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For decades, research on using supercritical CO2 in energy conversion system
has been pursued, which is considered to be a pathway for combating energy and global
warming crises. One of the keystones for obtaining sustainable development is the
utilize of supercritical CO2 properties. Giving preventing global warming and
sustainable energy development, supercritical CO2 solar Rankine cycle system
(SRCS) has been developed for power production by gaining the considerable
potency of solar energy with using supercritical COz as a working fluid.

The structure of the thesis is as follows:

Chapter 1: Background of the study is explained by concerning the energy
and environment issues. The utilization of supercritical COz in energy conversion
system is also introduced.

Chapter2: The processes of thermodynamic power cycles were discussed and
compared by showing the efficient of supercritical Rankine in term of power generation.
The gas behavior of CO2 in supercritical state deviates significantly from the ideal gas.
The properties of supercritical COz are provided based on the Angus equation of state
(EOS), which is based equation of PROPATH database. The unique property of
supercritical COz is that COz in the pseudocritical region is enhancing the higher in
convective heat transfer coefficient, which can be feasibly acclaimed in efficient
operations of energy conversion system. The maximum value of specific heat can be
achieved at the pseudocritical point, in which can be confirmed with the high peak of
Prandtl number at same point.

Chapter 3: The current developments on SRCS are reported based on the proper
components design, which is evacuated solar collector, turbine and thermally driven
pump. In the heat collection part, the cascade arrangement of evacuated solar collector
shows the optimum to the system in term of COz mass flow rate and heat collection
efficiency. Turbine with 1.0 mm and 33 mm of nozzle diameter and length, respectively, is
considered to use due to prevent of choked flow phenomenon and to enhance the power
generation in the system. Furthermore, in order to reduce the efficiency losses occurred in
the conventional mechanical feed pump used in the system, the thermally driven pump is
introduced to replace with the mechanical feed pump. The results confirm the feasibility to
circulate COz in the system without electric energy required.



Chapter 4: The theoretical background of the first and second laws of
thermodynamic are discussed to describe the concept of energy and exergy analysis used
in this study. The exergy analysis on the system further investigates and verify the higher
efficiencies and advances of the thermally driven pump over the mechanical feed pump.
Besides, the thermally driven pump helps to decrease the exergy destruction rate in the
evacuated solar collector while the exergetic efficiency of turbine finds an increase, in
which the electric power generated is considered as the main principle of the system.

Chapter 5: The CO2-Based Photovoltaic-thermal hybrid system is developed as
an extension system for the SRCS to improve in power generation of the photovoltaic solar
cell and to increase the efficacy of SRCS. Liquid COz is used to absorb the waste heat of
photovoltaic solar cell and cool the surface of the solar cell. The highest of 2 % in
generation efficiency gets improve to the photovoltaic solar cell alone. Another additional
purpose of the hybrid system is to preheat COs before entering the evacuated solar
collector, which maximum 28 °C can be found in this study. To confirm the temperature
distribution on the surface of the photovoltaic solar cell, the numerical analysis has been
conducted. The results from analysis acclaimed good trend of temperature distribution
compared with the experimental results, especially in case of summer condition. The
combination of hybrid system and SRCS show the significant pathway to using COz as a
working fluid in energy conversion system both in term of the environment and economic.

Chapter 6: SRCS has been used as a secondary cycle to generate electric and heat
energy from geothermal energy (underground reservoir). To utilize the low-temperature
geothermal energy from the shallow borehole, the heat pipe (thermosyphon) principle
where a working fluid with a low boiling temperature (methanol) is circulated and
extracted heat to generate electric energy. From the numerical calculation, the
supercritical CO2 Rankine cycle system with low-temperature geothermal heat pipe
shows the feasibility in power generation by using only around 100 °C of the low-grade
geothermal reservoir. The experimental model based on the principle of geothermal heat
pipe has been scaled down and primarily constructed by using water as working. It can be
observed the reassuring results of heat transfer in heat pipe experimental. The wet steam
phenomenon explains the relation between the steam rising distance in the heat pipe and
heat pipe efficiency, in which moisture also can be observed at the wall of visualization
area. The data experiment data from heat pipe model is based on predicting of heat
output in the actual geothermal heat pipe that is the affirmative working principle of the
heat pipe. However, for more accuracy, methanol would be used as a working fluid in the
heat pipe experimental model.

Chapter 7: The conclusion of Chapter 1 to Chapter 6, which shows the feasibility
of the current development in using supercritical CO2 as working fluid in energy
conversion system. The future aspect of the system is also remarked.



