
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 11, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 685 

Underground Thermal Energy Storage for Efficient Heating & Cooling of 

Building 

Miss. Kanchan H. Bhaltilak1 Prof. Swapnil R. Umale2 
1Student 2Assistant Professor 

1,2Department of Mechanical Engineering 
1,2Siddhivinayak Technical Campus, Khamgaon, M.S, India 

Abstract— About 30 different underground thermal energy 

storage projects around the world have been compared with 

the aim to determine the best practices and the applicability 

in a French context. The following information has been 

gathered and analysed: 

 Design of the storage 

 Sizing of equipments 

 Global costs, energy performance and CO2 emissions 

Additionally to an inventory of referenced projects, enquiries 

have been carried out with stakeholders, designers or 

operators. The results of these enquiries are classified and 

analyzed by categories: 

 Storage types: ATES or BTES 

 Production: with or without auxiliary heating 

 Building type: residential, office buildings. 

 Storage recharge: solar active recharge or use of 

reversible systems for heating and cooling by analyzing 

these design and operation data, some trends have been 

obtained allowing to quickly estimate the design of 

UTES systems by this empirical approach. 

Key words: Thermal Energy Storage, Heating & Cooling of 
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I. INTRODUCTION 

We have utilized the underground since the beginning of 

mankind. One very early observation was that the ground 

temperature was often very different from the air temperature. 

It was found out that the underground could serve as 

protection not only from enemies, but also from the coldest 

days of the winter and the hottest days of the summer. The 

ground temperature at a certain depth below ground surface 

(10- 15 m), which is not influenced by the season temperature 

variation at the surface, is equal to the annual mean air 

temperature. There are many examples, from various regions 

of the world, of ancient underground buildings with 

comfortable temperatures around the year. Such buildings 

have often one outer wall while the others are surrounded by 

rock or soil. It is well known that underground temperature 

varies with depth that it is not the same as the ambient air 

temperature, and that this difference can be used for heating 

or cooling purposes.  

In summer, underground temperature is lower than 

the ambient temperature, and in winter it is higher than the 

ambient temperature. Soil can thus be used as heat reservoir 

for heating (in winter) or cooling (in summer). Air taken from 

the ambient flows along a tube installed underground, and its 

temperature changes in the useful sense, both in winter and in 

summer. This air, with the so modified temperature, is 

introduced in the building, whose internal temperature is 

mainly conditioned by that of the entering air and by the heat 

exchanged with the exterior ambient surrounding it, through 

the roof and through the walls. This can be used to reach 

better comfort conditions in small rooms, small greenhouses, 

office buildings and residential buildings. Depending mainly 

on the ambient air temperature, soil could be the unique heat 

source or sink needed for heating or cooling purposes, 

respectively, during considerable periods of time along a 

year. If some more heat needs to be transferred to or from the 

building, In order to reach the desired comfort conditions, 

additional heating or cooling systems need to be considered, 

a situation that is not treated in the present work. these 

demands can be matched with the help of underground 

thermal energy storage (UTES) refers to the use of the ground 

for storage and exchange of heat and cold for the purpose of 

providing efficient heating and cooling for buildings. It has 

been demonstrated as a viable heating and cooling system for 

residential, commercial and institutional buildings. However, 

because of the need for energy saving and reduction in CO2 

emissions the interest is growing, resulting in the realization 

of the first projects in these countries. 

A. Objective of Seminar 

Energy demands in commercial, industrial and residential 

sectors vary on daily, weekly and seasonal basis. These 

demands can be matched with the help of Thermal energy 

storage (TES) systems that operate carefully matched to each 

specific application. We can use that store energy in various 

application such as curtailment of power from public power 

corporation (PPC). Likewise we can also this power for our 

daily use purposes like heating and cooling of building use in 

winter and summer respectively. 

B. Underground Test Concepts 

Underground thermal energy storage (UTES) has been used 

to store large quantities of thermal energy to supply space 

cooling/heating, and ventilation air preheating. Energy 

sources include winter ambient air, heat-pump reject water, 

solar energy, process heat, etc. the most common Utes 

technologies are aquifer storage (ATES) and borehole storage 

(BTES). There are a number of such technologies 

summarized by the UTES (underground thermal energy 

storage). 

1) Aquifer Thermal Energy Storage (ATES) 

2) Borehole Thermal Energy Storage (BTES) 

II. LITERATURE REVIEW 

The technology of underground thermal energy storage 

(UTES) has been evolved considerably over the past 25 years. 

UTES is widely used for the purpose of cold storage and 

combined cold and heat storage, particularly in Sweden, 

Canada and the Benelux countries (i.e. Belgium, 

Netherlands). It was began with cold storage in aquifers in 

China. Outside China, the idea of UTES started with more 

theoretical work in the early 1970s. According to Kazmann, 

he describes various uses of aquifers and states after dealing 
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with heat pumps. This would utilize the aquifer for the storage 

of heat on a cyclic basis and would improve the 

thermodynamic efficiency of the process by salvaging waste 

heat. In the 1980s interest in UTES, several pilot and 

demonstration plants were built, in combination with solar 

thermal energy, with waste heat or heat pumps.  

After that, B. Givoni [1], he describes different 

options for long-term storage of solar energy, as well as 

thermal energy from other sources. The various options are 

analyzed from the viewpoint of their applicability under 

different climatic and soil conditions. Several approaches can 

be contemplated for designing systems of long-term storage 

of thermal energy. Not all of the possible options are 

applicable under different climatic and soil conditions. He 

found some of the possible design approaches and mentions 

briefly the conditions under which they are applicable.  

S Hasnain [2] develops the technologies for 

available thermal energy storage for the space and water 

heating applications. Traditionally, available heat has been 

stored in the form of sensible heat (typically by raising the 

temperature of water, rocks, etc.) for later use. In most of the 

low temperature applications, water is being used for a 

storage medium. Latent heat storage on the other hand, is a 

young and developing technology which has found 

considerable interest in recent times due to its operational 

advantages of the smaller temperature swing, smaller size and 

lower weight per unit of the storage capacity. It has been 

demonstrated that, for the development of a latent heat 

thermal energy storage system, the choice of the phase 

change material (PCM) plays an important role in the addition 

of heat transfer mechanisms in the PCM. He found that in the 

development of latent heat storage systems, research is 

underway in two directions, namely the investigation of phase 

change of materials and of heat exchangers. In spite of the 

fact that PCMs have been investigated by the several 

researchers, their (especially technical grade PCM) thermo 

physical properties such as density, specific heat and thermal 

conductivity in the solid and liquid phases are lacking.  

After two years, O. Anderson et al. [3] designed that 

system, using solar energy in combination with the Aquifer 

Thermal Energy Storage (ATES) that will conserve a major 

part of the oil and electricity used for heating or cooling.  

A. Khudhair et al. [4] does a some work related to 

investigation and analysis of thermal energy storage systems 

incorporating PCMs for use in building applications and they 

found that the energy storage in the walls, ceiling and floor of 

buildings may be enhanced by the  encapsulating suitable 

phase change materials (PCMs) within these surfaces to 

capture solar energy directly and increase human comfort by 

decreasing the frequency of internal air temperature swings 

and maintaining the temperature closer to the desired 

temperature for a longer period of time.  

After a long time G.Watzlaf [5] use a heat pump for 

the underground heating and cooling. By using of 

underground mine water in geothermal heat pumps could be 

extremely cost is effective, particularly at existing mine water 

treatment sites where the mine water is already being pumped 

and treated. Operational costs are much lower than that of 

conventional heating and cooling. Costs per unit of heat for 

geothermal heat pumps using underground mine water are 

only 33%, 34%, and 21% of the costs incurred using fuel oil, 

natural gas, or a propane, respectively. Cooling costs using 

mine water and geothermal heat pumps should be less than 

that of 50% of the costs associated with the conventional air 

conditioning systems. But it has some limitations that it 

should be utilize only in coal region because there is a 

availability of mine water. 

H. Wang [6] did a study to analyze the performance 

of underground thermal storage in a solar-ground coupled 

heat pump system (SGCHPS) for residential building. The 

results shows that the performance of underground thermal 

storage of SGCHPS depends strongly on the intensity of solar 

radiation and the matching between the water tank volume 

and the area of solar collectors. Compared with the solar 

radiation, the variations of the water tank. 

III. WORKING 

A. Ground Source Heat Pumps 

A ground source heat pump (GSHP) is a heat pump that uses 

the ground as either a heat source, when operating in heating 

mode, or a heat sink, when operating in cooling mode. For the 

exchange of thermal energy the GSHP is connected to the 

ground with a loop. The most common connection is a closed 

loop, existing of U tubes of high density polyethylene 

inserted into boreholes of 50 to 200 meters deep. A less 

common design is the direct use of water from an aquifer 

(often called an open-loop system). One or several wells 

supply the water necessary for a GSHP application, a similar 

number of wells would be used to inject the water. The 

application of a GSHP system is based on the natural ground 

temperature. The GSHP extracts heat from the ground in 

winter and injects heat into the ground in summer. [7] This 

process is reversed during winter when the relative warm 

water is extracted from the warm well and used for heating 

the building. With ATES no groundwater is discharged. All 

the water extracted from one well is re injected in another 

well. This means that there is no net extraction of 

groundwater from the soil, which minimizes negative impacts 

on the environment. ATES systems require that relatively 

high well yields can be obtained on site. Because of this the 

applicability depends strongly on site-specific 

hydrogeological conditions. 

B. Aquifer Thermal Energy Storage 

An ATES system is a large open-loop system optimized and 

operated to realize seasonal thermal storage, i.e. by reversing 

extraction and injection wells seasonally. The principle is 

shown in fig.1 two groups of wells which are hydraulically 

coupled and separated by a suitable distance are used for this 

purpose. Around one of the well group’s cold can be stored 

and around the other heat can be stored. In the basic concept 

groundwater is pumped from one of the well groups, and then 

heated or cooled within the building before being re-injected 

back into the aquifer in the other well group. During summer 

when cold water is needed for cooling buildings, ground- 

Water is extracted from at least one cold well. In the process 

of cooling down the building, the extracted cold water 

absorbs the heat and is injected in separate warm well nearby 

well. [3] Groundwater temperatures can vary between 5 and 

30C, depending on how deep the wells are. In some cases the 

temperature of the groundwater is not sufficient enough to 
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solitary heat a building and is used as a low temperature heat 

source. In these conditions a heat pump is installed to provide 

additional heat. Aquifers can be used for underground storage 

under certain conditions: 

1) An aquifer should be in between impervious layers 

2) There should be no or only low natural groundwater flow 

3) Water filled permeable sand, gravel, sandstone or 

limestone layers with high Hydraulic conductivity can 

also be used for storage. Underground Thermal Energy 

Storage For Efficient Heating &Cooling Of Building 

 
Fig. 1: Aquifer Thermal Energy Storage 

C. Borehole Thermal Energy Storage 

It is closed loop system and consists of a radial, circular array 

of boreholes resembling standard drilled wells. Rather than 

penetrate the aquifer as in the ATES system, BTES is closed 

loop and after drilling, a plastic pipe with a U bend at the 

bottom is inserted down the borehole. To provide good 

thermal contact with the surrounding soil, the borehole is then 

filled with a high thermal conductivity grouting material. The 

principle is shown in Figure 2. During winter the borehole 

heat exchanger is used for extraction of heat from the ground, 

e.g. as heat source for a heat pump. While the circuit water 

passes through the heat pump the temperature of the water 

cools down. The chilled circuit water is returned in the 

borehole heat exchanger and the cold-energy is stored in the 

ground.  

In summer the flow in the BTES system is reversed. 

The stored cold is extracted and passed through a heat 

exchanger providing direct cooling to the building. When 

necessary the (reversible) heat pump can be put in use as peak 

load chiller as support in periods of peak cooling demand. 

The store circuit water will pick up energy from the building 

and thus be raised in temperature. This water, the temperature 

of which is higher than the ground temperature, will be 

returned in the borehole heat exchanger where the warm 

energy is stored in the ground around the boreholes for the 

next heating season. Closed-loop BTES systems depend less 

on site-specific hydrogeological conditions than ATES 

systems and are better suited for areas where relatively high 

well yields are not obtain-able. An advantage of a closed 

system is that it is less dependent on site-specific ground 

water conditions on which open systems such as ATES rely 

heavily. Therefore closed systems provide an alternative for 

areas where groundwater conditions are insufficient. 

Furthermore, closed systems commonly operate under more 

extreme temperatures in relation to open systems 

.  

Fig. 2: Borehole Thermal Energy Storage 

D. Mechanical Energy Storage 

Mechanical energy may be stored as the kinetic energy of 

linear or rotational motion, as the potential energy in an 

elevated object, as the compression or strain energy of an 

elastic material or as the compression energy in a gas. It is 

difficult to store large quantities of energy in linear motion 

because one would have to chase after the storage medium 

continually. However, it is quite simple to store rotational 

kinetic energy. In fact, the potter’s wheel, perhaps the first 

form of ES used by man, was developed several thousand 

years ago and is still being used. As seen in there are three 

main mechanical storage types that we discuss in this section: 

hydro storage, compressed-air storage, and flywheels 

E. Hydro storage (Pumped Storage) 

Hydro storage is a simple ES method. At night, when energy 

demand is low, pumps pump water Upward from the river 

(Figure 3) the water is pumped through a pipe to a reservoir. 

During the Day, when energy demand is high, the reservoir 

releases water, allowing it to flow downhill. The flowing 

water turns the turbine to generate electricity. The pump that 

pumps the water upward from the river can be powered by 

solar energy during the day. At night, when there is no solar 

energy, the stored water turns the turbine to generate 

electricity. The efficiency of a pumped water storage plant is 

about 50%. When water is pumped uphill, about 30% of the 

energy is lost. When the water flows down, another 20% of 

the energy is lost. A pumped water storage plant operates for 

more than 20 years. When the energy is needed, the plant only 

needs 30 s to reach 100% of its power. 

In this storage type, reversible devices like 

pump/turbines pump water upward into a storage reservoir 

and after a period of time operate as turbines, driving 

generators, when the water runs back down through them. 

Hydro storage has been proved economically viable, but its 

use is geographically limited to only a few percentage of the 

total hydroelectric capacity. Pumped storage is now 

considered important with wind machines. The best 

alternative to building expensive new storage systems in the 

near term is often to use existing storage systems, especially 

those of hydroelectric installations. By holding back water 

that would otherwise flow from a hydroelectric dam, energy 

can be stored in one part of an electric network while a solar 

electrical energy or wind system produces energy in another 

part. The United States currently has 59,000 MW of 
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hydroelectric capacity, and an additional 10,000 MW of 

pumped storage capacity 

F. Compressed-Air Storage 

In a compressed-air ES system, air is compressed during off-

peak hours and stored in large underground reservoirs, which 

may be naturally occurring caverns, salt domes, abandoned 

mineshafts, depleted gas and oil fields, or man-made caverns. 

During peak hours, the air is released to drive a gas turbine 

generator. The technique used by such a system to compress 

air to store energy is relatively straightforward. In a 

conventional gas turbine, high pressure hot gas is supplied, 

and about two-thirds of the gross power output is used to 

drive the compressor.  

A compressed-air ES system decouples the 

compressor and the turbine and operates the former during 

offpeakhours to produce compressed air, which is stored in 

natural caverns, old oil or gas wells, or porous rock 

formations. Such ES storage is advantageous when an 

appreciable part of the power load is carried by nuclear 

stations, and where suitable spent salt caverns make it easy to 

build the compressed gas reservoirs The compressed air 

storage technique in general takes advantage of off-peak 

electrical generating capacity using gas turbines in the same 

way that pumped storage does using water turbines. 

However, with gas systems, the heat generated when the air 

is compressed may be stored and used to preheat the 

expanding air, thus increasing efficiency. Significant 

amounts of energy can be stored in the form of compressed 

air in underground caverns. Early studies indicate system 

costs to be comparable to those for hydro storage, but the 

requirement of a large cavern limits the usefulness of this 

approach to regions where natural caverns exist or where 

caverns can be easily formed, as in salt domes. The air in such 

a storage facility is normally compressed in a device that later 

serves as expander or turbine. In practice, two general 

categories of compressed-air ES systems are possible, 

depending on the storage pressure. In sliding pressure 

systems, pressure increases as the store is charged and 

decreases as the stored air is released, between maximum and 

minimum pressures. In compensated pressure systems, an 

external force is used to keep the storage pressure constant 

throughout the operation. 

IV. CASE STUDY 

Belgium The acceptance of using underground thermal 

energy storage for applications where heating and cooling is 

required, is slowly forcing a way in Belgium without being a 

booming market. More than ten ATES systems are in 

operation. All large scale (¿ 500 kw cooling) and most of 

them are located in the Campine (region of Flanders). The 

applications are mainly related to combined cooling and 

heating of office buildings and hospitals. Due to the hydro 

geological limitations, the most populated regions and cities 

of Belgium are not suitable for ATES. In these regions BTS 

could be applied. The interest in BTES applications is slightly 

growing with several feasibility studies underway and a few 

realized projects. GSHP systems are applied for heating of 

single family houses all over the country. In 2008 the number 

was increased to over 2,600.Denmark By the end of 2009, 

over 1,000 GSPHS will be operational in Denmark, as well 

as about 25 groundwater cooling projects. As far as known, 

no BTES projects will be operational in Denmark by that 

time.  

The majority of the groundwater cooling projects 

provide direct cooling to industrial applications. In general, 

the warm groundwater is re injected into the aquifer without 

thermal balancing. Recently, there is a growing interest in the 

application of ATES for the heating and cooling of buildings. 

The first project of this kind was operational by the end of 

2009. The major reason for this increasing interest is the 

introduction of the European Energy Lack of awareness is 

considered to be the major bottleneck to the application of 

gshps and UTES technologies in Denmark. 

 
Fig. 3: Social Housing Project with BTES in Combination 

with Solar Panels 

V. FEASIBILITY 

A. Cost 

Investments costs for an UTES system depends on several 

characteristics. A major aspect that affects the total 

investment costs is the storage volume. An optima volume for 

inter-seasonal UTES systems varies between 2,000 and 

20,000 m3. Within this range the investment costs are 

estimated to be between Rs 280 and 1700 for each cubic 

meter. Besides the costs related to the storage volume, the 

thermal performance of the storage itself and the connected 

network are equally important when considering the economy 

of a UTES system. As a consequence each system has to be 

examined separately. To determine the economy of storage, 

the investment, maintenance and operational costs of storage 

have to be related to its thermal performance. Considering the 

above, the costs involved with implementing ATES and 

BTES systems are lower in comparison to ATES or BTES 

systems. On the contrary, ATES and BTES systems often 

require supplementary equipment for operation like buffer 

storages or water treatment. Furthermore, many countries 

have stringent requirements concerning local ground 

conditions that might increase the costs of realizing ATES 

systems in particular. 

B. Revenues (Economic and Ecological) 

Compared to other (renewable) methods for heating 

buildings, the investment costs for UTES systems are 

generally a bit higher. But the difference in costs can be 

compensated through significant energy savings. UTES 

systems can achieve energy savings of 50 per cent and in 
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some cases even up to 80 per cent. The efficiency and amount 

of energy savings reach through UTES systems depends on 

the temperature difference. Low temperature heat sources 

with temperatures below 40C frequently require additional 

heat from a heat pump. On the other hand high temperature 

heat sources with temperatures above 40C not necessarily 

relied on heat pumps. Furthermore, open systems usually 

have a higher heat transfer capacity compared to closed 

systems and hence are more efficient. 

C. Social Aspects 

To meet our demand for heating and cooling buildings, 

homes or industrial sites demands a significant quantity of 

fossil fuels. UTES systems provide an alternative to fossil 

fuels by capturing and storing excess (renewable) heat and 

extracting it when needed. By storing heat enables us to 

decline or supplement a large share of our demand for fossil 

fuels. Therefore UTES systems contribute substantially to 

reduce greenhouse gas emissions and the related adverse 

impacts on the environment. Where on the one hand 

greenhouse gas emissions can be reduced, UTES systems 

might have some negative environmental impacts on the 

other hand. For example, with increasing storage 

temperatures, several hydrological, (micro) biological and 

geotechnical problems might arise. In addition, changes in 

groundwater flows or possible leakages of coolant fluids can 

negatively impact the environment as well. Also there are 

some benefits for the environment and societies are as 

follows. 

1) Energy distribution with low line losses and high 

generation efficiencies. 

2) Eliminating the need for additional power plants. 

3) Reduced source-energy consumption. 

D. Benefits for the Building Owner 

1) Reduced heating/cooling costs, systems components size 

and initial costs 

2) Improved indoor environmental quality 

3) Less expensive electricity rates due to increased load 

factor for electricity 

VI. ADVANTAGES 

 Reduced energy costs; 

 Reduced energy consumption; 

 Improved indoor air quality; 

 Increased flexibility of operation; and 

 Reduced initial and maintenance costs. 

 Reduced equipment size; 

 More efficient and effective utilization of equipment; 

conservation of fossil fuels (by facilitating more efficient 

energy use and/or fuel substitution); and 

 Reduced pollutant emissions 

VII. LIMITATION  

 Only a few areas have the power of thermal energy. 

 The areas where thermal energy is generated are very far 

away from the markets. 

 The total amount of power produced by these plants is 

very low. 

 It has the danger of the eruption of the volcano at any 

time. 

 The total energy generated might sometimes justify the 

capital or does not justify the capital of producing it. 

 It also releases few dangerous and hazardous gasses. 

VIII. CONCLUSION 

Application of GSHP, ATES and BTES is quite different for 

the various applications. Some of these differences can be 

explained by change in climatic conditions (combined 

heating the cooling is more favorable for the application than 

heating only) and underground conditions. Also by 

implementing this system in metro politician cities where 

continuous supply of electricity is needed, we can save 

electricity simultaneously we can also use our application. 

The system consists of simple components and has the 

advantage of easy handling. 
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