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PROCESS DEVELOPMENT STUDY NO. 2

Methanol/SNG Production

INTRODICTION

The p.ast Tri-State studies have been directed towards adapting a Sasol-

type plant to produce transport fuels from coal. The Sasol plants utilize the
Synthol (Fischer-Tropsch Synthesis) process to produce liquid fuels and a
variety of by-product chemicals. The Tri-State Feasibility Study utilized

a configuration that incorporated the processing steps identical to those
used by Sasol except for minor adjustments to allow for different coal,

different product specifications and different envirormmental constraints.

The current study investigates two alternate processing routes and the
resultant product slates. The first alternate uses the synthesis gas to
produce a fuel grade methancl product. The second case examines a process
configuration that would futher convert the methanol to gasoline using the

Mobil MTG process.

Fluor prepared conceptual designs, and capital and operating cost estimates

for the two alternate cases using in-house data. This data along with

the data developed for the Synthol case, prepared during the Feasibility

Study, are presented here.
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II.

SUMMARY

Presented in this section is a summary of data developed for the three
alternate processing schemes to produce liguid fuels from coal. The data
for the Synthol case are extracted from the earlier Feasibility Study while
the data for the two alternate cases were prepared as a part of this study.
The Synthol case, as presented in the Feasibility Study, utilized pro-—
cessing steps identical to those used in Sasol plants except for minor
modifications that are necessary to allow for different feed coal,
different product specifications, and different environmental constraints.
One significant deviation from the Sasol processing scheme is that the
methane separated from the Synthol tail gas is not reformed to maximize
liquid fuels but is instead further processed to produce SNG. The plant

size is roughly the same as the Sasol I1I plant.

The plant utilizes Lurgi Mark IV gasifiers to gasify coal. Raw gas from
the gasifiers is cooled and purified before being fed to the Synthol unit.
Gas cooling and purification produces liquid streams which are further
treated to extract useful products. The heavy tars are upgraded through
Tar Distillation and 0il Workup units to produce useful transport fuels.
The gas liquor stream is treated in Phenosolvan/Ammonia Recovery units to
produce ammonia and phenol by-products. Naphtbha recovered from these

ligquids is hydrogenated and used as gasoline blending stock.

The cooled gas that has been purified in a Rectisol unit is fed to the
Synthol unit. The liguids produced in the Synthol umit are upgraded in

the 0il Workup and Chemical Workup facilities to produce LPG, gasoline,
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jet fuel, dieseli fuels, medium fuel oil, and a variety of alcohols and

ketone chemicals. The gas stream from Synthol is treated to recover

an ethylene product. A hydrogen-rich gas and 2 methane-rich gas are

separated from the tail gas. The hydrogen-rich gas is recycled back to
Synthol while the CH,-rich gas is further processed to produce an SNG product.
The Rectisol unit produces a 002/325 stream, which is further treated jin

the Sulfur Recovery Unit to produce sulfur.

The first alternate processing scheme (Methanol Case) proposes to produce
fuel grade methancl. This scheme synthesizes the purfied gasification
gases to methanol. This will result in the deletion of the Synthol and
the downstream processing units such as the 0il Workup, Chemical Workup,
C2 Recovery, and the Ethylene plant. The Lurgi gasification units, the

associated gas cooling end purification units as well as the gasification

liguids processing units remain the same as in the Synthol cazse. The liquid
products from the plant are limited to fuel grade methanol and the phenols
and cxeosotes produced from Lurgi gasifiers rather than a wide range of

liquid fuels produced in the Synthol case.

In this methanol case the methane contained in the gasification gases
leaves the Methanol Synthesis unit in the form of a purge gas. This purge

gas is further treated by methanation amd purification to produce an SNG

product.

The second altexnate processing scheme (MTG Case) proposes to produce
methanol as in the methanol case and further convert it to gasoline using

the Mobil "Methanol-to-Gasoline™ (MTG) process. The MTG product is

e | ®
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fractionated to yield a stabilized gasoline blending stock, LPG, isobutane
(ic 4) s and a mixed C,/C5 stream. The mixed C4/C5 stream is alkylated with
scoe of the iCy’s to produce alkylate. The remaining iCs's will be sold
as product while the stabilizeé MTG gasoline, alkylate and the nC 4/iC5
from the Alkylation unit are blended togethexr. This blend does not appear
to meet gasoline specifications and it is suggested that it be marketed

as a gasoline blend stock. The hydrogenated Lurgi naphtha is not blended
into the gasoline pool as it may be feasible to use it as feedstock for

benzene extraction.

In all three cases, the plant is self-sufficient in steam generation.
In-plant boilers produce steam at 1500 psig which is Jet down to 600 psig
through turbogenerators to meet the plant steam demands. The plant power
demands are met by the power generated by the turbogenerators with an

deficiencies being made up Sy purchased power.

Table 1 and Table 2 present a surmary of an overall feed/product slate

and the capital and operating costs for the three processing schemes. The
coal feed to the plant boilers varies due to different steam demands for
the different schemes. As seen in the table, the Synthol case results in
the lowest thermal efficiency (useful thermal energy output as a precentage

of energy input) and the methanol case the highest.

The methanol case eliminates the Synthol and the downstream processing

units and replaces them with a Methanol Synthesis unit. Deletion of the
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Synthol and associated units saves capital investment, and reduced pro-
cessing saves energy, making this scheme more thermally efficient. As
this scheme involves a smaller number of processing units, the catalyst
and chemical requirements are reduced as are the operating manpower
requirements. The fuel grade methanol produced in this scheme could

possibly be marketed as turbine fuel or as an extender to gasoline.

In the MIG case the methancl is converted to gasoline using the Mobil
MTG process that converts methanol to dimethyl ether which is further
converted to gasoline. This additional processing step increases the
capital investment over the methanol case. The additional processing
also requires additional energy making this case slightly less therxmally

efficient than the methanol case. Additional processing also results in .

an increase in the catalys:t and chemicals consumption as well as the

operating manpower regquirements.

A gasoline product produced by blending the stabilized gasoline, alkylate,
hydrogenated Lurgi naphtha, isobutaae and the nC4/iCg appears to meet the
summer specifications but fails to meet the wolatility (V/L) specification
for the winter conditions. Additionally. the gasoline produced in this
scheme is stated to contain 4 to 6 wt. percent durene. Durene is these
concentrations can cause carburetor icing problems in colder climates. To
avoid such problems and to meet the gasoline specifications, it is suggested
that the gasoline so produced be used as a blending stock. Bowever, for the

purpose of this study, it is proposed to produce Lurgi naphtha and isobutane
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as separate products and blend together the stabilized MTG gasoline, alkylate

and nC4/iCsg’s to be marketed as a gasoline blending stock.

Table 1

Overall Feed/Product Slate

Synthol Methanol MTG

Feeds
Coal Feed
Gasifiexrs, ST/D 21,895 21,895 21,895
Boilers, ST/D 8,772 7,341 7,881
Raw Water, GPM 18,685 16,800 17,700
Electric Power (Purchased), MW 83.2 43.9 44.0
Products
SNG,MM SCF/D 155.7 155.3 151.5
Methanol, SI/D (2) 9,673 ' -
Gasoline, BPD 17,411 - -
Gasoline, Blend Stock, BFD - - 28,423
Treated Lurgi Naphtha, BPD (3} 2,541 2,541
C3 L2G, BPD 1,2319.5 - 2,113
Isobutane, BPD - - 2,811
Jet Fuel, BPD 4,629 - -
Diesel, 1-D, BPD 3,349 - -
Diesel, 2-D, BPD 267 - -
. Fuel Oil, BPD 506 - -
Ethylene, ST/D 481 - -
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Table 1

Continued

Products (Continued)

(1)

2)

(3)

MEK, ST/D

Acetone, ST/D
Higher Xetones, ST/D
Ethanol, ST/D
Propanol, ST/D
Butancl, ST/D
Pentanol Plus, ST/D
Phenols, ST/D
Cresols, ST/D
Cresotes, ST/D
Sulfur, ST/D

Ammonia, ST/D

Rates are based on a stream day basis.

days per year is assumed.

Synthol Methanol MIG

18.6 -
57.0 -
0.7 -
128.4 -
37.0 -
19.3 -
18.4 -
44.5 44.5
54.4 54.4
404.1 404.1
565.5 565.5
217.5 217.5

44.5

54.4

404.1

565.5

217.5

An on—stream operation of 340

Methanol produced in the chemical workup facilities is consumed as

makeup in the Rectisol unit.

Lurgi naphtha is blended into gasoline in this case.
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Capital Cost Estimate

The Tri-State Synfuels Project Feasibility Study served as the primary data
base for this study. The feasibility study scope was adjusted as necessary
by unit to reflect the scope of the study using factored type cost estimates.
Additional Direct Field Cost Estimates were developed for units included in
this study that were not included in the feasibility study. These cost
estimates were prepared using either capacity factored or 400 account type
cost estimates. Estimates for each case are given in Table 2.

The cost estimates are January 1980 dollars and include a 10% contingency.

Table 2
Capital and Operating Cost

Synthol Methanol MIG

Capital Cost, $MM 3,304 2,588 2,785
Catalysts and Chemicals
Initial, $MM ‘ 22.0 12.4 19.5
hnnual, 3MM/Yr 36.2 21.0 . 22.9
Maintenance
Labor, S$MM/Yr 39.6 31.1 33.4
Materials, $MM/Yr 59.5 46.6 50.1
Operating Labar
Manpower 1,100 866 954
Annual Cost @ $29,000/man, S$MM/Yr 31.9 25.1 27.7
Schedule

The Project Master Schedule (Attached) indicates a fixrst of December
1987 mechanical completion. This is some two weeks eaxlier than the
Synthol case. While it is ture that the me_hanol plant contains less
units, it is the critical path units which set the schedule and they
remain essentially the same in both cases (Lurgi gasification, steam and

power generation, etc.).

The Project Master Schedule is based on two major assumptions:
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1. A decision to change to either of these two plants by mid-September l98l.

2. No delays in the start of Phase 2 due to delays in environmental approvals.

Process Description
Brief process descriptions of the three different schemes are presented

in this section. Also presented are simplified process block flow diagrams

and plot plans. Table 3 presents a list of the process units required.
The Offsites and Utilities systems in each scheme remain the same, though

the size of the various systems change.

The front end of the plant, where the coal is gasified, the coal gas is
purified to prepare synthesis gas, and the gasification liquids are pro-
crssed, is identical in all three schemes. The only difference appears

in the oxygen purtiy for gasification. The synthcl case used an oxygen
purity of 98.5% while the two altexmate schemes use 99% pure oxygen. The
higher purity oxygen is required for the two alternate schemes to keep the
ijnerts in the methancl synthesis purge gas at the level that will permit SNG
specifications to be met. Each scheme requires 36 Lurgi Mark IV gasifiers
to gasify coal at a rate of 21,895 short tons per day. The gasifiers

produce raw synthesis gas by partial oxidation of coal in the presence

of steam and oxygen.

The raw gas from Iurgi gasifiers contains reaction water and some heavy
hydrocarbons that are condensed as the gas is cooled. The condensed material
is then separated into agqueous and hydrocarbon phases in the Gas Liquor

Separation Unit. The aqueous phase is further treated in the Phenosolvan
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unit for recovery of phenols and cresols. The ammonia-contaminated water
from Phenosolvan is treated in the Ammonia Recovery unit to produce an ammonia
product. The hydrocarbon phase from the Gas Liguor Separation unit is
fractionated in a Tar Distillation unit to recover naphtha, creosctes and
pitch. Naphtha is combined from maphtha recovered in Rectisol unit and
processed in the Naphtha Hydrogenation unit, while the pitch is used as
in-plant fuel. The cooled raw gas is further purified in a Rectisol

unit that :t.tses a2 cold methanel wash system to remove sulfur compounds and

CO, from the raw gas. The sulfur-contaminated CO, from Rectisol is treated

in a Stretford unit to recover sulfur.

The purified gases from Rectisol are érocessed to yield hydrocarbon liquids.
The three schemes presented in this study differ in the process steps us;ad
to produce hydrocarbon liguids as well as the end products themselves.
Brief descriptions of the processing steprs used in the three different

schemes follow this discussion.

In all schemes, the plant is self-sufficient irn steam generation. Steam

is generated at 1500 psig by boilers that use coal fines as fuel. The

1500 psig steam is let down to 600 psig through turbogenerators to pro-

vide electrical power and provide the in-plant steam requirements. 2Any
deficiency in the electricity used in-plant is made uvp by purchased power.

In all schemes, the puxchased power reguirements are below the 100 megawatt
limit specified in the Feasibility Study. Contaminated liquid effluents

are treated for resue or disposed of on-site. There is no effulent discharge of

hazardous materials from the plant.

USE OR DISCLOSURE OF REPORT DATR
15 SURMCT T TnE RESTRICTION DN TWE
MENCE PAGE AT THE FRONT OF THES REPORT

- kirar e e




11

See the Feasibility Study for a more complete description of the front

end units as well as the offsites and utilities systems.

Synthol Case (Dwg. 835504-00-4-012)

Purified gas from Rectisol is fed to the Fischer-Tropsch based Synthol
unit which converts the E,, CO and CO2 contained in the pure gas to a
wide spectrum of products that include hydrocarbons and oxygenated
compounds such as alcohols, aldehydes, ketones and organic acids.

Principal reactions occurring in the Synthol reactors are:

n CO + 2nH, (CHy)p, + n B0

n CO + (2n+l) H, <, 52n+2 + nﬁzo

2n1-12 + n CO Cn 32n+l OH + (n~1) azo

(2n-1) 32 + n CO Cn HZno + (n-1) 320

(2n=-2) B, + n CO Cn HZn 02 + (n-2) H,0
CcO + 320 C02 -+ Hz

The effluent gas leaving the Synthol reactors is cooled to condense
hydrocarbon liquids. These liquids consist of higher molecular weight
hydrocarbons, decant o0il, and lower molecular weight hydrocarbons and light
oil. Water scluble chemicals in the reactor effluent are dissolved in

a water scrubbar. The water stream containing acid and non-acid chemicals

is sent to the Chemical Woxrkup facilities for further processing for recovery

of alcohols and ketones.

The condensed hydrocarbons are further processed in the 0il Workup facilities.
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These facilities also process the hydrocarbon liquids returned from

the c, Recovery and the Ethylene Plant. The 0il Workup facilities

separate the various feed streams into different fractions and subsequently
process them to saleble products. The products from Oil Workup consist of
LPG, gasoline, jet fuel, diesel and fuel oil. Synthol tail gas containing
unconverted Hz' CcO and C:O2 along with light product gases that do not condense
are treated to remove coz prior to being fed to C2 Recovery. In the Cz
Recovery unit the tail gas is separated into a Eydrogen-rich gas for recycle
to Synthol, a methane-rich gas which is upgraded to produce SNG, Cz's for
feed to the Ethylene plant, and c3 and heavier hydrocarbons which are fed
to the 0il Workup system.

A portion of the Hydrogen-rich gas separated in the C_, Recovery is fed to

2
a pressure swing adscoption (PSA) unit to supply the pure hydrogen needed
in the plant. The Ethylene plant takes the ethylene/ethane (Cglcz) as
feed and cracks the ethane to produce additional ethylene. Ethylene
product is separated from the cracked product gas with the heavier hydro-

carbons being fed to the Oil Workup facilities.

This is the scheme used in the Feasibility Study and represents an
adaptation of the technology that has been well demonstrated on a
conmercial scale in the Sasol plants in South Africa. The product quality

information for this case was included in the Feasibility Study.

Methanol Case (Dwg. 835504-00-4-009)

This scheme proposes to eliminate the production of a wide range of liquid
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fuels and chemicals and alternately produce fuel grade methanol as a final
preduct. This results in the deletion of the following units from the

Synthol case:

20 Synthol

21 CO2 Removal

23 C> Recovery

24 Ethylene Plant
27,29-35,60-65 Oil Workup
36-38 Chemical Workup

And the addition of the following unit:

20 A Methanol Synthesis

The purified gas from Rectisol is fed to the Methanol Synthesis unit where
the gas is compressed to about 1175 psia and then synthesized to methanol.
Lurgi technology has been used for the preparation of this study as previous
work has indicated that Lurgi and ICI are very cleose on an evaluated basis.

Copper catalyst is used to promote the exothermic synthesis reactions:

COo + 2112 CH3OH

C02 + 3&2 C:H3OH + HZO
The reaction heat is recovered by generating steam. The methanol reactor
effluent is cooled by a combination of feed-effluent exchangers plus cooling
water. The methanol product is separated from the cooled reactor effluent
and the unconverted gases recycled back to the methanol reactocr. A purge

is removed from the recycle gas to control the inerts buildup in the

methanol synthesis loop.

A portion of this purge gas is processed to supply hydrogen for the Naphtha

Hydrogenation unit. The purge gas is first fed to a shift unit to convert
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Co to C:D2 and rydrogen. This gas is then fed to a PSA unit. Purified
hydrogen is sent to the Naphtha Hydrogenation unit and the CH 4-rich stream
from the PSA unit combined with the remainder of the synthesis loop purge

gas.

The combined purge gas is converted to SNG in the Methamaticn unit according
to the following reations.

co -+ 382 ], +HO

CO2 + 4H2 CH 4 + 2320
These reactions are carried out in two reactors operating in series.
The reactions are highly exothermic and the temperature in the first
reactor is controlled by adding large amounts of SNG recycle to the

fresh feed.

The effluent from the first reactor is cooled by generating steam and
heating the feed to the second reactor. The effluent from the second
reactor is cooled by preheating the feed to the first reactor. The
effluent from the second reactor is chilled prior to being scrubbed in
the Rectisol unit to remove residual carbon dioxide and water vapor. The
resultant SNG product leaves the plant via pipeline at about 1100 psia

without additional drying and compression.

For the methanol case, the product gualities for the gasification products

(phenols, cresols, creosotes, sulfur and ammonia) are the same as those
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produced for the Feasibility Study. The product qualities for methanol,

hydrogenated naphtha and SNG are presented in Table 4.

MIG Case (Dwg. No. 835504-00-4-007)

For MTG case the crude methanol (from the Methanol Synthesis unit) is con-
verted to gasoline using the Mobil MTG process. The remainder of the
processing scheme remains the same as in the methanol case. This will

result in the addition of the following process units to the methanol

case:
223 MTG
23n MIG Fractionation
24n Alkylation

The crude methanol from the methanol synthesis is first catalytically
converted to dimethyl ether. The dimethyl ether is further reacted
catalytically in fixed bed conversion reactors to yield a hydrocarbon

mixture. The two major reactions can be represented as follows:

—H0 -H20 Olefins
2CH30H —p CB30CH 3 ———— Paraffins
Aromatics
Me ol DME Cycloparaffins

The reaction is highly exothermic and the temperature is controlled

by a recycle stream to the conversion reactors.

The reactor effluent is cooled by exchanging ai;ainst feed methanol,

by steam generation and finally cooling with air coolers. The cooled
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product is separated from the vapor and sent to the fractionation unit.
Unconverted vapor is recycled to the feed. Water produced in large

quantity, from the reaction, is separated and sent to Effluent Treatment.

In the Fractionation Unit the ligquid hydrocarbon product from the Mobil

MTG unit is separated into stabilized gascline, propane LPG, isobutane and

a mixed C 4/C5 stream. The Mixed C 4/C5 stream is further processed with

some isobutanes to produce a c8/C9 alkylate blending stock in a HF Alkylation
unit. The alkylation reaction links an olefinic hyarocarbon with an
isobutane molecule to form a branched chain paraffinic hydrocarbon suitable
for gasoline blending. The reactor effluvent is fractionated into EF and

isobutane for recycle, alkylate for gasoline blending and a nC 4/J'.C5 product.

Blending calculations indicate that a blended gasoline product that.

utilized stabilized MITG gasoline, hydrogenated Lurgi naphtha, alkylate,

nC 4/:i.(:5 and isobutane as blending components will meet the summer gascline
specifications, however, it fails to meet the volatility (V/L) specifications,
for the winter conditions. Additionally it is stated that this gasoline
product contains 4-6 wt. percent durene. Durenme in these concentrations can
cause carburetor icing problems in colder climates. This indicates that

this product be used as a blending stock rather than an end product. If

such a gasoline were to be produced, the expected specifications will ke

as shown in Table 5a.

The blending calculations indicate that it is doubtful that the plant can

produce a specification gasoline product. A parallel study is currently
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being performed by Fluor to determine the feasibility of benzene extraction
from Lurgi naphtha, therefore, for the purxpose of this study, the Lurgi
naphtha and isobutane are produced as separate products. The remaining
components (stabilized MIG gasoline, alkyline, alkylate and nC 4/i.cs's) are
blended and must be marketed as a gasoline blend stock. Expected speci-

fications for these products are presented in Table 5B.

The Mobil MIG process proposed in this scheme has been piloted in samll
scale. Reliable scale-up of the plant is expected to be feasible from
the pilot plant data. The first commercial plan*, located in New Zealand,
is currently believed tc be in design phases. The operating conditions in
the MTG unit.'_ are similar to those currently practiced on a wide scale

in the refining industry.
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Dait No.

1,2

10

12
13
14

16

17

is

20

21

23

24

25
252
27
29-35
60-65
66

36-38
20a
225
23a
242

Table 3 - Process Units

Process Units

Coal Eandling and Screening
Ash Handling

Gasification

Gas Cooling

Rectisol

Gas Ligquor Separation

Tar Distillation

Naphtha Hydrogenation
Phensolvan

Ammonia Recovery

Stretford

Synthol Unit

€O Removal 4

Cy Recovery
Bthylene Plant .
B, Purification (PSR)
CO Shift

0il Workup

SNG (Methanation, Rectisol,
CO, Removal)

Chemical Workup
Methanol Synthesis
MIG

MIG Fractionation
Alkylation

M B oM M M MM MM K OMOM M XK

Synthol

Methanol MTG

OM MW M M MMM MM N
M OM M MM MM M X MM

{
$ oM oMM

X - Indicates inclusion of the process unit in the subject processing scheme.
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Table 4

Product Quality - Methanol Case

Methanol
Purity 95%
HZ0 5%
co, Traces

Hydrogenated Lurgi Naphtha

RON (clear) 91
MON (clear) 77
RVP, psia 2.2
Sp. Gr. 0.823

Distillation (ASTM D86),
°F % Distilled

0 172
10 192
30 207
50 223
70 252
920 300
End Point 372
SNG
HEHV, Btu/SCF 979.8
Methane Purity, Vols 96.6
Impurities
CO5, vols 0.5
CO, vols 0.01
Hy, vOlS 0.3
N2+Ar . VO1S8 2.6
B0, 1lb/million SCF 5.7

Interchangeability Indices

Lifting 1.053
Flashback 1.014
Yellow Tip 1.075
USE 08 DISCLOBUAL &F RRPURT DATA
Specific Gravity 0.5684 :u: o : : e u:-:.




Test Temperature,

@ V/L = 20
RvP,psia
RON

MON

(RON -+ MON) /2
Qlefins, wts
Durene, wt%

Gasoline (1)

Table SA

20

In case the hydrogenated Lurgi naphtha and isobutane are also

blended with stabilized MTG gasoline, Alkylate and nC,/iCg's

from the alkylation tc produce an end use gasoline product, the

expected quality will be:

°F

Distillation (ASTM

D 86), °F

% Distilled

1)

0
10
50
90
EP

133 (Mine)
a.5

83.0

84.0

88.5
20.0Max)

149 (Max)
170-245

374 (Max)
437 (Max)

Winter
Calc. Spec. Calc.
13e 116 (Min) 110
9.5 13.5 13.5
93.0 23.0 93.2
84.5 84.0 85.0
88.7 88.5 89.1
10 20.0 (Max) 10
4-€ 4-6
87 74
129 131 (Max) S0
204 170~235 196
327 365 (Max) 326
387 437 (Max) 386

As this gasoline does not meet specifications, the MTG case,

for the purpose of this study, produces Lurgi naphtha and

iscbutane as separate products and blends the other components
(stabilized MTG gasoline, alkylate and nC4/iCg's) to be marketed
as a gasoline blend stock.
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Table SB

Product Quality - MTG Case

Gasoline Blend Stock

RON (Cleax) 92.8
MON (Clear) 84.8
Rvp, sia 7.4
Sp. Gr. 0.722

Distillation (ASTM D86), °F
Vol% Distilled

o 10l

10 134

30 165

50 208

70 267

20 336
End Point 388

Bydrogenated Lurgi Naphtha

Same as in Methanol Case

cales
CaHg, mols 4.1
C3Hg, mols 94.7
Cgq's, molsk 1.1
Isobutanes
Ca3, mols 0.7
iC4, mol% 86.9
nCy4, mMOl% 11.2
iCg, mol% 1.2
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Table 5B

Product Quality - MTG Case

HHV, Btu/SCF
Methane Purity, Vols
Impurities

CO5, vols

CO, vols

Hz, vol*

H50, lb/million SCF
Interchangeability indices

Lifting

Flashback

Yellow Tip

Specific Gravity

Continued

1.054
1.015
1.74

0.5687
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APPENDIX 1

Scope of Study
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N

TR!-STATE SYNFUELS CON
Indirect Coa! Liquefaction Plan.
Wastern Keniucky

1.0

2.0

PROCESS STUDY
EVALUATE THE PRODUCTION OF
METHANOL IN LIEU OF SYNTHOL PRODUCTS

GENERAL

Maintaining the same coal feed rate to the gasifiers, produce fuel
grade methanol in lieu of the products produced f£rom the synthol
reaction. Estimate the additional costs associated with installing
the necessary Mobil *MTG' facilities at some future undefined date.

WORK DEFINITION

2,) Composition of Pure Gas from Rectisol
is proprietary with the process developer.

2.2 Fuel grade methanol specification.

{Fluor will assume that fuel grade methanol is the same as
MTG grade methanol).

2.3 Methanol syrithesis will be based on Lurgi teehnology for the
purpose of this study.

2.4 Methanol purification will be based upon Fluor's technology.
2.5 Methanol storage and shipping facilities

(To be supplied by 'l‘rz.-State e:.ght uee‘ks after Tri-State releases
Fluor to commence work).

Page 1
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TRI-STATE SYNFUELS COV Y FLUOF "GINEERS AND CONSTRUCTORS, INC.
Indirect Coal Liquefaction Plam Contract 835504
Western Kentucky .

PROCESS STUDY (Continued)

2.6 Purchase a maximum of 100 MW of powerx.

2.7 Yo methane reforming — design for pipeline gas per SNG
specification used in existing study.

2.8 Other basis used in the preparation of the feasibility study
. shall remain constant.

3.0 DELIVERABLES TO TRI-STATE

3.1 Block flow diag_rams.

3.2 Total coal and raw water reguirements.
3.3 Catalyst and chemical summaries.

3.4 Operating costs.

3.5 Cost estimates, both stand alone methanol and a second estimate
for converting the methanol to Mcbil 'MTG' facilities.

3.6 Thermal efficiency calculation.

4.0 SCHEDULE

It is estimated that the above work will be completed about 18 weeks after
Tri-States releases Fluor to commence with this work, assuming Tri-States
provides the noted information in a timely manner.

Page 2

USL Ok DISCIOSUIE OF REPDET DATA
I3 SURMCT 10 THE RCSTRCTan U THE
-ﬁ'ﬂ.wtﬂ".mw




ey SR IR oy 1.8 0w

.
w3 PR |
z

M

o Rensiim

d s
-
TN, o e e
USE OR DISCLOSURE GF ACPORT DATA
18 SUBIECT 10 THE RUSIRICIION ON THE

WOTCE PAGE A1 THE FRONI CF THIS REPONT ‘ T STH TL Oy DIAThIE 1
VFLUOR i TRl BALIE |!

For] T AMDE_FLUS BRI W case
m TEpREATY — '
o] NOML | #38504-00-4-007 | D]

o LR e or




AT

SADI Y e
(LY
»

e ]——t?.?f."-ﬂ l Hﬁ:ﬁ'

3

[}
e | 2 A= e .28

ENTH U1 -

> et
— —— IR AR
> XYy L[
- ‘Il.l e et
WERT.T PR
et i aent o o ¢ e s o
110 @ S NE W
ST OR DISCIORURT OF RTPERT DATR
1S SUBNCY T8 BIE MESIMCTION 6N INE
RNNICT PAGE AT THE (RONT &F DNIS SCrONT

NONC | 033304-00-4-00% | D




"nn“u. tsra

"on ﬁE‘"' v - T o e TR 2'.!:5.1"1 "

i

. — e ezt e s

" my ¢ PICs WORS

.
G

ML e,

Lvvy erm u

e
».
san
)

”s 0m . ‘}—_
XTI [y ——

s sl YT gy o i et

e

e

[l
ot

I

i

|
fF

{ )

|..L'.v.n.| LT R P
r tan XD A e ? i OO
ramonom

L, £
U 12, £ ceamy

ar s e

ST, [L11§]

“ =:l' 'll.nl,llll LR RRL L
3L OR MiSCIOSURE CF RTPORT OATA 1 e o S Bt P8 1T
18 SUBIECT O THE NTSTRICTION ON.THE

NOTICE PAGE AD THE URONT ¢f THIS REFORT

Veion 2 |
: . _J!]
NONE | 833504-00-4-012 | B |

II!




e i

~~

A
W
—— gy [y in.l&_ - — YT

[ L [

.\ e N SR I ffepieppely e

—e = ™ ovbls RGN
= = W.@&m’z& :
| o -




TRV e casmnncnaunune’

proveT g o g “
‘K%
fr s
s
Tt § s .
— ey -
= = g
> ol L
\ P 4
ety Astsand
o
VST OR DISCLOSURL OF REPOAL DATA
15 SUBJLCT 10 JHE ArSIRICTIUN ON e
T, MOTICH. PAGE AT THE FRONS OF THIS REPCAT
v
e vt S - =T

TALE Smarm

AT et

-

e

e DL PLOF FLAN
METHALIOL STUDY
27t ™ AN AR A gty meri

7]

75500 | 038504-60-5:585008 | A .
.




/“\

[

i
] —u
] .-
um USE 0% DISCLOSUAL F ARPORT BalA
@ H. e 1S SUBKCT 10 THE RESINCHAN on Vg
. TR WETICE MAGE AT TE FABIY 0% Tieg SCTREY
(-3 20 258 m
x - -
-
o
o am
Q unsppigalisggem u !
o
=f saspyade 3 wpghpdls 1 ]
H SunugRfdiy ns ;nx 117 14 s
ndqpynil L] ] ssdh }
ungbigpe
e -+
= - v i - - 344444+ It bt " xs
o T+ I s
n
O
RS )| iy 4
= agnil et T L
4 Snygupling sow 11
= et LLL et [ 4 ot ettt
0 _lan.l Py~ 1 [ _4 ) ada -
Ir | 4 11113 -
- o = o a—l e
Q 1 - -
a -
St »
.
1]
=
ue
]
7 Av
:
ue
318
U
s :
Friihme
=T iy r T
- t —
e . |
:
i . + + —
[(TTaX T
3 1 1
L) 1] L
T
Ll L
.
. T
L L A2
; 4
L il l I ry ¢
. 1 0 { L) ne
e~
r
L S
1 ) L2
=t Y . -
: T
> i o o ¥ L3
4 r T
s ae o e
nl 1 . - L)
= H A 2 vormm
- T+t et .
M . [ 1. 13 r k3
: 3 = =
¥ ) - 3 7
[} - O Y n )y 12 “ 1
atppde 4 - -
eneeizbmd Iiuntidons n -
: H
SUpPEER Y}
| Ly
nd L T L
M—U
» ol
{1 -
mmmm ; STl s-elal
L :__
}




e

e and

CLIERT__TRI~-STATE SYNFUELS CO. prscripTion METHANOL STUDY PROP.NO.
CASE WITK METHANOL SYNTHESIS, w.0. No.

COST ESTIMATE

LocaTion _HENDERSON, KY.

MTG CONVERSION FRACTIONATION, cont.wo. 835504

S ATKYTATION mape oy __ BSC
PROJECT _TRI=-STATE SYNFUELS PROJECT APPROVED
JAN 1980 INSTANTANEQOUS
Asc ITEM & DESCRIPT? Al esTmuaten cost ¥ X 1000
Ho. on b4 Ko LABOR SUB- CONTRASTS | MATERIALS TOTAL
[00-00 | Excavatien
0-00 | Concrete .
1 20-00 | Structurgl Stesl
1 30-00 | Buildings
_Mochinery & Equipment
50-00 | Piping
60-00 | Electricol
0-00 | Instruments
|R80-00 | Painting & Scaoffolding
85-00 | Insulation
DIRECT FIELD COSTS 45,4931 545,914 4.264 9814393} 1,531.571
| 90-00 | International Expense
1-00 | Temporary Construction Facilities
1 92-00 | GConstr. Services, Supplies & Expense
93-00 | Field Stoff, Subsistence & Expense
94-00 | Croft Benefits, Payroll Burdens & Insur.
2510 | Egquipment Rental
95-50 | Small Tools
3-4C | Field Staff Overhead Costs .
INDIRECT FIELD COSTS /,,;J t 7284117
I et Tl A ]
TOTAL FIELD COSTS S - 5,555 J558
bt MR
\ s w'ﬂﬂ' i
96-00 | Home QOffice Construction A P
Project Engineering
s Process Engineering
Design
Purchasing
Business Services
97-00 | Office Expense
198-00 | Office Payroll Burdens 1
99-50 | Office Overhead Costs ;
TOTAL OFFICE COSTS : i 277 440
TOTAL FIELD & OFFICE COSTS } 2,537{128
8 1
30 | Sales Tax ]
96-10 | Escatation | _
T 9820 | Contingency 2471525
(_:
3 TOTAL
§ | 90-C0 | Fee
]
z TOTAL PROJECT 2,764}653 ]
[ 3
e
DATE REVISION NO. REVISION DATE . =——PAGE.NO. FORM F-AS4



PAINTED IN U,

CLIENT TRI=-STATE SYNFUELS CO. oescrirvion METHANOL STUDY. PROP. NO.
CASE WITH METHANOL w.0. NO.
LOCATION HENDERSON, KY. —SYNTHESIS ONLY

COST ESTIMATE

comT.NO. _RIS5Nn4
~Asc_

MADE BY

rrosecT _TRI-STATE SYNFUELS PROJECT APPROVED
JAN. 1980 INSTANTANEOQOS
arc ESTIMATED COST ¥ 103
%o, ITEM a DESCRIPTION uANDYRS ~Toom Prap—— g
00-00 | Eacovotion
10-00 | Concrete
120-00 tructural Seeel
30-00 | Byildings
40-00 | Mochin ipment
00 | Piping
£0-00 | Electrical
0-00 | Instruments
80-00 | Painting & Scoffolding
1 85-00 | Insulation
DIRECT FIELD COSTS 43,116 517|394 4 m
90-00 | Intemetional Expense
191-00 | m Coastruction Facilities
92-00 onstr. Services lies & Expense
93-00 | Field Stoff Subsistence & Expense
94-00 | Croft Benefits, Payroll Burdens & insur.
25-10 u + Rentol
95-50 | Small Teels o
99.4C | Field Staff Owérhead Costs \
INDIRECT FIELD COSTS Y
— -
TOTAL FIELD COSTS “ 2
A\d
96-00 | Home Office Construction
Project Engineering
Process Engineering
Design
Purchasing
Business Services
97-00 | Ofice Expense
198-00 | fice Payroll Burdens
99-90 | Office Dverhead Costs
TJOTAL OFFICE COSTS S
TOTAL FIELD & OFFICE COSTS 2,
99-30 | Sales Tax
99-10 | Escalstion
99-20 | Contingency
TOTAL
rﬁo Fee
TOTAL PROJECT [
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