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APPENDIX A

EVALUATION PROCEDURES AND RANKINGS

‘A.1 INTRCDUCTION

This appendix presents preliminary vrankings of the commercial potentials

for candiate processes and the procedures used to develop these rankings.

The scope of the study summarized in this report was broad, incorporating
the total field of coal liquefaction. The resource application, defined
by contract period and level of funding, required a direct approach to define
highest potential processes early in the study in order to permit naximum

time/effort to develop prefarred pro&uct slate, processing procedures, pro-

' jected ecodfdmics, dnd opinions .regarding expected pérformance. To aid in.

‘the high potential process selection program, procédures were defined to

develop numerical ratings,of,the_separa:e process characteristics, to weight
the ratings, and then, to add these weighted ratings to produce projectad

rankings of the processes.

The number of processes considered, 33, precluded detailed and quancita-
tive analyses of all characteristies of each process at the ranking stage
of this study. What was done was to develop defined techniques to compare
15 different characteristics of each candidate process and apply best engi-
neering and econcmic assessment judgement to the data and informarion known
for each candidate. The goal was to be abjective; in a practical sense,

because of resource limitations, certain elements had to be judgementally

subjective,

The results of this ranking effort may be viewed as the opinions of
a particular group at a given point in time based on nonprovrietarv informat~
fon available to them st that time. & significant amount of analytical
information Is presented which represents a contriburion to the coal liguefac-

tion development program.



The rankings developéd represent one input to the high potential process R
selection decision. The rankings were viewed against the perspective gained
during work consisting of approximately 130 manyears of work in the field
prior to recommending a list of high potential processes for more detailed

study.
The rankinz technigues and weighting factors used were independentiy develioped
for use in this study. They used the experience of similar studies for
7
other iields“l as background.
A.Z TFROCEIBURES
Two separate ranking categories were used; they were:
o Development Status
s Commercial Potential
A total oi fifteen separate process characteristics, as listed in Table
A-1, were defined and evaluated under these two ranking headings. The

weighted rating of each of these characteristics were added to obtain sums

used as a guide to process ranking.

Details of the ranking procedures used are presented in the following

paragraphs.
A.2.1 DEVELOPMENT STATUS

The Development Status Ranking was composed of three factors

with weighting as follows:



FACTORS WEIGHT
Dl; Technology Status 3173

D2; Equipment Development

Requirements ' 31/3
D3; Process Development Status - 31/3
Total Weight 10.0

The numerical values assigned to the individual ratings and weighting
factors were based on analysis and judgement. Rating values selected ranged

from 0 to 10 and weighting factors from 0 to 10, adjusted so that the maximum

possible weighted ranking score was 100.

Items comprising each of the three factors and guidelines for establish-

ing the rarings were:

A.2.1.1 DL Technbloéﬁ:Status (weight 3 1/3)

Rating " Status

1 Laboratory work not begun

2 '~ Bench scale/laboratory

3‘ PDU work underway

3 | Pilot ﬁlant data available

7 . Demonétration piént'gngineering

- complete

10 . Commercial plant in operation

Where the following definitions were applied:



Operation Type Coal Feed

" Bench scale/laboratory 1less than 1 TPD

FDi ]l te 5 T?D

Pilot Plant ¢ to 100 TPD
Demonstration plant 101 te 3000 TPD
Commercial Qize plant more than 3000 TPD

A.2.1.2 D2; Equipment Development Reguirements (weight 3 1/3)

Equipment development is defined as the summation of
twice the number of new and complete items of equipment that are not pre-
sently available, plus the number of items of equipment that reguire exten-

sion of existing techaology to new and more severe conditions,

Rating _ bevelﬁpmént Requirements
0 1
.1 . j’,6 .
2 5
&4 4
5 3
6 2
8 1
10 0.

Examples of equipment not presently available:

o Indirect slurry heaters
o Centrifugal slurr§ pumps above 100 psig discharge .
pressure

G Lock hoppers operating above 300 psig

A=k
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@ Coal extruders discharging above 500 psig
e Rotary filters operating above 300°F

Examples of equipment requiring an extension of existing

technology:

@ Rotating fluidized bed

A.2.1.3 D3; Process Development Statué (weight 3 1/3)

Rating Evaluation
1 Critical steps unproven at any scale,

assumptions made.

-3

at. any scalg,;but theoretically

sound.

3 ' All process steps preven at bench
scale.

3 Critical process steps proven at

PDU scale; difficult but sclvable

prcblems exist,

7 : Critical process staps proven at
pilot plant scale; difficult

but solvable problems exist.

10 All process steps proven in an inte-
grated demonstration plant; none

or only minor problems exist.

* Critical -process -steps- unproven; ™ ' "7
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Examples of difficult but solvable problems:

o Flashing {one or more} in presence of solids
o Fractionation in presence of solids
A 2.2 COMMERCIAL POTENTIAL

The Liguefaction Potential Ranking is composed of twelve

factors as listed below:

Ranking Factor Weightinp Factor

Pl; Complexity ¢.B535
P2; Severity 0.945
© 77 P3; Industriazl Capacity 0.450
P4: Feed Versatility ©0.675
P53 Product Versatility .- ' 0.675
P6; Liquefaction Efficiemcy 0.900
P7: Sulfur Reduction Efficiency 1.575
P8: Conversion Efficiency 0.540
P9; Product Premium 1.260
P10; Product Compatibility 0.180

P11; Product Hazard 0.945

P12; Uncertainty Factor 1.000
Total Weight 10.000

_ The numerical values assigned to the individual ratings and
weighting factors are based on analysis and judgement. Ratings have been
selected to have values ranging-from 0 to 10, with the weighring factors

adjusted so that the maximum possible ranking score is 100.

The ratings used for the separate factors and the guidelines

defined for the process assessors are summarized in the following p'aragraphé. .‘

A=B
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which

value

A4.2.2.1 Pl: Process Complexitv {weight 0.553)

Complexity is the sum of Internal and External Factors

are defined as follows:
. Internal Factors Value

Number of independent reaction

stages 1l each

Number of principle recycle

stra=ams 1l each

® External Factors

Number of process units that feed the liguefaction

. plant e'g' . A . _— . s e . ..“I:‘I . .:'-"-" -\ B A
Process Unit.-‘ | Vaiue_

Coal drying 1

Hydrogen by coal oxidation 2

Methane steam reformer 1

Oxygen plant 3]

Coal grinding 0

Steam generation 0

The Complexity Rating is the numericzal sum of the above

icems:

Complexity . Rating
10 o
1
2
7 3



6 4
3 5
A 6
3 7
2 . 8
1 :9
0 10

4.2.2.2 P2; Process Severity (weight 0.943)

Operating pressures and temperatures were categorized

as follows:

Category Pressure (psia) Temperature (°F)
Bigh >1000 1000
Mediem  501-1000 | 651~1000
Tewir o eso o wesy

Each process was rated for severity according to the

following:
TemEerature'
Pressure High Medium Low
High 1
Medium
Low . 4 7 10
fFor pressures over 3000 psi, at any temperature, rating = l.
A.2.2.3 P3: Industrial Capacity Kweight 0.45)

Industrial capacity was defined to be a function of

—

the maximum amount of ligquid product, expressed in BPSD, that can be produced (“J

A-B



from one primary coal conversion reactor. The maximum practical reactor
size for high pressure operation was defined as a3 vessel 12-foot ID with

an internal volume not to exceed 8,000 feet.

The relationship between industrial capacity rating

and reactor capacity as defined above is shown in Figure A-1.

A.2.2.4 Pb; Feed Versatilitv (weight 0.675)

Fach process is rated according to its ability to liguefy
the following four basic types of coal, with a liquid yield variation of
less than 257,

l Low-volatile bituminous coal

2 Med- and High-volatile bituminous coal
3. Sub-bituminous coal

4 Lignite

Types 1. and 2. are considered to be agglomerating coals.

Versatilitv Ratinz

Process handles 1 coal 2.5
Process handles 2 coals - 3.0
Process handles 3 coals 7.5
Process handles 4 coals 16.0

A.2.2.5 P5; Prodact Versatility (weight 0.573)

Product State Versatilicy Rating
Cnly ene liquid product, cannot be varied i

by operational or ca:alyst'changes.

ra

Either cne of two liquid products can be

produced,



4 multi-liquid product slate is produced, 4
and cannot be varied by operatiomnal or

catalyst changes.

A multi-liquid product slate is produced. )
Preliminary product can be shifted to next

higher or lower boiler range product.

4 multi-liquid product slate is produced. 8
© Primary product can be shifted ro next

two higher or lower boilering range products.

Any primery product between heavy fuel oil 10

and LPG can be produced.

4.2.2.6  P6; Liouefaction Efficiency (weight 0.900)

Liquefaction efficiency is. defined as’ the percentage
of the higher heating value of the coal feed plus added hydrogen coal equi-
valent recovered as liquid hydrocarbons, excluding liquified petroleum gases

(LPGs).

E = HHV {liquids with BPF LFG)

L

HHV (Coal Feed + H, CE)

H2 e 0.7 (HHVHZ consumed)

where: EL = Liquefaction Efficiency

H2 cE © Coal Egquivalent of H2 consumed
Liquefaction Efficiency Rating

0% ' 0
50% 5

100% o 10
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A.2.2.7 P7; Sulfur Reduction Efficiency (we

ight 1.575)

Sulfur reduction efficiency is the
cval and product oil sulfur contents, measured as 1lbs.

Btu, expressed as a percentage of the coal sulfur conte

Es T 2282 ¢ 100
Ec
where: ESR = Sulfur Red
Se = Lb. Sulfur
Sd = Lb. Sulfur

MM Bty HHY

Sulfur Reduction Efficiency

50%
100%

A.2.2.8 P8 Conversion Efficiency (weight O

difference between
of sulfur per MY

ne.

uction Efficiency
in Coal per MM HHV

in Product Oil per

RALing  iomaneon

LY

.540)

Conversion efficienecy is a measure

coal liquefaction achieved; it is defined as 100 minus

€y * hydrocarbons (Btu basis) boiling above 850°F which

Buniker Fuel 0il viscosity specification of 180 S8F at !

~expressed as follows:

Conversion Efficiency = 100 = % C, + with BP 850°F,

of the cegree of
the percentage of
fzil to meet a

2297, This may be

180 ss¥ @ 122°%F.

) .
Conversion Efficiency Rating
0% 0
50%
100% 10
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A.2.2.9 TO: Product Market Value (weight 1.260)

Product market value is defined a2s the anricipated mar-
ket value of the coal derived liquids, expressed as a percenfage of the
value of an equivalent petroleum based fuel, when due consideration is given
to fuel occtsne or cetane number, volatility, heéting value, ﬁcur point;

and carbon to hydregen ratio.

The overall product market values for each process were
determined by dividing the wide boiling range coal liquid into cuts.of equi-
valent'petroleum based fuels, according to ASTM specifications. Product
market values for each cut were then assessed and the overall market value

obtained by weighing the individual values on a Btu basis.

Product Market Value as 2

of Petroleum Based Product Rating
o . o
50% R
100% 10

4.2.2.10 Pl0: Product Compatibility (weight ©.180)

Product compatibility is a measure of the ability of
the coel derived liquids to maintain satisfactory storage stability in the
presence of equivalent petroleum based fuels. The significance of this
factor is that if a coal oil fuel is not compatible with an equivalent pet-
roleum fuel, then users would be required to dedicate tankage specificélly

for coal based fuels.

Product compatibilicy is defined as the percentage of -
coal oil products, on a Btu basis, that are fully compatible with the equi-
valent petroleum based product. Simce compatibility information for many

processes is inadequate, ratings have been made on the general assumption

that only residual fuels, excluding those produced by reaction of synthesis

A-12
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gas, i.e., a mixcure of CO+H2, wouid be incompatible with a petroleum base
fuel.

Compatibility Rating
0% 0
50% 5
100% 10

aA.2.2.11 -Pll; Product Hazard {weizht 0.945)

The potential nazard of coal oil fuels to the safety
and health of humans, when encountered under normal conditions of use, LS

related ro toxic and carcinogenic properties of the fuel.

Several classification schemes were reviewed berfore
establishing the ratxﬂg EUIﬂEanes In one,. Sax, I, N.. Qapge;pus Prgpqrz;,j
ries of Industrial Materials, Vano Nostrand Relnhold Co. 1975 she following
system of toxicity rating nas been used td 1nd1:a:e the relatlve hazard

of these fuels as applied to human exposure.

U = Unknown

Q = Yo toxicity

1l = Slight toxicity

2 = Moderate toxiclty

[¥% ]
)

gevere toxicity

The acute toxicity ratings, referring to & single expo~

surs of durations up tO several hours, have been used in this evaluarion.

Another preocedur® reviewed for expressing roxic levels
is the Threshold Limit value {(ILV), which is pertinent for imdustrial and
cecup-iiznzl exposure cestrictions, and releTs tO airborne concentrations,
4+ whiz.. it is believed nearly all workers may be repeatedly expcsed for

an & hour day, 5 davs 3 week. Substances carcinogenic for humans mav be

A-13



civided inze those substances with an assigned TLV, and those without an

assigned TLV,

Since toxicity data for most liquefaction products is
meager, Lhe hazard rating has been based upon published data for similar

substancee €.8-, coal tar fuels, pure aromatics, and petrcieum fuels.

Product hazard ratings for the individual product curs

were weighted to sbtain the overall product hazard rating.

The product hazard rating is determiped according to

the lollowing guidelines:

Product Hazard Rating
Extremely Toxic ) _ (]

‘0 carcinogenic with no TLV

Highly Toxic Sy

© carcinogenic with TLY 1 ppm V

Very Toxic 4
3or U

© carcinogenic with TLV 10 ppm

O acute toxicity rating

Moderately Toxic 6
© acute teoxicity rating = 2

O carcinogenic with TLV 200 Ppm

Slightly Toxic B

n
—

© acute toxicity rating

© carcinogenic with TLV 500 obm

Harmless ' 10
© acute toxicity rating = @

O non carcinogenic

A-14
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the un;c;usted Development Status ranklngs for the prncesses while Lable

A.2.2.12 PLl2: Uncertainty Factor (weight 1.0)

This factor, which reflects Cthe degree of confidence
in che published data is taken to be proportional to the process Develop-

ment Status Ranking, defined on Page 4-4.

Development Sratus Ranking Rating
0% 0
50%
100% 10

A.3 NOMERICAL RANKINGS

A summary of the Development Stafus and Commercial Pptential ratings

£ov the thirty-three processes ie¢ shown in Table A-2. Table A-3 presants
A-4 presents slmllar rankings for the’ Commercxal Potentlal catecory

Details of the racings for the separate factors in the Dewveiopment
gratus Rating are presentaed in Table &-3, and similar detalls for the Commex—

cial Potencial Rating is shown in Table A-G.

A.4 DISCUSSION OF RANKINGS

The ranking scheme used has been designed to focus attention on those
coal liguefaetion processes which appear most promlsxng for future liquid:

fuels production.

Interpretation of che results of this type of analysis rﬂqui:es judge-
ment since the additive system of rating used can give misleading Tesults
when ewcreme values of certzin evaluation factors are ancountezed, €.%-

the impact of incliusion cf a small number of extreme values must be assessed.

A-15
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Akl DEVELGPM

The

Process has progre

ment tine Telationship

Acceleratec fundip

LKY BTATUS

Development Status rating is a measure of how far &

ssod

tn

o

]

towards full commercializatior, given a tast-develop-
similar to that found in the process industries,

@ particular process would have the effect of re-

ducing the rime required for commercial development.

general

» the following interpretations of the ratings

Development Status raeting, 90

Processes in this category are considered to be
either commercial or at the commercig] Prototype

stgge.
Development Sta:qs_ra;ing,_ﬁo_zg 90 .

Processes in this category are considered to be
capable of demonstrating commercial operation by
the vear 1990 if due diligence is used ip pursuing

their development.
Development Status rating, 40 to 50

Processes in this category are considered to he
able to demonstrate commercial operation later
than 19290, but before the year 2000; again based

on use of due diligence.
Development Status rating, 40

Processes in this category are considered to be
able to demonstrate commercial operation only after
the year 2000.

A-16




o A.4.2 COMMERCIAL POTENTIAL

A review of the commercial potential ranking indicates that
- 17 cgal conversion processes scored points 60 or wetter, and seven other
processes received scores ranging from 55 up to 5% points; thesz are con-

sidered candidates.

The processes with scores of 60 or moT® consist of:

- o 2 indirect processes
o 3 catalytic hydroliquefaction processes

o 1 donor solvent process

_ The economics and potential of the indirect processes are
heavily dependent On the gasificatiom process used EO produce syngas. Com—
plate'gasificacion of feed coal to SYmBas, in general, leads 1o relatively

high unit production, cOSES:

The catalytic hydroliquéfaction processes offar good potential
and should be capable of demonstrating commercial patential DY 1990 if due
diligence 1is veed. Catalyst per formance and cost per unit of productien

remain a question.

The seven processes in the grout scaring 33 to 59 points
are in varving stages of development. Thres of the seven Processes arsa
not considered to be capable of commercial demenstration by the yesr 2000
while the SRC I, grC 1T and Exxon Doner Scivent should, with due diligence,
be capable of demonstrating commercial porential by 1990. One of thessa
processes, 2,3.2 SRT Coal Hydropyrolysis, is a low vield higﬁ quality liguid

~ producer and should therefore, probably be excluded from £his gvaluation.

The remaining processes received scoras pelow 33, and are
considerad Less atrrzctive candidates for future ccmmercial liquefaction
applicationm, atthough possibly naving future application for <oal gasifica—

tion, or specialty chemicals production (e.g., metallurgical cockel.
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An overview of
pPromisisng processes

cesses idenitfied by

by the prefix 3.g) technology,

the prefix 1.0) and i

the potenrial rankings shows thar the most
for liguefaction are based upon hydroliquefaction {pro-

ndirect (processes identified

Table 4~1 - Evaluation Criteria
L_Banking Categorv Charecteristics Description of Characteriscice
Development Starus 3 1. Technology status
2. Equipment development
requirements
3. Process development
status
Commercial Potential - 12 . 1. Process :omblexity
. 2. Process severity
' 3.'.Industtia15¢apacity
4, Feed versatility
5. Product versatility
6. Liquefaction efficiency
7. Sulfur reductian efficiency
- 8. Conversion efficiency
9. Product premium
10.  Product compatibility
11. Product hazard
12. Uncertzinty factor

A~18
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Table A=2 = Summary of Development Status and
commercial Potential Ratings

TN SO g

Development Commercial -
Status potential
Process Rating Rating
i. golvent Refined Coal (src) I . 53.3 o 55.1
i. Solvent Refined Coal {src) II 53.3 56.5
1. pop Extraction Process 36.7 - 52.5
1. Culf Caralytic Coal Liguids (CCL) 43.3 63.0
1. SYNTHCIL, 43.3 64 .3
L. H-Coal 50.0 62.6
1. Clean Fuel from Coal (CFC) 36.7 55.6
1. Conoco Zinc Halide Hydrocracking 30.0 57.6
1. Exxon Donor Solvent (EDS) : 6.7 56.1
1. ADL Excractive Coking 43.3 53.5
1. Consol Synthetic Fuel {csT) 53.3 63.6
2. Char—Oil-Energy—Development'(CDED),
RMP 70.0 _ 46.5
2. Char—Oil-Energy-Development (COED), _ .
FMC - 73.3 42.9
2. Oceidental Research Corp. Coal Flash :
PY?OlySiS . e e e AT | 60":! A "*&6"3-"‘ v
2.1.4 TOSCOAL -~ AT R B 3L
12.1.5 Lurgi-Ruhrgas : S PR A b 52,5
2.2.1 U.5. Steel Clean Coke _ . : 40.0 £8.3
2.2.1 Cocaleon . 53.3 53.6
2.3.1 BHL Rorating Fluidized Bed 13.3 56.4
2.3.2 Short Residence Time {8RT) Coal Hydro~
pyrolysis 36.7 35.6
2.3.3 Tnrermediate Coal Hydrogenation 33.3 52.7
2.3.4 Senroeder's Rapid Hydrogenation 36.7 54 .4
2.3.5 BNL Flash Hydrapyrulysis 30.0 50.1
2.3.6 Rockwell fnternational Direct Coal
Hydrogenation 33.3 46.6
3.1.1 Flame Sprayed Catalyst (FsC) 50.0 74.3
3.1.2 ARGE (aArbeir Germeinschaft, . -
Ruhr:hemiefLurgi) 100.0 78.2
3.1.3 SYNTHOIL : : 100.0 75.6
3.2.1 High Bressure Methanol Process 100.0 67.3
3.2.2 ICI LPALT Methanol . 100.0 6d.9o
3.2.3 Lurgl LEB/LT Merhanol Synthesis 100.0 $9.5
3.2.4 ~hrea-Phase Methanol Synthesis 50.0 2.7
3.3.1 M-Gasoline (Mobil) 50.0 67.7
gypercritical Gas Extraction (SCE) 6.7 \ 37.5

A4=19




Table a-3 - Development Status Process Rankings

Processg Development

Number Process Status Rating
3.1.2 ARGE (Arbeit Germeinschafe, Ruhrchemie/Lurgi 100.0
3.1.3 SYKTHOIL ' 100.0
3.2.1 High Pressure Methanol Process 100.0
3.2.2 ICT LP/LT Methanol 100.0
3.2.3 Lurgi LP/LT Methanol 10¢.0
2.1.5 Lurgi-Ruhrgas 96.7
2.1.2 Char-Oi1~Energy-Development (COED), FMC 73.3
2.1.4 TOSC0AL 73.3
2.1.1 Char-OiI-Energy-Development (COED), RMP 70.0
2.1.3 Occidenral Research Corp. Coal Flash Pyrolysis 60.0
1.1.1 Solvent Refined Coal (SRC) 1 53.3
1.1.1 Solvent Refined Coal (SRC) II 53.3
1.3.3 Coneol Syntheric Fuel (CSF} 53.3.
2.2.2 Coalcon - ~53.3
:1.2.3 H-Coal - 50.0
3.1.1 Flame Sprayed Catalyst (Fsc) 50,0
3.2.4 Three Phase Methanol Synthesis - 50,0
3.371 M-Gasoline (Mobil). =~ .- - 50.0
1.3.1 Exxon Donor Solvent (EDS) 46,7
1.2.1 Gulf Catalytic Goal Liquids (¢cL) 43.3
1.2,2 SYNTHOIL 43.3
1.3.2 ADL Extractive Coking 43.3
2.2.1 U.S. Steel Clean Coke 40.0
1.1.2 UOP Extraction Process 36.7
1.2.4 Clean Fuel from Coal (CFFC) 36.7
2.3.2 Short Residence Time SRT) Coal Hydropyrolysis 36.7
2.3.4 Schroedar's Rapid Hydrogenation 36.7
4.1.1 Supercritical Gas Extraction (SCE) 36.7
2.3.3 Intermediate Coal Hydrogenation 33.3
2.3.5 Rockwell Internationsl Direct Coal Hydrogenation 33.3
1.2.5 Conoeco Zinc Halide Hydrocracking 30.90
2.3.5. BNL Flash Hydropyrolysis 30.0
2.3.1 BUL Rotating Fluidized Bed 13.3

A=20




Table A-4 - Commercial Potential Process Rankings

Commercial
Process potantial
Rank Number Process Rating
1 1.1.2 ARGE (Arbeit Germeinschaft, Ruhrchemie/Lurzi) 78.2
2 3.1.3 SYWTHOL . 73.6
3 3.1.1 Flane Sprayed Catalyst (F3C) 7.3
4 3.2.3 turgl LP/LT Methanol 69,5
3 3.2.2 1CT LB/LT Methanol 68.6
<] 1.,3.1 M-Casoline (Mobil) 87.7
7 3.2.1 High Pressure Methanol Procass 67.3
8 1.2.2 SYNTHOIL 64,1
9 1.3.3 consol Synthetic Fuel (CSF) 63.5
10 1.2.1 Culf Catalytic Coal Liquids (CCL) 63.0
11 3.2.4 Threa-thase Methanol Synthesis 682.7
12 1.2.3 H-Coal £2.8
13 1.2.5 Conoca Zine Halide Hydrocracking 57.8
14 L L .3, 1_ ~ Exxon Donar Solvent (EDS} .- 56.8 .,
15 #1711 ] salvent Refined Coal- (S0 TT 563 .
16 2.3.1 'GNL Rotating Fluidized Bed TR
17 1.2.4 Clean Fuel E£rom Coal (CFFO) ... i 55,6
18 2.2.2 Coaleon 55.6
19 2.3.2 Short Res‘dence Time (SRT) Coal Hydrapyrolysis 533.6
20 1.1.1 Solvent Refized. Coal {(SRC) I 53,1
21 2.3.4 Sehroeder's Rapld Hydrogenation 54,4
22 1.3.2 ADL Extractive Coking 53,3
23 2.3.3 Iatermediate Coal Hydrogenation 2.7
24 2.1.4 TOSCOAL 52.6
25 1.1.2 rop Extraction Process 52.5
26 2.1.5 Zyrgi-Ruhrgas 52.3
27 2.3.5 BWL Flash Hydropyrolysis 50,1
28 21 .3, Steel Cleamn Coka 43,3
29 2.3.6 Rackwell Interaational Diract Coal Hydrogenation 46,6
30 2.1.1 Char-Oil-Energnyevelcpmant (COED), AP 48.5
a1 2.1.3 Qccidental Regearch Corg. Ccal Flash Pyrelysis 46,3
| 32 2.1.2 Caar-0il-Energy-Development {CCED), FMC 42.9
i 33 4.1.1 Supercritical Gas Extraction (SCE) 37.3 __J




Table 4~5 - Development Status Rating

E¢uipment Process
Technology Developmen: Development | Score
Process Stagys Requirsmtns S:args (Max =
Number | Process bl D2 B3 100)
1.1,1 Solven: Refinad Coal (SRC) I 5 5 6 53.3
1.1.1 Solven: Refined Goal (SRC) I1 5 5 6 53.3
1.1.2 UOP? Extraction Process 3 5 3 3.7
1.2.1 Gulf Catalvtic Cosl Liquids 3 5 5 43.3
1.2.2 SYRTROIL 3 3 5 43.3
1.2.3 H=Goal 5 4 . & 50.0
1.2.4 Clean Fuel from Coal (CFFC) 2 s 3 36.7
1.2.5 Connco Zinc Halide Hydrocracking 2 &4 3 3.0
1.3.1 Exxon Doner Sciven:t (Zbs) : 3 & 5 46.7
1.3.2 ADL Exrractive Coking z 8 3 431.3
1.3.3 Consol Synrhetic Fuel (CSE) 5 5 & 53.3
2.1.1 Char-0il-Energy-Development (CoED), R 5 o é 0.0
2,1.2 Char-ﬂil—Energ.v—Developmen: {COED}, FMC 5 10 ? 13.3
2.1.3 Occidental Research Corp. Flash Pyrolysis 3 1p 5 60.0
2.1.4 TOSL0AL 5 1o 7 “73.3
2.1.5 Llurgi-Ruhrgas 16 16 g 9.7
2.2.1 U.5. Steel Clean Coke .3 - 5. 4 40.0
2.2.2 Coalceon : 5 C 6. 3 53.3
2.3.1 " IpmL Rotating Fluidized Bed 1 2 1 13.3
2.3.2 Short Residence Time {SRT) Coal Bydro- . - . T
' : prrolevsis . oo L ' 2 6. "3 36.7
2,33 Intermediste Coal Hydrogenation 2 5 3 3.3
2.3.4 Schroeder's Rapid Hydroganation 2 6 3 36.7
2.3.5 BKL Flash Hydropyrolysis 2 5 2 30.0
2.3.6 Rockwell Inrernational Direct Coal
Hydregenarion 2 & 2 33.3
3.1.1 Flame Spraved Catalys: (Fsg) 2 6 ? 50.90
3.1.2 ARGE (Arbeir Germeinschafr, Rohrchemie/
Lurgi 10 10 iD 100.0
3.1.2 SYRTHOIL 10 10 10 106.0
J.2.1 High Pressure Mathanol Process 10 10 15 100.0
3.2.2 ICI LP/LT Methanol 10 10 10 160.0
3.2.3 Lurgi LP/LT Methanol 10 i0 10 180.0
3.2.4 Three-Phase Methansl Synthesis 2 10 3 36.0
3.3.1 ¥=Gagoline (Mobil) 2 10 3 50.0
4.1.1 Supercritical Gas Extraction 2 & 3 36.7

aweighting Factoz: 3.33
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Table A-6 - CommercLd
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Figure A-1 - industrial Capacity Reting (P3)
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