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The selection of energy equipment is a crucial task in ensuring the high efficiency of energy facilities. Generation 1V Modular
Multi-Purpose Reactors (MMPs) are suitable for both civilian and defense applications. High-Temperature Gas-Cooled Reactors
(HTGRs) provide unprecedented safety features along with significant economic and operational advantages. Electricity generation at
nuclear power plants is primarily carried out using steam turbine systems, where a considerable amount of heat is released during the
condensation process. The Organic Rankine Cycle (ORC) employs various working fluids, including freons, aqueous ammonia solutions,
pentane, isopentane, butane, and isobutane. In this study, calculations for the ORC were performed using R134a as the working fluid.
The steam parameters at characteristic points of the cycle are determined using RefProp application. Several configurations of power
systems incorporating steam turbine units were analyzed, including: a system without reheating, operating with subcritical steam; a
system with reheating, utilizing both subcritical and supercritical steam; a system with a heating turbine,; a turbomachinery-based
system employing supercritical CO:. Among the analyzed configurations, the turbomachinery-based facility utilizing supercritical CO:
demonstrated the highest energy efficiency. Additionally, the integration of the ORC significantly enhances the overall efficiency of
nuclear power plants. The energy efficiency of nuclear power plants employing steam turbine systems with water vapor ranges from
27% to 34.5%, with the highest efficiency (34.5%) achieved by a system incorporating a heating turbine. In contrast, a nuclear power
plant equipped with a supercritical CO: turbine attains an efficiency of 46.5%, which exceeds that of steam turbine-based systems by
more than 10%. The implementation of the ORC further contributes to the overall improvement of power system efficiency.

References 8, tables 6, figures 6.

Keywords: nuclear power plant, small modular reactor, steam turbine plant, Rankine cycle, turbomachine facility with
supercritical CO,.

1 Introduction

The significance of energy in modern society is
undeniable, as it underpins electricity and heat supply
across all industrial sectors and for the general population.
At present, the global energy sector is undergoing a
transformation, with nuclear energy playing a key role in
the restructuring of energy systems in many industrialized
countries. In particular, the development of nuclear energy
has received substantial attention in the United States [1].
In late 2023, a congressional committee meeting addressed
critical issues related to nuclear energy, concluding that it is
necessary to expand both electricity generation and process
heat production through nuclear power plants. Small Modular
Reactors (SMRs) have been identified as a promising
solution for the future of the global energy sector [2]. These
reactors require lower capital investment, can compete with
other cost-effective forms of electricity generation, and

offer enhanced safety features. Additionally, SMRs provide
opportunities for innovative applications, such as hybrid
nuclear-renewable energy systems, low-carbon industrial
heat and electricity, and hydrogen production [3,4].

The selection of reactor technology for future nuclear
power generationis of critical importance. Extensiveresearch
on various reactor types has been conducted in the United
States, with particular interest in Generation IV reactors,
specifically high-temperature gas-cooled reactors (HTGRs)
utilizing helium as a coolant. These reactors, equipped with
microencapsulated TRISO fuel, possess several unique
safeties, economic, and operational advantages, including:

— passive safety mechanisms, ensuring the cessation
of heat-generating reactions under any external impact;

— elimination of wuncontrolled chain reactions,
significantly enhancing reactor stability;
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— structural resilience, capable of withstanding direct
impacts from missiles or aircraft;

— reduced construction time,
deployment;

— zero emissions, including carbon dioxide (COz);

— water-free cooling system, eliminating the
dependence on water resources;

— continuous year-round operation, coupled with
flexible power regulation;

— extended fuel utilization period, with operational
longevity reaching up to 20 years.

In recognition of the growing importance of SMRs, the
European Industrial Alliance for SMR was established in
2024. The primary objective of this alliance is to support and
accelerate the development, demonstration, and deployment
of the first SMR projects in Europe by the early 2030s,
thereby facilitating the transition of SMR technologies from
conceptual stages to full-scale implementation.

2 Nuclear Power Plant Energy Equipment

The selection of energy equipment is a critical
factor in ensuring the high efficiency of a nuclear power
facility. Electricity generation at nuclear power plants is
predominantly carried out using steam turbines.

A nuclear power plant is a highly complex engineering
system that integrates a large number of components. The key
equipment includes a steam generator, turbine, condenser,
deaerator, superheaters, pumps, an electric generator, and
various auxiliary systems.

To evaluate the performance of different power system
configurations, several comparative calculations were
conducted. A fundamental assumption in these calculations
is that the steam at the turbine outlet must remain in a dry
state to prevent efficiency losses and equipment degradation.

The calculations were performed for a power system
incorporating a modular reactor with a capacity of 15 MW.
The steam temperature at the turbine inlet was set at 550°C.
The following configurations were analyzed:

— asteam turbine operating with subcritical steam;

— a steam turbine with reheating, utilizing both
subcritical and supercritical steam;

— a heating turbine;

— aturbomachine system employing supercritical COs..

facilitating faster

The steam parameters at key points within the cycle
were determined using RefProp [5], alongside calculations
based on isentropic efficiency values [6].

2.1 Organic Rankine Cycle

The ORC enables the generation of additional electricity
from low-grade heat sources. It is a thermodynamic process
analogous to the conventional steam cycle but utilizes low-
boiling working fluids instead of water to drive the turbine
[7].

The schematic representation of the basic ORC is shown
in Fig. 1. The working fluid is compressed and circulates in
a closed loop with the aid of a pump. In the heat exchanger
(boiler), the fluid undergoes evaporation and enters the
turbine, where it expands, causing the rotor of the electric
generator to rotate.

In the condenser, the vapor of the working substance
condenses and enters the condensation pump.

In steam turbine plants, a significant amount of heat is
removed from the steam during condensation.

Freons, an aqueous solution of ammonia, pentane,
isopentane, butane, isobutane, etc. are used as working
substances for the organic Rankine cycle.

CalculationsoftheorganicRankinecyclewereperformed
for the working substance R134a (tetrafluoroethane, freon,
CF,CFH,).

In winter, the ambient temperature drops, so the
temperature at the turbine outlet can be reduced. This will
provide greater turbine power, i.e. more generated electricity.

The further calculations were performed for two values
of temperatures at the turbine outlet: a) 30 °C and b) 15 °C.

The organic Rankine cycles for R134a are shown in
Fig. 2.

3 Calculation Results of Steam Turbines with Water
Vapor

Steam turbine units utilizing water vapor are the most
common systems for electricity generation at nuclear power
plants. Calculations were performed for cases both with
and without the implementation of ORC. To illustrate the
process, Fig. 3 presents the steam expansion process in the
turbine without reheating.

3.1 A Subcritical Steam Turbine without Reheating

At the specified dryness fraction y=1.0, point 2 is
positioned at the intersection of the saturation curve and the
isobar.

Pump Boiler

Work

Condenser

Turbine

Fig. 1. Scheme of the basic ORC
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Apressure of 0.05 MPa was selected for the calculations,
with the enthalpy of water at the saturation line equal to
340.5 kJ/kg. The steam pressure at the turbine inlet was set
to P =4.85 MPa, and the temperature to T = 550°C.

The enthalpy at point 2 was determined using the
following equation:

h=h _(hl _hzs)'nsr

By applying this formula and utilizing RefProp, the
steam parameters at the turbine inlet (point 1 in Fig. 3) were
determined. The steam parameters at the key cycle points
are summarized in Table 1.

The reactor heat loss to the surrounding environment was
found to be approximately 1%. For the calculations, the heat
flow within the heat exchanger was assumed to be 14 800 kW.

Table 1: Water: Specified state points

The mass flow rate of water was calculated as:

0 14800

m,=—=————#/——=4061kg/s.
" Ah (3552.3—340.5) g

The steam turbine power output was determined as:

N, =ri1-Ah, =4.61-(3552.3-2591.7) = 4428k WV

Since the power required for the pump was negligible
in comparison to the turbine output, it was not included in
the calculations.

For the calculations, the mechanical efficiency of the
turbine was assumed to be 7,,,, =0.98, while the efficiency
of the electric generator was set to 77, = 0.98.

Temperature Pressure Density Enthalpy Entropy
°C MPa kg/m? kJ/kg kJ/kg' K
1 550.0 4.85 13.150 35523 7.139
2s 81.32 0.05 0.332 2484.3 7.139
2 81.32 0.05 0.316 2591.7 7.440
3, 81.3 0.05 971.0 340.5 1.0910
140.00 R134a & RS Fess ASHRAF rasactoos 195 Vel 94 gar 2
DTU, Dcp wrtment of Euerg\ Engineering
hin [klkg]. vin [m*3/kg]. p in [Bar] )
120,00/ M.J. Skovrup & H.JH Knadsen. 25-03-10 &
100.00 "’//—:-—1—‘/
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/ L/
80.00 T
2ot
2 60.00- 54 < Y
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2 40.00 - sl
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Entropy [J/(kg K)]
Fig. 2. Organic Rankine cycle for R134a Freon

30°C == = 15°C
1-2 Expansion of vapors in the turbine; 2—3 Condensation of vapors in the condenser;

3—4 Pressure increase through a pump; 4-5 Heating; 5—1 Evaporation and superheating.
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Finally, the overall energy efficiency of the nuclear
power plant equipped with a subcritical steam turbine
without reheating was determined as:

Freon R134a enters the heat exchanger at an initial
temperature of either 30°C or 15°C.

The thermodynamic parameters of R134a at the
saturation line and at key points of the cycle (Table 2) were
determined using RefProp application.

Case a) t =30°C

Freon is heated to a temperature of 70°C.

The enthalpy at the turbine outlet (point 2) is given by:

h2 = hl _(hl _h?s)'nsT :4397 -
—(439.7 —423)~0.9 =424.7 kJ / kg .

The enthalpy of R134a at the saturation line is 241.7 kJ/kg.
The mass flow rate of R134a was determined as:

Table 2: R134a: Specified state points

O 10382
h—h,  (439.7-241.7)

=524kg/s.

Mp34 =

The power output of the ORC turbine operating with
R134a was calculated as:

Ny =ity - Ahy, =52.4-(439.7-425.5) =744 kW .

The implementation ORC enhances the energy
efficiency of the steam turbine by 18%.
N Tyenr 7. 4428-0.98-0.98

= 100=28.4%
N, 15000

3.1.1 A Subcritical Steam Turbine without Reheating
and ORC

During condensation at T = 81°C, the amount of heat
removed from water steam is

Temperature Pressure Density Enthalpy Entropy
°C MPa kg/m? kJ/kg kJ/kg-K
1 70.0 1.68 79.76 439.7 1.741
2s 37.8 0.77 35.76 423.0 1.741
2 40.2 0.77 35.27 425.5 1.749
4000
3900
3800 650°C
3700 600°C
3600 - 550°C
3500 500°C
3400 S/~ 450°C
§ 3300 400°C
~ 3200 |~ ? .
£ 3100 LAl J_ :Z:.
=
E 3000 250°C
2500 200°C
2800 150°C
2700 ¢ 100°C

2600
2500
2400

2300 WL
5.50 600  6.50

< 50°C
e 20°C

7.00 7.50 8.00 8.50
Entropy, kJ/kg-K

Fig. 3. Rankine cycle in the h-s diagram (enthalpy-entropy) of water
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2592-340=2252 kJ/kg

The corresponding heat flow is calculated as:

2252 -4.61=10382 kW

N, Dy, (4428+744)-0.98-0.98
N, B 15000

-100=33.1%.

The energy efficiency of a nuclear power plant equipped
with a subcritical steam turbine without reheating and an
ORC system is calculated as:

Incorporating the ORC results in a 5% increase in the
overall energy efficiency of the nuclear power plant.

Case b) t=15°C

The power output of the ORC turbine is determined as:
1214.5 kW

For this case, the use of ORC increases the power
plant’s energy efficiency by 29%.

The energy efficiency of a nuclear power plant utilizing
a subcritical steam turbine without reheating and an ORC
system is given by:

(4428 +1214.5)-0.98-0.98

= -100=36.1%.
15000

Ne 'nmehT '776
NR

Under these conditions, the integration of ORC leads
to an overall energy efficiency improvement of 8% for the
nuclear power plant.

4000
3900
3800
3700
3600
3500
3400
3300
3200
3100
3000
2500
2800

Enthalpy, kl/kg

3.2 Turbine with steam reheating

At the turbine inlet, the steam pressure and temperature
are 28 MPa and 550 °C, respectively.

The steam expansion processes occurring within a
turbine employing reheating are depicted in Fig. 4.

For an outlet turbine pressure of 0.05 MPa and a
superheating temperature of 550 °C, the expansion of steam
after reheating (process 3—4, Figure 4) aligns with the
expansion process observed in a turbine operating without
reheating (process 1-2, Figure 3).

In the high-pressure turbine section, steam expands to
an intermediate pressure of 4.85 MPa.

To achieve maximum mechanical work output from the
high-pressure turbine, the inlet steam pressure must be no
less than 25 MPa.

The critical parameters for water are as follows: critical
pressure of 22.1 MPa, critical temperature of 374.15 °C, and
critical density of 303 kg/m?®.

Utilizing RefProp software, steam parameters at
designated points 1, 2s, and 2 were calculated for the inlet
conditions of 28 MPa and 550 °C (Table 3).

The total heat required for the cycle with reheating is the
sum of the initial water heating and reheating components:

h —h, = 3304—-340.5=2963.5 k] / kg.

B
[
&
I

3552.3-2900 = 652.3 kI / kg.

650°C
‘ 600°C
550°C
- 500°C
450°C
400°C
-4, 350°C
300°C
250°C
200°C
-
P 150°C
100°C

“ 50°C
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2600 ‘ >t /4 ¥l A
2500 // ;//////
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Fig. 4. Rankine cycle in the h-s diagram of water for a turbine with reheating
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Table 3: Water: Specified state points

Temperature Pressure Density Enthalpy Entropy

°C MPa kg/m? kJ/kg kJ/kg'K
1 550.0 28.000 90.171 3304 6.095
2s 276.9 4.850 23.037 2854 6.095
2 290.2 4.850 21.95 2900 6.179

Thus, the overall heat added to the cycle is

Ah, =2963.5+652.3=3616 kl/ kg.

The mass flow rate of water through the cycle is
calculated by the formula:
O 14800

m, =——=——=4.09 kg /s.
Ah, 3616

The enthalpy at point 2 is calculated by the following
relation:

hz = hl _(h1 _hz.y)'nxr =3304-
—(3304—2854)-0.9 =2900 kJ / kg.

Consequently, the steam turbine power output is
determined as follows:

N =riv- Ak =in-[ (b —hy)+(hy —h,) | =
=4.09-[ (3304 -2900) +(3552.3-2592) | =
= 5579k

Implementing reheating significantly enhances turbine
performance, increasing the turbine power output by
approximately 12% compared to non-reheated cycles.

The calculated energy efficiency of a nuclear power
plant utilizing a reheating steam turbine is:

N .n . . .
e Moar e 3579-0.98:-098 1 5704
N, 15000

Reducing the turbine inlet pressure to 20 MPa results
in a decrease of approximately 5% in electrical generator
output power.

3.2.1 Turbine with reheating and ORC

The amount of heat removed from steam during
condensation at T = 81°C is 2305 kJ/kg.

The total heat flow is calculated as

2305 -+ 4.09=9427 kW.

The thermodynamic parameters of R134a refrigerant at
the saturation line and key cycle points are determined using
RefProp.

Case a) T=30°C

The mass flow rate of R134a is computed as:

. 0 9427
Mpy3y = =
h, —h, (439.7—241.7)

=47.6 kg/s.

The power output of ORC turbine operating with R134a is
Ny = titgy, - Ay, = 47.6-(439.7 - 425.5) = 676 k.
The overall energy efficiency of a nuclear power plant

incorporating a subcritical steam turbine with reheating and
ORC is calculated as:

N, Ny 1. (5579+676)-0.98-0.98
Ny 15000

-100= 40 %.

Case b) T=15°C

For this case, the ORC turbine power is determined as:

The inclusion of ORC in this configuration leads to a
19% increase in turbine energy efficiency.

The overall energy efficiency of the nuclear power plant,
considering the subcritical steam turbine with reheating and
ORQC, is:

N, Dy M. (5579+1010)-0.98-0.98
N, - 15000

-100=42.2%.

3.3 Heating turbine

At the turbine inlet, the steam pressure and temperature
are P =28 MPa and T =550°C, respectively. The steam
expansion processes in a heating turbine with intermediate
reheating are illustrated in Fig. 5.

Thus, process 1-2 is similar to a similar process in a
turbine with intermediate overheating (Fig. 4).
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To heat water in the heating system, the temperature /&, —h, = 3552.3-2900 = 652.3 kJ/ kg.
of the steam at the exit from the turbine must be at least
150 °C. To ensure this temperature, the steam in the low-  That's all
pressure cylinder of the turbine expands to 0.15 MPa.

At the turbine outlet, the steam temperature reaches
160°C, making it suitable for heating water to temperatures
ranging from 100°C to 130°C. After passing through the ~Mass flow of water
heat exchanger, the steam temperature decreases to 112°C.

Ah, =2841+652.3 =3493.3 k] / kg.

o . . O 14800
The enthalpy at point 4 is determined by the formula: 72, = A_hq =34933 424 kg /.
hy=hy—(h—hy)-n, = 3552-(3552-2661)-0.9 = Steam turbine power
=2750 kJ / kg. . (3304-2900)+ |
N, =1in-Ah, =424 = 4928 k7.
h—h, = 3304—473=2831kJ/kg. +(3552.3-2794) |
Table 4: Water: Specified state points
Temperature Pressure Density Enthalpy Entropy
°C MPa kg/m? kJ/kg kJ/kg K
1 550.0 28.000 90.171 3304 6.095
2s 276.9 4.850 23.037 2854 6.095
290.2 4.850 21.95 2900 6.179
3 550.0 4.850 13.15 3552 7.139
4s 111.4 0.150 0.875 2661 7.139
4 160.5 0.150 0.758 2794 7.47
5, 112.0 4.850 951.7 473.3 1.44
4000
3900
3800 - 650°C
3700 600°c
3600 - 550°C
3500 - so0%c
3400 5o
‘i‘f 3300 100°C
. 3200 .
£ 5100 o
f:: 3000 17/ ' 250°C
2900 [/ 20ne
2800 150°C
2700 —
2600 : ST 50°C
2500 VA A & 20c
2400 ¢
2300

5.50 6.00 6.50 7.00 7.50 8.00 8.50
Entropy, kl/kg-K

Fig. 5. Rankine cycle in the h-s diagram for a heating turbine
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The thermal power output of the water heater for
AT = 48°C is calculated as: QO =794kW. Thus, the total
available power is

4928+794=5722 kW

The energy efficiency of a nuclear power plant with
heating turbine with intermediate superheat is equal to

N Dy -1 5722-0.98-0.98
N, 15000

-100=36.6%.

3.3.1 Heating turbine and ORC

The amount of heat removed from steam during
condensation at T = 112°C is 2286 kJ/kg.

The total heat flow is calculated as

Case a) T=30°C

Freon R134a enters the heat exchanger at an initial
temperature of 30°C and is heated to 90°C.

The thermodynamic parameters of R134a key cycle
points are determined using RefProp (Table 5).

The enthalpy at the exit from the turbine (point 2) is
equal to

hy=hy =l =hy, ) n, =446 -
(446 -420,5)-0.9 =423 kJ / kg .

Mass flow of R134a
Mpysy = ©__ 9693 =475 kg/s.
h—h  (446-241.7)

Steam turbine power

N, = rtitgy, - Ahy, =47.5-(446 —424.3) =1031kW.

The overall energy efficiency of a nuclear power plant
equipped with a CHP system and ORC is calculated as
follows:

Ne * Nmenr M. _ (5722 +1031) - 0.98 - 0.98

Thus, the integration of ORC technology results in
6% overall increase in the nuclear power plant’s energy
efficiency.

Case b) T=15°C

For this case, the power output of the ORC turbine is
N, =1326kIV.

The total energy efficiency of a nuclear power plant
incorporating CHP and ORC is:

Ne “ fhyesr Ner (5722 +1326) - 0.98 - 0.98

. = 0
Ny 15000 100 = 45.1%.

As a result, using ORC leads to an overall 7% increase
in the nuclear power plant’s efficiency.

3.4 Supercritical CO, turbomachine facility

The supercritical CO, (s-CO,) Brayton cycle has
recently gained significant attention for next-generation
nuclear reactor applications. The primary advantages of the
s-CO, cycle include high thermal efficiency in the moderate
turbine inlet temperature range, compact system layout, and
smaller turbomachinery and heat exchangers. Various heat
sources, such as nuclear energy, fossil fuels, waste heat, and
renewable sources like solar energy or fuel cells, can serve
as inputs for the s-CO, cycle [8].

The s-CO, power cycle is particularly well suited for
Gen IV nuclear reactors, offering enhanced efficiency and
better stability with conventional structural materials.

Critical CO, parameters: pressure 7.4 MPa; temperature
31°C; density 468 kg/m®.

The following calculations are based on turbine inlet
conditions of 550°C and 18 MPa.

The T-s diagram for the s-CO, Brayton cycle is
illustrated in Fig. 6.

The enthalpy at the turbine outlet (point 2) is calculated
as:

hy =hy — (hy — hys) - sy = 1036.6 — (1036.6 —908.5) - 0.9
=921.3 kJ/kg

The pressure at the inlet compressor is 7.5 MPa, the
temperature is 35 °C. The output pressure is 18 MPa.

Ne 15000 - 100 = 43.2%. The temperature at point 5 is 97°C.
Table 5: R134a: Specified state points
Temperature Pressure Density Enthalpy Entropy
°C MPa kg/m? kJ/kg kJ/kg'K
1 90.0 2.63 134.1 446 1.733
2s 354 0.77 36.3 420.5 1.733
2 39.1 0.77 35.5 4243 1.745
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Due to regenerative heat exchange, the CO, temperature
can be increased to 380°C.

The properties of CO, at 18 MPa and 380°C are
determined using RefProp.

To achieve the enthalpy value at the turbine inlet
of 1037 klJ/kg, it is necessary to increase the enthalpy by
207.5 kJ/kg (1037-829.5=207.5).

CO, mass flow rate:

Thus, the enthalpy difference is:
Ahy, = hy — hy = 1036.6 — 921.3 = 115.3 kJ /kg

Turbine power output:

Ny =1 Ahy, = 71.3-115.3 = 8221kW.

The enthalpy at the compressor outlet (point 5) is:

(hss — hy) (426 — 397,7)
Q 14800 hs =hy +-———"=3977 ("=
Teop = — = = 713 kg/s. s '
Ah - 207.5 = 431kJ /kg
Table 6: carbon dioxide: Specified state points
Temperature Pressure Density Enthalpy Entropy
°C MPa kg/m? kJ/kg kJ/kg' K
1 550.0 18.0 112.4 1036.6 2.763
2s 434.7 7.5 56.01 908.5 2.763
2 445.7 7.5 55.1 921.3 2.78
3 100 7.5 130.4 523.7 2.03
4 35 7.5 273.0 397.7 1.65
Ss 94.8 18.0 449.8 426.4 1.65
5 96.9 18.0 439.5 4314 1.661
6 380.2 18.0 146.2 829.1 2.48
700
650
600
550
500
& 450
¢ 400
£ 350
g 300
250
& 200
150
100
50
0
-50
0.5 1.0 1.5 2.0 2.5 3.0
Entropy, kJ

Fig. 6. Supercritical Brayton cycle in the T-s diagram for turbomachine facility with supercritical CO,

1-2 steam expansion process in the turbine;

2-3 process of heat transfer in a recuperative heat exchanger;

3-4 heat removal process in the cooler;

4-5 process of compression of CO, in the compressor;

5-6 CO, heating process in a recuperative heat exchanger;

6-1 process of supplying heat from the reactor to CO,
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Compressor power requirement:

N, =1 - Ahgy = 71.3 - 22.7 = 2407 kW.

Net electric power output:
N, = Ny — N, = 8221 — 2407 = 5813 kW

Ne * Nmecht * Neo _ 5813 -0.99-0.99

.100 = 389
Ng 15000 00 = 38%

3.4.1 Supercritical CO, turbomachine facility and
ORC

Heat from the CO, cycle is transferred to the working
substance of the ORC cycle in the heat exchanger. At
temperature of CO, at the inlet to the heat exchanger
T,=100 °C and at the outlet T =35 °C heat flow in the section
of cycle 3-4 is equal to 9010 kW.

Freon enters the heat exchanger at a temperature of
30 °C and is heated to a temperature of 90 °C.

Mass flow of R134a

L0 em0
Mrise = 15 = (g6 2417y - HLKILS:

Steam turbine power

NT = mR134 . Ahlz =441 (4’46 - 424’3) = 957kW.

Energy efficiency of a nuclear power plant with
turbomachine facility with supercritical CO,

Ne * menr M. _ (5813 +957) - 0.99 - 0.99

-100 = 44%.
Ng 15000 0 %

The ORC increases the energy efficiency of the nuclear
power plant by 6 %.

4. Summary

Steam turbine-based nuclear power plants typically
exhibit energy efficiency in the range of 28% to 36.5%. The
highest efficiency for a heating turbine system is 36.5%.

The energy efficiency of a nuclear power plant
with turbomachine facility with supercritical CO, is the
highest — 38 %.

The ORC provides a notable efficiency boost of
approximately 5%. In winter conditions, ORC contributes a
larger increase in nuclear power plant efficiency compared
to summer conditions.

Increasing the temperature and pressure of supercritical
CO, makes it possible to achieve an efficiency of more than
50%.
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BaxxnuBicTh eHeprii B cydacHOMY CYyCIJILCTBI € He3a-
MIEPEYHOI0, OCKIIbKH BOHA JIGKUTh B OCHOBI €JIEKTPO- Ta
TETJIONOCTAa4YaHHsI B YCiX Taly3sX MPOMHUCIOBOCTI Ta JUIS
HaceJIeHHs 3arajioM. 3apa3 MIOOANbHUN EHEepreTHYHHH
CEKTOp TepexuBae TpaHchopMarllito, i saepHa eHepreTuka
BiJIiTpa€ KIIFOYOBY pOJb Y PECTPYKTypH3allii €HepreTHd-
HUX CHUCTEM y 0ararbox MPOMHCIIOBO PO3BUHEHUX KpaiHax.
30KpeMa, PO3BUTKY SIJICPHOT CHEPreTUKU NPUAILIICHO 3HAY-
Hy yBary B CIIA. Hampukinam 2023 poky komiteT KoH-
rpecy pO3IISHYB KPUTHWYHI NMHTaHHS, TOB’s3aHI 3 saep-
HOI0 EHEPreTUKO, JIMIIOBIIN BHUCHOBKY, IO HEOOX1JIHO
PO3LIMPUTH SIK BUPOOHHUIITBO €JIEKTPOEHeprii, Tak i BHU-
POOHUIITBO TEXHOJOTIYHOTO TerJia 3a JOIIOMOTOI0 aTOM-
HUX €JIeKTPOCTaHIiii. Mani MOIynbHI peakTopu Oynu
BH3HAYCHI SIK IEPCIICKTUBHE PIlICHHS JUIsi MaiOyTHHOTO
100aJIbHOTO eHepreTHYHOro cekropa. Lli peakropu motpe-
OyIOTh MEHIITUX KalliTaJOBKJIAJIeHb, 31aTHI KOHKYpPYBaTH 3
IHIIMMY €KOHOMIYHO e(peKTHBHUMHU (pOopMaMu BHPOOHUIIT-
Ba EJICKTPOEHEPTil Ta MPOIOHYIOTh MOKPAIIEH] XapaKTepH-
ctuku Oe3mneku. Kpim Toro, SMR HaaroTh MOXIJIMBOCTI JIs
IHHOBAIIIHHUX 3aCTOCYBaHb, TaKUX SK TiOpUOHI SACPHO-
Bi/IHOBIIIOBaHI E€HEPreTUYHI CHUCTEMH, HH3BKOBYTJIEICBE
IIPOMHUCIIOBE TEIJIO Ta EJNEKTPOCHEPris, a TaKoX BHPOO-
HUITBO BOJHIO.

Bubip peakTopHOi TEXHOJOTIT JUIsl MalOyTHHOTO BH-
poOHMIITBA SACpHOI €Heprii Mae BHUpIIIAIbHE 3HAYCH-
Hi. Benwki mociimpkeHHS pi3HUX THIIIB pPeakTopiB Oymu

npoeseni B Cnonydenux LrTarax, 3 0coOMMBUM iHTEpECOM
JI0 peakTopiB mokomiHHA [V, 30KkpeMa 710 BHCOKOTEMIIEepa-
TypHUX ra3zooxonomkyBanux peakropiB (HTGR), ski Buxo-
PUCTOBYIOTH Tellill ik TerioHocii. li peakropu, ocHareHi
MikpokarcyiboBanuM nanuBoM TRISO, marote nexinbka
VHIKaJIbHUX TepeBar y cdepi Oe3nekd, eKOHOMIUHHX Ta
eKCIUTyaTalliiHuX TmepeBar. Mami MOIynbHI peakTopH
MpHUJIATHI U1 eKCIUTyaTalii Ha HUBUIBHUX 1 OOOPOHHUX
o0'exTax.

Bubip enepreTndHoro o0naHaHHs € BXKJIMBUM 3aB/IaH-
HSAM /7151 3a0€3MeUeHHs] BUCOKOi €()eKTUBHOCTI €HepreTHy-
HOTO 00'ekTa. BHpOOHHMITBO €leKTpOCHEprii Ha aTOMHHX
€JIEKTPOCTAHLISAX HalfuacTile 31iHCHIOETHCS 3a IOTIOMOT 010
naporyp0Oinnux ycranoBok. Hagkpuruunnii CO, (s-CO,)
UK bpaliToHa HEIOAaBHO MPUBEPHYB 3HAUHY YBary Juis
SAJEpPHUX PEaKTOPiB HOBOTO MOKOJiHHA. OCHOBHI TIepeBaru
uukay s-CO, BKJIIOYAOTh BUCOKY TEPMidHY €(EKTHBHICTh
y TIOMiIpHOMY Jiarma30Hi TeMmrepaTyp Ha BXOIi B TypOiHy,
KOMIIAKTHE PO3TAIIyBaHHS CHUCTEMH Ta MEHII TypOoma-
HIMHU Ta TerooOMiHHMKH. Pi3HI /pkepena Temia, Taki sk
aTOMHA CHEpTisl, BUKOIIHE MaJIMBO, BIANpaIlbOBAHE TEILIO
Ta BIIHOBIIOBaHI JPKEpeNa, Taki sSK COHSYHA eHepris abo
NaJIMBHI €JIEMEHTH, MOXKYTh CIYXKUTH BXIIHUMH PEYOBHHA-
mu s nukiy s-CO,.

BukoHaHi po3paxyHKH pi3HUX BapiaHTiB €HEPrOCUCTEM
3 MapoTypOIHHOIO YCTAHOBKOIO: O3 MPOMIXKHOTO TIeperpiBy
3 JOKPUTHYHOIO ITapOI0; i3 MPOMIKHHUM TIEPETPiBOM 3 JIO-
KPUTUYHOIO Ta HAJIKPUTUYHOIO ApOI0; 3 TEIUIO(iKaLiiHOIO
TypOiHo0. BukoHaHi po3paxyHKH TypOOyCTaHOBKH 3 Ha[-
kputnaHuM  CO,. HaliOinbm eHepreTMIHO e(pEKTHBHOK
€ eHeprocucreMa 3 TypOOYCTaHOBKOIO 3 HAAKPUTHYHUM
CO,. BukopucTanHs opraniqHoro nukiy Penkina cyTTeBo
MiBHIIYE €(QEeKTUBHICTh aTOMHHMX CTaHLii. Po3paxyHkn
opraniyHoro nukiny Penkina mpoBojunu ajst pobodoi pe-
yoBuHU R134a. Ilapamerpu mapu B XapaKTepHHMX TOUYKaxX
LIUKITy BU3HAYaIOThes 3a fornomoroio RefProp.

Eneproe(ekTUBHICTP aTOMHHX €JIEKTPOCTAHIINH 3
napoTypOiHHOIO YCTAaHOBKOIO 3 BOASIHOIO MAapolo rmepedyBae
B Mexax 28-36,5%. EneproedexkTUBHICTH aTOMHOI

enexTpocTanuii 3 HaakputuyHow CO, TypOiHOWO cTaHo-
BUTH 38 %. IlinBuIIeHHS TemmepaTypH i THCKY HaJAKPUTHY-
Horo CO, nossonse pocarru KKJI 6inbumm 3a 50%.
Bukopucranns opraniyHoro 1ukiay Penkina (ORC)
CYTTEBO MiABHUINYE e(heKTUBHICTh EHEPTOCUCTEMH.
KoarouoBi ci1oBa: aroMHa eNeKTPOCTAHIIISI, MATUHA MOAYIb-

HUAU peakTop, MapoTypOiHHA yCTaHOBKA, MUK PeHkiHa,
TypboycranoBka 3 Haakputuanum CO.,.
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