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DESIGN OF A COMPACT HIGH-TEMPERATURE THERMAL  

STOR-AGE UNIT WITH MULTI-LAYER INSULATION FOR LOW-

RISE CONSTRUCTION 

 

The energy transition in the heat supply sector for the private housing 

market, particularly in non-gasified regions of Russia, is a key objective within 

the context of import substitution and environmental policy. Federal programs, 

such as "Clean Air," incentivize the shift away from coal and fuel oil heating 

towards electric systems [1]. However, a widespread adoption of electric heating 

creates critical peak loads on the power grid during morning and evening hours. 

This not only necessitates infrastructure modernization but also diminishes eco-

nomic benefits for consumers due to high daytime electricity tariffs. A clear ex-

ample is the situation in the Krasnoyarsk Territory, where levels of harmful 

PM2.5 particles are double the WHO recommendations, and pilot projects for 

switching homes to electric heating are already being implemented [2]. 

An effective solution to this problem is the accumulation of thermal ener-

gy during the night for use throughout the day. Among existing energy storage 

technologies, thermal accumulators are the most suitable for domestic applica-

tions due to the direct conversion of electricity into heat, relatively low cost, and 

long service life [3-4]. The most common types are water-based buffer tanks and 

phase-change material accumulators. However, they have significant drawbacks: 

the former are excessively bulky and incapable of providing a full day of auton-

omy for a house during severe winters, while the latter are prohibitively expen-

sive, have a limited lifespan, and are incompatible with high-temperature radia-

tor heating systems. 

To solve this problem, the author proposes a newly developed compact 

solid-state thermal accumulator with combined insulation (Fig.1). Structurally, it 

consists of a chamotte core 4, surrounded by combined insulation layers 2 and 3, 

all housed within a casing 1. The selection of materials is critical for achieving 

high energy density and long-term cyclability. The core utilizes chamotte, a re-

fractory ceramic known for its high heat capacity and thermal stability. Its high 

maximum service temperature (up to 850°C) ensures a substantial safety margin 

and long-term reliability under actual operating conditions affecting the cyclic 

durability. This allows for a significantly greater energy storage density per unit 

volume compared to traditional water-based systems. The insulation strategy is 

equally deliberate: the inner tungsten foil layers act as radiation shields, reflect-
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ing infrared waves back to the core, while the outer mineral wool layer sup-

presses residual conductive and convective losses. 

 
Fig.1. Model of the compact high-temperature thermal storage unit with multi-layer  

insulation: 1 – casing; 2 – second insulation layer; 3 – first insulation layer; 4 – core heat  

storage body; 5 – control unit; 6 – heat exchanger 

 

The operating principle of the thermal accumulator is based on a cyclic 

process of storing and subsequently releasing thermal energy. During the night, 

when off-peak electricity tariffs are in effect, heating elements can heat the core 

4 to a preset, technologically optimal temperature significantly lower than its 

maximum thermal limit, accumulating a significant heat reserve. Throughout the 

day, while the heat transfer fluid continuously circulates through the heating cir-

cuit, it passes through the steel heat exchanger 6 inside the accumulator. Here, 

the fluid is intensively heated by the incandescent chamotte, compensating for 

the building's heat losses. The internal insulation layer is formed by a series of 

tungsten radiation shields 3, whose primary function is to efficiently reflect the 

radiant thermal energy from the core 4, drastically reducing the most significant 

heat losses at such high operating temperatures. The outer layer is made of dense 

mineral wool 2, which acts as a convective-conductive barrier, reliably retaining 

the heat already weakened by the shields and ensuring a safe temperature on the 

external surface of the casing 1. Thus, the device does not function as an inde-

pendent circuit but operates as a high-temperature buffer heater integrated into 

the main heating system. 

Although chamotte can withstand temperatures up to 850°C, in a residen-

tial installation the core is maintained at a lower, controlled temperature level. 

This ensures that, in combination with the multi-layer insulation (radiation 

shields and mineral wool), the external casing remains at a safe temperature, 
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comparable to conventional heating radiators, eliminating any risk to occupants 

and allowing for compact placement within the living space. 

The primary economic benefit stems from leveraging differential electrici-

ty tariffs. By charging the accumulator at night using low-cost power and dis-

charging it during expensive daytime hours, the system can achieve substantial 

savings on annual heating costs. Preliminary calculations for a typical low-rise 

building in a cold climate suggest the potential for payback periods competitive 

with other capital-intensive energy upgrades. This financial incentive, coupled 

with the reduction in peak-load demand charges for utility providers, creates a 

compelling value proposition for both homeowners and grid operators. 

The daily heat requirement was calculated by (1): 

 

 1 2 3 ,Q V q T k k k=         (1) 

 

where V – the volume of the room, m3; q – the specific thermal characteristic of 

the building, W/(m3⸳K); ΔТ – the temperature difference between outdoors and 

indoors, K; k1, k2, k3 – a coefficient that takes into account glazing, infiltration 

and a margin for abnormal frosts. 

For a house with an area of 100 m2 and a ceiling height of 2,7 m located in 

the northern region of the Russian Federation, where the outdoor temperature 

reaches -40 °C and the indoor temperature should be +22°C with a glazing de-

gree of 20%, where k1, k2, k3 are equal to 1,1; 1,05; 1,15 respectively, according 

to (1) Q = 204 kWh, for confidence in the calculations, we will take a margin of 

25%, then the daily heat requirement is 255 kWh. 

The heat storage material is chamotte, and its required mass to maintain a 

given temperature can be calculated by (2): 
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where Q – the daily heat demand, J; сш – the heat capacity of the fireclay brick,  

J/kg·K; ΔТ – the temperature change of the fireclay brick, K. 

To convert the daily requirement from kWh to Joule, multiply the number 

by 3,6⸳106. The heat capacity of a fireclay brick is assumed to be equal to 833 

J/kg·K. We also assume that chamotte will be heated from room temperature, 

293 K, to 1073 K. Then the weight of chamotte will be 1413 kg. 

The volume of the chamotte core will be about 0,74 m3 with a density of 

1900 kg/m3. 

The work was carried out at the expense of a grant from the Student 

Startup СтС-509209 (contract №1500ГССС27/108960). 
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