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5 A 4
F7H9)

A7 1
A8 A S SN T)E= g A (Combined Heat & Power generation) &3, 44 g (Hydrogen
separation) x|, wWE 7§14 (Methane reforming) &% 2 WekE ¥4 (MeOH synthesis) FXE E3tels= 33

QF TkAE o] &% vEE

ﬂl&

2 H7] HAF 34 (polygeneration process) AlZ~El.

AT 2
A 18tel]l A,

o A 7}~ o5 (reverse water gas shift; RWGS) FXE ©] £33t AL EAOR &= A|~H.

A3 3

A 18l oA,

A7) g4 E2](Hydrogen separation) FX]+ PSA(Pressure Swing Adsorption) W2lES o] &3l= ZS EF o=
3= Al2=H.

AT 4

B 7~ (006)E B8] 7] (splitter)ell ¢ste] dw et 24 (Combined Heat & Power generation) %X

A 2 H
¢} =4 ¢ (Hydrogen separation) FX 2 FAld FHFHE AS EAHOR 3= A|2~H,

71 AR 2l ARG 0, FH-(COrich) 7kxek A7) 4 e ZA ] CHy F5-(Cl-rich) 7k=7F &8+

o 4] Wig /Wd AR TFE= AS SHLR = AL

A7 6
A1gel de) A,
A7) wer A AAe 98 A7 (raw syngas)od A7) A W A9 H, vk EdEO Wes @4

(MeOH synthesis) FXZ T35+ AS EFHOE 3= A 2H,

A7) e T AAY] 0, TH-(Corich) Zhaok 7] i e AR H, 7Fa7E EgEC 9 A Tk
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rr

o] % (reverse water gas shift; RWGS) FA 2 FFH= AL

o

Ao 3= Al2H.

A7 dHe 2l A9 0, FH-(C0rich) 7F2E 9 4 712 o5 (reverse water gas shift; RWGS) X
=
|

2 7] A 40CE YAAA LO7F A" AL SHeE sk A=H.

A7) Fra w8 A9 CHy S5 (CH-rich) 7h2e 7] g Md AA2 FFHE A0S SH0=2 3 A|&H.
A7 10

A28 o)A

A7) dE hd A2 A8 A7b~(raw syngas) et o FA 7F~ ol% AR C0-FX-(CO-rich) 7H~7) &3
o] WElE 34 (MeOH synthesis) FA2 FFHE AL EAOR 3= A|~H,

gige] 41y

7l & & oF

3 E JIAE o83 wEke 4 % A7] WA I (polygeneration process) AlZElo] 3 Ro = A
Hogx ALY 37 I8 HYPA7]E= 93 WA (Combined Heat & Power generation) &%, & g
(Hydrogen separation) %], w&k 7§

2= =]
= T =
A (Methane reforming) &% % wer2 ¢4 (MeOH synthesis) FXS
Bol| 3
=)

p=4
el = QB JlAE o)g3 WEE o 9w A7) HA FA(polygeneration process) Al

l

Fa 7y, DAFEEA(C0) R 00 teFE HleS et e 2 F 7FA(006), L= 7R (BFG),

A& 7}2(LDG;Linz-Donawitz Converter Gas) 5 A7 Aol w& o 7l27F vt ETO] 37 &7 (coking
process)? F& FAEQ COGE= olUA T4 4 ¥ (energy-centric viewpoint)ollA 33} (LS) 2 4EY

ob(NHy) ¢ & E4E3 a4 55-60 mol%e] Hy,, 23-27 mol%e] wl€F(CH,), 5-8 mol%<] CO, & 3-5 mol%e] A
N)E xFste tdsta sas 33t E4& xshsit. 384 Y ES(chemical building block) &2 A &
2 AAEA = Bk, *gﬁ% OG94 oF Nk dutdo=w F7] AW d3 HHES FF3r] Hg dsdoe

o}
2 @AelM AHSET. C0G < sl dava da e v o= wEdd.

o~

=]
L
rjrlo
ro

Hol= A BAA 2 A4 SAE sk b 4SS T 2 FA A HVE, 53] 006G giA &
Lo thek we A7)l o]Fo]HTh. Ghanbari et al.S A AH|(steelmaking plant)olA &4 £ /)48t

_4_
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7] $gt H]E"JEL HA s mdg Atk Alvaro et al. & I gL
A =E 71Es ARESte] #H7hs AArE dEfs ] 98 3 e 7= Zhsd dAE 24
T}, Sun et al .—3— bge #H7l=s AbgSte] THAdE se Bd 2 dAVIE AAsks B Aage] Al #
E TR, & o= VI AR Hlaste] 7 AlAEe] Ve o] AA FEE

MEY g AEH-FAN AFdel i e
2~

HZ= 3 A, AlEYolA 2 HAa-FA Hriel e T EAA A2 XYool (process systems
engineering; PSE) 419l WHo] gefst FI17kA] 318t £ LS 8 HalAAd Z2A 29 A 9 B4
[

-

de] AbgHa vk, Cao et al.2 7k~ 71&(reforming) 2 7}’\5} TS FAst] AR YA 5849
HERE (MeOH) AAF A| =81 AFTE. FAFSHAl, Zhou et al. Eir_/t o] 8 4 dux] a&s FIA7I7] H%
T 7t= At NE 4 Ae 7hest T3S FRAT. Yi et al. & 3 AEHOIA Tles AHESk] C0GSE A
s B ARESte] DMESE A71E AAlste WA 3 q(Polygeneratlon Process) S 1% AlZ22 AA AFE A
et 252 dyA 5284, ©4 3¢ 2 AAGE AHESt A2F Te Ass FNIE T8 &9
AgE #4900, Man et al. & ’\]ﬁ' 3 LE 7t BHE e (GaCl0) TS AQHste] 71E9] Aek-&
A (CT0) 43 Hwghrt., 252 GaClo =] 39 F8 7=l €0, WiE 2 1x wWe /A (dry methane

reforming; DMR) % 7] wlgt 7}& (steam methane reforming; SMR)S] AJAF v]&3} & 7)<z Ao g+
oheFst 9 vl W] gk diE =9t

MeOH 342 C0G & ot de] wolsox= A T shutoltt. vieE Al tisl George Olah
o Zafol A =old mpe} ol MeOHE <a% gt Uy S50l 53 44 7tAE o= AEE <y

°1=°
=2
pass
o

AREAL FF W )3 FAH A AR(EE & £ #HA7IE e, el BAAA 06
Ag AZE YT W Fad 71%@ 237k ok, 1 F shbe was $a9 Nee #3 QA fA%n @
& ES A4Fe Ml A Fuisials Aotk SlolA =R wsh o), Fael FAAA, 06 o
Anro] Ao @ W owe] AgHo] Ba FHU QLR AD 0, NEL FEDT. JuAE NeOl T4 4

, ®a-ga vl R=(H-C0.)/(C0HC0) = Aolsm, wghs ol widh nhgrzgh R e of 2.0-
2,101t COG ©]-& ZEAZOA o] 545 24 f8l, Yi et al.2 (0, A&E s
o] COGEHF-E M=z MeOH Ak AJ2ES AR, o Hd=fe] 34 a4e= A a5 9l
& w77kzel A 248 ez C0,7F MeOH A 2o =2 gy of

pin T glojvh. FH<E, Gong et al.& BEF o]xo] WREHE =& FAS] Nt £e¥A &2 C0GS H,
COGE AH&et= A= i MeOH A 5782 Al

471 &&@elA C0G-MeOH *quﬂ ek T8 L
HAfoltk: (i) C02 Mi&S HAstslhr] 9k A4- wha
A& =0 MeOH)ERH OPW?/P d 3 AdEs 2 G5 A FE e At

¥ 0001) Wetlsr 5553 A10-1351317%

g J§
ddstel= A

2 g e] HA2 C0GEH-E MeOH, A8 2 & AS s 1 olyx] ma&o il 34 (polygeneration
process)S Aetst= Zlojt). Aot FAHL A3 2d(combined heat and power; CHP) %Xé% MeOH AJAF
A FEEoEA B4 ®BE e diF 0, HiEgle]l MeOH, dE 9 E& ik 4 o,
P
q

SE, OH

,q] < 51- /H

AlEdold, HAX-AAE "7k 2 udd PSE T4 Vles ARESke], & e oy ARk B oeluA
&S Hdistelr] A% HH Ad A8 2 e A 2 & dFHs Tdees AR o 2Es ey,



[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

ZIHSd 10-2020-0145409
apA o ' | ARbE Z A~ AAAL AT HAax-AA A5 T8 71E ZEAZ9 RlaE v,

A9 HE 78

A719F FE Ve HAE Atz B 2yl AYy 34 48 BN TIE E€9F 2 (Combined Heat &
Power generation) %%, 42 @] (Hydrogen separation) “&X], W& 7§18 (Methane reforming) %% L &t
< A MeOH synthesis) FAAE EXFsE I3 B 7125 o83 g, 4 # Ay Wik FH

(polygeneration process) A|~¥S A-F3it),

e nme FiE WAHIPG) T4 CHP 3742 F3) MeOH 3k ohel g 5l 42 Ailehs A
EE Spo], A HIPG T AR A7HA e 7k AR vlsel T (1) CP, (2) 4 2e

(3) "iek A 9 (4) MeOH 3.

A7l Al2EE H, 2 0,5 B0 2 02 AFsl= o 44 7k o5 (reverse water gas shift; RWGS) HAE

] 2] (Hydrogen separation) X% PSA(Pressure Swing Adsorption) ®2]S o]&3l= AS EAoR
stt}, PSA 719 A, ASHO|E-bAE 7l E3ENA LR F4AE 5] A& gddt 7t Akl A
g2 AFEE = A FERA oI, HbS 38 BoloA] kst kgl A okl SMReIA CHy A S 218 2

e o Evig} ApEET A H9dn. B w488 A% A0 s Aa sk A
J s} =

TaEE =4
&Odcﬂ e, dnkqo= CHP 715011 FTEE 067 Z7}1Eel
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2l g 9 A7l WA TA(polygeneration process) A|Z~EY AL T Jixz FIEE S
jor  FARAHoT o 44 7} o]F(reverse water gas shift; RWGS) FX& ¥ A7 xdelr = A

AV

o =4 7}~ o] B (reverse water gas shift; RWGS) &A= Ea@}x] F= AlaHY] AS- A7 e dd I
219] €O, TH(COrrich) 7F2=e} A7) 4 &8 A9 CHy $H(CH-rich) 71227 £3= o] A7) g Ad %
A2 T, A7) dE d ZARe 95 A7bA(raw syngas) @ A7) A EE ZAH H, 7t 850

=
eHS g4 (MeOH synthesis) A= &3},
¢} &gy o A4 7}~ o] 5 (reverse water gas shift; RWGS) FXE Egtsle A|~vle] A Ay 9w 2
A AA ] €0, FH-(C0rich) 7h=ok A7) 4 28 A Hy, 7k=7F EfEo] o 4 7k o F (reverse
water gas shift; RWGS) &= Fwar, olul A7) W 2d 4x €0, F5(C0,rich) 7F=&
7}2~ o] (reverse water gas shift; RWGS) FAZ g =7] el 40C2 IZAA H07F AAEY, A7) 4
2 A9 CH F45-(CHrich) 7h=e A7) vk Ad A= FaHa, 7] dg A 49 d5 A7k
=
=

T 7k olg AA 9] C0-FH(C0-rich) 7p27F Eqsof wghe 973 (MeOH synthesis) %

A

(raw syngas)$}
A= ZRA,

P e I35 8 JpARERE 1 dux] g8 2 AAHS wEke Ak Fged #3 ez B wgel ¥
A Azl UR] &S 718 FAE8 A HlE A ANAEAeH (53 ~ 71%) BAA FHrF Aol wpEd A
otel A9 wers e HA ) 7488 0.23-0.29 USD/kg® 7129 Hghe AA 34 vuste] AAMS 2zt
a3 o

T 18 COGRAEEH wee XS 93 371K 34 AAES =A% (a) TP AR (b) 1E2 Y
WAl ZA 41 D (¢) AEZ B35 A A 42,



[0021]
[0022]
[0023]

[0024]

[0025]

[0026]

[0028]

[0029]

[0030]

[0031]

ZIHSd 10-2020-0145409

& 28 tdE o HES 2 NeOH A 7ol o 70 2EHS] 24 3R @& Yehs 2gzen,

< AR & o HE ZE HIPG 3804 4, A7 2 MeOHe] LHVEA e oluvAe] &S vebls 1
o]

I 4% Case 29 W3 AlEEo)d 58 AE ¥ F2o ~EY ARE Yedt,
I 5% Case 49 i3 Al&#o)d 58 AE B Fo ~EY ARE Yeldt},
57FA] Al@ Caseoll tigtk ol |q=] AH] 9 oA 585 Yehlls 2ot
Cases 1-5 ®F4 W&~ (carbon balance)oll thak 7HgF=o|th(h$]: kmol/h).

T F e MIEF B 9 WiEFS HEh= 28 Zejn,

L
N (@]
o rlo

H
oo
rlo

57F4] Alg Caseol dl
o

H

9% 574 AlE Caseoll ek 213 CAPEX % 7b¥ OPEXE vebl= 2 Zolth (w9 N$).
5= 102 57H4 ATE Caseoll Wik 58 A7F 74 24 3 HA v 7H4S Uehle adzel

wge HAe)7] flek 7FAE QL &
olal, ¥ WS W} A EA A e

1. ¥4 A3 (Problem statement)

(D) 357 7h= 2 47 A

C06Sl 24 2 ol bsd Fe ;AL A 3P A7 % 3, en AEHE N8 §30) met o
Shth, B9l J1Zste] B Mol A AR (06 AFE [E 1] 29pso] e,

Coke oven gas information for simulation

Temperature ["C] 40
Pressure [bar] 22
Flowrate [kmol/h] 5,307
Major composition [mol%)]

Carbone dioxide (CO4) 32
Nitrogen (Na) 23
Carbon monoxide (C0) 8.6
Hydrogen (Ha) 57.5
Methane (CH4) 271
Ethane (CzHg) 1.3

A5 006 7has v we Ads 22 o sAddA AHSEE T

_l}'

o lge gAel AgH T Ev

l
2 Aae = = vgud s vt SEES £33 4 gu. B a0 23 (desulfurization)el
g A5 E Ve d-g288Y 4 g3 A4S T 95 06 7hTF 78 dyA] A FAg FE 7
Aol AAH Aoz 7IASL. o] A F3tES HSE ASE v =23 X (desulfurizer unit)Z #|A

b, o] AAMeA =9 =
GTL(Gas-to-Liquid) 71& Z#d ¢+ o
(Fischer-Tropsch) A3 728 thk3lk 7] g ke

x4 AdER Aaydrt. E£3F 99 mol%e] sk MeOH7F &2 e}”éoﬂ/ﬂ 5}@ A]%]'OH 27 o= 59l

B2,
A e 7129 232 Fol (GEYH UeiE ANs] 98 e 34 #4488 4 Ak

2 7)< G/G(gas to gas) = 93t o ~9Y FF(pressure swing adsorption; PSA) 2 G/L(gas to
liquid) 8% ¢33 =7/

Hk2 7)< SMR, DMR, MeOH A, 44 7}~ ol%(water gas shift; WGS), & A 7}~ o]&(reverse

water gas shift; RWGS) ¥ &H 3t ¥4 (combined heat and power generation; CHP)
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o714 COGEF-E 9] 37k MeOH AAF &-7o] ARbeATh: =, & 1o mAlE npef 3ol wo]xepl o R A Fejo
COG ] MeOH(COG-to-MeOH) &A H 27§ n=z H3tH
processes; HIPG-1 @ HIPG-2)o] At T},

oF
2
ol

A (highly integrated polygeneration

(2) =Y 73 28 7}~ o) wWE2 T4 (Conventional coke oven gas—to-methanol process)
= @)= 71 C0G-to-MeOH &4 s4R=E dehfs 2 WA 7 FAeleta o 9
(desulfurized) COG= WHEOlAM F& BAE T shudd W8 A7Fe=m CH /Hd wheS F87] 913 7k
e Aol FHETh PSA 7= V1A it vlE G840 R ) H wEld Aedn. A e 34
A g CH-35 7tae vek A48 (nethane reforming) 340 TF¥a, /A2 wkg7]olA 5
T 2E-Y] aFo] (0.7F 00 B 2 H3bETh, o], o] (0 % H, £ 2EHS do) #eE Fa
Ak FAA, thd MeOH T4 W0l sl 713 3R, & (H-C0.)/(C0+C0,)=2.0-2.1& BAZT, Feld 5
=

& 7ol FE Aolet Aol A KA R @S A7) AW Fa AT AT F Shveln, or A 4
& fEdThe gol Frolsloh Stk MOH B4 AN, A MeOHE FFol olsl B=RE gAY,

s
)

AER 23E WAHHIPG) BAHS CHP A4S Bl MeOH Wk opje}l Ay @ d9 Aisls AL Z3 2 3o},
AollA =oldk wpel o], HZF A TS U/l AEe A AHe Few 7] uio] MeOH, A2 2 A9
WA MeOH A8 AEgFroh 849 Ay & glvh. Aekd HIPG Z2ZAA 7|8 = 1 (b9 (e)ol =AE
o gk, HIPG-1 R HIPG-2 FAel&= 47FA] §3 ] 7k~ A7l 7|&o] 23t (1) CHP, (2) 4 ¢, (3)
wek 7jE 9 (4) MeOH 4

3 HIPG-1S Hy, 2 C0,E H0 % (0= A33}= RWGS(reverse water gas shift) 71ES E33lct. o] 7]
A, Wk Thas v JRARREe 94 7haek FAA MeOl 4 wAoR FHEt. HIPG-2
Hhg-o] wgk A Rk Fukgo® wAEy] wiito] RIGS 7]ES EFSHA Uth. HIPG-291A4] CH
53k €0, 7F=7F CH-3 4 7h=9k A tha 4 7F2=(syngas) AAHS f1af wiet 7d 34 &
7t227F HoF 35 0] MeOH 34 Ao 2 F3=H3H.

HIPG 34l dlgk 712, RIGS 2 MeOH 34 7142

=7 98 99 ez vk, =, MeOH A 7%

Hlgth, = 1elA B kel HIPG F7g0lA Fud
ol Ae] ﬂ e BY Mg

#2E fAs 9 drle

¢

i o o g =

22 -{Nz.“:

Boutgo e Aoty BAS 7S (2 So] dyA 58, B2 58), SAA(Z, 0, 57}
A AX(Z A2 B 7HA, NSP) o 7}8
HWGiiwé4oﬁ%%@%7ﬁ§w?4ﬁw.§@
S zABk] MeOH 2 oA AAS Zofslgct.

v E&A o ® ARgste]l AES A=A i ol|A a&Aelrt. oy
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(58t 1]

Energy efficiency
_ Produced heat & electricity + Heat of produced MeOH
B Heat of feed + Consumed energy

(%]

(82 1]ellA, A" @ 2 7] (produced heat & electricity)®t A% MeOH®] < (heat of produced
o] AF APES Yy, anjE duAs A7
[e]

MeOH)& Z+z} CHP % MS 7)< 1, &7 4 23td g9 g2 ¥
Ao AMREE RE FYHYEHE T8I, T 9L 98 06 729 E%S guEtr. o)A, FEE 9 9
AAE MeOHe] €& e AR e wrAZ(low heating value; LHV)o| 7]%3te] AL tech,

(2) &4 58
At FAHANA FF 7F=E AMEE 98 0GE CHy, CO0 % C0.E X33 o8 7174 &4 F59S 2383t 9
k. wEkA o] ®rarh drpu} Wol MeOHZ A== ArEstr] S8 F HA V& 53 7159
o] ArHAATE. AA FAH A FHS [F3H2] 2] ozt FHHATE,

(454 2]

COpeon 1
= 8
He Cleoc —%]

AZIA neE B4 &F, ClgE 35 2EfAdA] gdd gx deHo F ©@ho[kmol/h], COpn= BAEE

MeOH®] % EkZo|t}[kmol/h].

(3) olatatets T W& (equivalent emission)
AArE oYX @] (unit of the produced energy; UCE) W o]Ab3}ebi ek v]E&3(C0eq.) S 7 =4 7|5

o7 Agdr, ge3tE 98 P dEAoel e F 24 7kx9 0,9 CHYF udd. wiEE (LY g

lkge] CH, = 25kg CO,Z ¥+ WE AFE H&3to (0, THFH(kg (Oeq.) o2 F2HET, BEHE (0eq. o &
S Ak Hﬁﬂ (direct) #1Z&%¥ 7+4 (indirect) W& F 7HA] wl& w380 nHEct. 2H &S
ARE 5EHE= 2 F4Y wMET ZEAAM e 0,9 CHLE Eseth. 21 wiges 4 2 A7) 4w
(%, 9 2 #A7]9 0, Aar)ol 23+ 0, wiEel 3t 71oi7t £3dn}. UCEE [484 3] 2l&te] Alatect

Direct CO,_gq emission + Indirect CO;_.q emission
Produced heat & elec. + LHV of produced MeOH

TR AAZA AAHE B35 &) HAA B 7FA (ninimum selling prices; MSP)o] ZAA4 7]& o
2 AFEETE. MSPE MeOH v 7Aoo 2 | MeOH v 422]-& ROI(return on investment), <9 H]-&, 254 2
B2 A Y (byproduct credit)S &3] BE &S 483 4&6}3} ojAE LZAE Frgo] 49

ROIE # wol 7hZel dish A w] g (CAPENS] 71oJ =% vhehim], [4:8H4) 410] ejshe] Axkec),
(5814 4]

Interestrate x (1 + Interest rate)ltetime « CAPEX
(1 + Interest rate)-feime __ ]

Return of investment (ROI) =
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CAPEXell= 794 ], A, A7l 8L Ao, wjgk Ax 2 A7) dxeh 22 A3 A2 8&3 Ay, A4
g, Aok vlg W s 2 ulgo] TgEh. uhekA NP [F3H4
[s=<k4) 5]
Minimum selling price (MSFP) =

ROI+0OPEX — (OPEX + Depreciation cost)xTax rate
AMx(1—Tax rate)

[5+8F4) 51914, OPEX®E & W&, A AAbel MeOHS] A%t Aabgolvt. 7bdzbe ¥ #7bdz Wie A
g3to] &E 7HA (salvage value), A2 W& 9 o= AXECH OPEXE T2 FE@lE, volagd Ax 2
< EA R R ]

AAE C0GY v]&3 e 71 2du| 8 (variable operating costs; VOC), % £
= ¥33k 1 9 P& (fixed operating cost)®E T E

3. A~ A L AEF A

718 HIPG-1 @ HIPG-2 Z&A|29] A3 Zaas 28 Aspen Plus V. 8.0 AF&alo] 72k 2 AlE# oA
Ak, AE# o] Aol Peng-Robinson Boston Mathias(PR-BM)E= 22 AAF Wi og Mgy, ¥ke-7] #
g 9 EFu] Ae ZF 2 T Uk AA SAHo] dEE v T AMEE £ AN, B3 HEES 7Hke
2 Ay AA FHo] ditdo=® AlREE 2F 21T T4 AU

(D) A2A 34 9 25 "7 "

gt IR AIZ2E(CHP)Y AS-, 7 A 7389 Ve, & HYzdA 3] EBE ke davl g
AFEET, B ddgo s giy] & wxe] oF 80%E AASE AT MeOH $H4 WHs- 2 RWGS 7)ol ed s}
7] wol AbA-<A2A(oxy-combustion) 714& A&t AEEH Ve F7]-A4h AT vluste] 4G
WS 27148 X317 98 22 nj&e B 7la(dE o] A4 9 of=22)vke ghfalof 3t}

Fa wg AlZ=EdA PSA 7149 A9, ASHO)E-BAE 7t EFENAN ATE FAE B A8 ohegst
7h2s Aol A dE] A EE A FEAlelth. vkg FE Eofoll A ket ek A Fofl SMRoA] CH,y
MAL Y& B2 4o Eu7} s Ad FHATh, B agda s Hdd 25 A kA AA st
2 Ao e Aoz & YA A FulE ARESISIT. Al2E & AN A4 T2 7P wil dsrt
& 20 QofFs]o] gl
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[ 2]
Technology Reaction Parameter deseription
T(C) P (bar)
SMR [43] CHy + Hz0 == CO + 3H2, AHsssx = 206 kJ/mol 650-950 1-10
CO + Ha0 == €03 + Ha, AHzgex = =41 kJ/mol
CHy + 2Ha0 == €02 + 4Ha, AHaggy = 165 ki/mol
WGS [44] €O + Hz0 == COz + Ha, AHaege = —41 kJ/mol 150-350 1-20
RWGS [45] CO; + Ha==CO + Ha0, AHzegx = 41 ki/mol 150-350 1-20
MS [45] CO + 2Hg == CH3OH, AHaogx = —91 ki/mol 150-300 50-100

COz + Hz == CO + Ha0, AHagex = 41 kJ/mol

€Oz + 3Hz == CH30H + H30, AHaeax = —49kJ/mol
CHP [46] CH, + 203 — €O + 2H20, AHagex = —891 kJ/mol

CyHy, + 3.50; — 200, + 3H,0, AHagey = — 1560 ki/mol

CO + 0,505 = CO4, AHagex = —283 kJ/mol

Ha + 0.50; = H30, AHaegx = =242 kJ/mol

PSA (47 40 6
Technology
Deseription
S 143 ’ : -
SMR | T PeryPHyo - Py, Poo/ Keg sur iy toe oo im0~ PPy Kepwes "
o 157 = S 3 — iy,
"'rr} {1+ KeoPeo+ Ky iy + KengPeng + Koo/ Pag ¥ Prz (1+KeoPea+ K Py + bous Porg + KinoPiao | Pig !
- baibalsi PP fiyo = iy o0 | Koy Globalssts
" 1+ KgoPoo+ KaPHy+ KongPeng + KyoPigo ( Pry P
WGS [44] 7o = hwas Peoly 2 Pooa ! Ky WGS
Y7 Py (L KooPco + Ky Py + Koty Peg + K0P H0/ Pty P
RWGS [45] kwos FCoP Hyo - PHy POOy | Keg WGS
n= .
PHy (L+KeoPro+Kim Piny+ Kcis Pons + KisoPiyof Py ¥
M kaPooy(l - PysoPoo !/ (Ke2P iy Pooy ) kiPeoyPiy (1 = PiyoPmeoit | (Ke Pl Fooy))
= as
u,m‘}'ﬁn\ Plizo+ Kl 0/ Piiz) 3 U4RPIE 4 K Piao+ KPP P
CHP [46] Generate oxy combustion reactions
PSA [47] Purge gas pressure: 1 bar, Tail gas pressure: 6bar

(2) ZRAZ FHE 93 o B4
Solx] el vhsh Zol, NeOH F4S AvE7] sl FeA R ¢ FAskE T Thae] Fe
%A D BAH gstel 94 AL F shtolth mebA, 1, #e) %Mol c6RFEe K #8H (ol3, o
o 4o 38, oA #d 2 44T e, & 2 AFe F& AGe o F
FU R @S AXGUA 44D A Thae Fe Fuseel g A
e R

[e}
itting ratio)7 AW, §4 shxol A, Z NeOhe] AHFL wFA] As) s A% 2
A& Aok B PG $AS) 45 £AL S DA AEd] el IID P AGAS 3
J o

24 A4 7% s 2 2749 AR Ao Bast,
2

w2 UE o, FAEEM, C0 2 0 & B A3 R FE 7Ivte 2 & NeOH 4 7= A7+ =E= (inlet
stream)ol Wk AR E YEpdth. HIPG-1(% 2(a))e] 45, Al 7H4 74 &4as BF v Waoz Wit
a HlEo] F7kskd A ZhzolA A E H7b S7bekal €0, ol wAs] HAgt. MeOH &4 Al2=gloll A A+

Z2EZ o] (0 % a9 7ot @4 EF = (convex—curve) E7FS YeErdth. a9 oF 60% A, HIPG-1 &A4
© 1902 kmol/h® 7F4 =& (0 AakES vrebdth. CO7F SMRI RWGS 7]1&S Ea AAE 5 7] wEd, a7}
Z7}ke] whel, SMR 7)<l Hl&] RWGS 7]1&S £3 (09 %o CHP 7<) o3k o (0,2 <la 7FA3o).

2(a)x= a HE W7F 60-70%21 A9 R gko] 1.99F 2.4 Atole] Wl AdeS veldth. ZulE Ni/Ca0/Al0,
S A8 MeOH Aol st falsk R #he dnkdoz 1.5 UX] 2.50]9, a H|&o] 80%rt} & w, R 3k
o] nlghzlel W o]ow AFeth, HIPG2 342 A$-(% 2(b) 3x), HIPG-2 T2 CO A&l all, MeOH
A FA AT 2E->AM (0, o] BF A4 F71E BAA, AAE B, 2 C0 ¥ a H[&o] F7lshel wf

o 7E8 S7HAC. o FAEE o 0% LOIER ST, PAUAT, T 3ol a MES s04E S1%T
Fol el Asel R 33340 A4 o 89 24 NeOil o) Feld W9 (L52.5m80 B9,
HIPG-13 25 ®lae off, HIPG-1 &AolA9 €09 42 v #8kal, & RWGS 71l o 19k CO.ZFH< C0

o] Ao =w Qs HIPG-2H T} wokt),
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HF AFoR CHPEHEQ A3t A7) 2 MeOH FA 7|2 FE e mego] AT HT YAHES F ouA
(LHV) &= Aol3k 3k #3(split fraction)o] wal 4% = 38 AAkE MeOHO] LHVE Edtslal *3/‘3% =)
FI A7FEE o vEol wE AES ouAE EO%IBH%, T 29 §% 9 R S AHE). A9E MeOHS &
2 MWl Al 319MW (42-1799 kmol/h) W9l AA & B Ao w$- wztslry. HIPG-1 B -2 FAHCZHE
3735 MeOHY] HujZe o &) 247 70 2 9099 o 7Fedoh. AdE dvix]= 357MI(HIPG-2, 90%2] a)ol
A 507MW(HIPG-1, 60%2] a)e] WAL, HIPG 4o 2HE AAdE I o BH&Fo] #Agle] 712 349 o
woh o k. a vEo] FhEel wel AR ool A MeOHO] HlEo] F7tdth. FHu oux] A a W
£ ol Zhzh HIPG-1 % -2 &4 2o] el 60% 2L 10% & w SAEAt. s o s & 4= HIPG 34
YA ggo] 7] FA v FEASS e

4. A3}
o]l MM on] ®AS oz HIPG FAH Aol AAREHALE. o] MM AlEHA As yHte
2 J 3] =

jLA h
371 &g 7IEA AAA T8-S vl BT & 3oA = F Aol nlul BAS f8) 57HA A
= =]
 7HA

=
Aegth, 78 SRA 20 T 7bA HIPG $Hat

Case selection with different processes and strategies.

Case Process Design strategy

: Base

2 HIPG-1 Max. MeOH production
3 HIPG-1 Max. energy production
4 HIPG-2 Max. MeOH production
5 HIPG-2 Max. energy production

Z71L8 Aspen PlusolA &% SQP(sequential quadratic programming)s A}-83}o]
e A7 A wEk MeOH & e A olyA LS Hulslsls 2oz AAd
} 23 (spllt fract1on) PE ¥A AU B3 g wESsieE AAdbY.

9, = 4 9 5% Case 2(HIPG-15 AR&3te] o] MeOH A4H) 2 Case 4(HIPG-25 AH&ate] Hdf MeOH A2H)
of e Avs AeHor Hojrh, o Mo du] FACA HIPG-1 B HIPG-2914 i MeOH 875 b

Zated od o e 27 70% L 90%0 . HIPG-17 HIPG-2 ZZA| 2o A Case 29} Case 49 AA «
H|&o 247} 83.4%9F 89.9%= oF7F ZAHATH. vhRAAE HIPG-13 HIPG-291A Aol olUx] AL wAsl7)
93t o HE TS 22 69.0%9 14.7%% HAE AT

= 5olA B 4 9l%o] (0G 2E-S] oF 17%7F CHP 7|+ 2 Fw%Ho 43 d7]& Aech, CHP 719 aj7]7}
2 we 009 0,5 XEstslar 9o H09F CO7F RWGS wWHs-2] =2 AAEo]7] wlito] tha RWGS 7]l A
e HIES == Ao dRE wj7|7tAE RIGS 7% FFd7] Hol 40TE dAAA HOS
AAgE. AAE 0T 7l 2EH2 SR 7[&9 wlE&E+ 2EHY FHA NS 7Isdd FaEHA. o] &%
=, R gko] 2,790 3 7h2)S ofn] B4 dojx AR} 8157 kmol/he] F5E& YEMSIOH o
s 7MY, Aoz, di) ‘”401] 713k ol2d® ol nlsl] MeOH A4 =o] 8.7% %7} ATl HIPG-
Hlwske] HIPG-2 Z2AM|2E giF-E o] Aol drst on] A]geﬂow oAl ElE & =
A H o2, MeOHS *M%}% o] AlE# o] A %3} g2k 2% S7FSE 1956

Nl

N

AlEEold A¥E EdRZ 2 duA §9Y 2 FEHF oux 285 A, = 69 fEdE 2 AR
e Zdsk g (M) E W3 EATE Ao §o8te. & 62 oA AH]7) 28MW(Case 5) A 154MW(Case 1)7F
2] FHAEA WHIE AS HolFEth., AHEE Y T EAA F MeOH 4 715 (MS)S F2 oA AH] Z A
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Fe g o Qe RE Caseold WA oA Anle] B 67%F AAT. V1R FA UA &
RS FHe Fo e ¥

MSell gk diZke] Fd7- 2ER R ) HIPG s KRt ok, whdo] HIPG i<
i CHPEF-E Aitd dyA= Aafso] 7] Aol vla] olux] a&o] &= Att.

(@]

T 62 T3 HIPG-1 ¥4 (Case 29} 3)°] 3l HIPG-2 ¥ (Case 49 5)HT} o B2 ouUAE 2¥ES el
th. HIPG-1 5382 MS 7]%ol] 93 o= Zn]E <8t HIPG-2 &REY Ao}, 22y HIPG-1 &8¢ RWGS
71L& RIGS W&o =2 s 2ER A3 HIPG-1 F olux] &¥]9 Hif 24%5 A 3te] HIPG-1 <3k it
Q1 ol YA An7E HIPG-2Rth b, vixjeto g Hd MeOH S &9 dgFoz A4S 49 o oz A

A
ko] £of Aol ALHTY © B TRAXA AqUAE L2H|doF it Ao WAL, oE E9], Case 2
(H ) MeOH A4b)+= Case 3(H W) oA A bR o 22 UAE o=z gl o H[Eo] 2tow F2 7|&
(& E°] RWGS, SMR 2 MS)E ¥ B2 &5°] 477 witdd FelEl(utility) &2HE S7HAIZIH.

72 AY Case? B4 #3S HAFET. I8 (06 S5 &3 5 24 %2 2203 kmol/hellA] BE A5
A7 dAPon, Case 55 A|LJstar AAEE MeOHAA tFE2 FHE C7F AKE 2EHS T3 wE=A
ok, MS 7]=olA] MeOHE FAHHA Fe i AHHOR wjE: 712 2EYS Ea) WiEEH YO8 2 Case 2-49]
A9 n.2 EAS BA 582 7|82 FA(Case DI sty HUjHoz =

2 i

= 82 AE Caseol et F C0poy WMIEFH A7 UCE & YeEldth. = 8& Fashd A|kE HIPG ¥7 (Case
2-5)2 7]E FH(Case DHRTF (0?7t AA WIEHASTS YERAW 15%(Case 2)olA  75%(Case 5)7}A]

Zo]ET}. Case 52 AYsta 2% FQ 7]odxE= SHR 2 NS 7149 o9 = ox 9 oty 2 xHogR
Hol A8 S92 3 FEE H2HE HEA (0 MEFFIATE. Case 52 A5, (HP 7|&=2 A
A3 A717F AR T AFIRL, SMR E NS &l 9% 9 &7 AMEe AV 349 d F 7] A4
o7 FgE9lon, g Caseoll vl Yl(net) FEEE 48 7o] IR olx},

L 84 HE& Moo= HAbE UCEE #Farstd, 374 dke] oAl HIPG 37 (Case 2-5, Ht 0.09%g C0»/k
) 71E A (Case 1, 0.21kg CO/KW) BT} HL (0-eq MEHS BHAFATH. oA AFE A HIPG-2
T (Case 4 2 5) YA &u|7} A7) wjio] 7]E 2 HIPG-1 &A¥ Bluste] Aakg odyx a9 7+
So mEHS BT = 82 A MeOH AAMEFI Hu ofyx] Aakske] T 71 ek digk €0, sl&% v&
o HlawE vebATE. A& (dedicated) MeOH AeFy} vjwd w] FHo o= A+ A=2F(HH 0.07kg CO./kW) 2 o}
st HF AE(E, A7), A7) E stx)o 7 QlE FHuj MeOH A A (H 0.12kg CO/kW) Bl 374 3y

=

¢

Aoty FAC ZAAA-S Aspen Economic Analyzer V8.00.2 AT A oyx] &5 AHBEW olyz} 37] & U7}
ALt HelHE AH83te] FriEy., A2 v8 A4S 943 78 A vy d5= 1 40 8.9ks o] Q).

Assumptions and parameters for economic evaluatdon

Parameters Value
Prmject’s economic life [year] 20
Operating charges [% of operating labor cost] 15

Plant overhead [% of labor and maintenance costs] 25

Tax rate [%/vear] 25
Interest rate [%] 8
Operability [%6] 90
Salvage value [% of T'CI] 10
Depreciation Linear line

e
o
N
3
S
e
rlo
o
i,
Ak

A, Ak, 2 Sk 22 vlolA A (makeup material) B 7], 29, &

_13_



[0108]

[0109]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

ZIHSd 10-2020-0145409

[

=]

5]

Prices for raw materials and utiliies

Parameters Value
COG price [$/m’] 012
Oxygen price [$/ton] 35.58
Water price [$/ton] 1
Electricity price [$/kWh] 0.08
Steam price [$/ton] 255
Fired heat price [$,/kWh] 0.02
Cooling water price [$/ton] 0.03

E 68 AAA B AE wolEth,

[

=]

6]

Table 6
Results of economic evaluation of the examined cases.

Case 1l (Case2 (Case3 Case4 Case5”"

Amopunt of pmduced MeOH (AM) 409.6 501.4 457.7 468.5 B5.6
[kton/yr]
Capital cost (CAPEX) [M$] 3944  489.1 4279 5059 2946
Direct cost [M$] 2869 355.7 3112 367.9 2142
Indirect cost [M$] 107.6 133.4 1167 138.0  BO3
Operating cost (OPEX) [M$/yr] 69.0 89.4 856 85.5 703
Fixed opemting cost [M$/yr] 226 284 248 293 171
Variable operating cost [M$/vyr] 46.1 611 60.7 56,1 53.2
Byproduct credit [M$/yr] o 15.0 307 9.5 811
Heat [M$/vr] 0 4.5 116 5.0 427
Electricity [M$/yr] 0 10.5 19.1 4.5 38.4

* Without byproduct credit from CO. sales; byproduct credit with CO; sales
changed from 81.1 M$ to 87.7MS$ (CO, price = 12.98/ton of CO. without
compressing)

)

MeOHS] 17+ AAFE-2 85.6 kton/yr(Case 5)4] 501.4 kton/yr(Case 2)¢] H&ola, o] H|EL &g AAF 1]
S NSPE 2gHe dwrAel AAl AA F83% 24 F Stk HIPG-29] AME-S 53t o) MeOH AJAF 2k
S BFS Case 471 71 #AHE F kAl 774(505.9 M$) ©]AA W Case 59 A H]&-2 7} wgkon(294.6
M$), o] Case’t 7 A& %9 MeOHE AAHER, 7]o] 7] (5, SR B MS 71e)S 4837 fal o 22
FX7F ety PEXy Z2AA 3 2 9 Aol whe}l 69.0 M$/yr(Case 1)ollA 89.4 M$/yr(Case 2)7}FA]
gt & Eo], HIPG-1 &4 (Case 2 R 3)9] &9 H]&2 HIPG-2 T4 (Case 4 ¥ 5)9] +4 H|&xT} &
Holdon  o]E3t ol FE FEUE AP S (consumption rate)o] ThE7] wjio] wAgich 7 £
42 14 &4 vgR 4 2 6g 7]Ajo]r] wEolt},

A" FYYEE Bt HIPG-1 34 (Case

2 2 2 3)& o FyAHY A7)
A WE HIPG-2 ¥R (Case 4 ¥ 5)& EHE &

% (by-product
WGS 71&2] A&

1y
)
1
= W

E 6H B ¢ 95o] A (direct) CAPEX 2 7} (variable) OPEX H]-&2 Z+7} CAPEX 2 OPEXe] thy-#& =}
Algheh. 72 CAPEX 3 OPEX =gtolw|E AHelr] el 71w 2 FEE 38 v8 o] 742t = 9(a) 2
(b)ell =Al= o] glth. Case 55 AlQstaL, dF7]eF 22 7 v gule] HAX& 8= 3t F39] 25 21
(]2 W, 9k 50 bar) o2 23] MS 714S 9 CAPEX 3&oldtt. w3k, MeOHES ois AAlsl:= H

Cases 2-4% Cases 1 ¥ 5HT} =& 84 AH|S HQ =2 322 CAPEX7} Zoldtl. WA CHP 7]4E Case 5
2 CAPEX #Eo]%lom, CAPEXS] 50%E }A|3k3ith.

Lo N

9 (b= ¥ B2 NeOHE A= AAE Case7t ¥ 7], MR, RWGS B MS7F A3t kel €, 7] &
715 ARgste]l FEld dEle wAFel wel fEdEd ¥ g2 ASE daR s 4 3
BHolEtt., g 4o 2, A ouA AL s 7R Case 5= CHP 7oA AJdd da AHgo=

= H
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3l & & W8 of 7207hA] v 2 vloladd WES ARG, viATeR, 8 (0G= F 7P OPEXC]
B 11%S Aoz vlad 22 g agloz SIHdn.

T 102 Case 1-50] th3dk ROI, W&, Ala Z FAE 99 7joxel 74 NSPE HojFth. MSPE 0.23
$/kg2] MeOH(Case 3)ollA Ho] 0.29 $/tone] MeOH(Case 5)° W, Tv|2% HE& Case 57} 7FF & FA4F
E A9 E G E B8 FAME Y& Cased] 17-21% 233k 71 W& MeOH AAF o2 Q18|
714 2 MSPE 7ol EwlEth. HIPG-1 ¥4 (Case 2 ¥ 3) AHs ROI E AH] @, & F2bE A89S ¥
et 7y 79 vE R Qs 71E 9 HIPG-2 Al vlE] Jidoz W& MSPE uERATE. MSP ol
0.25 $/kg®] MeOHQ! HIPG-1 &4 <], HIPG-2 58] MSP(H i 0.29 $/kge] MeOH) &= 712 FARABT w4 26
AE =9k, 53] Case 3 MSP(0.23 $/kgo] MeOH)= HZ 2% © A9 nuate] wj$ FAZ AxE BA

=
. HIPG-1 s e] =7 7HAds AAIdLS NeOH Aabe Huhstslr] 913 &3 &4 F4(5, 98 06 &2
HlE) ol os) @5 = w2 duA 28 2 #d Vel Fe =1(dE 5o 2= 2 k) HAsk 7)<l

st

1
g

k1
N
~

(a) Conventional COG-to-MeOH (Base)

MeOH
synthesis

Coke oven gas

(b) HIPG-1 %Hﬂi . i Heat
& %, ¥

Coke oven gas

Rich-CH,

Hydrogen
separation

Splitter
H0 t<§ Heat
c) HIPG-2 :
(€ Bl Electricity
Combined
Heat & Power
o gas Hydrogen Methane
Splitter separation reforming
THZO 'E%‘Heat ‘)‘Q'KHem ﬁ Elecricity
=52
(a) HIPG-1 (b) HIPG-2

= 0 40 7,000 40
2 E

o < B6' 3 3.5
£ 6,000 = £ &.000 =i
= ~ = L~ 3

— o a8 —

g 5,000 //4 2 £ 5,000 = ,-é 25

§ 4.000 2 1202 E 4o L0 B ooy
£ rd 1158 1158
= A B2 g
S, 3,000 — — — — , ;& S 3,000 —_— x
-y 1.0 = 1.0

E " E

‘5 2,000 4. 05 = apop L N . as
1 100 & 4 0.0
el &

€ 1,000 - y L

£ 1 g5 5 1.000 | e
=2 2

(e 0 i | | I M ¢ G 7T 0 10

10% 20% 30% 40% 50% 60% 70% B0% 90% 10% 20% 30% 40% 50% 60% 70% B0% 90%
Splitting ratio of COG to H, separation (a) Splitting ratio of COG to H, separation (a)

H, El CO Il CO, == Rvalue H, CO Wl CO, m=@= Rvalue
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k1
N2
(VA

(a) HIPG-1

(2[5,
=2
e-a

450
400
350

N
@
=]

200

Produced energy [MW]
o ]
o (=]

10% 20% 30% 40% 50% 60% 70% B80% 90%
Splitting ratio of COG to H, separation (a)

Bl LHV of produced MeOH

D4

Base

Produced heat & electricity

ZIHSd 10-2020-0145409

(b) HIPG-2
0

500
450
400
350
300

2 (283Mw) 550

200
150
100

50

10% 20% 30% 40% 50% 60% 70% 80% 90%
Splitting ratio of COG to H, separation ()

I LHV of produced MeOH

Produced heat & electricity

Stream No. 1 2 3 4 5 6 7 8 9 10 1

Pressure [bar] 2 22 22 6 1 6 6 7 1 1 1
Temperature ['C] 40 40 40 40 40 40 39 40 427 a7 42
Total flow [kmol/hr] 5,307 882 4425 20 2,404 390 2,832 2519 5,638 8,157 1,965
H, 3,052 507 2,544 2,001 543 - 2417 2,085 3,601 5,686 0
CH, 1,438 239 1,199 13 1,186 - 16 18 2 18 0
CO, 170 28 142 2 140 366 368 36 70 106 4
co 456 76 381 4 T - 5 337 1,627 1,064 0
Ny 122 20 102 1 101 20 22 22 100 122 0
CoHy 69 1 58 1 57 - 1 1 57 58 1
CH,OH - - - - - - - - - - 1,956
H.O - - - - - 4 - 23 181 204 2

EHS5
HO

ol

b PSA —————~ =
Stream No. 1 3 4 5 6 7 8 9
Pressure [bar] 22 22 22 [ 1 1 1 ! 1
Temperature [°C] 40 40 40 38 40 824 604 517 43
Total flow [kmol/hr] 5,307 531 4,776 2,635 2,142 846 6,160 8,795 1,854
H, 3,052 305 2,746 2,619 127 - 3,699 6,308 4
CH, 1,438 144 1,294 17 1,278 - 6 2 1]
COo, 170 17 153 2 151 220 116 118 4
Cco 456 46 41 5 406 - 1,932 1,938 0
N, 122 12 110 q 108 12 2 122 1
C.H, 69 7 62 1 61 = 61 62 8
CH,OH - = " = = " n - 1,828
HO - - - - - 613 225 225 1

_16_




=46
200 80%
= 70%
s 160
£ 60% a
e £
2 o
B 120 0% g
E =
S 40% ©
[} =
5 2
g 80 30%
= W
2 20%
g a0
“‘ 10%
0 0%
Case1 Case?2 Case3 Case4 Caseb
CHP PSA SMR wWRWGS mMS
=@= Energy efficiency
=97
S Wi
(a) Case 1 - [
"
Nc=72%
oo D~ . - -
203.0 21750 1780 22030 15670
(b) Case 2 I
CHP RWGS
6.0 1900
bl 0 nc=89%
e [l N E
2030 18360 1813.0
(c) Case 3
Waste
ne=81%
cos MeoH
ol 22020 17860
(d) Case 4
CHP 0
2200 o~ © Waste
= S amse Nc=83%
€06 . PSA } SMR § ms MeOH
22030 1062.0 1956.0 2770 21770 22020 18280
(e) Case 5 -

b Ne=15%

coG .

22030 3250

Il Cokeoven gas [l Rich-CH, Wl Raw syngas H, WM Rich-CO, BN Syngas B MeOH Waste
2 This “CO," stream is not classified into waste, sinceit includes a very high-purity CO . from oxy-combustion followed by G/L separation

E08
_ 030
£ 2
B} 0.25 3
= 020 §
7] o
g 015 3
5 @
g 010 &
S =
o 005 3
=
000 3

Case1 Case? Case3 Cased4 Caseb

= Direct emission Indirect emission
=@ Unit CO,_, emission

_17_

ZIHSd 10-2020-0145409



EH9

g

Direct capital cost [M$]

MEOH MSP [$/kg of MeOH]

w
(=}
o

(&)
5
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