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Abstract

Climate change has been one critical issue of great concern in the worldwide, and is
being caused by greenhouse gases. Among the greenhouse gases, CO, makes up a high
proportion in respect of its amount present in the atmosphere, contributing 60% of
global warming effects. Although new renewable resources of energy production have
been exploited (such as wind, solar, biomass and fusion energy), the world will remain
largely dependent on fossil fuels for the next decades. Thus, it is clear that the capture
CO, is significant for greenhouse effect control and it is a serious global priority. CO,
capture and storage (CCS) has been proposed as a sustainable technology of
greenhouse gas mitigation by the Intergovernmental Panel on Climate Change (IPCC).
In recent years, the focus of most of the researchers fastens on improving of CO,

capture efficiency and decreasing the capital of capture process. Nowadays, the



technologies of CO, capture mainly contain chemical and physical methods, including
absorption, adsorption, cryogenics and membranes. Among these technologies,
chemical solvents absorption is the uppermost method. Nevertheless it is expensive
and difficult to separate CO, from the solution after absorption, and that is its biggest
bottleneck in application. Therefore, it requires a novel system which can significantly
reduce the energy penalty of capture.

In our research, we developed a novel cryogenic CO, capture system based on
Stirling coolers. During the capture process, the CO; in the flue gas can be captured in
the solid form and frosts on the surface of the cold head. Then, the captured CO; is
separate by a motor driven scraper and gathered in the storage column. According to
the results of the experiments, the system can capture 95% CO, from the flue gas and
simultaneously the energy consumption is 0.55MJ/kg CO.,.

The thesis is organized as follows: the background of our research is introduced in
Chapter 1. The dominant CO, emission sources are summarized in this chapter.
Meanwhile, the main CO2 capture techniques (such as absorption, adsorption,
membrane and cryogenic) is listed. The detailed cryogenic capture process is described
in Chapter 2. In this part, the structure of the developed system is introduced. The
property of Stirling cooler is investigated in Chapter 3. Compared with the common
refrigerators, Stirling cooler has several advantages: 1) The regenerant is
environmental friendly. 2) The rate of refrigeration is higher. 3) The size of Stirling
cooler is small and thus convenient to move. 4) The efficiency of Stirling cooler is
higher. The operating principle of Stirling cooler is theoretically analyzed. The
performance of the system is evaluated in Chapter 4. The influence of the key
parameters on the capture performance is investigated in this part. The CO, frost
process is simulated in Chapter 5. The variation of the density and thickness of the
captured CO, (namely dry ice) is studied. The energy analysis of the system is carried
out in Chapter 6. The detailed energy requirement of the pre-freezing, main freezing
and storage tower is simulated. Finally, the main conclusion of the thesis and the
outlook of CO, capture technology are summarized in Chapter 7. The future
development of the cryogenic CO;, capture method and other technologies is
prospected.

From the results of the research, the advantages of the developed system can be
summarized as follows: 1) The moisture and CO; can be separated from the flue gas
simultaneously. 2) The captured CO, can be utilized in the food engineering and
agricultural production. 3) The purity of the captured CO, can be achieved over 99.9%.
4) The CO, recovery of the cryogenic process is 95% and the energy consumption is
0.55 MJ/kg CO,. Based on the conclusion of the thesis, it can be concluded that the

exploited cryogenic CO, capture system can be effectively used on CO; recovery from



the large point sources and reuse it on the agriculture production.



