RN 2024 48 6 H 45 9 %4 3 10): 476-486 I..@ a4} 538
Y|

Petroleum Science Bulletin

3
b

515 R 25 0] e P L S A8 RE R Y R B 5 )

HR2, x4 LgRiR2, EEY RS, R

1 H PRI H ) )7 Rl E K E R s, K 400044
2 EPRAFHIR S LA, K 400044

3 ERREBERIUE 1 2=, 2RI 430071

4 hEAETEPRERA TR AR, ik 999077

* FWIE1EE , wangtao.oil@cqu.edu.cn

Yk H3H: 2023-02-15; &l HIH: 2023-06-07
Rl S A TR (202 1YFC3000603) . [ R [ SR BR #3425 1 100 H (5217041034) . PUJ1145 5500 H (2022 YFSY0008) . H [ i ARk
AHTFEE4: (2023DQ02-0206) F1H [ {4 5 Rl 2= 3L 45 72 ki % B (2022M720555) 4 52 Bl

% EYUMRREHANAERET, HHEREREAFANCIFHATE B G5 K, M H b K u R A2 MR
RMERE . RAE ST A IR G A, R EE BRI L, A bttt 2 A B LR HE TR
KR, KIARENEFERMEEZURGBEE, HILREN FEMGEZARANEF, KBRAQUET A
BEMAGE, BHFREAXBEATUGRER, EETHELIAKNEEZSTTHNGFE, ENREHF,
HYBRAEEFTOHFET 2R EEE 2., HYSEXENARERRN RS L BT RELZEENRA. B,
HRBFZEREGE FENEE T RN HEXEE, A% A H TOUGHREACT-FLAC3D # & # 1 2 3L 7 3 34 %
BREF—BRF—N I (THM) 78R, ENT 4 HBERLARENENL, Fo0WT 4B EETH
KENFEFHRAKRIBER, REME N2 A URRBRE, FREW: (DVBEFELEFEXERLEF
EHNEEARAGEH, ENETESEF AN T ARESS, MHEERERDN, BEERBEEHRL,
EANRAKFEHE BN QRARFIRAEEBERRN T AR, BEREHHEEEHRARFH—K,
{BRRE A EERRARA 8 mRE, s P HKA T A4 05 54 1 5 B fook i & 3t
%k, IUBEEENFUEMBEREN AR HERNY HRD. Q)VMENEFARRAAKNERATRERK, Hil
WEAREZEREENFERbE TEMBENILIRED (12MPa), (HEHTHIONERETERESEES
52 M 1000 B = A B B E T UA R 52 MW, Bk, ARG EREHTRRE, RBAT TR S
FHHEBBERLAOREANBERREES.,

Kol bR BEERL RN, AR, THEARE; HEEMN

i35 P314; TM616

Influence of permeability anisotropy on high-efficiency energy storage
power generation system of geothermal battery

GAN Quan'?, LIU Yanting"?, MA Yuegiang'?, WANG Tao'?, HU Dawei®, ZHI Sheng*

IR HIR, XIHEE, EIRSR, VEE , SR, SR 1232845 1) Sk A L b = U R A2 F R GE R . ARl 2#5E 41, 2024, 03: 476486
GAN Quan, LIU Yanting, MA Yueqiang, WANG Tao, HU Dawei, ZHI Sheng. Influence of permeability anisotropy on high-efficiency
energy storage power generation system of geothermal battery. Petroleum Science Bulletin, 2024, 03: 476-486. doi: 10.3969/
j-1ssn.2096-1693.2024.03.035

©2016—2024 AR (JLnt)  TERRS MU BRA R www.cup.edu.cn/sykxtb



B AR i) S X bR L Y e R R K P R SRR R 477

1 State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing University, Chongqing 400044, China
2 School of Resources and Safety Engineering, Chongqing University, Chongqing 400044, China

3 Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China

4 Huarong International Financial Holdings Limited, Hong Kong 999077, China

Reveived: 2023—02—-15;Revised:2023—-06—07

Abstract In the context of the current energy transition, the market for innovative technologies for clean energy utilization is
growing. Geothermal battery storage power generation technology is expected to solve the problem of intermittency of renewable
energy sources such as solar and wind power, and is attracting attention in the clean energy field. Geothermal battery energy storage
system uses the low permeability, low porosity cap and base layers and the high permeability, high porosity intermediate reservoirs
formed in the sedimentary strata to realize the storage of hot water. This hot water creates a high-temperature geothermal reservoir,
and it has been shown that this stored heat can be efficiently recovered and may even enable long-term or even seasonal storage.
In sedimentary structures, there are very obvious anisotropy in their physical characteristics and other aspects, among which per-
meability anisotropy plays an important role in the flow process of fluids. Therefore, it is crucial to study the effect of permeability
anisotropy on energy storage capacity. In this study, a multi-field coupled model of temperature-percolation-stress field (THM)
for geothermal energy storage was developed using TOUGHREACT-FLAC3D coupling software to simulate four permeability
anisotropies and analyze the hot water flow paths, temperature and pressure distributions, and power generation efficiency. The
results showed that: (1) permeability anisotropy has a strong influence on the evolution of pressure during injection and production,
pressure fronts move rapidly in the direction of high permeability and the lower the anisotropy the larger equivalent permeability
the lower the pressure required to inject hot water. (2) Hot water flows preferentially in the direction of large permeability, and the
propagation of temperature and pressure is consistent with the direction of hot water flow, but the temperature distribution is mainly
determined by the direction of fluid flow, and hot water is used to heat up the colder rocks and water in the initial environment
during the flow process resulting in heat loss, so the permeability anisotropy has less effect on the distribution of temperature in the
reservoir. (3) The rock of the reservoir expands under the action of high-temperature hot water, and its pore pressure recovery value
is gradually higher than the initial pore pressure of the reservoir (12 MPa) with the increase of temperature. (4) At the end of the 30
injection cycles, the maximum power generated at an anisotropy of 1000 permeability can reach 5.2 MW. Therefore, when selecting
the geothermal cell storage system, the reservoir with a large permeability in the horizontal direction is more efficient.
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Fig. 5 The pressure variation of 30 injection and extraction cycles under 4 scenarios
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