due to their nature, e"'v.'--.__., oroperties, and
economic impact. Three key energy performance_

diverse. Some review and overview publications on
molten salt and other storage materials are
available [2, 5??710]. Tab.1 summarizes major
molten salt material research topics in the CSP field.
1.2 Molten Salt Thermal Energy Storage Systems
and Related Components State-of-the-art molten
salt based TES systems consists of a

? Renewable energy sources, mainly wind energy
and solar energy, are random and intermittent,
which puts forward higher requirements for the
flexible operation of thermal power ?7??
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Super Critical CO 2 Energy Storage (SC-CCES)
Molten Salt Liquid Air Storage o Chemical Energy
Storage Hydrogen Ammonia Methanol 2) Each
technology was evaluated, focusing on the following

aspects: o Key components and operating
characteristics o Key benefits and limitations of the
technology o Current research being performed

The major advantages of molten salt thermal energy
storage include the medium itself (inexpensive,
non-toxic, non-pressurized, non-flammable), the
possibility to provide superheated steam up to 550
?C for power generation and large-scale
commercially ??7?

For those systems, the molten salt storage media
(about 35 % of the direct capital costs) and the
storage tanks (about 24 % of the direct capital
costs) are the main bearers of cost. For direct
systems with operating temperatures up to 560 ??C,
using molten salt as the HTF and the storage
media, the capital cost ratios are 34 % for the

LIQUIDIAR Co0LING.
¥ PROTECTION PS4/P55
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Solana uses the first U.S. application of an
innovative thermal energy storage system with
molten salt as the energy storage media, combined
with parabolic trough concentrating solar power
(CSP) technology. While the CSP technology is
similar to technology that was initially used in the

.
F I 71 |
]

i
T

1980s, Solana is the largest energy storage project
and

I |

Molten salt thermal storage systems have become
worldwide the most established stationary utility
scale storage system for firming variable solar
power over many hours with a discharge power
rating of some hundreds of electric megawatts (Fig.
20.1).As shown in Table 20.1, a total of 18.9 GWh e
equivalent electrical storage capacity with a total
electric discharge ???

- A two tanks molten salt thermal energy storage
e — system is used. The power cycle has steam at
% 574?C and 100 bar. The condenser is air-cooled.

)
The reference cycle thermal efficiency is ??=41.2%.

Thermal energy storage is 16 hours by molten salt
(solar salt). The project is targeting operation at
constant generating power 24/7, 365 days in a year.

1
v - o 43
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The power generation sector is moving towards
more renewable energy sources to reduce CO2
emissions by employing technologies such as
concentrated solar power plants and liquid air
energy storage systems. This work was focused on
the identification of new molten salt mixtures to act
as both the thermal energy store and the heat
transfer fluid in such ???

The primary uses of molten salt in energy
technologies are in power production and energy
storage. Salts remain a single-phase liquid even at
very high temperatures and atmospheric pressure,
which makes molten salt well-suited to advanced
energy technologies, such as molten salt reactors,
or hybrid energy systems.

Indirect two-tank molten salt (MS) storage system is
the most widely used TES solution [4] mercial
examples are the Andasol 1???3 plants in Granada,
Spain, which couple solar fields using thermal oil as
HTF to two-tank MS storage systems [5].The other
emerging option is direct molten salt (DMS) storage,

which couples the storage system directly to a solar
?7??
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The molten salt energy storage system is available
in two configurations: two-tank direct and indirect
storage systems. A direct storage system uses
molten salt as both the heat transfer fluid (absorbing

heat from the reactor or heat exchanger) and the
heat storage fluid, whereas an indirect system uses
a separate medium to store the heat.

The research on molten salt storage on component
level is manifold and summarized in the following
Tab.2. The component research is not limited to the

molten salt tank systems but also focuses on power
components and other components in the molten
salt loop (e.g., pumps, valves, in-strumentation), as
well as fundamental process technology

ARHERE

The results show that the molten salt heat storage
auxiliary peak shaving system improves the
flexibility of coal-fired units and can effectively

i regulate unit output; The combination of

’ ' high-temperature molten salt and low-temperature
molten salt heat storage effectively overcomes the

W taxrree I N B

ENERGYISTORAGE SYSTEN problem of limited working temperature of a single

Product Model

type of
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In this paper, the thermal and mechanical dynamic
performances of molten salt packed-bed thermal
energy storage (TES) system are investigated by
coupling Finite Volume Method (FVM) and Finite
Element Method (FEM). Firstly, an integration model
coupling FVM and FEM in packed-bed tank is
developed. Particularly, the pore water static
pressure caused by ???

N Changla, S. Experimental Study of Quaterna ry
47 024K L Nitrate/Nitrite Molten Salt as Advanc ed Heat
sizv Lol Transfer Fluid and Energy Storage Material in
T Concentrated Solar Power Plant. Ph.D. Thesis, The

Molten salts as thermal energy storage (TES)
materials are gaining the attention of researchers
worldwide due to their attributes like low vapor
pressure, non-toxic nature, low cost and flexibility,
high thermal stability, wide range of applications etc.

215kWh

' . . Ternary salts (Hitec salt, Hitec XL) are found to be
| D best suited for concentrated solar
1
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i ]
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The major penetration of molten salt thermal energy
g?j‘”” ‘ storage system for commercial scale applications is
'ég in CSP power plants. The development path of CSP
technology has been driven by the deployment of
the storage media and heat transfer fluid. Molten
salts are utilized as working fluids in different high

temperature industrial processing units

Cycie Life Nominal Energy 1P Grode
28000 200kwh P55

The intermittent character of solar energy requires a
Thermal Energy Storage (TES) system for the most
| effective utilization of this energy source. can be
“l | synthesized and characterized for the relevant

properties to be projected as potential low melting
point molten salt mixtures for thermal storage and
heat transfer applications. In

To overcome the discontinuity problem of solar
energy, molten salt energy storage systems are
included into the system for energy storage [8],
which mainly uses the phase change process of
molten salt to achieve heat storage and release [9],

so as to ensure the energy input of the power
generation system at night or cloudy days.At
present, this technology has relatively ???
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Malta's innovative thermo-electric energy storage
system represents a flexible, low-cost, and
expandable utility-scale solution for storing energy
over long durations at high efficiency. Molten salt is
the most mature technology used in thermal
storage. The nitrate salts used by Malta hold heat

well and are stable, nonflammable

Similarly, Wei et al. [23] embedded two heat storage
systems (molten salt and phase change material) in
a CFPP to improve system flexibility, and the main
steam was extracted to store thermal energy.
Simulation results indicated that power load of the
CFPP decreases by nearly 100 MW at 50 % rated
load, and the peak shaving time reaches 8.4 h

The references mentioned above describe a molten
salt storage systems that are fed from external
sources such as solar energy. The research
presented in this paper focuses on a closed-loop
steam turbine and an energy storage, which is a
novel approach towards steam turbine operation in
a grid with renewable energy sources.
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Molten salt energy storage (MSES) used in
concentrated solar power plants, for example, might
have an LCOS in the range of 127 to 255 ???/MWh.
Choosing the appropriate salts for an energy
storage system depends on factors such as the
desired operating temperature, heat storage
capacity, and cost-effectiveness.

electrical power when prices are high. This report

= o will discuss different kinds of energy storage but will
™ ** - focus on molten salt thermal energy. This report
L . analyzes two different configurations for the molten

salt energy storage system???two-tank direct and
thermocline. Each of these configurations has
associated advantages and disadvantages. The

Although thermal storage in molten salt is still in its
infancy in the industry, it is where Rpow sees the
% ¢ most potential. "It is an unstoppable trend
throughout the industrial sector," he says. The

o modular system based on molten salts that the

Kyoto company has devised and that can be
installed in small and medium-sized factories.
Modular
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nnnnnn The value of molten salt storage is mainly reflected

J in three aspects: improving the utilization rate and

\ stability of renewable energy storage, solving the

coordination problem between wind, solar, fire and
other energy sources;. Realizing grid peak shaving
and valley filling, system frequency regulation, load
smoothing, etc. function to improve the security and
economy of the power grid
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