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Abstract

The subject of the doctoral research is the study of the efficiency of heat storage
systems for autonomous heat supply and the assessment of their potential for practical
implementation and application.

Chapter I provides a general overview of autonomous heat supply systems. Their
relevance is attributed to the potential for energy independence and the integration of
renewable energy sources. The practices of autonomous heating systems in European
countries, predominantly using natural gas boilers, are reviewed. According to 2023 data,
62.5% of the energy consumed by households in the European Union was used for
heating, of which only 33% was covered by renewable energy sources. According to
Geostat data for 2024, 54.6% of natural gas consumed in the communal sector in Georgia
was used for heating, which is 1.85 times higher than the average share of energy
consumption for heating in the EU residential sector (29.5%). This difference is mainly
associated with the low energy efficiency of residential buildings in Georgia. The main
components and development prospects of autonomous heating systems are also
discussed.

Chapter II examines the energy transition from carbon-intensive energy sources to
renewable energy under conditions of global climate change. It is noted that the energy
sector is one of the major sources of greenhouse gas emissions, while a significant share of
energy demand is associated with low-temperature heat, including space heating and
domestic hot water supply. The potential of solar, wind, and geothermal energy is
discussed, with particular emphasis on solar energy. The main types of solar collectors,
their operating principles and applications are reviewed, together with configurations of
integrated solar energy systems and the current state of solar thermal energy
development.

Chapter III substantiates the need for seasonal thermal energy storage for the
integration of renewable energy sources into energy systems. The challenges associated
with balancing energy supply and demand due to the variable nature of solar and wind
energy are discussed. The main heat storage mechanisms—sensible heat, latent heat, and
thermochemical storage—are reviewed. Different types of seasonal thermal energy
storage systems, their applications, advantages, and limitations are described. Methods for
selecting thermal insulation materials and products are also presented, along with an
assessment of the influence of storage volume and geometry on heat losses.

Chapter IV discusses integrated systems combining solar collectors with seasonal
thermal energy storage, enabling excess heat generated during the summer period to be
utilized during winter. Various system configurations, operating principles, and
applications are presented. The necessity of a backup heat source, including gas or electric
boilers, to compensate for insufficient energy supply and cover peak loads is emphasized.
Examples of large-scale projects implemented worldwide demonstrate the technical
feasibility and economic viability of seasonal thermal energy storage systems.

Chapter V presents the results of an experimental investigation of a high-
temperature heat storage system using construction sand as a solid sensible heat storage
medium. An experimental model, similar to a Dewar vessel, was designed and
manufactured and equipped with an electric heat source and thermocouples for
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temperature measurements. A methodology for maintaining a constant temperature at
the center of the storage unit and regulating the input power was developed. Based on
this methodology, the temperature dependence of heat losses was experimentally
determined under different temperature regimes and thermal insulation configurations,
including vacuum insulation panels (VIPs). The obtained data were used to evaluate the
effect of insulation thickness on overall heat losses and to develop recommendations for
selecting optimal thermal insulation. Based on the experimental results, four conceptual
storage system designs with different shapes, volumes, and energy capacities were
developed, and indicative costs for their design, materials, manufacturing, and
implementation were estimated.

Chapter VI substantiates the technical and practical prospects of using a high-
temperature seasonal heat storage system based on construction sand from Sachkhere
under Georgian conditions. Potential application areas are identified, including
residential, public, and small industrial buildings, particularly when integrated with
photovoltaic and solar thermal systems. The economic, social, and environmental
significance of the technology is assessed. The use of locally available raw materials can
reduce dependence on imported materials, facilitate the effective utilization of renewable
energy, and decrease dependence on fossil fuels. The implementation of a pilot system for
a residential building with an area of 100-120 m? is proposed, with monitoring intended
to evaluate its energy, economic, and operational performance.

Chapter VII presents a methodology for the techno-economic and environmental
assessment of a high-temperature heat storage system based on construction sand from
Sachkhere. The main indicators for evaluating energy efficiency, economic feasibility,
and environmental performance are defined, together with monitoring and safe operation
requirements. Based on the obtained results, the practical applicability of the proposed
heat storage system under Georgian conditions is assessed.

Overall, the research results confirm the technical feasibility and development
potential of a high-temperature seasonal heat storage system based on construction sand
from Sachkhere under Georgian conditions and provide a basis for the development of
energy-efficient, economically accessible, and environmentally sustainable autonomous
heat supply systems.
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