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Focus Today Is:

Large-Scale and Long-Term

Heat Storage for Future

Electricity Generation
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Solar Collectors to Heat Water

Solana: trough 280 MW
with 6 hrs Storage
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Background

Aquifer Heat Storage Has Been Considered for Decades, but
not to store Water at 250 C or Higher, nor for High Porosity
(10-15%) / High Permeability (~100 mD) Deep Formations

Holbrook, J., NSF “SedHeat Project”—Sedimentary Basins for
Geothermal Energy

Green, S., NSF 2017 High Porosity Sedimentary Basin
Formations for Hot-Water Storage (“Geothermal Battery
Energy Storage”)—Concept Feasibility

ldaho National Laboratory Considered High Porosity
Formations for Heat Storage - “GeoTES” [DOE seems to
refer to Reservoir Thermal Energy Storage (RTES)]

Green, S. & McLennan, J., et.at., NSF “Geothermal Battery
Energy Storage” and Publications on Reservoir Assessment

Panja, P., et.al., Publications on Calculations




Major Observations

Three things became apparent:

1. Rock mass volume for the “storage
container” is small

. Time for equilibration of temperature and
pressure is short and reservoir
temperature variations are small

. Geochemistry issues must be carefully
managed and could be a “deal breaker”




Calculations
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Heat Recovery

s Cumulative Loss
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30th Cycle
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Permeability Variations
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- Temperature profiles for four-layer model
Multi-Layer Fiostion Y

after injection for 120 days
- (“in-between” 15-meter thick formations are
Reservolr outlined in black)

Well

Panja, P, et.al., “Multi-Layer Reservoir
Thermal Energy Storage in the Uinta —
Basin”, ARMA 21-385 scale




Charging the Reservoir

Constant Pressure BC
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Produced Water Temperature
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Summarize



Heat Storage Reservoir

. What about Fractures / Faults?

. What about Non-Isotropic Rock Permeability?
. What about Multi-Layer Reservoirs?

. What about Horizontal Wells for the GB?

. What would not Work as a Reservoir?

. Could “More Conventional” Geothermal
Formations Work?

7. Could a Depleted Oil/Gas Reservoir Work?

Green, S., et.al.,, “Questions and Considerations Regarding the Geothermal Battery Energy
Storage Reservoir”, White Paper, July 2020, www.epirecovery.com
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Conclusions

The big finding is that for the right reservaolr,

high porosity and permeability, nearly one-

hundred percent of the injected heat can be

practical recovered.




The DOE “Energy Storage Grand

Challenge: Draft Roadmap 2020”, speaks

to RTES [heat] storage (page 96) and
suggests that further support may be

provided.




Questions



Closing Comment
J.P. Morgan, Tenth Annual Energy Paper, June 2020

[11i]] Thou shalt toil mightily to store energy that you produce

Some de-carbonization proposals for the grid entail substantial over-
building of wind and solar power with the goal of storing excess
electricity generation to draw upon later, allowing natural gas peaker plants to eventually be
retired. However, long-term utility-scale energy storage via electrochemical

batteries is an industry that is still in its infancy. Less than 1% of US electricity

generation was stored in 2019, and almost all of this storage occurred in decades-old pumped hydro

facilities (see below) rather than in batteries. A much larger storage buildout would be
needed to displace natural gas peaker plant generation, which is currently 10x
the amount of stored-and-then-dispatched electricity. There are plenty of “hockey stick”
forecasts for electrochemical battery deployment, as there were for

electric vehicles a decade ago and which turned out to be way too high.

Due to the complexities around reimbursement and cost recovery allowances for utilities that invest in

storage, SOme battery storage forecasts are likely to be too high as well.




Complete Subsurface System

McLennan, J., et.al., “On-Line Workshop: Large-scale Subsurface Seasonal Solar
Heat Storage for Future Value”, NSF Sponsored, May 19, 2020, Univ. of Utah or
WWW.epirecovery.com

GEOTHERMAL BATTERY
SURFACE FACILITIES

ECONOMICS AND FINANCE
AS AN/O&G PLAY

Large-scale Subsurface Seasonal Solar Heat
Storage for Future Value

Kevin Kitz
KitzWorks LLC

Excess solar and wind electricity may
Immediately for surface resistive water heating.
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Well Layout for “Unit” Geothermal Battery

Slimhole cold producer or injector
4 wells

e ————

About 60 meters \’

. Slimhole hot injector - 4 wells

About 30 meters
s _Large hole hot producer

.

/. OQutside bound of Unit Reservoir

About 120 meters Bound of heated Reservoir




