Sl 81950 A 105900 Juwo) 93 (S o >
o 9 Sl Slaal 4 slaws

\9> o om0 ‘\(x.-‘bu Oe

Ol e i Saio olBiils GE 5 S wdige 0aSCils -

simjoo(@sut.ac.ir

oS

SST (50 (AN Sho jLasil s 4y (ond slacsges 4 ()] (leb (Slgl Gle slaBl s sl (6 e 5531 IS
sbassyl i (Jo Gl bl pdinaas sle 551 S wlie )3 o @l SLE] el el ol ol (S
5,15 cllae o L Log3l o (65,50 51 5l LU 5 ol 2igf s @l 51 5 i gline s o5 5 0k aiile pdyaoos
2l JSie ool &de slp eadlS Jooly Wil (o0 cjgpanaiaiile gL (6551 slaJel> B o (655 (5l 0 p2S
ool g a5 (g, i la S by g (Ko slogle wiile xl sl ybsle )0 (59,008 (ei ) (Sl 0 S
5 b 3B il 035 Gl St ey ol Sehes st 4 Shn e )0 S 655 e (nl sl 033 Sl
YU glaais 3o «y5g 000 Cuis aiile o Gl cazgi BB (sblie o92g b sl a8 5 )18 oolinsl 5550 505 (2)S apnSligo
S5 )slid dnwgs g ol ] @8y Blp SledidS Sla U (Jlo (nl b e3)lo 3529 diej cnl o 4025 9 AlS 3905
Sojgn 5 Sl Sl b j0 4y (nl 8 cogat 5 (HUsd las laT Al y el plxl I 55 35,000 g5l 003
dagi 5 09790 Gty [ ade bl 2] Jlo )0 aileysls adlaie )0 ohi5 40 Glaz ol 50 go0xte Liylo]
sl 5l sads @3l Shiley Gibe 033 gl T g sl ol lsie ar gy onl Sl Ol e g slacs sk
55 bt o slo gl eeplao 550 4 clio (nl po 3,5 oolitnl Glaz puslyo po b o jlooliil g5 5 ndgasass
Condy s S 5l 023 slaefoy 4 o)Ll L inizen sl oad 3oy (] (e 5 3l 03D 5 59y
opdle . Cusllonds &l sy (al ) 0yl Gl sl oo 9 42,5 J18 (o) 2 9,90 (159,000 0557 40 (S ylid Slad
IR owir Syge (b Slae Sloy 4 4 g b gy sile 8555 jshaie 4 clie 1S SBS ol ol

29 wax (6590 ylaal 6551 (850 H1F (S iz ilw 03 (59 0w (guls Olels

A_JL.ILS.A J 9"‘““" £



simjoo@sut.ac.ir : Sy xSl ol

doddo )

Sags g ez Commez Rl LD wiS o el | lez 6551 5 a0 Ar Sl G ol Jlo 50 (e slacs s
adss o s ed mlis 453 a5 b sl walss (ialil 6 udl Slisl jeb 4 65, G, ol
129550 sl 4 (S5 ol Sl g o ST jlas Sl 51 LA6 spags (58,5 55 10 (g0 (S 998 ol e ad
3550 Alols o (slacd g 5l 5 o 4z 8 el Jl e 0 5 M8l oo i 6551 OAEAesl Sl 1
Sllggis o] gartysn Syl IF] laten (6350 51w yle 08 aaST g0 jlanil gty G5l Lol wlie 1Y
5 oolitul b (65,50 adg mimmen [V VgV o] Yooy sy 550 o [A] T dA] ool Y] Slysofies L8] ) ot 55
ol el DNY] ls 18 aws cnl 4o olgce | T oS il 03 gnile (55l P8l Lowd slacs gu
ool 3 Slyeis b g T (i 9 Sl U558 Bl (g0l 0o W5 it (ool 5 655 (55531 oy 41 ppdyogacs
Sl D30 il 5 B0 oBsS 10 (555 Bpan g a5 008 Jalate gl el DY] il Jlstis Jlo b agds 5l b
Sirl il oS Ll oS Gl | SaaclisS )3 (651 SgneS 2Bl oo S50 35 poe d slo Cule 358 8235 (555
rdazs slags il 4 S pelde 30 G55l ile 0 p>d Jal IS plizes Saeaily B Baegle 5o (S0 Sl
23 855 omel 5 A o Rle pelie a5l i EBALA e | (ed G g wdgs B s 1y Gl
Sl 0098 L g adye (o (jle5 Sl Wlgs 21551 S3b0 035 098 Jol> liebsl 6 0l (slsa 5 0k g slae 90
Ly oSS slasdl & 550 5 S pw IS Ao B0e 570 ol 3 1) 30 &Sl 5l (6 Su e 5w Gl (65 5]
b ez 0 pate (A0l Ol G Sl ohe 5 s «Spe IE 03gssen DOV ] silai e iyl
B S leie 4 s 39,080l 4 0,5 HHE ()39 )00 Ol e sels iUl aal 8 g (AL 5 sl eslanal b st e
Sl Brae 05 oo Ll oo GRS Glajl5 Laml b 65 5l Gl 4 S 55 oS (228 5 WS oo Jos 555
sl ke sl D F] el Jlo )0 (2,5 5hS VIOX Y % Jolaw) 53l8e V10 sgam Lol b 4o 038,000
ol ol oo 5l sl st g JB ok 4 b (e (ol cseaddy g Sl wlide 50 6551 53l 0030 0 boga e
@ oo Sl esliml 2ol Jlo o ol l b sl oad ols (lis ) USKS 5o gy 05l slad )5 (i lal il
Sgaote Silpe Cgu 5 Sl ahar (55 adgr 0lKaa Yl 4o s sbves 5 3 5l 0,5 eF Bl aiile ol Lnd slas )8
il it () gloogS j0 il a5 05 0y il gloan T sk 5l ol 1) (g [VF] sl ons
oS (nl aidly oo ol 5 (Sloged «(sloje e 0,5« yge dhus (g S B ol G S5y ol b K ol s s

Ol ol g5 an a5 g, 0 )5 4 0 b e e sla SaYT 5 (59,08 ods Bems e b BB ples sl (S,

1 Solar Photovoltaics
2 Biomass Energy
3 Carbon Capture and Storage
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" Gray Hydrogen

2 Steam Methane Reforming
3 Blue Hydrogen

4 Green Hydrogen
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8 Electrolysis
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' Compressed Gas

2 Liquid Hydrogen

3 Cryogenic Storage

4 Specific Surface Area

5 Metal Organic Frameworks
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" Interstitial Absorption

2 Host Metal

3 Hydrogen Embrittlement
4 Chemical Bounding

5 Reactive Metal Oxidation
6 Hysteresis
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' Pyrolysis
2 Hydrocarbon Reforming
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2 Partial Oxidation
3 Dry Reforming
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! Steam Reforming

2 Water Gas Shift
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Abstract

The energy transition is a pathway to transform the global economy from its current reliance on fossil fuels to one
with net-zero carbon dioxide emissions. This necessitates the rapid and large-scale deployment of renewable energy
sources. However, most renewable ehergy sources; such as wind and solar, are intermittent and their production does
not necessarily match demand.’Energyistorage in the form of sustainable energy carriers, such as hydrogen, is a key
solution to overcome this [challenge. Underground hydrogen storage in natural formations such as salt caverns and
porous rocks is an efficient and.safe method for storing this clean energy source on a large scale. This method has also
been used previously for storing natural gas and carbon dioxide. Despite its significant advantages, there are challenges
such as hydrogen leakage,high costs, and a lack of knowledge and experience in this field. However, extensive efforts
are underwayyto address these challenges and develop hydrogen storage technologies. Government and private
investment insthis‘area is increasing and several pilot projects are underway around the world, particularly in the
Middle East. By overcoming existing challenges and developing new technologies, this method can be used as a
sustainable and efficient solution for storing excess energy produced from renewable sources and promoting their use
worldwide. “This paper reviews the concepts and challenges associated with hydrogen energy and its underground
storage. It also examines the current state of technology in the field of hydrogen, with reference to existing storage
projects around the world, and provides recommendations for future work in this area. In addition, site selection
criteria for hydrogen storage are reviewed based on current field experiences.
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