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Fig.1 System flowchart of methanol synthesis from CO, and

green hydrogen
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Table 1 Models and property methods for modeling of

key devices

pIEd (% LYl WReN
L fiE A RStoic PR-BM
AR A RStoic PR-BM
rEiEE RadFrac NRTL
g PUMP PR-BM
LB MComp  Polytropic using ASME method

RGBT (e, 36T Hy 1915 7 AE ) 2 A SCHY A
e, HAE WM 0.55~5.05 MPa Fil 68%~849%",
HHIE S35 3.05 MPa F1 80% .,
12 FEEMRET

% CO, ok A=A T 2 A sk, wnig
SAREERN Yl R B RS T,
F CO, RIFEZHE, FRSSEOTRE2Z MK, AL
AN E CO, IR SR L3R YT, (U 1E CO, Hirik
W5, Hiik CO, — AW L =K (=8 MPa)
ik BT ( <4.8 MPa) UM% . 5 i U )
S PEEA BUE IR Y LA R EX IR
FRH, A T CO, AEHEEA I T I &
CO, ¥R E S (pco) 7 0.5~5 MPa, HARIE S0 1
MPa, £ E4aHl CM2 37} 25 H A s DE e i
JE 7 (FE B A R 1/ 0.005 MPa), R 1A
K1 CO,, H, AEA IR GG , — ISt B
EE 200 °C, Fr i AR B AR AR AR,
TR B B TR A A B B S B A T
H A 1, B B R 7128 5~10 MPa, 5
220~280 CM,  HyF H B BRSO R FAIFFE 480 78
3 AR SCHG VR B IV e A Ol 240 °C, 4 FHBFGY
A LR T (ps) X R GEVERE A SE

F B B B4R BE R CO,+3H,=CH,0+H,0,
T IR EEAR R A R H, AT CO, 45T Y
ek 3 A2 4, i#id Aspen Plus #K {4 %) Design
Spec g, LA#E A B BEG B 07 4 1 okt (5%
FRMNAGHRZS) H H, il CO, BIMI TR H o H
b, VAR L, DA A A
H, 3 SEBUT R YRR = e, BRRE CO, 4k
F (Xeo) N 14%~30%, 7% 3 5 B 20% ,
HTFLLEE B @A Aspen Plus 4R RStoic
BTN B B S R EA 7RS40, A PR-BM 4
T

H A B & A KA H, R COy, A T



REIE,ZF CO, 55%AA AT B T AZBEBR AE L AL 5 AT

P OB A R PR IN ZE M = A,
SRIG RIS F ) HARBR . LA = SR R
% 2.5 MPa, J5 [&IR 2 25 °C Bl i #-A 7 — 20 N 7%
PATE T Hy A CO, 1925 R B IEARBEME AR
S, 3% =2 SNE U HE R R GE, HRER
B RERHEFAME , BYZad 4501 CM3 FHE 5 R
WG RN A% s WAL bR AR R R 2 0.35
MPa Ze i, SRJGHE A G0N Z& ks sy 55 H, A
CO,, ARAT IR AH ™ B PR AR P B s — N 75 1Y
Bt TSR RN ZE ) = St AR TR T, 43
BRI 90% M A SAER A MR, 38 i R 4E AL
CM3 8 A,
1.3 WEAEIBET

FHL P 6 A OBUE G TR 2R G0 o B TR BEAIK
KR R R B RadFrac 07 | )i F NRTL
PR B — | GO IRE IS BB B A 45
1 65, 55 TR 4331 R 65 °CAIl 132 °C, 19 b 4
2k 0.668 F1 3, iR H I E T 4 BT
99.85%,,
1.4 A#F)VAET

A [DSCR) FH A R A 4 H s i PR R 1)
g RS EIORE T IR B A LA Y
KRB TCHY P )3 e RS B A S TE TR T
FH 25 S T RTOA TR T 2 200 B2 X AR I 18 D4
AR SORE DA P 4 Y G I 9 SR U A 7 R
ZARMIAEIEAGVLIETEER (ORC) K HHIT,
DI/ RGERTHLAE, TR B REEWEERL, ORC Y
R RN 25% , % ] Aspen Plus B 1
FH E SCHTRERR AR N G TR R L
1.5 AAEE

K SCHR[8]H CO, A H, A1l B B A B0 1
RIS ARSI E RN SCERE L3 2,

#2 CO,5H, &P EIR R

Table 2 Validation of process simulation of methanol
synthesis from CO, and H,

28 FHME SCHRE

CO, i fe/kg h 44 000 44 000
H, Hitit/kg-h 5488 5588

CH,0 Jiidt/kg-h™ 28 814 28 757
B4t /% 99.9 99.9

H, i A 480 1 2 o SCHR 8]+ A Tl Y
H, R IT AR A1, X HeER 2 Hr b E AN
SCHRAEL AT %1, Hy AT CHLO i AR 22505 -1.8%

H10.2% , W B2l B — 35, 7E3CHR8] Y, F1ER CO, 4l
SEREFEIS, A7 | kg HEEFT T U ELAEZI N 10.79
kW - h, A SCAREAE R 10.62 kW -h, #EH
FEl . VA X H U B AR SO ST AR A T 4E
2 EMIER
2.1 WEREZE

H T A S R ZEWFR A B B AR RE R
T CO, FAb R 2Z A, HAth AR 1 Xof P e ) o o 7™ R
(Y )REME N, P, AR SCE SFST Y., FH DA
LR CO, A A EER A =88 11, V. 35
W

Y=g (1)

s mey R A R A kg/h; Pre A&
SLHFEMI SR IIZ KW,
22 AGmesk

RGREAL () A i R G BB W% 4
bRz — RHEA RGBT A RE R, 5T
FH B2 v o B RIS A B 1 R GERE R (e N

M) TR0 h
_ HHV -mgu
Thinv= 3,6PRE XIOO% (2)
_ LHV- mgm
=3 g x100% (3)

AP HHV A LHV 53970k B B0 g 37 4 (22.7
MJ/kg) FIIRA HAE (19.9 MI/kg)®,
23 COthRE% B

WEBA RGERIFAERE, RS R
Fals LR CO,, I CO, 2 Rk i i BE A . Ry
THFFE R ) B, 4 Lt A BB Y
WS AR SR T CO, AR B (D) WA, Hi T
R W)

_ Pre

Dy (4)

KA :meo. N CO, Jo L i ,kg/h,
24 BB R

B FEAS [R)AE B X PPN 6 B (4 52 e R B, A
SO P AU EE R AL (SC) AT 4T, R

SC=AIl/AV (5)

b AV AR R VAR % AL HVERT SRR 1
AR, %,

SC L XHEBOR , RIPENFEER 1 X5 T8 5
VOBREUR ez, DO RS

<727 -



T RERETR

3 #R5HR
3.1 CO,#M¥EA

TE L fi# K JE 712k 3.05 MPa,  FLfi# KRR N
80% , LA U 10 5 MPa, BiFE CO, L% H
02 MIZIET, RGAERUH CO, fifiHE % FEHE CO,
Wb ST AR RS SN 2 B

7.8
64 -
-7.6
62 |
60 jm—=—=—=— = —8—&—=& " 74
581 — & Nuny 19a-
B —¥— N | ;c
8% 470 =
= O— Dy 0
541 J <
lyv—v— V¥ Vv Vv ¥ v 4 <
59 [ 6.8
00— X 6.6
~ OC—O0—0—0—0—0—0—20]
48 - 16.4
46
1 1 1 I I 1 1 L

— ' - 6.2
05 1.0 1.5 20 25 3.0 35 40 45 50
Ppco/MPa

B2 REHEUI CO, EaE™ ERE CO, MIRENMENL
Fig.2 Variations of i and Dg with pco,

M 2 FTLLE B poo MOTH R, m BT
l%j ,DE H%H—FIK% 5 MRy ;Fn Thnv ﬁ%u%j 59.9% ~
60.4%H1 52.5%~52.9% , Dy, 4 6.53~6.59 kW -h/kg.,
2 peo, FHETAT, FEARHL CM2 DIAEREAR , Ml 530
RYLEBEFERD n FHE . 7340 0 5 Dy BRI
PRI, X2t T P 75 m BT P AL T 000,
MAE De PIHER AT+, X UL, S HH
B N Sk R I RE BRI, P RETHI I R 52
R SRR B Z M P )

R AL 5 D X peo, BIBUSRE 28K
B4 XHE AN T 0.003, 68 poo, X LA FHEARAY
LSS ; A poo BIFHE, Y. DA 0.095 kg/(kW +h)
W fHE 5 0.096 kg/ (kW -h), ZRAEAR/N, DBEEH peo,
AREEAR, B, NRGRER LE , ZR 5]
DRI AP R T CO,, B S JFRSH IR CO, I,
OB B 2L, 2 B AT R
3.2 Ww#@KESH

16 CO, MIHR K F1M 1 MPa, HLR KSR N
80% , LA UK S0 5 MPa, BiFE CO, LR H
0.2 MR, RGBERUF CO, ifi g% 3 bl F i
IKIET] (pwe) FZRACTE BLANE 3 IR

MK 3 " LIE Fﬁ% Pwe E‘Jﬂ'l_% M SeBl
ﬂ‘% ,ﬁ‘%'lﬁiﬂﬂ y ﬁﬁ Dy, E'zﬂl?l‘ﬁ}iﬁﬁﬁft HU i\ ﬂ]

- 728 -

2024,42(6)
7.8
64 p
60 —././,.,IH—/H’_’.—'_‘.— 7.4
L . |
58 - My B
[ —72 "
56 - T 1=
X L N 4170 =
N —o—p .
?54 L I | 2
52 *W 68 2
[~ |
50,_ e o o) 66
8- 64
46 1
| | [ L1622

[
S5 10 15 20 25 30 35 40 45 50
pwi/MPa

B3 ZRGHERFA CO, s BB MKENNZL
Fig.3 Variations of n and Dg with py;

Do 23BN 59.0%~60.3%F1 51.7%~52.9% , Dy, 5
6.54~6.69 kW -h/kg, >4 py THEHT, BARKFE PMI
PIIIFERS A RGN, B H, FRAEHL CM1 DIFERIRE IR
R, LSRG D REFER> 0 THE, De FEAIK,

SRR BEE pwe IITHET, Y. AN 0.094
kg/ (KW -h)Z#i TH 2 0.096 kg/ (kW +h) , ZE{LAR/N
U\EEU% PwE % Y. E@ﬁ\g%ﬁu@%ﬁ,ﬂ l—ﬁ Dy Xﬂpr E(J
FRURRE R B A X E AT 0.010, BEH pye X
DL AR PR B R ES (A B EAE T peo. TR
W, AT CO, MFEs 5440, H, il CO, P
W L2 R 3, R T P AEARR R R Hy FRZEHLIY
DIFEWT KT CO, FRARHIL, 38 7K A4 & L Ak
FE7, TR W, FRARHLINRE IR, 1 %
B P ANEEN Y i s N
3.3 wgkaE

TE CO, ¥IHATE F1 0 1 MPa, /K T 1
3.05 MPa, H A B 12k 5 MPa, 582 CO, 1L
FH 0.2 FMETT, REHERHN CO, e B kil
LA KSR () IR AR DLAN R 4 IR

MHE 4 qJLIEH . FEE g M 68% Tt i &
84% ,m LeMETH i, Dy WM REAR s muy AT My 53
MK 51.8%~62.7%F 45.4%~55.0% ,Dy; 4 6.29~
7.61 kW -h/kg, e THEE AT AL BEE nwe T, Y.
M 0.082 kg/(kW +h) Z#iF+ 2 0.100 kg/(kW +h),
FEE I 5 A Dy X e VU EE R EST M2 R
0.927 #1-0.905, Ut B} mye A2 LA E 46 bR B T 252 M)
SR, BRI LI, MK SCR N 60%
i, CO, F Hy A B BRI 25 B R0R K 39%, HR ¥
] 4 Byt i, A Scr CO, Fl H, A BT



REIE,ZF CO, 55%AA AT B T AZBEBR AE L AL 5 AT

7.8
64
62 1 Q —4 7.6
60 - 474
581 —- 72 =
[ £
%7 1705
T4t | &
sl —4 68
50 - -+ 6.6
48 -_ _ 6‘4
46
L L L 6.2
68 70 72 74 76 78 80 82 &4
Nwe/%
B4 RFEBEHFA CO, iEEEZ ERRERKNERNTL

Fig.4 Variations of 17 and Dy with 1y

HIZEB BRI N 40% , X SAAFER IR 450 5
A —Z, PEIA SRS B[Rl 2R B A Bl
A WA I SR FH v A5 FR R K T SRR
3.4 FEARIET

TE CO, WIUR S0 1 MPa,  H /K R 1 sk
ROy H1h 3.05 MPa i1 80% , HFE CO, f51LER N
0.2 AT, RGRERUF CO, fifi %% i bl HH i
B BUETT (puse) AR ARIELLANEL 5 FR

7.8
64 __ — & Ty i
476
62 - — ¥ N
60 - oDy —74
sg 1.
| 472,
L -
& 56| 170 2
Ssql E
[ 5
sk 638
sOF oo 6.6
a8r 6.4
46 1
| | 1 1 1 1 62
5 6 7 8 9 10

wse/MPa
ES5 RgEEMH CO, ﬁ%‘ﬁ“ﬁ%)&[ﬁﬁﬁﬁ%ﬁﬁiﬁﬁﬂ‘]&“ﬂ
Fig.5 Variations of  and Dy with pys

ME S FTLAE . BEE pus A 5 MPa FHE 2

10 MPa,n 3Z#7 FF&, 10 De BT muny A 9y
4% ) M 57.0% ~60.1% F1 50.0% ~52.7% ,Dy. N
6.57~6.92 kW -h/kg , XK A pyse FIFHR, S5
AL CO, Fl Hy LU RAEA Z IR R KK, a4
MLASDIREF R o e THE T B pase RT3,
Y. M\ 0.095 kg/ (kW -h)Z#if% 2 0.090 kg/ (kW +h),
F%mﬁﬁﬂﬁ;n I—ﬁ Dy XUL Pwmsr E‘Jﬁi@fﬁ%é&%éﬁxﬂﬁ

BI25°0 0.078 , VEHH puss R LA EFEFRAGSZ IR 58
F peo A pue, (B EREEILALT o
3.5 $4% CO, #HAbF

TE CO, WIMGIE S 1 MPa. HLRF/K 7 FI5K
RFHK 3.05 MPa #1 80% . W ELS WJE N 5
MPa [J551F T, RGBERUR CO, fiff i 2 J3E Fifi FL A
CO, AL AN 6 B

7.8
64 -

62 [
—A— Ny

60 |- 174
¥ N

S8 oD, 172
56

0%

54
520
50

48

46 -

0.15 0.18 0.21 0.24 0.27 0.30
XU()Z

B 6 ZRGALEN CO, iEALZEMEBTE CO, UL RMEL
Fig.6 Variations of 5 and Dy, with X,

MWE 6 ATLLE 1, BEH Xo M 0.14 F+ 2
0.30, gy M 55.4% T+ & 64.2% ,muw M 48.6% Tt
% 56.3%, 1M Dy & i 6.73 kW -h/kg T [ E
6.43 kW - h/kg, X & N BHE Xoo TS, EZHY
CO, Fll H, 28 JJ7 SRR G4 S W 3@ ik — | 9% AN
7557 BT F A = sl HE R R S R0 Bth il
S FEYITRRHE DT, B X oo, POTHET, HE
2R G0 B R D, R R R RN 0.592
ke/kg 12 0.655 ke/kg, 3 W i, i Hofh S 400
FH o i = R LTI R M, B T 00 9 P
i 3800 0.626 kelkg, TEREFEMIRERIT T , b
& Xeo BITFE TE4EHL CM3 fOShFER AR, R
GRERHE R . Anicic BOFSE Z I, 4 Xeo. 4 0.14
i, CO, Fl Hy A AL EEAY L AE N 10.79 kW -h, A
N Ny A 58.4% , WK T A LI 55.4% , 3X A]
A= A iU ) B 25 Sl ) . a1t AR ]
M BEE Xeo TR, Y. DA 0.088 ke/ (kW -h) #2175
% 0.102 kg/ (kW +h) , FHIE B 50 A1 Dy XF X o, BY
TR BB 9294 0.178 F1-0.056, BEHH X,
XF LA L FR BRI R A5 SRR R G — RS
B, TR, 7 fnas = P R A AR i o R R
B CO, bR,

- 729 -



T RERETR

3.6 IRAREACAL B AT L 5 AT

ZE LR TE LD LS EUNARIE R i A
Do S9N 51.8%~64.2%F1 45.4%~56.3% , Dy K
6.29~7.61 kW -h/kg, Y. 7 0.082~0.102 kg/(kW +h).,
ETUESEIE A, RGeS IET
Ak, 158040 F SHA R PEAL T 00 . CO, ItRIE
7175 5 MPa, HLf#ZK R4 5128 5.05 MPa
1 84% , HEEG WUHE J1 R 5 MPa, 52 CO, bR
y\] 0.30 Eiﬁﬁﬂ’ﬂﬁiyﬂ.‘ﬁ‘ s TlHnv ﬂ:‘n Thnv éj\%”y‘:’
68.0% 1 59.6% ,D;; & % 6.07 kW -h/kg, Y, T+ &
0.108 kg/kW - h, FH T 1™ %8 0.655 kerkg,

K RE AT MU AE RE Y R S RERL S 18 70%~
989%™, 2 & 3] FH B & LI BE i B 30305, LA CO,
Sk SRR EL ) R B e AR AE R G RER
ARG BRI, F7K 25 RE AL T A RE B AR Ak RE 2%
FE 43R 0.2~2 W -h/kg i 30~200 W -h/kg!™, CO,
fitifie % Bl L L ARE R, S b A RE S Y
30 5 b, 5B RS RERURERE R R E , LA
CO, Sy JER i) FL 1 FH s AR R SE FH /N RIS ]
WimtaRe 5, OGS T RO S BT A A
bR 5
4 Hig

A SCAHE A Aspen Plus K427 T CO, 5%
AP EBEAEAL, R TR TR T 2%
RERL . CO, i RE S FIRE B R AR AR RO 5E , 15
FUNF 58,

O R G Ae AR H FERE & 7= R % CO, )
GRE T AR D) FRARK AR AR CO, Fe ik
RESHMT M, BEE P EE SErF
TR, CO, ffRE%E B 5 R AR R AR fh ke 3
FHR  FEAL TAE R, B L R GEREAR 2 57 hy F2 22
L7

QUL KRR R CO, AL R R R G
AERL . CO, B RE R | BERE Ly R SE R AR i 22
SR, W RS R IR 2, B 7K R T A CO, 4
A WALE AL R EE

HET HIE R AROHYE R RGEREE . CO, e
% A BERE A R0 e LA 4 i ol 68.0%
59.6% ,6.07 kW -h/kg,0.108 kg/(kW +h) . #H Ht T4
JKE REFIHL AR BE , BRI RGEREA S AR
AfgRE% I E R, 1T ROMBHK S I 4 ae

=N
20

- 730 -

2024,42(6)

FEL iR 7 i) S o € P A 7 AR SR B RA T, R
K L T AL e 8 P R K ) SE BRI BT RIS, 2T
Je e P B LT, A, RIEANFIY CO,
] RIS LR (00 TP 2 i 7 S0 RE AR HE A 56 B2
ZESEI, AR R IR A i J S0 PO BE B
TOMZEBFIERTTE

SR

(1] ZHE R4 M T, A8 o] n] FEAE RETRTH 4 il
AT (P2X) BRIt 2 L BERE AKX L (D] A R RE I
HIERM,2020,3(1):86-96.

[2] SRR, IKERR, VB, %5 B S KU T 98 ) 255 B e
AR TFARAALHT T[] T AR AR, 2022,40(5) -
660-666.

(3] TReT, e, AR, S5 0 B B A U U N 2
R PEALIESE)] AT HHAE ETR , 2022,40(6) : 845-852

(4] SRIOVC, V. SRR AN 25 i P I T 2 A 5T
PERJ T AR T, 2022,53(5) : 21-25.

(5] TR0 AR A Ui PP et 2 5 P s s O 5 73
Fr{]A62= T, 2022,40(2) : 36-41.

[6] HUBL, TEFFUE  WRAE 1 , 2. — S AR S il o
22T R T (C1 A+ 516 T) ,2015,40
(3):21-25.

[7] Van-Dal é S,Bouallou C. Design and simulation of a
methanol production plant from CO, hydrogenation [J].
Journal of Cleaner Production,2013,57,38-45.

[8] Anicic B, Trop P, Goricanec D. Comparison between two
methods of methanol production from carbon dioxide[J].
Energy,2014,77.:279-289.

[9] Dawood F, Anda M, Shafiullah G M. Hydrogen

production for energy:An overview [J].International

Journal of Hydrogen Energy,2020,45(7) :3847-3869.

Schmidt O,Gambhir A ,Staffell I,et al. Future cost and

performance of water electrolysis: An expert elicitation

[10

—

study [J]International Journal of Hydrogen Energy,
2017,42(52) :30470-30492.

[11] ATZLAE, HRER, BB, 25 HL oK i S BOAR BT St
5 T E TR R, 2021,23(2) 1 146-152.

[12] Yang S,Li B,Zheng J,et al. Biomass—to—Methanol by
dual -stage entrained flow gasification:Design and
techno—economic analysis based on system modeling[J].
Journal of Cleaner Production,2018,205.:364-374.

[13] Arteaga—Pérez L E,Gomez—Capiro O,Karelovic A, et al.
A modelling approach to the techno —economics of
Biomass -to —SNG/Methanol systems:Standalone vs

Integrated topologies [J].Chemical Engineering Journal ,



REIE,ZF CO, 55%AA AT B T AZBEBR AE L AL 5 AT

2016,286:663-678. [15] Slaughter A. Electricity storage:Technologies,impacts,
[14] Jiteg. HREORG IR T 2B S 40 SO T 205 and prospects [R].Houston;Deloitte Center for Energy
[D].FG % . Pa & Al k2, 2011, Solutions,2015.

Process simulation and energy storage performance analysis of
methanol synthesis from CO, and green hydrogen

Song Guohui', Liang Longxin', Ye Rongxin', Ru Yiyao', Cui Xiaobo'?, Gu Haiming'
(1.School of Energy and Power Engineering, Nanjing Institute of Technology, Nanjing 211167, China; 2.School of
Energy and Environment, Southeast University, Nanjing 210096, China)

Abstract: This paper studied the simulation of methanol synthesis from CO, and green hydrogen,
and proposed an indicator of the energy storage density of CO,. Then influences of multiple
variables on the performance indicators were analyzed. The results show that the systematic energy
efficiency and energetic yield of methanol increase with the increase in the electrolysis efficiency,
per pass CO, conversion rate, electrolysis pressure, and initial CO, pressure. However, these
indicators decrease with the increase in the methanol synthesis pressure. The variations of the
energy storage density of CO, with these variables are opposite to the systematic energy efficiency
and energetic yield. The electrolysis efficiency and per pass CO, conversion rate are the sensitive
and key variables of this process. Under the optimal conditions, the systematic energy efficiencies
based on the higher and lower heating values are 68.0% and 59.6% , respectively, the energy
storage density of CO, is 6.07 kW -h/kg, and the energetic yield of methanol is 0.108 kg/(kW+h),
indicating the power —to —methanol system using CO, as feedstock is unsatisfactory in term of
systematic energy efficiency, but has significant advantage in the energy storage density.

Keywords: water electrolysis; CO, utilization; methanol; process simulation; systematic energy

efficiency; density of energy storage
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