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a b s t r a c t

In recent years, storage of thermal energy has become a very important topic in many engineering

applications and has been the subject of a great deal of research activity. This paper reviews the thermal

energy storage technologies suitable for building applications with a particular interest in heat storage

materials. The paper provides an insight into recent developments on materials, their classification,

their limitations and possible improvements for their use in buildings. Three major thermal energy

storage modes (sensible heat, latent heat, thermochemical heat) are described emphasizing the main

characteristics of the most suitable heat storage materials for each.

& 2012 Elsevier Ltd. All rights reserved.
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1. Introduction

In 2010, the building sector accounted for 25% of the total final
energy consumption in the world, the third largest after industry
(32%) and transport (31%) [1]. Although this share is expected to
decrease, buildings will still account for 20% of the total final
energy demand in the coming years. Space heating and domestic
hot water production are key applications in this sector: 53% and
16%, respectively [1]. The prospect of an increasing scarcity of
fossil fuel and the upward trend of oil prices have led to a general
interest in renewable energy resources that are more respectful of
the environment. Solar energy is one of them. This resource is
abundant and offers unrestricted access. Considering building
applications, solar energy has been used for space heating/cooling
as well as hot water and electricity production for many years.
Unfortunately, solar energy is intermittent and there is a mis-
match between the supply and demand periods. The peak of the
solar irradiation occurs during the day when the heating demand
is low, and the highest demand usually occurs at night or early in
the morning, when sun irradiation is low.

Consequently, there is a need for heat storage so that the excess
heat produced during supply periods can be stored for use during
peak demand periods. To this end, one of the most widely used
techniques for thermal energy storage is the sensible heat storage
method. The concept is widely used, well known, and is the
simplest and least expensive way to store energy [2–4]. In addition,
other energy storage techniques such as latent energy storage and
thermochemical energy storage appear to be promising given their
great heat storage capacity and/or their low heat losses during the
storage period.

For all the energy storage methods mentioned above, their
performance is strongly dependent on the nature of the storage
material chosen in the system. A material with a high heat storage
capacity and good heat transfer characteristics will improve the
performance of the heat storage system. Some other material
parameters such as the cost, environmental impact, and safety
conditions, also play an important role and therefore should be
taken into account during the design of such systems.

The aim of this paper is to present a review of materials
available for thermal energy storage in buildings. The tempera-
tures concerned range from 0 to 100 1C. Indeed, building
heat consumption covers both cooling (for air conditioning)
and heating purposes (for space heating and domestic hot
water production). Domestic food refrigeration and freezing will

not be considered in this paper. Heat storage methods will
be introduced with an emphasis on the thermophysical properties
of the material used. One of the key properties is the
energy density of the storage materials. In buildings, given that
space is a critical feature, the volumetric energy density will be
considered.

2. Sensible heat storage

One definition of sensible heat storage materials is that of
materials that are not subject to a phase change during
the temperature change of the heat storage process [5]. The
amount of energy involved in a sensible heat storage process
depends, as presented in Eq. (1), on the specific heat of the
material (Cp(T)), the temperature change (Tf,Ti), and the amount
(m) of material.

Q ¼

Z Tf

Ti

mCpðTÞdT ð1Þ

It is important for sensible heat storage systems to use a heat
storage material that has high specific heat capacity in addition to
good thermal conductivity, long-term stability under thermal
cycling, compatibility with its containment, recyclability, a
low CO2 footprint, and most important, low cost. Moreover,
for building applications, high density is also essential. Various
disadvantages are inherent to sensible heat storage systems. The
most important of them are: their relatively low energy density
(space limitation is usually a critical aspect, especially for building
applications) and the system’s self-discharge (heat losses), which
can be substantial, particularly when long periods of storage are
needed.

Sensible heat storage materials have been widely investigated.
Most authors present these materials in two main groups: liquid
and solid storage mediums. Liquids are most often water
and thermal oil, and solids are rocks, bricks, concrete, iron, dry
and wet earth, and many others.

2.1. Liquid storage materials

Table 1 shows a list of liquid materials used in sensible heat
storage systems. These materials can be classified according to
their operating temperature. Water has been widely used for heat
storage as well as for heat transport purposes in energy systems.

Nomenclature

m material mass (kg)
Cp specific heat (J/(kg K))
k thermal conductivity (W/(m K))
e effusivity (W s1/2/(m2 K))
P pressure (Pa)
Q energy (J)
T temperature (K)

Greek symbols

r density (kg/m3)
a thermal diffusivity (m2/s)

Subscripts

i initial
f final
0 reference
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