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GAS TURBINE POWER PLANTS WITH SUPERCRITICAL COz:
CURRENT STATUS AND IMPLEMENTATION PROBLEMS
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Abstract. The main advantages and disadvantages of using supercritical COz as a working fluid in closed-
cycle gas turbine power plants are analyzed. The main implemented projects of these power plants are reviewed.
Keywords: energy; gas turbine power plant; Brayton cycle; supercritical CO»; Chaotan One.

Research into the Brayton cycle, which operates with supercritical COa, has a long history. The first mention
of it dates back to 1948, when the Swiss company Sulzer patented a gas turbine power plant (GTPP) cycle with
partial condensation of CO.. The advantages of using CO- as a working fluid for a closed-cycle GTPP, especially
with the aim of using this plant as an energy converter for nuclear power plants, were intensively studied in the 60s
and 70s of the twentieth century. in the Soviet Union (D.P. Gochstein and G.P. Verkhivker), Italy (D. Angelino),
the USA (E. Feher), Switzerland (Sulzer Brown — Boveri) and some other countries. But these ideas never reached
practical implementation, mainly due to technical difficulties, at that time.

A revival of interest in the supercritical CO- gas turbine cycle occurred in the late 1990s in the United States
and Japan. However, a real technological breakthrough in this field has only occurred in recent years, thanks to
research by American and Chinese scientists.

What exactly attracts supercritical CO- to gas turbine plant designers? Carbon dioxide in a supercritical state
near critical parameters (for CO,, the critical temperature is 31 °C, critical pressure is 7.38 MPa) acquires properties
that are intermediate between gas and liquid. In terms of viscosity, it is a typical gas, and in terms of density (up to
400-500 kg/m3) it is almost an incompressible liquid. Compared to the open Brayton cycle on atmospheric air, the
use of such a substance allows you to significantly reduce the turbine power spent on increasing the pressure in the
compressor. According to [1], if the compressor of a traditional cycle consumes approximately 45 % or more of
the total turbine power, then the compressor of a cycle with supercritical CO, will consume less than 30 % of this
power. This allows this cycle to achieve higher thermodynamic efficiency at the same temperature parameters.

Gas turbine power plants with CO, have some more advantages, which are due to the closed cycle rather
than the working fluid. First, it is the exceptional compactness of the equipment. This is explained by the fact that
the closed cycle of the GTPP is characterized by the use of increased pressures at all points of the path (for CO. up
to 20 MPa). This leads to a reduction in the passage cross-sections and a radical reduction in the size and weight of
turbomachines and heat exchangers.

Secondly, this is an effective overall use of heat through advanced recovery (in particular, thanks to the
Printed circuit heat exchangers). In open-cycle gas turbines, heat recovery is often complicated by the significant
dimensions of heat exchangers and significant pressure losses, due to which a significant part of the heat is simply
discharged into the atmosphere.

Compared to the open Brayton cycle in atmospheric air, the closed cycle with supercritical CO2 has certain
disadvantages. The main ones are the following.

1. Extremely high operating pressures of the cycle (up to 20 MPa). This requires the use of strong, thick-
walled housings, heavy pipelines and the development of extremely reliable seals to prevent gas leaks.

2. The “pinch point” problem. Due to the sharp change in the properties of CO> near the critical point, the
heat capacity of the gas on the hot and cold lines is very different. This leads to the emergence of a zone with a
minimum temperature difference inside the recuperator, which significantly limits heat transfer. To overcome this
problem, it is necessary to significantly complicate the thermal scheme of the power plant, introducing
recompression, separation of working fluid flows and additional compressors.

3. High sensitivity of the power plant to ambient temperature. The CO; cycle is closed and critically
depends on cooling the working fluid in the cooler to a temperature as close as possible to the critical one (~ 32 °C).
An increase in the compressor inlet temperature to only 50 °C leads to a drop in cycle efficiency by approximately
5 %. This requires a constant source of large amounts of cold water and a complex final heat removal system.

4. Poor compatibility with fossil fuels. The CO- cycle is optimized for a very narrow temperature range
of heat supply (the temperature difference at the inlet and outlet of the source is about 150 °C). When used in
thermal power plants, this leads to extremely low efficiency of using flue gas heat.

5. Difficulty in controlling power at partial loads. This is especially evident when using a recompression
cycle with two compressors operating in parallel.
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Feasibility study of various variants of thermal scheme of supercritical CO, gas turbines shows that the
recompression cycle (Fig.1)is the most rational choice for next-generation nuclear power. It provides a
combination of high efficiency (45-50 %) with a radical reduction in capital costs (18-24 %) [1].

The gas parameters at the inlet to the main compressor should be as close as possible to the critical point of
COq, since it is under such conditions that this gas has maximum density and minimum compressibility.
Accordingly, the temperature is chosen at 32 °C, and the pressure is 7.69—7.76 MPa.

In designs studied by MIT (USA), the recompression compressor takes 37-42 % of the total flow bypassing
the cooler. The gas temperature in front of it is 69—71 °C, the pressure is 7.70—7.77 MPa. The gas pressure in front
of the turbine is 20 MPa. The gas temperature in front of the turbine is 550-650 °C, which provides an effective
cycle efficiency of 45.3-49.7 % [1].

Figure 1 — Brayton recompression cycle with supercritical CO2 [1]:
1 — main compressor; 2 — low-temperature recuperator; 3 — high-temperature recuperator; 4 — heat source;
5 — turbine; 6 — cooler; 7 — recompression compressor

In October 2023, construction was completed in San Antonio (Texas, USA) and experimental studies of the
first 10 MW supercritical CO2 gas turbine plant in the United States began in 2024. The $15 million STEP
(Supercritical Transformational Electric Power) project was implemented jointly by Southwest Research Institute
(SwRI), Gas Technology Institute (GTI) Energy, GE Vernova, and the National Energy Technology Laboratory
(NETL) (U.S. Department of Energy) [2; 3].

The world’s first commercial supercritical CO, gas turbine power plant began operation in China on
December 20, 2025. The Chaotan One demonstration project, which consists of two 15 MW gas turbine generators
and uses waste heat from a steel works in Liupanshui, Guizhou Province, to heat the working fluid, was created by
a group of Chinese companies led by the Nuclear Power Institute of China (NPIC), part of the China National
Nuclear Corporation (CNNC) [4].

Conclusions

1. Closed-cycle gas turbine power plants with supercritical CO; have reached the level of commercial
operation for the first time in their history in recent years.

2. These power plants have higher efficiency than those made using the Rankine cycle, which indicates
the prospects for their application in certain energy sectors.
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