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ABSTRACT

This paper reviewed the sensible thermal storage systems specifically ARTICLE INFO
designed for cooking applications. The review focuses on the | 1%t Submitted: Apr. 20,
characteristics of storage materials, their practical applications, and | 2024

the overall performance of the systems. The review consolidated an
array of experimental and numerical research published across various
sources such as journals, conferences, books, online resources, and
professional reports. A systematic review is used to reach the
conclusion of this paper. Significant findings from this study include the
wide range of storage capacities attained from small-scale systems that
can store ~1-5 MJ of energy for a single meal to bigger systems that N

can store ~10-50 MJ. Some systems are made for low-temperature Published: June, 2025
cooking < 100 °C, while others may achieve temperatures of over 300°C
for uses like baking or frying. Additionally, the overall efficiency of the
systems ranges from 50% to 90% due to charging and discharging
losses; this condition emphasizes the importance of optimal designs to
reduce heat loss. Materials such as rocks, concrete, and specialized
phase change materials exhibit varying thermal conductivities from 0.1
to ~5 W/mK and specific heat capacities from 700 to over 2000 J/kgK,
which directly affect the performance of the systems. Furthermore, the
research also identified gaps in knowledge concerning the durability of
storage mediums and the feasibility of integrating cookers with storage
systems. The development and implementation of sensible heat storage
systems for cooking applications are in early stages of innovation but
have the potential to save energy, especially from intermittent sources.
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sustainable energy sources like solar, wind,
INTRODUCTION and biogas should be given attention.
However, it is necessary to emphasize the
necessity of effectively storing these
energy sources for future usage (Theu &
Kimambo, 2023; Bishoge et al., 2018).
Solar energy has recently become the most

The energy demand is expected to increase
day to day due to the projected increase in
primary energy demand and depletion of
fossil fuels. In order to address the growing
energy demand, the utilization of
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popular renewable energy source for
cooking, yet several drawbacks
documented concern solar technology. The
main issue includes intermittency habit due
to a lack of sunlight at night and when there
are cloudy skies and rain during the day, but
also, many solar systems support only
outdoor cooking. Cooking indoors is made
feasible by using Thermal Energy Storage
(TES) method, which enables cooking
activities all the time and avoids the
limitation of temperatures when required to
cook at all necessary hours of the day
(James, 2021; Biadgelegn & Hassen, 2019;
Asmelash et al. 2014; Kassem & Youssef,
2011) .

Lentswe et al. (2021) and Saxena &
Karakilcik ~ (2017)  categorized  the
temperature extracted from solar energy as
low and high. Temperatures greater than
100 °C are considered high, while
temperatures less than 100 °C are termed
low temperatures. TES enhances appliance
efficiency, provides energy security, and
enables the extraction of energy from
renewable sources such as solar, wind,
biomass and grid electricity for heating,
cooking or any other application that
requires heat. It is a technique of storing
thermal energy for later use, and once the
objectives of the systems are determined,
the design and construction of the selected
system may commence (Avghad et al.,
2016). TES systems offer efficient use of
thermal equipment and economically
viable energy substitutes. They rectify
energy imbalances by charging the system
from an intermittent source or other sources
that can enable charging through specified
thermal storage materials (Martin, 2014;
Stevens et al., 2013).

The scope of this study served as a roadmap
for guiding the evaluation process of one
type of TES; Sensible Thermal Storage
(STS) systems for cooking applications. Its

objectives were to analyse the design and
optimization of STS systems, to evaluate
the performance of different STS materials,
to examine the effects of operational
factors, to examine how STS integrates
with various cooker technologies, user
acceptance and socioeconomic
characteristics. Additionally, the study
determines future directions and research
gaps, paying particular attention to uses in
cooking through the discussion of both
numerical and experimental research.

Methods for Thermal Energy Storage

According to (Diaz, 2016; Socaciu, 2015),
TES can be stored by three main methods:
sensible, latent, and thermochemical as
illustrated in Figure 1. As the systems
receive energy and store it for later use,
they consist of three main phases: charging,
storing, and  discharging.  Design
considerations for TES systems include
thermal capacity, technical requirements,
environmental factors and cost-benefit
analyses. (Dincer & Rosen, 2011; Pachori
et al., 2022) emphasizes the importance of
storage materials with qualities like
complete reversibility, low thermal losses,
easy control, good thermal conductivity,
mechanical and chemical stability, and
chemical  compatibility.  Cost-related
design criteria for storage include the cost
of the storage material, heat exchanger cost,
container or tank cost, space cost, and other
associated costs. TES employs a variety of
technologies to store excess thermal energy
for hours, days, or months. The scale of the
storage varies from small to large,
encompassing  individual ~ processes,
districts, towns, or regions for both storage
and consumption. The general overview of
TES shows that energy demand and supply
in the system can be managed (Cirocco et
al., 2022).
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Figure 1: Classification of thermal energy storage methods (Socaciu, 2015).

Working Principles of Sensible Thermal
Storage

This type of the storage relies on the heat
capacity of a storage substance to hold
thermal energy. It stores energy by altering
the temperature of the storage medium. The
commonly used storage mediums include
liquids and solids. Liquid medium storage
encompasses molten salts, thermal oils, and
water, while solid mediums consist of
rocks, concrete blocks, sand-like particles,
and pebbles. However, the

Qs =my,,c, AT = pvcm(Tl- - Tf)
where Q; is the sensible thermal retained in
J, mm is the mass of the storage medium,
¢ 1S the specific heat capacity of the
storage medium, AT is the temperature
gradient in K, p is the density of the storage
medium, v is the volume of the storage
medium, Ti is the initial temperature, and
Ty is final temperature of the storage
medium during the storage process.
Fundamentally, the primary thermal
characteristics of sensible heat storage
materials are specific heat capacity, density
and thermal conductivity of the specific
material.

solid and liquid storage medium can be
mixed to enhance the cooking performance
(Li, 2016; Suresh & Saini, 2020). The
storage captures and stores thermal energy
by changing the temperature of the storage
materials without experiencing their phase
changes. Menghare & Jibhakate (2013
describes the thermal energy stored or
released as being directly proportional to
the density (p) of the storage material, its
volume (V), specific heat (cp), and the

temperature variation, as shown in
Equation 1.

Y]
Classification of Sensible Thermal

Storage Materials

(Boulevard & Miranda, 2018) provided an
overview of the STS system classification
based on the states of storage materials
used. The two primary states are solid and
liguid storage materials, and the
thermophysical properties for some of them
have been summarized by Bauer et al.
(2012) through Table 1.

Table 1: Thermophysical Properties of Commonly Used Mediums for Sensible
Thermal Storage (Bauer et al., 2012)
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No | SHS Material | Heat capacity | Density (kg | Thermal Energy
J-kg'1-K |‘ 1) m-3) conductivity (W - | density (k]

m-1-K-1) m -3)

1 Water 4200 0083 0.609 4175

2 Molten salt | 12423 2240 0.3 128=106

(MNitrate based)

3 Engine o1l 18RO EEE 0.152 36x106

4 Iron 465 7850 593 3650

5 | Alluminium 945 2700 238.4 2551.5

6 Copper 419 8300 372 34777

7 Sand 710 1631 1.8 1362

8 Concrete 879 2400 1.28 1933 8

9 Graphite 609 2260 153 13,3398

10 Granite 802 2750 29 2453

11 Limestone 741 2500 22 18525

12 Brick 840 1800 0.3 1312

13 Lead 131 11340 3525 14855

14 Sodum 860 2165 6.5 -

Chloride
Solid Storage Materials are suitable for low temperature
applications like space heating and

This category of material has been used in
numerous STS systems because of its
dependability, affordability, simplicity of
use, and suitability in a wide range of real-
world scenarios (Lugolole et al., 2019;
Shaikh et al., 2022). Thermal storage in
solid state have been investigated in various
research and describes that thermal storage
can be conducted in concrete, rocks pebbles
and other solid depends on the availability
due to location. The stated materials can be
utilized for low and high temperature
applications which does not require a phase
change. Furthermore, thermal storage in
liquid form can be accompanied by several
challenges such as leakages and high
vapour pressure however thermal storage in
solid state does not contain such challenges
(John et al., 2013; Soprani et al., 2019).
Solid heat storage requires other medium in
fluid form for heat exchange in order to be
useful. To enhance the heat transfer
efficiency in the system, it is recommended
that solid materials should be in contact
with the used fluid. The storage with solid
materials stated by various researches that

industrial waste heat recovery (Johar et al.,
2022). Storage materials are many but this
study described the following types:

Rocks

In order to enhance the heat transfer in
rocks Hanchen et al.(2011) recommends
that rocks be packed loosely in the thermal
storage bed to facilitate the flow of heat
transfer fluids (HTF). Thermal storage in
rocks is made possible through the
circulation of captured and stored heat,
which is circulated using HTF. Since rocks
exist in various sizes, it is recommended to
use rock sizes ranging from 1 to 5 cm,
which is advantageous due to the increased
contact area between the HTF and thermal
storage rocks.

The availability of rocks and non-
flammable nature, makes this thermal
storage possible and reliable for low
temperature applications (Prasad et al.
2019;Soprani et al., 2019; Cirocco et al.,
2022).

Concrete

Tanzania Journal of Engineering and Technology (Tanz. J. Engrg. Technol.), Vol. 44 (No. 2), June 2025



A. K. Sharishoy et. al. (2025), https://doi.org/10.52339/tjet.v44i2.1279

According to Martins et al. (2015), concrete
has high mechanical strength, does not
require a container and is easy to use as a
solid material for STS. An HTF can be
circulated through pipes placed inside a
concrete block to facilitate heat exchange
between the HTF and the concrete. In high-
temperature applications, its tendency to
fracture under repeated cycles of thermal
expansion and contraction may be a
drawback; nevertheless, efforts are
underway to determine the best mixing
technique to improve chemical-physical
characteristics and durability at elevated
temperatures. A volume of 20 m?® of
concrete can store 400 kWh of energy.

Sand

Schlipf et al. (2015) demonstrated that
materials with fine grains like gravel and
silica sand are good for storing thermal
energy. Typically, air would be used as an
HTF in beds of sand grains with a diameter
of 0.2 — 0.5 mm. It has been displayed that
these beds have up to 550 °C of storage
potential. The packing density increases
with sand fineness, and larger grains of
about 0.4 mm in diameter are found in
gravel. It is possible to utilize the grain
particles of basalt gravel directly to harvest
solar thermal energy from the receiver.
Sand falls from a reception tower,
absorbing heat from concentrated solar
radiation.

Liquid Storage Materials

The primary reason that liquid storage
media is seen as a potential is its ability to
circulate heat more readily than solid
media. In addition to its buoyancy-
producing properties, the density difference
between warm and cool liquids also
generates a  temperature  gradient
throughout the storage system; separation
results from hot fluid rising and cold fluid
falling (Bauer et al., 2012). Three selected
storage materials can be described as
follows:

Water

Because of its high specific heat capacity,
non-toxicity, affordability and ease of
availability, water is often used as a fluid
storage material for STS, as explained by
Furbo (2015). However, because of its high
vapour pressure, it needs expensive
insulation with abilities to withstand high
pressure for areas requiring temperature
applications from 100 °C to 700 °C. Water
is frequently employed in space pre-heating
and for heat storage below 100 °C
(Simonetti & Gentile, 2019). The buoyancy
force causes the water to stratify because of
the density difference brought on by
heating the liquid, creating a temperature
gradient throughout the storage. Water can
enhance the system to release energy
efficiently in high-temperature
technologies like Concentrated Solar
Power (CSP) plants and refrigeration
systems. However, water is a liquid
material which is mostly available and
cheap but has disadvantages like high
vapour pressure and corrosive to containers
over boiling point (Bott et al., 2019).

Thermal Qils

Thermal oils function as HTF in numerous
power and energy systems and are often an
organic fluid. They have substantially
higher liquid phase temperatures than
liquid water when used as a thermal storage
medium, with stable thermal characteristics
reaching temperatures of 400 °C (Prasad et
al., 2019). The larger temperature operating
range indicates that thermal oils have a
greater capacity to store thermal energy.
Additionally, compared to water, the oils
have a lower vapour pressure, which is
advantageous for the mechanical design of
associated pipelines and containers.

Unlike molten salts, thermal oils do not
necessitate an antifreeze system, as they do
not freeze in pipes overnight. However, the
shortcoming of thermal oils is their greater
cost compared to molten salts and water
(Alietal., 2021).

Molten Salts
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Molten salt is one of the most often used
storage materials in CSP reactors.
Compared to other liquid thermal storage
mediums, they are reasonably priced, have
low viscosities, good thermal stabilities,
high energy storage densities, and are non-
flammable (Zhao & Wu, 2011). High-
temperature CSP plants can benefit greatly
from the use of molten salts in their liquid
state, which can operate at temperatures as
high as several hundred degrees Celsius
with a vapour pressure far lower than that
of water. Pure molten salt typically melts at
temperatures higher than 200°C, making it
difficult to use at lower temperatures
(Gunasekara et al., 2021). It is better to
utilize molten salt that has a lower melting
point in order to preserve its liquid
condition while storing thermal energy.
Low heat conductivity, volumetric changes
throughout the melting stage, and
corrosiveness to the storage container are
some of the constraints of molten salt that
limit its wuse. The lowest melting
temperature of a mixture of salt is
recommended to those which melts at 80,
78 and 76 °C. These salts has a potential to
prevent solidification at low temperatures
to enable a broader range of TES
applications (Turchi et al., 2015).

Energy and Temperature Required for
Cooking

Thermal energy is required for cooking
various types of food, but at specified
temperatures. Kajumba et al. (2022)
determined the energy requirements for
local food items through laboratory tests
and surveys. Results showed that high
moisture content food items require more

energy to boil than to simmer, while dry
food items require more energy after
boiling. According to the findings, a
household of five people can have enough
cooking energy each day for 14 litres of hot
oil at a temperature of roughly 200 °C when
using an oil-based thermal energy storage
system that supplies hot oil to a dedicated
burner. It also reported that, approximately
2.6 kilograms of firewood are used to cook
1 Kg of dry beans and 1 Kg of maize flour.
Depending on the particular technique and
the intended result, different cooking
methods have been tested through this
study with variable energy and temperature
needs, and Table 2 shows the findings.

Performance Parameters of Sensible
Thermal Storage

Gonzéalez-Roubaud et al. (2017) state that,
the performance of a sensible thermal
storage system can be evaluated by
considering some of parameters. The main
parameters include storage capacity,
power, efficiency, cost, charging and
discharging time.

Suresh & Saini, (2020) carried out the
investigation to evaluate the effectiveness
of latent and sensible thermal energy
storage devices for solar thermal
applications. Air was employed as the heat
transmission fluid in concrete spheres and
metal capsules encased in paraffin. The
findings indicates that, sensible storage
outperforms latent storage in terms of
charging time and energy storage capacity.
While sensible storage could be a suitable
choice for improved charging and medium
storage capacities, the study suggests latent
storage for larger energy storage capacity.

Table 2: Cooking and Food Requirements with Relation to Cooking Techniques

Cooking Cooking Temperature | Energy Required Recommended Food
Category | Method Required and Transfer Mode
Boiling 100°C Moderate, primarily | Pasta, vegetables, eggs,
Moist Heat used to heat water and some meats
Cooking Simmering 85-95°C Moderate, lower Soups, stews, and slow-
than boiling cooked meats
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Cooking Cooking Temperature | Energy Required Recommended Food
Category | Method Required and Transfer Mode
Poaching 65-85°C Low, gentle heat Delicate foods like fish,
eggs, and fruits
Steaming 100°C Moderate, similar to | Vegetables, dumplings,
boiling and seafood
Baking 150-250°C | High, used to heat Breads, pastries, cakes,
the oven and roasted meats
Roasting 150-250°C | High, similar to Meats, vegetables, and
Dry Heat baking nuts
Cooking | Grilling 200-300°C | High, direct heat Meats, fish, and
source vegetables
Broiling 200-300°C | High, direct heat Meats, fish, and
source from above vegetables
Sautéing 175-200°C | Moderate, quick Vegetables, meats, and
cooking method seafood
Other . . . .
Cooking Frying 175-200°C | High, uses oil to Potatoes, chicken, and
Methods transfer heat other breaded foods
Braising 130-150°C | Moderate, slow Tough cuts of meat
cooking method
Technologies of Sensible Thermal solar thermal collectors and biomass

Storage System

The technologies of STS system can be
classified into mainly four categories and
according to Kogak et al. (2020), these are
as follows:

I.  Underground thermal energy
storage (aquifer thermal energy
storage, Borehole thermal energy
storage, Tank thermal energy
storage, Pit thermal energy storage).

ii.  Thermal energy storage in tanks
(Vertical-thermocline and
Horizontal).

iii.  Thermal energy storage in packed
beds (Stationary beds and Fluidised
beds).

iv.  Thermal energy storage in building
structures.

Evaluation of Benefits and Drawbacks of
STS for Use in Cooking Applications

Sensible thermal storage is an economical
and straightforward method of thermal
energy storage, which uses rocks, water or
ceramics and can be used in sustainable
cooking. It also improves energy security
by reducing the reliance on fossil fuels
when combined with other sources such as

cookstoves. Nevertheless, STS has some
drawbacks including lower energy density,
heat escaping to the surroundings that lead
to insulation requirements. The selection of
appropriate storage materials is crucial as
they must exhibit high specific heat
capacity, thermal stability and food safety.
Additionally, efficient heat transfer from
storage to cooking appliances is essential
for optimal performance. Addressing these
limitations, material innovation, system
design optimization and rigorous testing is
crucial for widespread adoption of STS
(Nydal, 2023; Okello et al., 2022).

STS systems have a number of significant
benefits which attract the users to adopt for
specific applications like cooking. STS
systems are simple to install and
maintainable because of their
comparatively basic design and operation.
The system construction and material costs
are lower than those of other thermal
storage technologies like latent. STS
systems can function well for extended
periods with minimal maintenance and
have proven track records of reliability.
The systems are appropriate for a variety of
applications because they can be made to
function over a wide range of temperatures.
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The technology allows the characteristic
that small home systems, big industrial
systems, and utility-scale applications can
all be easily scaled to suit varying energy
storage requirements (Kogak et al., 2020;
Sarbu & Sebarchievici, 2018).

Sensible heat storage technologies have
certain drawbacks in addition to their
benefits, and some are described by Cabeza
et al. (2015). When considering alternative
thermal storage methods, like latent heat
storage or thermochemical storage, STS
systems often have lower energy densities.
Even with insulation, there always be some
thermal energy loss, especially over
extended storage times. This can lower the
overall efficiency of the system. A
significant amount of area is needed for
storage tanks or containers in STS systems,
particularly those that use water or solid
materials. The specific heat capacity and
temperature range of the storage media may
be factors limiting the efficiency of STS
systems. The installation and maintenance
of sizable STS systems may have an effect
on the environment in terms of resource
and land use.

Adoption of Cooking Systems Integrated
with Thermal Storage

AfricaLive (2022) reported on the
development of thermal energy storage
systems using solar energy for cooking
applications. The article highlighted the use
of locally available food-grade materials
such as sunflower oil and erythritol to
reduce storage costs and ensure food safety.
This system made to store energy for future
use specifically for cooking later.
Additionally, a solar food dryer was
presented, allowing for night-time
operation with thermal energy storage.
However, consumers have been slow to
adopt domestic solar thermal food
processing devices due to a lack of research
on socio-economic aspects, including
cultural aspects, cost, and the lifespan of
the cookers. Recent research in STS for
cooking applications is focusing on

enhancing  efficiency and  material
versatility. Researchers are exploring high-
specific-heat capacity materials from
sustainable sources, such as ceramics and
industrial byproducts. The integration of
STS with smart control systems and
technologies is also being explored.
Advanced insulation techniques and
computational modelling are being used to
optimize storage system designs. The
integration of STS with  biomass
cookstoves is particularly relevant for
resource-constrained communities (Patel &
Patel, 2024) .

User Acceptance of Sensible Thermal
Storage for Cooking and Socioeconomic
Factors

(Johar et al., 2022; Nkhonjera et al., 2017;
Nydal, 2023; Patel & Patel, 2024) reported
on the characteristics of such systems for
the acceptance determination. Despite
being simply technically efficient, STS
systems for cooking applications must be
implemented successfully. This largely
depends on understanding and addressing
socioeconomic  issues and  ensuring
consumer acceptability.  Affordability,
cultural  practices, availability and
accessibility, education and awareness,
gender roles, and environmental awareness
are some of the most important
socioeconomic aspects.

One major obstacle to STS system
integration with cooking systems is their
initial cost, particularly in low-income
areas. The economic viability of such
systems in terms of material costs,
production and maintenance should be
considered in early stages. When
manufacturing such systems, the cost factor
is considered while choosing the materials
regarding the size, location and application.
Awareness of the environmental benefits
and the ease of use of the storage system for
cooking are among the parameters that
influence user acceptability. Maintenance
and use of the system should not be
complex.  The  dependability  and
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functionality of the system are essential to
create a habit for users to rely on. The
cooking result when the system is applied
in terms of time and flavour of the food is
to be consistent and reliable, which can
maintain the satisfaction of customers.

To summarize, technical and
socioeconomic factors are the crucial
approaches that lead the STS system to be
adapted for cooking applications. The
acceptance of the system regarding the
inclusion of many factors inspires the
researchers and inventors to design the
appropriate solutions for cooking.

Identified Gap

The optimization of operational elements
that influence the heat transfer in the STS
systems is still a gap. However, the thermal
storage materials, which are mostly used,
have been investigated; extracting enough
required energy is still a problem unless the
storage technology provides it. Other
investigations are essential to determine the
best way to construct STS configurations
by considering compatibility with different
styles of cooker attachments. Studies that
examine means of avoiding or reducing
heat loss from the storage systems are
required.

There is also the challenge of material
degradation when applied for long time
under high temperature conditions with
repeated cycles. The materials to be utilized
in the STS system for cooking applications
require a combination of factors. In the
real-world working environments,
evaluation of the materials for long-term
performance, specific heat capacity,
lifespan, and thermal stability are among
the crucial factors. To reach an efficient
STS system that fulfils cooking
requirements, the selected materials should
be affordable, available and eco-friendly
along with the site. Social and cultural
behaviour may interrupt socioeconomic
factors and the adoption of cooking systems
in some societies, so the studies under this
scenario are still relevant. Research is

required to evaluate the economic
feasibility, cultural appropriateness, and
user acceptability of these systems within
diverse communities. Enhancing the user-
friendliness of the systems is essential.
Solar as a heat source is common for
producing energy cooking systems, but
little research have been completed on
hybrid systems consisting of photovoltaic
power and other storage systems like oil or
rock STS systems. More research is still
needed on how STS technologies can be
combined with other renewable sources
while ensuring the required reliability and
flexibility.

Because of the lack of universalized testing
protocols and performance criteria, it is
difficult to compare different STS systems.
Standard methods of testing the reliability
and performance of the STS solar cookers
need to be established.

In summary, although the basic ideas of
STS are  well-established,  further
investigation is required to bridge the gap
between laboratory studies and practical
applications. To guarantee that sustainable
solar cooking solutions are widely adopted,
this entails resolving socioeconomic issues,
enhancing material performance, and
optimizing system design. This review was
conducted to address some of the issues
concerning the STS for the cooking
application.

METHODS AND MATERIALS

A systematic review of sensible thermal
storage systems for cooking applications
was conducted using a comprehensive
literature search. The review focused on
fundamental principles, materials, designs,
performance, advantages, limitations,
current  research, integration, socio-
economic factors and applications.
Relevant studies were selected and
critically analyzed, identifying gaps and
proposing future research directions. The
Dimension, Springer databases and
VOSviewer tools were used to find
references and a total of 25,102 relevant
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sources were identified. After applying
screening criteria for review and journal
papers published between 2009 and 2024,
2750 sources were left. Further screening to
identify papers related to STS for cooking
applications resulted in 58 potentially
relevant papers, and the selected papers are

mapped out and shown in Figure 2. The
findings were organized into categories,
highlighting advancements and challenges
in STS cooking applications. Thermal
storage systems are investigated using two
main paths: experimental and numerical.
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Figure 2: Mapping of storage systems for cooking applications.

FINDINGS AND DISCUSSION

Experimental Investigation of Sensible
Thermal Storage

The experimental method investigation was
based on the developed and tested
prototype for cooking applications. The
findings through such method are described
as follows:

Nydal et al. (2019) developed a passive
solar heat storage system for cooking,
converting extra electricity into high-
temperature heat. The system uses
photovoltaic (PV) electricity and direct
power from PV panels. Heat storage can
replace  dump loads for wind or
hydroelectric generators. The system is
scalable and designed for small workshops,
with a mechanical thermostat valve and
gravity driving the flow. The prototype
system primarily aims to switch from
firewood to solar energy for cooking in
remote, off-grid areas especially for
schools and other communities. The
cooking tests and a prototype system are
displayed to evaluate the performance of
the system.

The behaviour of thermocline in a STS was
studied by Bruch et al.(2017) Focusing on
the impact of solid storage materials on the
performance of the system. The
investigation results demonstrated that the
known performance of operating variables
such as tank initial conditions, temperature
range and fluid velocity have no major
impact on the thermocline of the system. It
noted that, the performance of the storage
lowered by partial  charging. The
thermocline of the system is reliable and
suitable for applications using solar thermal
power.

When investigating the thermal extraction
in the rock bed stratification thermoelectric
storage systems by Mulane et al. (2017), it
noted that well-stratified rock beds allow
quick release of stored energy, and this rate
decreases over time. Forced fluid
convections boost the discharge rate, and a
controlled flow of discharge fluid is best
when using STS systems for cooking
applications.  Furthermore, the study
showed that destratification happens more
quickly in high-temperature areas and
harms the function of the thermal storage
system. For this reason, it is advised to
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prevent large temperature differences
inside the storage tank.

For high-temperature applications, Okello
et al. (2016) conducted an experimental
study on thermal energy extraction using
airflow under various conditions from a
rock thermal storage system. The research
findings indicated that, consistently
maintaining a specific airflow rate in a bed
containing rocks initially resulted on
heightened energy output; nevertheless,
over time, the energy yield diminishes.
Additionally, it was shown that controlling
the discharge to provide the necessary heat
while using a system with adjustable
airflow  for cooking  purposes s
advantageous.

Lwiwa & Nydal (2023) demonstrated a
basic small-scale solution for cooking
beans. Heating was applied to an insulated
iron cylinder using photovoltaic heating
components or a solar concentrator. The
amount of heat that is stored can then be
adjusted to cook a specific amount of
beans. The pot can be put on top of the
cylinder until it has attained the calibrated
temperature during the charging process.
An iron cylinder that has been heated to 220
°C has been used to establish a small-scale
method of cooking beans after sundown.
After three hours, one kilogram of dried
beans was cooked in the cylinder. After
cooking, the residual heat decreases to 100
°C in twelve hours. It noted that the
insulation can lengthen the boiling time and
shorten the decay time, where the system
can also be heated using either grid power
or photovoltaic electricity.

Tusiime et al.(2022) demonstrated a three-
tanks STS system consisting of a residual
drainage tank, heat storage tank, and cold
oil reservoir. The system achieves 51.3%
charging efficiency and a 15.3-34.7%
overall discharge efficiency. The heating
unit's thermal transfer efficiency ranges
from 34.7-57.6%. The study suggests a
procedure for sizing oil-based STS systems
based on the discharge collected data.
Experimental results highlight the promise
of STS systems for environmentally

friendly cooking while also pointing up
issues with material performance, design,
and practicality. To encourage the broad
adoption of this technology, ongoing
research and development efforts have
been focused on addressing these issues.

Numerical Investigation of STS

Numerical studies provide a valuable way
to understand, enhance, and validate STS
systems designed for food preparation.
Researchers use it to create more
dependable and efficient cooking systems
by allowing them to test a variety of design
possibilities, assess material performance,
and predict system behaviour in diverse
operating conditions. This numerical
investigation is grounded in the prototypes
developed and tested for cooking
applications. The results obtained through
this approach are described as follows:
Andreozzi et al. (2009) modelled the STS
for a temperature greater than 800 °C for
thermal power plants through a commercial
Computational Fluid Dynamics (CFD)
Fluent package. The research analyzed the
relationship between HTF flows and rock
porosity indicates that to achieve energy
storage in the shortest possible time, the
packed bed porosity should be 0.40,
coupled with an HTF flow rate of
approximately 0.2 kg/s.

A 7.2 GWh heat storage system was
simulated and the results showed that, the
STS system should be charged in order to
improve performance prior to cyclic
operation. The tank diameter to height ratio
has a quite large effect on the performance
of the system. When this ratio is reduced,
the temperature drop when the storage is
discharged reduced, as a result, the
efficiency is improved. Furthermore, the
study noted that using smaller rocks
resulted in a higher pressure drop, which
increased the required pumping work, but
this also helped to maintain the final exit
temperature of the system. The findings
suggest no one size that fits all guidelines
for STS design. Each design must be
customized due to its specific applications
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to optimize cost and thermal efficiency
(Zanganeh et al., 2015).

To investigate the transient properties and
performance of the STS between 250 °C
and 400 °C, Bataineh & Gharaibeh (2018)
used a numerical technique. Storage beds
containing concrete, rocks and sea salt with
silica sand were analyzed using a numerical
model. The outcomes were compared with
additional information found in the
literature. The results demonstrated that, in
order to improve the designs of all
reasonable heat storage systems, a balance
between energy stored and charging
efficiency must be taken into account.
Basalt rock and Dead Sea salt, both with
adequate thermal performance, were
suggested as viable substitutes for molten
salts in thermal storage materials for
application in solar plants. Furthermore, it
was mentioned that natural stones, as
opposed to concrete, can be used more
successfully for applications requiring
higher temperatures for storage.

Elouali et al. (2019) studied the dynamic
behaviour of efficient STS systems using
four distinct numerical models, and for
numerical results, they were supported with
some successful experimental data in the
literature. Findings revealed that bed void,
solid particle diameter, and the mass flow
rates of the working fluid were influential
in the thermal performance of the systems.
It was also noted that well-packed bed STS
systems are likely run more efficiently due
to optimum solid state particle sizes and
allowable flow rates.

Vannerem et al. (2021) employed an
experimental approach with temperature
data ranging from 293 to 393 °C to validate
the simulation results about the thermocline
performance of the storage system. The
study showed maximum heat storage
capacity is achieved when heat is added at
a fluid velocity of 4 m/s. It was also
revealed that changes in temperature and
fluid velocity resulted in a decrease in
storage capacity. In conclusion, the authors
stated that while further experimental
investigations at temperatures relevant to

industrial conditions are necessary, the
results indicate that thermocline is a
reasonable candidate for high thermal
efficiency in the storage system.
According to Li (2016), various operational
scenarios were analyzed with respect to the
methods used for sensible heat storage.
This evaluation examined several factors
related to the performance of the system
such as fluid properties, storage tank
geometry, fluid velocity, and fluid
temperature at the point of entry. It was
illustrated that low HTF velocity might
increase the outlet temperature; however,
the mass flow rate could be hindered by
thermal diffusion and mixing effects. It was
also observed that a larger tank aspect ratio
could enhance thermal stratification.
Additionally, it was noted that the
properties of the solid storage material and
HTF affected the performance of the STS
systems. Therefore, these criteria must be
considered in sensible TES designs. The
analysis suggested that the primary focus
should be on the thermal behaviour of the
storage system, and subsequently, the
charging and discharging processes in the
systems should be examined.

NKkhonjera et al. (2017) analyzed different
solar  cooker designs and  their
corresponding heat storage materials. Their
studies show that the diffusivity of thermal
storage material greatly influences solar
cookers' efficiency. The authors pointed
out the gaps in the literature regarding the
design of heat storage systems for high
temperatures and urged to improve system
configurations and study the heat transfer
processes in these systems.

Synthesis of the Findings from the Study

Numerical and experimental approaches
are used to assess STS systems for cooking
applications.  Numerical  simulations
provide in-depth understanding of heat
transfer phenomena, while experimental
investigations verified theoretical ideas and
numerical predictions. These means
demonstrated the practicality of STS
systems and emphasize how system design,
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material choice, and integration of cookers
affect cooking efficiency. Nonetheless,
issues like user acceptability and material
deterioration are carried to light.
Computational fluid dynamics simulations
and other numerical studies offer a more
reflective comprehension of heat transfer
pathway and directing design
advancements. The findings discussed and
noted that, it is possible to comprehend the
complicated relationships between design,
materials, and operating circumstances in
greater detail, which lead to cooking
solutions that are more dependable,
effective, and easy to use.

CONCLUSIONS AND
RECOMMENDATIONS

Concluding Remarks

The sensible thermal storage system has the
potential to save energy from intermittent
sources  for  cooking  applications.
Numerical and experimental research have
thoroughly explored design concerns and
performance evaluation of STS systems.
The findings from this paper demonstrate
that cooking from sensible thermal storage
systems can significantly help to address
clean cooking possibilities. The system can
utilize different solid and liquid materials to
enhance performance. The selection of
storage materials depends on the projected
temperature, either low or high, and the
cooking method to be wused. The
characteristics of storage  materials,
considering solid and liquid, can possess
several appealing qualities of the system,
including affordability, accessibility, and
environmental safety. The materials like
concrete, fire bricks, oils and industrial
waste have good heat storage properties.
They can be obtained locally, making
cooking through sensible thermal storage
systems viable and performing well. The
study reveals diverse storage capacities,
ranging from small-scale to large systems,
suitable for low-temperature cooking to
high temperatures, and overall efficiency
between 50% and 90% due to charging and

discharging losses. There is, however, a
lack of research on the performance of the
sensible thermal storage systems under
final implementations to society. Several
experimental rigs in laboratories perform
well due to reported results, but are missing
minor improvements and upscale stages.

Recommendation

Further research on the effects of
developing hybrid sensible-latent TES
systems for cooking is essential. It is
suggested to improve the performance of
the existing sensible thermal storage
systems and stabilize the functionality for
cooking applications. The review also
recommends making the development of
advanced STS materials a top priority,
optimizing integration and system design.
Creation of standardized procedures for
performance evaluation while encouraging
user involvement is also recommended.
Promoting investment and policy support,
and expanding long-term evaluations of the
STS systems for cooking applications is
vital.

Implications of the Review Findings

A review of STS systems for cooking
applications suggests a shift towards

optimized system design, improved
insulation techniques, and continuous
integration with cooker designs. The

review recommends a focus on women's
empowerment, standardised performance
evaluation, and improved material
selection. Additionally, it highlights how
STS systems can alleviate energy poverty
in different areas, and it recommends that
governments and  non-governmental
organisations encourage their
implementation through focused initiatives
and financial rewards. The review also
emphasises the advantages of STS
technologies for the environment and
human health, highlighting the necessity of
educational and public health campaigns.
The importance of sustainable supply
chains and local entrepreneurship for long-

Tanzania Journal of Engineering and Technology (Tanz. J. Engrg. Technol.), Vol. 44 (No. 2), June. 2025



Comprehensive Review of Sensible Thermal Storage Systems for Cooking Application

term viability and accessibility is also
emphasised in the review's conclusion.
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