43 % FE1 W
20231 H5H

Gi SR A N = 4
Proceedings of the CSEE

Vol.43 No.1 Jan.5, 2023
©2023 Chin.Soc.for Elec.Eng. 181

DOI: 10.13334/j.0258-8013.pcsee.220423 NEHE: 0258-8013 (2023) 01-0181-10 HEDHS: TK Il ICEkFRIRAG: A

SRR 5 47 B IR
BEE, A LM, Xk, £RE, PNE, T8, F

(BAHFE IBHEFTHRELELE(H

238 KF),

SRR TR

Rl HEd 710049)

Economic Analysis of Ammonia and Research Progress of Coal-ammonia Co-firing
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ABSTRACT: Ammonia energy as an important supplement to
hydrogen energy has recently received more and more
attention. The dual-carbon policy and high coal prices put
coal-fired power plants under great pressure to survive. Using
abandoned electricity from renewable energy to produce green
ammonia for replacing part of coal can reduce the carbon
emissions of coal-fired power plants and transform the
coal-fired power plants into energy storage and peak regulation
power plants. This work conducts a detailed economic analysis
of the production, storage, transportation of ammonia. The key
technologies and challenges of the co-firing of ammonia and
coal in industrial boilers are also summarized. Recommen-
dations for ammonia injection position and the modification of
the swirl pulverized coal burner are made. The NOx emissions
and unburnt carbon in fly ash of power station boilers with
ammonia blended are predicted. The addition of NH; usually
helps to reduce the carbon content of fly ash. The competitive
mechanism between the inhibition effect of NH; on NO,
production of char oxidation and the production effect of
unburned NHj; on NO, production determines the NO, emission
in industrial boilers and power station boilers. Through
reasonable measures, the carbon content in fly ash can be

reduced and NO, production can be controlled at the same time.

KEY WORDS: co-firing of coal and ammonia; economic

analysis; NO, emissions; unburnt carbon in fly ash
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Table 1 Physical and chemical properties of

liquid ammonia and liquid hydrogen
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Table 2 Combustion characteristics of

ammonia, hydrogen and methane
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Table 3 Production, storage and transportation costs of grey hydrogen, green hydrogen, grey ammonia and green ammonia
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Fig. 2 Fuel costs of green ammonia, coal,

natural gas, and grey ammonia with

various electricity prices and carbon prices
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Co-firing of coal and ammonia can greatly reduce
CO, production by the transition from coal-fired power
plants to energy storage and peak shaving power plants.
A detailed economic analysis of the production, storage

and transportation costs of ammonia is made in this work.

The key technologies and challenges of the co-firing of
ammonia and coal in industrial boilers are also
summarized. Recommendations for ammonia injection
position and the modification of the swirl pulverized coal
burner are made.

The changes in fuel cost of green ammonia, coal,
natural gas, and grey ammonia with electricity price and
carbon price are shown in Fig. 1. The cost of green
ammonia is greatly affected by the electricity price. It is
difficult to replace grey ammonia, natural gas and coal
by using grid electricity to produce green ammonia. If
the surplus electricity from renewable energy is used to
produce green ammonia, it can be achieved with
electricity price lower than 0.1¥/(kW-h) at the current
carbon price level. For the replacement of grey ammonia
and natural gas, the use of waste electricity to produce
green ammonia can further realize the replacement of
coal. At present, distributed energy storage sites can be
established by making full use of the surplus power and
abandoned power of renewable energy. First, the surplus
power of renewable energy can be used to partially
replace grey ammonia and natural gas with green
ammonia, and secondly, abandoned electricity is used to
achieve partial replacement of coal, realizing the
transformation of coal power plants to ammonia energy
storage peak-shaving power plants.

To achieve high-efficiency and low-nitrogen
combustion of coal and ammonia in industrial boilers, it
is necessary to focus on the development of
coal-ammonia dual-fuel low-nitrogen swirl burners and
the rational use of air-staged combustion technology. The
arrangement of the central ammonia pipe, the design of
the appropriate injection aperture and injection angle of
the ammonia spray gun, the reasonable arrangement of
over-fire air, and the arrangement of the coal-ammonia
internal mixing device in the primary air for high-
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Fig. 1 Fuel costs of green ammonia, coal, natural gas, and grey
ammonia with various electricity prices and carbon prices
proportion ammonia mixing are the key measures to
design coal-ammonia dual-fuel low-nitrogen swirl
burners. Properly increasing the primary air rate and
controlling the main combustion area to a weak reducing
atmosphere are effective measures to control NO,
emissions and reduce the unburnt carbon content of fly

ash in the air staged combustion technology.

Meanwhile, an increase in primary air rate may
bring the burner with the challenge of coking. The
reduction of ash-slag and the reducing atmosphere in the
main combustion zone also can bring uncertainty to the

possible high temperature corrosion.



