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ARTICLEINFO ABSTRACT

Keywords: Sorption thermal energy storage (STES) is a promising solution to address energy shortages and environmental
Sorption thermal energy storage problems by providing long-term or seasonal heat storage with high energy storage density (ESD) and the
Adsorbent

minimal heat loss. Due to the similarity in reversible working principles between thermochemical and electro-
chemical energy storage, STES is also termed as sorption thermal battery (STB). Different from other sorbates, e.
g., water and methanol, ammonia-based STES is highly attractive due to its versatility in working conditions,
especially for the applications like power generation and freezing. Thus, it is of great interest to uncover the full
landscape of STB, which could bring more insights or serve as a supplementary counterpart to water-based type.
This paper systematically summarizes the existing thermodynamic cycles and their performance to provide the
key criteria for material selection and synthesis. Then, different adsorbents are reviewed, such as activated
carbon, metal chlorides, and their composites. Furthermore, we provide an overview of the current state-of-the-
art technologies in designing materials and developing prototypes considering real working applications. Based
on research achievements, future challenges of STB are presented, which include developing new and efficient
ammonia sorption storage materials, selecting appropriate cycle configurations, and conducting experimental
tests to promote the practical use.

Ammonia
Thermal cycles

industrial, residential, and commercial sectors.
: The global research interest in TES technology has increased recently
1. Introduction as the scope of the concept was broadened to encompass the built

) ) ) ) ) ) environment, comprising both residential and non-residential buildings,
With the increasing energy demands in modern society, the rapid as well as districts and urban networks [9,10]. It can be divided into

consumption of fossil fuels caused serious environmental problems [1, three main categories: sensible heat storage (SHS), latent heat storage
2]. An increasing focus on the development of renewable energy and (LHS), and thermochemical heat storage (TCHS) [11-13]. Sensible heat
utilizing industrial waste heat is gathering momentum, which is envi- storage involves temperature rising of working medium including solid
ronmentally friendly and abundant [3,4]. Although the investment material (e.g., bricks and concrete) or liquid material (e.g., water) [14].
share for renewable energy is expanding vigorously, it still only supplies It is relatively simple and mature but has low ESD. Latent heat storage
a small portion of the world’s thermal energy demands. This is because stores heat via a phase change medium at a relatively constant tem-
renewable energy sources, especially solar energy, are intermittent in perature [15]. Although ESD of LHS is quite higher than SHS, it suffers
time and location, and thus have a mismatch problem between energy from low thermal conductivity that influences the charging and dis-
supply and demand [5,6]. Thermal energy storage (TES) provides a charging rates [16]. Besides, both SHS and LHS are prone to large heat
solution by collecting and storing heat for future use [7,8], which results losses, which leads to premature heat discharging before the intended
in reduced carbon emissions, less dependence on fossil fuels, and higher period, especially during long-term or seasonal storage [17].

energy sustainability. It is also applicable in various domains, including

* Corresponding author at: Key Laboratory of Refrigeration and Cryogenic Technology of Zhejiang Province, Institute of Refrigeration and Cryogenics, Zhejiang
University, Hangzhou 310027, China.
E-mail address: jianglong@zju.edu.cn (L. Jiang).
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ABSTRACT

Keywords:

Amrirmonda

Thesmochemical sorplion enesgy slorage
Fin structure

CFD

Three-dimension

Thermal energy storage is gaining attention due to the rapid development of renewable energy. Among various
systems, ammonia-based sorption energy storage offers high heat storage density and low heat loss, promising a
great potential. However, the poor thermal conductivity of metal chloride-NH, reactors poses significant chal-
lenges, necessitating the optimization of reactor design to improve heat transfer performance. Incorporating
appropriate fins is a validated effective method, but comprehensive comparisons of various structures for
ammonia-based sorption, especially in 3D, are still deficient. Aiming at the research gap, this study focuses on
conducting numerical analyses on variows 3D fin types (circular, longitudinal, and trapezoidal) within the reactor
employing SrCl,-NH, as the working pair. Results indicate that incorporating fins could effectively enhance heat
transfer rates and reaction kinetics, resulting in a reduction of the average maximum sorption temperature rise
by 6.89 K with trapezoidal fins. Parametric studies are then performed to optimize the fin structure further. The
optimized fins demonstrate a 2.97 % increase in average output power when compared to the initial reactor
design with trapezoidal fins. These findings suggest that the proposed reactor design holds significant promise for

advancing thermodynamic devices in ammonia-based sorption heat storage.

1. Introduction

Industrial advancement has led to a significant increase in energy
demand (Al-Eawi el al., 2020). However, the depletion of traditional
fossil fuels (Tel e al, 20217 and its combustion results in the emission
of harmiul gases (Yaqoob et al., 2022) and particulates (Yagoob et al.,
2022), posing substantial challenges to the ecological enviromment
(Kiong et al., 2021). This has caused severe issues related to resources,
energy, and environmental sustainability (5hi et al., 2023). Therefore,
the development of clean energy and alternative fuels is imperative
(Jiang et al., 2023},

Although hydrogen is an excellent clean energy source, its produc-
tion process is prone to catalyst deactivation and safety precautions need
to be significantly enhanced (Syuhada et al. 2021). Thus, further
investigation is still required for real applications (Sher et al., 2020).
Consequently, the transition to renewable energy sources and the urili-
zation of industrial waste heat have become increasingly important.
With the increasing share of renewable energy in the energy mix and the
resultant decentralization of energy production, future energy supplies
are expected o become more unstable. Renewable energy sources such

* Corresponding author.
E-mail address: jianglong@zju.edu.cn (L. Jiang).

https://doi.org/10.1016,/).ces.2024.1 20599

as solar power exhibit variability across temporal and spatial scales,
leading to fluctuations in energy supply and unpredictability, which
variability impacts the continuity of energy production cyeles and the
alignment between energy supply and demand. Thus, changes in the
energy structure and the inherent intermittency and volatility of
renewable energy sources pose significant challenges to their effective
utilization. To efficiently harness solar energy, stabilize energy Muctu-
ations, and align energy supply with demand, it is imperative to employ
energy storage systems. These systems can collect and store surplus
energy and release it when needed, thereby mitigating the temporal and
rate mismatches between energy supply and demand and enhancing
overall energy utilization efficiency (N Tsoukpoe et al., 2009).
Thermochemical heat storage (TCHS) technology offers a possible
solution by capturing and storing energy from different sources such as
solar, geothermal, and industrial waste heat for later use (Jiang et al,
2017 Lieral, 2009). Additionally, TCHS helps reduce carbon emissions
and reliance on fossil fuels, promoting greater energy sustainability (Y
et al., 20013). According to the working mechanism, TCHS can be sub-
divided into chemical heat storage and sorption thermal energy storage
(STES) (Xu and Wang, 2022), Despite both reaction and sorption-based
thermal storage offering benefits such as high energy storage density

Received 14 May 2024; Received in revised form 10 July 2024; Accepted 6 August 2024
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