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h i g h l i g h t s

< Four criteria for describing the performance of a molten salt thermocline thermal energy storage system are studied.
< The effects of the physical properties of different filler materials on performance are also discussed.
< Filler particles with a small diameter and low thermal conductivity can improve efficiency h1.
< Filler particles with large volume-specific heat capacity and small porosity can increase thermal storage capacity.
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a b s t r a c t

Thermal energy storage is considered to be an important subsystem for solar thermal power stations
because of the fluctuations in sunshine over time. A molten salt thermal storage tank contains thermally
stratified fluid, with hot temperature on the upper level and cold temperature in the lower level.
Although a few studies have explored molten salt thermocline energy storage for solar thermal plants,
the criteria for performance improvement are still not understood adequately. To this end, this paper
summarizes four criteria for describing the performance of a molten salt thermocline energy storage
system. The criteria emphasize different aspects of the storage process, including thermal storage
capacity, entropy generation, efficiency h1 based on outlet temperature, and efficiency h2 based on
thermocline thickness. The effects of the physical properties of different filler materials on the perfor-
mance are also discussed. The findings indicate that filler particles with higher density, higher specific
heat, lower diameter, lower thermal conductivity, and lower porosity should be selected to increase
thermal storage capacity and efficiency. However, increasing the density and specific heat will also lead
to higher entropy generation in the system.
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1. Introduction

With the increasingly worsening problems related to energy
crises, climate change, and other environmental issues, experts and
authorities agree that the development and utilization of new and
renewable energy have become issues of serious concern [1].
Exhaust gases, dust, and fumes emitted by solar electric generation
systems (SEGS) cause minimal pollution. Most importantly, these
systems do not emit carbon dioxide (the greenhouse gas primarily

responsible for global climate change) during operation. Hence, an
SEGS has huge potential as a renewable energy source.

The output of a simple solar-only power plant depends strongly
on solar input, which may or may not correspond closely with the
load profile of a utility company. Thermal energy storage (TES) can
be used to store energy for delivery at a later time, or to facilitate
the generation of plant output during intermittent cloudy weather
conditions. To improve power generation efficiency, reduce oper-
ational costs, and increase the stability and continuity of solar
thermal systems, thermal storage equipment is needed to balance
the mismatch between solar energy supply and electricity
consumption [2e4].

A thermocline tank uses a single tank to store thermal energy.
Inside the tank, a thermal gradient or thermocline separates the hot
fluid from the cold fluid. The heat transfer fluid (HTF) maintains
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