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Abstract 

One of the most promising approaches for replacing conventional power plants during the transition 
to clean energy is the conversion of existing coal-fired power plants (CPPs) into nuclear power plants. 
This strategy offers numerous ecological and economic advantages. However, integrating a nuclear 
reactor with a steam turbine originally designed for a coal plant is far from trivial and involves 
significant technical challenges. The purpose of this work is to analyze and evaluate various options 
for coupling a High-Temperature Gas-Cooled Small Modular Reactor (HTGR SMR) with a 
potentially suitable subcritical steam turbine from an existing CPP, thereby creating several 
repowering configurations. The main difficulties stem from the fact that the turbine was designed to 
operate with live steam at lower flow rates, temperatures, and pressures than those typically 
provided by an HTGR SMR. In addition, the feedwater temperature and pressure requirements for 
the HTGR SMR steam generator differ substantially from those in a CPP, leading at best to additional 
efficiency losses. Moreover, the overall thermal cycle layouts of the two systems are fundamentally 
different. Despite these challenges, technically feasible combinations can be achieved. However, 
determining which option is the most economically viable depends on numerous additional factors, 
including the specific characteristics of the individual CPP and the regulatory framework of the 
country in which it operates. 

Keywords: C2N; clean energy transition; CPP repowering; reducing CO2 emissions 
 

1. Introduction 

In the context of clean energy transition, it is important not only to retrofit or decommission 
existing CPPs, especially those using lignite as fuel, to comply with environmental regulations, but 
also to ensure the safety and stability of the energy system [1,2]. Different technological options in 
three main areas are proposed and being explored to facilitate the phasing out of CPPs, summarized 
in Figure 1. This includes, but is not limited to: 

- Fuel switching by replacing fully or partially coal with lower-carbon alternatives like 
natural gas, biomass or biogas [3,4]; 

- Implementation of carbon capture and storage technologies to mitigate emissions at the 
source [5]; 

- Repurposing of CPPs into renewable energy storage systems, using existing network 
connectivity and facilities [6]; 

- Replacing CPPs with renewable energy power plants (RPPs) primary solar, wind, and 
hydropower systems, including also power plants with more than one renewable energy source [7,8]; 

- Transformation into Nuclear Power Plants (NPPs) or Hybrid Nuclear Power Plants 
(HNPPs), which utilize natural gas, biogas, or hydrogen as secondary fuels, etc. [9,10]. 
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Figure 1. Technological options for phasing out CCPs in the context of the clean energy transition. 

These technologies should be evaluated based on a range of criteria, including carbon mitigation 
potential and other environmental impacts, technological maturity, economic feasibility, grid 
integration, sustainability, and their contribution to energy system stability and reliability [11,12]. 

There are a modest number of researches and proposed solutions in the first group but they are 
temporary by their nature or still quite expensive and that is why the main efforts are focused in the 
second group. Nevertheless the solutions in the first group are important for retaining the energy 
system stability and for buying the needed time for development and implementation of better and 
cheaper technologies for clean energy production. 

The RPPs with constant production are important for the energy system stability, but they are 
limited by power and still quite expensive. This subgroup include power plants that use biofuels and 
rely on geothermal energy. It’s debatable if nuclear technologies are part of this subgroup as only 
most of the nuclear reactors of generation IV could be called clean and sustainable technologies. 

The RPPs with fluctuating production are considered the fundament of the energy transition 
and although they are quite important they bring significant instability in the energy system despite 
technologies like solid gravity energy storage [13] or redox flow batteries [14]. Although these 
technologies are zero-emission they have some negative impact on the ecosystems. Also some of 
these technologies produce direct current which could be quite problematic for the energy system 
stability especially together with the fluctuating energy production. Other problem is that the most 
used technology is characterized with quite dark surfaces which lead to decretion of Earth’s albedo 
[15] and the recent researches indicate that the albedo effect is also factor in global warming [16–18]. 
These disadvantages result in searching for other possible solutions mainly in the third group, which 
is the least explored of the three. Despite the technological challenges, the conversion of CPPs to NPPs 
or HNPPs have several advantages over other options and paths for replacing or retrofitting the 
CPPs: 

- Significant mitigation of the CO₂ emissions or even zero CO₂ emissions; 
- NPPs produce constant and cheap energy and the significant percentage of the modern 

models will be able to operate in load-following mode, thus will be able to replace the CPPs not only 
as capacity but also as function in the energy system; 
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- The opportunity for using existing sites, facilities and equipment offers numerous 
ecological and economic advantages; 

- NPPs has lesser impact on the ecosystems than the alternatives despite the thermal 
pollution which also will be reduced with the generation IV nuclear reactors (NRs); 

- The NRs of generation IV will characterize with enhanced safety, improved economy, 
minimal waste and proliferation resistance. Also it is expected that most of the types in development 
will have breeding ratio almost or above 1, which constitute some sort of sustainability. 

CPPs to NPPs (C2N) includes four possible options [19] from which the repowering and 
retrofitting ones are the most attractive but also the most technology challenging. Different cases of 
the former [20,21] and of the latter [22–26] are studied, explored and analyzed but almost exclusively 
from economical point of view, without going into deep technological details, which make such 
studies one sided and quite controversial. The possible combination between NR and steam turbine 
(ST) from CPP depends not only from matching the thermal power but much more from the 
compatibly between the technological parameters and the thermal schemes. The large nuclear 
reactors from generations II, III, and III+ are not suitable for C2N and those from generation IV are 
still in development, which leaves only the available models of Small Modular Reactors (SMRs) as 
possible option and impose their evaluation and analysis from that perspective. 

The important parameters of SMRs those development reached at least application for license 
are given in Table 1 below. Only one model with electrical power lower than 50 MWe is included and 
only one model with pre-licensed stages finished but with no actual license application yet is 
included. That way their parameters are guaranteed in a way and such models could be produced 
eventually. Boiling water reactor models are excluded because they are fit only for C2N replacement 
scenario. 

Table 1. Parameters of the available SMRs important for C2N [27–45]. 

Model Layout 
Thermal 
Power, 

MW 

ST Inlet 
Temperatur

e, °C 

ST Inlet 
Pressure, 

MPa 

ST Inlet 
Flow, 
kg/s 

Feedwater Temperature at SG1 
inlet, °C 

HTR-PM 2-Circle 2x250 566 13.24 186.39 205 
BREST-300 2-Circle 700 505 17 >416.7 340 
CAREM-25 Integral 100 290 4.7 48 200 

VOYGR Integral 250 343 3.3 — 93 
SMART Integral 330 296.4 5.2 160.8 200 
UK SMR 2-Circle 1358 292 7.6 — — 
SMR-300 2-Circle 1050 — 6.2 — — 
CFR-600 3-Circle 1500 480 14 — — 
ACP-100 Integral 385 >290 4.6 155.56 105 
KLT-40S Integral 2x150 290 3.82 66.67 — 

RITM-200N Integral 2x190 295 3.83 84.72 170 
RITM-200S Integral 2x198 — 3.83 84.72 150 

Natrium 3-Circle 840 — — — — 
Xe-100 2-Circle 200 565 16.5 76.8 208 

1 SG – Steam generator. 

Integral layout means that all equipment of the first circle of 2-circle NPP is integrated in one 
vessel. That makes the modification of the SG impossible. Two high or two low temperature of the 
feedwater at the SG inlet means that it is not economically feasible to use such NR models for different 
variants of C2N than replacement. Taking this into consideration leaves only two SMR models 
suitable for repowering and retrofitting options at the moment – HTR-PM and SMART. Eventually 
Xe-100 and CAREM models could also be suitable for this task. 

The CPPs currently in operation, along with those recently decommissioned, could be classified 
into four groups according to the parameters of the steam produced [46]. A comparison of these 
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parameters indicates that CPPs producing subcritical live steam are the most suitable candidates for 
C2N applications. CPPs of the supercritical group may also be used to some extent however the 
repurposing their ST is generally inefficient due to the high pressure steam required at the inlet of 
the ST. This means that the use of a steam compressor is necessary, which would reduce the overall 
efficiency of the system by several percent or approximately 10% relative efficiency. Therefore, the 
use of a steam compressor should only be considered if there is no other option. 

The present study aims to cover some technical aspects of C2N involving NR that produces live 
steam with high parameters, since C2N based on NR that produces live steam with low parameters 
has been considered previously [19]. This could be achieved by investigating the replacement of 
lignite-fired SG with High Temperature Gas-cooled SMR, and HTR-PM model is suitable for the task, 
in a CPP unit based on an existing subcritical steam turbine. Such steam turbines are used worldwide 
and as has been already mentioned are more suitable for the current task. Also, some of these turbines 
were renovated and their life prolonged which makes them practically usable. ST from CPP 
commonly used in Bulgaria and the nearby countries was chosen for the current study. Based on the 
chosen combination, the main aspects that should be examine are: the enthalpy drops, the net 
efficiency and the net capacity of the modified plant. The quality of the steam shouldn’t be a problem. 

2. Technological Overview and Parameters of the Chosen SMR and ST 

The HTR-PM is a Generation IV, pebble-bed type modular HTGR, designed by the Institute of 
Nuclear and New Energy Technology (INET), Tsinghua University of China. A demonstration power 
plant comprising two HTR-PM modules was built near Xiqianjia village, Ningjin subdistrict, 
Rongcheng, Weihai, Shandong Province in China, and entered commercial operation in December 
2023. HTR-PM uses helium as a coolant, graphite as a moderator, and uranium dioxide (UO2) as fuel 
enriched to 8.5 % in 235U [37]. The fuel is in TRISO (TRi-structural ISOtropic) form, and along with 
the relatively high enrichment, enables the reactor to operate in load-following mode. The reactor 
features inherent safety, minimal nuclear waste production, enhanced economics, and strong 
proliferation resistance. Additionally, the dispersed form of the fuel allows reaching a breeding ratio 
close to 1. The main parameters of HTR-PM NPP are presented in Table 2. 

The chosen ST is intended for use in Thermal Power Plants and operates with live steam at 
subcritical parameters. It comprises high-pressure (HPC), intermediate-pressure (MPC) and double-
flow low-pressure casings (LPC). Reheating is implemented between the HPC and MPC. The final 
stage of this turbine is a Baumann stage. Difficulties in adapting this ST for use with HTR-PM SMR 
arise from the large differences in feed water temperatures between SG of the HTR-PM and those of 
CPP with the chosen ST. Additionally, there are minor differences in the temperature, pressure and 
flow rate of the live steam. The technical parameters of the referent ST Island are presented in Table 
3. 

Table 2. Parameters of NPP with two HTR-PM SMR modules [17,37,47,48]. 

Parameters Units Values 

Thermal capacity MW 2x250 

Electrical gross capacity MW 211 

Reactor operating pressure  MPa 7 

Core coolant inlet temperature °С 250 

Core coolant outlet temperature °С 750 

Primary coolant flow rate kg/s 2x96 

Plant design life years 40 
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Fuel cycle length  days 1057 

HPC turbine inlet pressure  MPa 13.24 

HPC turbine inlet temperature °С 566 

Working medium flow rate at nominal parameters kg/s 186.4 

Steam generator feed water temperature °С 205 

Net power plant efficiency % 40 

Table 3. Parameters of the referent Steam turbine island [49]. 

Parameter Units Value 
Electrical gross capacity MW 210 

HPC turbine inlet steam pressure MPa 12.75 
HPC turbine inlet steam temperature  °С 540 

Working medium flow rate at nominal parameters kg/s 180.28 
Steam generator feed water temperature,  °С 243 

Steam generator feed water pressure  MPa 13.52 
Number of casings - 3 

Number of stages in HPC - 12 
Number of stages in MPC - 11 
Number of stages in LPC - 2х4 

Number of steam bleedings - 7 
Number of feed water heaters - 3 

Number of condensate water heaters - 4 
Number of deaerators - 1 

LPC turbine outlet steam temperature °С 40.5 
LPC turbine outlet steam pressure kPa 7.65 

3. Simulation Methodology and Model Verification of the ST Island 

The simulation modeling in this study was performed with the specialized Thermoflex software 
version 31 [50], developed by Thermoflow Inc. The modeling methodology is presented in Figure 2 
and is based on fundamental thermodynamic principles. 

Mass balance is maintained for all system components according to Equation (1): 

∑∑ =
i

out
i

in mm , (1) 

Where: m is the mass flow rate and the subscripts in and out refer to inlet and outlet, kg/s. 
The energy balance for each component of the plant, based on the first law of thermodynamics, 

is expressed by Equation (2): 
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Where: Q is the heat transfer rate to the control volume, kW; W is the work given out per unit 
time, kW; h is the specific enthalpy, kJ/kg; V is the velocity, m/s; g is the gravitational acceleration, 
m2/s; z is the elevation, m. 

The exergy balance for each component of the plant, based on the second law of 
thermodynamics, is represented by Equation (3): 
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Where: ex is the specific exergy, kJ/kg; ĖD is the exergy lost rate, kW; T is the absolute 
temperature, K; and the subscripts j and 0 refer to surface and environment, respectively. 

The calculation of the exergy of the input or output flow of each component is calculated 
according to Equation (4): 

)()( 000 ssThhe −−−= . (4) 

Where: s is the specific entropy, kJ/kgK. 

 
Figure 2. Methodology for simulation and evaluation of the studied modified power plants. 

A model of a single CPP unit equipped with the referent ST and its regenerative system was 
developed and verified. The verification was carried out using data from the design documentation 
of a real CPP unit with the referent Steam Turbine Installation (STI), which operates on lignite coal. 
The achieved agreement between the model parameters and the actual parameters is summarized in 
Table 4. The process flow diagram is presented in Figure 3 and is hereinafter referred to as Model 0. 

The main thermodynamic parameters of Model 0 are either identical or exhibit deviations less 
than 1 % compared to the design values. 
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Figure 3. Base model (Model 0) of CPP with the referent Steam Turbine. 
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Table 4. Comparison of Model 0 parameters with the real data. 

Parameters Model 0 Real Difference,% 
Electrical gross power, MW 210.086 210 0.041 

HPC turbine inlet steam temperature, °С 540 540 0 
HPC turbine inlet steam pressure, MPa 12.75 12.75 0 

Working medium flow rate at nominal parameters, kg/s 180.28 179.83 0.25 
MPC turbine inlet steam temperature, °С 540 540 0 
MPC turbine inlet steam pressure, MPa 2.511 2.5 0.44 

MPC inlet steam flow rate at nominal parameters, kg/s 156.6 155.08 0.98 
LPC turbine inlet steam temperature, °С 190.6 190 0.32 
LPC turbine inlet steam pressure, MPa 0.1334 0.1334 0 

LPC inlet steam flow rate at nominal parameters, kg/s 130.3 129.28 0.79 
LPC turbine outlet steam temperature, °С 40.68 40.5 0.44 

LPC turbine outlet steam pressure, kPa 7.65 7.65 0 
LPC turbine outlet steam quality, % 95.3 95.3 0 

Steam generator feed water temperature, °С 242.9 243 0.04 
Steam generator feed water pressure, MPa 13.52 13.52 0 
Steam temperature of the 1st bleeding, °С 387.9 388 0.026 
Steam pressure of the 1st bleeding, MPa 4.187 4.188 0.024 

Steam temperature of the 2nd bleeding, °С 339.3 339 0.09 
Steam pressure of the 2nd bleeding, MPa 2.875 2.873 0.07 

Steam temperature of the 3rd bleeding, °С 452.6 452 0.13 
Steam pressure of the 3rd bleeding, MPa 1.283 1.283 0 

Steam temperature of the 4th bleeding, °С 369.6 369 0.16 
Steam pressure of the 4th bleeding, MPa 0.6787 0.6786 0.015 

Steam temperature of the 5th bleeding, °С 270.7 270 0.26 
Steam pressure of the 5th bleeding, MPa 0.2943 0.2942 0.034 

Steam temperature of the 6th bleeding, °С 190.7 190 0.37 
Steam pressure of the 6th bleeding, MPa 0.1362 0.1334 2.1 

Steam temperature of the 7th bleeding, °С 67.58 67.556 0.336 
Steam pressure of the 7th bleeding, MPa 0.02805 0.02805 0 

Model 0 was also validated in lower power modes as HTR-PM is expected to be able to operate 
in a load-following mode. Validation data for reduced power levels were also taken from the design 
documentation of the ST. A comparison between the results from Model 0 and the corresponding 
design values is presented in Table 5. 

The only notable discrepancy occurs at power levels below 50 %, whereas for all other operating 
modes, the deviation in generated power remains below 0.3 %. 

Table 5. Rough validation of Model 0 in lower power modes. 

Fresh steam flow rate, kg/s Model 0 Power, MW Real ST Power, MW 
170 200.105 200 

145.8 175.154 175 
123.1 150.386 150 
82.5 103.943 100 

4. Repowering of CPP with HTGR SMR 

Different configurations for integrating the HTR-PM SMR with the referent STI were designed 
and analyzed. To assess the feasibility of each configuration, several key criteria were defined: the 
feed water parameters have to match those required by the SG of the HTR-PM SMR to maintain its 
standard operating conditions; the steam inlet parameters of the ST should be equal or lower than 
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those for the used ST, but in the case of lower inlet parameters, the volumetric steam flow rate should 
not exceed those for the referent ST; the enthalpy drops across the turbine stages should not exceed 
110 % of the original values in base-mode operation to ensure that blades and axial bearing will not 
be overloaded. 

To overcome the outlined challenges, three alternative models were considered and designed. 
In all three configurations, the fresh steam flow was reorganized to ensure that the steam parameters 
at the inlet of the ST met the design specifications. The additional thermal energy was used either in 
steam drive turbine and/or in two-stage reheating process. For each model, the steam temperature 
and pressure at the ST inlet match the reference values of the original unit. Steam quality was 
maintained throughout the turbine stages: 100 % along the HPC, not falling below 99.4 % at the outlet 
of MPC and remaining above 95.2 % at the outlet of the ST in all three models. These values indicate 
that steam moisture is not expected to cause operational issues. The main difference between these 
three models is the number of feed water heaters (FWHs) that was eliminated to align the feed water 
temperature with the design requirements of the SG of HTR-PM SMR. In the first model (Figure 4), 
one FWH was eliminated; in the second model (Figure 5), two FWHs were removed; and in the third 
model (Figure 6) all three FWHs were excluded. 

The objective of the analysis is to determine which of three configurations yields the highest net 
efficiency at base power mode, and the potential indications of the need for modifications of the ST. 
In addition, the net efficiency of each model was evaluated under partial-load operation. 

Table 6. Key parameters of the three evaluated C2N models. 

Parameters Model 
0 

Model 1 Model 2 Model 3 

Electrical gross power, MW 210.086 192.560 191.151 186.191 
Electrical net power, MW 191.069 180.973 179.542 179.252 
Electrical net efficiency, % 32.66 36.54 36.25 36.54 
HPC turbine inlet steam temperature, °C 540 540 540 540 
HPC turbine inlet steam pressure, MPa 12.75 12.75 12.75 12.75 
Working medium flow rate at nominal parameters, kg/s 180.28 175.4 164.5 159.8 
MPC turbine inlet steam temperature, °C 540 361.6 385.5 397 
MPC turbine inlet steam pressure, MPa 2.511 2.267 2.325 2.51 
MPC inlet steam flow rate at nominal parameters, kg/s 156.6 162.3 163.2 153.7 
LPC turbine inlet steam temperature, °C 190.6 190 190 209 
LPC turbine inlet steam pressure, MPa 0.1334 0.1351 0.1357 0.1334 
LPC inlet steam flow rate at nominal parameters, kg/s 130.3 132.3 132.8 126.9 
Steam generator feed water temperature, °C 243 205.1 205.1 205 
Enthalpy drop of 1st group of stages, kJ/kg 262.26 279.63 284.16 262.27 
Enthalpy drop of 2nd group of stages, kJ/kg 88.48 115.68 102.82 116.5 
Enthalpy drop of 3rd group of stages, kJ/kg 177.66 136.3 142.46 142.78 
Enthalpy drop of 4th group of stages, kJ/kg 167.06 126.92 132.38 134.57 
Enthalpy drop of 5th group of stages, kJ/kg 195.45 143.32 150.4 157.07 
Enthalpy drop of 6th group of stages, kJ/kg 155.3 104.12 109.75 121.35 
Enthalpy drop of 7th group of stages, kJ/kg 239.38 239.53 239.37 249.73 
Enthalpy drop of 8th group of stages, kJ/kg 154.6 154.79 154.76 154.84 
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Figure 4. Model 1: Configuration with elimination of one high-pressure FWH. 
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Figure 5. Model 2: Configuration with elimination of two high-pressure FWHs. 
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Figure 6. Model 3: Configuration with elimination of all three high-pressure FWHs. 
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The main parameters for Model 1, Model 2, and Model 3 are presented in Table 6. Values for 
temperature, pressure, flow rate, and other key parameters for each configuration can also be found 
on the corresponding figures. These figures follow the same format as Figure 1, with parameters 
values and units presented in a consistent manner. Table 6 also includes a comparison of the enthalpy 
drops across turbine stages for each model relative to those of Model 0. To facilitate interpretation, 
color codes were applied to enthalpy drops in base power mode, corrected for differences in the flow 
rates (Table 6), as follows: green indicates the enthalpy drops deviation ranging from 5 % below to 1 
% above the reference values; those that are between 1 % and 5 % above the reference values are 
colored in yellow; orange indicates deviations between 5 % and 10 % above the enthalpy drops of 
Model 0; red denotes those exceeding the reference values by more than 10 %; black highlights 
significantly lower enthalpy drops that the design ones, indicating unused potential. 

All three models are technically acceptable. In all three configurations, minor modification of the 
HPC of the turbine could be required, primarily due to the increased load observed in the second 
group of turbine stages. This increase is result from the large deviation in temperature of the 
feedwater at the SG inlet. The results indicate that Model 1 and Model 3 exhibit better net efficiency 
than Model 2, with Model 1 achieving the highest net electrical power. Given the intended operation 
of the modified power plant in load following mode, all three models were also evaluated under 
reduced load conditions. Their respective net efficiencies were compared accordingly. The 
comparative performance data of the three models, relatively to Model 0 are presented in Table 7. 

Table 7. Performance comparison of the three C2N models under reduced power modes. 

Parameters Model 0 Model 1 Model 2 Model 3 
Electrical net efficiency for 175 MW, % 32.65 36.53 36.25 36.54 
HPC inlet steam flow rate at 175 MW, kg/s 145.8 156.3 148.5 150.3 
Electrical net efficiency for 150 MW, % 31.89 36.31 36.05 36.55 
HPC inlet steam flow rate at 150 MW, kg/s 123.1 130.7 124.9 128.8 
Electrical net efficiency for 100 MW, % 29.83 35.12 34.78 36.59 
HPC inlet steam flow rate at 100 MW, kg/s 82.5 83.27 81.84 85.8 

The data reveals that Model 1 performs best in base power mode, while Model 3 demonstrates 
superior performance in reduced power modes. Model 2 is the most favorable one for the ST 
operation due to more balanced thermodynamic loading. However, all three configurations exhibit 
increase load in the second group of turbine stages, relatively low net efficiency compared to the 
reference system, and unused potential of the ST. 

5. Discussion 

In present work, three working models for integrating two HTR-PM SMR modules with referent 
steam turbine were studied. All three of them show similar results, so the most suitable option 
depends on the specific conditions of the intended application and numerous additional factors, 
including the regulatory framework of the country in which it operates. From technological point of 
view all three variants will be able to operate in reliable manner as long as the designed or lower 
parameters are followed. Which one of them would be the most economically feasible or whether 
any of them would be a better option than the C2N replacement scenario is matter of complex techno-
economic analysis for each specific case which include many factors such as expenses for the 
modification of the STI, equipment residual lifetime, cost of new equipment (NR, new regulating 
system for the ST, etc.) expenses on preparing the site for deploying, costs of CO₂ emissions, running 
costs. The economic part depends much more from the expenses which are case dependent than the 
possible incomes. As the studied modified power plants are able to work in load-following mode the 
fluctuations in the electric energy prices have much lesser impact than when it comes to RPPs. 
Therefore the economic part is represented only with the efficiency of the modified plants and the 
possible expenses for modifying the STI and the final evaluation is left ‘open’. 
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6. Conclusions 

The current study and analysis of the developed variants for combining an HTGSMR with a 
referent steam turbine lead to the following main outcomes: 

Net efficiency – All studied variants of combined power plants have higher net efficiency than 
the reference CPP, but lower net efficiency than the NPP with two HTR-PM SMR modules; 

Electrical capacity – All variants of combined power plants produce less gross and net electrical 
power than both the reference CPP and the NPP with two HTR-PM SMR modules, despite both initial 
designs are with a nominal gross capacity of 210 MWe; 

Turbine stage loads – the significant difference in feed water temperature between the SG of 
HTR-PM SMR and the CPP design leads to increased loads on the second group of turbine stages in 
all three configurations, posing a major integration challenge of SMR with this steam turbine; 

Carbon neutral potential - the studied combined power plant variants could replace 
conventional CPPs as fully carbon neutral options in the power system, matching them not only in 
capacity but also in operation function; 
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The following abbreviations are used in this manuscript: 

CPPs Coal-Fired Power Plants 
HTGSMR High-Temperature Gas-Cooled Small Modular Reactor 
GHGs Greenhouse Gases 
RPPs Renewable Power Plants 
HPPs Hybrid Power Plants  
NPPs Nuclear Power Plants 
HNPPs Hybrid Nuclear Power Plants 
NRs Nuclear Reactors 
C2N Coal-to-Nuclear Conversion 
ST Steam Turbine 
SMRs Small Modular Reactors 
SG Steam Generator 
INET Institute of Nuclear and New Energy Technology 
TRISOs TRi-structural ISOtropic 
HPC High-Pressure Casings 
MPC Intermediate-Pressure Casings 
LPC Low-Pressure Casings 
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