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Life-cycle energy efficiency estimation of large-scale ammonia fuel
energy storage system

WANG Yuegu, ZHOU Mei, WANG Zhaolin, ZHENG Songsheng
(College of Energy, Xiamen University, Xiamen 361102, Fujian, China)

Abstract: In this paper, ammonia fuel as energy storage medium is introduced with its advantages of
no pollution, high volumetric energy density and convenient transportation and storage in contrast with
typical fossil fuels at first. And ammonia fuel energy storage system shows great advantages in large
scale and less restriction of geographical conditions when compared with many other traditional energy
storage methods. Besides, the energy consumption as well as the energy efficiency of several ammonia
synthesis systems is calculated theoretically and industrially. The biggest problem associated with the
cyclic and intermittent energy productions like nuclear energy, wind power, solar power and other
renewable energy, is the surplus electricity utilization. Finally, this study proposes a new solution,
where there are no carbon emissions upstream or downstream, that ammonia fuel could be
compounded using valley power or abandoned electricity and then generating electricity when the
supply of electricity is insufficient. It’s demonstrated that the life-cycle energy storage efficiency of
ammonia fuel system related aforementioned synthesis process is 25%~40% and the conversion rate

of electric power is 2.5~4.0 kW-h/ 10 kW-h.

Key words: ammonia fuel; ammonia synthesis; storage energy efficiency; life-cycle
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Table 2 Exhaust emission from per unit of combustion

energy
JRRE }%%‘E“f&? :%@% KikgMI™ R /kgMI!
/kg-MJ /kg-MJ

) 0.384 0 0.085 0.298
CNG 0.368 0.055 0.045 0.268
iy 0.298 0 0.075 0.223
Vs 0.374 0.071 0.044 0.260
IR 0.371 0.070 0.032 0.268
SE 0.432 0.109 0.048 0.274
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Fig.1 Emission by the same amount air intake
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Fig.2 Ammonia synthesis by fossil fuel (a)natural gas

steam reforming (b) coal gasification
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Fig.3 Renewable-source ammonia (a) production from

electricity (b) production from electrochemistry
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Table 3 The energy efficiency of ammonia production

from electricity

Table 4 The energy efficiency of ammonia production

from coal gasification

Process Value Unit
AR D 23.58 MI-kg™' NH;
L B 8.24 MJ-kg™' NH;

Al G 0.625 kW-h-kg™' NH;

& A A REFE 34.07 MJ-kg™' NH;

PR 54.6 %

5
Table 5 The energy efficiency of ammonia production

from natural gas steam reforming

Process Value Unit
JFR (CHy 25.1 MJ-kg™' NH;
R (CHY 8.2 MJ-kg™' NH;

B IE A REFE 333 MJ-kg™' NH;

LYV ES 55.9 %

Process Value Unit
3.54~4.4 kW-h-m™ H,

AR (2.5V) 1
6.9~8.6 kW-h-kg™' NH;
. 0.34~0.76 kW-hm? N,

g .
0.22~0.49 kW-h-kg™' NH;
i Eh HLFE 2.25 kW-h-kg™' NH;
BREFEEE 9.37~11.3 kW-h-kg™' NH;

&N 45.7~553 %
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(17554 B /NI No=0.01445 kW-h/m® %5244
ZRN . AR S IS FEFERE A R T R A
REFEMI L B /oK, B ML & R A L AR T IA
71.5%, e BARFE RS LR 6.
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Table 6 The ideal energy efficiency of ammonia synthesis

Process Value Unit
HaL 7K 2.95 kW-h-m™ H,
73 43l 2 0.02 KW-h-m~ N,
I HFE 1.48 kW-h-kg™' NH;
AIREFE R 7.23 kW-h-kg™' NH;
& 71.5 %

MACHTIRBTIE 1 R L 2 AR TN EREG R
MR UL, SAERA T EMLIL, & RARH
ZRUN . AR i R T A AR, 5
—THERES RS AR N AR R
TS0, D EUAE R BB, BEAk, il REN BLEIR
RHIR e Je 74l 223 ) 5 1) NOy Bk 78 SR g Ak 2
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Table 7 Generating ability of ammonia fuel

B

. N R DL Ha, il
G2 FeH LVED MW -
/MW
R — 60 1.18 3.00
I S K R HL 3.54 45 0.88 4.02
R H — 88 1.42 2.50

F 7 R BIRE R I R B RCR L H AR
PR, DL RSN B S RRAARKHE
HARKHESHFEMNFEERN R, HILHES, F
FEEE 3 I AL A R BETEFE 35.4 MW FrH, 4E
FEE 30 R A R REFIH 354 MW FEH,
TR 307437 7 T AR 0 7 il T o i K P A
FHM A2 R R 100 MWEH, a5k 2 i — i %
TR A ) Beff A 24 T = e [ B e R 2 )
RO Y (LW T 77 e s o R 11 P2v) A A G LR = RN
H b 7 L s /K7 A3 0.72 MI/kg (1.47 MI/L) B,
TR B & 2 P AR A BV 1A 18.7 MU/kg (11.8
MI/L), Ji& bR & il AEsem 26 £, A L
MZE 10 52 4.

it BE AR A I B R R R HL A R 7 FL ]
PIRTAT INEZ — . fEREAREAE 100 MW DL B, iR
BONBCAIRFUSAE e B BT K B REH s . R44

4
Fig.4 The ammonia production program from surplus

electricity

5

Fig.5 The storage ability of ammonia fuel
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