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ABSTRACT

Research subject: The disparity between supply and demand is one of the main obstacles in transitioning from fossil fuels to renewable energy.
Underground hydrogen storage derived from renewable sources is a suitable method for storing energy from these sources. However, a portion of the
stored gas remains in the reservoir as cushion gas, which can add to the operational costs. It is therefore recommended to replace this cushion gas with
less expensive alternatives, such as CO, or sour gas, to reduce these costs. Nevertheless, this replacement can affect the purity and recovery factor of
hydrogen, which can be controlled by specific operating parameters. This study will investigate how these parameters can be adjusted to maintain high
purity and recovery factor for stored hydrogen.

Research approach: In this section, a model of a partially depleted gas reservoir was initially constructed using the commercial simulator CMG.
Following validation, this model was employed to evaluate the desired parameters. For this purpose, approximately 50% of the reservoir was depleted
initially, followed by the injection of the cushion gas for one year. Subsequently, the hydrogen storage process was conducted over a period of 10 years.
This research investigates the impact of various parameters, including the duration and rate of hydrogen injection and production, the soaking time and
duration of cushion gas injection, the utilization of sour gas as the cushion gas, and the concentration of H,S within it, on the purity and recovery factor
of the produced hydrogen.

Main results: The results showed that increasing the rate of hydrogen injection and production enhances its purity and recovery factor. Reducing the
injection period while increasing the extraction period decreases purity but improves recovery, provided that the extraction period does not exceed the
injection period. Extending the cushion gas injection time and the interval between injection and hydrogen storage supports the purity and recovery
factor of hydrogen. Additionally, in the cushion gas composition, increasing the proportion of H,S above 70% in the sour gas mixture reduces hydrogen
purity and recovery by approximately 2% and 3%, respectively, confirming the potential of H,S as a cushion gas.
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Figure 1 Schematic of underground storage of hydrogen gas in the
presence of cushion gas [10]

Oyl & 4l 5 G5 om)p 095 Giag o [N ) Sea 5 5515
S0 aS ol las LeQT wls By ig,00e 55 (g5lwonsd Bus L
ol Plosl Judoas sl 55 lgieay o SannSTeo 55 5l eolaiwl &0
A ol s s3bim sk Gy dowe S o Jw JIS> ol 0 €Oz
9> Jolme (s Coom 0 E8 > i ) g (AT ()IMLL g
coge WS e sl &5 by Jdoa Yol oS> ol 09 se CO2
ol 5955 i 55 5 o led g (258 50 Ol )55 b 09 o
L 05 ga )T Bl plo 4 5 F (5,0 (35,900 Dl Gialél g
lad aelogzrsas <250 CO2 58 (sol> ol Jsbme (b 4 9, <5 >
G 5 ol 45 gbioe ol (950 4 (Fsyen il Doi lp camlie
o Wy Sl cage 5 WS o0 S Gjgyee B ol

Sedsr P 5l GieyeR
9 N2 CHa slojl8 51 sandlae 4 VY] ()] 1Ke 5 ams Y- VY Jlo o
Bup b oas ce lis sdelcwwss mlis sl 4l 5 lgiea CO2

doddio )

czge shad lacsgu I (AU sla Sogll 5 aej 08 sles Sal3H
5 Ol o) $30b 5l 65T sl jolareas lacdgs 095l b on
Rl 655 @l 4 (5l slaplu b aezles Sl St uizmen
Sl a8 ale Jsey lie nl ol 55 piynaad slacss il Gezen
B rizen ited s g oS Loy Cunjlane sl
Jsb @b Sl Sl (o) 25 58 Lol wdgs o8 (Lewd slass !
eSSl slaodguza b wlie (nl 5l )0 00 9 9y iS (oo
(S Sy pamen 69yls0 Goyb 3l gl adg g cul ol pen
b Sl Sblye 0929 b 058 0 plonil Sy 028 5 o0k Sl 58
SS9 Sl g lp (orlie (0l Wlg ool @l Cnl L
Oyzes helse 4 Lol (Sl mlie il Jane onplel aiil
oS 6550 el OMSie K00 (o ol opdle enlgmg ] Ol s
» G5A lp Lol Gl ases axlye 1L 58 (ed locs g
Sle g0ty (551 a5 ¢ 4SSl @ az g bl Sl b 5l (S
Al Jgad ;5 6550 sLoll Rl BIL el cob Jlo Jgad (oles o
S92 4 Lol g adse (lee Jobs (955 o2 » 5l (oBL OMawe (Lo
Rl il 5o celul (Laxe g oo ladacs 093 pl &S Wl
DT el 35290 65,51 wlin sl piyaaos o o,8

&lie ol 5ol iasaas sljle (65,31 (5 3lwo w33 coads o o lg0 4 axg5 b
Jo oly s 8,90 sloeyge 5o ol 5l eoliwl § Lolis zals olyg0 ,0
slegiyl gl @ pdnes gbesyl Gl Glp ele
3P Gl 0xe3S Sln 397 9e oy Gl S0 o0 B 4 (e
(Underground Hydrogen 35,002 55 cuwejn) @ilwopd wlile
e e g golatdl pdnans syl I Jeol> Storage (UHS))
STy Jgamme Yl 09,5 0Ll 3590 93 @ Slgin 0T BV 5l s oo
] Gyl 4 oS ol O Sy 5 LS Gigpnee S5 i se
bsi 550 Gl Sln Gasen B Conle a4z L L wile o
Cot ilie el G510k Jlems 2 s5lwe S 4 5l G
2,10 45" (0l 5 Jl (51085 5 adgs gan e Jdoa oo Yl s LIS
3Ly sl slap> 50 (39,008 5B (sile S Glp (lie 4055
g W)l &S ol Jlems Syl Lo (e) pj oile Lol o
S eRSslr cazr 4 ol (Integrity) (S LS 5 (Swse orizen
Siles e g rulio Gladn S (g5 4 O 09,0 55 St
5 S OleMbl o9y gzmen (LY 4 Ly 35 (e Glee 0l 50
4 ln cenlio slodls 2525 (51 000 90 5 0bis pglaaz lis
i 0 g Blrye Dol sz ol (5)0 ey 5 ekl gl
sl 5l odelcwwsds UHS (gly cmwlio jls (g4 35 basy 50 ials
[5-f] RCE| P PPV UR VRS

snld o il IS &gt wab e esalie ) JSS 0 a5 ek les
(Cushion Gas) 4l ;I8 4 (Working Gas) Lol 55 saiws g0 4, UHS



S e ¥

Gilwals gl>1Y)-Y

B Seiny Silweps wnld Gileand jsliedy adllas cnl o
b oolil Y+ YY (54505 CMG (5,5 13800 5 dcgazo 3l (139,00
9 Oiaren 5 g 4l 5B Bt 5l AU 5K oS 5 Slpedi 4 a2y
(Compositional Simulation) .55 jleacd 3l geoge ol (w)p
Joe cole 5 Jhw Jow oo jshaieds yioxen .ol oolaiul GEM
Builder 3 WINPROP sl Jgjlo 5l s ey (30m0 Sl 9 Sl
A oolazuwl

O adsl Sl o5 5 ) Jgoa
Table 1 Initial fluid composition of the reservoir

Component Value (%)
CO2 1.15
N2 2.28
C1 91.45
Ca6 5.12
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Table 2 Initial reservoir parameters

Parameter Value (Unit)
Porosity 21 (%)
Permeability 23.5 (mD)
Initial Pressure 2600 (psi)
Initial Temperature 155 (F)
Rock Compressibility 4*10°6 (1/psi)
Initial Gas Compressibility 5.02*10°2 (1/psi)
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Figure 3 Scheme of hydrogen gas injection and production cycles
in the reservoir
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Table 3 Composition of sour gas used as cushion gas with different amounts of hydrogen sulfide gas

Component Sour gas +10% H2S +30% H2S +50% H2S +70% H2S
N2 (%) 0.550 0.492 0.378 0.263 0.149
CO2 (%) 6.410 5.743 4.410 3.077 1.743
Ha2S (%) 3.850 13.850 33.850 53.850 73.850
CH4 (%) 88.352 79.163 60.785 42.407 24.029
C2-6 (%) 0.750 0.672 0.516 0.360 0.204
H20 (%) 0.088 0.079 0.061 0.042 0.024
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Figure 4 The effect of the volume of gas injected into the reservoir
on (a) hydrogen purity and (b) hydrogen recovery factor
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Figure 6 The effect of the injection duration (injection rate) of the
cushion gas into the reservoir before starting the hydrogen gas
storage process on (a) the purity of the produced hydrogen and (b)
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Figure 5 The effect of the duration of hydrogen gas injection and

production during a storage period on (a) hydrogen purity and (b)
hydrogen recovery factor
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