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Abstract: This experimental study of CAES 

(Compressed Air Energy Storage) System dives into the 

usage, advantages, disadvantages and properties of 

energy generation using the CAES. The Compressed Air 

Energy Storage (CAES) System represents a promising 

avenue for advancing energy generation. This abstract 

explores recent developments in CAES technology, 

highlighting improvements in efficiency, scalability, and 

environmental impact. The integration of advanced 

materials and smart control systems has enhanced the 

overall performance of CAES, enabling better grid 

integration and increased renewable energy utilization. 

The abstract also discusses challenges and potential 

future directions in optimizing CAES as a reliable and 

sustainable energy storage system. Environmental 

considerations, particularly regarding air quality and 

noise pollution, have driven research into advanced 

compression and expansion techniques, as well as the 

exploration of alternative storage media. Additionally, 

life cycle assessments and techno-economic analyses 

have become integral to the development process, 

ensuring that CAES systems are not only efficient but 

also sustainable. This abstract also discusses the salt 

caverns replaced with metal air receiving tanks which 

meets almost all the properties of these salt caverns and 

decreases the initial cost of finding these salt caverns 

which are out of reach. Salt caverns are found far from 

the power stations and may induce additional 

economical characteristics for transmission of electricity 

to the CAES system. 

Keywords: Compressed air Energy Storage, Salt 

Caverns, economical characteristics, alternative storage 

media, air receiving tanks. 

 

I. INTRODUCTION 

Compressed Air Energy storage systems are used 

rarely due to the initial cost required to find the 

naturally formed underground salt dorms known as 

salt caverns. These salt caverns are formed due to 

the absorption of salt water into the ground at 

depths of about 150 – 160 meters (about 524.93 ft) 

with volumetric capacity up to 2000 cubic meters. 

Very few countries use the CAES system to store 

their excess energy generated in the form of 

compressed air to use it in the peak hours. And 

some domestic industries use this technology to 

run the factories in the time of demand. Whereas 

Liquid Air Energy Storage (LAES) systems 

require no such salt caverns or any naturally 

formed storage units to store the excess energy. 

Because the LAES system condenses the 

compressed air using some external agents and 

liquifies the air and stores the liquified air in 

different tanks of 1000 cubic meters each.  

The study of CAES and LAES systems has 

concluded something common in the compression 

of air i.e., both the systems use multistage 

reciprocating compressors in the initial stage of 

compressors which results in greater pressure and 

temperature. But the multistage reciprocating 

compressors require two stages of cooling which 

are represented in figure 1. From the figure we can 

understand the working of a CAES system and 

make it functional. The figure given below is the 

conventional type of CAES system which would 

generate up to 110 MW power. 
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Fig.1 schematic diagram of conventional compressed air energy storage system 

 

The working process of a traditional large-scale CAES 

plant is described as follows. During the compression 

mode the surplus electricity is used to run a chain of 

compressors to inject the air into a storage reservoir, 

normally an underground cavern for large-scale CAES. 

The compressed air is stored at a high pressure and at 

the temperature of the surrounding formation. Such a 

compression process can use coolers to reduce the 

working temperature of the injected air and thus to 

improve the compression efficiency. During the 

expansion mode, the stored high pressure compressed 

air is released, heated, and then expanded through a 

group of turbines which includes gas turbines(s) and 

sometimes steam turbine(s). The combustion process 

in the gas turbine with mixed compressed air and fuel 

(typically natural gas) occurs in the combustion 

chamber of turbine(s). The turbines are connected to 

an electrical generator to generate electricity. The 

waste heat of the overall system exhaust can be 

recycled before it is released into the atmosphere. The 

main feature of conventional large-scale CAES plants 

is that they involve combusting fossil fuels via gas 

turbines, resulting in CO2 emissions. 

  With the development of technology, several 

improvements and advanced concepts to large-scale 

CAES have been proposed. Among these concepts, the 

most promising CAES scheme is Advanced Adiabatic 

CAES (AA-CAES). Wheen the AA-CAES system is 

operated at the expansion mode, by integrating a 

Thermal Energy Storage (TES) system, the energy 

stored in the compressed air is converted into the 

electrical power output without a combustion process 

involved (Fig 2). Thus, the significant benefit of AA-

CAES systems is zero carbon emissions, assuming that 

the electricity for the compression mode is also from 

zero carbon energy sources. The processes of cooling 

airflow through compressors and the heating of input 

airflow to each turbine are completed by using the heat 

exchangers. Theoretically, the overall roundtrip 

efficiency of AA-CAES is higher than that of the 

conventional CAES technology because AA-CAES 

system reuses the heat generated from the compression 
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Fig. 2 Schematic layout of AA-CAES plant 

 
 

In addition, Liquid Air Energy Storage (LAES) can be 

considered as a variant of CAES because many 

components in a LAES system are also required by 

CAES and they have some similar sub-processes. The 

working process of LAES is : an electrical machine is 

used to drive an air liquefier and the resultant liquid air 

is stored in an insulated tank at atmospheric pressure; 

when electrical energy is required, the liquid air is 

released and pumped to high pressure in its liquid state, 

then vaporized and heated to the ambient temperature; 

finally, the resultant high pressure gaseous air is used 

to drive a combination of a turbine and an alternator to 

generator electricity. 

Many studies have been made on the CAES system for 

the conservation of energy and utilization of the extra 

energy or power produced by the power stations at 

peak times like summer or the blackouts in a highly 

populated area. However, many companies or the 

countries haven't been able to succeed in the following 

process of conserving energy and reusing it. Some of 

the countries are researching CAES and facing some 

technical difficulties. The world's first utility-scale 

CAES plant was installed and commissioned by 

Brown Boveri at Huntorf, Germany, in 1978. It was 

designed to provide a load following service and meet 

the peak demand whilst maintaining a constant 

capacity factor in the nuclear power industry. After its 

operation, its functionality has been updated to 

buffering against the intermittence of wind energy 

production in Northern Germany. The Huntorf CAES 

plant employs two salt dome caverns to store 

compressed air, which operates at a high pressure 

between 4.8 MPa and 6.6 MPa. Under working 

conditions, the plant runs in a daily cycle with 8 hours 

of compressed charging and 2 hours of expansion 

operation at a rated power of 290 MW. It has been 

reported that the plant has operated in good condition 

and has consistently shown excellent performance 

with 90% availability and 99% starting reliability. The 

round-trip efficiency of this plant is about 42%. 

The Hybrid Compressed Air Battery (CAB) system is 

developed by a UK based company called Energetix 

Group, with a small-scale power rating range between 

2 KW and a few KW. Such products are currently at 

the early stage to be recognized by the market and 

consumers. The key factor for the success of the hybrid 

CAB is the adaptation of the newly developed scroll 

expander technology which has led to high expansion 

efficiency. As the system uses pre-prepared 

compressed air, it only focused on the expansion 

process without considering the compression process. 

Launched in August 2012, the Cooperative Banks 

Pyramid building became the first major data center in 

the world to use Energetix Group compressed air 

electricity generating system.  

RWE Power, General Electric, Zublin and DLR are 

now working on the world's first large-scale AA-

CAES demonstration project, named ADELE, in 
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Germany. Some challenging technical difficulties 

must be overcome in implementing this large-scale 

AA-CAES system. For instance, the AA-CAES 

requires the design of a high-pressure and high-

temperature compressor with considerations of 

thermal stresses and thermal limitations for bearings 

and lubrication. The ADELE plant can store electrical 

energy completely without CO2 emissions. The plant 

is planned to have a storage capacity of 360 MWh and 

a power output of 90 MW, with the aim of 70% cycle 

efficiency. 

As there were quite a few projects which have been 

successfully operational, also there were a few projects 

which have been terminated based on the 

environmental conditions of the sites. The Iowa Stored 

Energy Park project was planned by the Iowa 

Association of Municipal Utilities. The project’s 

intention was to build a 270 MW CAES plant coupled 

with 75 MW to 100 MW of wind capacity and was 

planned to be operational by 2015. However, the 

project 

had to be terminated in 2011. After years of study, the 

investors concluded that the porous sandstone aquifers 

in Iowa are not suitable for CAES; the air stored in 

such aquifers cannot provide air flow fast enough to 

satisfy the requirements to form an effective CAES 

site. 

In 2007, Luminant and Shell-Wind Energy proposed 

wind farm projects in Texas. The demonstration plant 

is planned to be used to study the potential to generate 

base load power using wind power combined with 

CAES. After a long wait, in 2013, the project began, 

aiming to host 317 MW of CAES underground. The 

US based LightSail Energy Ltd is now developing an 

AA-CAES facility by using a reversible electric 

motor/generator unit and a reversible reciprocating 

piston machine. The heat from compression is 

captured by the water spray and then stored; during 

expansion, the stored heat is sprayed into the 

compressed air. The company claimed that high 

thermodynamic efficiencies without sacrificing 

performance can be achieved based on the initial tests. 

When it comes down to LAES there is a UK based 

Highview Power Storage designed and assembled the 

UK’s first pilot LAES facility (300 kW, 2.5 MWh) 

which has been operated at 80 MW biomass plant 

since 2010. Highview claim that this technology will 

be capable of supplying tens or even hundreds of MW. 

In February 2014, this firm was awarded £8 million in 

funds from the UK government for a new 5 MW/15 

MW demonstration LAES project; the designed LAES 

system will be located alongside one landfill gas 

generation plant in the UK.  

Technology Energy density Power density Specific energy Power rating Rated capacity 

Large CAES 2-6 Wh/L 0.5-2 W/L 30-60 Wh/kg 110 & 290 MW 580 & 2860 

MWh 

Small CAES 2-6 Wh/L 0.5-2 W/L 140Wh/kg at 

300bar 

0.003-3 MW ~0.002-

0.01MWh 

LAES 4 times then CAES - 214 Wh/kg 0.3-2.5 MW 2.5 MWh 

 Self-discharge Lifetime Cycling times Discharge eff Round-trip eff 

Large CAES small 20-40 years 8000-12000 ~70-79% 42, 54, 70% 

Small CAES Very small 23+ years Tested 30000 ~75-90% - 

LAES Small 20-40 years - - 55-80+% 

 Storage duration Discharge time Power capital cost Energy capital 

cost 

O&M cost 

Large CAES Hours-months 1-24+ hours ~400-1000$/kW 2-120$/kWh 0.003$/kWh 

Small CAES Hours-months Up to ~ 1hour ~500-1500$/kW 200-250$/kWh Very low 

LAES - 1-12+ hours ~900-2000$/kW 260-530$/kWh _ 

Table 1. Technical and Economic characteristics of CAES relevant technologies 

 

II. MATERIALS AND METHODOLOGY 

 

This study examines the improvement in the output of 

CAES system after being experimented as per the 

procedure stated by the previous researchers. As the 

experimental procedure stated the CAES system can 

give an output of 210 KW of power with a given 

number of working hours. Though the system is being 

developed by Advanced Adiabatic process around the 

world by many researchers. We wanted to develop an 
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increased output rate by the actual CAES system. So, 

we have assembled a small CAES working model that 

can generate a minimum amount of power output. The 

conditions are as an input power of 2 KW to a 

multistage reciprocating compressor which works at a 

rate of 7.5 bar of pressurized air at the end of the 

process before being sent into storage. The storage of 

the compressed air has been replaced with air receiver 

tanks (of 15 m3 (about twice the volume of a storage 

unit) with a working temperature of 50-55oC) instead 

of salt caverns which are highly difficult to find. After 

the power input given to the compressor, it draws the 

air through a staged filter and enters the Low-Pressure 

cylinder where the air is pressurized to 2-2.5 bar. The 

rise in temperature of the air is dealt with (decreased 

to 35-39oC) water which is used as the coolant in the 

inter & after coolers in the compressor. The cooled air 

then passed into the High-Pressure cylinder where the 

air is pressurized to 7-7.5 bar with an out temperature 

of 150-160oC. The outlet air is cooled by the after 

cooler to a temperature of 45-49oC. The cooled air is 

then stored in the air receiver tanks. The stored air is 

re-heated by the preheater known as the Recuperator 

to eliminate the moisture in the air before being passed 

on to the turbine blades. This turbine is coupled to a 

generator to produce electricity.  

This common procedure of assembling and generating 

electricity using the CAES system is slightly changed, 

expecting some desired outcomes from the assembly 

made. The changes include the remove of the 

intercooler and the use of ADU’s (Air Drying Units) 

before the passage of air to the turbine blades. These 

ADU’s are used to remove the moisture or water 

molecules in the air passing on to the turbine blades to 

avoid any damage to the blades. These ADU’s are 

medium sized containers partially filled with silica gel 

which is also used in transformers to absorb the water 

molecules or moisture

 
Fig 3. P-V and T-S diagrams for Two stage Compression with Intercooling. 

 

Fig 3 represents the variations between Pressure-

Volume & Temperature-Entropy in a two-stage 

compressor with intercooling present in the system 

that has been assembled. Fig 3 also represents the total 

pressure increase and volume decrease in the system 

during the process being performed. It also represents 

the temperature difference to the entropy during the 

increase in pressure and decrease in temperature 

during the intercooling.  

The Intercooling of the compressed air plays a crucial 

role in the temperature and entropy difference during 

the transfer of air into the air receiving tanks. So, the 

removal of the intercoolers might result in a substantial 

way of getting a higher value in the temperature 

difference and change in entropy, which leads to better 

performance of air on the turbine blades and concludes 

a greater result than the anticipated. 
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Fig 4. The work done by a multi-stage compressor with and without intercooling 

 

Fig 4 shows the work done by the multi-stage 

compressor in various stages of compression with and 

without the intercooling in the system. The shaded 

region in the fig represents the work saved due to 

intercooling. Whereas the Adiabatic curve represents 

the amount of work done when there was no 

intercooling provided.  

 

III. RESULTS AND DISCUSSION 

 

Considering the fact of assembling a CAES system the 

results were expected as the assembly first made was 

the exact model of an actual CAES system. When the 

process was redirected to make changes in the system 

to obtain some better outcomes, the Adiabatic curve 

was introduced in the system and made a few changes 

in the system accordingly. During the changes, the 

intercooler has been removed to increase the thermal 

efficiency of the air passed into the receiving tank. 

Removing the intercooler has given a subsequent 

amount of temperature to the air which makes the work 

of the recuperator less. As there was a rise in the 

temperature, the tanks could not withhold the air being 

sent into them. So, we had to replace the tanks with the 

ones that have a higher working temperature. The 

replaced tanks have a working temperature of 120oC 

and a capacity of holding 8-9 bars. It has a discharge 

capacity of 9 kgs/h. The discharged air from the tanks 

flows on to the turbine blades with a pressure of 10-12 

kgs/h and a temperature of 70-75oC. 

 Additionally, the Advanced Adiabatic Compression 

Air Storage (AA-CAES) has also been experimented 

with to compare the results with the on-going process. 

In AA-CAES, the refrigerant used in the intercoolers 

is again used as the re-heating agent in the process of 

increasing the temperature before passing the air on to 

the turbine blades. Fig 5 represents the flow of the cold 

oil used as the refrigerant in the intercoolers. Later on, 

the cold oil with rise in temperature due to the heat 

transfer between the air and the oil is used as the hot 

oil to increase the temperature of the air before the 

power generation. 
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Fig 5. Schematic layout of an AA-CAES plant 

 

The Advanced Adiabatic Compression Air Storage 

(AA-CAES) has shown a significant possibility in 

reusing the coolant oil to reheat the air, but the results 

and the outcome were different compared to the 

process of removing the intercooler. Whereas the AA-

CAES is a suggested idea worldwide, it is not 

economical for a domestic or small-scale industry.  

 

IV. CONCLUSION 

 

The stated process of removing the intercooler in the 

process might have given the anticipated values and 

results but has shown a slight change in the outcome 

of the process compared to the AA-CAES. The 

outcome of the system is an addition of 0.15 KW to 

the input power given to the compressor. Whereas the 

outcome of the Advanced Adiabatic Compression Air 

Storage (AA-CAES) is 0.05 KW in addition to the 

input power. Comparatively, the process undertaken 

is justified and better than AA-CAES. The outcome 

of the process is 3.12% of the given input, which gives 

a better anticipation to conclude the process as a 

success. Although the numbers aren't great compared 

to the given input, these might eventually be increased 

with some modifications and better equipment for the 

development in the energy generation by the CAES 

technology. 
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