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The main thermal storage types, sensible, latent,
and thermochemical, are covered. A focus is placed
on underground thermal energy storages, which
normally are sensible storages, as they can store
both hot and cold energy in the ground and thus are
often integral to geothermal energy systems.
Common types of underground TES are described:
soll

people-strong global power team understands all
aspects of thermal energy. Carbon capture
utilisation and storage (CCUS) This technology is
crucial to minimising emissions from hard to abate
sectors, the production of hydrogen from fossil fuels,
and the continued use of carbon-rich fuels in
developing and emerging markets .
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UNDERGROUND THERMAL SOLAR’
ENERGY STORAGE SYSTEMS

Geothermal energy storage system Pros Cons;
Underground Thermal Energy Storage (UTES)
Appropriate for use in the storage of energy on a
larger scale: Necessitates very certain geological

formations and climate changes: Integration with
geothermal power plants (GPP) is possible.
Construction and initial investment are expensive.

" B "_" | ATES open-loop systems can offer increased
= energy efficiency and long-term cost savings over
[ s Ui pump and dump systems and closed-loop systems
- ' A by using an aquifer as a seasonal storage reservoir

) for waste or excess thermal energy generated in
off-peak seasons or periods of low demand such as

= . L
solar energy in summer months or cold air in winter
) _ months.
e

This will be achieved by conducting 6 new high
temperature (~ 25?C to ~ 90?C) underground heat

//l l._ i storage demonstration pilots and 8 case studies of

- existing heat storage systems with distinct ???
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UNDERGROUND THERMAL SOLAR’
ENERGY STORAGE SYSTEMS

They can be installed on the ground or
underground. The storage medium is usually water
(although this is not the only option [117], [118]). Pit
storage (P-TES) are pits buried in the ground and
coated with a plastic layer. Aquifer thermal energy
storage systems in combination with heat pumps
are deeply studied [84], [85].

Advances in thermal energy storage would lead to
increased energy savings, higher performing and
more affordable heat pumps, flexibility for shedding
and shifting building loads, and improved thermal
comfort of occupants.

HEATSTORE Project Update: High Temperature
Underground Thermal Energy Storage Joris
Koornneef*l, Luca Guglielmetti2, Florian Hahn3,
Patrick Egermann4, Thomas The development of a

deep Aquifer Thermal Energy Storage system
(>5077C) in Cretaceous porous limestone
connected to a waste-to-energy plant ~4 MW to 5 -
T 4 » 6 Switzerland Bern
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UNDERGROUND THERMAL SOLAR’
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The sensible heat of molten salt is also used for
storing solar energy at a high temperature, [10]
termed molten-salt technology or molten salt energy
storage (MSES). Molten salts can be employed as a
thermal energy storage method to retain thermal
energy. Presently, this is a commercially used
technology to store the heat collected by
concentrated solar power (e.g., ???

An optimal design for seasonal underground energy
storage systems is presented. This study includes
the possible use of natural structures at a depth of
100 to 500 m depth. Experience with
high-temperature underground thermal energy
storage was also obtained from the bedrock heat
store in Lule? and the rock cavern in Avesta. In [14],
the

7.1. Introduction. Earth's shallow subsurface
provides a huge and natural potential for heat
storage, which can be utilized to store temporarily
low-grade thermal energy such as supplied from
solar heat or waste heat during periods of low
demand and to recover it later during periods of high
demand for space heating and cooling purposes
(e.g., Banks, 2008; Lee, 2013; ??7?
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UNDERGROUND THERMAL SOLAR’
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Renewable energy systems require energy storage,
and TES is used for heating and cooling
applications [53]. Unlike photovoltaic units, solar
systems predominantly harness the Sun's thermal

energy and have distinct efficiencies. However, they
: rely on a radiation source for thermal support. TES
} NIk systems primarily store sensible and latent heat.

Air Cooling
Energy Storage System

e

The same is true on a national or even regional
scale. Excepting smaller scale heat storage using

phase change and other materials, which can be
transported (Pielichowska and Pielichowski, 2014),
thermal energy storage and retrieval in underground
mines and aquifers must therefore focus on a local
or regional scale. In consequence it is
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Thermal energy storage (TES) is a technology that
stocks thermal energy by heating or cooling a
storage medium so that the stored energy can be
used at a later time for heating and cooling
applications and power generation. TES systems
are used particularly in buildings and in industrial
processes. This paper is focused on TES
technologies that provide a way of ???
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underground thermal energy storage (UTES) in the
energy system, 2) providing a means to maximise
geothermal heat production and optimise the
business case of geothermal heat production
e doublets, 3) addressing technical, economic,
environmental, regulatory and policy aspects that

% are necessary to support
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Intelligent energy storage systea
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In a world characterized by massive and increasing
. thermal energy needs for space conditioning and
+/200kwh i . S
MO hot water production [1], the storage and utilization
te‘gy%?:!z?sesys.em% of excess and waste thermal energy are becoming
— priorities of comparable importance to the
;:,Tz_:]j:fp“'ll harvesting of renewable energy offsetting the
2 A It i . .
f_ﬁ"ffqi_j mismatch between the usually fluctuating thermal
EEEE -
ﬁ{———':nf: L energy generation ???
) z_';Jr 'i“w i

i

2

Underground Thermal Energy Storage (UTES)
systems are used to buffer the seasonal difference
between heat and cold supply and demand and,
therefore, represent an interesting option to
conserve energy. Even though UTES ??7?
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UTES (underground thermal energy storage), in
which the storage medium may be geological strata
ranging from earth or sand to solid bedrock, or
aquifers. UTES technologies include: ATES (aquifer
thermal energy storage).An ATES store is
composed of a doublet, totaling two or more wells
into a deep aquifer that is contained between
impermeable geological layers above and ???

Thermal energy storage (TES) systems can store
heat or cold to be used later, at different
temperature, place, or power. The main use of TES
is to overcome the mismatch between energy
generation and energy use (Mehling and Cabeza,
2008, Dincer and Rosen, 2002, Cabeza, 2012, Alva
et al., 2018).The mismatch can be in time,

temperature, power, or ???

— Underground thermal energy storage systems may
== be divided into two groups: (1) closed storage

| systems,so-calledborehole TES,inwhich aheat
W transport???uid (waterin mostcases)ispumped
through heat exchangers in the ground and (2) open

systems where groundwater is pumped out of the
ground and then injected into the ground
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UNDERGROUND THERMAL SOLAR
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e — THERMAL ENERGY STORAGE ??? BOREHOLE
|T\!w ’ PIPING Due to the high temperature resistance of
L1 l | o~ i PEXa (up to 200?F), PEXa probes are ideal for use

r : in underground thermal energy storage systems.
e —a Durability (safety factor SF=1,25) Pipe SDR

11(25x2,3 and 32x2,9) PEXa PE 100 (HDPE 4710)
20?C (687F) 100 year / 15 bar (218 psi) 20?C
(68?F) 100 year / 15.7 bar

Project Titl e: High Temperature Underground
Thermal Storage of Sol ar Energy Principal
Investigator: R. E. Collins Organization: Energy
Foundation of Texas University of Houston Houston,
TX 77004 Telephone: (713) 749-3887 Project
Goals: The objective of this project is to establish

3 the f easi bi 1 i ty of high temperature underground
i ,‘ thermal
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' This review initially presents different thermal
energy storage methods including different
underground thermal energy storage (UTES) and
defines the short- and long-term usages of such
systems. Then, it focuses on BTES design
considerations and presents some relevant case
studies that have been done using numerical
modeling and experimental
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This review concludes that there is a significant
prm— . potential for UTES in the UK for both aquifer thermal
. e U}“L energy storage (ATES) and borehole thermal
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energy storage (BTES) systems, coinciding with
surface heat sources and demand. Therefore,
®- < uptake in UTES technology will help achieve

& net-zero carbon neutral targets by 2050.

Underground Thermal Energy Storage (UTES)
makes use of favourable geological conditions
directly as a thermal store or as in insulator for the
storage of heat. UTES can be divided in to open
and closed loop systems, with Tank Thermal Energy
Storage (TTES), Pit Thermal Energy Storage
(PTES), and Aquifer Thermal Energy Storage
(ATES) classified
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