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III. WORX PLANNED FOR OCTORER, 1071

The work plenned for October will basically be a continuetion of the
vericus activities that have beer underway for the past few months.

A fine]l summary report on the evaluation of the coals for the in-~depth
beneficiation progrem has been written and is now being edited.

The bid package from Xoppers for the flnidized-bed gasification PEDU
will be reviewed. A list of ussble equipment and instrumentation from the
Stage 2 FZDU will be developed with the idee of incorporating as mery of these

items es possible in the new PEDU set-up. Reactivity studies of a new char
will be injtisted.

Review of the bid package from Koppers for the methanatisn PEDU is
planned. A schedule for the dismantling of the Stage 2 PEDU will be developed
to expedite the clearing of the area. Tests in the bench-scale methanstor
will continue witkh Catalyst 2684 to determine the critical pertial pressure
of carbon moncride that causes carbon depositisn. A new babtch of catalysts
has been received and screening tests will be run to obtain suitable catalysts
for detailed evalustion. Planning for the model studles will continue.

Tests in the Stage 2 PEDU {100 lb/hr) have been officielly terminated.
PEDU Tests 57 and 58 will be evelumted, and work will begin on the preparation
of a final summary report. The report will cover the work done since
September 20, 1970.

Work on the cold flow model experiments for the 5 ton/hr two-stage
gasifier will continue. Materiel and equipment for the Phase I snd Fhase IIT
tests will be assembled as they are received.

The computer programs set up for the Stage 2 PEDU will corntinue to be
used. Construction of & room to house the PDP-8/E computer ordered from
Digital Equipment Corpormtion will be started.

Every assistance will be given Koppers to ensure complietion of the bid
package for the muliipurpose reseerch pilot plant facility.

A. Trips and Meetings Plenned

Jetober 1, 1971 Koppers Compamy, Inc. R. A, Glenn
Pittsburgh, Pennsylvania

B. Visitors Expected

October 1, 1971 Office of Coal Research N. P. Cochran
Weshington, D. C.
October 5, 1971 Gilbert Associates, Ine. Carl A, Bolez

525 lancaster Aveme
Reading, Pennsylvanie
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October 7, 1971 West Virginia University
Morgantown, West Virginia

Qetober 7, 1971 U.5. Bureau of Mines
Pittsburgh, Pennsylvania

October 8, 1971 Hydrocarbon Research, Inc.
Trenton, New Jersey

C. Papers to be Presented

April, 1972 Symposium on Quality of
Synthetic Fuels
ACS Division of Fuel Chemistry
Boston, Massachusetis

BRAG:v
8016

60.

Prof. C. Y. Hen

Dr. P. Yavorsky

C. A. Johnston

"Beconamics of
Generating Clean
Fuel Gas from Coal
Using an Alr-blown
Two-stage Gasifiexr!
E. K. Diehl
J. T. Stewsrt
R. A. Gleon
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~ Appendix A-i
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MONTHLY EXPENDITURES (All Costs, in Dollars.
Sept Oct Nov Dec Jan Feb Mar Apr May
Monroeville Predicted | 129,051 { 123,991 | 123,991 | 125,991 323,436 382,228 553’1;51_-, 105,058 | 66,23
Actual 63,610
dicted T 154,006 | 215,&
Hemer City Predicte 2% &3,
Actual
Total Predicted | 129,991 1 129,991 | 129,991 | 120,961 | 323,186 | 362,228 | 558,45k | 259,058 | 301,8:
Actual

MONTHLY PROGRESS CHART

Part 2 Expenditures

OFFICE OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR
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APPENDIX D

BI-GAS STAGE 1 TEMPERATURES WITH CCMPLETE CHAR RECYCLE

Material snd hest balance data for complete gasification using the BI«GAS
process were calculeted for Illineis No. & seam cosl, The following cosl analy-
sis was used:

Moisture, percent 1.3
Ash, percent F.1

Heating value,
gross, Btu/id 14,480

{1timate anaiysis, daf~-basis, percent

Carbon 8.3
Rydrogen 5.4
Nitrogen 1.5
Cxygen 9.6
Sulfur 2.6

As a basis for the czlculations, the following dats were used:

Systen Pressure 70 atm

Stage 2 Ga:z Exit Temperature 1700 F

Cogl Preheat Temperature 200 F

Stean Preheat Temperature 580 F

Cxygen Freheat Temmerature Boc F

Methane Yield, C basis 20 and 27.5 percent

The steam rate selected was 5 mols/100 1b daf cogl which geve & steam decom-
position of about 70 percent. A heat loss of 50 Btu/lb daf ccal was used. The
results obtained for the combined Stage 1 and 2 are shown in Table 15,

Assuming that 15 and 25 percent of the carbon in coel is converted to carbon
oxides in Stage 2, the amowunt of char remaining and recycled to Stage I was ob-
tained., Usipng the amount of oxygen reguired from Teble 15, and assuming that 2.0
and 5.0 mols (L0 percent or 100 percent of toktal) of steam are added in Stage 1,
the gas yield, composition, and approximste temperature of Stage 1 gas shown in
Tsble 16 were obtained. -

Flgure 18 is a plot of the Stage 1 exit temperature versue the mols of steam
used in Stage 1, Additiocel lines are drawn on this graph to delineste somewhat
artitrarily the follcwing temperature regimes:
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TABLE 15. MATERIAL &ND HEAT TATANCE DATA

(Complete gesification, Illinois No. 2

C of cocal as “ethane in Stege 2, Percent

Basis: 100 1b daf coal (6.77 mols C)
Feed, mols
Ooygen
Steam

Frodect, mols
Steam
Rydrogen
Methane
Carbon Monoxide
Carbor Dioxide
Nitrogen plus Hydrogen Sulfide

Steam Decamposition, percent
(PHE) at exit, atm (70 atm total pressure)
Methane after methanation, mols
Besiz: 1 MSCF total methare in product
coal, 1b daf
coal, MM Btu daf

Oxygen, 1b
Stesm, 1b
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Non-slagzing operation Below 2700 F
Slegging operation Above 2700 F
Limit of opersbility 3300=3500 F

The data show (1) that for complete gasification the cerbon oxide formaticn
in Stage 2 must be kept within definite 1imits to supply enough cher for slagging
operation in Stage 1 and (2) that the distribution of the steam betwean Stage 1
and 2 can be used to control Stage 1 tempersture.

In Figure 19 the Stage 1 temperature is plotted versus the (CO + £0,) forma-
tion in Stage 2. The data indicate that (CC + CO,) yield ebove about 30 percent
¢n a carbon basis will lead to excessive Stage 1 temperstures, Thus, in further
PEDU experiments, a gas exit temperature and residepnce time shouid be selected
at which this ecarbon oxide yield is not exceeded.

Tt is suggested thar the data giver here be extended to other cogls using
metharne and carbon oxide yields indiceted by the kinetic model for various
temperatures, steam retes, and pressures.

Constant velues have beer assumed for the the heat loss ané the recycle
carbon rates in the above celculations. A refinement of these assurptions is
possible as shown below based on dats from the Buresu of Mines, Morgantown.

A. Heat Loss and Oxygen/Carben Retio Deta

The gasification work st the Bureau of Mines in Morgantown provides data that
can be applied to the operation of Stage 1 of the pilot plant.

Bureau ¢f Mines Repsxt of Investigations No. 5573 gives dsta correlating the
oxygen/carbon retic with the percent carbon gasified, The data, converted to our
units, are shown in Figure 20. The line drawn coincides with later data given in
Report of Investigetions Nc, 5636k. It appears justified to use only the date ob-
tained at the highest vpreesure used, 30C psi, which gave the highest carbon
utilization for & given oxyges/carbon ratic in view of the higher pressure to be
used in the BI-GAS pilot plant.

The line cf Figure 20 is used in Figure 21 to plot the oxygen/carbon ratio
(31b/1b) in the feed coal versus the axygen/carbon ratio (1b/1b} actuaily gasified.
This correlation is used to obtain the ratio of oxygen to totel char recycled into
Stage 1 showr in Tabdle 1€.

Iz the Morgantcwn work, coal was used as feed while the BI-(GAS process will
use chaxr, There is nc information on hand for the relative reactivity of coal
and char, It is reasonable to assume that the higher conversion expected at
bigher pressure and the lower renctivity of the char will be compensabting factors.
Therefore it iz sugzested to use, at lesst ot this time, Figire 21 to obtain the
ratio of carbon gesified to totel carbon feed to Stage 1.

The Report of Investigations Ro. 5573 date show that the heat loss per sq ft
of intermnal gasifier surface increases with the oxygen/carbon ratio and the coal
thruput, as shown in Figure 22, The hest loss depends very little uporn the pres-
sure in the range from 75 to 300 psig, as shown in Figure 23. An increased
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STAGE 1 EXIT TEMPERATURE, F

ﬂ 4500

Moles Steom/ 190 |Ib
A000- 20% C in CHg 2 daf Coal
m——-—— 27.5% C in CHy

3500
3000
25C0-
2000+
1800~

_ I — T T |

5 10 15 20 25 30

C IN (CO+CO9) IN STAGE 2, PERCENT

Bituminous Coal Research, Inc. BO16G242

Figure 19. Exit Temperature Stage 1 and Carbon Oxides Yield Stage 2
{Varying CH4 Yield and Steom Rate in Stage 1)
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C IN COAL GASIFIED, PERCENT
ﬂ 'IOOT
o < 300 psi, > 1000 lbs Coal /hr //
g ¢ 300 psi, < 1000 |lbs Cocl/hr /
os o 300 psi, > 1000 ibs Coal/hr /S
i ¢ 300 psi, < 1000 lbs Coal/ hr /,
o
66 —T l I ] 1 | 1
0.8 0.9 1.C 1.1 1.2 1.3 1.4 1.5
LBS O92/LBS € IN COAL
Bituminous Coal Research, Inc. BOI6G243

Figure 20. Ratio of Oxygen to Carbon and Carbon Gaosified
(R. I. 5573, Page 45.)
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HEAT LOSS,
M Btu /HR/SQ FT

4

300 psi, 1000 lbs Coal/hr

300 psi, 700 lbs Coal/hr
300 psi, 400 lbs Coanl/hr

nqaaqo

120 160 psi, 1,900 lbs Coal/hr
100 psi, 700 lbs Coal/hr
100 psi, 400 lbs Coal/hr
100~
80—
a
o
60 /%
D/
2
/5
a
40— /:/ /:}
()
B i S g
i o
0 T T T T i 1
0.8 0.9 1.0 11 1.2 1.3 1.4 1.5

LBS O5/LBS C IN COAL

Bituminoys Coal Reseorch, Inc. 8016G245

Figure 23.

Oxygen/Carbon Ratio and Heat Loss
(R. 1. 5573, Page 44 Figure 33, 13 ft2 Gasifier Surfoce)
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i o 490 lbs Coal/C F Gasifier Vol x hr
“‘: HEAT LOSS, o 340 Ibs Coal/C F Gasifier Vol x hr
|- -
b 1.33 Ibs ©9/!bs C in Coal
(=]
704 = ° o
- &0- e ~ o a
. i 50
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;— 40_ - < $ o
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5 ° °
= 50.... a
L) o o
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40~ - = °
304 i ° o
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GASIFICATICN PRESSURE, psig
: Bituminous Coal Research, Inc. BO165G246

Figure 23. Heat Loss and Pressure
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B-73.

oxygen/cerbon retio leads to higher reaction temperature and logically to a higher
heat loss. A possible explanation for the incerease of the heat less with the coszl
throughput is that less heat is abstracted per pound of coal, and thus a higher
average reaction tempereture prevails. This leads to the higher hest loss per
unit gasifier surface, Ther the higher average temperature and the blgher reaction
rate connected with it would compensate for the shorter residence time in compar-
isvn with that obtained with smeller throughputs and longer realdence times and
lower terperatures. In all these tests, about 0.3 1b of steam per pound of coal
were used.

For use in the heat and material balance caleulations for the pilot plant,
the beat loss date are replotted in Figure 24 . 1Using the coal or cerbon throughput
ver cu 't of gesifier volume as the other vsriable.

in Figure 25 the calculated exit temperatures are plotted versus the residence
time, The curves, together with Figure 20, seem to indicate that the reaction,
after the first exothermic combustion step, is essentially completed in about one
second, and thet from there on only cooling through heat radiation reduces the
temperatvre. This indlcates that too large a Stage 1 velume can be harmful as
well as one that is too small,

Koppers drawing 2415-2A50 provides for a Stage 1 vessel of 2 £t ID and 4 £t
long with two L5° copes at either end. This gives the following volume;

4 £t cylinder 11,5 cu ft —~
2 cones 1.5 cu £t :
Total 13,0 cu £t

The internel surface is sbout 33 sq ft.

Assuming a pilot plant cosl throughput of 10,000 1b/hr {38,960 1b/hr daf coal),
Table 2 from the Burean of Mines report leade to the data shown in Table 317 for
the sbove configuration. An alternate to the szbove configuration of 9.5 cu ft
volume and 24 sq £t internal swrface® leads to the data given in the lcwer part
of Ta.l/ale 17. The throughput in Stage 1 thus varies between 290 and 820 1b ¢/
cu ftfhr.,

Report of Investigstions No. LOT1 indiestes (Figzures 23 and 20 sud p,l) that
for the same carbon gasification, the coal throughput can be increased in direct
proportion to pressure. At 300 pei a coal throughput of 485 1bfeu ftfar (=340 1b
C/cu ft/hr) 1s indicated. This would extrapolate at 1,000 psi to 1,140 1b
C/cu ft/hr, considerably sbove the throughput indicated im Teble 17 for Stage 1
volume of 13 or 8.5 cu ft. Another way of locking at this throughput figure is
that at 2 seconds residence time sbout 0.6 1b carbon enter the gasifier per second
for each cubic foot of its volume., This is & density that is far below that of a
Muidized bed.

On this besis, it appears justified to place emphasis in the cold, full-size
model experiments on rapid mixing, avoidance of fleme impingement on walls, (see
Figure 25) and of slag carry over to Stege 2 in a gasifier of 2 to 3 £t ID a2d &
volume of sbout 8 to 13 cu Ft.

1A 0.5 ineh thickness of refractory or slag reduces the effective diameter to
23 imn.
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TABLE 17, HEAT LOSS IN THE STAGE 1 OF THE PILCT PLANT

B-76.

C as CH; in Stage 2, percent 20 27.3

1b Oxygen/i00 1b daf cecal 52.5 7.5

C as (CO + €O, ) in Stage 2, percent 15 25 15 25

Basis: 10,000 lb/hr cosl
1b C in gasified char L700 Looo 41850 3I4T0
b C,/1b C gasified 1.0 1.17 1.15 1.36
b Q, /)b total C feed 0.6 0.85 0.8¢  1.25
Ib total C/hr to Stage 1 78c0 5500 6000 3800
Ib total Cfen fi/hr (Stage 1 = 13 cu ft) 600 L2o 1%] 290
Heat loss, MBtu/hr/sq ft (25)* 33 33 sk
Hert loss, MBtu/hr {33 sq It) (790)#* 1060 1090 1780
Heat loss, Biu/lb cosl (79)* 109 109 178
Heat loss, percent Btu in cosl {0.6)% 0.8 0.8 1.k

Llternetive Stage 1

(Assume 3 ft ID, 1 ft height, flat top,

bottcm cone 1 £t higk) 9.5 cu ft, 24 sg £t

1t totel C/cu Pt/nr (9.5 cu £t) 820 580 630 10O

Heat loss, MBtu/hr/sq ft {27)* Lo Lo 62

Heat loss, MBtu/br (24 sq %) (650)* 960 SE0 1480

Heat loss, Btu/lb coal {65)* %6 ) 1L8

Heat loss, percernt Btm in coml {0.5) 0.75 C.75 1.1

*Estimate, Q,/C ratic outside of experimental range.
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AFFENDIX C

OXYGEN_COST FROM APCI REFORT

Figure 2 of the AFCI report shows the following figuree for steam producticn
and consumption:

Avxiltiery boiler 1,329,h00 1b/hr
From this to Oy plent 82,200 lv/nr
Waste heat stesm to
C, plant drives 1,056,000 1b/hr
Total O, plant érives 1,138,200 b/ (= 85.5%)

This leads to the following two cases for the cost of 1,000 psi oxygen in
the 6,000 ton/day plant:

Case 1 Case 2
Steam from auxiliary
boiler to 0, plant % 85.5%
Investment Cost, MM Dollaxs
-
Oxygen plants (Teble X} 26.3 26.3 ‘
Auaxiliary boiler plant
{Table IX $8,592,000) 0.5 7.3
Methanation bollers and
superheaters (Table VIII) 0.8 -
Off sites, utilitles 23.3% 6.L -
16-%“ —— 5-?
3.0 32.3
Contractor's Fee 5% 1.7 2.0
35.7 h1.3
Interest during conmstruction, 5% 1.8 2.1
Total Fixed Invesctment 37.5 L3,k
#% Reduced Ly auxiliery boiler plant cost.
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Cperating Cost., M §/Year

Case 1 Cese 2
(347 Cpereting Deys)
Stean 1,138,000 1b/br at
12.1 cents/MM Btu 1,680 -
Teble IV 85.5% of 2,215 x 10°
Btu/hr at 12.1 cents/MM Btu - 1,900
Uther naterial (6.2%) 100 ny
Direct Labor, 3 man/shift 106 106
Meintenance Labor 1,020 1,180
Meintenance Supplies 153 177
Supervision n n
Payroli O.H. 12 iz
Ceneral O.H. 6hs 737
2,787 5,237
Depreciation 5% 1,875 2,170
Taxes, insursnce 3% 1,125 1,300
5,727 7,707
Contingency 2% 114 154
Total Cperating Expense 5,841 7,861
($/T 05, 6,000 T/d at 1,000 psi) {2.80) (3.78
Return on investment 59 3,000 3,470
Tetel ineluding Return 8,841 11,331
($/T 0,, 6,000 T/d et 1,000 psi) (4.24) (5.45)

Figure 2 then shows the cost of oxygen for a 250MMscf/d BI-GAS
Pladt in relation to the cost of coal.
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Bituminaus Coal Research, Inc. 8016G249

Figure 26. Cost ¢+ ¢

ygen for 250 MM scf per Day BI-GAS Plant
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APPENDIX D
CCST OF FUEL GAS BY THE BI-GAS FROCESS
{oxygen~blown, without shift, carbon dioxide removal, and methanation)
Bagis: Air Products Report 1970
Fixed Investment

Milljons cof Dollars
Pipeline Gas Fuel Ges

Coal Preparation and Feeding 5.3 26.0%
Gasification 7.4 7.5
Shift Conversion 1z2.5 -
Acid Gas Remowval and
Sulfur Recovery 30.0 6.5+
Methanation ii.7 _—
Drying 0.1 -
Oxygen Plants 26.3 2.3
Off-sites, Utilities 2.4 22.0
132.7 8.2
Contractors Fee, 5 percent _7.0 b.h
6.7 92.5
Interest during
Construction, 5 percent 7.3 b7
Total Fixed Investment 154.0 97.3

#* JTneludes sdditicnel waste heat boiler and
decreased dquench.

+ 95 percent hyérogen suliide and 35 percent
carbon dioxide removzl from gas before shift.
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Ges Composition, Quantity end Heating Value

Carbon Dioxide
Carbon Monoxide
Methane
Hydrogen
Hitrogzen
Hydrogen Sulifide

Stean

Hydrogen sulfide - 356 Mols/hr, H.V. - 402 Btu/sef, 11,250 x 10°

Btu/hr, 270 x 10° Btu/day; Sulfur:

Volume, )
Percent Mgcf/hr
9.6 2,680
k6,7 13,080
16.56 4,620
25.8 7,240
0.7 185
0.08 7L
0.5 &k
100.00 27,900

34,200 1b/hr, 368 1t/4.

D-61.
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OPERATING EXPENSE
Annuel Cost {347 Op. Days)

Thousands of Dollars

TPipeline Gas Fuel Gas
Coal, Tun~of-mine
$2.00/t ='$3.21/% washed
= 12.) cents/MM Btu 15,600 15,600
Other Materiels 63 Bog
Direct Operating Lebor 1,485 1,3%5¢
Meintensnce Labor h,103 2,650%
Meintenance Supplies 629 Loo=
Supervision 8 134
Peyrcll Cverhead 363 k7
Generel Overhead _3,208 2,265

26,409 23,161
Deprecietion, 5 percent 7,705 L, 865
Taxes, Insurance 4,623 _2,919
38,737 30,545

Contingency, 2 percent 775 ___é}g
Total 39,512 30,564
Cents/MM Btu, 237 x 10°/d¥x* 45.0 -
Cents/MM Btu, 270 x 10° /a#* - 29.9
Return, 8 percent 12,300 7,780
Total Including Return 51,812 38,3k4
Cents/MM Btr, 237 x 10°/a%* 59.9 --
Cents/MM Btu, 270 x 10°/&x* - 38.3

# In proportion to invesiment
+ 42 men/shift reduced to 38
¥ Sulfur Credit 368 1t/d at $20 = $73 60/d = 3.1/2.7 cents/Md
Btu
Figure 27 then shows the cost of fuel gas, using the BI-GAS process,
in relation to the cost of washed coal.
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FUEL GAS,
CENTS /MM

4 o

904
804
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// Pipeline Gas Cost
~
pd -
// //C'% Return
~ ~
”~
P -~
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0% Return
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WASHED COAL, DOLLARS/TON

| T - I 1 -1
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WASHED COAL, CENTS/MM Biu

Bituminous Coal Reseorch, Inc. 8016G2508

Figure 27. Fuel Gas and Cogal Cost Oxygen-blown BI-GAS Process

(270 x 10?2 Btu Gos per Day of 402 Bty per scf)
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APPENDIX E

USING OXYGEN OR ELECTRIC HEATING

COMPARISON OF THE COST OF
1 OF THE BI-GAS PROCESS

IN STAGE

The successful use of electric energy for the gasification of char irn a
fluidized bed indicated the need for a comparison of this method of sugplying
heat to Stage 1 of the BI-GAS process with the use of oxygen. Table 1
gives the results of meterial and heat balence calculations for the complete
gasification of Illirois No. 6 seam cosl with the following analysis:

Coal as used:

Moisture 1.3 percent
Ash 3.1 percent
Kesting value, gross 14,550 Btu/Iv
Heating velue, net . 13,98C Btu/1b

Ultimate analysis, daf basis, pexcent:

Carbton 81.3
Hydrogen 5.4
Nitrogen 1.5
Cxyzen 9.6
Sulfur 2.6

To obtain the gas composition given in Table 18, estsblishment of the
siift reaction equilibrium was assumed and the following temperatures used:

Gas exit temperasture, F 1700
Coal temperature, ¥ 200
Stesm temperature, F 280
Oxygen temperature, F 800

In addition, & steam/coml ratio was selected that gave 67 to 69 percent
overall stean decomposition, and & heat loss of 50 Btu/lb of coal was used.

The gas cbtained was further converted by shift reaction, acid gas
removel, and methanation into metheane. The throughput of these units per
M sef of Pinal methsne is given in the last part of Table 18.

The APCIL report gives a bettery limit investment cost (excluding off-
sites, utilities, contractor's fee, and interest during construction} of
$113.2 million. The =nnusl operating cost, excluding coel cost, is $23.9
milZion, or 21.1 percent of the investment. Using this percentsge to obtain
the cperating cost of the shift reaction and ges removel and methanetion, the
dats in Table 19 are obtained.
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The APCT report provides a production of 250,000 M scf ges/d with =

heating value of 947 Btu/scf. This corresponds to 234,000 M sef/d of methane

on & Btu basis. The report also shows the amount of €O shiifted, CQ, removed,
and CH, synthesized. Thus, the cperating costs of these uniis per mol of
conversion are also shown in Teble 19.

Using the following raw meteriel and utility costs:

Coal 15 cents/MM Btu = $3.90/T as used
Oxygen $5/1

Slectricity 0.k cents/kwh

Steam 30 cents/M 1b

end tre conversion quantities from Teble 18 and conversion cost from Teble 19
the differential operating costs in Table 20 are obtained. The differential
pipeline gas costs (cents/M scf CH,} are plotted versus the percent carbon
converted to methans for the use of oxygen and electric heat in Figure 28.

PIDU correlations® show thet the methane yieid, MY, in percent carbon
converted depends on the hydrogen partial pressure, as expressed in Equetion (1}.

0.08 + (0.012) (Pg,)
1+ {0.012) (PHE)

MY =

This correletion is uvsed in Figure 29 to intersect with the lines for
oxygen end electrothermal gesification and gives, at 1,000 psi gesifier
pressure, 23 percent and 27 .6 percent cerbon conversion to methane, respee-
tively. This yield and the differentisl opersting cost from Figure 28, and
the sulfur credit from Figure 30 at $20/1% = 0.89 cents/lb give the following
net differential operating cost:

Cents/¥ scf CH,

Gasification in Stage 1 Cxygen Electrocthermal
Differentigl operating

cost 6.5 15.9
Sulfur credit -1.9 -1.6
Net differential

cpersting cost 4.6 1k.3
Or C 2.9

* Gas Generator Research end Development, Progress Report No. 85, OCR
Contract 14-01-0001-32k. p. 3381.
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C in CH, percent
Heat source

TABLE 20Q.

Preformed CH,, percent

For 1 Mse? CH,

Coal at 15 cents/MM Btu
($3.90/%, 9.1% esh, 1.3% E;0)  15.5

Oxygen, $5.0C/t

Flectricity, 0.4 certs/Kwh

Steam, 30 cents/M 1b

OFERATING (COST DIFFERENTIALS

20

Shift Reaction, 1.52 cermis/mol CO 2.7

CO, Removel, 2.33 cents/mol CQ, T.2

CH, Syntkesis, 2.23 cents/mol CH, 3.3

Total

Differential from lowest cost

k5.3
8.8

27.5
14.8 18.0
- 9.3
25.5 --
3.1 2.2
1.5 2.3
L6 6.9
3.1 2.4
52.6 k1.1
16.1 4.6

E-58.

35 La2.5
oo Toh ghe
k.8 17.3  1k.B
-~ 7.2 -—
20.7 -- 16.3
2.9 2.3 2.9
1.3 1.6 1.0
L6 6.4 L6
2.3 1.7 1.7
.6 36.5 ka3
10.1 o 4.8
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C IN CH4 AS PERCENT

C IN COAL
g -
40-
Elactrothermal
Stage 1
304
20+
Carrelaticon Line Equation (1) \
14 T 1 1
i0 20 : 26

PARTIAL PRESSURE OF HYDROGEN, (PH5). atm

Bituminous Coal Research, Inc. B016G252

Figure 29. Relation Between Methane Yield and Hydregen Partial
Pressure for Complete Gasification of Coal
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LBS 5/MSCF CHg4
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Bituminous Coal Research, Inc. B0O16G253

Figure 30. Relation Between Sulfur Credit and Conversion to
Methane for Complete Gasification of Coal
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This shows a clear advantage of the use of oxygen in Stage 1 over electric
heeting for the complete gasificatiocn of coal using the BI-GAS process.

The calculations were extended to & case with char withdrawal: 20 percent
of the carbon in the coml is withdrawn as cher. Otherwise the same conditions
were used. A sunmeyy of the deta for 20 and 27.5 percent carbon converted to
methane is given as Table 21. Using the previously obtained cost data from the

AFCI report, snd gquentities from Teble 2%, the opersting cost differentials in
Table Z2 were cbtained,

Iz Figure 31, the pipeline gas cost differentials are plotted versus the
percent carxbon converted inio methane in Stage 2. The methane yield in
Stage 2 is plotted versus the mydrogen psrtial pressure in Figure 32. The
dotted line is the FEDU correlstion line, Bguetion i, thet connects hydrogen
partial pressure with methane yield. The intersection of this line gilves the
expected methene yield. At 1,000 psi total pressure it is 22,3 percent for
oxygen and 26.1 parcent for electrothermal gasificetion.

It is assumed thst 95 percent of the sulfur in the cosl will be converted
to hydroger sulfide and recovered as elemental suifur. Figure 33 shows, then,
the sulfur recovered per M scf of methane. The sulfur will be credited at
$20/1t = 0.89 cents/It. This gives the following opersting cost differentiels:

Stage 1 Gusification: Oxygen  Electrothermsl
Percent C in coal as CH, 22.3 26.1
Percent C in cosl as char 20.0 20.0

Cents/M scf CH,

Cperating cost differentisl Lo 12.4
Sulfur credit -2.2 -1.5
Net operating cost differentiel 2.7 10.6
or ] 7.9

This shows, for the gasificatisn case with cher withdrawal, an edvantage
ef 7.9 cents/M sef methane for the oXygen gasification; 2 result very similer
to that obtained for the complete gasificationm of coal
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TABLE 1. SUMMARY DATA, TWO-STAGE GASIFICATION USING
OXYGEN AND ELECTROTHERMAT HEATING, 2C% C AS CHAR

C in CH,, percent 20 27.5
Heat Source¥ L. 0o EL. o
Basis: 100 1b def rllinois No. 6 coal, mols

Methane 1.36  1.36 1.86 1.8€

Hydrogen L.238 2.058 2.958 1.311

Carbon Mcnoxide 3.16 2.76 2.6 2.1

Carbon DPioxide 0.  1.30 1.1 1.35

Stean 1.713 1.%03 2.013 1.16

Fitrogen plus Hydrogen Sulfide 0.135 0.135 ©.135 ©0.135
Total 11.526 9.026 10.526 B.026
Char, 1b daf {H.V. 14,500 Btu) 16.2  16.2 16.2  16.2
Char, MMBtu/100 1b daf coal 0.233 0.233 0.233 0.233
(PH'_) at exit. stm (70 stm total pressure) 25.9 1B.o 19.6 1.5
Preformed CH,, percent Lok 53,1 8.0 68.0
Total CH,, mols 3.21 2.566 3.21 2.7
Total CH,, =cf 1215 573 1215 1039
Steam, 1lb/Msef Totel CH Bg é5 Bg &1
Steam Decomposition, percent T4 6& TC ™=
For 1 Mscf taotal CH,

it o, -- k2.6 -- 29.3

Ewh 68.6 - 55.5 -—
Basis: 100 1b def cosl

CO Shift, mols 1.31 1.55% .11 1.33

CO, Eemoval, mols 2.75 2.854 2.21 2.68

CH, Sypthesis, mols &583 1.208 1.35 0.88
For 1 Mscf Totel CHy

CO Skift, mols 1.06  1.60 0.51 .29

CO, Femoval, mols 1.2 .93 1.82 2.58

CE, Synthesis, mels 1.52  1.2% 1.11 0.8

* El. = Electrothermal; (G, = dxygen
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TAHLE 22, OFERATIHG COST DIFFERENTIALS
(20 percent ¢ as char)

C in CH,, percent 20 27.5
Hent Source® El. Oz El. S
Basils: 1 Mscf methane

Coal at 15 cents/MM Btu 17.9 22.3 17.9 20.9

($3.90/t, 9.1% ash, 1.3% H0)

Char credit at 15 cents/MM Btu 2.9 3.5 2.9 _3.h
18,8 -

Net gasifier fuel, cents 5.0 15.0 17.5
Oxygen, $5.00/t -- 10,7 - 7.3
Electrielty, 0.4 cents/kwh 27.5 - 22.2  ~-
Steam, 30 cents/M 1b 2.7 2.0 2,7 1.8
Shift reactiom, 1,5 cents/mol CO 1.6 2.k L.h 1,9
CC, removal, 2.33 cents/mol CO, L3 6.8 b,3 6,C
CH, synthesis, 2.23 cents/mol CH, 3.k 2.8 2.5 1.9

Total sh.5 k3.5 18,1 36.L4
Differential from lowest cost 18,1 7.1 11.7 o}

* 2, = Electrothermal; 0. = Oxygen
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PIPELINE GAS DIFFERENTIAL,
CENTS /MM Btu

i

25

20+

154

10+

p

e N o O9

a Electrothermal

T ! T
20 22 24 26 28 30 32

C IN CH4 AS PERCENT C IN COAL

Biluminous Coal Research, Inc. 8010G232

Figure 31. Pipeline Gas Cost Differential for Gosification with

20 Fercent Char Withdrawal
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Figure 32. Relation Between Methane Yield and Hydrogen Partiai
Pressurc for Gasification with 20 Percent Cher Withdrawal
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Bituminous Coal Research, Inc. B016G256

Figure 33. Relation Between Sulfur Credit and Methane Yield
for Gasification with 20 Percent Char Withdrawal
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PROGRESS REPORT #26

BITUMINOUS COAL RESEARCH, INC.
COAL GASIFICATION

SEPTEMBER 1571

KOPPERS CONTRACT 2415

I. STATUS OF CONTRACT

A PILOT PLANT ENGINEERING BID PACKAGE

(1)

(2)

{3)

(6)

Work is proceeding on schedule. ZEngineering drawings and
specifications z2re scheduled for completion and submittal to
BCR for approval on December 3, 1971. Cost estimate, cash
flow projection, construction schedule and models are scheduled
for completion on December 31, 1971.

At BCR's request, Koppers submitted on September 8§, 1971
letter 2415-Cl35 covering additional information and detailed
cost breakdown for the proposed services by Koppers in
connecticn with the advance procurement of the long lead and
critical items recommended in Koppers letter 2415-C114
dated August 12, 1871,

Initial site work (to be performed by others at the Homer City
Pilot Plant) was recommended by Koppers to start irnrmediately
and concurrently with the engineering for the bid package in the
letter 2415-C139 dated September 9, 1971,

Capital cost estimate for the BI-GAS Pilot Plant at Homer City
for the scope of work specified by Amendment #7 to Subcontract
No. 2 was submitted to BCR on September 15, 1971 (2415-C144).

On September 17, 1971 (letter 2415-C150) Koppers provided
clarification and additional information to justify the changes
in design of the gasifier.

On September 24, 1971 Koppers submitted to BCR a sumnmary
of the anticipated electrical power load for the proposed power
plant {2415-C156).
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(7) An inspection of the Homer City Pilot Plant was made on
September 10, 1971 jointly with representatives of ECR,
Penn Electric and Indiana Development Corporation. For
additional information please refer to Conference Report
No. 136,

{8} By letter dated September 23, 1971, BCR requested Koppers
to proceed with inquiries and to obtain responsible quotations
from outside engineering firms, qualified to conduct soils
investigation and make additional site survey of the Homer
City pilot plant site,

ENGINEERING ASSISTANCE AND RECOMMENDATIONS FOR PEDU

PROGRAM

{1} Preliminary capital cost estimates {1972 expenditure) for
Methanation PEDU and Fluidized Bed Gasification PEDU were
transmitted to BCR on September 9, 1971 {letter 2415-C136).

{2} Process description and P&]J {low diagrams for Char
Fluidized Bed Gasification PEDU and Methanation PEDU
were submitted for BCR's approval on September 13, 1971,
letter 2415-C141,

(3} Report on insurance requirements for both PEDU units was
transmitted to BCR on September 13, 1971 (2415-C142).

(4} Koppers Research Department submitted experimental
program philosophy and comments on char reactivity in
connectior with Fluid Bed Char Gasification,

{5) A review of the electrical power reguirements for PEDU
program was made jointly by BCR and Koppers personnel
and reported in Conference Report No. 195 (meeting dated
September 2, 1971).

{6) Koppers transmitted to BCR for approval on September 30, 1971
specifications for the Methanation PEDU {2415-C165).

{7} Koppers transmitted to BCR for approval on October 1, 1971
(2415-C168) specifications for Char Fluidized Bed Gasification
PEDU.

PR
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Issuance of the specifications for these two PEDU's completes on
schedule Parts B-1 and B-2a of Appendix A of Amendment #6 to our
contract. Execution of the detailed engineering is pending customer's
approval and authorization to proceed.

CONTRACT EVALUATION

By letter dated September 29, 1971, BCR transmitted to Koppers "Execution
Copy" of the proposed Amendment #7 to Koppers Subcontract #2 with BCR
which reflects the revised scope of work presently used in the prepararion
of the bid package for the BI-GAS pilot plant. In addition, this amendment
transfers the activities originated under OCR contract 14-01-0001-321 to
OCR contract 14-32-0001-1207.
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APTENDIX G

ADDITIONE TO ABSTRACT FILE, SEPTEMBER 1671

"Development of a process for producing an ashless, low-sulfur fuel from coal.
COG refinery economic evalustion - Phase I," Vol. I, Pt. 2, Chem Systems, Inc.,
Interim Rept. No. 3 to U.S. Office Coal Res., 3%D Rept. 53 {undeted). 61 pp.
540.000 OCR~-C

Six alternate prccesses were evaluasted in choosing thz most
economicel combination f£or the CCG refinery. The multipurpose plant
is basically a carbinetisn of the SRC {solvent refined coal) Process,
BI-GAS Process, H~oil Process, and hydrotresting processes integreted
with the recessary gas separaticn and purification steps. The flow
sheet of the process is glven slong with the material balance based
on a total coal feed of 58,600 tons per dey. {Adapted from text)

Jenks, J. C. and Malhotra, R., "Estimation of cosl and gas properties for
gasificetion design calculations,”™ Iast. Gas Technol., Interim Rept. No. 7 to
U.S. Office Coal Res., R&D Rept. 22 {1971). 76 pp. 540.000 OCR-I
Data on gas properties snd characteristics of cosl ard cher compiled
from many sources are included in this manuel with exemples of their

use in calculstions for design of conl gasification systems. Origi-
nal references are listed.

Schora, F. C., Jr., Lee, B. 5., aad Metthews, C. W., "The IGT HYGAS Process,"

Inst. Gas Technol., 162nd Natl. ACS Meet., Waskingtom, D.C., 1571. 13 pp.
5hkG.000 T1-6

Three methods of hydrogen production from char are being considered
for the HYGAS Process: electrothermal gasification, oxygen gasifi-
cation, snd the stear~iron process. A schemetic disgram shows how
each method fits into the system. Char discharge and coal prepara-
tion, pretreatment, and feed are also discussed.



