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ARTICLE INFO ABSTRACT

Population growth, especially in developing and less developed countries, leads to
increased energy demand, particularly for electricity. As the need for electricity
rises, so does the consumption of primary energy sources, especially fossil fuels.
However, this trend poses significant risks due to global warming and its impact on
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climate change. Additionally, considering the carbon footprint taxes projected for the
coming years, addressing this issue becomes even more critical. In this research, the
objective is to identify the optimal working fluid among four candidates: Methane,
Methane Flue Gas, Syngas, and Syngas Flue Gas. The study evaluates their
economic and environmental advantages. Furthermore, it investigates how the

carbon mass fraction in each working fluid affects economic and environmental
parameters. As part of this analysis, a combined cycle integrating a Brayton cycle
with a solar-heliostat cycle is proposed. In this configuration, solar energy replaces
the boiler to provide heat for the turbine’s working fluid. The goal is to achieve cost
reduction and environmental sustainability.
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1. Introduction

Global conditions and the necessity to control CO2 emissions from an environmental and carbon
footprint perspective, along with the need for countries to adhere to international standards amid
increasing electricity demand, have led the scientific community to pay more attention to S-CO-
technology. This research aims to evaluate and determine the optimal working fluid by examining four
working fluids and considering economic and environmental parameters, taking into account the mass
of carbon dioxide in each working fluid and its impact on economic and environmental parameters. In
this cycle, by integrating a Brayton cycle with a heliostat cycle, the provision of heat for the working
fluid entering the turbine through solar energy as a substitute for the boiler is also examined. The
ultimate goal of this research, through the analysis of the four considered fluids, is to focus on
economic aspects and energy economics in terms of cost reduction and environmental sustainability
achievable for the Brayton cycle.
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2. Methodology

The cycle in question includes equipment such as the main compressor, recompression compressor,
high-temperature recuperator, low-temperature recuperator, turbine, heat exchanger, heater, precooler,
and solar tower along with heliostat mirrors and two storage tanks for cold and hot molten salt fluid
and a pump. It is simulated using Aspen Plus software.

In the Brayton cycle range, the fluid exiting the main compressor is preheated in the low-
temperature recuperator by the fluid exiting the turbine. It then mixes with the fluid exiting the second
compressor and enters the high-temperature recuperator to increase the temperature and reduce the
heating requirement in the heater. The fluid exiting the turbine, as the working fluid in the supercritical
state, enters the high-temperature recuperator and then the low-temperature recuperator. After that,
most of it enters the precooler and main compressor, while a smaller portion enters the second
compressor. The turbine conditions are based on the SGT-800-Siemens.

In the solar energy range, the heliostat mirrors capture solar energy in the form of radiation, which
is received by the solar tower and converted into thermal energy. This heat increases the temperature
of the molten salt in the cold tank. The molten salt acts as an energy storage medium and helps store
thermal energy so that the fluid can be heated to the required temperature for turbine entry at night or
when there is insufficient heat. A pump is used to send the cold fluid to the solar tower. A heat
exchanger is also used to prevent the molten salt from freezing.

3. Results

In the proposed cycle, the amount of carbon dioxide emitted is significantly less compared to classic
cycles. The comparison of results shows that for each working fluid, syngas will emit 29.92 times
more carbon dioxide than the syngas flue. Comparing the two other fluids, considering that the syngas
flue has 1.41 times more carbon dioxide content, the pollution level is also 1.77 times that of the
methane flue.

The simulation results comparison shows that in the syngas flue, due to higher carbon content, the
efficiency also increases. Therefore, it can be inferred that with an increase in the mass of carbon dioxide,
we can achieve higher efficiency in terms of production. For calculating the carbon cost, the carbon tax is
considered the basis for economic calculations. In Europe, since each country considers different carbon
tax rates based on its conditions, in this study, the carbon tax is averaged at $20/ton. Methane gas and
syngas, due to their content and the pollution they produce, will have the highest tax payments. However,
methane gas will have 72.3% less carbon tax. Although the methane gas flue has a longer payback period
compared to the syngas flue, it will pay 56.4% less carbon tax than the syngas flue.

4. Conclusion

The mass of carbon dioxide is a determining factor in the economic and environmental efficiency of
this cycle. The carbon dioxide content of the syngas flue is 1.41 times higher than that of the methane
flue, resulting in a 1.77 times increase in carbon dioxide emissions and approximately a 5% reduction
in the payback period.
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