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1 Introduction 

This report will detail lessons learnt during the design and construction of an electrically charged 
thermal energy storage system (ECTES). 

 
2 Background 

Due to recent increases in the cost of gas for industrial and commercial process heating applications, 
cheaper alternatives are being sought by industry to reduce the associated costs. One such alternative 
leverages benefits from low-cost renewable energy generation, such as wind and solar photovoltaic, in 
combination with the ability to store this energy when in abundance, in a suitably ‘energy-dense’ and 
economically advantageous medium, such as quartzite rock. 
Research has been conducted into the application of Electrically Charged Thermal Energy Storage 
(ECTES) systems for commercial and industrial heating applications. Research activities include the 
construction of an industrial scale prototype. The system consists of a quartzite rock filled stainless 
steel vessel (see Figure 1). This figure shows the vessel once it had been installed inside a 
weatherproof housing, filled with rocks, but prior to sealing and completing the final layers of wall and 
roof insulation. 

 

Figure 1: Quartzite rock filled stainless steel vessel 
 
This vessel, shown in two stages of construction in Figure 2, is designed to be charged by 42 electric 
heating elements, with a combined total power of over 70kW. The sheaths, which are designed 
to contain and protect these electric heating elements, are also shown in Figure 2. 
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Figure 2: ECTES system in two stages of construction 
 

 

Figure 3: Partially insulated stainless steel vessel 
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The thermophysical properties of the filler material (quartzite) have been determined. Equations for 
the specific heat, density and porosity of the material have been determined. The quartzite, which is 
readily commercially available and inexpensive, was found to have sufficient durability for this 
purpose, based on the results of thermal cycling tests and associate macrostructural and 
microstructural analyses. 
A case study was conducted for use of the ECTES system in a dairy farm to replace gas heating 
systems. Using solar photovoltaic (PV) electrical energy generation and also thermal storage, it has 
been estimated that gas consumption can be reduced by 93.7% and the return on investment (ROI) 
is 10.0 % over the business as usual (BAU) case. 
A commercial feasibility study was also carried out in relation to using the Packed Bed ECTES system 
to replace gas fired process heating technologies in an off-grid mining application. It was found 
that significant savings could be realised when coupling variable renewables with thermal storage. A 
system simulated could offset about 75 % of the current fuel usage resulting in an internal rate of 
return (IRR) of 40 %. 
In addition to economic learnings, the lessons learnt in the project period include improvements to the 
design of heating elements for use in high temperature energy storage, improvements to the choice 
of housing for the high temperature energy storage system and improvements to the system 
assembly procedure, in order to best facilitate transportation. 
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3 Key Learnings 

3.1 Lesson learnt No. 1: Improvements to the design of heating elements for use in high temperature 
energy storage 

 
Category: Technical 
Objective: Develop a laboratory scale electrically charged thermal energy storage system 
into a commercially ready prototype 
Detail: 
Great difficulties were encountered in attempts to procure heating elements from suppliers, which 
were capable of meeting the specifications of the project at an affordable cost. These difficulties 
related primarily to the stringent specifications of the project, which resulted in very high quoted 
costs for manufactured heating elements. The difficulties also related to significant projected 
delays with specialist materials suppliers, given that the Covid-19 pandemic caused medical 
organisations to be given priority over all other customers, including UniSA, according to supplier 
representatives. Initial designs consistently suffered failure after cycling from low to suitably high 
temperatures, after no more than 20 cycles. The resulting design of a final prototype electric heating 
element represents a cheap and simple design, which successfully completed over 100 cycles 
from low to suitably high temperatures over prolonged periods of time, without failure or 
signs of damage. This design successfully reduced sagging of the high temperature Kanthal heating 
element wire to an acceptable extent and eliminated electrical short circuiting, previously caused 
by the build-up of carbon and stainless steel oxides between the outer surface of the heating 
element and the internal surface of the element sheath. 
Implications for future projects: 
For the purposes of future projects, the final prototype design would be utilised and optimised, 
as necessary, based on engineering specifications. 
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3.2 Lesson learnt No. 2: Improvements to the choice of high temperature ECTES system housing 
 
Category: Commercial 
Objective: Develop a laboratory scale electrically charged thermal energy storage system 
into a commercially ready prototype 
Detail: 
A number of different ideas were discussed, during engineering meetings, regarding the final design 
for the electrically charged thermal energy storage system housing. The use of secondhand 
shipping containers for housing ECTES systems reduces the system cost substantially, which 
represents a lesson learnt through this project. This cost reduction relates to several factors, 
including: secondhand shipping containers are significantly cheaper than new shipping containers; use 
of an existing housing reduces materials fabrication and labour costs and overall system 
manufacturing turn around and subsequent delivery time that would otherwise be incurred during 
housing fabrication and; further cost savings are likely to become available to commercial production 
entities, based on discounts available to high volume purchasers of secondhand shipping containers. 
Shipping containers are especially well suited to the task, given that they are readily available, easily 
modified, weatherproof and configured to facilitate transportation and handling. Based on this, a 
modified secondhand shipping container (see Figure 4) was chosen to house the ECTES system. 

 

Figure 4: Modified secondhand shipping container used for ECTES system housing 
 
Added advantages of utilising shipping containers for the ECTES housing are that they facilitate 
transportation, given that many systems already exist globally, which are specifically designed for 
handling such containers. Their uniformity, internationally, also makes the resulting built systems 
highly uniform and modular, which likely optimises their storage and facilitates expansion or 
reduction of existing systems and associated resale of ECTES system components, wherever such a 
future need arises. 
Implications for future projects: 
For the purposes of future projects, the use of secondhand shipping containers would be preferred as 
the weatherproof housing for ECTES systems. 
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3.3 Lesson learnt No. 3: Improvements to the system assembly procedure to facilitate transportation 
 
Category: Technical and Commercial 
Objective: Develop a laboratory scale electrically charged thermal energy storage system 
into a commercially ready prototype 
Detail: 
The total mass of a complete ECTES system in either a 10ft or 20ft shipping container will exceed the 
allowable capacity for transportation of both the shipping container and associated standard road 
transportation equipment. Considerable difficulties had to be overcome whilst handling the 
empty stainless steel vessel of the relatively small prototype that was constructed (see Figure 5), 
based on its significant mass, size and shape. 

 

Figure 5: Handling the ECTES system’s empty stainless steel vessel 
 
As such, it has been determined that the storage system should be built at a manufacturing plant and 
shipped to the final location, without the rocks, to facilitate handling and keep the total mass within 
the 
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transportation capacity of shipping containers, standard road transportation equipment and also 
shipping container handling equipment to be used on site (e.g. high capacity forklifts). Depending on 
site topology, this could significantly reduce the costs and complexity of installation by, for 
example, eliminating the need for a crane and avoiding associated costs, set up time and heightened 
risk. The system would need to be redesigned such that rocks can easily be added, once 
manufacturing of the container based ECTES system is complete and it has been located on site. 
This recommended assembly procedural improvement represents a lesson that was learnt during 
the execution of the project, especially given difficulties associated with loading rocks into the 
system. Rock addition could be readily achieved flexibly on site in a number of ways, through the 
use of standard mining and quarrying materials handling equipment and appropriately positioned 
hoppers, especially at the site of rock addition to the shipping container. Such materials handling 
equipment could simply comprise an excavator or, where economic, rubber conveyor belted type 
materials handling equipment, such as low-profile stackers with suitably designed hoppers, or 
customised augers which could be utilised to facilitate direct on site loading from a tipper truck to 
the ECTES system. 
Implications for future projects: 
For the purposes of future projects, the engineering team would redesign the system to best facilitate 
on site loading of the thermal storage media. It is foreseen that this could be best achieved through 
one or more sufficiently large points of entry in either the shipping container roof, or the upper 
portion of a wall. These points of entry could also potentially be used to serve the secondary purpose 
of an air outlet for the ECTES. 
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5 Conclusions 

Based on the learnings of this project, there are significant energy cost savings to be made by 
utilising ECTES systems to supplant existing commercial and industrial scale heating systems. There 
are also a number of engineering choices that will reduce the manufacturing and installation costs 
associated with ECTES system deployments, relating to heating element design, the choice of 
weatherproof housing and system assembly procedure. 
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