modern research defined as
the synthesis and application of materials, systems and processes whose
particle’s structure is ranging from 1 to 100 nm in size. Due to their
exceptional properties including antibacterial activity, high resistance to
oxidation and high thermal conductivity, nanoparticles have attracted
considerable attention in recent years. They are used in large number of
fields including environment and agriculture. Agricultural sector is facing
many challenges such as decreasing in crop yields, low nutrient use
efficiency, declining soil quality, impact of climate change, and water
availability. Nanotechnology has the prospective to improve the agriculture
and food industry with novel nanotools such as nanomaterial-based
pesticides and insecticides manufactured using bioconjugated nanoparticles,
nanofertilizers, incorporation of nanoparticle-mediated genes in the plants
for developing insect pest-resistant varieties, and preparing different kind of

biosensors and nanomarkers.

This article aims to present an overview of the application of
nanotechnology in agriculture, and its potential role in improving food

production and environment protection.
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