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Abstract : Ammonia energy is a widely used, green and low—carbon new type of clean energy, which has outstanding advantages over hy-
drogen energy in terms of safety, energy intensity, easy—to—storage and transport, and many other aspects. The application of ammonia en-
ergy in transportation, power, chemical and other sectors in China is still in its infancy, but the related carbon footprint research has re-
ceived much attention. This study conducted a step—by-—step life cycle carbon footprint analysis of China’s ammonia energy’s full industrial
chain under application scenarios such as hydrogen refueling stations, ammonia fuel supply stations, and power plants, and focus on ana-
lyzing the carbon emission level of ammonia energy used in the scenario of transportation fuel and power sector. The research results show
that, from the perspective of different technology routs, in all scenarios, the carbon dioxide emissions of ammonia energy in the whole life
cycle of the electrolyzed water hydrogen production HB ( Haber Bosch process) synthetic ammonia liquid ammonia vehicle route are the
highest, more than 600 g/MJ. Hydrogen production from renewable energy electrolyzed water — HB synthetic ammonia — pipeline
transmission route has the lowest carbon dioxide emission in the whole life cycle of ammonia energy, which is lower than 40 g/M]J. For
each stage, the fuel production stage accounts for the highest proportion of carbon footprint in all stages of production, storage and applica-
tion of various ammonia production technology pathway, except for the renewable energy electrolysis ammonia production pathway. From
the perspective of influencing factors, the power consumption level and its carbon emission factor in each stage of hydrogen production,
ammonia generation and ammonia cracking for hydrogen production play an important role in the carbon footprint of the whole industrial
chain of ammonia energy production, storage and utilization. From the perspective of application scenarios, in the scenarios of chemical
plants, steel plants, and power plants, due to the short transportation distance and low energy consumption for storage and transportation,
the carbon dioxide emissions throughout the full life cycle of 1 MJ ammonia energy are relatively low. From the perspective of application
scenarios, in the field of transportation, the green ammonia and blue ammonia technology pathway has the advantage of significantly reduc-
ing the carbon footprint (more than 80% ) compared with traditional petroleum fuels.

Key words: ammonia energy ; carbon footprint ; application scenario;carbon neutrality ;low carbon energy ;low carbon fuel
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Carbon footprint calculation framework for ammonia energy chain
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Table 1 Basic parameters of liquid ammonia ship mode

28 Hfe
FEM/ (L d7") 56
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TWALFEH/ (kWh - kg™') 0.6

SyWRMZET X, %y G Z WA 5 A 2
WRAS B EMGE 2R e s, &%
TGS B, X — K T2 10 000 kg A9
ZME %, H 100 km FETMH 25 L, BAAREHE WK 2,

*2 REMEARELSH

Table 2 Basic parameters of liquid ammonia tank car mode

28 Hfe
SEMERE/ (L - km ™) 0.25
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WALFER/ (kWh - kg™") 0.6
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Table 3 Full life cycle fossil energy intensity and carbon

intensity of China’s major terminal energy sources

o g

TiH AT REVR R i/ A

O - M) R/ (g - M)
JE 1.075 98.6
JRARRINA 1.147 68.1
Jti 1.102 79.6
P 1.090 99.7
Rl AR 1.152 69.8
S 1.269 93.1
bRt 1.278 91.0
SREHI 1.205 91.4
H 2.663 237.1
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GG RS T Z R, BR PR T OB, 38 m) A
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Table 4 Carbon footprint level of the entire ammonia energy industry chain under the application
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PR Ry 25 MU B DO, BIFSE A AN [ 1
5N &R R K2 5 B

3.1.1 ARNMADA T AT F
I g T ERE A A R R K Ik

4, ZGECT HEETEMTAN T8 % Oy A R S 4
471200,750 km , Ay 20A 130 k"> P H, H i
K —HB A 1 28— 2R 4238 24— L o) il
il &% 2 1 4 2E SR B CHE R R R B,
657.7 g/MJ, XU HL HLfifE 7K i S —HB & & —8 1
ik SRR K L i ) U 2 1 4 A i SR 3
BRHERC R R A, 18.4 o/MJ, BE b &G4k 7 fig
JR—HB A AL W H HL A K ] S —HB A i R
A B HERORE R A5 5 PR AR I 2 5 Tl &L A
SR Sl A A B B Y R gk i - -2
HL — S - 2 - SR A 2k 1 & 7 b B R HETICRAIR

scenario of hydrogen refueling stations g/MJ
7 i g B Bt At
L HRis JFEVE  RRHZ &Red EBEiE MEA k% TN SR % H,
iy =X B HBTB: BB WE k®Es HkES @y FHSEE S
itk ] itk ) itk ) itk )
JEH S +HB A ER% 9.2 1.8 180.9 8.0 133.9 5.5 333.8 205.4
JiE i+ HB A (EBEETEES 9.2 1.8 180.9 7.4 133.9 5.5 333.2 204.8
T A +HB A R ARG A 9.2 1.8 180.9 24.8 133.9 5.5 350.7 222.3
JHH S +HB A A ERES T 9.2 1.8 180.9 25.0 133.9 5.5 350.8 222.4
P S +HB &R MiEZY R 9.2 1.8 180.9 25.2 133.9 5.5 351.0 222.6
TR WS +HB A A A% 12.8 1.9 141.3 8.0 133.9 5.5 297.8 169.4
RIRAHIE+HB G (ESEETEES 12.8 1.9 141.3 7.4 133.9 5.5 297.2 168.8
KAIRE A +HB & R &Y KD 12.8 1.9 141.3 24.8 133.9 5.5 314.7 186.3
FARE M E+HB A A TR 12.8 1.9 141.3 25.0 133.9 55 314.8 186.4
KRS A +HB A R W4 12.8 1.9 141.3 25.2 133.9 55 315.0 186.6
%4 L FEL fF K i S+ HB A R SER% 32.6 6.2 459.9 8.0 133.9 55 640.5 512.1
o H, R ik ] S+ HB & U (ERELITEES 32.6 6.2 459.9 7.4 133.9 55 639.9 511.5
o H, R ik o S+ HB & U W4 32.6 6.2 459.9 24.8 133.9 55 657.4 529.0
o H, F ik 1 0+ HB & U TR 32.6 6.2 459.9 25.0 133.9 55 657.5 529.1
o H, R ik 1 0+ HB & U TN IS 32.6 6.2 459.9 25.2 133.9 55 657.7 529.3
JR R EEL K il L+ HB A LR A4 0 0 5.5 8.0 133.9 55 147.4 19.0
JAHE FL fi K ) S+ HB A i (EBLETRES 0 0 5.5 7.4 133.9 5.5 146.8 18.4
e, Ha i 7K il A+ HB G i RN 0 0 5.5 24.8 133.9 5.5 164.3 35.9
JAHE, L fi K ) &+ HB A i TEPERRAN 0 0 5.5 25.0 133.9 5.5 164.4 36.0
JAHE L fi K ) S+ HB A B WA 0 0 5.5 25.2 133.9 5.5 164.6 36.2
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3.1.2 ARRMAEAATARKE %
ARER ) it T & RE 4 BE B Ak T K7
WS, ZE T & B L) N EEE A 750 km,
HAy =0k 2 k'™ 9 H LA K i S —HB Ak
AR AR 38 5 — M L i 2 S e i A A i
JE IR HE R A B e i, R 657.2 ¢/ M 5 XUAR L figE /K
il —HB & A 8 ik AR K i

S A 2 Y 4 A R m HE i i A AR, R
18.4 ¢/MJ, EMAINF L4k AReli—HB & A
I Fi, RS K T S —HB A B2 B 2 A 2 4 7 b i ik
HETOAE RT3 5 i s AR R 2 5 A A B TN A
TS BB R & il - -2 - & - -
AL -GS S - R I 2 1) 4 7 b BE B HE
K

x5 SRERRB] AR TRERS IR E Tk

Table 5 Carbon footprint level of the entire ammonia energy industry chain in the application scenario

of hydrogen power plants g/M]
7 it B B &it
wes o MEEIEEE TN ke W %
A LIV BN e e =i RS HHAPRA ka5 SR
B BBt B Bt
frflE AR fitk i & Viy e
HEH A +HB A A% 9.2 1.8 180.9 7.4 133.9 5.5 333.2 204.8
M S +HB A AR (EBIEETRES 9.2 1.8 180.9 7.4 133.9 5.5 333.2 204.8
MEHI S +HB AR L&AV KD 9.2 1.8 180.9 24.6 133.9 55 350.5 222.1
T S+ HB A WERI% 9.2 1.8 180.9 24.7 133.9 55 350.5 222.1
FIRE M E+HB A AR A% 12.8 1.9 141.3 7.4 133.9 5.5 297.3 168.8
RIRAHIE+HB G A (ESEETEES 12.8 1.9 141.3 7.4 133.9 5.5 297.2 168.8
FIRS A +HB &AL Mgy K 12.8 1.9 141.3 24.6 133.9 5.5 314.5 186.1
FIRS M E+HB A A R4 12.8 1.9 141.3 24.7 133.9 5.5 314.5 186.1
) Fi, R fipe 7K A S+ HB A SERE 32.6 6.2 459.9 7.4 133.9 5.5 640.0 511.5
o 1, B A 7K i 20+ HB A [=BLETEES 32.6 6.2 459.9 7.4 133.9 55 639.9 511.5
o Hi, R ik ol S+ HB & U TN D 32.6 6.2 459.9 24.6 133.9 5.5 657.2 528.8
o b R iR K S S+ B A R R TS 32.6 6.2 459.9 24.7 133.9 5.5 657.2 528.8
JRRE EEL K il L+ HB A B SER% 0 0 5.5 7.4 133.9 55 146.8 18.4
A H, FL fig K &+ HB 5 U (=BLETRES 0 0 5.5 7.4 133.9 5.5 146.8 18.4
JAH, F MK ) &+ HB A B &Y D 0 0 5.5 24.6 133.9 5.5 164.1 35.7
IR, H i K )+ HB G U WERE 0 0 5.5 24.7 133.9 55 164.1 35.7

3.3 AEEZEATHI) AEaF %

T S5 R A W B 1 4 A i I e
SRR 6, %5 T, & B ik )T X n e
J9750 km , HA 5 X R 2 km'? , T ZT R TR
REN BRI, A 24k A B B, il Be 4 A
JE IR 2 K R T E s R A fe L)

e, TERSHRERG b, 4 A R T icHE iR 2 e 2
B4 2 X R R A KT R —HB A R — IR =R 7
2, % M A e A R A Ok R K CE R
523.3 o/ MJ ; eI 2R 0 IXUHRL Ha i 7K il S—HB A %
G TE R AR I 2k 4 A A S e A2 30
KR 12.9 o/MJ

®6 I AEFHFETREEET kg Tk

Table 6 Carbon footprint level of ammonia energy in the entire ammonia energy industry chain under

the scenario of using ammonia in chemical plants g/MJ
(E=WIE sk BRI B RSB ARATIE AREERTE it
T S+ HB A SERT 9.2 1.8 180.9 7.4 199.4
MEH S +HB AR (EPIiLTBES 9.2 1.8 180.9 7.4 199.3
T A+ HB & W4 9.2 1.8 180.9 24.7 216.6
P +HB & A TR 9.2 1.8 180.9 24.7 216.6
KR E+HB A RE A% 12.8 1.9 141.3 7.4 163.4
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gk

& 77 =X HdeushinorX ERATHE ERhERm B dRedoT B AisipE &t

R A+HB S IRA [ESEETE:S 12.8 1.9 141.3 7.4 163.4
SR A +HB AR &2V KD 12.8 1.9 141.3 24.7 180.6
R A +HB A i WER% 12.8 1.9 141.3 24.7 180.6
o v, F fg K o S0+ HB A A 32.6 6.2 459.9 7.4 506.1
o4 1, Fi, A% 7K S0+ HB A (ERELTEES 32.6 6.2 459.9 7.4 506.1
o B, B A K i &0+ HB A W4 32.6 6.2 459.9 24.7 523.3
o e, A K i S+ HB A &Y R 32.6 6.2 459.9 24.7 523.3
DR RS K i S+ HB A R RENH 0 0 55 7.4 13.0
JRUHE, H g 7K il S+ HB 5 i (EBIELTB-S 0 0 5.5 7.4 12.9
e, Ha 7K ) S+ HB G il TRE R 0 0 5.5 24.7 30.2
JRUH L K il S0+ HB A RV KD 0 0 5.5 24.7 30.2

3.1.4 AfcEEATARM LR 130 km"™ ZIpn S AR HEH T T HEY

BRI 3 37 50 T 2 RS 4 M i 4 A A S S, EREN B A, R 40 L A B B, ik
Mk R TE A I3 7, 2 R VRN S T S RE 4 A A JR s L 0 KSR T i & 3 = A R
%7 R AR ES A9k 1 200,750 km, HiAth 75 =N KE Y,

R7 SHRMELIEIGE T RS ERETATE

Table 7 Carbon footprint level of the entire ammonia energy and ammonia energy industry chain in

the scenario of ammonia fuel supply stations g/MJ

[E v ik BEORHEB BURHSEIBE ERRET B FEIZ H B Bt At
FE S +HB A A% 9.2 1.8 180.9 8.0 199.9
JiE H+HB A (EBLETEES 9.2 1.8 180.9 7.4 199.3
M E+HB AR AN 4 9.2 1.8 180.9 24.8 216.8
HE 4 +HB A TETERRAR 9.2 1.8 180.9 25.0 216.9
M S +HB AR A &Y 9.2 1.8 180.9 25.2 217.1
SR A +HB A AR SERE 12.8 1.9 141.3 8.0 163.9
RIRHIE+HB G A [=BLETEES 12.8 1.9 141.3 7.4 163.4
RABE+HB & RA &Y} KD 12.8 1.9 141.3 24.8 180.8
SRAH A +HB A AR TEFEARAN 12.8 1.9 141.3 25.0 180.9
SR A +HB AR A4 12.8 1.9 141.3 25.2 181.1

o F, FRL i K o L+ HB G R A% 32.6 6.2 459.9 8.0 506.6
o, FL ff% K i S0+ HB A U (ESEETEES 32.6 6.2 459.9 7.4 506.1
o H, R ik 1 S+ HB & U WM 4 32.6 6.2 459.9 24.8 523.5
o v, A K S+ HB A TEVERRAR 32.6 6.2 459.9 25.0 523.6
4] L, R g 7K 1 S+ HB 2 R R AR A 32.6 6.2 459.9 25.2 523.8
JRREL EEL K il L+ HB A LR A4 0 0 5.5 8.0 13.5
AU H, FL fig K &+ HB S U [EBLETEES 0 0 5.5 7.4 12.9
JAHE, FL MK ) S+ HB A B &Y KD 0 0 5.5 24.8 30.4
JR R, B K il L+ HB A B AR 0 0 5.5 25.0 30.5
JRRE EEL g K il S+ HB B B R4 0 0 5.5 25.2 30.7

FERSERBRE b, 24 i JR e HE L i fe 2 IR B 2 o XL riL PR /K i S —HB & il — 48 1 B
R 2 I R, R 7K T R —HB A i 2 — IR 2R 2 % ST = W o Y s e oA R R e ) N
2R R A A R AL S KSR 523.8 ¢/ MU H 12.9 ¢/MJ.

8



WA SR TR [ S [ 15 P55 9 r E  RE R i FH 4™ b B K 8 7

2024 4F5 5 1Y)

3.1.5 AfEBEMATARKR) FF

WA ST &A™ b BE 4 A v A 30
B 2K W3R 8, s N, B i ik U7 Uy
FEESA 750 km, HA 77300 2 km'™), iZ 5T &
Bt iz I B B H A RE O BRI T, BoA 20 =
F B BE , i 28 B 4 A= i Jo U3 A T8 K P B T i

Y ME ekl S, fESHORL T, 24
Jeil St HE 3 5 o e 22 1) % 248 2 T R L i K A Sl —
HB A 10— 2R 4 i 2, JHL 4 A A JE 300k 2 3
IKFR 523.3 o/ M5 e fIK 11 8% £k A XU R FRL i 7K A
S —HB A B2 8 1 ik B2, L4 A A 0
JETEAKFh 12,9 ¢/MJ,

®8 HEERME[ HRTRES WHRE Tk

Table 8 Carbon footprint level of the entire ammonia energy industry chain in the scenario of ammonia power plants

o/MJ
il & =X HREHAR  FEREERE ERLSRB JRREERE AR B A

I S +HB AR KA 9.2 1.8 180.9 7.4 199.3
M S +HB AR AR (ERELITES 9.2 1.8 180.9 7.4 199.3
HEHI A +HB A W4 9.2 1.8 180.9 24.6 216.6
P S +HB AR R4 9.2 1.8 180.9 24.7 216.6
RIS +HB AR KA 12.8 1.9 141.3 7.4 159.7
RIRAHE+HB G A (ERIELITEES 12.8 1.9 141.3 7.4 163.4
RARS S +HB A R TRERE 7 12.8 1.9 141.3 24.6 180.6
RARS A +HB A TR R 7 12.8 1.9 141.3 24.7 180.6
o e, FRL 7 K A+ HB A SER%E 32.6 6.2 459.9 7.4 482.0
o e, FL i K ) L+ HB A U (=BIELB-S 32.6 6.2 459.9 7.4 482.0
PO v, H A K ] S+ HB 5 R W4 32.6 6.2 459.9 24.6 523.3
o v, F £ K o S0+ HB A R TR 32.6 6.2 459.9 24.7 523.3
JRUH FR A 7K i %+ HB A i A 0 0 5.5 7.4 12.9
e, Ha K ) S+ HB G i (ERIELTEES 0 0 5.5 7.4 12.9
JREL L K il S0+ HB A A W4 0 0 5.5 24.6 33.1
JRUE L K il S0+ HB A A R 0 0 5.5 24.7 33.2

3.1.6 EEIEHIE B AR R BB 40

Rz i P B RE IR THAE T E AR RS ~

FHRE A RE AL i FE L, X0 07 A B HE B PR32 B 30T

BTN, RIS i 7 AR FZ B s ol

THBRHEROK - A B 2 fr s, S 25 58 H A2 ) PR R @ ——

R IRl 5 A ) 32 B 1 B ok T .

TSHHEREA. 2 500 kan £ P, R HTE T s — ok

SRIZ 0 7 SRR 2 =B ROK 0 500 1000 1500 2000 2500

BB B /km

A, 1R FHVRAAE 2z i i 2R 4207 =X A
25 ORI A 7 K . ST 3
iz 7=, 1 500 km 32§ FE B R A 18 f ik O AR
FURIZE 7 =X BT Al o5, B o R e, 45 10 i 2 I
BRACHGEI W, B3 2 500 km iz HSE | T FEALAA
T3 2R AR R e 2 308 50
3.1.7 5HMHFRERM

ARG o3 B e S A3 B B A 1L Y AR AL
U XTI 25 R, BARSEARAH T, CHISALITA %1

B2 T REfERT R AT FE & T 0ok P
Fig.2 Carbon emission levels of different ammonia energy

transportation methods at different transportation distances
TR AR A B i 2 B Br 4 A= AL B Co, HEC A
163 ¢/MJ; BICER %" il 57 R AR X & -HB A ALE
B B 1) 42 i R AR HE R 108 ¢/ M, 5 ARBIFGY K
SRR -HB A M B 141 g/M) M3, X6
EENOTSHEAS A -HB A B 4 A i I A HE
9
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oA 223 ¢/MJ; BICER %" XS AL -HB & i i 4
A I RRFHE R Ry 172 o/ MJ, SARBFSE 181 ¢/MJ
HHIE

3.2 BEEEABELHHRIER

o5 % B, A CO, i 3k 5 £ A7 # R (co,
Capture and Storage , CCS) % R 2 FEARAL G AL A1 KK
/R P AR COHER A AT BE T %8, I <.
Bl +CCS+HB A MU B AR W 7R S S ™ B Bokt
CO,MAREE , J5 & TR di i % 46 sk, 25,
AR A A B B CO,HERURh 20 ke/kg
(LA H, ) A CCS(fBE FE4R HAE 0.062 kWh/kg)
A il B & A AR R B B co, HEk = R
1.5 kg/kg, FHXTAT & 89 CO, HEM L 92.5% 7,
FHI Y K SR A CCUS B4 2B 7= i & U T7H1
B SRS, MR B A CCUS H AR 1Y S 461
SR RBRL , T 809% - 47 B A fiE il it iz
G A S I J 0 7K P B2 3 1 XU R R A K
HE T B 2 B R KF
3.3 EEZREMNARGIN®EIT

S | S LN SRR AR, A RE AR
A E BB AN RN & B TR be & L O E BT SR 01,
XoF T LA F AR 4 FER 0.526 kg/kem, AHXT B Y 4
IR AFEN 0.30 L/km'™)  %FTHEAA , 200716 AR
800 kg, HH %I N7 Y #K BE vl A AR BR A7 U B AR
776 kg M SRR, 450 FHZ
(R AL 30 S AT AR AR B 2k, b 2 s R 424
i 241.17 ¢/km( Lk CO, M Hit) , SRaU M T Kk
HEfil o0 202 251g( LA CO, M 4811) , S S5 IR B
R 471 ¢/kWh; 8 2 K 4 HF ik 263.43 g/km,
WE S R BN AN B T KB HECE A 359 118 g( LA €O,
METE) o SR PSS AU S AL ek A R
AH B S 2 B HE TS A, 43 ) ek 2D e HE ik 80%
70%V) L,

R PLEE ST R I 600 MW SR & FLHLZH
SRR 300 o/kWh ( LIRS ) |, B4k & H
BUE 41%  HLAAEF /N3 4 000 h 115 Bl &
i 24 12 kWh/a, #EIER 72 J7 va, LLHE 25% (B
AR 25% RS ) S BART B2 L 28 T1 vVa, &l
BT kWh BEE (KAL) TR be & HL 4 A= i il 9T HE il
887 g/kWh, 1 kWh 45 i 4> A= i Ji] 309 itk HE Ry
570 ¢/kWh, 1 kWh B2 (&%) Rk et
WIBRHETC R 471 ¢/kWh, 5 1 kWh #4 d A Fe 08 HE
17.36% , S55EFW] SR B 7 U3 At g A Sk e
P, e e & R HE AR, TR ISk KRS
FAE BT A A A R L TR
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1) ANl B it f 38 25 S K, BRI N, %%
AR, A7 55 T W L L K ) 2 —HB &
A — VAR R 2 16 VR I 2 ) 2 e A A R B e
SR K fi i, JRURRL EEL AR K T S —HB A R —
TH 6 AR 2R 1) R 4 A i B D) A R 5 K T B
%, LG A eI A —HB & ME b 9 Ha, L A /K
il S —HB A U 2 e 2 78 7K 7B 8 AR
LA K il S —HB A B s 2k, 1% St ik A 8 U I
A—HB & U B2 BB 7= B B AE 4 A i S
A BB HE R S e . B R A BRI —
HB & U 9 L LA 7K il —HB A iU I 2 I
ARG A7 VAR AL 30 7K P doe g I FE AR Bk

2) 4B BEE , B AU HAL A K il S —HB A A
BRER AN LA AH AR 2R R ) A 7= B B34 A ik HE
iR BB, A B RN A A3 i ) SR I A%
HLI L -2 B - - - B - - - A -
-5 - A - UL R I 4 1Y 4 el A R 5 KO- B
i, Eneizfbr B, AR iz iy = % i g
R AL 30 7 A B M) A T A% R T AN X 2
7 A BRHE B AR /N, 23 BIFE 1500 km LA
A2 500 km LA I BAKERE L H

3) srYscE , LA R A T & v H
Yyseoh ), e 2 38 7K1 Fe I 1) 2 AU R i 7K il S —
HB & A —E B ik E— ] FA ) gk
SRERFAR PR MR T 20 o/MJ; L T A L H
IS/ A T2 5iE B 5, 8 REFEAHXTHRAIL,
AN 1) 28 4 2 i JR i A2 a0 7K P MIR T 2 R 24
BV R RN

4) BT, a2 A (an XUH LA K R A —
HB & 4R ) 2 A i R A d 2 i 7K F e ik, 5
T GEAAT BRARIAH L | 2% 2 A A8 388 S5 388 Btk HE TR 34
= PEALR [F) 22 38 ik 55 7T 98/ Al HE L 80% LA I ; 4
A HL AT A BB A B B 1 3

5) AH b AL 58 S Ab—HB & i R BUK Z 4%
AR S AL +CCS+HB AR I E i 2 2 DAk f 24
W SEGAA R EL , W 7R 5 3 40 3 ik HE
B 2 AT R 70% A L

6) FT b o, IR P ak & A re R
WFRAET IR & AL BB R, 4 s
R R ) A R A i ) TR R s U
e Bl i Z AR SCE AR & FRE A K2 ARk &
LTI BT RE BRI, EAR R s . D IR
IR BIFFY, 3T AN [R5 1) SE PR it oK AT R
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