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ABSTRACT: Coal-fired boilers are one of the major sources
for CO, emission in China. Burning ammonia and biomass as
the carbon-free alternative fuels in the coal-fired boiler is an
effective way to achieve the goal of “carbon peak and carbon
neutrality” in China. To explore the feasibility of
co-combustion ammonia with other fuels, this paper studied the
combustion characteristics, gaseous pollutant and fine particle
formation of co-firing biomass (the corn cob powder) with
ammonia on the 25kW down-fired furnace at Tsinghua
University, under various co-firing ratio (energy ratio 0~40%)
and different ammonia injection speeds by adjusting the gas
flow and replacing ammonia jet nozzles with different
diameters. The results show that, compared with pure biomass
combustion, the co-combustion with ammonia will absorb part
of the heat for preheating itself, resulting in changes in the
temperature distribution of flue gas. Increasing the co-firing
ratio of ammonia, the concentration of NO, in the exhaust
increases approximately linearly, the concentration of NH; does
not increase significantly, and the mass proportion of PM,_;o
increases. When the co-firing ratio of ammonia is lower than
40%, the concentration of NHj; in the exhaust is not higher than
2 mg/m®, with no ammonia slip, but the combustion of pure
ammonia will lead to a sharp increase in the concentration of
NH; in the exhaust. The mixing mode of ammonia will also
affect the NO, concentration in the exhaust. When the
difference between the ammonia injection speed and the

primary air speed is larger, the mixing between materials is
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more uneven, and the NO, concentration in the flue gas is
lower. Compared with the lower speed ammonia injection, the
NO, concentration in the flue gas can be reduced by 200
mg/m’. Biomass co-combustion with a large proportion of
ammonia has no significant ammonia slip, and it is expected to
reduce the NO, concentration in the flue gas by adjusting the
ammonia injection mode (especially the ammonia injection
speed), which is a potential carbon reduction technology route
for boilers.

KEY WORDS: ammonia combustion; biomass; ammonia slip;

NO emission; particulate matter
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Table 1 Fuel property
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Fig.1 Schematic diagram of the experimental setup
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Table 2 Experimental cases
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1 100 0 3.20 0 14.4
2 80 20 2.56 0.54 14.4
3 60 40 1.92 1.08 14.4
4 0 100 0 1.08 5.76
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Fig. 3 Axial profile of the flue gas temperature
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Fig. 4 Schematic diagram of flue gas temperature change of biomass/ammonia co-combustion
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Coal-fired boiler is one of the major sources for CO,
emission in China. Burning ammonia and biomass, the
carbon-free alternative fuels, in the coal-fired boiler is an
effective way to achieve the goal of carbon peak and
neutrality in China. In this paper, we study the combustion
characteristics, gaseous pollutant and fine particle
formation of cofiring biomass (the corn cob powder) with
ammonia on the 25kW down-fired furnace at Tsinghua
University. The schematic diagram is shown in Fig. 1.
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Fig.1 Schematic diagram of experimental setup
Four different ammonia mixing ratios (energy ratio)
are designed, which are 0% (pure biomass combustion),
20%, 40% 100%
combustion). The injection speed of ammonia is constant

and (short-time pure ammonia
under different ammonia mixing ratios to reduce its
influence on the flow field. In addition, the effect of
ammonia injection speed (0.81~14.4m/s) on NO emission
is specially studied by changing the ammonia nozzle of
the burner central pipe.

The results show that:

1) Compared with pure biomass combustion,
the

temperature distribution of flue gas in the furnace. The

biomass-ammonia co-combustion will change
temperature in the furnace is jointly affected by the heat
absorbed by ammonia preheating and the heat released by
biomass combustion.

2) Pure ammonia combustion is extremely unstable.

Other fuels can be added to improve the reaction activity

S2

of ammonia. When the mixing ratio of ammonia is not
higher than 40%, the concentration of ammonia in the
flue gas is not higher than 2 mg/m’, and there is no
ammonia slip phenomenon. The concentration of NO in
the flue gas increases with the increase of the mixing
ratio, as shown in Fig. 2.
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Fig.2 NH3/NO concentration at furnace exit for different case

3) During mixed combustion, the concentration of
NO; in the flue gas decreases with the increase of ammonia
injection speed. This is mainly because the increase of
injection speed enhances the rigidity of the jet, prolongs the
residence time of the fuel in the reduction zone, enhances
the homogeneous reduction reaction of NO, and is
conducive to reducing NO, as shown in Fig. 3.
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Fig.3 NO concentration for different NH; injection speed
4) Compared with pure biomass combustion, the
properties of fly ash particles will be changed after
biomass mixed with ammonia. With the increase of
mixing ratio, the amount of residual carbon in fly ash will
gradually increase, the proportion of PM; ;o will increase,
and the proportion of PM; will decrease.



