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Abstract: This paper presents a short characteristics of the
power system. It also describes various types of energy storage
technologies. The suggested solution of accumulation and gen-
eration of electric power is based on the cooperation of gas tur-
bine with Compressed Air Storage Energy systems – CAES. This
analysis describes also various types of cooperation of CAES and
renewable sources of energy, particularly wind power systems.

1. Introduction

Ensuring sufficient power supply is one of the most fundamental challenges that the
economies of all countries face nowadays. Although some of the alternative energy
sources are widely available and endless at the same time they are also characterised
by the periodicity which is usually not correlated with the demand (Ostanek, 2013).
Therefore while studying unconventional energy sources systems the crucial issue is
the energy storage.

The energy storage is a problem that has always existed. Its history is as long as
the history of production, transmission, distribution and the use of electric energy.
Unfortunately the technological development in the field of energy storage is much
more reserved than the solutions used in the components of the power system.

The demand for energy delivered to NPS1 varies over time. It is connected with
short-term fluctuations during each day, and it is also related to seasonal changes. The
use of the sources that are characterised by high instability intensifies the volatility
of the power input. Such sources include for example wind turbines and solar cells
(Badyda and Milewski, 2010). The scale of wind power capacity growth has created
the demand to search for new technological solutions allowing for the stabilisation
of the NPS operation (Dzierżanowski, 2011). The nature of wind power production,
the volatility of the capacity generated contributes to the growing interest in energy
storage technologies.

2. Characteristics of electric energy system

The load of the power system is changing over time. Some characteristic energy
demand periods might be distinguished during a day (http://www.elopole.pgegiek.pl/,
1National Power System
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2013):

1. at night (from 11.00 p.m. to 7:00 a.m.) power consumption is the lowest,
2. during working hours of most industrial plants there is a peak power consump-

tion,
3. when some industries do not operate and the lights are switched off the decrease

in the demand for electricity is noted,
4. when multi-shift plants work and the lights are turned on the evening peak load

occurs.

3. Impact of wind turbines on power system

Wind power plants in comparison to non-renewable energy sources are characterised
by several specific features, such as (Majchrzak et al., 2012)

1. the lack of correlation between the amount of power generated (which depends
on the current capacity of winds) and the demand for energy on the side of
consumers,

2. sudden (often unpredictable) changes in the capacity associated with temporary
and sudden changes in wind capacity,

3. low predictability of wind power sources in longer periods of time as the part of
the planned co-operation with the power system.

Generally, the greater the level of the installed capacity in the wind sources the
greater the impact on the power system (Lubośny, 2006).

4. Storage

The current technologies for storing electrical energy can be divided into the indirect
ones (involving the conversion of electrical energy into a different kind of energy –
kinetic, chemical) and the direct ones which involve storing electrical energy (in the
electric or magnetic field).

Good energy storage system should have (Herlender, 2013) high energy density,
the ease of loading and unloading and a large number of cycles; as well as high
energy efficiency cycles, the possibility of a simple energy conversion into another
type. It should reach the required economic efficiency and cause no threat to the
environment. The system should also take into account the required temperature at
which the energy storage system can operate and the required storage time including
the energy transfer time to the user.

The storage of energy generated by renewable energy sources provides the possi-
bility to (Kwiatkowski, 2012)

1. transfer the electricity generated from off-peak hours to peak hours,
2. reduce the overload of conventional sources of energy,
3. improve the voltage of the power system,
4. increase the regulatory capabilities of the system.
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4.1. Technical aspects of the CAES solution

The energy in the form of compressed air is stored in old mines, salt lodgings, salt
mines pockets in the structure of hard rock, and aquifer spaces where the air is
compressed to a pressure of about 70–80 atmospheres. Fig. 1 shows the changes of
pressure and temperature while emptying the deposit.

In this type of power stations, the electric generator is powered with liquid fuel
or gaseous fuels (non-renewable). There is no intake air compressor which normally
consumes about 60% of the mechanical energy of the conventional generator. This
allows for a reduction in CO2 emissions in comparison to the classic gas power plant
(Ostrowski et al., 2008).

Fig. 1. The changes of pressure and temperature while emptying the deposit (Cro-
togino, 2001)

The contemplated plants use low-cost energy available outside of the power system
load peaks – at night and at weekends. This is presented in Fig. 2. The energy
absorbed is used to compress the air in large vessels (Badyda and J., 2009).

CAES power plants can be combined with wind power systems. This is done in
such a way that during favourable wind conditions, the excess of energy produced by
the wind farm is used to power the compressor which in turn compresses the air in the
underground reservoir. In the periods when wind conditions are unfavourable and the
production of electricity by power plants does not correspond to the assumed value
(e.g., ordered by the consumer), the control system activates a gas turbine powered
with fuel and the compressed air is fed into the turbine (Ostrowski et al., 2008).
Powering a typical gas turbine during the energy peak is followed by the expansion
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Fig. 2. Author’s own description based on http://www.pse-operator.pl

of the air. Due to the high compression of the air – in the order to achieve pressure
of 7 MPa2(Crotogino, 2001), the air is cooled before the tank.

The most important advantage of hybrid wind CAES power plants is the increase
in local energy security. There is a possibility to run the hybrid system with no outside
power source and obtain the desired output over a short period of time. Unlike gas
accumulation, the advantage here is the capability of independent operation of a
gas turbine during the expansion process. As a result the power that goes to the
generator is not reduced by the simultaneous operation of the compressor. In case
of a traditional gas turbine configuration, i.e. a compressor–combustion chamber–
turbine in the balance of capacity, the power supply of the compressor accounts for
more than 50% of the power supplied by the turbine.

In most papers on CAES technology, it is considered the only possible technical
and viable alternative to the pumped-storage hydroelectricity systems for large energy
installations.

4.2. Existing and developed solutions of CAES

The first existing CAES system is the ”normal” process of compressing the air without
heat recovery. This solution is illustrated in Fig. 3. The efficiency of such systems is
40%. This type of CAES power plant operates in Huntorf, Germany.

Another type of CAES power plant is the solution where the exhaust heat is
recuperated with the use of a recuperator. Due to that it is possible to achieve over
50% efficiency. Fig. 4 presents that solution.

The third and most advanced solution is the combination of CAES power plant
with the heat storage. In this system the waste heat generated by the compressed air
is stored and then it is used to heat the air supplied to the turbine. This technology
is called AA–CAES, due to the thermodynamic transformation close to adiabatic.
This allows to achieve the power efficiency at the level of 60–70% without consuming
natural gas. This system is presented in Fig. 5.

2The pressure comes from the completed project CAES plant in Huntorf, Germany
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Fig. 3. CAES power plant (Author’s own description based on (Dzierżanowski, 2011;
De Samaniego Steta, n.d.; Milazzo, 2008)

Fig. 4. CAES power station with Exhaust Heat Recuperator (Author’s own descrip-
tion based on (Dzierżanowski, 2011; De Samaniego Steta, n.d.; Milazzo, 2008)

Fig. 5. CAES power station with Exhaust Heat Recuperator (Author’s own descrip-
tion based on (Dzierżanowski, 2011; De Samaniego Steta, n.d.; Milazzo, 2008)
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5. Conclusion

CAES systems are an efficient technology to store energy. This is a specific alternative
to the accumulation of energy in pumped-storage hydroelectricity. The co-operation
of wind turbines with CAES systems is a future-based solution which has positive
impact on the power system and the environment.

In terms of CAES the time to reach full capacity is about two to three times faster
than the average start-up time of a gas turbine unit (Badyda and Milewski, 2010).

In Poland, there is a potential for location of compressed air storage power plants
for example in salt caverns. The construction of such power plants may be of particular
interest for the currently planned large investments in wind power, especially in the
north of the country (Badyda and Milewski, 2010).
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