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SECTION 1.0

INTRODUCT 10N

GENERAL

This Volume 1I contains the rationale for and conceptual de-
sign of the coal to methanol plant, and describes the feed-
stock, the selected processes, facilities, auxiliaries, util-
ities, buildings, equipment, plant operations and products.

For orientation and reference convenience the text which fol-
lows pravides a general review of data on the methanol pro-
duct, its utilization and production; the selection of pro-
Cesses, descriptions of the plant facilities, and an assess-
ment of the technical viability of the Beluga Coal to Metha-
nol Project as outlined in this Phase I Feasibility Study.

METHANOL PRODUCT

Utilization

Methanol has received great attention in recent years as a
synthetic fuel which could substitute for conventional fuels
Currently used, or as a feedstock for chemicals. Examples of
the new uses considered are:

1. Power generation in the electric utility industry, with
particular interest in its use in existisg combined
cycle facilities which run at high efficiency and at
reascnable Toad factors.
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2. Use in gasoline blends at levels of 3 to 6%.

3. Use of neat methanol as a motor fuel in converted en-
gines or engines factory-built to use methanol.

4,  Production of gasoline additives, such as Methyl Terti-
ary Butyl Ether (MTBE).

5. Conversion to high octane gasoline.

Methanol is a clear liquid of low vapor pressure and is read-
ily handled in fuel uses. MWhen used as a fuel, it has no
sulfur or particulate emissions and has less nitrogen oxides
and carbon monoxide in the flue gases than those produced by
natural gas, fuel oil or coal combustion. As a feedstock in
its chemical grade form, it provides an easy to handle form
of carbon and hydrogen suitable for use in producing a wide
range of chemicals. It has the potential tc replace petro-
leum as a source of ethylene and aromatics. Widespread suc-
cess in the develepment of various engine types, internal
combustion and turbine, and direct combustion systems indi-
cate a rapidly expanding fuel-based market is available for
methanol or methanol-derived products.

Methanol Feedstocks

In large commercial plants methanci is produced from syn-
thesis gas, which is a controlled mixture of hydrogen, carbon
monoxide, carbon dioxide and small amounts of irerts, usually
nitrogen and methane. In theory, the required synthesis gas
can be produced from any feedstock which contains carbon.
Thus, potential feedstocks for methanol production dinclude
natural gas, naptha, LPG, 1low octane petroleum fractions,
petroleum residues and all ranks of coal and biomass.

1/2
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Plant complexity and the cost of producing synthesis gas in-
creases as the hydrogen content of the feedstock decreases.
Therefore, with respect to both capital and feedstock costs,
large natural gas-based plants generally have been less
costiy. However, bottom line production costs, as well as
feedstock availability, location, and desirability of use,
will dictate which feedstocks will be used for very large
scale methanol production.

Addressing specifically coal as a feedstock, there are par-
ticular methanol production and marketing situations .in which
the coal-based methanol is a viable economic candidate. This
is particularly true when proven tfechnologies are utilized

and start-up delays and production interruptions are mini-
mized.

PROCESS SELECTION FOR THME BELUGA PLANT

The production of methanol from coal requires multiple pro-
cessing steps. Maximum utilfzation of energy in each process
stage is of critical importance in achieving the highest
overall plant thermal efficiency, which in turn enhances the
technical and economic feasibility of the project.

The coal to methanol plant for this study has been designed
utilizing commercially available and demonstrated technol-
ogy. All major units have been selected to provide an inie-
grated process plant with maximum reliability. The design
incorporates multiple trains, the sparing of critical items
and the incorporation of equipment of commercially available
size. Particular attention has been given to the optimal in-
tegration of all utilities and heat recovery systems ard con-
trolling eavironmental impact to regulated levels.
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Only developed technology, which has proven high reliability
and thus economy of operation, has been utilized and each jn-
dividual process stage has been carefully examined for the
highest energy yield. As a result, an efficient, proven con-
figuration for the 7500 STPD fuel grade methanol plant com-
plex has been developed.

A graphic block diagram (Figure 1-1) 11lustrates the multiple
train concept, which provides plant reliabiiity necessary to
meet the overall project production criteria.

The following is a discussion of process selections by major
ptant section. Gasification is discussed first, as this se-
lection establishes various critical design parameters for
the other major process and auxiliary sections.

Selection of the Gasification Process

The gasification section provides the mixture of H2. C0 and
002 for the methanol synthesis. The selection of the gas-
ification process is critical to any coal-based, chemical
synthesis process, and this selection has been made using the
following major criteria:

Feedstock characteristics

Product desired/product gas

Environmental impact

Competitive capital investment and operating/maintenance
economy

] Commercial status of the process
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- There are three commercially proven, large scale coal gas-
QL. ification processes capable ef producing the synthesis gas in
the required guantities from the available coal. In general,

none of the three 1s the "best" process in all circumstances,
but by addressing criteria particular to this project, the

selected process does offer the best combination of features.

There are also a number of advancad coal conversion processes
at various stages of development. Many advanced gasification
systems exhibit great promise, and the progress of these will
be closely monitored. A brief discussion of the most prom-
ising pioneer processes 1is included in the Technical Via-
biTiity section of the Executive Review.

The type and size of the Beluga plant requires that risks be
minimized. Start-up risks aid risks of low plant production

availability are much less with commercially proven prncesses

than with the unproven advanced technologies, particularly if

ai- applied to this scale. Therefore, the commercial status of
the gasification system is a very critical criteria for the
targe coal-based chemical complexes.

1.3.2 Comparison of Gasification Systems

There are three basic methods ulilized for gasification of
coal. They are:

0 Fixed bed gasification
o Fluidized bed gasification
o] Entrained flow gasification

Table 1-1 presents the various praocess and hardware parame-
ters for these three classifications. The hardware parame-
ters in general refer to the most common features of the com-
mercially available systems.

1050R 1/6
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Beluga Gasification Criteria

Using the major criteria presented above, the following is a
1ist of parameters specific to the Beluga project:

a

Feedstack Lharacteristics

When considering the processing and, in particular, gasifi-
cation for chemical synthesis, the Beluga coals can be gener-
ally characterized as follows:

{1) Highly reactive

(2) High ash

(3) High moisture

{4) High grindability index

{8) Non-caking

(6) Relatively high ash deformation temperature

{7) Very low in sulfur

(8) Ash widely varies in relative percentage and com=
position

Product Desired/Product Gas

The maximum amount of product methanol from the pro=-
cessed coal with the minimization of any by-products is
an important criteria for the Beluga plant. A maximum
overall in-plant carbon utilization as feed and fuel
with an optimum production of CO + H2 is also criti-

cal. Due to plant location, certain coal processing by-
products such as coal fines, char, tars and o0ils are not
locally marketable items, and export costs would be pro~
hibitive.

1/8




1050R

Enviranmental Impact

Any coal conversion plant must be designed and buiit to
provide an environmentally acceptable complex. This is
particularly true in the state of Alaska. Proper han-
dling, processing and disposal of all plant effluents is
critical.

Competitive Capital lnvestment and Operating/Maintenance
Economy

This guideline for selection is especially critical in
the Alaskan location where the costs of labor and deliv-

ery of materials for construction, plant operation and
maintenance will be very high. A combination of initial

capital cost and reliable low maintenance operation are
2 key to an economically feasible plant.

Commercial Status

There are three gasification processes which are widely
recognized as large scale commercially demonstrated pro-
cesses. They are:

- Lurgi {dry ash/fixed bed)
- Winkler (fluid bed)
- Koppers-Totzek (entrained)

Each of these processes has a long history of commercial
utiliziation, and they are the logical choices to con-
sider for a project scheduled te proceed into detail de-
sign in the near future.

/9
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Selection of Type of Gasifier

Upon a quantitative evaluation of the available methods of
gasification (fixed bed, flufd bed and entrained) and ap~

plying the specific Beluga gasification criteria, the se-
lected gasification system is the fluid bed process. The
advantages as applied to the Beluga plant include:

0

Excellent Fesdstock Suitability and Utilizatien

In particular, the Beluga coals are highly reactive, and
high reactivity has been demonstrated to be most suit-
able for high throughput, fluid bed systems. The rela-
tively high and variable ash percentage is not detri-
mental to the fluid bed operation relative to energy
consumption or materials of construction as ash is not
processed or handled in a molten state. The ash fusion
temperature is high enough to allow relatively high
temperature (2100°F) operation in a gasifier without
siagging. The rapid mixing and bed turbulence occurring
in a fluid bed can also prevent any localized prablems
which could be created by fusion of any lower melting
ash components. The high moisture content of the run-
of-mine coal will be moderately lowered by external dry-
ing to 2-10%. This ensures flowability and optimization
of oxygen consumption in the gasifier. This is in con-
trast with the requirement far less than 2% moisture for
the entrained gasifier.

Since crushed ceal with fines is acceptable tc a fluid
bad, the overall utilization of feedstock is optimum.
It is not necessary to reject the -1/4" coal as with the
fixed bed, or to expend energy for coal pulverizing, as
with the entrained system.

1/10
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Product Desired/Product Gas

The overall carbon utilization 1in the production of
Hz, co, C02 and CH4 in a fluid bed system is opti-
mum for the Beluga plant. Probably the most important
raw gas characteristic is the lack of any significant
tar, oils, phenols, ammonia or other by-products not
directly utilized for methanol synthesis. This is in

great contrast to the Lurgi System, which makes large
amounts of tars, ¢ils and agueous liquor.

The CO/H2 ratio requires less shifting than the gas
produced from an entrained unit. This characteristic

offers savings in capital and operating expense. The
amount of methane produced is at a level which does not
significantly increase the syngas upgrading costs.

Environmental Impact

The overail process design and operating conditions of a
fluid bed gasifier provide effluent streams which can be
easily handled and safely disposed of with conventicnal

technology. The lack of significant quantities of
higher hydrocarbons and other by-products, as produced
in fixed bed systems, is an important advantage in the
construction of the complex in the Beluga area.

Capital Investment and Operat ing/Maintenance

The basic fluid bed gasifier is by far the least complax
to construct and operate of the three major types of
gasifiers. The high throughput and large raw gas pro-
duction per gasification unit in combination with rela-
tively low consumptions of steam and oxygen make fluid

1




bed operation the most cost effective system for the
Beluga complex.

s

1.3.4 Selection of the BGasifier

With the significant advantages displayed by the fluid bed
gasification system for the Beluga project, the final stzp in
this selection process is to identify the specific fluid bed

gasifier to be used. The Winkler process has been selected.
This process, developed in Europe, has been operating com-
mercially since 1926. Since that time, more than 60 com-
merc ial Winkler gasifiers have been built and aperated in
Europe and Asia. The majority of these Winkler gasifiers
were designed to produce synthesis gas for methanol, ammonia
and hydrogen.

The following information, of both a technical and opera-

tional nature, details the process advantages and the partic-
ular suitability of the Winkler process for the Beluga com-
plex:

P

o The demonstrated production of synthesis gas which has
been used commercially for the production of methanol,
ammonia, and hydrogen for a longer period than any other
existing process.

0 Commercially demonstrated reliability, safety and flexi-
bility of aperation.

o Coal utilization 1is high and preparation cast is low.
Only minor crushing is required to prepare the coal size
required for the gasifier. A1l coal 3/8" x 0 can be fed
to the gasifier.

1050R 1712
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The suitability of the Beluga feedstock from the stand-
point of reactivity can be seen in the Grout Apfelbeck
Diagram (Figure 1-2). This diagram is a method of rank-
ing gasifier feedstocks and indicating relative reactiv-

ity by carbon, hydrogen and oxygen camposition. It can
be seen that the Beluga coal is well within the range of
Winkler experience and is nearly identical in rank to
the coal used in the Kutahya plant in Turkey.

Gasifier operation at high enough temperatures to pre-
vent the formation of tars, ¢ils and higher hydracarbons.

The trace compounds in the raw gas are predicted to fall
into the following ranges:

NH3 3 to 10 ppm {vol)
HCN 10 to 20 ppm (vol)
C,H, S0 to 150 ppm {vo1)
CGHB 10 to 30 ppm (vo1l)
HaS 700 ppm {vol)

cos 100 ppm {vol)

The dry char material recovered after the gasifier is a
suitable fuel and can be burned in an offsite boiler to
increase total carbon utitization.

The operating campaigns on existing gasifiers average
nine months between maintenance shutdowns. This 15 far
longer than experienced on any other process.

The inventory of carbon in the fluid bed greatly reduces
the possibility of oxygen breakthrough, thus providing
safe operation.
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0 The inventory of ash in the fluid bed is such that vari-
ations in the ash content of the incoming coal can be
tolerated.

1] The Winkler gasifier has great flexibility between maxi-
mum and minimum flows and can be "banked" at time of

zera gas requirement (e.g., when downstream equipment is
undergoing maintenance),

COAL HANOLING AND COAL PREPARATION

A1l of the equipmant selected for coal handling and prepara-
tion is of standard industrial design. A1l railcar unload-
ing, blending, sampling, conveying, stacking, reclaiming,
screening, crushing and drying units are sized to allow pro-
curement of standard eguipment widely used in the coal indus-

try. Design for all units includes dust control and fire
protection systems.

As large scale crushing and drying tesis were not completed
during this study, the available coal data was used in a con-
servative manner to specify the crushing and drying units.
Due to the relatively large amount of fuel coal required for
this complex, an initial screening of as received -3/8" mate-
rial is designed to be conveyed directly to the boiler
house. Although this fines screening is not required for
gasification, it will significantly reduce boiler coal pui-

verizing power requirements of this relatively high Hardgrove
index coal.

The fluid hed coal dryers are designed to be coal fired.
Dried coal and carryover to cyciones from the drying bed are
pulverized and used for direct coal firing to supply heat for
drying. A1l storage for dried coal is blanketed with niviro-
gen to prevent explosions and fires.
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SYNTHESIS GAS UPGRALGING

A number of major processing steps are included in this sec-
tion of the plant. Various processes and equipment canfigu-

rations are available to accomplish these steps. Trade-off
studies were completed to arrive at the system selected. The
major criteria used in the system selection were:

o Commercial availability of the process or equipment and
proven operation at specific design conditions. o

Environmental acceptability of effluent streams.

Capital, operating and maintenance costs.

Process efficiency.

Flexibility for large plant operation.

o O g 0O

The trade-off studies and evaiuations included the review of
the available systems which meet the above criteria.

Synthesis gas upgrading includes three major processing steps:

0 Compression of the gas from the gasifier raw gas pres-
sure te methanol synthesis pressure;

0 Adjustment of the relative compcsitions of Hz, C0 and
C02 to the desired percentages required for methanol
synthesis; and

0 Removal of all sulfur cempounds and other catalyst
poisons.

As certain key processing steps to be evaluated have not been
demonstrated above 65 ATA, the initial raw gas compression
ratio was Tlimited to about 20:1 for the trade-off study.
This timitation dictated an additional stage of compression
prior to methanol synthesis. A total compression ratio of
about 35:1 is required.
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The result of this trade-off study is presented in Volume V
(Task 3.10).

Three parallel trains are used for synthesis gas upgrading to
provide operating flexibility and permit use of proven equip-
ment.

It is also important to note that raw gas saturation, which
is required prior to the sulfur resistant CO shift section,
has been integrated within the methanol distillation column.
This integration results in a significant steam savings.

Absorptive acid gas removal has been selected. The trade-off
study indicates some capital and operating expense advantages
for Selexol. The final selection will be made prior to start
of final design when coal and gas properties and costs are
sufficiently detailed.

1.6 SELECTION OF THE METHANOL SYNTHESIS PROCESS

The selected process (ICI Low Pressure) will synthesize meth-
ano?! from a mixture of Hz, CO and COZ, regardless of

whether this mixture is derived from steam reforming of meth-
ane or naphtha, or aiternatively, from the partial oxidation
of oil or gasification of coal. However, all process and

operating histories of methanol synthesis have been con-
sidered for this project.

There are two types of processes for the synthesis of meth-
anol:

- "High Pressure" using zinc/chrome catalyst.
- "Low Pressure" using a copper catalyst.

1050R /17
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The synthesis of methanol from mixtures of HZ’ CO0 and 002
is reversible, and the degree of conversion in the two reac-
tions is favored by low temperature and high pressure.

— .
2H2 + CO o CH30H

B ——
3H2 + C02 < CH30H + H,0

2
The rate of veaction is, however, retarded by low tempera-
ture. The 1initial catalyst developed for the reaction
(zinc/chrome) was so unreactive at the low temperatures
favoring the equilibrium that it was necessary to raise the
temperature to obtain adequate synthesis. To counter the ad-
verse effect on the equilibrium caused by the high tempera-
ture, it was necessary to operate the process at very high
pressures (typically 4500 psi) to obtain an economic level of
product of methanol at the outlet of the converter.

The very high pressure used in the so-called “High Pressure
Process" had the disadvantage that the compressors were in-
variably reciprocating machines with high capital cost, high
maintenance cost, low availability, and high operating cost
characteristics.,

Prior to World War II, ICl in England, Commercial Solvents in
the USA, and 16 Farben in Germany experimented with a very
active copper catalyst for the synthesis of methanol. How-
ever, with the gas purification techniques then available, it
was not possible to remove trace impurities of sulfur and
chlorides, preventing commercial development of the catalyst.
As a result, ICI and others continued for many years to use
the far less active zinc/chrome catalysts for methanol syn-
thesis.
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This situation changed dramatically in the 1960's when ICI,
using the same techniques developed to remove sulfur from up-
stream of its Naphtha Reforming Catalyst, developed a practi-
cal methanol synthesis process based an a copper catalyst.

The new catalyst is so active at low temperature (400°F to
550°F) and the yield of methanol at the converter outlet so
high that operation with pressures as low as 750 psi are pos-
sible. The pressures now used range from 750 te 1500 psi,
depending upon plant size and various design optimizaticns.

This Jow pressure allows centrifugal compressors to be used
down to very low capacity (approximately 150 toms/day).

The process selected for “4is project, the ICI1 Low Pressure
Process, is the most widely -sed methanal synthesis process
in the world. Nearly 80% of th. world capacity built during
the past decade uses this process.

The ICI process is used for:

0 The largest single stream methanol plant in current op-
eration.

0 The largest plants currently being built or on order.
The only modern methanol plant based on coal in current
operation (A.E. & C.I., Modderfontein, Sauth Africa).

The catalyst (ICI 51-2) is the most successful catalyst used
in any methanol process and has:

The longest commercial experience of any copper catalyst.
Longest economic operating 1life.

Very high activity.

There has never been an unscheduled loss of catalyst on
a commercial plant.

o 0o o o
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For the reason stated above the proposed plant is not a pio-
neer plant in size, capacity, operating pressure, tempera-
ture, nor any other parameter.

OVERALL. PLANT DESCRIPTION

The Beluga coal-to-methanol plant design i5s a grass roots

facility. It has been designed to be self-sufficient, im-
porting only coal for feedstock and utility fuel, raw water,
and small amounts of gas and water treatment chemicals. The
product is 7,500 tons per day of fuel grade methanol, with
the capability for production of chemical grade methanol.
The only by-product is a minoy amount of sulfur.

The processing and major ancillary systems include the fol-
lowing sections:

Coal Handling and Preparation

Gasification

Synthesis Gas Upgrading

Methanol Synthesis, Distillation and Purge Gas Reforming
Major Support Facilities

Air Separation

Steam and Power GBeneration

o o 0o 0 O O

The plant being designed for self-sufficiency, all necessary
ancillary systems are included in the design and are detailed
in Sections 7 to 12 of this Volume.

The major processes are briefly described as follows:

Coal Handling and Preparation

A blend of 7C. Capps and 30% Chuitna run-of-mine coals, 6" x
0, is received by rail, unloaded, stacked, and stored in 15-
day capacity storage piles.
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The coal is retrieved from active storage and transferred to
either the process plant ar utility boilers. Coal for the

‘poilers is crushed to 1-1/2" x O in this area and transferred

to the boiler area for pulverizing.

Coal to be used in gasification is crushed to 3/8" x 0; dried
to BY moisture; and sent to active, closed storage ready to
pe transferred to the gasification section.

Gasification

The gasification section consists of the gasifiers, waste
heat recovery systems, and particulate removal systems.
Eight fluid bed gasifiers are required. They operate at 4ATA
and 2100°F. The coal is fed into the gasifiers by means of a

lock hopper system. The coal feed rate is controlled by var-
iable speed screw conveyors.

During gasification, the carbon in the coal reacts with oxy-
gen and steam to form carbon oxides, methane, and hydrogen.

Oxygen is supplied by three (3) large~tonnage air separation
plants. These plantis also supply nitrogen for process and
ytility use. The hot raw gas exits the top of the gasifi-
ers. Larger residue solids are removed from the bottom of

the gasifier, and finer particles exit with the gas. The ash
exiting from the bottom is tock hoppered to atmospheric pres-

sure and pneumatically conveyed to storage for eventual dis-
posal to the mine.

The hot gases leaving the top of the gasifier enter the waste
heat recovery system (one unit for each gasifier train).
These units use the heat in the gas to generate high pres-
sure, superheatad steam which is used throughout the plant.
The solids, entrained in the raw gas, are @ combustibie char




(approximately 30% carbon, 70% ash) which is used as fuel in
{T. the utility boilers. A portion of the char 15 collected at
the bottom of the waste heat recovery unit, but the majority

is removed in a dry cyclone immediately followino the waste
heat recovery system. The dry char collected from the waste
heat sections and cyclones 1is conveyed to the boiler for
blending with raw coal for use as fuel.

Fine particles that may still be entrained in the gas are re-
moved via a direct quench Venturi-type scrubber (one scrubber
per gasifier train). The particle=ladan water is sent to
settling ponds where the particulate 1is concentrated and
filtered. The water purge 1is sent to wasiewater treatment
for water recovery.

The raw gas is now cooled and clean of particulate. It is

delivered to the synthesis gas upgrading section for produc-
tion of a gas suitable for methanol synthesis.

1.7.3 Synthesis Gas Upgrading

Four (4) major gas processing steps are included in the syn-
thesis gas upgrading section:

- Compression from 40 psia to 1390 psia (methanol loop
pressure) .
- Adjustment of H, to CO ratio.

- Removal of all sulfur compounds and other catalyst poi-
sans.
- Reductian of CO2 caontent.

The synthesis gas preparation area consists of three (3)
parallel trains.
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The first step in this section iz raw gas compression which
increases the pressure of the gas from 40 psia to 770 psia.
Centrifugal, multi-body turbine driven compressors are used.

From compression, the gas is then saturated, preheated, and
sent through a €0 shift reactor, where the ratio of hydrogen
to carbon monoxide is adjusted with sulfur-resistant catalyst

to the required level for methanol synthesis. The reacter is
a packed bed of catalyst.

From COS hydrolysis, the raw gas goes to the Selexol acid gas
removal unit. The purpose of this unit {s to remove the sul-
fur components in the gas and to adjust the 602 level in
the gas to the required percentage for methanol synthesis.
This process is selective in that it removes HZS from the
raw gas in the first absorber, and C02 removal is done with
a2 second absorber. Since the solvent is recirculated, it
must be continually regenerated by flashing. The abscrbers
are packed columns in which the gas streams are contacted
with the 1liquid solvent. The purge gas stream leaving the
H,S flash system 1s sent to the sulfur recovery unit.

The gas leaving the COZ vent is 99%+ CDE and, hence, is
simply vented. Since large amounts of 002 are released,
consideration has been given to collection and possible sale
for secandary oil recovery. The synthesis gas leaving the
Selexol unit contains only trace levels of HZS and COS and
has the proper ratios of CO, CO2 and H2 for methanol

synthesis. Guard beds are provided for removal of any trace
sulfur compounds and other catalyst poisons.

The final stage in this preparation area is make-up gas com-
pression. The synthesis gas is compressed to the level re-
quired for methanal synthesis, which is 1390 psia. Turbine
driven, centrifugal type compressors are used.
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Methanol Synthesis Distillation and Purce Gas Reforming

The ICI law pressure methanol process is used in this section
of the plant. 1n order to produce 7500 STPD of product
methanol, three (3) synthesis and distillation trains are re-
quired. Each train consists of one converter, one circu-
lator, a distillation column and a set of heat recovery
units. The circulator is a steam-driven, single-stage, cen-
trifugal compressor.

The methunol converter is a pressure vessel of single-walil
design constructed of low-alloy steel holding a single con-
tinuous bed of catalyst. Temperature control is achieved by
injecting feed gas at appropriate levels directly into the
bed, using specially developed distributors.

The converter exit gas is split for optimum heat recovery;
ore part heats the feed gas to the top of the converter, and
the second heats the CO shift saturator water and reboils the
distillation cotum. The streams are combined to heat all of
the circulating gas and then cooled. The crude methanol is
separated and Tet down from loop pressure to 60 psia.

The non-reactive components (mainly, CH4, and Nz) in the
make-up gas are purged from the synthesis loop between the
separator and the point of make-up gas addition. This purge
gas and the flash gas from the letdown vessels are used as
feed to a steam reformer. Seventy-five (75%) percent of this
gas is used as process feedstock, and 25% is utilized as fuel
for the reformer furnace. The reformed gas is recompressed
and blended with the main synthesis gas stream.
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A one-column distiilation system is provided to produce the
requived product purity. The crude methanol from the letdown
vessels flows to the preheater and then to the column. The

reboiler heat is provided by part of the converter exit gas.
The purpose of the distiliztion column 1is o remove water
(and the light ends) from the crude methanol. The column
overhead is completely condensed and returned to the column

as reflux. Product methanol is withdrawn three trays below
the reflux tray and is cooled prior to passing to the metha-
nol product storage tank. The distillation column bottoms,
which 1is essentially water, is cooled and pumped to the
wastewater treatment area.

Product storage facilities have also been provided in this
section. Storage tanks for crude methanol and methanol prod-
uct are provided.

Major Support Facilities

- Air Separation

This section produces all the oxygen required for gas-
ification. The normal production is 7500 STPD at 99.5%
purity and 90 psia. Three (3) units are required for
this capacity. Air and oxygen compressors are steam
turbine-driven.

- Steam and Power Generation The remaining import coal not
used in the gasification process is used in the boiler
house for steam and power generation. Coal 1is blended
with gasification char and is used as fuel for the three

boilers to generate 1200 psig steam. This steam is used

both for process requirements and power generation from
turbo-generators.
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TECHNICAL YIABILITY

e

The following text presents a review of key selected pro-
cesses and ¢ritical hardware from a technical preparedness
standboint. As previously discussed, the coal~to-methanol
route is more compiex than the currently dominant natural
gas-based methanol production. The overali design concept

developed for the Beluga complex is similar to well estab-
1ished coal-based chemical plants, but varies with refine-
ments justitied by demonstrated innovations now available for
use. A minor variation from commercial technology ‘dnvolves
raising the pressure of the Winkler gasifier about 2.5 ATA.

Numerous avenues of process and hardware design have been
explored; anc the resultant detail design minimizes risk, but
assures state-of-the-art commercial operability, efficiency,
and safety.

COAL HANDLING AND PREPARATION

A1l coal handling and preparation equipment is standard coal
industry hardware. Final specification of crushing and dry-
ing equipment will be based upon large-scale testing of the
Beluga coals.

GASIFICATION

o] Fluid Bed Gasification

Earlier in this section the reasons for the selection of
fluid bed gasification using Winkler technology are dis-
cussed in detail. In summary, this technology is the

best system for the Beluga project for the follawing
reasons:
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- Excellent suitability to feedstock.
- Optimum raw gas for methanol production.
- Contaminants in effluent streams can be economically

treated to environmentally acceptable levels with con=
ventional technology.

- Best combination of capital, operating, and maintenance
economy.

- Lorngest history of successful commercial operation for
production of synthesis gas for chemicals.

The gasificatioﬁ system designed for use in the Beluga plant
is the third generation Winkler system, which incorporates
nearly 60 years of development 1nc1ud1ng: laboratory and
pilot plant testing (1922-1926}, and commercial operating ex-
perience with continuing technical <improvement from 1926 to
the present.

Winkler gasification has been demonstrated in 22 plants since
1926, A Tist of these facilities with details of operation
is included in Table i-2.

The first generation Winkler gasifier was the first major in-
dustrial application of fluid bed technology. The system was
based on the 1922 patent {No. 437970) awarded to Dr. Winkler
for the gasification of coal fines. The gasifier was initi-

ally designed with &z mechanically swept, water=-cooled grid
below the fluid bed area.
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WINKLER COAL AND COXE, FLUID BED GASIFICATION PLANTS

BASF, Ludwigshaven,
West Germany

Leuna-Werke,

Merseburg,
East Germany

BRABAG, Bahlen,
East Germany

BRABAG, Magdeburg,
East Germany

Yahagi, Japan

Dai-Nihonyinzo-
Hiryo, dJapan

Nippon Tar, Japan

Toyo Koatsu, Japan

Fushun, Mandschukuo,
dJapan

BRABAG, Zeitz,
East Germany

Treibstoffwerke,
Brux (now Most),
Czechoslovakia

Salawad, USSR
Baschkirien, USSR

Dimitroffgrad,
Bulgaria

TABLE 1-2

Product

Pilot Plant

LBTU Fuel Gas &
Synthesis Gas
for MeOH & NH3

Hydrogen

Hydrogen

Ammonia

Ammon+ia

Ammonia
Ammonia

Syn. Gas for
F. T. Fuel

Hydrogen
Hydrogen
Medium BTU Gas

Medium BTU Gas

Medjum BTU Gas

Capacity
Per
Gasifier Number Operating
1000 scfh Gasifiers Dates
75 1 1925-58
3,730 5 1926-70
2,240
1,120 3 1938~
Present
1,230 3 1938-45%
330 1 143760
520 2 1937-59
520 2 1937-60
750 2 1938-569
750 4 1939-7
850 3 1941-
Present
1,120 5 1943-72
1,200 2 1954-73
860 7 ?-Present
860 4 ?-Present
670 4 1951-
Present




TABLE 1-2 - WINKLER COAL AND COKE, FLUID BED GASIFICATION PLANTS {(Continued)

" Capacity
Per

Plant Gasifier Number Operating

Number Plant Product 1000 scfh Gasifiers _ Dates

15 Stara Zagora, Medium BTU Gas 1,120 5 1962~
Bulgaria Present

16 Fabrika Azotnih, Ammonia 260 1 1952~
Jendinjenja, Gorazde Present
Yugoslavia

17 Calvo Sotelo I, Ammonia 350 1 1956~-70
Puertallano, Spain

18 Calvo Sotelo II Ammonia 350 1 1959-70

19 UKW, Wesseling I, Synthesis Gas for 630 1 1958-67
West Germany MeOH and NH3

20 UKW, Wesseling 11, Synthesis Gas for 630 1 1962-67
West Germany MeOH and NH3

23 Azot Sanayii TAS, Armonia 450 2 1959~
Xutahya, Turkey Present

22 Neyveli Lignite Ammonia 785 3 196579
Corp., India

22 {Inciuding Pilot 63 (Including
Plant) Pilot Plant)
IN OPERATION AT PRESENT 29

September, 1981
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This configuration was replaced with a simple refractory
cone with fluidizing gases injected througsh c<¢ircum=-
ferential nozzles at various levels in the cone. This
simplified gasifier produced up to 3.73 MM SCFH of raw

gas in the air-blown mode at the Leuna-Werke plant.

The second generation provided higher CO and H2 in the
raw gas, greater once~through carbon conversion, and the
ebility to gasify less reactive coals economically. The
injection of additional gasifying media above the fluid
bed was later dintroduced to further react wunconverted
carbon in any entrained solids. A radiant boilev (Ger-
man Patent No. 1 421 B655) was introduced in the uppe:*
portion of the gasifier to prevent any fused ash parti-
cles from leaving with the raw gas.

A significant step in the evolution of the Winkler pro-

cess is included in the third generation system. This
system (described in 1978 U. S. Patent 4017272) added
pressurized gasification to the previous developments.
A 4.ATA unit is currently offered.

¢ Pressurized Fluid Bed Design

The use of fluid beds at elevated pressure has been
widely demonstrated. Catalytic cracking systems have
successfully employed pressurized fluid beds fer a num-
ber of years. The Institute of Gas Technology {IGT) has
developed an extensive data base for pressurized fluid
bed design. IGT has operated large gasificaticn pilot
units as high as 1,650 psig and the reliability and
safety of fluid bed operation at elevated pressure.
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Numerous studies, detail designs, and equipment test
work have been completed in order to verify the advane
tages and technical viability of moderate pressurization
of the fluid bed Winkler for synthesis gas production.

The current commercial operating experience does not ex-
ceed 1.5 ATA for Winkler systems. Moderate pressuri-

zation (4 ATA) offers substantial vreduction of capital
cost by a reduction of the number of gasification trains

required. This moderate pressurization also eliminates
one stage of raw gas compression which veduces the over-
all compression ratio, raw gas to methanol synthesis
pressure, from 70:1 to 35:1.

o Gasifier

The gasifier is designed in accordanc with the ASME Un-
fired PFressure Vessel Code, Section VIII, Division 3.
The carbon steel shell and nozzles are designed for 75
psig and a design temperature of 650°F. The refractory
lining prevents all parts of the shell from reaching
temperatures greater than 30G°F during operation.

The overall dimensions of the gasifier are the same as
those used in a number of commercial umits: 18' I.D, by
approximately 72' high. The refractory lining scheme is
identical to that used in the Kutahya gasifiers; brick
construction with an inner abrasion-resistant brick and
an outer insulating brick. The linings in the Kutahya
gasifiers, which are stil1l operating, have not been re-
placed or required major repairs since the plant was
commissioned in 1959. The actual lining materials se-

lected are somewhat different to take advantage of ad-
vances in materials technology and more recent re-
fractory installation techniques.
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The radiant boiler section included in the top of the
gasifier 1s to be constructed of low=alloy, superheater-
quality boiler tubing. This same tubing material has
been used with great success in operating gasifiers.

o Pressurized Solids Feed and Discharge Systems

In the development of a dry solids pressurized system,
the most critical parameters are reliability and safe-
ty. The design of the Beluga coal feeding, char dis-
charge, and ash discharge systems 1is based on extensive
design, testing, and operating experience.

- Valve Design
The most critical single component in a lock hopper
system is the lock hopper valve, which must be cap~
able of reliable, continuous operation with positive
pressure sealing. The vaives and associated actuat-
ing systems have been tested and gperated under con-

ditions more severe than any that will be encountered
by this gasification process.

The coal feed valves are very similar in configura-
tion to the valves successfully operated in the FIOR
(fiuidized iron ore reduction) plant. The valves in
the FIOR plant operate with a 10-ATA differential
pressure and are used to feed 75 STPH of iron ore in-

to a fluid bed. Similar valves have also been used
far pressurized blast furnace feed systems.

The feed valve in the Beluga plant design is a full-
opening, "bell"-type valve. Each valve has a redun-
dant pneumatic actuator system. Heat resistant (up
ta 250°F) elastomer seals, which are protected from
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direct exposure to the solids flow, are contacted
with the metal bell and provide a positive pressure
seal.

The large, fuli-open dimension is designed to provide
rapid, reliable ccal flow (42 STPH/hopper system)
from surge bins to the lock hopper. The vaive will
operate ¢nly once every hour, assuring long valve
Tife.

v

The valves to be used for the char and ash services
are of a different design. They will be smaller in
size as they will handle less material, and will be
temperature-resistant. Both the char and ash will
normally be cooled below 350°F prior to exposure to
the valves, but provision is made to handle salids
with temperatures as high as 900°F 1in cese of a tem-
porary process upset. All valve components are de-
signed for the abrasive ash expected with the Beluga

coal. < e
Gasifier Screw Feeder

Although not directly a part of-the lock hopper sys-
tem, the gasifier screw feeder .is a critical compo-
nent used in the pressurized coal feed to the gasi=-
fier. The internals of this feeder are identical to
the components developed in existing Winkler units.
The low-speed, variable drive ensures a continuous,
controlled feed to the gasifier. The outer pressure
sealing shell is a coded, pressure pipe {ANSI B31.3)
with abrasion-resistant linings. A standard double-

seal arrangement is used for sealing the conveyor
shaft.

3
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« Redundancy and Maintenance

Each gasifier 1s provided with two complete coal
feeding systems. The systems are designed for nomi-
nal gasifier capacity when both systems are operat-
ing. Should a system require maintenance, isolation
valving is provided. Additionally, the single op-
erating system can be adjusted, by programming short-
er lock hopper cycles and increased speed on the
screw conveyors, to pravide adequate coal for full
raw gas production.

Waste Heat Recovery System

As discussed in the gasifier selection section, the
Winkler fluid bed offers a distinct advantage over the
other available systems 1in the area of waste heat re-
covery. The amount of the heat recovered before any di-
rect quenching will be significant. The Beluga plant
will recover in this section about one pound of super-
heated steam (870 psia, B840°F) for each pound of coal
gasified. This steam will be utilized throughout the
plant.

The pressure and temperaiure selected will allow the use
of standard boiler construction materials. The overall
design of this unit is particularly eritical due in part
to the solids loading. The special “know-how" for this
recovery system has been developed over ,years~ of op-
erating experien. -.
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Dry Solids Removal

A large portion of the char particles contaired in the
raw gas is removed in a dry cyclone. As the removal
takes place at gasification pressure, special care must
pe taken to ensure the prevention of solids erosion on
the pressure shell. A highly efficient design has been
developed, which exposes only internal, non-pressure
sealing components to erosion.

It should also be roted that the char cyclone is down-
stream of the waste heat recovery section. This aillows
much more efficient solids separation and at the same
time utilizes commercially demonstrated materials in
construction of the cytlone.

10 ATA Gasification

One train in the gasification section is designed for
10-ATA operation. This unit will have the capability to
demonstrate a further advance in the Winkler system. A
60% increase in gasifier throughput, when compared to
the 4-ATA unit, is predicted with a slight increase in
production of (H,. This increase in methane (3.02 to
§.57 MOL %) in the particulate-free raw gas will not ad-
versely affect the downstream syngas upgrading econom-
jcs. Demonstration of the process and mechanical via-
bility of this 10-ATA unit will provide any future plant
expansion with the advantage of a reduced number of gas-
ification trains for syngas production.

A1l of the components included in the design of the 10-
ATA train also have the capability of 4-ATA operation.
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Advanced Gasification Technology

There have been extensive efforts in the research and
development sector to improve coal conversion tech-
nologies. Many advanced pilot systems exhibit great
promise. Certain members of the Beluga Project have
been closely monitoring and were often directly invelved
with these developments. The area of fluid bed gasi-
fication development has been particularly: active with
U. S. organizations such as the Institute of Gas Tech-
nology (Hygas and U-Gas), Battelle Memorial Laboratories
(Agglomerating Char Gasifier), the Westinghouse Corpo-
ration (The Westinghouse Gasifier), and the United
States Department of Energy (Synthane, CO, Acceptor,
and H-Coal). The Institute of Gas Technology has de-
veloped a vast data base on the kinetics and dynamics of
high pressure (up ta 1650 psig) fluid bed operation.
Since 1975 1in Europe, Rheinische Braunkohlenwerke AG,
and Uhde GmbH have been cooperating in the development
of the fluid bed HTW (High Temperature Winkler) process.

It is to be noted that the status of the more successful
efforts will be followed. As the Beluga project de-
velops through detail design and procurement, certain
demonstration plants incorporating the more successful
pilot designs could be operating. The final selection
of the gasification system will take into consideration
demonstrated advanced technologies from these pioneer
units.

The IGT U-Gas Gasifier

The IGT U-Gas gasifier is a pressurized fluid bed, ash-
agglomerating unit. Successful pilot tests in the 4-
foot diamater unit in Chicago have Ted to the following
planned projects:
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1) Memphis Power and Light: A medium BTU fuel Gas Plant

to operate at 6-ATA and produce 50 billion BTU/day of
300 BTU/SCF fuel gas.

2) Veg-Gasinstituut, Netherlands: A pilot unit for
20-ATA operation producing fuel gas.

The Westinghouse Gasifier

Westinghouse and Sasol have recently announced a joint
efforlt to demonstrate the technical viability of the
Westinghouse gasifier in the Sasolburg facility. In an
effart to utilize the fines not dacceptable for use in
the existing Lurgi fixed-bed units, and to avoid un-
wanted 1liquid and gaseous by-products, Sasol has se-
lected fluid bed technology. This 1,200 STPD, ash-
agglomerating gasifier will be totally supplied by
Westinghouse for operation by Sasol. It is scheduled to
start up in 1983.

HTW Process

The HTW (High Temperature Winkler) process is an attempt
to improve Winkler fluid bed technology by increasing
the operating temperature and the operating pressure.

A pilot facility with a 24-inch diameter gasifier has
been operated in West Germany by Rheinische Braunkohl-
werke and Uhde. The technology 1is a pressurized
(10-ATA) Tluid bed process operating below the ash
fusion temperature of the coal to be gasified. Their
original processing scheme included an apparently un-
successful limestone addition to the gasifier to allow
operation above the normal ash fusion temperature.

/37




1050R

With the support of the West German government, a facil-
ity will be constructed near Koln, Germany, to demon-

strate a single HTW gasifier for productfon of synthesis
gas from brown coal. This unit is scheduled to go on-
stream in 1984.

The Beluga Gasification System

The 4-ATA fluid bed gasifier to be used in this project
is & moderate extension of many years of comnercial ex-
perience and technological development in the production
of synthesis gas from carbon-containing solids. The in-
clusion of a 10-ATA demonstration unit, which can also
operate at 4-ATA for normal plant production, will per-
mit test runs and allow future expansion of the Beluga
compiex to include developed improvements.

With the current status of advanced coal gasification
technologies, there is little probability that signifi-
cant technical improvements can be commercialily applied
in plants to be designed in the next two or three years.

It should also be noted that the capital cost of the
gasification portion of the Beluga plant is less than
15% of the total plant cost. An absolute minimium of
risk must be maintained in the development of large-
scale, coal-based methanol plants, such as the Beluga
camplex. ihe Winkler process meets this criteria.
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METHANOL PRODUCTION

A1l process design and components designed for use in the
methanol synthesis, distillation, and purge gas reforming
units are fully demonstrated technology. The basic ICl cat-
alyst has been in use since 1967. The ICI Jlow-pressure proc-
ess for high-capacity methanol production has been demon-
strated in the plants listed in Tahle 1-3.

A tingle distillation celumn for each train will be used to
produce the fuel quality methanal. The steam reformer is cof
a standard design, with the furnace containing 312 reformer
tubes. Reformer furnaces have been designed and constructed
with 600 reformer tubes. The Mobil, New Zealand reformer
will contain 680 tubes.
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TABLE 1-3
PLANTS USING THE ICI LOW PRESSURE METHANOL PROCESS TECHNOLOGY

ﬁ“ CAPACITY STATUS/
: LICENSED PLANTS . LOCATION STPD IC1 LICENSEE START-UP
Taesung Lumbar Company Koraa 166 Davy Mckee Onstream
Gaorgla Paclfic Corpn. T usa 1200 Davy MceKee Onitream
Chanp Chun Patrochemical Taiwan 165 Davy McKee Dnstraam
Monsantp Company usa 1000 Chamico Onstream
Nishi Nihon Jal?an 1100 Kellogy Onstream
Dor Chemicals Middic East 165 Humphrays Onstream
& Glasgow
EIf Qil, Speyer W, Germany 200 Humphrays Onstream
& Glaspow
Celanese Corporation usa 2100 Davy McKee QOnstream
{Expansion 1976)
Methanol Chemie Nederland Holland 1100 Davy McKes Onstream
PCUK {Ugine Kuhimann) France 860 Davy McKee Onctraam
Matanor SA Braril 200 Davy McKee Onstream
Indiquimica, Algeciras Spain 860 Davy MciKea Onstraam
Teesung Mathana! Company Korea 1100 Davy McKee Onstream
‘ Rumanian Ministry Rumania 660 Davy McKee -Orlstream
ﬁ China National Technical China 330 Humphreys Onstream
& Glasgaw
National Methanol Company Libya 1100 Uhde Onstream
Techmashimpont, Gubsha USSR 2750 Davy McKee 1982
Techmashimport USSR 2750 Davy McKee 1882
SCT Saudi Arabia 2300 Davy McKee 1983
Beordan UsA 2000 Davy McKee 1980
|Revamp}
Almer Arzew Algaria 330 Humphreys Onstream
& Glasgow
AE & CI Modderfontain South Africa 6O Uhde Onstream
Gujarat SFC Indla 70 Linde 1982
MSK Kidinda Yugosiavia 330 Technip 1983
CPDC Talwan 140 Lummus 1983
Ocelot Canada 1340 Davy MoKae 1983
ARCO Chemical UsA 2000 Davy McKee 1983
Air Products USA 600 Davy MeKee 1882
|Revamp)
( Mobil R B D Corporation New Zealand, 4850 Davy McKee 1884
ICI PLANTS
Billingham England 300 Onstream
Biltingham England 1200 Onstream

1740




1.8.4

1.8.5

1050R

AR _SEPARATION PLANT

The type and size of air separation units selected for the
Beluga complex are identical to operating units Tlocated in
the Sasol facility din South Africa. The individual mocule
has a capacity of 2500 STPD for production of 99.5% 0,. A
recent survey of large air separation plants invalving sever-
al hundred plant years of operation, indicates that the aver-
age plant on-stream factor is 98%.

There is considerable optimism in the air separation industry
that a single train capacity of 5000 to 6000 STPD of O2 is
within the range of extension to existing technology. This
would offer savings in the cost of oxygen production.

STEAM AND POWER GENERATION

The primary steam and power production facility far the
Beluga plant will be a pulverized coal/char fired system with
a steam turbine generation system. The aspect of char utili-
zation when blended with raw coal has been demanstrated in
the Winkler facilities in Mershberg, Wesseling, Neyveli and
Kutahya. The ratio of raw coal to char for the Beluga proj-
ect does not exceed the demonstrated successful combustion
experience.

The possible application of fluidized bed combustion (FBC} is
a consideration which will be explored prior to the final se-
lection of boilers for this section. Proven FBC as applied
to the Beluga complex could offer significant thermal ef-
ficiency and economic advantages.
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SECTION 2.0
CONCEPTUAL DESIGN BASIS FOR PROCESS PLANT

GENERAL DESIGN CONSIDERATIONS

The coal-to-methanol process plant will be a grass roots fa-
cility including all required process and utility units. The
gverall plant area plan is shown on Drawing 5530-001-P-001,
and mass and utility block flow diagrams are shown on draw-
jngs 5530-Y-001 and 5530-Y-002. (These drawings are inserted
at the end of this Section 2.0).

The design capacity of the plant will be 2,550,000 tons per
year {7500 tons per day and 340 days per year) of fuel grade
methanal.

The Winkler gasification process and the ICI Tow pressure
methanol synthesis process will be used.

The gasification units of the plant will operate at a pres-
sure of four (4) atmospheres. One of these units will be so
designed that it can be operated at either 4 or 10
atmospheres.

A1l gaseaus and particulate emissions will be held within ac-
ceptable regulatory levels. Wastewater effluent will be min-
jmized and treated to meet regulatory quality requirements.

Use of air coolers will be considered in process areas.
Use of cooling tower water will be the design basis for con-

densing turbine cooling water requirements. “Once-through"
copling water will be considered as an alternative.
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2.3

2.3.1
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SITE AND CLIMATIC DATA

Site Elevation: 225 ft.

Design Dry Bulb Temperature:
Summer, 62°F; Winter, -35°F extreme low
For Cooling Tower Design (5%, Summer):
Dry Bulb, 67°F
Wet Bulb, 59°F

Dew Point: Summer, 48°F; Winter, 5°F

Winds: Velocity, 110 mph max., 7 mph min,
Direction: Summer, S-SW; Winter, N-NE

Earthguake Code: 4

Ice and snow accumulation will be considered in design
criteria.

RAW MATERIALS AND UTILITIES

*As Received” Coal

-Hi11 be delivered by rail, unloaded, blended (70% from Capps

area and 304 from Chuitna area), and stored for process and
boiler fuel.

0

Ht.%
5ize analysis: +6" Q
~-6" to +3/8" 85
-3/8° 15
100
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2.3.2 Blended Coal

0 Proximate Analysis Wt.%
Moisture 23.90

Ash 20.73
Volatile 30.98
Fixed Carbon 24.24
Sulfur _0.15
100.00

Higher Heating Value, Btu/1b. 12,409
(Dry, ash-free basis)

0 Ultimate Analysis Wt.% Dry Basis

Ash 27.24

Carbon 53.23

Hydrogen 3.92

- Nitrogen D.70
i- Oxygen 14.67
Sulfur 0.20

Chlorine 0.04

100.00

2.3.3 Utility Coal

Coal for utility use will be supplied from primary crushers
and screening operations. No drying will be required.
Size: -1 1/2" x Q.

2.3.4 Process Coal

Will be suppiied from crushing and screening operations and
dried to 8% moisture.
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o  Analysis Wt.%

Carbon 48.97
Hydrogen i.61
Sulfur 0.18
Oxygen 13.50
Nitrogen 0.64
Moisture 8.00
Ash 25.06
Chlorine 0.04

100.00

2.3.5 Water
Available from fresh water wells or surface water supplies.

2.3.6 Boiler Feed Water

Raw w%ter will be treated to the quality specified by stan-
. dard boiler codes for particuiar steam Jevels.

2.3.7 Oxygen
Supplied from the air separation plants.
0 Purity: 99.5% vol.

o Temperature: 257°F
0 Pressure: 90 psia

2.3.8 Nitrogen
Available from the air separation plants.

o Purity: 100% (10 ppm oxygen max.)
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2.3.9

2.3.10

2.3.1

2.3.12

2.3.13

2.3.14

0807R

Temperature: Ambient
Pressure: 15 psia min.

o ©

Sulfuric Acid

Caustic (50% solution)
L ime
Start-up and Emergency Fuel

Fuel oil and natural gas will be used as required.

Start-up Steam

Will be available at two conditions:

o Temperature: .338°F 950°F
o  Pressure: 115 psia 1270 psia

Steam Levels
High Pressure Superheated (Power generation)

0 Pressure: 1270 psia
] Temperature: 950°F

High Pressure Superheated (Process)

0 Pressure: 870 psia
0 Temperature: 840°F
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Mediym Pressure

0 Pressure: 115 psia
o Temperature: 338°F

Low Pressure

0 Pressure: 50 psia
0 Temperature: 298°F

2.3.15 Electric Power

Plant will be designed for utilization of gasificaticn char
in the boilers to generate steam for pracess steam turbines
and electric power for the plant and supporting facilities.

169,000 Yolts - 3 Phase - 60 Hz Transmission
69,000 Voits - 3 Phase - 60 Hz Subtransmission
~ 13,800 Vplts - 3 Phase - 60 Hz Generation/Distribution for
Plant
4,160 Volts - 3 Phase - 60 Hz Plant Utilization
480 Volts - 3 Phase - 60 Hz Plant Utilization

2.3.16 Yacuum Condensate

0 Pressure: 2 Hg" Absolute
0 Temperature: 100°F
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Typical Analysis Concentration (MG/L)

Parameter #1 - Well Pad
Bicarbonate 320.0 J
Calcium 89.0
Chloride 2.4
Copper 0.001
Fluoride 0.2
Iron 6.2
Lead 0.0
Magnesium 16.0
Manganese 1.1
Potassium 7.0
Silica 39.0
Sodium 13.0
Sulfate 2.2 1
Total Hardness 290.0 Eﬁ
{as CaCO3)
Corrosion Index 0.02 .ﬁ
- - -
Me/L (C1 = 504 ) i
Me/L (Alkalinity as CaCOg)
it
2.4 PRODUCT SPECIFICATIONS
Ei
2.4.1  Fuel Grade Methanol Wt % i
§!
Methanol and other alcohols 99.5 min. %?
Water Content 0.5 max. 44
Sodium Content 1 ppm max.
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2.6.2 Fedaral Grade A Methanol {(For Reference Only)

e : ' Grade A
Characteristics Requirements
()] Acetone and Aldehydes, % max. 0.003
0 Acetone, % max. — —=e=-
0 Ethanol, % MaX. —  ==——--
0 Acidity (as Acetic Acid) ¥ max. 0.003
Appearance and hydrocarbons Free of opalescence,
suspended matter and
sediment
Carbonisable substances, cotor Not darker than color

standard No. 30 of ASTM
D1209, Platinum-Cobalt
scale,

Color Not darker than color
standard No. 5 of ASTM
D1208, Platinum-Cobalt
scale.

Distillation Range Not more than 1°C and
shall include 64.6°C +
0.10°C at 760 mm.

Specific Gravity, max. 0.7928 @ 20°%/20°C

Percent methanol by wt. min. 99.85

Nenvolatile content,

gm/100 m1, max. 0.0010

Odor Characteristics, non-
residual

Permanganate No discharge of color

in 30 minutes

Water, percent max. D.15
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2.4‘4

2.5
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sulfur

Sulfur will be available from the Sulfur Recovery unit as a

flaked solid for sale or disposal.

Temperature: Ambient

Carbon Dioxide

C02 will be available for sale from the Selexol unit.
expected flow will be as follows:

£ Vol.
co 0.08
COZ 99.45
Hy 0.05
BH4 0.42
H25 1 ppm Vol
Cos 58 ppm Vol
N2 13 _ppm Vol
TOTAL 100.0

Total Lb Mols/Hr: 20,110.8
Pressure: 5 psig
Temperature: 50°F

Drawings
The following drawings will be found following Page 2/10:
5530-001~P-001 Process Overall Plant Area Plan

5530-Y-001 Mass Block Flow Diagram
5530-Y-002 Utility Block Flow Diagram

2/9
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2.6 Oyerall Plant Area Plan

- The numerical designations assigned to plant areas are as
follows:

100 Areas

101 = Air Separation Plant

102 - Nitrogen/Plant Air System

103 - Cooling Water System and Distribution
104 - Railroad

105 - Chemical Storage

106 - Fuel Storage

107 - Dock

200 Areas
- Loal Receiving, Storage and Reclaim
202 - Coal Preparation

203 - Coal Dryers

204 - Process Coal Conveying

205 - Gasification, Gasification 10 ATM

206 - Waste Heat Recovery anu Dry Cyclone
Waste Heat Recovery and Dry Cyclone 10 ATM

207 - Particulate Removal, Particulate Removal 10 ATM

208 - Gasification Char and Coal Dryer Particulate Settling and
Filtration

209 - Raw Gas Compression

210 - Shift Conversion and COS Hydrolysis
211 - Acid Gas Removal

212 - Make-up Gas Compression

213 - Methanol Synthesis

214 - Methanol Distiliation

215 - Product Storage and Pumping
216 = Dry Char System

218 - Ash System

219 - Reforming

300 Areas

300 - Power Plant

301 - Raw Water Treatment

302 - Boiler Feed Water System

305 - Plant Steam System

306 - Buildings and Major Maintenance Equipment
308 -~ Fire Water System

309 - Electricai Distribution

400 Areas

401 - Waste Water Treatment
404 - Relijef and Flare System
405 - Sulfur Recovery

600 Areas

601 - Coal Facilities Capps Mine
i 602 - Coal Facilities Chuitna Mina
.‘t.
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