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Abstract To investigate the feasibility of compressed carbon dioxide (CO,) energy storage in deep
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aquifers of the Hengyang Basin, this study focuses on the Honghuatao Formation sandstone reservoir within
the Cretaceous paleo-desert aeolian sedimentary strata. By integrating petrological characterization
experiments with site-scale numerical simulations, the carbon sequestration and energy storage potential of
the reservoir were systematically evaluated. Petrographic thin-section analysis, scanning electron
microscopy (SEM), and porosity-permeability tests reveal that the Honghuatao Formation sandstone is
predominantly composed of medium-to fine-grained feldspathic quartz sandstone with pervasive calcareous
cementation. The reservoir exhibits low porosity and permeability, characteristic of tight sandstone. The
overlying mudstone caprock, with negligible porosity and stable regional distribution, forms an effective
reservoir-seal combination. A three-dimensional numerical model of the compressed CO, energy storage
system was established based on experimental data. Simulation results indicate that under a reservoir

2

permeability of 15x107 pm™, 60-day cyclic injection-withdrawal operations induce pressure fluctuations
< 0.5 MPa, with energy round-trip efficiency exceeding 99.98%. Additionally, low-temperature CO,
injection triggers localized temperature reduction (up to 5°C ), pore pressure accumulation ( maximum
1.27 MPa), partial effective stress reduction, and significant vertical displacement in the reservoir. The
study demonstrates that the Honghuatao Formation sandstone holds potential for CO, storage and energy
storage. However, its low permeability limits injection-withdrawal capacity, necessitating acidification or
hydraulic fracturing modifications to enhance pore-permeability properties for scalable applications. This

research provides theoretical insights into the utilization of paleo-desert aeolian sandstone for subsurface

energy storage and the advancement of low-carbon energy technologies.
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Fig. 1  Distribution of the Cretaceous strata in Hunan Province (A) and geological sketch map

of the Hengyang Basin (B) (modified from Shi et al., 2023)
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Fig. 2 Specimens and testing equipment
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Fig. 3 Microscopic characteristics of reservoir and caprock rocks in Well Heng-5 Hengyang Basin



‘(IM K

B2WE 1Y

BRIEAF o M BN A AR KR D i 4R S T 4 A AR B (L S 323

A, a—NURY EARE A AR, RTRRBUZRTT, FEf S HY22-8-7; B, b—RUKV mM® A M, MIRLUZL T, FM%S: HY19-8-1;
C, c—WUSE B AT & B i, BORAGE, MRS 5. HY20-1-25 D, d—RUK T LA 5 AR, BORARE, FEM S HY18-6- 1,
HER A IR ETAE A, R HEIR A S RS R
B4 XU o i 2% 1R T B T 447 52 9 SRR 3

Fig. 4 Failure mode of uniaxial compression test of eolian sandstone at room temperature
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Fig. 5 Stress strain curves of sandstone reservoir samples

from the Honghuatao Formation in Hengyang Basin
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Fig. 6 Histogram of porosity distribution (A) and intersection of porosity and permeability (B) in the Honghuatao Formation
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Table 1 Hydrogeological and thermodynamic parameters of

target aquifer and wellbore in numerical model
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Fig. 9  Operation scheme of energy storage system
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Fig. 10 Formation pressure and temperature variations in initial gas bubble filling stage of system (profile Y=0)
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