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1. Introduction

According to the 8th Basic Power Supply and Demand
plan, the share of renewable energy will increase. As a
result, the load that thermal and nuclear power plants
have to deal with during the daytime are reduced. When
this phenomenon becomes severe, the exact demand for
base energy cannot be predicted, and the cost of power
generation increases. Therefore, it is necessary to study
the Energy Storage System (ESS) that can store coal and
nuclear energies, which are responsible for the base load.
Among ESSs, Compressed Air Energy Storage (CAES)
is technically feasible. If carbon dioxide, which has large
density and high site selection freedom, is used instead
of air, a more effective mass storage device can be
realized. This is called Compressed CO- Energy Storage
(CCES) system. In the case of nuclear power plants,
some of the energy generated from the steam turbine of
the secondary system can be stored by using it to operate
the compressor of CCES.
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Fig. 2. Simple CCES model with T-S diagram
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CCES is a closed Cycle Composed of Compressor(c), Flg 3. SenSlthlty of a compressor exit pressure - power

turbine(T), high pressure storage tank(HPST), low  densityand RTE

pressure storage tank(LPST), and cooler. Performance
can be expressed by power density and round trip
efficiency (RTE), and each equation is as follows.

(Power density) = W (1)

Vupst+VipsT

(RTE) = LT

Using MATLAB to check the power density and RTE
between each state of CCES under ideal conditions.

2.1 Simple CCES
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Fig. 4. Sensitivity of a compressor inlet pressure - power
density and RTE
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2.2 Application with Thermal Energy Stroage(TES) in
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From Fig.4, at the temperature of compressor inlet is z
304.1282K and pressure is 7694kPa, power density 2 2f
reaches maximum. Also higher outlet pressure of the § sl
compressor and higher efficiency of the turbine lead to S
higher, power density and RTE. However, at higher B
compressor efficiency, it has lower power density. 05|
Because, as the compressor efficiency increases, the

temperature of CO- at the compressor outlet decreases, 05 1 15 2 25

which results in smaller enthalpy difference. P o2
and applied TES
Table I: simple CCES state

360

Temperature (K) Pressure (kpa)

1 304.1282 7694 a0
2 356.6284 40000 o
3 356.6284 40000 g

4 304.9961 7694 % a0
5 304.1282 7694 ;

@
i)
=3

The power density and RTE of simple CCES obtained
through the above states are 3.5262 kWh/m3 and 0.6701,
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Fig. 8. Comparison of Power density between simple CCES
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Fig. 9. Temperature change of HPST according to compressor

outlet pressure
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To apply the TES at HPST of CCES. TES serves to
store thermal energy. However, there is no significant
difference of the power density between simple CCES
and TES applied model. The reason is that the
temperature difference between the inlet and the outlet of
the compressor is not large. Therefore, when using TES,
the effect of reducing the volume by reducing storage
temperature is not too great.

Table II: state of applied TES with CCES

Temperature (K) Pressure (kpa)
1 304.1282 7694
2 356.6284 40000
3 304.1282 40000
4 304.1282 40000
5 356.6284 40000
6 304.9961 7694
7 304.1282 7694

The power density and RTE of applied TES model
obtained through the above states are 3.8263 kWh/m?
and 0.6701, respectively.

2.2 Transcritical CCES
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Fig. 10. Transcritical CCES with T-S diagram

A heat exchanger is on the low temperature section,
and carbon dioxide is stored as liquid phase in the LPST.
This is called Transcritical CCES as the working fluid is
partially at liquid phase in the cycle.

5.25 T T T T T T T T T m 0.63

Power density
RTE

10.62

10.6

10.59

RTE

10.58

10.57

+0.56

4.9

I | I I I | L I L U055
274 275 276 277 278 279 280 281 282 283

Comp in temp [K]
Fig. 11. Sensitivity of compressor inlet temperature - power
density and RTE
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Fig. 12. Sensitivity of compressor outlet pressure - power
density and RTE
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Fig. 13. Sensitivity saturation temperature - power density and
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It has higher power density and RTE, when the
pressure of compressor outlet is higher and, carbon
dioxide in the heat exchanger at the lower temperature
section is saturated. From Fig.12, it has better
performance when compressor outlet pressure is higher.
This is because it has larger expansion work when
compressor outlet pressure is higher. The volume of
carbon dioxide stored in the LPST decreases as the CO:



Transactions of the Korean Nuclear Society Virtual Soring Meeting
July 9-10, 2020

becomes saturated condition at lower temperature,
thereby increasing the power density. This is shown in
Fig. 13.

Table III: state of transcritical CCES

Temperature (K) Pressure (kpa)
1 283.15 45022
2 474.8596 40000
3 338.1193 7214
4 311.7590 7214
5 303.15 7214
6 303.15 7214
7 283.15 45022

The power density and RTE of transcritical CCES are
7.0574 kWh/m3 and 0.6088, respectively.

3. Conclusions

In this study, the basic concept and characteristics of
CCES (Compressed CO; energy storage) were discussed.
In addition, various applications such as applying hot
TES or storing CO2 as liquid using heat exchangers were
also discussed. As a result, it was confirmed that the
performance can be improved by increasing the
compressor outlet pressure and storing COz in the LPST
in the form of liquid state at lower temperature. For
future study, the upper pressure limit of HPST and the
method to lower the saturation temperature in the heat
exchanger should be developed. It is also expected that
CCES could be applied to nuclear power plants as a
large-capacity energy storage system.
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