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Progress of Ammonia Production and Utilization in Coal-Fired Power Plants
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Abstract Since the adoption of the Paris Agreement at the Paris Climate Change Conference in December
2015, countries around the world have made carbon emission reduction as an important task in government work. In

“dual carbon” goal, the research on

recent years, with the development of China’s economy and the proposal of the
“carbon peaking and carbon neutrality” is in full swing, and various carbon emission reduction measures are steadily
advancing. Various industries, especially the coal power industry is also scrambling to find new ways of low-carbon
production and low-carbon emissions. As one of the important industrial products, ammonia occupies an important
position in the national economy. It is particularly important to find a low-carbon emission ammonia production
method to replace the traditional high-carbon emission ammonia production method. Low-carbon ammonia production
from coal-fired power plants is particularly important to improve operational flexibility and expand the product chain.
This paper summarizes the broad prospects and development advantages of ammonia energy in the future, and focuses
on summarizing the current research progress and existing achievements of electrochemical catalytic preparation of
green ammonia technology. A technical path is given for the ammonia production technology of coal-fired power
plants, which provides a new way for the “dual carbon” development of the power industry.

Keywords  “ Dual carbon” strategy, Coal fired power plants, Electrolytic ammonia production, Green

ammonia, Energy storage
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Tab.1 Comparison of combustion characteristics of several fuels
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Fig.1 Flow chart of traditional ammonia desulfurization process
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Fig.2 Process flow of traditional ammonia synthesis
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Fig.3 (a) Haber-Bosch catalyzed nitrogen synthesis

ammoniadissociation mechanism
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Fig.3 (b) Alternating mechanism of electrochemical

catalytic reduction to synthesize ammonia
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Fig.3 (c) Mechanism of electrochemical catalytic reduction

of nitrogen gas to synthesize the associative end of ammonia'*"]
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Fig.4 Conceptual diagram of electrochemical device
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Fig.5 Integrated flue gas pollution control process

i /s

DasEE—— [gamggE | —

based on ammonia absorbent

5 45iF

(1) 22 B R 5F SOME R ™ b v Y 2 —
PR K FHBE AURE A6 1T 144 RE TR % AL 8 Z BE A A7
AN M) T 3 BB TR 1) i i A B T TR i b ]
P A BB IR A v AR RE P () LAY B A Tk o R
L LA 2 i R A CCUS At Ak TR 7= 1 3h
F8 I S8 B, AN SCHE B ORI P R 5 A R K A R T
i REAE Bl HL 7 A7 oMb A R BRI T e R I AR e
HEROE 3, I HR AR v T i e BT 9 il s — A



http://www. hxtb. org

fegam R 2023 4 55 86 & £ 3 ) - 331 -

REFR AR 2 (I | 22 7l DR IR] & JR 1 kR T30 2%
Pk
(2) ML AL A A Al D ] T Ak T 52 6 % ilis
BB (B A KRBT 4 0 2 S il 4
AN Hor T, P, e 7 2 i LA
AR 7= T E R SE N A R, AN AR TR B Y
ML G U I BE K Al R R
B DL T /N e H T 1 4 F i R AR B K i
AE . FEL Tt i R 25 JIC AR 50y 0 B 358 A 95 e 19 ik BE
T3,
(3) ML AL 30 Dt 1 2 A A v T 2R R B
T ZLH AR R I e B, DRI e B 3 A i 1k R 2
LAY OB H R A AR R A2 i g A AR R Y BF
FERA —E TR, 4 Jm A AL TR AR 4 T A AL R e
S B R I R AR PERE  (H B TR R R
355 25 PR ) 2, 3E 4 A A 5R) B AT S I T I Y
(4) H A3 2o Ak 27 ) A B R HE A 45 I
A T A 77 R S SRR P T R B L T R R ke Y
RIETTI) o A AT T — R AR
BRI T A T S B IEOR] T b A A )
HEERER .
2 £ X
(1] EWE, RBR. b Gk O 6 S0 A8 I 2 22 0 7k
B H AR, 2009-11-02(014).
[2] I, A, BB, EBAT, 2022, 38(7): 92~98.
[3] %), Befh. ARG S KR, 2021, 43(5): 605
~615.
(4] ZR4ERE, I, H7E. PEEKR, 2021, 47(2) : 66~69.
(5] xIT. g A Anfe T Wigg, 2022(Z1) ; 107~108.
[ 6] MM, ZREpse. Rhopii, 2022, 67(19): 2113~2114.
(7] ®mk, XU, 2. RoEEAR, 2022, 43(3) : 462~467.
[ 8] frth®, MALH, sk 2. fL2¥@iik, 2019, 82(3): 214~
220.
[ 9] Klerke A, Christensen C H, NRskov J K, et al. J. Mater.
Chem. , 2008, 18(20) ; 2304 ~2310.
[10] JEss%). 2Tk, 2012, 30(4): 1~4.
(117 kS #E. (L TAEE, 2014(29) : 163.
[12] EFER, skdi, £, 5. BRIk, 2019, 48(7): 1~9.
[13] Gilland B. J. Soc. Polit. Eco. Stud., 2014, 39(2): 166~
185.
[14] Razon L F. Environ. Prog. Sustain. Energy, 2014, 33(2) :
618~624.
[15] b7, $ARERE, Z5/ME, . L T%4R, 1994(4): 385
~392.
[16] Hargreaves J. Appl. Petrochem. Res. , 2014, 4(1); 3~10.
[17] X3, skilE s, BRogk. RHIMLA%, 2021, 38(6) : 622~636.

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]
[46]

T, M, IR, 45 fERERIF S H AR, 2018, 7
(2): 301~308.

BRI, T, hEMR, 2022, 48(5) : 54~59.
Abedin M J, Masjuki H H, Kalam M A, et al. Renew.
Sustain. Energy Rev. , 2013, 26(15): 20~33.

FLLW, XIPF, B4, F RBER, 2022, 43(1):
54~64.

AT R B e TR EREIR & R (2019) , 2020.
FHE. W ELJT, 2020 (S2); 1~3.

Erdemir D, Dincer I. Int. J. Energy Res. , 2020(45) ; 4827
~4834.

W2ERE, RoCET, B, . B ARS¥5 TR, 2020, 36
(8): 63~71.

WE, ZHEE, Rk, 5. BEHEAR, 2019, 43(7).
1233~ 1236.

Ziittel A, Remhof A, Borgschulte A, et al. Philos. Trans.
R. Soc. A: Math. Phys. Eng. Sci., 2010, 368 (1923) .
3329 ~3342.

Zamfirescu C, Dincer I. J. Power Sources, 2008, 185(1) ;
459 ~ 465.

Afif A, Radenahmad N, Cheok Q, et al. Renew. Sustain.
Energy Rev. , 2016, 60: 822~ 835.

Mekhilef S, Saidur R, Safari A. Renew. Sustain. Energy
Rev. , 2012, 16(1) ; 981~989.

TN, IR, EER, % YR, 2017, 52(4) .
394 ~452.

XUEE. HESh A Ry 50 K& M. BHEE H AR, 2013-
11-12(008).

X EE. L TR, 2013, 32(9) : 1995~2005.

INVIE, BkSCRE, BREWE, % W% 5, 2021, 21
(11): 11~15.

A, 20K, 2013, 32(3): 101~104.

S A, HOTB . VAT B £ K A BB A R BIR A TE
A I 0 K e JR R s/ 2017 SRARAT L 1T RESA R Bt .20
BRI S, 2017 99~106.

IRERUE, &N, Bl &, 2019, 39(6) : 68~75.
FEMNAS. PELE ST, 2021(6) :38~39.

A e, W], Tkl 4. RARA T, 2022, 42(04) .
1~20.

Noussan M, Raimondi P P, Scita R, et al. Sustainability,
2020, 13(1); 298.

Tk, R, WEE M, 5. L TR, 2022, 73(03) .
1008 ~ 1021.

IR AU R A B SR A S M . D R e YRR,
2021-21-01(010).

s, HAMAWmEAGEN AR, PEEERMR, 2021-
12-20(010) .

RHE TG, T, AR WEREOR ) 2021, 27(2): 92
~106.

xifb . fiEfk=£4R, 2014, 35(10) ; 1619~ 1640.

LR MOFs i1 700 i £ B HC A TR e A b & 41 .
b m TR 2+ 2% 76 3L, 2016.



%3 http ://www. hxtb. org

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

- 332 fLaE5m AR 2023 4F 5 86 &
Sclafani A, Augugliaro V, Schiavello M. J. Electrochem. [63]
Soc. , 1983, 130(3): 734.

Brown D E, Edmonds T, Joynerr W, et al. Catal. Lett. , [64]
2014, 144(4) . 545~552.

XIGERE, BCEEBE, MR, 2F. bz Bk, 2021, 33(7): [65]
1074 ~1091. [66]
Shipman M A, Symes M D. Catal. Today, 2017, 286: 57

~68. [67]
Wang J, Yu L, Hu L, et al. Nat. Commun., 2018, 9(1):

1795. [68]
Nazemi M, Panikkanvalappil S R, El-Sayed M A. Nano [69]
Energy, 2018, 49 316~323. [70]
Bao D, Zhang Q, Meng F L, et al. Adv. Mater. , 2017, 29
(3):1604799. 1.

Sheets B L, Botte G G. Chem. Commun. , 2018, 54(34) . [71]
4250 ~4253. [72]
Chen S F, Huang N L, Lin J H, et al. Nat. Commun. ,

2018, 9(1): 3085. [73]
debE, ERUME, KM, . SRR, 2021, 42(04) : 76

~86. [74]
SR, A, B, % ks HTT, 2019, 30(5) : 522

~531. [75]
Renner J N, Greenlee L F, Ayres K E, et al. Electrochem. [76]
Soc. Interf. , 2015, 24(2): 51~57. [77]
Chen S, Perathoner S, Ampelli C, et al. Angew. Chem. ,

2017, 129(10) ; 2743 ~2747. [78]
Xia L, Li B, Zhang Y, et al. Tnorg. Chem. , 2019, 58(4):

2257 ~2260. [79]
g, R, LM HORHME =R, 2022, 50(4):

484~ 493, [80]

[62]

Lv C, Qian Y, Yan C, et al. Angew. Chem., 2018, 130
(32): 10403 ~10407.

TR A A R S R Y B ks A A
KB TR 22 A 22 48 530, 2021

Liu Y, Su Y, Quan X, et al. ACS Catal. , 2018, 8(2):
1186~ 1191.

W E | EIYL, 2005 (11); 39~42.

Kwon Y, Kim S K, Kim Y B, et al. ACS Energy Lett. ,
2021, 6(12); 4165~4172.

Hu X, Zhu X, Wu X, et al. Plasma Proc. Polym., 2020,
17(12) ; 2000072.

XIHE, SRS, BRI, AR, 2021, 38(6) : 622~636.
HEL Mg Be 5908 2021 (5) : 4~10.

A ERAE VR HLEK M K R A R4 (GEIDCO) . W E 2030 4F
IR DT 9 2 4. b B 3k 0 B ORI A SR R A
B2, 2021,

WAEE, B BRI 5, 2022(1) : 13~18.
S, EAE, MR, 4. L T uF B, 2021, 40
(6):15.

0Pk, B, EROR, . ARHRER, 2021, 43(12) .
36~45.

FRAEAE ATk, Bk 4, 5. SRR IR, 2005(7) -
886~ 890.

EWE. EER ST, 2018, 41(5); 144~148.
WRAE L EESL. RS, 2005(2) :17~20.

AR, BREVE, OO, S b E B LR AR, 2021, 41
(12) ; 3987~4001.

. EEAE CO, 1 AR P b R LA 5. MR R T
Al K AF A 2538 3, 2014,

XM, R, W, . L LHERE, 2012, 31(5):
1143~ 1148.

i R . SR I AR 11 R o T B R 2R 4 B L
FRFIE. WA K2 AR 3, 2016.



