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Fig.1 Principal flowsheet diagram of green hydrogen—green ammonia process
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Table 1 Main process parameter of electrolyzers
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Fig.3 Dynamics response of ammonia production, solar

power, and wind power under fluctuated weather conditions
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Fig.4 Dynamics response of ammonia production and grid

power input under fluctuated weather conditions
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fluctuated weather conditions

3 FH TR, [ 3 Ao P R i A £ A A
IR fE— K AR 3,5 iTUEH i F
—HBE (Y 3 vh) S AR B, A A
FriE 8.5 vh ZEATREARH 5.5 vh 224 s FE XA |
Fefk & mE B e R T (0~12,24~30h), &
AT EONERE , RIB i R ARG A, E 3
SRR 76 KU OGR4 TR
BT B (12~20,30~36 h) , fitf ke BB,
TROEAREAT", BAMEEE BRI T
B RS E R, R e & h JeRE SN e
JiE ISR AS R T R H 67 7 ) U S
WA ZE 10~80 MW, . 36 h A b 75 W Ha, i £ il
2600 MW -h [&fIK 2 1 700 MW -h, H1H AT UL fif 5
BB MB A, AR e A R E A= W R A A
T AR F DR 0 3 AT X, A5 72
D) L 114) 07 56 A S A S IBORE T BRI 23K



F HE ZEA-ZALLRERNGZREEN) S AL

IIEARE RN, FEAE RS TRt
Wi (14 h Ay BOR AR B AR =,
L 8 000 mYh (FRUERIL T ) , X &4 Jd S b4 [
SAE AL B P PERE IO L 120 fiff % BRI
AT ZUAR AL AR T ATS SR 2 U R IR &
EIRIZE L, K, fFEE xR T
b, (5 B i RET- B & L EA TG R
EE e
34 WE fEA BRI EEREEA-GA
A

AR R AR LAk E A RE it SR TR
WHDR e A -a 2 L= 1) T, 76 3.3 Wb
Y 3ent b, R i~ e ke B i v DR
AR R E— 2SR AL TR .36 h NERE ™ i |
W HL D i S A BB Y s A B G 6
JirR

533 Wik EAL, A EphikiE
E R BIHN— R SR, A E " AL RFTE 5.5
vh ZiA, R LA it R ke 5 7 A AT DO 67 i
it e BB BRI B BEA A, PR 1) H e Al

10 200
ot B A B 4180
st T REES {160
- TF 1140
= 1120 E
mﬁ* 6 1120 =
£ 5t i
%} 4] =
4+ e =
= 1,180
&t HIR E
3t A N AR )
L - S A .
4 i « J : I R l' -
2phan_/ s B H [ " . ! 40
" ’ " [IAY H b
1t VY : ',l,‘,.-‘ [, B
0 A ; A 0
0 6 12 18 24 30 36
HEX )/
(a) G U 52 F1 I FL TR ) AR Ak 3
10 50
.......... {%g(ﬁﬁ
{ S\ =
) Rt
L= -
».‘ E
Z6 . 305
= A H
g L h =
2 . ] H
S R AR e H |:I“-v\
PO il
® Ok '
d Ea
oF i
1
i L
..... i
0
0 6 12 18 24
AHXF S ] /h

(b)fift U O AL e R U 7 AL a3

100 800
80 F Jil
T H 1600
[ -eeee FrHLHLIE
S Y 5
R 5 CERER
i) =
?h - 400?_:]5
&
= 40F
i 4200
20
0 . 5 N N . : 0
0 6 12 18 24 30 36

AEXT 8] /h
(o) FHREZE BT Ayl 1 | 70 L R VR P v A A AR Al B A
6 REEGRHITERE"ERNBINE ES
e N R A S B L
Fig.6 Dynamics responses of ammonia production, grid
power input, hydrogen storage setup, and battery energy
storage system under fluctuated weather conditions
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Multi-steady state simulation and dynamics responses of green
hydrogen—green ammonia production process
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Abstract: Ammonia synthesis based on hydrogen derived from renewable electricity (i.e. green
hydrogen and green ammonia process) is frequently fluctuated due to weather change and the
sections are highly coupled. To understand the synthesis and scheduling of power generation and
transmission, hydrogen production by water electrolysis, hydrogen storage, electrochemical energy
storage, and ammonia synthesis sections in green ammonia process, a generic process model for
both steady—state and dynamics mode was developed using the next generation process simulation
software, AVEVA Process Simulation, and the dynamics response of the model to weather
fluctuation was investigated by means of multi —steady state simulation. The results show that
optimized design and scheduling of the hydrogen storage and electricity storage modules can
significantly stabilize the ammonia production, utilize excess renewable electricity, reduce grid
power input, and thus, improve the economy.

Keywords: renewable energy; green hydrogen; green ammonia; ammonia synthesis; process

simulation; dynamics response
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