55 49 45 6 P2 R 2 Eird Vol.49 No.6

2024 4F:

6 H JOURNAL OF CHINA COAL SOCIETY June 2024

Rz MEEMA R SRR N HHARHEE

7w, E B, Batrt, L g, FAE, A

(1. R PR 5301 TR E T E A%, L 100084; 2. Jb ot A ik T 22k AL TRR40%, Lot 102617)

O OEeRZ et W B A AR S A S, RBERRE N ARG E L DK
Folk AR IE TAMER, ARERRLAS, MO AR kMBS k—K R A EZRE G
NS R RTRERRBRBENNEEIIE, AEAB P, R ARZHN LRI L LR
EAT BB A E, AT HARBORBME, AV, M AT ST R A R E e B,
RGP oA AP M E R, EXAEIUT, ARAREF TR AL 32 7T B 4 46 R 649 17 Bk
W Tr B K AR AR T AR R, BT AR S K B R PR AR 69 SR R SR IL T B A AR TR R ALBE I 4N,
LT RERBD B S XETAEBTREA ., Bin, & TERBEBRA S RAEZACH R L
MEF, FREBMBAERASRFH AL KIGRETRE, HAERREALEFRNA, LEMAYG
KABARH R T sk, A, WIERBEIRIEG TR, SRRl L, AN R
WFRE A F . BRI (B K. FBIR) Foi5 Fe i £ 4F 1 (NO,. & RSB M A= 808 £ R, 4T
T AR, it T AR B D A A R 6 K B K EN , F MR T IR T L AR

HEIR e B B AR MR Rk, C—NRH B, T A5 BB L IEA 4 3 H 244K NO, #4 HF
WK, RERBEALIER., REBAMFEEASFLZ K, HZMNR LA T —K 8@ 6 WK K L0
MALGE ) N KB Z GO RARER T LEFRBLRE

SRl s RUBE MR ARAR s NO,; 2 BB BEALAL K AT 48

FESES:TQ534  XEIREML: A XEHS:0253-9993(2024)06—2876—11

Advancements and future outlook in fundamental research and technological

applications for ammonia co-firing with coal

SI Tong', HUANG Qian', YANG Yuanping"?, MA Peng', LEI Xiaoyang', LI Shuiqing'

(1.Key Laboratory for Thermal Science and Power Engineering of Ministry of Education, Tsinghua University, Beijing 100084, China; 2.School of Mech-

anical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China)

Abstract: Energy security and the “dual carbon” goals are impacting the global energy industry and supply chains,

presenting some urgent needs for the secure, efficient, and green low-carbon transformation of energy and power systems

in China. To ensure energy security, the coal-fired power plant will remain an important support for electricity supply se-

curity and the integration of renewable energy for a considerable period into the future in China. To achieve carbon neut-

rality, the energy system is gradually shifting from primarily relying on fossil fuels to primarily relying on renewable en-
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ergy. However, the intermittency, randomness, and volatility of renewable energy make power system regulation more
challenging, highlighting the issues of system balance and security. In this context, the zero-carbon fuels such as ammonia
play an indispensable role in dealing with the intermittency of renewable energy. They can serve as carriers for long-term
and large-scale energy storage to facilitate the large-scale integration of renewable energy and can also be flexibly used
directly in power equipment such as boilers to replace fossil fuels. However, due to the differences in physical and chemic-
al properties between zero-carbon fuels and fossil fuels, some challenges arise in the widespread utilization of ammonia
fuel, such as poor flame stability and the generation of nitrogen oxides during combustion. Therefore, based on the feasib-
ility, economy and necessity of ammoniac-coal co-combustion, this paper comprehensively reviews the chemical reaction
kinetics, combustion characteristics (ignition, steady combustion) and pollutants characteristics (NO,, fly ash particles and
soot) of ammoniac-coal co-combustion, and discusses the scaling laws of burner based on the dimensionless number. The
efficient and stable combustion control strategy of existing industrial grade ammonia-coal burners is discussed in detail.
The C—N fuel separation, air staged and their joint control technology can effectively reduce NO, emissions. In the future,
artificial intelligence, big data and digital twin and other information technologies are integrated. It is expected to provide
a scientific support and path reference for the research and development of the next generation of new green power genera-

tion system oriented to the dual carbon strategy from the source.
Key words: ammonia-coal co-combustion; low-carbon; NO,; staged combustion; module magnification; artificial intel-
ligence
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Fig.2 Oxidation pathway of ammonia co-firing with coal
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