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Appendix A
Coal Search

For PGW coal gasification plant GKT'S entrained bed coal gasification process
was selected. The process utilizes high temperature (2700°F) atmospheric
conditions with a contipuous co-current stream of pulverized coal, oxygen and
steam. The process can, in general, gasify all types of coal so long as it
wonld allow pormal pulverization; however, the coasl should preferably have an
ash fusion temperatury of 2600°F or less, since coals with high ash fusion
temperatures would reduire addition of flexing agents., The following coal
specifications were therefore developed to meet the process reguirements:

Ash Fusion Temberature 2600°F max. (Reducing)
Sulfur (as received) . 5.0 percent max.

Ash (as received) 1%.0 percent max.
Moisture (as xeceived) . 10.0 percent max.

Size (as received) 2.6" x O

Specifications for sulfur, ash and moisture were so chosen to allow an
evaluation of a wider range of coals. The coal size was so chosen to allow
direct pulverization of coal without the need fo: preliminary crushing.

The search for candidate feed coals was initated by providing to potential
coal suppliers the above coal sp;cifications. Forty-six (46) coal companies
in the states of Pennsylvania, Ohio, West Virginia, Kentucky and Indiana were:
contacted and thirteen (13) companies responded with varied degrees of
interest and information (see Table A-1).

An overall evaluation was then performed based on the coal data provided by
these companies. Raw gas characteristics and cold gas efficiencies, and
thereby the annual tonnage coal requirements and costs were estimated. GCoal
reserves, long term coal supply, oxygen plant costs, sulfur removal cost and
ash disposal cost were alse considered in the evaluation. Tables A-2 to A-6
show the various data for the candidate coals.




The analysis showed that the single factor which affects the plant economics
most strongly is the delivered coal cost (§/ IOSBtu)_. The five coals selected
as potential feedstock for the gasification plant are from Centralia, Berwind,
Keystone, C & K, and Bradford coal companies.




TABLE A-1
COAL COMPANIES RECEIVING PGW INQUIRY LETTER

IN PENNSYLVANIA DESIRE TO SUPPLY COAL
.Aloe Coal Company No Response
P.0. Box 50 :

Imperial, PA 15126

Consclidation Coal Company Yes
Consol Plaza

1800 Washington Rd.

Pittsburgh, PA 15241

Allegheny & Eastern Coal Sales, Inc. No Response
328 Allegheay Avenue
Kittanning, PA 16201

Rochester & Pittsburgh Coal Co. Yes
655 Church Street
Indiana, PA 15701

Bradford Coal Company Yes
Bipler, PA 16825

North Cambria Fuels Co. No Response
lst Natiomal Bank Bldg.
Spangler, PA 15775

Reitz Coal Company No Response
509 15th Street
Windber, PA 15963

General Coal Company Yes
2500 Fiedelity Bldg.
Philadelphia, PA 19106

United Eastern Coal Sales Corp. No Response
P.0. Box 685
Villapova, PA 19085

Avery Coal Company, Inc. No Response
P.0. Box 232
Philipsburg, PA 16866

C & K Coal Company Yes
P.0. Box 69
Clarion, PA 16214

Ownes Coal Mining Co. . No Response
R.D. 1
Penfield, PA 15840




.

TABLE A-1 (Cont'd)

COAL COMPANIES RECEIVING PGW INQUIRY LETTER

IN PERNSYLVANIA

Universal Minerals, Inc.
P.0. Box 307 '
Portage, PA 15946

Acme Coal Co.
L. V. No. 5 Vein Slope
Williamstown, PA 17098

Berwind Coal Sales Co.
1500 Market Street
Centre Square West
Philadelphia, PA 19102

Centralia Coal Sales Co.
P.C. Box 478
Wilkes-Barre, PA 18703

C and G Coal Company
Washington, PA

Dickson Fuel Corp.
P.0. Box 831
Rosemont, PA 19010

Slattery Brothers, Inc.
110 Bala Ave.
Bala-Cynwyd, PA 19004

Alcon Coal & Land Co., Inc.
650 Blue Bell West
Blue Bell, PA 19422

Westmoreland Coal Co.
123 8. Broad Street
2500 Fidelity Bldg.
Philadelphia, PA 19109

Lehigh Valley Coal Sales Ceo.

800 Exeter Avenue
West Pittston, PA 18643

FMC Corporation
National Resource Div.
2000 Market Street
Philadelphia, PA 15103

DESYRE TO SUPPLY COAL

No

Ne

Neo

No

No

No

No

No

Response

= Anthracite
Cozl Only

Ye§

Yes

= Supplies only
Consolidatien
National Gas
Company

- No Coal
Available

Response

Response

Response

Response




TABLE A-1 (Cont'd)

COAL COMPANIES RECEIVING PGW INQUIRY LETTER

IN PENNSYLVANIA

Rafetto Coal Co., Inc.
Aldan Park Manor
Philadelphia, PA 19144

Keystone Coal Co.
One East Market St.
York, PA 17405

Hickman, Williams & Co.
1777 Walton Road
Blue Bell, PA 19422

Miller Marketing Co.
Suite 10-A

1445 City Line Avenue
Philadelphia, PA 19151

Irish John K. Co., Inc.
P.0. Box 885
Red Bank, NJ 07701

Universal Coal Co.
6411 Large Street
Philadelphia, PA 19149

Russell L. Suender, Inc.
P.0. Box 73
Port Carbon, PA 17965

Eastern Association of Coal Corp.
Kopper Bldg.
Pittsburg, PA 15219

DESIRE TO SUFPLY CDAL

No Response

Yes

Ko Response

Yes - Sent Coal
Samples

No Response

No Response

No - Anthracite

Ceoal Only

No Response

A=5




TABLE A-1 (Cont'd)
COAL COMPANIES RECEIVING PGW INQUIRY LETTER-

IN OHIO DESIRE TO SUPPLY COAL
Youghiogheny and Ohio Coal Company No Response

4614 Prospect Avenue
Cleveland, OH 44103

Peabody Coal Company ' Yes
225 Fairway Blvd. T
Columbus, DH 43213

Valley Camp Coal Company ‘ No Response
700 Westpate Tower
Cleveland, OH 44116

Ohio Coal and Comstruction Corp. No Pasponse
P.O. Box 2388
Wintersvillg, CH 43952

Central Ohic Coal Company No Respomse
P.0. Box 98
Cumberland, OK 43732

North American Coal Corp. Yes
12800 Shaker Blvd.
Cleveland, OK 44120




TABLE A-~1 (Cont'd)
COAL COMPANIES RECEIVING PGW INQUIRY LETTER

IN WEST VIRGINIA

Cammelton Industries, Inc.
P.0. Box 1226

1250 One Valley Square
Charlestown, WV 25324

Consolidated Natiopnal Gas Company
Mr. I. M. Ovrr

C and G Coal Company

445 W. Main Street

Clarksburg, WV

Pickards Mather and Goempany
322 70th Street
Charleston, WV 25009

Bishep Coal Company
Pocahontas, WV 24635

Barbour Coal Company
P.0. Box 1744
Clarksburg, WW 26301

DESIRE TO SUPPLY COAL

Tes

Ro - Supply Oniy
to Gas Company

Ne Response

) Yes (See Consolidated
Coal Company)

No Response




TABLE A-1 (Cont'd)
COAL COMPANIES RECEIVING PGW INQUIRY LETTER

IN KENTUCKY DESIRE TO SUPPLY CCAL
Addington Brother Mining, Inc. (Ashland) No - Sells Only to
P.0. Box 681 , Ashland 0il

Ashland, KY 41101

Island Creek Coal Co. Yes
2355 Harrodsburg Road

P.0. Box 11430

Lexington, KY 40511

Sextet Mining Corporation No Response
Madisonville, KY 42431




TABLE A-1 {(Cont'd)
COAL COMPANIES RECEIVING PGW INQUIRY LETTER

IN INDIANA

Amax Coal Company
i05 S. Meridean Street
Indianapolis, IN 46225

DESIRE TO SUPPLY COAL

No = Interest
Western Market
Only
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Appendix B
Fly Ash Recycle

The GKT coal gasification process produceé two types of solid wastes =granular
slag and fine fly ssh admixed with unburned carbon. Approximately 30% of the
ash in the coal is recovered as quenched molten slaj from the gasifier bottom
while the remaining 70% (entrained in the raw gas) is recovered in the form of
a filter cake from a downstream gas purification system consisting of wash
column, settling basin, thickener, and rotary vacuum filter. When 1200 TPD of
the Pittsburgh No. 8 coal is gasified in the usual manner, 33 TPD of slag (15%
moisture) and 345 TPD of fly ash cake (50% meisture) are produced, and a total
of 378 tons of solid wastes must be disposed of off-site. Furthermore, the
fly ash cake contains & large fraction of unburned carbon (107 TFD) which is
not ap insignificant lass of carbon utilization.

In order to alleviate solid waste dispesal problems and to reutilize some of
the carbon contained in the fly ash cake, a scheme of recycling the,fly ash
cake back to the gasifier is incorporated in the present design. This is done
by returning part of the fly ash .cake via a conveyor system to pulverizers
where it is mixed and pulverized with fresl coal. The mixture is dried to 1%
moisture and gasified as in the nan-recycle case.

Since the carbon in the fly ash cake is recovered and reutilized, fresh cecal
feed can be reduced by an amouyt wvquivalent te the carbon recycled. (In other
words, the total carbon in the .mixed feed remains the same as the straight
feed.) As shown in Tables B-1 and B-2, the fresh coal feed can be steadily
reduced and the overall carbon conversion efficiency improved as the fly ash
recycle rate is increased. For example, at 50% recycle rate, fresh coal feed
can be reduced from 1200 TPD to 1128 TPD and the carbon effié;ency improved
from 88% to 93.6%. In addition, the total solid wastes (slag and fly ash
cake) can be reduced from 378 TPD to 250 TPD, and the quantities of carbon
less halved £rom 107 TPD to 54 TPD. With higher recycle rates,'evgg better
results can be achieved. However, as the recycle rate is increaseé; dust
loading in the raw gas also increases (Table B-2), which will hamper the

. B-1
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capability of the wash column to remove fly ash from the gas. The capacity of
pulverizexs must alse be increased to accommodate the increased throughput
(Table B-1). More important, as the recycle rate is increased, the moisture
in the mixed feed increases rapidly, since half of the fly ash cake recycled
is water. At the 50% recycle xate, the moisture in the mixed feed reaches
11.47% ox nearly equal to the design capacity (12%) of the air heaters
associated with pulverizers. The required drying duty at this recycle rate is
more than threefold (0.487 x 109 Btu/D) compared to the non-recycle case
(0.150 x 109 Btu/D). Simple economic trade-off analysis also indicated that
savings due to reduced ecoal feed would be about offset by the increase in the
energy cost’at the 50% recycle rate. For the present PGW coal gasification

plant design, therefore, recycling of fly ash cake in the range of 0-50% is
recommended.

B-4




APPENDIX C

STRETFORD PLANT SULFUR RECOVERY OPTIONS




Appendix C
Stretford Flant Sulfur Recovery Options

The Stretford plant is employed for removing HZS from the raw gas coming from
the GKT gasification plant. HZS in the gas is converted to elemental sulfur
which can be recovered as either filter cake or molten sulfur, the selection
of which is dictated by the overall economics. The molten sulfur
configuration generates a purge liquor stream vwhich requires either en-site
treatment by reductive incineration or dispesal by hauling to a hazardous
waste treatment facility.

In oxder to select the most economical and envirommentally acceptable sulfur

recovery option, the following five options were considered:

. Filter cake disposal
Melten sulfur/purge disposal/sulfur credit
Molten sulfur/purge disposal/sulfur disposal

Molten sulfur/reductive incineration/sulfur credit

ui ~ LN -

»  Moltem sulfur/reductive incineration/sulfur disposal

The economic analysis was based on the C & X coal which is one of the selected
candidate coals for gasification (Appendix A). The feed gas characteristics
were predicted by the ian-house combustion equilibrium (CEC) computer program.
The comparative analysis is applicable to other candidate coals (including
Pittsburgh Ne. & design coal) since the selection of the sulfur recovery
option is based on the feed gas characteristics which are largely independent
of the coal,

The basis and economic parameters along with the description of sulfur
recovery options 1s described in the sections below. The molten

sulfur/reductive incineration/sulfur credit option (case 5) was found to be
most economical.

c-1




{ Basis for Comparative Analysis

Gas characteristics

Pressure: 4.5 Psig
Temperature:  105°F

Composition: (Mole %, wet)

Co 50.15

€as . 0.04 (420 ppmv, dry)
co, B.40

H, 33.80

HZO 5.57

1,8 0.85 (9000 ppmv, dry)
Nz 1.19

HCN NA

CSz NA

: Mol Wt (wet) 20.075

Gas flow rate

Wet: 51,217 MM SCFM
Dry: 48,367 MM SCFM

Sulfur removasr (assumed)

Efficiency: 95% of all HZS’ no COS removed

Sulfur Recovery Options - Description

Treatment of sulfur froth depends upon the amount to be handled. TFor small
loads, filtration alone producing an impure sulfur cake might be an
appropriate choice. Alternatively, filtration followed by batch autoclave

c-2




melting and separation may be used to recover sulfur in another form. Larger
loads might require centrifuging followed by continuous sulfur melting and
separation in a jacketed autoclave, or in a direct steam injection sulfur
melter.

When the sulfur is to be recovered by filtration, a rotary vacuum drum filter
is generally used. The filter cake produced contains approximately

50% solids. One or more wash cycles are employed to'économically recover the
maximun amount of Stretford solution components froﬁ the cake. The filtrate
and the wash solution are sent to a surge tank and are then returned to the
system. Sometimes, depending on the water balance for a particular designm, it
might be necessary to concentrate the wash solution leaving the filter.
Centrifuges employed for larger loads are of the continuous type. Filtrate
and wash solution are again rxeturned to the system.

To produce molten sulfur, sulfur cake or sulfur cake re-slurried in recycled
water can be fed to an autoclave melter-separator. The melter-separator is a
vessel with a jacket or internal coil which is heated by steam at zbout

100 psig. Molten sulfur separated from the agueous solution of residual salts
is pumped to storage. Recovered water and salts are returned to the system.
Sulfur recovered by the above separator/melter metheds is of a high purity in
the range of 99.5% or better.

Economics

Capital and operating costs for the Stretford process are affected by many
variahles. The major design parameters that have a direct effect on the
economics include the allowable hydrecsulfide loading of the solution (which
sets the circulation rate, hence pumping costs, etc.) and the required
residence times in the various parts of the plant (which governs equipment
sizes). A solutijon circulation rate could be 125-175 gal/lb sulfur depending
on the hydrosulfide loadings. A residence times of 10 to 20 min. is required
in the base of the absorber or in a separate holding tank to permit maximum
conversion of hydrosulfide to sulfur prior to entering the oxidizer. About

S-min. delay is necessary after oxygen addition in the oxidizer to complete
reoxidation of ADA.

C-3




{ Atother factor that affects the economics is the sulfur disposal and/or
recovery option selected (see Table C-1). The sulfur filter cake option
(case 1) has the advantage of low capital costs, but operating costs are high
due to loss of chemicals and high tomnage disposal of sulfur cake (containing
about 50% moisture). Molten sulfur and Stretford purge disposal options
{cases 2 and 3} add 20% to the capital cost; hawever the chemicals loss is
only about 60 percent of the filter cake option. Also, the amount of soluticn
purged is less and the disposal cost is lower. I£ recovered sulfur can be
sold then sulfur credit will help reduce the overall cost of cperation
(case 2). If sulfur cannot be scld and has to be disposed (case 3), the
overall operating costs per ton of sulfur output will be about $40 more than
the filter cake disposal option (case 1).

With a sulfur melter, and reductive incineration for chemicals recovery added
to the plant, the capital cost will be 35 percent higher than the filter cake
option. This option with sulfur credit {case 4} shows improved economics over
the base case. Compared with cases 2 and 3 the operating costs per ton of

\ sulfur output are about 517 and §67 higher. With reductive incineration
a}most all HaVO3 and Na2503 are recovered, minimizing the cost of chemicals.
If no sulfur by-product credit is given (case 5) the operating cost is about
$53 higher Per ton sulfur output than case 1 (base case).

_ Table C-1 shows the comparative economics of the sulfur plant options. The
data shown in Table C-2 was used for estimating the opurating costs. The
results show that with no sulfur by-product credit considered, the overall
cost of operation for cases 3 and 5 is higher than the base case. However,
when sulfur by-product credit of $60/ton is considered (cases 2 and 4) the
overall cost of operation per ton of sulfur output is about $20-40 lower than
the filter cake disposal option {case 1).

Conclusions

o If no sulfur by-product credit can be claimed, the filter-cake ﬂfgposal
option (case 1) should be considered,
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o If sulfur can be seold at about $60/ton or higher, the molten sulfur
options (cases 2 and 4#) should be considered. Reductive incineration

{case 4) may be preferable to case 2 (purge disposal) because of marginal

benefits of case 2 over case 4.
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