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ABSTRACT: Oxy-fuel combustion technology is one of the
most promising large-scale carbon capture technologies for
coal-fired power plants. This study introduced the development
and demonstration of oxy-fuel combustion technology in the
world, then systematically reviewed the lessons learned from
the Yingcheng 35MW oxy-fuel combustion industrial
demonstration plant, including combustion characteristics, heat
transfer characteristics, boiler efficiency, pollutant emissions,
operation control and system economy, etc. The successful
operation indicates that the oxy-fuel combustion technology
has completed its full-process verification in a 10 MW-level
power plant, proving that it has the technical capability for the
construction of a 100 MW-level large-scale demonstration
project. To achieve the Ilarge-scale demonstrations and
applications, the economics of oxy-fuel combustion technology
is expected to be further improved in the following aspects: the
development of low-cost oxygen production technology,
scaling-up the oxy-fuel burner, exploration of new low-NOx
oxy-fuel combustion systems such as staged oxy-fuel and
flameless oxy-fuel, carrying out the research of acid gas
co-compression technology, coupling optimization of the whole
plant system, and developing new generation of oxy-fuel

combustion technologies etc.
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Fig.1 Schematic diagram of the principle of oxy-coal combustion technology
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Table 1 Industry demonstration projects of oxy-fuel combustion in the world
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Table 2 Feasibility studies on Large-scale demonstration

project of oxy-fuel combustion in the world
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Fig.2 R&D roadmap of oxy-coal combustion in China
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Fig. 3 Schematic diagram of the 3SMW oxy-fuel combustion carbon capture demonstration system
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Fig. 4 Swirling low-NOy oxy-fuel burner
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Fig. 5 Flame photos in air-fuel and oxy-fuel combustion
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Fig. 6 Averaged absorption coefficients along the furnace

height in the air-fuel and oxy-fuel combustion

I Air_Experiment
Air_Simulation
I WetO28_Experiment
WetO28_Simulation
Il DryO28_Experiment
Dry0O28_Simulation

OO
5 7%

I
77772727222 72/

TRV BE

P B SSrE B | L

0.00 0.05 0.10 0.15 0.55
NI — ot

E7 AEIATHEA—LERELR

Fig. 7 Normalized heat transfer by thermal input
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oxy-fuel combustion with different recycle ratios
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Table 3 Boiler efficiency and heat loss in air-fuel combustion and oxy-fuel combustion %
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Table 4 Pollutant concentration in flue gas and pollutant emission in air combustion and oxy-fuel combustion
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level during the switch from air-fuel to oxy-fuel combustion
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Oxy-fuel combustion technology is one of the most
promising large-scale carbon capture technologies for
coal-fired power plants. This study introduces the
development and demonstration of oxy-fuel combustion
technology in the world, then systematically reviews the
lessons learned from the Yingcheng 35SMW oxy-fuel
combustion industrial demonstration plant, including
combustion characteristics, heat transfer characteristics,
boiler efficiency, pollutant emissions, operation control
and system economy, etc.

The successful operation of oxy-fuel industrial
project indicates that the oxy-fuel combustion
technology has completed its full-process verification in
a 10 MW-level power plant, proving that it has the
technical capability for the construction of a 100
MWe-level large-scale demonstration project.

Through the implementation of the 35 MW
oxy-fuel industrial demonstration project in Yingcheng,
The key technologies and equipment are systematically
developed for oxy-coal combustion, such as oxy-fuel

boilers, oxy-fuel burners, oxygen injectors, flue gas

condensers, air separation systems with low energy

S2

consumption, monitoring and control systems, etc. The

start-up, operation regulations and performance
evaluation methods of oxy-fuel combustion units are
developed. This industrial demonstration project laid the
foundation for the large-scale industrial application of
oxy-fuel combustion technology. The 35 MW oxy-fuel
industrial demonstration system is innovative in terms of
the compatible design of air-fuel and oxy-fuel
combustion, as well as low-energy three-tower air
separation process. The CO, concentration reaches
82.7% in the flue gas, which is the best level of similar
system in the world.

To achieve the large-scale demonstrations and
applications of oxy-fuel combustion technology, the
economics of this technology is expected to be further
improved in the following aspects: the development of
low-cost oxygen production technology; scaling-up the
oxy-fuel burner, exploration of new low-NO, oxy-fuel
combustion systems such as staged oxy-fuel and
flameless oxy-fuel; carrying out the research of acid gas
co-compression technology; coupling optimization of the

whole plant system; and developing new generation of

oxy-fuel combustion technologies, etc.



