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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]
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Table 1 Initial fluid composition of the reservoir

Component Value (%)
CO2 1.15
N2 2.28
C1 91.45
Ca6 5.12

e ads) ST g
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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locations of wells and grid tops (ft)
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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

Ole doyd Ojge dr g 0D drale (5 jleadiculle 5 S 4y o
1 gads 3aymee 8Ll o po (e samule sl Grizes b
Do IS & Gi%e 5l salscidlop (y59 008 55 Jse S (lime 0550
Qo0 Dygo ds Solpd 50 g ol el (35 Ay 00l (B3 59,000 oo

cxm gl ¥
Sl o S35 2 GRBsk o o edb gy sl el ooled Sl
slp 1235 )15 Gby)l 9590 pFe 5l endiublsn (9,0em sl
039,98 3 S mamw 53550 5 (a8 (339,00 oslS liae (Ao



100
90
8
7

0
0
60
50
40
30
20
10
0
1 2 3 4 5 6 7 8 9

Number of Cycle

Hydrogen purity (%)

10

® Base Model ®Base Model*1.4 = Base Model * 1.8 # Base Model*2.2 ® Base Model*2.6 ®Base Model*3
@

100
90

80
70
60
50
40
30
20

10

0

1 2 3 4 5 6 7 8 9 10

Number of cycle

Recovery factor of hydrogen (%)

mBase Model = Base Model®1.4 = Base Model * 1.8 Base Model*2.2 m Base Model*2.6 = Base Model*3
(<)
(b)
P Sl (Wl (55, 2 o33 42 000305 5 o2 53l B SO
59 8Lk copo (0 (igy0ee

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)
the recovery factor of the hydrogen produced from the reservoir
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hydrogen recovery factor
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the withdrawn hydrogen and (b) the recovery factor of the
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