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1 INTRODUCTION

Thermal management systems of buildings can be categorized in active systems (such as direct
heating, ventilation and cooling via fossil fuels and electric sources) and passive systems (such as
storing/releasing heat in sensible, latent and thermochemical modes). It is true that active systems are
more efficient, but the rising energy crisis worldwide demands the potential alternatives or the
assisting technologies to save the energy (Liu et al., 2013). In these circumstances, the combination of
active-passive systems, for example, the electric systems combined with heat storage systems, has
provided sustainable outcomes. Further, in heat storage systems, latent heat storage/release
technology is supposed to be competitive due to relatively stable operating temperature and high
heat storage density enabled by phase change materials (PCMs) (Huang et al., 2021). PCMs are the
core components by which various latent heat-based heat exchangers (LHEs) can be configured and
equipped with electric-driven thermal management systems of buildings. LHEs are deemed to be the
emerging devices that are mainly implemented outside of buildings, i.e., they are dissimilar compared
with PCM-based systems (in-built PCMs) that are incorporated in the tiles, walls, roofs and floors of
buildings (Zhang et al., 2021). Therefore, thermal characteristics of PCMs required to design LHEs
are also deemed to be different than that of in-built PCMs. In LHEs, heat transfer occurs between the
heat transfer fluid and PCMs (Chen et al., 2020a). At present, PCMs that are used to design LHEs
pose potential challenges due to their low thermal conductivity, which drastically affects the heat
storage/release efficiency of LHEs equipped in thermal management systems of buildings. Therefore,
improving the thermal conductivity of PCMs (Liu et al., 2022) and optimizing the design of LHEs
need further research efforts.

This opinion includes the current application status of PCMs and designs of LHEs suitable for
thermal management of buildings, particularly focusing on the existing challenges and future
prospects.

2 PCMS AND LATENT HEAT-ASSISTED THERMAL MANAGEMENT
SYSTEMS

2.1 Fundamentals of PCMs
PCMs are defined as the materials undergoing interconvertible thermodynamic states under the
influence of the imposed temperatures (Gulfam et al., 2019). In general, the interconvertible
thermodynamic state refers to the physical phenomenon of phase change at a particular melting
temperature, during which the latent heat is stored/released, establishing the working principle of
PCMs. PCMs can be generally classified depending on the chemical attributes, melting temperatures
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and phase change phenomenon. Based on the chemical attributes,
PCMs are classified in organics, inorganics and eutectics (Gulfam
et al., 2019). Based on the melting temperatures, they can be
categorized into low melting PCMs with <100°C (e.g., paraffin
waxes and fatty acids), medium melting PCMs lying in range of
100–300°C (e.g., salt hydrates), and high melting PCMs with
>300°C (e.g., metals) (Zhang et al., 2016). The phase change
phenomenon is itself of two kinds, including the structural
change and the state change (Gulfam et al., 2019). In
structural change, crystal structures of the material are
internally changed which results in the class of solid-solid
PCMs (e.g., polyurethane). In state change, the physical
appearance of the material is changed from one form to
another, leading to classes of solid-liquid (i.e., paraffin waxes)
and liquid-gas (e.g., water) PCMs. The organics are mostly
paraffin waxes and fatty acids, while the inorganics are
hydrated salts. Paraffin waxes own high latent heat storage
capacity (roughly in range of 200–250 J/g) and are declared as
the green materials, i.e., environmental-friendly, while fatty acids
are declared to be less toxic compared with the inorganic
hydrated salts (Gulfam and Zhang, 2019). The main challenge
of organics is the low thermal conductivity that is being solved by
fabricating the suitable thermal composites. Although inorganics
have a slightly higher thermal conductivity compared with
organics, the challenges of subcooling and phase separation
still exist in hydrated salts which can be solved via certain
nucleating agents and thickeners while fabricating thermal
composites.

2.2 Thermal Conductivity Enhancement of
PCMs and Design of LHEs
Keeping certain challenges of PCMs ahead as described above, it
is necessary to carefully choose and properly fabricate PCM-
based thermal composites to ensure safe and stable operations of
LHEs. Thermal composites can be fabricated by utilizing various
additives (Chen et al., 2020b), known as thermal reinforcements,
majorly including the inorganic sorbents (carbonic, silicate and
metallic reinforcements) and organic/inorganic encapsulants
(polymerics, surfactants and inorganics). For proper design of
LHEs, thermal composites should be fabricated conforming to the
parameters of primary importance, namely, shape-stabilization,
moderate or high thermal conductivity enhancement and
stabilization of latent heat storage capacity.

Several experimental case-studies have been successfully
presented, leading to fabrication of PCM-based thermal
composites and LHEs. For example, PCMs are filled in the
metallic fins (uniform and non-uniform fin structures) through
which the heat transfer area is considerably increased, as shown in
Figure 1A. Metallic fins have the advantages of low cost, easy
installation and good stability (Gürtürk and Kok, 2020). In a word,
LHEs configured via metallic fin-based PCM thermal composites
can work effectively when incorporated in thermal management
systems of buildings. Other example includes the metallic foams
(i.e., made of copper, aluminum, and nickel, etc.) into which PCMs
are infused, as illustrated in Figure 1B. The porosity of metallic
foams plays the main role, establishing the thermal paths necessary
to expedite the heat transfer of PCMs that finally results in the

FIGURE 1 | Potential thermal conductivity enhancers including (A) Metallic fins (Huang et al., 2021), (B) Metallic foams (Zhang et al., 2020) (C) Microcapsules.
Schematic diagram of implementation of LHEs (latent heat-based heater exchangers) in (D) Independent electric heater (Zhao et al., 2020) and (E) Integrated electric
heater based thermal management systems of buildings (Zhao et al., 2020).
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promising LHEs (Zhang et al., 2020). In encapsulant-based thermal
composites as illustrated in Figure 1C, PCMs are packaged as the
core which is surrounded by the polymeric/inorganic shell (Gao and
Chen, 2019). The shape of the microcapsules can be regular (such as
spherical, tubular and elliptical) or irregular. The microcapsules are
packaged in LHEs, which increases the specific surface area, thereby
enhancing the heat transfer between PCMs and heat transfer fluid.

2.3 Implementation of LHEs in Thermal
Management Systems of Buildings
At present, there exists mainly two types of active-passive combined
thermal management systems for buildings, namely, independent
electric heater-LHE system (Figure 1D, (Lee et al., 2022)) and
integrated electric heater-LHE system (Figure 1E). The working
process of both systems is the same, but the configurations are
different, i.e., for the independent electric heater-LHE system,
electric heater and LHEs are two separate components; while for
the integrated electric heater-LHE system,many LHEs are combined
and equipped with an electric heater. PCMs are encapsulated in a
cylindrical or spherical container and heat transfer fluid stored in the
tube flows through the container to form LHEs (He et al., 2022).
Moreover, PCMs can be packaged in serpentine tubes as well. Many
serpentine tubes form a heat exchanger plate and many heat
exchanger plates constitute the LHE (Lin et al., 2020). During the
trough period of electricity consumption at night, the electric heater
is turned on for heating (Zhao et al., 2020). Meanwhile, part of the
heat is stored by LHEs. During the peak period of electricity
consumption, the electric heater is turned off, and the heat is
released from LHE to the circulating water which is then
supplied to end-users for heating purposes.

3 OUTLOOKS

Combining the conventional active thermal management systems
of buildings with the passive latent heat-based heat exchangers

(LHEs) is declared to be the emerging technology, addressing the
challenges imposed by the worldwide energy crisis. However, the
challenges corresponding to the PCMs selection, fabrication of
PCM-based thermal composites, design of LHEs and their proper
implementation in conventional thermal management systems of
buildings still need serious efforts. The following aspects need to
be further studied:

1) Develop PCM-based thermal composites having excellent
thermal properties, high heat storage density, long cyclic
life and low cost. For example, adding high thermal
conductivity particles to improve thermal conductivity in
only optimal quantities or using the multiple PCMs to
meet the constant temperature difference and longer
temperature control capacity.

2) Optimize the internal structural design of LHEs, such as
combining the fin technology with porous network to form
a fin-porous heat exchanger ensuring the improved heat
transfer.

3) Address the stability and reliability-related challenges
of LHEs in intermittent operations, with a
special focus on realizing the intelligent adjustment and
control.
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