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Economics of Liquid-Phase Methanol Process

Abstract
.
The latest results irom the Process Develogment Unit (PDU) in LaPorte,
- Texas, are incorporated into the base case IGCC/0TM design. The economics
based on the latest design for an IGCC/OTM facility are compared for both
the liquid-phase and conventional vapor-phase technologies.

The all-methanol design evaluations compare the liquid-phase methansl
technology (nominaily 5,000 MTPD of methanol production) for both natural
gas and coal feeds. These, in turn, are compared with conventiona)
vapor-phase technology for both natural gas and coal-fed facilities.

Introdyction

The production and use of coal-produced methanol has been extensively
studied. Methanol 1is a very versatile fuel with potential applications
ranging from automobiles to gas turbines. Also, the coproduction of
wethanol and electricity is economically attractive when applied to
integrated gasification-combined cycle (IGCC) tuchnology.

The liquid-phase methanol (LPMEOH*) procass invented by Chem Systems Inc.
differs significantly from conventional gas-phase processes in the method
of removing the heat of reaction. This process uses a catalyst powder
entrained by a circulating inert hydrocarbon liquid, usually a mineral
otl. The presence of this liquid adsorbs the reaction heat, effectively
controlling the reaction temperature thereby allowing a higher conversion
per pass than in conventional vapor-phase processes. In addition, LPMEOH
technology is particularly well suited to coal-derived synthesis gas which
is rich 1in carbon monoxide. These capabilities make the LPMEOH process a
potentially Tlower-cost conversion route to methanol, espacizlly when
methanol coproduction is added to a coai-based IGCC power plant. For a
modest increase in complexity of an 1GCC plant, the methanol coproduction
scheme produces a storable 1liquid fuel in parzllel with electric pawer
production, providing a significant turndown and peak-load capahility for
the IGCC plant.

* LPMEOH s a trademark of Chem Sysitems Inc.
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Economics for Methano)] Coproduction

The LPMEOH process has the ability of being able to accept a carbon
monoxide-rich synthesis gas. This lends itself to a highly efficient
method of achieving partial conversion of the synthesis gas to methanol in
a once-through manner, which is designated a Once-Through Methano) (OTM)
process. Using the LPMEOH process in an OTM configuration is based on its
capability of handling a gasifier product contzining approximately 50
percent carbon monoxide, 25 percent hydrogen and 15 percert carbon dioxide
without the need to shift this gas composition into a balanced gas as
required by conventienal vapor-phase methanol synthesis technologies.

EXHIBIT ] shows a general diagram of an IGCC/OTH plant. The IGCC plant is
composed of a Texaco gasitier and its waste heat recovery (WHR) unit, an
acid gas removal (AGR) unit, and a combustion turbine with a heat recovery
sieam generation (HRSG) sys*~m including a steam turbine. An
intermediate-sized I16CC facility basaZz on a design developed by
F1uor,(1) pioducing 658 megawatts ~{ electricity at 20°F has been used
as the basis for this work. The LPMECH unit is placed between the AGR
unit anc the combustiocn turbine where most of the sulfur compounds have

been removed to prevent poisoning the methanol catalyst.

The addition of OTM to an IGCC plant can reduce both capital costs and
power costs over an IGCC-only faci’ity that is designed for load-following
cycling operation. The gasification section of the plant can be reduced
by 25 percent while still mairtaining combined cycle peaking capacity at
100 percent. Methanol produced during off-peak hours is stored and used
for load-followirg and peak power generation.

The Tlatest test results from the Process Davelopment Unit (PDU) at
LaPorte,  Texas, have produced positive results which have been
incorporated into a base case I[GCC/OTM design and have led to the
following modifications to previous designs (EXHIBIT 2):

o Elimination of guard-bed exchanger.

o Incorporation of vapor separation into the reactors.
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o Eliminazion of slurry pumps.

¢ Reduction of catalyst makeup.

o Use of nigher catalyst concentrations.
o Increasad CO conversion.

The latest process flow diagram for the LPMEOH process is shown in EXHIBIT
3. The basic LPMECH process has been described previous\y.(3'3)
EXHIBIT 4 lists the LPMEOH unit design assumptions based on the latest POU
results.

EXHIBIT S 1is an update of Table 4 presented at last year’s conference and
summarizes the cost of production for an IGCC/CTM facility using the
latest LPMEOH technology. Syngas production is handled as a separate cost
item with return on capital investment included. The syngas cost plus
return is used as & 1w material price in methanol and electricity
production. Thus, the capital investment in the gasification facility is
rgcbvered through the transfer of syngas to the metharol unit and the
combined-cycle facility, A1l utilities are transferred internally among
the three plant sections at their cash costs of production. The IGCC/OTM
facility produces syngas at a cost plus return of $4.83 per MMBtu, fue!-
grade methanol at 43.6 centis per gallon, and power at 4.64 cents per kwh.

In EXHIBIT 6 w: can see just how the latest PDU test results have improved
the economics for the once-through operation. This evaluation was made to
take full advantage ot Z%he latest PDU results including maiimizing the
rnethanol production. The crude methanol section has been upgraded to
i01.5 milifon gallons per year from the base case 91.85 million gallons
per year at a total fixed investment of $33.3 million. This is 2 savings
of almost 9 percent over the previous investmert cost. The cash cost of
producticn shows a savings of 9.8 cents per gallon while cost plus return
shows 2 savings of 1.7 cents per gallon.

A conventional vapor-phase methanal design was configured to fit into 2
Texacn-based IGCC facility for comparison purposes. EXHIBIT 7 summarizes
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the economics for an IGCC/OTM facility using conventional technology. As
in the case of the LPMEOH facility design, the economics of the vapor-
phase process were analyzed in terms of its three facility segments. The
methanol and power costs for the conventional vapor-phase methanol
facility are 7.3 and 1.7 percent higher, respectively, :nan for the LPMEOH
facility.

All-Methanol Evaluati

In order to assess the commercial potential for an all-methano! process
two conceptual designs were developed. The first design is based on a
natural gas feedstock using a single partial oxidation step as the
synthesis gas generator and was described previousiy.(4) The s2cond
design uses a front-end based on Texaco coal gasification. A block flow
diagram of the coal-fed process is given in EXHIBIT 8. Since an objective
of this evaluation was to develop a conceptual design that would achieve
all-methanol production with maximum thermal efficiency, the design
includes both quench and convective trains. The quench train is needed to
sufficiently saturate the gas stream with water to allow a CO shift
rezction to be carried out. The shift reaction along with a carbon
dioxide purgs allows control of the syngas feed composition to the LPMEOH
unit. The convective train allows maximum heat recovery.

A simplified flow diagram of the LPMEOH unit with an all-methanol
configuration is shown §n EXHIBIT 9. For all-methanol production the
LPHEOH unit 1is designed as a two-stage operation. The first stage
ronsists of & once-through reactor operating at 1550 pounds. The second
stage consists of twon reactors with the unconverted gases from the last
reactor recycled back to the seccnd reactor inlet after a small purge is
taken to rewove inerts. Thes¢ reactors operate at slightly lower
pressure.

Reaction conditions and :onversicn: 2re summarized in EXHIBLIY 10. The
feed composition favors the conversion of carbon monoxi.e over carbon
dioxide. Th's unit has the potential for approximately 5,000 MTPD of
methano! produced from a single train and achieves a high overall carbon
conversion of 90 percent. '
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EXHIB'T 11 compares the «cost of production for an integrated
gasification/all-methanol design for both natural gas feed and coal feed.
The investment is significantly higher for the coal fed design. The
overall effect of the higher capital investment and related factors is
that the coal-fed design requires 2 selling price of over 30 cents higher
at 10 percent DCF. Thus, a coal-to-methanol facility cannot compete cost
ef fectively with a design based on natural gas at the current relative
feedstock prices.

Another comparison that was made is between conventionil vapor-phase(s)
and liquid-phase all-methanol designs both using natural gas feed. The
§,000 MTPD LPMEOH design described above is compared -o two 2,500 MTPD
conventional plants using natural gas reforming to generate the syngas and
conventiondl methanol synthesis (e.g., ICI or Lurgi). Economy of scale
gives an aavsantage to the LPMEOH route. The LPMECH also shows an
advantage in aw material usage and uiilities. The economics for these
two cases are summarized in EXHIBIT 12. Thus, for a maximum size methanol
production design, the LPMEOH design shows a clear advantage aver the
conventional vapor-phase design of over 3 cents per gallon &t a OCF return
of 10 percent.

A similar comparison was made for coal-to-methanol using both the LPMEOH
configuration and a conventional vapor-piirse design.(s) The economics
for these cases are shown in EXHIBIT 13. In this comparison, the savings
is not as significant when compared to the large invesiment in the front
end of the plant. Again at a nominal production rate of 5,000 MTPD the
LPMEOH design 1is more attractive than conventional coal-tc-meihanol by
almost 3 cents per gallun.

sumrary

In comparing world-scale methanol production, economy of scale gives the
LPMEOH dezign a clear advantage over a conventional vapor-phase methanol
synthesis plant. It s expected that the economics for plants designed
for production less than 2,500 MTFD will show the conventional design to
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be competitive with the LPMEOH technology. For an integrated
gasification-combined cycle facility, the once-tihrough design using LPMEOH
technology shows a marked advantage over conventional vapor-phase
technology.
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3. "Liquid Phase Methanol Process ODevelcpment Unit: Installation,
Operation, and Support Studies, Topical Report, Task 10: Liquid-
Entrained Operations, in LaPorte LPMEOH PDU." DOE Contract No.
DE-AC22-C1PC3001119, by Air Products and Chemicals, inc. and Chem
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4. "Optimization of LPMEOH Configurations of IGC;/OTM," EPRI RP-2771-1
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5. P"Assessment of Cost and Benefits of Flexible and Alternative Fuel
Us: in the U.S. Transportition Sector - Technical Report Three:
Methanol Productin and Transportation Costs,” 21 July 1989 draf:
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45



DUITITNAY, WO ) | UEYGLY
ey wepmoms . ~
NOT12NJ0Ud0D  ONYHI W i
ILYHG aInoIN |
HITM 2391 e -
LOSGY MDA RN CNMOLAYL | ...“.c..ﬂun ”___ﬂh —— ...ﬂ-.:“.
AVINTYOME KINGS COT a Lvesa) W00) hidad SXoNd
ML SALSAS R - o 1ap I 1 o e »
— — N S -
@l - e D iR _ Eoncibont m A ™
_ : AT e w3 A \’
*C jeen * e g hadd
| y S |
_ 4 , -
™ Lo M
oy ﬁﬂvﬂ' *
L]
vy : i
[
[T 5t ) PRI TS
—  ® g VT -y ]
1IN0 e w3 _ i
N IS _ ct 1een ot 0 LI
| _
v
_ = =) =
- . L 3 4 1 Q
Fasery | {5 TP ~ e er 00 [ P -...l-.; .uu__ ’ OVt
wus ! 3 - WAL [ _ﬂa [0 ~r — B | [ t P .h.u NRIYRASEYD TS
_ o 1 ,-....ulwmds . In_ (] Sy e e ™ o } -t ]
L] oe .,/J wyy (R e aroor 150 "N e ¢ WO | meaven ” -y | ® mnvl.-ll wy {0 e
s v Ty
e WXy !
z.!..l, .ﬁ..o vaavs
1 !
e | e L - Ty —
ny — ™ PN B B 7 .
¢ amr | ssomon | ot s | ouveuvs | e ot

UORINPOIdOD IOUBLIGH UM DTD) 40} WeiBelq Mold ¥00ig

L LigIHXA




SWa)SAs ueyn

"jojoees yum uonesedes sodea sieiodiody)

Z'euessyn

"UOISIEAUCS () 8SBAIdU|
suoiRNUBVUOI isAlejed Jaybiy jo esn
‘dnsew isAjejed eonpey

'sdwind Aunjs ajeuiung

O O O O O cC

's1ebueyoxe paq psenB ejeuiung

Sjuswadueyulz HOINCT

¢ 1181HX3

47



SWAISAS Wway)

: s wonsme O -y wey
NA HO3INd . C \ I " e
HONONMI — 3INO i BTSN r,a S SN R O "
- oww wmis <D v e ¥d
S - e . e e lv..!..a“ LIERN e ' q
SRAUSIS AR - 1m0 ancm re !
v 41 o AV a1 @ 4 H ~ wwe oo
~ i oyt
g-ohwﬁ.g qn..a Lﬂ - g o @ x " _...,!
< J me [
H - w4 90 © | ] -1 ®
e TONN wu o ) “. .
Wemi I o TR MEOaLY s b oS I “rig
i R e s ot T8 S e
. ;P’v [ 3 | ‘n H
[ o vAL-® “ * POwes
— " o mﬂ
: Levu ri o
oo mory N P "o J _ ; 4
i w0 Y'Y - = tmvs
041 IV - v C 4t O *'F
et a . . LT ! . r— ﬂ
MY ’ «
fon] "~ worveven
R N VMO
:,... [ 2} ,‘
w0 v TeRIY oot} sy —
- ~ O R . e
sa o 1A e . ae- <7
P2
fou] ) } »v
<! -
e ey <8y . .
o T P00
01 SV oW : o |
L R 900 WML mRus/eny
N J hd tir-e " Mt
. N .
- r W WORR . ; WOR ™ e
LR L ] (s> v A-4 ous 9O OO0
01 5V NNy ~ ﬁ J

aWIYIS MOid HOINWCTNLO

£ LIGHX3




SWalsAg wayy

0£0')
10) 01>
B8S'6€
o'l
LYl
S9.
ey
0002

adl ‘uoionpoid joueylaw {eny IoN

% W ‘UofiBsjuedLICS IsAjEje)

% oW ‘loueyisl o} AYIAoeles
% ‘U0ISIOAL0D SN

% ‘UOISiBAUCT 09

ersd ‘sinssaly

4 Beg ‘eintesedwe}

1sfiejeo By-1y/5 ‘. 4oojer soedg

youluss1g

S}insad NAd 1€9je] uo paseg m:O..«nElzwmﬂu udise@ Nun HOANWJ

- v ligiHX3

49



SWIBISAS way)
1420 4
89'¢c

610
0co
900
eZ'e

200
icE

(umi/siue))
(-]}e, %]

pauIqwos,

o'tV
L'6€

o'l
1'e
{ig)
1’68

£¢
8'9¢

(len/syue))
HO3Wd1

ey
582
(e)

(s1)

(rigWN/siue))
USNESIsED

0oexe |

P13 R

490 uessed ¢, B uinjes snid }s0)
uoporinoad jJo 1509 yse)
HpPeis yonpoud-Aq |2yol

1S/05°01$ @ resodsip ysy
1S/5.¢ @ 1nying

sypeiId 1npeid-Ag

SiSO9 YSE2 620l

§}S00 yses weng

sapIiN

S[BIOIRL MBI (€101

s|evdiweyo/sisAere)

MGWN/E8'v$ D sebuls

15/se$ ® [0
S[elJeje|N Mey

KGojouya 1 HOIWAN Buisn Aoes WLO/D0D1 20) sojwoued3 Kiewwng

G LiIgIHX3




swajsis way)

1'6E
0l
b2
(1e)
L’6S

£¢
8'9¢€

£te

Ly

g'aee
1S° 10}

SENSsY

auoHET Jseje

6°5E
A
v3e

(0e)
£'6¢

G'e
8'9¢€

S'9¢

14°)

'IE
S8°'16

UBISS(Y

SNoABId

uojonpoad 4o 3509 yse)

SIS09 Ysed pajedoly
SIS0 YSe9 J09i(]
sanin

SIBMBIBL MRS (8]0

s[eojuwieya/isAjeien

NIGNIN £8'v$ @ sebulg
s|euelew mey

reB/sye0 ‘uoponpoid jo 1509
jueunseAul pexy (80
seniiioe) jeseusy

sywij Asejeg
AN $ usuiseaul jeyden

1A/ 1eB W ‘uononpouid oueyiow jen4

uonesado ybnoayi-aaup

10} Siinsay alode isae pue ubjsaqg snojaaid Jo uospedwod sjuoucdy

9 11aIHX3

51



SWalsAs wayn

K752 g'ov
ELE 8'0t
610 el
020 G2
€0°0 @1)
LE'E 18t
€00 90
82’ 9'L€

(umy/se)) (ren/swe))

[TEs%0) un
- paulquo) HO3IWdAD

o6t
S6¢
(6)

(S1)

(mgwn/siuen)
LONESJISED)

0%eX9)

L'eulesel9

49q Juedsed 52 @ uimed snjd }s0)
uoponpoid jo 1809 YseH
upeso onpoud-Aq 2104

1S/05°01$ @ |esodsip ysy
15/5.$ ® nying

s)pesd Jonpoid-Ag

S}S09 Yse2 pajedo|ly

S1S09 Yseo j08.1q

semN

sjel eIl MRI 801

sjeojweyo/sishered
MaNN/06'v$ @ sebulg

15/se$ ® [e0D
S[eueje mey

Abojouyde | feuopuaucy Bursn Aied NLO/D09) 10} soruouodg Areunung

L LISIHX3

52




SWIJSAS 119YY

ot

L] - Lol ]

ON3  INOH4

HIIJISYO 0IYXIL MiIM
N91S30_HOIMd) _33V)S 2|

TACHN W0 M e emOTANNY)
SUMM DI $1O% € OF
N SR HCS AR

I

wrus

win e

Dbl ]

Wy

|

13

TTPYMAR
WY I |

L4 1 T £~
[ ] L)
e 0o € oy
e 10 L L]
bt _ T — .
LR ] ey
L ox]
[T AT ) " .-l.Iu—
”I
0w
L
ANVAOY I [ JLEJ
wure > e T
e we " e
- yure
e
™ ] ARy
e v
W00 | gy mn s | HeETER “urne LN ] T
(] L] &> ws wann
oy -
" isen o 1oy o 1ean ~ry LI
neony e T -
L. ] W Y Ve @l
ALd
17 1o L ¥ - o e
e e [ 1
IO

awvYoS Moid joueylon-Iv 10} weibe|q MOj4 %00i|g

8 11gIHX2

53




EXHIBIT 9

Coal Based All-Methanol LPMEOH Flow Scheme

THREE —~ STAGE LPWMEOH
METHANOL SYNTHESIS

il H]
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Chem Systems
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