
Thermal Energy Storage

Storing excessive thermal energy to be used in colder times is one of the oldest forms of
energy storage known to us. Recent research and development have made it possible to
use this energy for grid applications.

Sensible Heat Storage
By far the most commonly used form of thermal energy storage is sensible heat storage.
Sensible heat means heat that can be sensed or felt, and describes the thermal energy that
changes a material’s temperature, such as warming water. This is to differentiate it from
latent heat (described below), the heat associated with changing a material’s phase, such
as boiling water or melting ice.

In this kind of thermal storage system, a storage medium (water, molten salt, air, sand,
gravel, rocks…) is heated or cooled to use the stored heat (or cold) later. In some
applications, this involves surplus thermal energy, for example from the sun, geothermal
activity or waste heat from industrial processes. In others, electricity is used when it is
inexpensive to store energy for use at peak times, such as freezing blocks of ice at night to
use in air conditioning systems in the daytime.

Molten Salt Thermal Energy Storage
Solar thermal energy can be stored at extremely high temperatures using molten salt.
Concentrated solar power (CSP) is used to heat the salt, which melts at 131 °C, to a
blistering 566 °C when it is sent to a specially insulated tank to be stored. The thermal
energy can be stored here for up to a week.

Whereas most sensible thermal storage applications store heat to be released as heat later,
the high temperatures of the molten salt can be used to superheat steam, power turbines
and thus generate electricity.

Seasonal Thermal Energy Storage
While many applications of sensible heat storage store thermal energy to release it just
hours later, in several cases heat is stored for days, weeks and even months. In an
experimental solar community in Alberta, Canada, heat produced by solar collectors in
summer is stored in giant water-filled boreholes underground. Months later, in the freezing
northern winters this thermal energy is used to heat the community. The town of Vojens in
Denmark uses a similar system, storing their summer heat in an enormous thermal pit
storage tank.

https://www.dlsc.ca/index.htm
https://stateofgreen.com/en/profiles/ramboll/solutions/world-largest-thermal-pit-storage-in-vojens
https://stateofgreen.com/en/profiles/ramboll/solutions/world-largest-thermal-pit-storage-in-vojens


Latent Heat Storage
Where sensible heat involves the simple heating or cooling of a material, latent heat is
associated with a change in phase. Another term for these storage mediums is phase
change materials (PCMs). The most common phase change associated with energy
production is the transition from solid to liquid and vice versa.

Thermal energy is transferred to the PCM as sensible heat until the transition temperature is
reached. At this point, all the thermal energy goes into changing the phase and the
temperature remains constant until the material has completely transitioned. As the material
cools and changes back into a solid, the latent heat is released.

Storing sensible heat is by far the cheapest form of thermal energy storage, however latent
heat offers energy densities almost three times as high. Such systems have not yet been
adopted commercially, but research and development activity continues.

How can thermal energy storage benefit the power
grid?
There are two key ways that stored thermal energy benefits the grid as a whole. First, by
using excess thermal energy for heating and cooling needs, this removes a significant
electrical load from the grid. Reducing demands on the grid from air conditioning is
especially significant in the hot summer months. Sensible heat transfer is one of the
cheapest forms of energy storage available.

The second way is by using thermal energy to directly generate electricity, as with molten
salt technology. While battery energy storage systems are ideal for quick bursts of power to
smooth out fluctuations in supply, molten salt systems can retain vast quantities of heat for
days — these systems can be used for baseload generation.

Finally, while the equipment necessary for molten salt thermal storage is specialised, thermal
storage typically uses abundant, non-toxic and cheap materials making it a cost-efficient way
of storing energy.


