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ABSTRACT 

This report covers a study by Bat=elle's Columbus Laboratories 
to identify viewpoints representative of various interest groups 
on alternative uses of coal and coal-derived fuels. The study 
was conducted~for the ERDA Fossil Energy Department to provide 
background inpuns to the R&D plann/~g process. ~ series of nine 
stzuctured workshops Was .conducted with selected representatives 
of the various interest groups. 

The individual workshops i ~ c l u d e d  representation of industrial 
and utility companies, scare and federal governments, end public 
interest groups. Viewpoints were recorded on (I) the relative 
importance of five specific evaluation criteria~ (2) the evalua- 
t_~on of seven fuel categories against the criteria, (3) a forecast 
of future fuel uuillza=ion by categories, and (4) suggested R&D 
emphasis for the fuel categories. 

Th/s repor=, Volume I, is a smmnary and appraisal of workshop 
results. Volume IT contains appendices %rlth more detailed records 
from P.he workshops. 
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EVALUATION OF ALTERNATIVE  USES OF COAL AND COAL-DERIVED FUELS 
- INDUSTRY, GOVERNMENT AND PUBLIC VIEWPOINTS 

from 

BATTELLE 
Columbus Laboratories 

SUMMARY 

~N 

...... Alternative choices for the deve!opmem~-=-of--f~ossil--fuels=~re~hr/~6d 

in different ways by different industries, by government<agenci4s~ and by 

other interest groups. This report is the result of a study in which Battellets 

Columbus Laboratories organized selected workshop groups to assist the Energy 

Research and Development Administration in identifying views of differenK 

groups. Workshop participants evaluated the importance of criteria that 

could apply to energy planning and decision-making, and they evaluated alterr 

native coal-derived fuels that could be used to meet the nation's energy needs. 

Profiles of these evaluations are synthesized and presented herein. 

OBJECTIVES AND SCOPE : " 

r 

The primary objective of this study was to identify views repre- 

sentative of indus=rles and other groups, to provide inputs to the Energy 

Research and Development Administration in the planning process for Federal 

R&D on coal and coal-derived fuels. 

0me-day workshop meetings were held with representatives of eight 

different interest groups, plus a composite group composed of recognized 

spokesmen for thz individual groups. A total of 66 i~dividuals participated 

in the workshops. The same workshop structure and definitions were used in 

developing and recording views of each group. 
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LNTEREST GROUPS 

Workshop groups were organized by interests with one group repre- 

seating each of the interests shown in Table A. 

TABLE A. INTEREST GROUPS COVERED IN WORKSHOPS 

Industrial & Ut i l i t i es  

• Coal Industry 

• Oil & Chemical Industry 

• Gas Industry 

• Electr ic Power Industry 

• Industr ial Fuel Users 

Public Interest & Government 

• Public Interest Groups 

• State Governments 

• Federal Government Agencies 

Composite Group 

(with representation of 
each in:erest group) 

Participants were selected with the intent of obtaining generally representa- 

tive samples of =he specific group viewpoints. 

For r.he indus=ria! representation, major industrial and utility 

companies w~a selected; most of the participants were high-level management 

representatives engaged in corporate planning or R&D planning. A spectrum of 

public-interest organizations was selected for that group. Energy planners 

from coal-producing and industrial states were selec~_ed for the State Govern- 

ment Group. The federal Government Agencies were those that have principal 

responsibilities in energy research and policy or ~ha= use large quantities 

of fuel. The Composite Group included staff of energy trade associations 

and spokesmen for other groups. (Profiles of the groups are presented in 

=he Appendix.) 
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APPROACH 

The informal workshop sessions involved group discussion and 

structured evaluation activities. Participants were asked to rate seven 

fuel categories agains= five evaluation criteria, and then, to rate the 

relative importance of the criteria. This rating procedure was carried out 

~hree times wizh discussion between each, so that definitions and other 

aspects of the evaluation procedure were explored in open discussion prior to 

the final ratings. (The group ratings presented in this report are averages 

of the individual participant's final ratings for a given workshop group.) 

The fuel ratings and the criteria ratingswere combined in a weighted 

scoring proced~r 9 to yield a derived weighted score to establish a ranking 

for the fuel categories. The weighted scores can be interpreted as a measure 

of the relative degree to which the development or use of the various fuel 

categories should be encouraged. 

Two supplemental workshop activities were developed at the request 

of participants: (1) a forecast of the mix of fuel utilization in the various 

categories for three different time frames, and (2) a recommendation of rela- 

tive R&D emphasis for the fuel categories. 

FUEL CATEGORIES AND EVALUATION CRITERIA 

Evaluation criteria and fuel categories used as a basis for the 

workshop discussions and ratings are identified in Tables :B and C. ~ 

Additional notes of explanation of these fuel categories and evaluation 
criteria are contained in Appendix A. 
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TABLE B. EVALUATION CRIT£RIA 

Criteria 

A. Energy Self-Sufficiency 

B. Extent of Technical-Problems 

C. Economics (cost aspects) 

O. Environmental Impacts 

E. Human Impacts 

Definition 
T 

Eliminate dependency on Foreign 
energy sources 

State o f  development toward 
commercialization 

Capita~and operating cost of 
fuel-~roduction and use 

Impact on physical and biological 
environment (generally local) 

Impact on net "quality of l i fe "  
(generally broad) 

TABLE C. FUEL CATEGORIES 

i 
I. Coal, Direct-Fired, Unconstrained by 

SO z Emission Regulations 

2. Low-Sulfur Coal, Direct-Fire~ 

3. Coal, Direct-Fired, with SO Z Control 
Equipment 

4. Chemically Cleaned Coal 

5. Synthetic Liquids 

6. Low and IntemediaZe-Btu Gas 

7. Pipeline-Quality Gas 

8. Mixed Fuels 

Definition or Example 

Where SO 2 regulations are waived or not 
applicabTe (including small equipment) 

LS coal fired speclfically to meet SO 2 
regulations 

Includes stack-gas trea13,ent or fluidized- 
bed combustion 

Solvent-refined 'coal (f ired solid) or other 
chemically desulfurized coal 

Fuels and feedstocks from coal liquefaction 

Fuel gas ~100-500 Btu/cu f t ,  f r ~  on-siZe or 
near-site gasification 

SNG from coal ~I000 Btu/cu f t  

Mixture of pulverized coal ÷ l iquid, fired as 
a liquid 

I~ should he noted that the first t-~o categories are more practice oriented 

and do ~ot call for the same type of E&D as do the o~her cateEories. Cate- 

gories 4 ~hrough 7 are "clean fuels", and 5 through 7 are "synthetic fuels" 

derived from coal. 
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OVERVIEW OF RESULTS 

Tables D, E, and F summarize the results of the criteria and fuel 

category ratings by the workshop groups. 

Ratinss of Evaluation Criteria 

Table D presents the final rauings as ~o the importance of ~he 

evaluation criteria for all of the groups on a scale from 0 to 9. The princi- 

pal group expressions as to =h~ importance of the specific:criteria were: 

Criteria considered important by most groups ~ere 

energy self-sufficlency and economics ~cosU). The 

Public Interest Group viewed ~hesa criteria as less 

imporuant than environmenual or human impacts. 

• The Coal Industry Group gave energy selfxsufficiency 

an average rating of 8.1, ~he highest rating given 

any criterion by any group; 

a The Gas Industry Group expr:essed a strong ra~ing of 

importance for economics as a criterion, giving i~ 

an average rating of 8.0. 

The Oil and Chemical Industry Group also ra~ed ener~ 

self-sufficiency and economics equally at 7.9. 

The !ndus-~ial Fuel Users Group also preferred ene__~ 

self-sufficiency and economics as importanK criteria, 

ra~ing ~hem at 7.7 and 7.9, respectively. 

e: The Pu51ic Interes~ Group rated environmental impact 

and human impact high, au 7.6 and 7.7, respectively. 
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TABLE D. PATING OF CRITERIA BY IJORKSHOP GROUPS 

Ratings on a scale of 0 to 9. 

Group m~ 

£va;uation 
~r i ler la 

A. Energy Self- 8.1 7.9 
Suffi c~ency 

B, Ex1:en: of Technical 6.5 6.4 
Problems 

C. ~co~omi cs 6.~, 7.9 

D. Envi ronme~ta I 5.6 5.0 
Impacts 

E. H~r~an Impac~ 6.0 5.1 

6.4 7.5 7.7 5.1 7.4 7.6 7.0 

6.1 

8.0 

4.9 

6.0 

7.4 4.9 3.4 6.1 6.9 6.2 

7.~ 7.9 [ 3.9 6.4 6.7 7.3 

I . . . . .  

5.9 I 5.3 7.6 6.0 7.0 7.3 

6.0 5.0 7.7 5.8 6.7 5.3 

Fuel 
Categories 

I. Coal, f ired 
unconstrained by 
SO?_ regulations 

[2. Low sul fur  coal, 
f~¢ed to meet 9.4 10.0 
502 regulations 

3. Coal, f i red with 
SD~ control 5.8 8.0 
eQI]i pment 

4. Chemically cleaned 6.1 5.~ 4.3 
c=al 

5. Syn%h.o~ic l iquids 5.5 6.0 8.6 

6, L~/inT, e ~ d i a t e  6,Z 7.9 8.6 
Bt~ gas 

7. Pipel ~ne-quality 5.1 6.5 !I0.0 
gas I 

8. Mixed fuels 8.I 

TABLE E. W'EIGHTED SCORES FOR FUEL CATEGDRIES BY WORKSHOP GROUP 

Maximum score is lO.O. 

i 
IO.O 9.9 5.2 lO.O ~ IO.O 4. l 9.8 9.3 

d 

( 6.6 

6.1 7.2 8.5 7.0 7.0 6.3 

6.1 6.3 7.8 6.9 6.6 8.4 

7,8 8.4 8.5 8.] 7.7 lO.O 

5.0 ;7"] I 7.5 6.5 7.5 9.7 

6.0 8.9 9.8 lO.O lO.O lO.O 8.6 

5-6 52  7.1 8.9 B.4 7.8 7.9 
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The Elec~ric Power Industry ra~ed energy self-sufficiency, 

extent of technical ~rgblems, and economics at 7.5, 7.4, 

7.4, respectively. 

The lowest ratings were by the Public Interest Group for 

extent of technical problems a= 3.4 and for economics at 

3.9. 

The ratings of =he other three groups did not result in statistically signifi- 

cant discrimina=£on among the criteria within each group. 
i 

Generally, the groups regarded each criterion as having importance. 

Average ratings were above 4.5, the midpoint of =he scale, in all except the 

two cases cited. 

In =arms of ranges between high and low ratings, the two govern- 

meat groups discriminated least among the criteria of any groups. The Public 

Interest Group reflected =he strongest discrimination; this group took the 

position that their primary area of competence was with respect to weighting 

of criteria, rather than =heir appraisal of individual fuel categories. 

- E__valuation of Fuel Caue~ories 

Weishted Scores. Table E presents a matrix of weighted scores for 

the fuel categories, derived by combining ~heir evaluation ratings with the 

importance rarings of criteria in Table D.* The ratings of fuel categories 

represent =he assessment by the workshop participants as to =he ability of 

each of the fuel categories to satisfy a specified criterion. The highest 

score in any workshop grpup iS'iO.0, with the score being indicative of the 

relative degree to which the development and use of a fuel category should 

The scoring procedure, together with points of discussion and criticism 
by workshop participants, is discussed in the main body of this report 
under "As-_'2ssment of the Workshop Methodology". 
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TABLE F. PARKING OF FUEL CATEGORIES BY WORKSHOP GROUPS 

Based on Weighted Scores 

Fuel 
Catego~ 

I. Coal, fi~¢I 
uncons'crained by 
SO 2 regulations 

2. LOw sulfur coal, 
fired to meet 
SO 2 regulations 

3. Coal, fired with 
S(]~ cont.1 
eqOipmen1: 

4. Chemically rleaneO 
coal 

5. Syn~etic liquids 

6. LOw]intermediate 
Btu Gas 

7. Pipelin~quall ty 
gas 

8. Mixed fuels 



S-9 

be encouraged. The primary utility of thescoring and rank ordering is to 

provide an entry point for examination of =he more detailed ratings against 

each criterion, as presented in the main body of =his report. 

P=~nkings. Table F presents the results in terms of the rankings 

by each workshop group, based on =he weighted scores of Table E. (The fuel 

category having the highest weighted score for a given group ranks No. 1 for 

that group.) In Table F, the highest rankings have the darkest shading. 

Categories which ranked fourth, fifth, and sixth are shown by a single light 

shading; the lowest ra~kings have no shading. 

Several fuel categories eme!ge as having relatively high overall 

rankimBs for several groups. These are low-sulfur coal, coal fired uncon- 

strained by SO 2 regulations, and low/intermediate-Btu ~as. Other observations 

follow. 

Low-sulfur coal was ranked first or second by 7 of =he 

9 groups. It was ranked highestoby four groups: Oil 

and Chemical Group, Public Interest Group, State 

Government Groups, and Federal Agencies Group. (Practical 

limitations in availability of low-sulfur coal were 

recognized.) 

Coal, fired unqonstra£ned by SO 2 resulat£ons was ranked 

first or second (in terms of weight score) by 6 of t/%e 

9 groups. It was ranked first by the Coal Industry 

Group, Electric Power Industry Group and Industrial 

Fuel Users Group. 

Low/intermediate-Btu gas was ranked highest among the 

synthetic fuels categories by all except =he Gas 

Industry Group, and was top ranked over all the fuel 

categories by the Composite Group. It was second ranked 

by one group and third ranked by three groups. All 

groups raced it no lower than fourth. 
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Other categories =hat were ranked first or second by at least one group 

are as follows: 

• Coal, Fired with SO 2 Control Equipment (including both 

stack-gas control systems and fluidized-bed combustion). 

Your groups ranked this category moderate to high 

(ranking 2 or 3) in terms of the final weighted score: 

Public Interest Group, the two government groups, and 

uhe Oil and Chemical Industry Group. 

• Synthetic Liquids. The highest ranking for synthetic 

liquids was by the Gas Industry Group (tying for second 

in terms of weighted scores). The Oil and Chemical 

Industry ranked this category sixth; however, =he group 

observed =ha= =his ranking did noz fully reflect the 

group's view of ~he long-term importance of this 

category. 

• Pipeline-Qualiuy Gas. The Gas Industry Group top ranked 

pipeline-quality gas or SNG. The Composite Group ranked 

=his category second. 

• ~4.ixed Fuels. This fuel concept was ranked third by the 

Coal Industry Group, the only group that evaluated this 

category. 

The remaining fuel catego~,: 

• Chemically Cleaned Coal was ranked third by the 

Public Interest Group and fourth by the Electric 

Power Industry Group. 

Overall, tPe rankings appear to reflect group viewpoints in support of 

direct firing of solid coal; two of the highest ranking fuel categories 

involve direct firing. 
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Similarities of Rankings Among Gzoups. Several features are noted 

in Table F as =o similarities in rankings of fuel categories among 

the various groups: 

Tee first four rankings were remarkably similar for 

the groups representing the Coal Industry, the 

Electric Power Industry, and Industrial Fuel Users. 

The first four rankings were identical for the Oil 

and Chemical Industry Group and the State Govern- 

ments Group. 

The rankings by the Gas Industry Group and ~he 

Composite Group were generally similar, especially 

at r_he lower three rankings. 

The rankings by the Public Interest Group stood 

out as subs%antially different from =he other 

groups, but were somewhat similar to Lhose by the 

CompositeGroup. * 

Forecast o~ RelatlveM/x of Fueis 

Figure A-I summarizes graphically the participants' forecast of 

the relative mix of the fuel categories in future years. This supplementary 

information was recorded at the request of zhe first group, due to the 

tendency to predict wha~ w/t1 occur--as opposed to the thrust in the 

preceding ratings of what should be encourased to occur to meet national 

interests. :The length of the bars represent the combined forecast of all 

parKicipants in ~e~s of relative or percentage m/x, rather than absolute 

energy units. 

IU should be noted that two participants originally scheduled for the 
ComposiKe Group workshop were unable Ko attend, and their intended view- 
points were missing; these were ~he representatives of the coal industry 
and of public interest groups. 
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FIGURE A-I. FORECAT 0F RELATIVE MIX OF FL~LS AS A PERCENTAGE OF TOTAL 
COAL L~ERGY UTILIZATION -- All Groups Combined 
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FIGURE A-2. ERDA YOKECAST OF TOTAL COAL ENERGY UTILIZAIION AND TOTAL ENERGY 
P~SOURCE CONSL~MPTION 
From ERDA 48, Scemario V, Combination of all Technologies 
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Synthetic liquids and gaseous fuels were forecast Co grow from 

13 Dezcen~ of energy originauing from coal in 1980 t o  44  percent by the 

~e~r ~000. Thus, over half of uhe coal energy was expected to be uuillzed 

In solid or pulverized forms in =he year 2000. 

Figure A-2 provides a perspective of =he expected growth of al__!l 

coal energy utilization. This shows =he forecasts of coal energy and no=el 

resource consumption that were made in ERDA-48* for the years 1985 and 2000 

for Scenario V, Combination of All Technologies. An indication of total annual 

Btu utilization ~xpected for each fuel category can be derived by combining the 

workshop forecasts on a percentage basis from Table A-I with the ERDA forecasts 

of tonal coal energy utilization in Quads (i015 Btu) from Table A-2. 

F o r e c a s t s  by each of the groups are contained in ~he main body of 

this ~eport. Some additional aspects of the group vei~poin~s were: 

Several groups were optimistic with respect to the 

near-uerm growth of SO__ 2 control technology in Fuel 

Category 3. Five groups forecast a percentage growth 

in this category from 1980 co 1990, bu~ none forecast 

that there would be conninued growth to 2000. The 

Electric Power Industry Group were more pessimistic 

about SO 2 control technology and forecast a slight 

decline to 13 percent uti!ization in 2000; this group also 

forecast that 13 percent of coal energy still would be 

coal fired unconstrained by SO? conuroi~ in the year 2000. 

The Industrial Fuel Users Group and the Public Interest 

Groups expected chemicallv~ref!ned coal to have 

subs=anuial future, growing zo approximately 20 percenz 

of the coal energy by 2000. 

• The Oil and Chemical Industry Group and the Gas Industry 

Group were the most optimistic about the growth of 

synthetic liquids, forecasting 17 percent of coal energy 

by 2000. 

W~-~'A ~ional Plan for Energy Research, Development, and Demonstration: 
Creating Energy Choices for ~he Future", ERDA-48, Volume T, The Energy 
Research and Development Administration (June, 1975). 
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The Elec:ric Power Industry Group and Indus=rial Fuel 

Users Group were the most opLimistic groups concerning 

l_oow and iq~ermedia=e-Btu ~as, forecasting about 20 

percent by 2000. 

The Gas Industry Group forecast =he penetration by 

~Ipaline-~uality ges to be =he highest of any group, 

22 percent by 2000. 

A.l=hOugh =here were these differences in views among groups, each of the seven 

fuel categories was recognized as having a substantial role in meeting 

future e~ergy needs. 

Recommendations of Relative Emphasis 
for R&D Effort 

Figure B presents graphically zhe combined input from the partici- 

pants on =heir recommended emphasis of R&D effort. This additional information 

was obtained as a result of participant requests. A point recognized and 

Fuel Cateqory 

L Coal, unconstrainec~ 
~y SO z Reg. 

2 LOw sul|ur ¢00i, I0 
meet 5(9 2 Re(;. 

3. CoOl, wilh SO z Controls 

4. Chem. cle,',nec~ COOl 

5. Synlhelic liquiO~; 

6. Low,'lnt Blu gas 

Z Pipeline cluoliI~f ~os 

" 

O lO 20 
Percent 

30 

FIGURE B. RELATIVE R&D EMPHASIS IN PERCENT -- ALL GROUPS COEBINED 
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discussed by most of the groups is thau the fuel category ratings (of wha_____~ 

s_hhould be encouraged on a priority basis) do noK necessarily relate directly 

to zhe allocation of R&D needed to Bring about commercialization. The 

groups cited ~hat this depends on the state of the technology, =he extent 

of technical problems, and relative R&D costs. 

There were different views among ~he various groups, reflecuing 

differences observed in =he ratings. However, it is clear =ha= =he parti- 

cipants generally viewed that ~he grea~es~ R&D efforts should be directed 

to synthetic liquids and to gasification. Substantial allocations were 

suggested/Zor S02 control and for chemically refined coal. Viewpoints of 
u." 

=he various grouPS expressed in workshop commen~s are ou=iined in the report. 

~ofiles 

~Figure C provides an overview of responses of each group on the 

fuel catego~ies~summarizing top rankings by weighted scores, largest 

uses forecast for 1980 and for 2000, and principal E&D emphasis. The first 

listed fuel category in =he ranking column is the top ranking; a second 

category having high scores is noted in some cases. The 1980 and 2000 

columns denote, respectively, the category'receiving =he largest utilize=ion 

forecast for the near-=ermand longer-term. Fuel categories with highest 

recommended E&D emphasis are listed in the lasu column. 

The arrows in Figure C connect fuel categories in successive 

columns where a category is carried over to another column. Only the Gas 

~ndusury Group carried over =heir highest ranked category, Pipeline-Quality 

Gas (SNG), as far as the long-term forecast or the R&D emphasis column. 

Further insigh= into ~he viewpoints of each of =he groups can be 

gained from examining =he principal results summarized by =he various groups 

in Ehe main body of this report. 
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I~GtTEE C. 0VEEVIE~ Or ~0RK~HOP GROUP V'/II~TOI.~'TS ON FUEL CATEGORIES 

Grouo 

Coal Industry 

Largest Use Forecast For 
Top Ranked IgBO 2000 

Major 
R&D Emphasis 

Coal, nc controls ~ >  Coal, no controls 
LS coal -> LS coal 

~)~th l iquids ~ >  Synth l iquids 
Low-Btu gas 

Oil & chemical LS coal .> LS coal 
Coal, no controls - - >  Coal, no controls 

Snyth l iquids 

Gas Industry SNG ~ SNG > SNG 
Coal, no controls 

Coal,. with controls 

EleCtric POwer 

Industrial 
Fuel users 

Coal, no controls - - >  Coal, no controls 

Coal, no controls ~ COal, no controls 
LS coal > LS coal 

Low-Btu gas ~ >  Low-Btu gas 

Public IntereSt LS coal -> LS coal 
Coal, with controls 

them Cl Coal 
Low-Btu gas 
SNG • > S N G  

Coal, with controls 

State Governments LS coal 
Coal, no control 

LS coal 

Coal, with controls --~ Coal, with controls-->Coal, with controls 

Federal Agencies LS coal > LS coal 
Coal, no controls -----> Coal, no controls 

Composite Group Low-Etu gas 
SNG 

v 

Coal, with controls 

Coal, no controls 
LS coal 

Coal, with con t ro ls  

- Note: L i t t l e  difference ~ong responses by these groups on R&D emphasis for , the highest 3 or 4 fuel 
categories. 
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OVERALL 0BSERVATIONS 

The approach used in this s~udy was successful in capturing, 

in a consisuenE way, views of the various interest groups selected for 

participation in the workshops. There was sufficient interest in the 

approach that high-level people were willing to participate in the workshops. 

2 

Evaluation of ~he results, through specific feedback from the 

participants themselves, indicates tha~ they regarded the ratings to be 

fairly representative of their interest group. The only exception was 

the SEate Governments Group. (These evaluations are outlined in this 

report in the section on assessment of methodology.) While ~he precision 

of the final ratings and other recorded viewpoints have recognized 

limitations (regarding sample size, subjectivity and overlap of 

cri=eria definitions~ etc.), the results can provide useful inputs to 

ERDA in ~erms of general viewpoints that should be considered in the 

planning process for R&D on coal and coal-derived fuels. 

An overall observation regarding group viewpoints, reflected 

in the ratings and forecasts of fuel categories, is the confined significance 

of direct firing of solid coal (fuel categories 1 ~hrough 4) as perceived 

by mosE interest groups. Even with the expecned developmenmt and u~iliza- 

tion of synthetic fuels, the total utilization of solid coal categories was 

forecast to exceed the tonal utilization of synthetic fuels from coal (fuel 

categories 5 through 7) in the year 2000. 

Additional observations follow, based on discussion in the 

workshops. 
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• Regarding the extent of unsolved technical problems 

associated with the fuel categories, the point was 

emphasized by several groups that the technical 

feasibilit 7 of producing fuels for each of the cate- 

gories has been demonstrated on some scale. However, 

the last five categories have not been demonstrated in 

a commercial way as fully meeting modern technological 

and economic needs. 

I Philosophical questions related to short-term or lon K- 

term R&D were discussed by several groups. It was 

agreed that high-risk programs, in areas with many 

technical problems, could be justified where potential 

benefits are high and might never be developed with- 

out a continuing national program. At the same time, 

there w~re strong suggestions, in the light of urgent 

needs, to emphasize those developments "right on the 

threshold" in order =o commercialize developments more 

quickly. 

• The groups emphasized that ratings or scores in the 

evaluation did not necessarily imply a recommendation 

for R&D emphasis, due t o  differences in the extent of 

technical problems and the costs of needed R&D in the 

different areas, Also a distinction was recognized 

between action plans and R&D needs. 

• In suggestions of R&D emphasis and in comments on R&D 

needs= the groups generally agreed =o refer to the 

broad ~iew of the federal role, rather than attempting 

to delineate =he respective roles of ERDA and other 

agencies. 
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Strong views were expressed by ~he industrial groups 

that uncertainties of ~overnment regulation and policy 

both at federal and local levels, has the effect of 

discouraging investment decisions by the private sector 

to undertake needed development on its own, Consistency 

of policy and regulations, and possibly federal in- 

oentives~ were suggested. 

1 

I 2he Oil and Chemical Industry viewed synthetigliquids 

as having significant importance in the future (for trans- 

portation fuels, for home heatingj and for use as 

feedstock). They urged major emphasis on federal R&D 

and demonstration to advance this technology. 

The Gas Industry Group expressed concern that federal 

policy or R&D decisions may tend to encourage electri- 

fication of the U.S. They cited that the nation cannot 

afford to underutilize or give up the efficien~ ener~7 

distrSbution system already in existence in the gas 

industry, 

The Electric Power Industry Group suggested that greater 

flexibility in utilization of the different fuel cate- 

gories could be achieved if environmental protection 

regulations were based on co~trollin~ to ambient air- 

qua!it ~ standard 9 rather than on constant emission 
2 

standardsapplying to point sources. This would allow 

for the use of higher sulfur fuels except-during periods 

of adverse meteorological conditions. To aid in setting 

ambient air-quality standards on a cost-benefit bnsis~ 

~he group recommended additional research related to 

health effects of SO 2 and other pollutants. 
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Is considering aspects of environmental and human 

impacts in decisions related to fuels options, the 

Public Interest Group recommended thac an attempt be 

-made to internalize all social and environmental costs 

in considering fuel options. 

Several groups called attention to the fact that 

e~vironmental issues, traditionally, had con- 

centrated on S02, but other pollutants like sulfates 

and fine particulates are of concern, 

• It was clear that the groups perceive that fuels in 

the various categories are capable of serving a variety 

of uses, and each form of fuel has applications that 

it will serve most effectively and/or competitively. 

This multiplicity of needs, both short-term and 

long-term, underscores the desirability of a balanced 

R&D program. 

• Most groups expressed the .philosophy that 

essentially all of the cate$ories of coal and 

~oal-derived fuels are expected to be important 

to ~he nation for some uses and should be en- 

couraged as options within the framework of the 

criteria.e 

In short, the various findings as presented in ~his report contribute 

useful background to the formulation of national energy policies and plans. 

Z 

4 _ _  _ _ _  , _ _  

* This is consistent with the ERDA Plan: "A National Plan for Energy 
D emon s tr a C lot Research, Development and " " (ERDA 48, Volume I. June, 

1975). 



EVALUATION OF ALTERNATIVE USES OF COAL AND COAL-DERIVED FUELS 
- INDUSTRY, GOVERNMENT AND PUBLIC VIEWPOINTS 

to 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
FOSSIL ENERGY DEPARTMENT 

ERDA Contract No, W-7405-eng 92, Task 74 

from 

BATTELLE 
Columbus Laboratories 

November 15, 1975 

INTRODUCTION AND APPROACH 

BACKGROL~ND 

In a previous contract with the Office of Coal Research, Battelle 

dev~_loped a methodology for evaluating and rank-orderlng R&D activitles*. 

it wa,~ recognized by planners in the Energy Research and Development 

A~/~iui.=-ration (ERDA)-that the applicatiqn of this particular methodology 

?right provide an effective ~_ooi by whicl~ to identify amd compare the view- 

points of special in=crest groups involved in the 4evelopmenr a~d use of 

fossil fuels and their derivatives. This follow-on, contract was inltiated 

w/th the primary objecKive to identify views representative of industries 

and other groups =o provide input to ERDA in the planning process for federal 

R&D on coal and coal-derived fuels. A subsidiary objective was the evaluation 

of the methodology as a decislon-structurlng tool. 

WORKSHOP FORMAT AND PROCEDURES 

This report presents the results from a sequence of nine strucuured 

~or'..~hops conducted ~Tith small groups of "knowledgeable participants. The 

j" 

"Development of Alternative Paths for Clean Utilization of Coal as an 
Ener=~y Source and Development of a Methodology for Decision Making", 
by D. !..'. Nalone, E. H. Hall, K. Kawamura, and D. L. Morrlson, Battelle- 
Columbus report to U.S. Department of the Interior, Contract No. 
14-0001-1936 (December 2G, 1974). 



T.A~L~ I .  CO~:~OSITTON OF WOR/~HOP GRouPS 

~oa~ cpc=a=ors (~) 

Coal o ? e r a ~ o r / s ~ e c I  co=panles  (2) 

,Mauu~ac~u=er 0£ coal preparation equiix=euC 

EnerE>' c~apan>'/developer o£ conversion pEoce~ses 

R a i l r o a d / ~ u e r a ~ s  de ve lope r  

E ~ i n e e r - c o n c r ~ c t e r  ~ - =  in  ninin~ and conve r s ion  

£n=e~:sced o i l  co=parties (£nce~n==ioual) (3) 

~=e~sced  o i l  c ~ a . i e ~  (,Jo=escic) (2) 

C~e:~cel co=pzuies (2> 

Eu~lueer -cons~rucc iou  f i r =  spec la l iz i r~  in o l l  
and chemical pcocess i~  

• Ca~ I , d u s ~ r v  ~ (6] 

ZnceE~a~ed gas-dis~rlbucion/crans=iss~on com~au/es 

~as-dis~c£bu:iou co=pa.~ies (2) 

Ga~s-~an.~:~sslou companies (2) 

Cas£ficac£on/uci~i~v co,=panT 

~ i n e e r - C O ~ s c r u c c i o n  firm iuvo lved  in SLs~icaclou 
pla~rs (I~ 

L,~'Se elecC'cical uC~li~z syscm'= {2) 

La-'se e l e C ~ - i c a l  uC£1icy company 

U=il£cF bo~le~ =a~u~acru~e~s (2) 

Gas-=u=bine =anufac~u~ers  (2~ 

£usiueer-consc~uc~.~on firm a c c i ~  in fuel buru~n~ 
equi~men~ ~I) 

m TndusZ':.ia! Fuel Users  ~ (7) 

Manufac~ucers Of indust-zlal fuel buru_in~ 
e q u i ~ e a c  (2) 

~ocld~ide a ~ c = o b i ~ e  = a n t t ~ a c t ~ e r  

E l e c ~ l = a ~  and e l e c t r o n i c s  = a n ~ a c ~ a ~  

(2) 

Publ ic  ~ece:est ~oups - -  C7) 

A=erican Public Health Assn. 

CO~OB c~ t~S e 

League o~ Xo=~n Vo~e~s o£ the U.S. 

Xnclonal Le~Rue o~ C i t i e s  

National Wildlife ~edera~on 

Public ~ncecesc Research Group 

Smichsonia~ lusCi~u~ion 

• S t a t e  Goverr~cnts  - -  (7) 

Of££c ia l s  respOnSible fo r  enerSy po l i cy  and p lanninS:  

Eas t e rn  and Appalachian  sCaCes (3) 

~idves~e~u s t a t e s  (1) 

Western s t a t e s  (3) 

• F e d e c a l  Govern=cut Aeencies ~ (7) * 

E : ~ o ~ e ~ = ~ L  P~otecc£on AEency 

Federa l  Energy Acb=in£s~aCion 

Federa l  Po~er C c , ~ i s s i o n  

General  $e: 'u'lces A~hninist~acion 

U. S. Depar~enc  o f  the  Iuce~£oc 

U. S. Depar~enc  o f  C ~ c e  

U. S. Dep~r~ment o~ De£en~e 

Co=~osice C=o~p - -  (6) * 

A=er£cau Gas ~so~la~ion 

amezic~m PeCroieu= Tus t l~ r .¢  

8 i~= l~o~s  Coal ~esea=ch, Inc . * "  

E l e c ~ i c  Power Rese~u~c~ ~ . ~ £ ~ u t e  

NaCioual Associa~ion o£ Manufac tu re r s  

~a~ioaal GoveFnor's Co=~e,Je~e 

~aeio~al Science Fo~mdaEioo 

Zu~eEraced s c e e I  =o=pany 

Glass a~d p a c ~ i _ ~  company 

~a~ufac=u~e~ of indus~Tia l  a i r - ~ o l l u c i o u - e o u ~ r o l  
eq uiL~en~ 

* ~amQs ~,d pos i=ions  of workshop r e p r e s e n t a = i v e s  of ~hese groups a re  i ~ u c i E i e d  lu Appendix C. 

* *  ~P rese~a~ i ve  vas unable :o a t c e ~  the vo r~hop ,  b~c se~c i n i t i a l  r a t h E 5  a~d co-,=ents which are included in  =he A p D e ~ x .  



groups ranged in size from six =o eight individuals, and a total of 

66 participants were involved in the nine workshops conducted during the 

period June, July, and August, 1975. This approach was chosen ~n lieu of 

the more commonly used "broad survey" strategy, in order to provide for 

discussion and strengthening of insigh=s during the workshops. In consider- 

ing the results of this study, the method by which information was obtained 

should, he kept in mind to provide a perspective in interpreting the results. 

Composition of Groups 

The workshop sessions were organized around structured evalua=ion 

activities and group discussion. Each group was selected =o be representa- 

tive of a particular interest group concerned with energy supply or use. 

Table 1 shows the composition of groups by iden=ifying the types 

of organizations selecte~ for each group*. For the industry groups, major 

companies in the respective industries were generally selected. For example, 

most of the industrial organizations were large companies listed in For=une 500; 

several were from =he 20 largest industrial companies. 

The Public Interest Group was selected =o represent a spectrum 

of public interest organizations, including several oriented to health and 

environmental aspects. The State Government Group was composed of energy 

planners or administrators in executive branches of major coal producing or 

consuming states. The Federal Governmen~ Agencies were selected as having 

principal responsibilities in energy research or policy or that use large 

quantities of fuel; the individual representatives from the agencies were 

designated by high-level officials having responsibility for fossil energy 

R&D or other energy issues. The Composite Group included staff of energy 

trade associations and spokesmen for ouher groups; they were not participants 

in the workshops for ~pecific interes~ groups. ~Iost of the participants were 

engaged in management level planning or R&D planning for their organizations. 

* Additional descriptive material on the composition of groups is contained 
in Appendix C. 



Evaluation Criteria 

Weights 7.9 

A B ....... E 

6.4 5.1 

I 7 .8 8 .0  3 .8  

2 7.0 7.2 6.6 
Alternative 

, ~ V  % 

Fuel 
Catacjories 3 5.9 4.6 4.5 

7 4.4 4.9 6.0 

Weighted 
Score~ 

9.9 

I0.0 

8.0 

6.5 

FIGURE I. EVALUATION MAT~ AS BASIS FOR TEE WORKSHOP STRUCTVKE 

Principal entries to the matrix are the average group 
ratings on a scale from 0 to 9. The "weighted score" 
is a derived figure; the highest score ~s i0.0. 
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In the interest of providing an environment for relaxed and objec- 

tive discussion, industrial and u~ility companies were assured tha~ these 

organizations would not be identified in the record. This policy was also 

found to be important in expediting the invitation and acceptance process 

in convening ~he groups, by avoiding ~he need for formal corporate or organi- 

zation approval. 

Basis for Workshop S~ructure 

The conceptual basis for the workshop s~ructure is illustrated in 

the '~evalua[ionmatrix" of Figure i. 

The workshop structure was based on a systematic and separate 

evaluation of first =he fuel alternatives and then the criteria, using a 

rating scale from 0 to 9*. Giver th/s basic input, it was possible =o 

interpret the criteria ratings as weights and to compute a derived weighted 

scor___ee for each fuel category, which can be interpreted as an indicator of 

the relative degree to which the fuel categories should be encouraged. 

Early in The workshop, the participants were asked to rate (I) 

the relative importance of Abe criteria, and (2) the relative ability of the 

various fuel ca~e[ories to meet the specified cri~er~'a. The entire rating 

and scoring procedure was repea~ed ~o more times during =he day, with ample 

=ime for group discussions between ratings to clarify definitions and to 

discuss ghe results of =he previous ratings. Most of =he results presented 

later in this report are taken from the third, and final, rating procedure. 

More information on the format of uhe workshops is contained in the section 

on "Assessment on the Methodology and Results". The advance materials and 

sample forms used during the workshop are included in Appendix A. 

* In all scale definitions, low ratings are "unfavorable" and high ra~ings 
are "favorable", i.e., a high rating for a fuel category o n  energy self-- 
sufficienc ! means high contribution; a high rating on extent of technical 
problems means few problems; a high ra~ing on economics means low cost; 
likewise, a high rating for environmental impacts and human impacts refers 
few adverse impacts. 



Terminology Used in Presentin~ Results 

It is appropriate to call the reader's special attention to aspects 

of terminology used in the workshops and the presentation of results. The 

term rating is used to refer to orisinal vo~es generated as explicit responses 

by the partlcip~nts on standardized forms. For the most part, only group 

average ratings of the third and final votes are presented in this report. 

The term weighted score is used to refer to a mathematical aggregation of the 

group average ratings for the various fuel categories, weighted by group 

average ratings of the evaluation criteria. The term ranking, or rank order 

positio=, refers to an ordinal number indicating the relative position of a 

fuel category as determined by the relative magnitude of the ratings or 

weighted scores. 

There are many different ways in which the basic racing data can 

be aggregated. To keep the mathematical operations as simple as possible, 

the workshop plan called for aggregating over all five criteria. The 

weighted scores resulLing from this aggregation, together with the rank- 

order positions based on the scores, should be used only as an overview 

for analyzing the more detailed evaluation ratings. Some of the participants 

in the workshops were emphatic in their concern that the aggregated scores 

no= be misinterpreted. These and other points related to methods of scoring 

and additional information are discussed in the section on "Assessment of the 

Methodology and Results". 

Supplement@_ry Workshop Activities 

In referring to the rank-order information, it is tempting to use 

the term preference. It is important to note, however, that there is not 

necessarily a one-to-one correspondence between derived weighted scores, 

interpreted as preferences, and the actual preferences which the groups 

would have expressed in response to a direct query as to what fuel categories 

'should be encouraged. There was considerable discussion of this distinction 

among workshop participants. Because this concern was particularly pronounced 



during the early sessions, two addl=ional workshop exercises were introduced: 

(1) a forecast of the mix of fuel utilization in the various categories for 

three different future years, and (2) an expression of recommendaEions for 

relative R&D emphasis for the fuel ca=egories. 

DEFINITIONS OF EVALUATION CRITERIA 
AND FUEL CATEGORIES 

Tables 2 and 3 con=aim brief abstracts defining =he evaluation 

criteria and the fuel categories*: 

Evaluation Criteria 

A. Contribution to Energy Self-Sufficiency in the U.S. 

B. Extent of Technical Problems 

C. Economics (or cost) 

D. Environmental Impacts 

E. Human Impacts. 

Fuel Categories 

i. Coal as Nined, direct-fired, unconstrained by 
SO 2 emission regulations 

2. Low-Sulfur Coal, direct-fired specifically to 
meet SO Z emission regulations 

3. Coal as Mined, direc=,fired with S0 2 control 
equipment 

4. Chemically Cleaned Coal 

5. Synthetic Liquids 

6. Low-Btu or Intermedia=e-B=u Gas 

7. Pipeline-Quali=y Gas 

8. Mixed Fuel (added by the Coal Industry Group 
Go include pulverized-coal/oil slurries). 

* Addiuional detail relating to these definitions is contained in Appendix A. 



TABLE 2. E~'ALUATION CRITERL%--ABSTP~%CTS OF DEFINITIONS 

A. Contribution to Energy Self-Sufficienc¢ in the U. S. 

This criterion is based on consideration of the ~xten= to which the 
U. S. can effec=ively utilize domestic coal and coal-derived fuels on a major 
scale to eliminate dependency on foreign energy sources as soon as possible. 
The criterion refers to ~he degree to which coal and coal-derlved fuels can be 
used as substitutes for petroleum-based clean fuels to free uhem for high 
priority uses. The military preparedness aspect is also included in this 
criterion. 

B. Extent of Technical Problems 

This criterion refers mainly to the state of development of techno- 
logy associated with the various conversion processes, and with the level of 
technical risk involved in the problems re~aiuing to be solved. Of particular 
concern is the probability that the process can be developed to a c~ercial 
scale. 

C. Economics (or Cost~ 

This criterion refers to the total cost of building and operating a 
system to produce, transport, store, and utilize a given coal-derived fuel 
product. This includes all of the tangible costs that must be incurred to 
realize full implementation of a given coal-derived fuel (e.g., P.D&D, capital 
investment for plants an~ facilities, operation, transportation, and envir- 
ocmental controls). 

~. Environmental Impacts 

This criterion refers to the relative adverse impact on the physical 
and biological enviro~nent at the conversion site, at the point of use, and in 
transporting and storing the coal-derived fuel. It also refers to the adverse 
impact on al__!l elements of the natural environment, mainly localized impacts. 

E. Human Impacts 

This criterion refers to the impact on the net "quality of Life" of 
~he overall population as a result of ~xtensive use of the various fuels. Of 
concern are adverse impacts that might affect individuals, co~nunities, or 
society in general. Also included are any significant cultural impacts or 
employment shifts resulting from the conversion processes and associated 
activities. Mainly, this criterion refers to overall impacts to ~.he nation. 



TABLE 3. :-UEL CATEGOR/E$--ABSTP-%CT5 OF DE~NITZO.NS 

(l) 

(2) 

,,. • '" II| , 

Coal as F~ped,.Direct Fired, . Unconstrained by ,SO~ Emission Re~=lanions 

Includes coal, as m£ned, cha~ is co be direr= fired in equip--no x~here SO 2 regulations are 
tone,isletS, are waived, or =ill permit operation with tt measures for SO 2 conerol--e.g. ~here 
SO 2 emission levels are noc covered in Federal or local regulations, as for smell equipment or 
older installations. (This category assumes no constraints as ~o emission regulations.) 

LoW-Sulfur Coal, Direct Fired Specifically to Meec S0~ Emission Re~-ulacions 

Applies where coal, ~o be direct fired, is chosen (on the basis of £r.s sulfur oon~ent) 
specifically for the purpose of meeting S02 emission regulations--whether i~ is low in sulfur 
by i~: nat:ral sulfur con~en~ or w~ch One aid of mechanical preparaClon and washing. 

(3) Coal as Mined, Direct Fired xrich SO2 Control Eguipment 

Applies ~o coal of any sulfur level, as mined, ~'nere this coal is no be direct fired in 
ins~allat£ons with S02 control equipment to meet re~la~ions. Th~s covers installationS where 
$O2 control is achieved eioner by (a) stack-gas treatment for downstream SO 2 control or 
(b) chemically acClve flu£dlzed-bed combus~ion. 

.(&) Chemic.=fly-Cleaned Coal 

f5) 

(6) 

(7) 

('8) 

r t  

Ca) 

Comprises solid coal ~ha~ has been chemically ~reated uo reduce sulfur ¢on~en= such than 
no c~her $O 2 coctrol is needed. Ash may also be reduced, but particulate controls may still be 
needed in some ~nstallations. Examples are solvent-refined coal or ocher ohemically-desulfurized 
coal tha~ is fired conventionally as solid fuel. 

gyn~he r i e  t i q u . a s  

F u e l s  from coal  l i q u e f a c t i o n  p r o c e s s e s  comprise t h i s  c a t e g o r y ,  a long  ~ith i u t e rmediaee  
l~quid produces thac  can be used as  feed-stocks for further refining to finished fuels or co 
chem£cals. Sulfur levels of such finished fuels are expected ro be Io~ enough tha~ ~02 controls 
are no~ required. 

L,~,:-Bt =,, o r  ,,,,'~'n termed ~.a l:e.- Beu Gas 

Covers fuel gas from coal gasification at =he sire of uuilizacion, or piped for relatively 
shore dls~anoes =o the point of ut£11zanlou, the energy value of fuel gas in this ca,=gory is in 
~he range from 100-500 B~u/cu ft, depending on the ges~fier: 

s Low-B~u gas (~y. pically, 150 Btu/cu f~) 
• In~ermed~ate-BCu gas (~ypically, 300 Btu/cu fn). 

Generally, sulfur and par~calaue are ~o be removed from the fuel gas prior =o £~s utilization. 
(The C-as "rndus,'ry Group and One Oil and Chemical Indusury Group preferred to label this cam=gory 
"Industrial Fuel Gas" as encompass£n E the range 100-500 Btu/cu fu.) 

Pi~eli~e-Oualitv Gas 

Pipeline-quali~" gas, or high-Bnu gas, from coal is intended =o be essentially Interchangeebl~ 
with natural gas in transmission and uc£1izetion. It is frequently called "substitute natural 
gas" or "s)monetic na~ur~l gas" (SNG), approgima~ely lO00 Bcu/eu f~. 

~r~xed ~uel~ (a) 

A colloidal product co=sis=in= of coal and a llquid One= would have firing characteristics 
of a liquid rather =hat a solid. This producu could be a mixture of coal and petroleum products 
or could also be a mixture of coal and a synthetic liquids (which =ould be coal-derived). The 
product has ~he potential of bein E discrlbuted by e~isting methods, mainly pipeline d~str£bu~ion 
sys ~ems. 

T~,is fuel category ~as proposed and raged by ~he Coal Indus=ry Group. I~ ~as no= included in the 
advance klc and was not ra~ed by the other groups. 
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STRUCTURE 0F THIS REPORT 

The following provides an ovurview of the structure of the 

remainder of this report. 

Principal Res-~l~s and Assessment. The results of the various workshops 

are presented under =his next section. These results are examined from 

several viewpoints: 

- Importance of criteria 

- Fuel category evaluation ratings and scores 

- Forecast of relative mix of fuels and suggested relative 
emphasis for R&D 

- Summary profiles of groups. 

Assessment of the Workshop Methodology. Readers interested in details 

of the workshop procedures a~d evaluation are referred to this main 

section. I= includes information 0m: 

- Participant feedback 

- Concepts and hypotheses 

- Recommendations relating ~o the methodology. 

Overall Observations. This section contains o%erall observations 

related to the success of ~he workshop approach and a summery of 

observations on key viewpoints of groups. 

Appendix. 

follows. 

Volume II contains additional detailed information as 

A. Materials Provided to Participants Before and During 
Workshops 

B. Key Comments by Participants 

C. Principal Records from Each Workshop 

0. Additional Summaries of Results Across Groups 

E. SLa=iszical Analyses of Results. 
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PRINCIPAL RESULTS AND ASSESSMENTS 

The principal results of the workshops are presented and assessed 

in this section, organized as follows: 

• Modifications and Interpreta=ions of Definitions 

• Ratings Placed on Importance of Evaluation Criteria 

• Summary by Fuel Categoric s 

- Ratings, rankings by weighted scores, and 
participant comments 

• Evaluation Ratings of Fuel Categories Against Criteria 

• Supplementary Information from Workshop Activities 

- Forecast of relative mix of fuels 

- Suggested relative emphasis for R&D 

• Summary Profiles of Groups. 

The material in this section constitutes a ~road summary and assessment of 

results. 

MODIFICATIONS AND INTERPRETATIONS 
OF DEFINITIONS BY GROUPS 

The groups were free to alter the original definitions abstracted 

in Tables 2 and 3 or to clarify interpretatloms in order to make their - 

responses more effective in e~ressing the viewpoint of their interest group. 

Those modifications are summarized in Table 4 and are also discussed as part 

of the workshop results. More detailed discussion of the modifications are 

contained in Appendix C. 

These modifications should be kept in mind when examining the 

results and assessments presented in the figures and tables in this report. =. 
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TAE.E ~. ~ Y  OF P~I~CIPAL REDEFINITTONS AND IN'/'~PR~T^TTO~ BY GROUPS 

m Co~l Tndnscry 

Time Frame: P r e s e n t  to 1990 

"Energy ~deper~enc~e" means ~e can s e t  alou~ ~rtchouC 
s ~ o r c a g u  

Added eighth ~uel c~ tego~,  labeled "mixed fuels", 
defied as a collo~dal m~x of pu lve r i zed  coal and 
0il 

e 0; i  and Chemical Zndus~rv 

T£=e ~ r ~ e :  H£drauge, 19SS co 2000 

~ . ~ e r i a  .~. ~, and ~ cousLde~td co be s~ rong ly  ~ncer -  
r e l a t e d  

~acegory  5 ~e l abe l ed  as "synchec~.~ ~.i~uid hydrocarbons"  

Cacegor~ ~ i n t e r p r e t e d  as "Zed~sCcia~ F~el Gas" 

m Gas ~nduscrv 

Ti~e Frae~:  Year 2000 

" E 1 i ~ n a = e  dependency o~ fo~e~gu soucoes" whe.  ~oe 
have Co 

F~ccen~ O.: Te~.nica~ Pcob~e mm cons idered  fo r  
csc.huolog~es I=  evaluacin 8 ~acegories &-7 

For econom~es~ the  ~ocaZ cost.  from :he E~ound ~o 
end use ~as co~Lde~ed  

For Ca t ego r i e s  I - ~ ,  " f i n~shed  f u e l "  yes ~n=erpcetnd Co 
be e l e c : r £ c £ c y  ! 

Cacego~'y 6 c e l a b e l e d  " I n d u s ~ r £ a I  Fuel G~s" 

Time Fr~.-'.~: TechrJologies~evaluaced f o r  c o n t r i b u t i o n  ~n 
the  year  1990 

For  Category  1 c o n s i d e r  c o ~ a ~ . e m i s s £ o ,  s~aadarda  
re~oved,  bu~ ambient  a i r  q u a l i t y  s~andards r e t a i n e d  

T n d u s : r t a l  Fuel Users 

Time Frame: P resen t  co 1990 

Cri~eriou A ~cdified co i:cluce ceducin~ Eorel~ 

Category i evaluated alSulr~og ~ a i r  q u a l i t y  
regulac~onn--mableoc  aCamdacd~ r e t a i n e d ,  poior. 
socrce  e=£ss£on r e g u l a t i o n s  removed, c o s c - ~ c ~ f £ c  
and s~nerslsm of  p o l l u t a n t s  considered i.~ 
s e t t i n g  s ca=dards 

Category ~ inc ludes  p r i m a r i l y  coa l  :ha~ Can be 
burned as a s o l i d  

Category 5 inc ludes  f u e l s  p r i m a r i l y  iecended f o r  
~ igher  va lued  er~ uses  ( e . g .  : r an~por t ec iou )  

• Publ ic  I n t e r e s t  Croups 

Time Frame: Xc~ $pecL-~Le~ 

C.-i=eclo= C r e l a b e l e d  "~i¼a-~cinR" 

IncZude land ~ e  and p roducc iv -~y ,  weather  impact.q, 
human h e a l t h  e £ f e c c s ,  and mine s i t e  accivic~.es £o 
Cr i=e r i eu  D 

C r i t e r i o n  E r e l a b e l e d  '~conomic end Soc ia l  Impact"  

Sca~e Gover'r~e'a~.s 

Time F_rame: PCesenc :o  19~3 

"Energy independence" meae.q ~ e  r e d u c t i o n  of  ene rgy  
and economic vp, I n s t a b i l i t y  

F e d e r a l  Gove.ru~en¢ A~eecies  

Time Frame: Lef t  u n s p e c i f i e d  

C r i t e r i o n  A r e o r i e n t e d  cc~ntrd a v o i d i n g  ~ i n  
dependency on f o r e i g n  source~ 

For Category 1, i g n o r i n g  SO 2 emiss ion  r egu lac iov~  "_s 
assumed Co be l e g a l  

• Composite Group 

Energy s e l f - s u f £ i c L e o o y  cons idered  co be an o b J e c c l v e ,  
the remaining f ou r  c r i t e r i a  ~n~erpreced as c o = s t r a i n , s  
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RATINGS ]?LACED ON IMPORTANCE 
-L 

OF EVALUKTION CRITERIA 

Figure 2 presents graphically the results of the criteria ratings : 

by each group, as an indication of relative importance. These are final 

ratings on a scale from 0 to 9 averaged for all part&cipa~ts within the group. 

Table 5 shows these same ra~ings for each crizerion, ~riththe groups 

listed in rank order of ratings. 

The following are principal observations noted from the results of 

criteria razing: 

CriTeria considered importan~ by most groups were 

energy self-sufficiency and economics (cost). The 

Public Interest Group viewed these criteria as less 

important than environmental or human impacts_. 

• The Coal Industry Group gave .energy self-sufflciency 

an average ra~ing of 8.I, the highest rating given 

any criterion by any group. 

• The Gas !nduszry Group expressed a strong rating of 

importance for economics as a criterion, giving it 

an average raking o~ 8.0. 

• The Oil and Chemical~ndustry Group rated~e__~_~ 

self-sufficiency and economics equally at 7.9. 

The Industrial Fuel Users Group also regarded 

energy self-sufficiency and economics as important 

cri=eria, rating them at 7.7 and 7.9, respectively. 
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Criteria 

Energy seJf-sufficiency 
Technical problems 
Economics 
Environmental impacts 
Human impacts 

Enerqy self-sufficiency 
Technical problems 
Economics 
Environmental impacts 
Human impacts 

o 

Scale: 

2 4 6 8 

Cool Industry 

Importance of Criteria; Ave_ra~e for Group 

0 (Unimpor=ant) to 9 (Important) 

0 Z 4 6 8 

Public Interest Groups 

Z 4 6 8 O Z 4 G 

Oil ~ Chemical Industry State Governments 
8 

Enercjy self-sufficiency ~ t 
Technical problems ~ I 
Economics ~~111111111111111111111 I 
Environmental i m p a c t s ~  ,~. I 
Human impacts ~ _ : _ - 3 ~ - ~ _ - ' : 1  • • ! 

0 2 4 IS 8 

Gas Industry 

Energy self-sufficiency 
Technical problems 
Economics 
Environmental impacts 
Human impacts 

2 4 6 e 

Electric Power IndusTry 

0 Z 4 $ I 

Federal Government Agencies 

i I 
[ ]  ~ Hlhrll~i~l~ll IlllIlllIliB1B! 

0 2 4 G • 

Composite Group 

Ene.rqy self-sufficiency 
T~chnical problems 
Economics 
Environmental impacts 
Human impacts 

, , , , • • , , , 

0 2 4 6 8 

Industrial Fuel Users 

FIGURE 2. FI~L~L RATING OF EVALUATION CRITERIA BY GROUP 
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T~3LE 5. rELATIVE I"M~OR'£~NCE PLACED O,~ EACH CRITERION 

Average Racing ou a Scale From 0 co 9 

Cri=erlon R~clug 

Euerl~V Sel f  u Suf£-cle=~g~ 

Coal I=d.uscry 8.1 
0il and Chemical Lnduscry 7.9 
Ir.dustr ~al Fuel ~sers 7.7 
Federal Governmenu Agencies 7.6 
Elecurlc Pouer Industry 7.5 
SEa~e Coverumeucs 7.& 
Compos Ire Group 7.0 
Gas In4us=ry 5.~ 
PuBlic "rn~ere..-r Groups 5.1 

Ex~en~ of ~echnical ProBlems 

Elecur £e Po%~r Xn~us=ry 7. 
Peders! Government ABe=, es 6.9 
Coal ~ a~us~ry 6.5 
011 a=d Chemical Industry 6.4 
Cumpo.~ ~te Group 6.2 
Gas I: dustry 6.1 
S~aue Governments 6.1 
ludustrial Fuel Users 4.9 
Public interesu GToups 3.~ 

Economic s 

Gas l:,dus=ry 8.0 
Oil a~:d Chemlcal Industry 7.9 
in~usLrlal Fuel Users 7.9 
Elect.tic Power ~ndus~ry 7.~ 
Compo.,,ite Group 7.3 
Feder~.l Gover=men~ Agencies 6.7 
Coal ]ndustrv 6.& 
Suaue Goverum~uus 6.4 
PuBlic Inneresu Groups 3.9 

Envi:o~ enual Impact 

PuBllc Interesu Groups 7.6 
Cc~oslue Group 7.3 
Federal Co.eminent Agencies 7.0 
Scare ,;overnme=:s 6.0 
Electric Power Industry 5.9 
Coal ~ndus~ry 5.6 
Industrial Fuel ~;sers 5.3 
011 and Chemical Indus-ry 5.0 
Gas Industry ~.9 

mman I=pa=_~ 

PuBlic Zuteresc Groups 7.7 
Federal GoverDmen= AEencles 6.7 
Coal r~udusury 6.0 
Gas Industry 6.0 
E l e c t r i c  Po%~r Industry 6.0 
S~a~e Government s 5.8 
Composiue Group 5.3 
Oil and Chemical Tnduscry 5.1 
Indus~rlal ~',el Users 5.0 
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• The Public Interest Group rated 9nvironmental impact 

and human impact high, a~ 7.6 and 7.7, respectively. 

The Federal Government Agencies Group considered 

energy " self-sufficiency as an important criterion, 

raking it at 7.6. 

Q The Electric Power Industry rated energy self-sufflciency, 

extent of technical problems, and economics at 7.5, 7.4, 

7.4, respectively. 

The lowest ratings were by _he Public Interest Group for 

extent of technical problems at 3.4 and for economics 

ac 3.9. 

Generally, the groups regarded all the criteria as having significant 

importance. Average ratings were above 4.5, the midpoint of the scale, 

in all except the two cases cited for the Public Interest Group. 

.~n analysis of The variance (ANOVA) shows that there :me statisti- 

cally significant differences in the average rating of the five criteria by 

six of the nine groups. The groups whose average ratings of criteria are 

not statistically different within the group are: State Governments, Federal 

Government, and the Composite Group. 

In terms of ranges between high and low ratings, the two government 

groups discriminated least among the criteria of any groups. The Public 

Interest Group reflected the strongest discrimination; this group took the 

position that their primary area of competence was w-i~h respect to weighting 

of criteria, rather than their appraisal of individual fuel categories with 

respect to criteria like extent of technical problem or economics. 
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EVALUATION RATINGS OF FUEL CATEGORIES 
AGAINST CRITERIA 

The ratings of fuel categories are an expression by =he workshop 

participants of the ability of each of the fuels to satisfy a specified 

criterion. In the scale definitions (on the scale from 0 to 9) low takings 

are "unfavorable" and high ratings are "favorable", i.e., a high ~ating for 

a fuel category on energy self-sufficiency means high conzribution; a high 

ratimg on ex=en~ o~ technical problems means few problems; a high rating on 

economics means low cost; a high rating for environmental impacts and human 

~ m e a n s  few adverse impacts. 

(As discussed previously, these ratings can be combined with the 

ratings given to the evaluation criteria, to derive overall weighted scores; 

these are presented in a subsequent section of this report.) The direct 

results of the workshop ratings of fuel categories are presented in the 

following figures and tables: 

Figure 3. Ratings of Fuel Categories Against Each 
Criterion for all Interest Groups 

(graphical presentatio=) 

Table 6. Ratings of Each Fuel Category by Various 
Interest Groups 

(separate tabular presentation for each 
criterion: Tables 6-a thzough 6-e). 

In drawing comparisons from Figure 3 as to the viewpoinzs of the groups, it 

is su~ested that the reader compare across Ehe chart for a single criterion 

and note the profile of the fuel ratings. For example, to examine how the 

groups evaluated Ehe fuel categories with respect uo the extent of technical 

problems (i.e., where R&D might be most needed) read across Row B of Figure 3. 
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FIGURE 5. FINAL RATINGS OF FUEL CATEGORIES 

Cr i te r ia  
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Sufficiency 
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~ml~ocTs 
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TABLE 6-a. RELATIVE EMPHASIS PLACED ON EACH FUEL CATEGORY BY VARIOUS INTERZST GROUPS 

CRITERION A--ENERGY SELF S1TFFICIENCY 

Fuel Category Rating 

I) Coalt f i r e d  unconstrained b 7 
S02 regulaulons 

Oil and Che=±cal Industry 7.8 
Electric Power Industry 7.8 
Federal Govar:~enc Agencies 7.6 
Coal Indus t ry  7.5 
l u d u s t r l a l  Fuel  Users 7.1 
State Goveruments 6.7 
Gas Indus try 1.9 
Composite ~roup 1.2 
l~uSllc Interest Groups i.i 

2) LOW ~%ifur COal? .f~T'ed tO ~ e t  
502 reEulac ious 

O i l  and Chemical Industry 7.0 
Public Interest Groups 6.7 
Federal  Gover:nnent Agencies 6.6, 
~ u d u s c r ~  ~uel Users 6.1 
State Goveruments 6.0 
Eleccrlc Po~er Industry 5.5 
Coal Indus t ry  5,1 
Composite Group 3.5 
Gas L'~ustr 7 i. 6 

3) Coal, fired with SO 2 Control 

Equipment 

State Governments 6.3 
PuBlic Interest Groups 6.0 
Federal  Government AEenc~s 6.0 
0 i l  and ChemCcal ~ d u s t r y  5.9 
Composlce Group 5.7 
IndustrL¢l Fuel Users &.9 
Electrlc Power Industry 4.2 
Coal Industry 3.6 
Gas Industry 3.1 

4) them/tally Cleaned Coal 

S~ace Governmenus 5.7 
Public Interest Groups 5.6 
I n d u s t r i a l  Fuel Users 4.9 
Federal  Covet=merit ~ e ~ c i e s  4.1 
Coal ludus~ry ~. O 
Electric Po~er Industry 5.5 
Composite Group 312 
Oil and Chemical Industry 3.0 
Gas Industry 2.6 

Fuel Category Rating 

5) STuchetic L i q u ~ s  

Gas Indus t ry  6.6 
StaGe Goveroments 6.& 
Public Interest Groups 5.1 
Composite Group 5-0 
Oil and Chem/cal Industry 4.8 
Federal Government Agencies 4.0 
Industrial Fuel Users 3.9 
Eleccrlc Power Industry 3.6 
Coal Indusury 3.5 

6) Low/Intermedlace Bru Gas 

Public Interest Groups 5.9 
Scare Governments 5.9 
Induscrlal Fuel Users 5.7 
Composite Group 5.7 
011 and Chemlcal Indus t ry  5.2 
Gas Industr~ 5.0 
Elecurlc Po%~= Industry 4.8 
Federal Governmen: A~encles 4.6 
Coal Industry 3.6 

7) PIpeline-quality Gas 

8) 

Gas Industry 7.2 
State Governments 5.9 
Composite Group 5.5 
Public Interest Groups 5.~ 
Induscrlal Fuel Users 5.1 
Federal Goveramenu AEe=cles 5.0 
Oil and Chemical I n d u s c ~  &.', 
Coal Industry 2.5 
Electric Power TJ~ustry 2.0 

M/xed Fuels 

Coal 4.4 
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TABLE 62b. RELATIVE EMPHASIS PLACED ON EACH FOEL CATEGORY BY VAKIOES INTEREST GROUPS. 

CRITERION B--EXTENT OF TECHNICAL PROBLEMS 

Fuel Category Racing 

I) to.a1: f~e.~,,unconscrained by 
SO 2 regulations 

Composite Group 8.7 
Gas Industry 8.5 
Electrlc Power Industry 8.5 
luduscrlal Fuel Users 8.4 
Coal Industry 8.0 
011 aud Chemical Industry 8.0 
Federal Government Agencies 7.9 
State Goveruments 7.9 
PuSIIc Interest Groups 7.1 

2) Low sulfur coal T fired to meet 
SO 2 regulations 

Ele¢~"iC Power Industry 8.0 
Gas Industry 7.8 
Composite Group 7.8 
Industrial Fuel Users 7.4 
Oil and Chemical Indus t ry  7.2 
S~te  Governments 6.9 
Coal industry 6.8 
Publ/c Interes= Groups 6.7 
Federal Govez-nmen~ Agencies 6.~ 

3) Coal, fired ~r!~h SO 2 control 

Equlpmen= 

Gas Industry 5.6 
Public Interest Groups 5.0 
Oiland Chemical Industry 4.6 
Sta~e Governments 4.0 
Federal Government Agencies 3.9 
Elec t r i c  Power Industry 3.5 
Industrial Fuel Users 3.4 
Composi=e Group 3.2 
Coal Industry 2.6 

~) Chem~cally Cleaned Coal 

Pu511c T-retest Groups 4.3 
Electric Power Industry 3.& 
Industrial Fuel Users 3.4 
Federal Government Agencies 3.3 
Coal Industry 3.0 
Composite Group 3.0 
S~ate Governments 2.6 
Gas Indust ry  2.5 
0 t l  and Che~ca l  Iudusury  2.2 

Fuel Category Rating 

5) sTnthet ic  Ltqutds 

6) 

Electric Power Industry 3.8 
Publ~c Interest Groups 3.6 
ComposiUe Group 3.5 
011 and Chemical Iudus t ry  3.4 
Industrial Fuel Users 3.0 
Federal Government Agencies 3.0 
Coal Industry 2.5 
S~ate Govezumeuts 2.4 
Gas Indus.cry 1.9 

"Low/lutermeEiate Bcu Gas 

Composite Group 6.3 
011 and Chemical Industry 5.9 
Electric Power Industry 4.9 
Industrial Fuel Users 4.7 
State Governments 4.4 
Federal Government Agencles 4.3 
Coal ~ndus~z~ 3.9 
Public Interest Groups 3.9 
Gas Industry 3.5 

7) Pfpel ine-,0ual luy Gas 

S) 

Co=9_ osl=e Group 6.0 
O i l  and Chemical I n d u s t r y  4.9 
Coal Indust ry  4.4 
l~mlera! Government Agencies 4.4 
Elec t r i c  Power Industry ~.l 
Indus=rial Fuel Users 4.1 
Public Interest Groups 3.3 
StaTe Governments 2.6 
Gas Industry 2.1 

Mixed Fuels 

Coal T~dustry 5.9 
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TABLE 6-c. RELATIVE EP~H~SZS PLACED ON F~.CH FUEL CATEGORY BY VARIOUS L-~rI"EREST GROUPS. 

CRITERION C--ECONOMICS 

Zuel  Category Eating 

i) Coal, fired unconstrained by 
SO 2 regulaulons 

Coal Industry 8.5 
Electric Power Indus t ry  8.4 
S r ~ e  Governments 8.4 
Federal Goverumen~ Agencies 8.3 
Industrial Fuel Users 7.9 
Oil and Chemlcal Indust ry  7.8 
Composite Group 7.8 
Public Interest Groups 7.0 
Gas Industry 3.0 

2) LOW sulfur coal, fired to meec 
50 2 reEulatlons 

Federal Government Agencies 5.7 
Coal Industry 5.6 
Oil end Chemical Indusury 6.4 
E l e c t r i c  Power Industry 6.A 
Stare Governments 6.4 
Composite Group 6.2 
Industrial Fuel Users 6.1 
Public I n t e r e s t  Groups 6.0 
Gas Indus ~ 'y  2.4 

3) Coal, fired %-ith SO 2 con=rol 

,equi~en= 

Public YmCerest Groups 5.0 
Oil and Chemical Z~tuscry  4.5 
Industrial Fuel Users 4.3 
Composite Group A. 3 
Elec=ric Power Industry 3.9 
State Governments 3.7 
Coal Indus t ry  3.1 
Federal Governmzut Agencies 2.9 
Gas Industry i. 4 

4) .,C,hezically Cleened Coal 

Electric Power Indusury 3.8 
Industrial Fuel Users 3.7 
Public Znterest Groups 3.7 
Oil and Chemical Industry 3-2 
Composite Group 3.2 
Coal Indus t ry  2.9 
Sca~e Governmemts 2.9 
Federal Government Agencies 2.7 
Gas lnduscry 0.8 

Fuel Category Rating 

5) Sznuhetic Liquids  

Gas Industry 6.8 
Composite Group 3.7 
Public Interest Groups 3.0 
Industrial Fuel Users 2.9 
Electr~c Power Industry 2.8 
Coal Industry 2.4 
Srmce Governments 2.0 
Oil and Chem/cal Iudus=ry 1.9 
Federal Government Agencies 1.7 

6) Low/ In te rmed la t e  3~u Gas 

Gas Industry 7.0 
Composite Group 5.7 
Electric Power Industry 5.0 
Industrial Fuel Users 4.3 
Oil and Chemical Industry 3.6 
Public Interest Groups 3.4 
State Govermment s 3.4 
Federal Governmen= Agencies 3.0 
Coal Industry 2.8 

7) Pipel~e-~ali~ Gas 

8) 

Gas I n d u s t r y  7 .9  
Composite Gzoup 4 .8  
I n d u s t r i a l  Fuel  Users  2.7 
Public Iu~eres~ Groups 2.6 
O i l  an~ Chemical Industry 2.1 
Federal Government Agencies 2.1 
State Goverumen~s i. 7 
Coal Industry i. 4 
Electric Power Industry 1.4 

Mixed Fue l s  

Coal Industry 5. i 
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T.ABLE ~--d. ~-ATIVE EMPHASIS PLACED ON EACH ~ ~GORY BY VAEIOUS INTEREST GROD-PS. 

CRITERION D--ENVIRONMENTAI IMPACTS 

Fuel Category Racing 

I) Coal, fired unconstraiue~ by 
SO 2 reguZatlons 

Electric Power Industry 3.8 
Coal ludusrry 2.8 
Oil and Chem/cal Industry 2.6 
Industrial Fuel Users 2.1 
S~aue Governmznts 1.3 
Federal Government Agencies 1.2 
Gas Imdusury 1.0 
Composite Group 0.5 
Publ~c Interest Groups 0.4 

2) Low ~ifur coal, £1~ed ~o meet 
SO l regulatlous 

Coal Xndustry 6.9 
Elec~rlc Power ludustry 6.0 
Federa l  Governmenc Agemcies 5.9 
luduscrlal Fuel  Users 5.6 
0il and Chemical Imdus=ry 5.5 
Public Interest Groups 5.1 
Sta~e Covernments 5.0 
Gas Indus~ry 4.5 
Cocrpos!ce Group 4.5 

3) Coal, fired with S0 2 control 

4) 

e .auipment 

Fedaral Gov~rsmen~ Agencies 6.1 
State Governments 5.9 
Coal Indusu-ry 5.8 
Oil and Chemical Industry 5.8 
Gas Industry 5.0 
Composite Group 4.8 
Indusrrlal Fuel Users 4.7 
Elect-rlc Power Indus~y 4.6 
Public Interest Groups &.6 

Chzm/caliy Cleaned Goal 

Coal Industry 6.0 
Federal Government Agencies 6.0 
Electric Power IndusLry 5.9 
Gas Industry 5.4 
Industrial Fuel Users 5.3 
Public T.nteresu Groups 5.0 
Composite Group 5.0 
Oil and Chemical I~us~ry 4.8 
S~ate Governm~l~s 4.6 

Fuel Category Rating 

5) S~ntheulo Liquids 

Composite Group 6.8 
Gas Iudus=ry 6.4 
Electric Power Industry 6.4 
Coal ludusrmy 5.9 
Federal Covernmenu Agancies 5.7 
IndusmrL~l Fuel  Users 5.6 
0il and Chemical Industry 5.5 
State Governments &. 9 
Publ~c Interest Groups 4.4 

6) iow/lutermedlace B~u Gas 

7) 

8) 

Com~oslne Group 7.0 
Elec=ric Power Industry 5.8 
Oil and Chemical Industry 6.4 
Gas Industry 6.2 
Coal Industry 6.i 
Federal Govezmmen= Agencies 6.0 
Industrial Fuel Users 5.9 
State Governmen~ s 5.1 
Public in~erest Groups 4.8 

Pipellne-qual!ty Gas 

Gas industry 8.0 
Composite Group 7.3 
Electric ~o=er Industry 6.6 
Oil and Chemical Industry 5.8 
!udusnrlal Fuel Users 5.7 
Federal Government Agencies 5.7 
Goal Industry 5.4 
PuBlic i==eresz Groups 4.0 
State Governments 3.9 

M/xed Fuels 

Coal lu~us=ry 6.1 
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TABLE 6-e.  RELATIVE EMPHA3IS PLACED ON EACH FUEL CATEGORY BY VARIOUS ~rI~REST GROUPS. 

CRITERZON E--I~UMAN IMPACTS 

Fuel Category Ra~iug 

i) Coal~ fired unconstralned by 
SO 2 reEuZanions 

Elect-=Io Power Industry 5.1 
State Goverumen=s 4.4 
Coal Iudustry 4.1 
ludusr.Tial Fuel Users 4.1 
Oil and Chemical Industry 3.8 
Composite Group 2.8 
Gas Indus t-cy 2.4 
Federal  Govermae-ut Agencies 2.0 
Public 7.uuerest Groups 0.7 

2) Low sulfur coal r fired to meet 
502 regulations 

011 and Chem/cal Zudusury 6.6 
Coal Industry 6.0 
5 ~ t e  Governments 5.7 
Elecurlc P~-~er Zndus~ry 5.5 
I n d u s t r i a l  Fuel Osers 5.3 
Publ ic  l u te res~  Groups 5.1 
Gas ~udustwy 4.6 
Federal Governmen~ Agencies 4.6 
Compo s i t e  Group 4.5 

3) Coal, fired vi~h SO 2 control 

equipme.ut 

O i l  -=ud Che=/cal  I n d u s t r y  6.0 
Sta te  Governments 6 .0  
Composite Group 5.5 
Federal  Government AgencCes 5.3 
Gas ludu s~ry 5.2 
Coal lu~us ~y 4.9 
~ubllc Interest Groups 4. 
ludus~rial Fuel Users 4.7 
Elecur~c Power ludus~Ty 3.9. 

~) Chemlcal! 7 Cleaned Coal  

State ~ e r m a e n t  s 6.3 
E l e c t r i c  Po~mr Indus~-y  5.8 
Federal Government Agencies 5.7 
ludustrial Fuel Users 5,3 
01! a~d Chemlcal Industry 5.2 
Coal ~udus~ry 4.9 
Gas Indust-cy 4.9 
Publ~c I n t e r e s t  Groups 4.9 
Conposi~e Group 4.8 

Fuel Category Rating 

5) STnthetic Liquid s 

State Governments 6.4 
Federal  Government Agencies 6.4 
C~posi~e Group 6.3 
Electric Power ~ustry 6.2 
Oil and Chemical ludustry 6.0 
Gas LudusEry 6.0 
Public ~nte res t  Groups 5.0 
!udusCrial Fuel Users 6.7 
Coal Industry 4.6 

6) Low/Znterme~late Btu Gas 

Elec=ric Power Industry _ 6.9 
Oil and Chemlca/ Industry 6.4 
State Governments 6.4 
Gas !uduscry 6.1 
Federal  Government ASenCies 6.1 
I n d u s t r i a l  Fuel Users 5.9 
Composite Group 5.5 
Public Interest Groups 5.3 
Coal £ndusury 4.9 

7) Pipellne-Quallty Gas 

8) 

Gas Industry 7.4 
S~ate Governments 6.9 
Federal Government Agencies 6.1 
011 ~ud Chemical Industry 6.0 
Comp0sice Group 5.8 
Eleccrlc Power Znduscry 5.6 
Industrial Fuel Users 5.4 
Public Interest Groups 5.0 
Coal Industry 4.2 

Mixed Fuels 

Coal I~us~y 5.6 
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Overview of Fuel Cate$ories 
Ratings 

~n assessing the results of the final rating o# the fuel categories, 

summarized in Figure 3 and Tables 6-a through 6-e, several areas of general 

agreement and general disagreement stand out: 

As for general agreement, the ratings of the various 

fuels under extent of technical problems, environmental 

~_~.~, and human impact revealed relatively small 

differences between the averages for the various groups. 

(For these three criteria the average difference between 

the high and low group averages for all fuel categories 

was on the order of 2.5 points on the rating scale.) 

The widest disagreement was observed in evaluating the 

fuel categories for contribution to energy self- 

sufficiency and economics, where the average range 

between the high and low group averages was 4.1 and 

4.6, respectively. (Note especially the results 

for evalua=ion of coal ~ fired unconstrained for energy 

self-sufficiency, where two polar positions emerged: 

the Gas Industry Group, the Composite Group, and Public 

Interest Group combined to give a lo_..~waverage rating, 

and the remaining groups were in fairly close agreement 

with a hi_~average rating.) 

Other points of interest shown by the summaries: 

The absolute highest rating was for the extent of 

technical problems involved in burnin~ coal, unconstrained 

by S_~q regulations -- 8.7, by the Composite Group. That 

is, fe~,~_~e6~hnical problems are perceived. 
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The closest agreement over all groups was for the 

environmental impact of chemically cleaned coal, with 

a high rating of 6.0 and a low rating of 4.6. 

Widest disagreement over all groups was recorded 

for energy self-sufficiency of burning.coal, 

unconstrained by SO 2 regulations; ratings ranged 

from I.i to 7.8. 

Other areas of marked disagreement among groups were 

(i) the evaluations of pipeline quality gas relative 

ro energy self-sufficiency and as to economics, and 

(2) the evaluation of syn. thetic liquids relative to 

economics. Differences between high and low were more 

than 5 points on the rating scale. : 

The Gas Industry Group registered the most differences 

from the remaining groups: 

- For energy self-sufficiency, they rated all of 

the coal categories (I through 4) low, giving 

the absolute lowest rating of all g'-~oups to coal 

categories 2, 3, and 4. Their racing or pmpelzne 

quality gas was significantly higher than all of 
[ 

the other groups. 

For economics, the Gas Industry rated well below 

all other groups for coa___~icategories 1 through 4 

and well above all other groups for the synthetic 

categories 5, 6, and 7. 

The Public In=crest Group stands out in their views 
~ _ 

toward burning of qoal, unconstrained by SO 2 regulations. 

For this fuel category, they provided the absolute lowest 

average rating for three of the five criteria. (This 



TABLE 7. WEIGHTED SCORES AND RANKINGS OF FUEL CATEGORIES 

Maximum score ~is 10,0, Nulnbers in i tal ics 
refer to rank order of scores within groups. 

Fuel 
Category 

l, Coal, fired 
unconstrained by 
SO 2 regulations 

2. Lo~ Sulfur coal, 
fired to meet 
SO 2 regulations 

3.., Coal, fired with 
SO 9 control 
equipment 

4. Chemically cleaned 
coal 

5, Synthetic liquids 

6. Low/intermediate 
Btu gas 

7. Pipeline-quality 
gas 

8, Mixed fuels 
i 

j 7, 
6.1:!,J 5.3 4.3 ' ~"i_] ? ? 6 . 3  

8,4 4 

J 

* Maximum value 
of score is 
I0.0 

. . j ,  

Co 
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grou p observed that =heir background of experience was 

relatively limited in evaluating the fuel categories 

with respect to technical problems and economics. 

WEI~TED SCORES FOR 
FUEL CATEGORIES 

Table 7 presents a matrix of w~hted scores for the fuel categories, 

derived by combining their evaluation ratings with the important ratings of 

criteria. The highest score in any workshop group is I0.0, with the score 

being indicative of the relative degree to which the development and use of 

a fuel category should be encouraged. 

The shading of the blocks in Table 7 provides an indication of 

the ranking by each workshop group, as shown in the italicized numbers, 

the highest ranking having the darkest shading and the q0west ranking having 

no shading. (Categories which ranked fourth, fifth, and sixth are shown by 

a single light shading.) 

Table 8 summarizes by fuel L:ategory the rank order position in wh/ch 

each workshop group scored the variousLfuel categories. A low ranking number 

reflects high scores of fuel preference. For example, the Composite Group 

ranked Fuel Category 6 (low/intermediate Btu gas) as their highest ranking 

fuel category as determ/ned by weighted scores (No. 1 ranking). 

Overall Observations on 
Fue/ Categor Z Rankiu~s 

Several fuel categories emerge from consideration of Tables 7 and 8 

as having relatively high overall rankings, based on weighted scores. These 

are low-sulfur coal, coal fired without S02. controls, and low/Intermediate- 

Btu gas. Detailed observations follow. 
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TABLE 8. RELATIVE EMPHASIS PLACED ON EACH FUEL CATEGORY BY VARIOUS 7~'TEREST GEOD?S. 
RANK ORDER POSXTION OF WEIGHTED SCORES WITHIN GROUPS. 

Fuel Category 
' ,I |,, 

Rank Order* ~uel Catesory 

i. Coal~ Fired, Uncons=raine~ by 
SO 2 Resula=iens 

Coal Imdusrry 
Eleotr~c Power 7~dustry 
I~dus=rLal Fuel Users 
S~a~e Governments 
Federal Goverumeut AEeucles 
Oil and Chemical Industry 
Composlre Group 
Gas Industry 
PuBlic Ia~erest Groups 

2. Low Sulfur Coal, Fired ~oMee= 

3- 

S02 Kegularious 

Oi l  and Chemical Industry 
Pab2/c Interes~ Groups 
Federal  Governmenu Agencies 
S~a~e Governments 
Industrial Fuel Users 
Coal IndusU.--y 
Elec~rSe Power Industry 
Composite Group 
Gas Indus~-y 

Coal, Fired with S02. Con~rol 
Equ_ipmen= 

~ b l . ' ~  Interest Groups 
SPare Governmenns 
Oil and Chemical Industry 
Federal Government Agencies 
ComposUre Group 
Iadus,~rial Fuel Users 
Cas Industry 
Coal I.udu s LTy 
Elec=r~c R~wer Industry 

4- Chemically Cleaned Coal 

~uSlic Interest Groups 
l u d u s t r i a l  Fuel Users 
Electr~c Power Industry 
S~a=e Governments 
Coal Industry  
Federal Government AEencles 
Composite Group 
011 a.-~ Chemical "- s=ry 
Gas Au~us~ry 

3 
4 

4 
5 
5 
6 
7 
7 
7 

Rank Order* 

5. Synthetic Liquids 

Gas %ndustry 
Composite Group 
Ele~tr!c Power Industry 
Public Interest Groups 
Sca~e Governments 
Oil and Chemical ~udustry 
Federal Government Agencies 
Indus=r~zlFuel Users 
Coal Industry 

6. Low/Intermediate Bcu Gas 

Composite Group 
Gas Industry 
Publ/= Interest Groups 
Indus=r/al Fuel Users 
Elec=rlc Power Industry 
SEato Governments* 
Oil and Chemical Imdus=ry 
Federal  Government Agencies 
Coal Ir~us=ry 

7. P~pelfue--~ual i t  7 Gas 

8. 

Gas industry 
Composlue Group 
Federal Government Agencies 
Industrial Fuel Users 
Oil and Chemical Industry 
Public Interest Groups 
Elecur~c Power Industry 
State Governments 
¢oai lndustry 

Mixed Fuels 

Coal Industry 
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• Low-sulfur coal was ranked highest by four groups 

and second by three groups. 

• Coal fired without SO~ controls was ranked highest by 

three groups and second by =hree groups. 

Lqw/intermediate-Btu gas was ranked highest among 

~he synthetic fuels categories by all except the 

Gas Industry Group and i= was top ranked over all the 

fuel ca=egories by one group, the Composite Group. 

It was second ranked by one group and third ranked 

by Ehree groups. All groups rated it no lower 

than four=h. 

Other categories that were ranked first or second by 

a~ least one group were 

- Coal, fired with SO 2 controls (including 
both snack-gas control systems and fluidized- 
bed combustion) 

- Synthetic liquids 

- Pipeline quality gas. 

These rankings can be viewed as group preferences for the fuel categories 

that should be encouraged. It should be no~ed ~hat two of ~he highest rank/rig 

fuel oategories are among those involving direct firing of solid coal. 

Simil@rities Among Groups 

Several s=rik/ng features are noted in Tables 7 and 8 as to 

similarities in ranklngs of fuel ca=egories among the various groups: 

The first four rankings were remarkably similar for 

the groups representing the Coal Indus=ry, the Electric 

Power Industry, and Indus=rial Fuel Users. The first 

two rankings were identical and the third and fourth 

were very similar. 
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The first four rankings were identical for the Oil 

and Chemical Industry Group and =he State Governments 

Group. 

The rankings by the Gas Industry Group and the Composite 

Group were generally similar, especially at the lower 

three rankings. 

The rankings by the Public Interest Group stood out as 

subs=antlally different than =he other groups, but 

were somewhat similar to those by the Composite Group. 

(These scores for the Public Interest Group may have 

been influenced by their limited background in evalua- 

ting technical problems and economics, as noted previously.) 



33 

SUMMARY BY FUEL CATEGORIES--RATINGS, RANKING 
BY WEIGHTED SCORES, ~NU) PARTICIPANT COMMENTS 

In the eight numbered subsections which follow for each fuel category, 

both ratings and weighted scores are examined for each of the eight fuel cate- 

gories, Where the groups made modifications or interpretations to fuel category. 

definitions, these are noted in footnotes. 

The first observation in each subsection relates to the rankin~ of 

the fuel category in terms of final weighted score. Other observations relate 

to ratings against the evaluation criteria. 

Noted in italics for each fuel category are especially significant 

comments by participants during workshops. ~en a comment was expressed by an 

individual participant, as distinguished from a general position, this is 

noted by (IP) following =he con~nen=. (Additional key comments are contained 

in Appendix B.) 

i. Coal, Fired Unconstrained by 
SO 2 Regulations* 

R~nk£n~s 

• This category, was ranked first or second (in terms 

of weighted score) by 6 of ~he 9 groups, l= was 

ranked first by the Coal Industry Group, Electric 

Power Industry Group* and Industrial Fuel Users 

Group. It was ranked low by the Public Interest 

Group. Table 8 

* The Electric Power Industry Group established an interpretation on 
Fuel Category 1 that it refers to "unconstrained" by constant 
emission regulations, bur with ambient air-quality standards maintained 
as established by proper cost-benefit analysis, and allowing for 
research and development by ERDA to make such analyses more meaning- 
ful. 
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Evaluation Ratings 

• The con=ribu=ion of uhis category =o energy self- 

sufficiency was ranked highest hy the industrial 

groups (except the Gas Industry Group) and by the 

Federal Government Group. The Public Interest Group, 

Composite Group, and Gas Industry Group rated it =he 

lowest. 

• As expected, few.~ec~mical problems were perceived 

in firing coal without SO 2 control equipment. 

Economics of firing coal without controls ware 

rated favorable by all groups except the Gas 

Industry Group. 

Extensive environmental "%mpact was associated with -: 

this fuel use ca~egory by all groups; ~he most 

pessimistiq was the Public Interest Group and the 

most optimistic was the Electric Power Industry 

Group. Human "impacts were viewed similarly. 

Table 6-a 

Table 6-5 

Table 6-a 

Tables 6-c, d 

Significant Comments in Workshops 
Regarding Firing Coal Unrestrained 
b Z ~  ' ~e~l a~ions 

2he Coal Industry Group stated that there is a serious 

problem in converting many plants back to coal 

burning. The distribution s~stem for coal would have 

to be completely rebuilt. In order to convert oil- 

designed boilers to solid coal firing, they would have 

to be derated, which is generally not feasible. 

Derating of 5 percent is usually unacceptable to a 

utility. Gas designed boilers cannot be converted. 
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The Public Interest Group discussed the health effects 

of SO 2. Sulfate and particulate matter were mentioned 

as also being important, especially respirable particu- 

lates. 

The Federal Government Group indicated that there are 

man9 places where we could burn coal without SO 2 

controls and still meet the ambient standards. (On 

the order of 50 percent of the coal-fired electric 

power plants presentl9 violate some standards.) To 

solve cur energy problems we will have to burn coal 

unconstrained by SO 2 regulations. 

2. Low-Sulfur Coa~, Fired to 
Meat SO 2 Regulations 

Rankings 

• This fuel category was ranked first or second by 7 of 

the 9 groups (in terms of weighted scores). It was ranked 

highest by four groups: Oil and Chemical Group, 

Public Interest Group, State Governments Groups, 

and Federal Agencies Group. The lowest ranking w-~ 

by the Gas Industry Group. 

Evaluation Ratings 

• The contribution of this fuel category to energy 

self-sufficiency was rated moderate to high by eight 

of =he groups. Reservations were expressed by all 

groups as to the amount of low-sulfur coals that 

will be available and p=ac~ical to =ranspor~ to point 

of use. 

• Few =ethnical problems were perceived by =he groups. 
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Economics for the use of low-sulfur coal were judged 

favorably by eight groups. A pessimistic view was 

recorded by =he Gas Industry Group. 

Environmental and human impacts of this category were 

judged generally to be equivalen= =o those for the 

synthetic fuels categories. 

significant Comments in Workshops 
Re~ardinyLow S~fur Coal 

several groups indicated that low-sulfur coal is a : 

desirable answer but regarded the suppl9 as limited, 

as confirmed b~ the Coal Industry Group. others 

mentioned that transportation is a problem because 

the greatest need is in areas distant from low-sulfur 

coal deposits. 

3. Coal,.Fired wit h Sq2Con=rol Equipment 

This c a t e g o r y  was defied t:o include (1) stack-gas treatment, 

(2) che~nically active fluidlzed-fuel combustion, or (3) a n y  other systems 

where SO 2 control is combined with the combustion process. 

B Four groups ranked this category moderate to high 

(ranking 2 or 3) in terms of the final weighted 

score: Public Interest Group, the two government 

groups, and the Oil and Chemical Industry Group. 

it was ranked low by the other industry groups 

and lowest by the Electrical Power Industry Group 

and Coal Industry Group. Table 8 
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Evaluation RaTings 

The contribution of this fuel category to energy sel~- 

sufflqiency was rated highest by the 5~ate and Federal 

Government Groups and Public Interest Groups. The 

industry groups rated the contribution of this fuel 

category as moderate to low. Table 6-a 

Many technical problems yet to be solved for this fuel 

category were perceived by all groups; the most 

pess/m/s=ic was the Coal Industry. Table 6-b 

• The cost of SO 2 control equipment was rated relatively 

expensive by all industry groups. Table 6-c 

This fuel category compared favorably in ratings of 

environmental impacts to most of ~he o~her fuel 

categories but lower ~han the synthetic liquid aud 

gaseous fuels. H~,an impacts were rated similarly, 

around mid range. Tables 6--d,e 

Significant Comments in Workshops 
Reyardin~ Coal, Fired with S02 Controls 

A representative of the Government Group commented 

that stack-gas scrubbers do not work at the present 

time with the reliability needed. There is a need 

for a massive expansion of a new industry in order 

to make scrubbers viable. The capital cost of 

scrubbers is a real problem. (IP) * 

* View expressed by individual participant. 
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A representative from the Composite Group commented 

on fluidized combustion as being a ver9 a=tIactive 

tec~qolog9 under this fuel categorg. It ma 9 be most 

economical for retrofitting. However, there is high 

technical risk associated with atmospheric fluidized- 

bed combustion and a question of the availability of 

limestone at a reasonable cost. It was observed that 

this approach will not be used extensively in indus- 

trial boilers except for large industry. (IP) 

4. Chemically Cleaned Coal 

This ca=egory was defined :o include (i) solvent-refined coal or 
2 

other chemically desulfurized coal that is fired convenuionally as a (2) 

wolid fuel.* 

Eauk/n~s 

Three groups ranked this use moderate to high in 

overall weighted score: ~he Public Interest Group 

(ranking 5), plus r.he Industrial Fuel Users and 

Electric Power Industry Group (ranking 4). Low 

preference was expressed by the other groups 

(ranking 5 to 7) .  Table 8 

Evaluation Eatin~s 

t 

• The contribution of this fuel category to energy 

self-sufficiency was generally rated low uo 

moderate. Table 6-a 

* The Gas Industry Group interpreted "finished fuels" to be electricity 
in F,,el Categories i, 2, 3, and 4. 
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Many technical problems were perceived for chemical 

cleaning by all groups. The most pessimistic were 

the Gas Industry Group and the 0il and Chemical 

Industry Group. 

Costs of chemically cleaned coal were judged more 

expensive than the other fuel al~ernatives. The 

0il and Chem/cal Industry Group was the most 

extreme of the groups i~ anticipating high costs. 

Environmental impacts associated with this fuel 

category compared favorably with those for the 

other direct solid-fuel fired uses and synthetic 

liquids. Human impacts were viewed similarly. 

Table 6-b 

Table 6-c 

Tables 6-d,e 

Significant comments in Workshops 
Re~arding. Chemicall ~ Cleaned Coal 

e Re.mresentatives of the E!ecrzic Indusury Group 

suggested ~hat =he problem with solvent-refined 

coal is that it is neither coal (solid) nor oil 

(liquid); it is very difficult to store; it may 

be carcinogenic; and =here are great materials 

handling problem~. 

The recorded position by the Oil and Chemical 

Industry Group included Ellis statement: 

"Important objecEive of sulfur removed from coal 

is depreciated in this rating b9 tying it to 

solvent-refined coal" . 
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5. Synthe:ic Liquids 

This category includes liquid fuels from coal and intermediate 

liquids feedstocks for further refining to finished fuels or ~o chemicals*. 

Rankings 

Rankings of overall preference for this fuel category 

were generally moderate to low. The highest rank//Ig 

for synthetic liquids was by the Gas Industry Group 

(tying for second in terms of weighted scores). The 

Oil and Chemical Industry ranked this category sixth; 

however, the group observed that rhls ranking did not 

fully reflect the group's view of the long-term 

importance of =his category. Table 8 

Evaluation Ratings 

• Contribution of this fuel category to energy self- 

sufficiency was rated from low u6 moderately high, 

with the Gas Industry Group recording the highest 

rating. The 0il and Chemical Industry Group's view 

was about average. (Rankiugs appeared to relate 

to differing views as to the role of synthetic 

liquids for feedstocks and for transportation fuels.) 

l 

• Many technical ~robl .ares yet to be solved for symthetic 

liquid production were perceived by all groups. 

The most optimistic view was held by the Electric 

Power Industry Group. 

Table 6-a 

Table 6-b 

-" 

The 0il and Chemical Industry relabeled this category as "Synthetic 
Liquid Hydrocarbons", thus eliminating methanol. 
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The costs associated with s~n=heric liquids were 

judged high by 8 of uhe groups. The Gas Industry 

Group was alone in estimating costs to be relatively 

favorable. 

Environmental impacts associated with synthetic 

liquids were judged to be moderate, roughly 

comparable to those for fuel categories 2, 3, and 

4. The human ira.pacts were judged similarly. 

(Potentially carcinogenic materials for synthetic 

liquid producus and intermediates were mentioned by 

several groups. ) 

Siynificant Comments in Workshops 
Re'g~_ding Synthetic Liquids 

Table 6-c 

Tables 6--d 

Several groups pointed out that =he transportation sector is 

dependent on liquids. The following additional comments are 

from the s~.atements by the Oil and Chemical Industrg Group. 

• Technical a~d economic uncertainties produce an 

unjustified derating of synthetic liquids, producing 

a low ranking (6th). 

• Suggest that synthetic liguid~should be broken down 

to several categories--methanol, Fisc.her-Tropsch, 

hydrogenated sNncrude, and ligh ~Dly h~drogenated coal 

(which ma 9 be carcinogenic probl~). - 

• The state of the art in synthetics ~,s not good. 

Government action in R&D is needed. 
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Liquid hydrocarbon has priority uses (e.g., trans- 

portation, en.gine fuels, and home heating oils). 

Coal can and should substitute for nonpriority uses. 

Long-termsunthetic liquids will not displace existing 

highpriority fuels, rather they should supplement 

them. 

Technology for production of methanol from coal is : 
1 

considerably more advanced than production of syncrude 

from coal. 

• Aromatics for chemical use will come progressively 

m~re from coal as petroleum supplies decline. 

• We have possibly overlooked processes which produce 

a combination of products. 

A practical problem to be faced is obtaining financing 

for synthetic fuels plants without certification that 

designs are based upon technolog~ which has b~en demon- 

strated on a commercial scale. 

If this category is limited to "Synthetic Liquid 

Hydrocarbons" and if we concentrate on a time frame 

from 1985 to 2000, then "Synthetic Liquids" assume 

great significance, inparticular, we believe they 

will be of increasing importance as transportation 

and space-heating fuels, and as chemical feedstocks, 

firs~ to supplem~=nt petroleum and then to substitute 

for it. 



43 

Significant Comments in Other Workshops 
Regarding Synthetic Liquids 

The Electric Power Industry Group cited some 

experience with synthetic liquids "sludging out". 

Pyro!ysis liquids have gummed up machines. 

There are a lot of problems get in this area. 

The Federal Government Agency Group suggested that 

there is a strong suspicion of toxicity associated 

with liquid coal products. 

The Industrial Fuel User Group questioned the 

absence of oil shale in the list of fuel categories. 

This may be a lower cost alternative than sgn~hetic 

liquids and may .have resulted in some down rating 

of liquids from coal. 

6. Low and I~ermedia~e-B~u Gas* 

The Composite Group top ranked this fuel category in terms 

of weighted scores. The Gas Industry Group ranked it second. 

Three additional groups ranked it third: Public Interest 

Grcups, Industrial ~uei Users, and Electric Power Industry. 

All groups except the Gas Indusury Group noted it first 

among the synthetic fuels categories. Table 8 

EvaluationKaui=~s 

• The contribution of this fuel caKegory to energy self- 

9ufficienc~ was judged to be moderate. Table 6-a 

* The Gas Induscry and the Oil and Chemical Industry Group relabeled this 
category as "~ndustr£al ~uel Gas" (100-500 Btu/cu fc). 
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Many !ethical problems associaued with =his fuel 

category were perceived by seven of the groups wi=h 

=he Gas Indusury Group =he most pessimistic. The 

Composite Group and the 0il and Chemical Industry 

were relatively optimistic (ra=ing 6.3 and 5.9, 

respectively). Table 6-5 

Wide differences in views of economics associated 

with this fuel category were recorded. Eight groups 

expected costs to be moderate to high. The Gas 

~ndustry Group considered costs =o be favorable. Table 6-c 

Environmental impacts associaued wiuh Uhis fuel 

category were judged to be moderate, with the Composite 

Group and Electric Power Industry Group recordin E the 

most favorable rauings. Human impacts were regarded 

similarly. Table 6-d,e 

Significant comments in workshops 
RegardinyLow/Intermediatq Btu Gas 

The Gas Industry Group commented tha~ intermediate Btu 

gas is almost the same price as SNG. (Production of 

inUe£mediaue B=u gas is a basic step in production of 

pipeline quality gas.) 

A representative of the Oil and Chemical Industry 

Group preferred to separate low and intermediate Btu 

gas. The places for use of low Btu gas are limited, 

as retrofit possibilities for nitrogen-bearing gases 

are limited. (!P) 
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The Federal Government Grou~ ;o~ntad out that low 

Btu gas has potential for combined-cyc!e use with 

high efficiency. Much of the current thrust in low 

Btu gas is for combined-cycle use. 

There was a view expressed in the Federal Government 

Agencies Group tha~ it would be inefficient, if b~ 

the 9ear 2000, the predominan~ use of coal would be 

in boilers w]th sulfur-oxide controls. A more 

efficient use would be low Btu gasification, used in 

a combined-cyc!e system, or some equivalent system. (IP) 

A participant from he Industrial Fuel Group mentioned 

that there are different problems in transporting and 

storage and turndown in many industries that are not 

able to use low Btu gas around the clock. These are 

major technical, economic problems. (IP) 

Siynificant Comments by Composite 
Group Workshop Regarding Low/ 
Intermediate Btu Gas 

A participant expressed the view that low~intermediate 

Btu gas has got to be the technology that ERDA should 

pursue. In making low Btu gas, the sulfur is converted 

to hydrogen sulfide, which can be removed from the 

gas stream. There is an excellent chance that we can 

ultimately generate power at a moderate decrease in 

cost over the conventional firing with stack-gas 

scrubbing. (IP) 

Low~intermediate Btu gas can also be used by industly. 

This probably will require an industrial complex wir_h 

on-site gasification. 
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Coal could be transported to ~he power generation plant 

which could be run b 9 gas or electric utility industry, 

=o keep the cost down. (IP) 

Lcw/intexmediace B~u gas technology offers more benefits 

than any other ~echnologg. (iP) 

The benefiEs of low~intermediate Btu gas are based on 

projections, and ~he benefits of the fluidized bed 

are also based on projections; i.e., the R&D is not 

get complete. (IP) 

The fluidized bed process can be used to make process 

steam at 600 F. It can be used to produce e!ectricitu, 

but it cannot be used to make synthetic chemicals. (IP) 

In the low/intermediate Btu gas system, there is a 

need to operate the gas producer at a constant rate. 

The largest users of io:¢ Btu gas will be power plants 
o 

and uhese gas plants will be on-site. The gasification 

plan~ will be run at a constant rate and the clean gas 

could be rc~ through a liquid synthesizer with sufficient 

conversion, once through. This would then be used to 

supply intermediate and peak load facilities. The cleaned 

liquids could be fired in combined-cgcle systems. (IP) 
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7. Pipeline-Quali~y Gas 

Ranking 

• ~ne Gas Industry Group top ranked pipeline-qualisy gas 

or SNG (ranking firs= in terms of weighted scores). 

The Co~posi=e Group ranked this second. The ranking 

by all other groups was low (ranking 5 to 8). Table 8 

Evaluatlon Ratinss 

• Wide differences were recorded in the views of the 

different groups as to the contribution of SNG to 

energy self-sufficiency, the highest being the 

Gas Industry Group and the lowest being the Electric 

Power Industry Group and the Coal Industry Group. 

The Groups perceived many unsolved technical problems 

associated ~-ith SNG, =he Gas Industr~ Group bein~ 

the most pessi~stlc. T~e Com1~osite Group was Ehe 

most optinLis~ic. 

Table 6-a 

Table 6-b 

The view of economics associated with SNG yielded 

the widest variation among the groups of any of the 

fuel categories. The most favorable cos= picture was 

expected by the Gas industry Group and the least 

favorable by the Electric Powek Industry and Coal 

ludus try. 

Concerns over environmenta.l impacts associated with 

S}~G productioD were reflected in the evaluation by 

six of the groups, l'he most favorable evaltu~tions 

were by the Gas Industry Group, the Composite 

Group, and the Electric Power Industry Group. 

%q%e Gas Industry view was the most favorable 

environmental Impact rating recorded for any of 

=he fuel categories. 

Table 6-.c 

Table 6-d 
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Human impacts of SNG were judged moderate to 

favorable. The Gas !ndus=ry Group eva!ua=ion 

yielded =he most favorable human impact rating of 

any of the fuel categories. Tables 6-d,e 

S_ignifioant Comments in Workshops 
on Pipeline-Quality Gas 

The Elecuric Power Industry Group and the Gas Industry 

Group took the position that it is desirable to 

discourage the use of SNG or natural gas.as a boiler 

fuel to preserve for applications that are difficult 

to convert. 

A representative from the Electric Power Industry 

Group commented that pipeline quality gas is so 

expensive that it will not be viable for a long time. (IP) 

The Oil and Chemical Industry Group stated that the 

problem with synthetic fuels is the difficulty in 

obtaining financing. 

The Gas Industry Group stated that the country cannot 

afford =o give up a highly efficient distribution 

system; i.e., the gas distribution system. 

8. Mixed Fuels 

The Coal Industry was the only group nha= added this fuel =ategory, 

combining solid coa! and a liquid--but fired as a liquid. Firing of coal/ 

oil slurries would fall inKo ~his category, 
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Rankin~ 

• This fuel concept was ranked third by ~he Coal 

Indus=r}, in terms of final weighted, scores. Table 8 

Evaluation Ratings 

• The contribution of this fuel category to ~ergy 

self-sufflciency was considered moderate. 

Technical problems associated x-ith mixed fuel were 

judged not extensive compared co other fuel 

categories. (Problems include preparation, 

transportanion, and firing.) 

• Costs associated with this fuel use category were 

rated moderate. 

Table 6-a 

Table 6-b 

Table 6-c 

The m/xed fuel concept was judger favorably as 

to envlrnnmental impact, comparable to chemically 

cleaned coal. Table 6-d 

• Human impacts were regarded as moderate. Table 6-e 
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Significant Comments in Workshop 
Reyardiny Mixed Fuels 

Many R&D opportunities with the blending technologies 

are being missed. This is not esoteric; it is close 

at hand. A demonstration project was mentioned. 

The costs associated with mixed fuels will depend on 

several factors: whether ~he liquid is natural or 

sgnthetic, whether the coal is pulverized to a size 

for transporting as a slurry or collodial suspension. 

These possibilities suggest that this is a fruitful 

area of research. 

There may be ~re problems with mixed fuels than 

first realized; e.g., materials handling. A new 

technologv ma9 be required to make ;ossible deliverg 

as a liquid; e.g., a stabilized liquid. 
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The following section presents the results of the two supple- 

mental activities requested by groups as a result of discussion in early 

workshops. These related to (1) a forecast of the relative mix of fuels by 

categories expected in future years, and (2) a suggested allocation of 

relative emphasis for R&D effort. 

Forecast of Relative Mix of Fuels 

Yhis supplementary activity was added near the end of the workshop 

session to take advantage of the tendency of participants to predict what 

will occur -- as opposed to the intended thrust in the preceding ratings of 

what should be enc6uraEed to occur to meet national needs. 

Participants were asked to complete a rating sheet calling for 

their best estimate as to the relative utilization of coal in the various 

fuel categories in the years 1980, 1990, and 2000. (The rating sheet used 

to collect this i~formar.ion is included in Appendix A.) This also allowed 

participants to focus on different time scales to accommodate differences in 

time required for development and commercialization. 

Figure 4-A presents a summary by combining this fuel mix forecast 

for all participants. Note that the information is expressed in terms of 

relative or percentage m/x rather than absolute energy units, so it is 

possible for a declining percentage mix to be an actual increase in absolute 

utilization of coal energy. 

A substantial increase in relative utilization mix of derived or 

synthetic fuels was forecast (Fuel Categories 5, 6, and 7). In percentage 

of energy originating from coal, the participants forecast that utilization 

of these synthetic fuel categories would grow from 13 percent in 1980 to 

44 percent by the year 2000. Over half of the coal energy was expected 

still to be utilized in solid or pulverized forms by the year 2000. 
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Figure 4-B provides a perspective of the expected growth of all 

coal energy utilization. This shows the forecasts of coal energy and total 

resource consumption thee were made for rwo scenarios in ERDA-&8* for 

the years 1985 and 2000. 

Figure 5 shows the fuel mix as forecast by each of the groups. 

Some sigD/fica~t aspects of the group viewpoints were observed. 

Several groups were optimistic with respect to the 

near-term growth of SO 2 control technology in Fuel 

Category 3. Five groups forecast a percentage growth 

in this category from 1980 to 1990, but none forecast 

that there would be continued growth to 2000. The 

highest utilization of this fuel category in 2000 

was forecast by the State Governments Group, Federal 

Agency Group, and the Composite Group (at 24 and 25 

percent). In contrast, the Electric Power Industry 

Group were more pessimistic about S0~ control technology 

and forecast that 13 percent utilization in 2000; this 

group also forecast that 13 percent of coal energy still 

would be fired without regard to SO 2 controls by the 

year 2000. 

The Industrial Fuel Users Group and the Public Interest 

Groups expected chemically-refined coal to have a 

substantial future, growing to approximately 20 percent 

of the coal energy by 2000. 

• The Oil and Chemical Industry Group and the Gas Industry 

Group were the most optimistic about the growth of 

"A National Plan for Emergy Research, Development, and Demonstration: 
Creating Energy Caoices for the Future", ERDA-48, Volume 1. The 
Energy Research and Development Administration (June, 1975). 
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synthetic liquids, forecasting 17 percent of coal 

energy by 20C0. 

O The Electric Power Industry G~6q~ and Industrial Fuel 

Users Group were the most optimistic group concerning 

low and intermediate Bqu gas, forecasting respectively 

21 and 19 percent by 2000. 

Although there were these differences in views among groups, it was clear 

that each of the seven fuel categories were recognized as having a sub- 

stantial role in meeting future energy needs. 

Euggested RelatiyeEmphasis for R&D 

Severa l  of =he industry groups suggested that a direct rating be 

conducted on the relative emphasis for R&D directed to each of the fuel 

ca tego r ies .  A point recognized and discussed by most of the groups was 

that ~he fuel category ratings (of what should be encouraged on a priority 

basis) do mot necessarily relate directly to the allocation of R&D needed 

to bring about co--,ercial/zation, as this depends on the state of the 

technology, the extent of technical problems, and relative R&D costs. 

In response to t h i s  request, a recording form was developed 

(included in Appendix A). This ca!led for participants to indicate the 

relative R&D effort that they believe appropriate to allocate to each fuel 

category, considering the evaluation criteria from his or her own v-iewpoint 

and the relative costs of R&D in the various areas. A percentage scale 

was used, so the allocations added to i00 percent. 

Figure 6 shows graphically the combined result of this allocation 

by all participants. This summary indicates that the participants generally 

In the later workshops, this rating was conducted at the very end of the 
session. For the earlier groups, a letter ballot was used following the 
workshops. Thus, the participants did not have the benefit of detailed 
discussion and subsequent revision of responses as in the previous evalua- 
tion of fuel categories. 
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viewed that the greatest R&D efforts should be directed to synthetic liquids 

and to gasification. Substantial allocations were suggested for 502 control 

and for chemically refined coal. 

Figure 7 presents the result of the R&D emphasis suggested ~y 

separate groups. Significant observations are as follows, presented in 

order of highest allocation suggested by a single group. 
7 

• The Cas Industry Group and the Industrial Fuel Users 

: Group showed strong emphasis for R&D directed co pipeline- 

quality gas (44 and 27 percent, respectively). 

Both t he  Oil and Chemical Industry Group and t he  Coal 

Industry Group placed strong emphasis on R&D for 

syntheti 9 liquids (39 and 24 percent, respectively). 

In addition to Federal R&D and demonstration in synthetic 

liquids processing, comments by participants suggested 

that R&D is needed in the production and utilization of 

synthetic liquid fuels with minimum environmental impacts. 

The Electric Power Industry Group revealed a preference 

for low and intermediate,B~u gas (27 percent). R&D needs 

in both gasificatio~ and utilization were mentioned in 

group discussions. 

The Sta te  Governments Group showed a p re fe rence  f o r  R&D 

allocated to SOy control (25 percent). The groups 

representing public interest and government suggested 

greater allocations for this category than did the 

industrial groups. Participants commented that 

advancements are needed both in stack-gas treatment 

and in fluidized-bed combustion. 



L CooT, uncOnslrolned 
by $0 z Reg, 

Low I,~11~l' EO~II, I0 
meol SO 1 ~L;,,] 

3. Cool, w11h SO 2 conllols 

Chlm, cllonCd cool 

~, Synthetic 1tqulds 

6. Lowllnl, Blugos 

7. P~pollne ¢ uolily qos 

8. MI~e:I fuals 

I. Cool, ooc~slrolnod 
bit SOl: Req. 

2. Levi sullur cool, Io 
meel SO z I!0~. 

3. £uoI, wllh SO;~ conlrols 

4. Chem. ¢laaned cool 

5. Synlhell¢ liquids 

6. Low/Inl. BIn qos 

7. PIpoIIne quollly gas 

j. cool~ ~llc~;- IioJo~d 
b, SOz ~oq. 

~. LO'n Sullul ¢o01, I0 
meel SO;, Re~. 

3. Cool, wllh SO;, ¢onlloIs 

4. Chem, cleaned cool 

5. Synlhollc Ilqold~; 

6. Low/Inl. Die gel 

7, Pipeline quolil¥ qos 

Cool lnduslry 

~'/,,~,~ 
~,'//~//////72~ 

P'///Y///M 
I ,I I 

0 ' IO 20 30 
Porcenl 

I 
40 

Oi l  8 Chemical  Induslry 

50 

/•///////////-/ZT/z/-//7• 
~' / / / / /J / /x l ,  , 

o fo 2o 3o  
Percent 

Ges Industry 

J ~  
qO 50 

1 

;~_~' / / / / / / / ,~  

~ / / / / / ~  
b~/////~/////x,,//~ 
0 I0 20 30 qO 50 

Percent 

I 3. 
I 

4~P, 

6. 

0 

Electr ic Power Induslry 

? 
~/7/ / / / / i~ 

"l~tl_jj ',~ 
" / / / / / / / / / / /2" / / /~ 

~ J  I I I 
I0 20 30 

Pereenl 

I 
40 

Industrial Fuel Users 

I 
4.F// / / / / / / / / ,~ 

~///.,'///A 

~1~/////~2"///////~, 
0 I0 ' 3: 30 

"rercenl  

I 
,10 

Publ ic  Interest Groups 

4 . ~ 7 7 7 / ' A  

~. f f / / / / / / / / / /~  i l 
0 I0 2D 30 

Percenl 

50 

50 

I 
40 "50 

5101e Governmenls 

' .1 

~/ / / / / / / i7/ / / /~ 
~ ~// / / / / /~ 
~ ~ / / / / / / / ~  

~'///////,~ 

7 " ~ 1  I 
0 I0 20 ZO 

Percenl 

I 
4o 5O 

Federal Government Aqencies 
I.l,~ 

3.~/////////x~ 

e. ~ / / / / / / / / / / / ~  

z ~  I I ,  
0 I0 20 30 40 50 

Percenl 

Composite Group 

5 . ~ _ / / / / / / / / / / / / / ~  

~.P'//////////A 
• V/7//,#';"/,;'//~ , , 

0 I0 20 30 40 50 
Percen t  

Ln 

FIGURE 7. RECOHHENDF.D RELATIVE R&D EMPIIASIS IN PERCENT -- EACH WORKSIIOP GROUP 



59 

The Public Interest Group placed its highest allocation 

on chemically-cleaned coal (20 percent). ParticipaDts 

commented on the need for improvements both in chemical 

cleaning processes and in techniques of firing =he 

finished fuels. 

U Relatively little emphasis was placed on Fuel Categories I 

and 2, coal fired unconstrained by SO 2 regulatio ~ and 

low sulfur coal. The Electric Power Industry Group 

suggested the highest allocation of any group for 

Category I allocation (ii percent); =heir comments 

indicated this allocation was based on R&D to be directed 

mainly to health effects and other research to establish 

cost-benefits aspects of ambient air standards. Co--,ents 

of the Industrial Fuel Users Grcup showed broad interest 

in R&D on aspects of air-pollution control in addition to 

SO 2 (e.g., particulates and NOx). 

The Coal Industry Group suggested a modest allocauion 

for the mixed fuel category. While the concept is based 

on firing the fuel generally as a liquid, needed R&D was 

cited to solve problems in preparation, transportation, 

and firing of mixed fuels. 
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FIGLI%E 8. OVERVIEW OF WORKSHOP GROUP VIEITOINTS ON FUEL CATEGORIES 
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S ~ Y  PROFILES OF GR3UPS 

Figure 8 provides an overview of responses of all groups on =he 

fuel categories -- covering top rankings by weighted scores, largest uses 

forecast for 1980 and for 2000, and the R&D emphasis. In the first listed 

fuel category, the ranking column is the top ranking; a second category 

having high scores is noted in some cases. The 1980 and 2000 columns 

denote, respectively, the largest utilization forecast for the near-term 

and longer-term; note =ha= many groups' viewpoints were different for the 

near-term and long-term forecasts. Fuel categories receiving hlghest R&D 

emphasis are listed in the last column 

The arrows in Figure 8 connect fuel categories in successive 

columns where a category is carried over to another column. For example, 

the Oil and Chemical Industry Group carried over their high rankings of 

coal fired without SO 2 control to the near-term forecast and then carried 

the high ranking of low-sulfur coal to the longer-term forecast. Only the 

Gas Industry Group carried over their highest ranked category, pipeline 

quality gas (SNG), as far as the long-term forecast or the R&D emphasis 

column. 

Further insight into the viewpoints of each of the groups can be 

gained from examining the principal results by the various groups. A summary 

by groups follows. 

Coal Industry Group 

The Coal Industry Group placed most importance on energy self- 

sufficiency as a criterion, least on envirop~ental impacts. 

This group ranked coal fired unconstrained by S0 2 

regulation and low-sulfur coal as the fuel categories 

best meeting the evaluation criteria (ranking by 
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weighted scores)* The Coal Industry Group introduced 

~he mixed fuel category which they ranked third. 

The largest category of utilization for near term 

was forecast by =his group as coal fired unconstrained 

bySO 2 resulations and low-sulfur coal. For the 

longer term, synthetic liquids and low/intermedlate 

B~u gas were forecast as largest uses. 

• This group suggested greatest R&D emphasis on 

synthetic liquids. 

Oil and Chemical IndustryOroup 

Among the criteria, this group placed most importance o n ~  

self-sufficiency and economics, least on the environmental and human impacts. 

This group ranked low-su~fur coal and coal fired 

.unconstrained by SO 2 regulations as the highest fuel 

categories in meeting =he crite'~ia (hased on ranking 

by weighted scores). While they placed synthetic 

liquids in sixth position as meeting ~he evaluation 

criteria, the group no=ed that this low ranking did 

no= reflect the group's position as to the long-range 

importance of this category. 

The largest category of utilization in the near term 

was forecast as coal fired unconstrained by SO 2 

regulations. For the longer term, low-sulfur coal was 

forecast as the largest use. 

* One member of =he Coal Industry Group submitted a "dissenting view" =hat 
emphasized the need =o meet fuel requirements for industrial users as 
well as the electric utility industry. This line of reasoning for ratings, 
together with criteria weighted heavily toward energy self-sufficiency, 
resulted in his top ranking of low-sulfur coal -- with a tie for second 
by coal fired unconstrained by SO 2 regulations, syntheKic liquids, and 

low~intermediate Btu gas. This report is included in Appendix C. 



63 

• This group recommended greatest R&D emphasis on 

s[nthetic liquids. 

Gas Industry Group 

Among the criteria, =he Gas Industry Group placed most importance 

on economics, least on environmental impacts. 

No= surprisingly, the Gas Industry Croup ranked 

pipeline-quality sas or SNG as the highest against 

the evaluation criteria. They placed iow/intermediate- 

Btu ~as and synthetic liquids as a tie for second ranking. 

• On Figure 3, the graphical profile of =uel ratings for 

the Gas Industry Group is in marked contrast (nearly 

a mirror image) to that for th~ other industry groups 

for energy self-sufficiency and for economics. 

The largest category of utilization in the near term 

was forecast by this group as coal fired unconstrained 

by SO 2 regulations. For ~he longer term, coal fired 

with S02. controls and pipeline-quality gas (SNG_~)were 

forecast ns ~he larges~ uses. 

• This group suggested greatast R&D emphasis on pipeline- 

quality gas. 

Electric Pgwer Industry ~roup 

~lis group placed greatest importance nearly equally on three 

criteria: energy self-sufficiency, extent of technical problems, and 

economics. 
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• The Electric Power Industry ranked coal fired 

unconstrained by SO 2 regulation highest in meeting 

the evaluation criteria (ranking by weighted scores): 

Low-sulfur coal was second ranked by this group. 

• The largest category of utilization in the near term 

was forecast by =his group as coal fired unconstrained 

~ 2  controls. For =he longer term, low}intermediate- 

Btu gas was forecast as the largest use. 

• This group suggested greatest R&D emphasis on low/ 

intermediate-Btu gas. 

Industrial Fuel Users Group 

Among the criteria, this group placed greatest importance on 

economics and s@If-suff!ciency~ least on extent of technical problems. 

The industrial Fuel Users Group ranked coal fired 

unconsurained by S0 2 regulation and low-sulfur coal 

as The fuel categories best meeting the criteria 

(ranking by weighted scores). 

The largest categories of utilization in the near 

term were forecast by =his group as coal fired 

unqons=ralned b 7 SO 2 regulations and low-sulfur coal. 

For the longer term~ chemically-cleaned coal, low__/ 

Intermediate-Btu gas, and pipeline-quality gas were 

forecast as largest uses. 

This group suggested greatest R&D emphasis on pipeline- 

quality gas to substitute for natural gas that is 

presently preferred for most industrial processing 

applications. 
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Public Interest Group 

In contrast to the indus=rial groups, the Public Interest Group 

placed greatest importance on human and Environmental impac=s, least on 

extent of technical problems. A special point was made by this group 

that the mos= valuable contribu=ion they could make in the study was in 

the weighting of criteria, ra=her =ban judging specific areas of fuels 

technoloEy. 

• The Public Interest Group ranked low-sulfur coal 

as the fuel category best meeting the evaluation 

criteria (ranking by weighted scores). Coal fired 

with SO 2 conzrol equipment was second ranked. 

• The largest category of utilization in the near 

term was forecast by the group as low-sulfur coal 

and coal fired wi~h SO 2 coqtrols. For the longer 

term, this latter categoA-y and chemically cleaned 

coa___~lwere forecast as the largest uses. 

• This group suggested nearly identical R&D emphasis 

for four fuel cauegories: coal fired wi~h 502 

controls, chemically cleaned coal, low/intermediate- 

Btu gas, and pipeline-quality gas. 

This group suggested the separation between R&D and regulatory agencies 

of fuels or energy-systems development from final judgments as to resulting 

human and environmental impacts. A further suggestion wa~ that "internaliza- 

tion cf costs" associated wizn human and environmental impacts should be an 

integr-~l part of the evaluation of energy options. 
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State Government s Group 

This group made little distinction as to the importance of 

the separate evaluation criteria. 

The State Governments Group ranked low-sulfur coal 

and coal fired unconstrained hiS02 regulations as 

~he fuel categories best meeting the criteria 

(ranking by weighted scores).* 

The larges~ categories of utilization in the near 

~ermwere forecast by this group as low-sulfur coal 

and coal firedwith SO 2 controls. For the longer 

te.~, this latter category was forecast as the 

largest use. 

• This group suggested greatest R&D emphasis on coal 

fired with SO 2 controls.. 

Federal Government A~encies Group 

This ~roup made little distinction as to the importance of 

the separate criteria. 

The Federal Government Agencies Group ranked low- 

sulfur coal and coal fired unconstrained by SO 2 

resulations as nhe fuel categories best meenlng the 

criteria (ranking by weighted scores). 

The largest categories of utilization in the near 

term were forecast by this group as low-sulfur coal 

and coal fired.unconstrained b 7 SO 2 resulations. 

For the longer term, coal fired with SO~ controls 

was forecast as the largest use. 

* See comments on scoring and ranking pertaining to this group on page 75. 
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• This group suggested greatest R&D emphasis on low/ 

intermediacg-Btu gas. 

Composite Group 

This group was selected to provide a single representative of 

each of the preceding interest groups. The Composite Group made little 

distinction between the importance of the evaluation criteria. (In 

workshop discussions, there were suggestions that energy self-sufficiency 

and enviromnental impacts should be viewed as the main criteria or "goals", 

with the other criteria as background factors; extent of technical problems 

or economics were cited as relevan~ constraints.) Other observations are: 

• The Composite Group ranked low-Btu gas first and 

pipeline-quality gas second as best meeting the 

criteria (ranking by weighted scores). 

The largest categories of uziiization in the near 

term were forecast by this group as coal fired 

unconstrained By SO 2 rehulations and low-sulfur 

coal. For the longer term, coal fired with S02 

controls was forecast as the largest use. 

• This group suggested main R&I) emphasis o n  s~nthetic 

liquids, pipeline-quality gas, and low/intermediate- 

Btu gas. 

Additional insight on the profiles of groups can be gained from 

the comments which supplement the above. Significant comments from each 

of the groups are contained in Appendix B. 
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ASSESSMENT OF THE WORKSHOP METHODOLOGY 

This section is intended as background and clarification for those 

who are inzeres=ed in =he methodology used in the workshop and =he analysis 

of the ra¢ing daCa. Discussion and evaluation of the various activities 

conducted during a single workshop are presented below. Except for minor 

variations, as noted where relevant in this report, all workshops were 

procedurally identical. Assessment of the methodology through participant 

feedback is also discussed below. 
,f 

WORKSHOP PROCEDURES 

Members of =he Battelle study team served as facilitator and 

observers for the workshops. The role of the facilitator was in "chairing" 

the meeting to ~%=p the discussion and activities on schedule, without 

enzering inEo or influencing the substantive discussion. Two or more 

observers took notes, tape-recorded statements (when requested), and 

generally assisted the facilitator with scoring and arrangements. One team 

member served as facilitator for an entire workshop session; however, two 

persons rotated as facilitator for different workshops. 

Workshop Agenda 

The first activity of the meeting was for each of the participants 

to complete a se= of razing sheets, evaluating the seven fuel categories 

independently for each cri=erion. A copy of the complete kit of ma=erials 

provided to the participan=s before the workshop is included wi~h this 

report as Appendix A, including =he actual ra=ing sheets used. 

4" 

Following the initial comple~ion of the rating sheets, there 

was open discussion within the group ~o clarify and define appropriate 

co~cep=s and to adjust definitions as required to remove any ambiEaities 

in the broadly labeled categories and criteria. After ~he discussions, 
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the rating sheets were completed again to provide an opportuniuy for 

participants to adjust positions on the basis of new or clarified 

information. 

The results from the first two ratings were presented to the 

group for review and discussion. Opportunity was provided for advocates 

of particular positions to make arguments or adjustments in the group 

position. Following these discussions the rating sheets were completed 

for a third, and final time. ~he results were again presented to the 

group, and time was provided for recording of dissenting views. 

An electronic voting aid was used to speed up the process of 

recording the ratings of all participants simultaneously and tabulating 

results. Anonymity of the individual participants' votes was assured, 

while informatio~ relaued to averages and spreads in votes was made 

available to the~group as a -whole. 

As a result of concerns expressed by participants during the 
i 

first two meetingS, two additional activities were added to =he process. 

After the third evaluation rating, each participant was asked to forecast 

the relative mixof fuels au three future years, and to recommend 

relative _-mphasis for R&D effort for the various fuel categories. 

Finally, the participants were asked to complete an assessment 

of the workshop activities and results. At the end of the day, each 

participant was provided with a copy of the group's final position. 

Processing and Display of Results 

In the meetiug plan there were two group discussion periods 

separating ~he three formal evaluation activities. The initial discussion 

period was intended to focus on interpretation and clarification of the 

definitions. The resul=s of the firs~ and second ratings were presented 



71 

to each group to provide a basis for =he afternoon discussion period. 

These results were presented graphically on char=s taped to the wall of 

the meeting room--showing Ehe average, the high, and the low ratings 

for each fuel category and for each criterion. These resul=s were 

also presented in numerical form as an "evaluation matrix", an example of 

which is shown in Figure 9. 

There are three types of information summarized and displayed 

on the evaluation matrix: 

i. The entries =o the bedy of: the matrix are the 

averages, the high, and =he low votes for group 

ratings of the extent to which the various fuel 

ca=egories satisfy the criteria, based on ~ scale 

from 0 to 9. (In all scale definitions, low ratings 

are "unfavorable" and high ratings are "favorable", 

i.e., a high rating on E~ergy Self-Sufficlency means 

high contribution; a high rating on Economics means 

low cost; a high rating'on Extent of Technical Problems 

means few problems; for Environmental and Human Impacts 

a high rating refers to few adverse impacts. 

. The row of numbers below the colum~ headings for 

the criteria indicate the average, hiEh~ and low 

ratings of the relative importance of these criteria. 

. The column of numbers labelled "score", indicates 

=he results of a mathematical aggregation of ~e fuel 

ratings and =he cz/teria ratings. The criteria 

ratings were converted ~o rela~.ive weights, and these 

were multiplied by normalized fuel ratings and summed 

for each fuel category. The scores produced by this 

opera,ion for each fuel were also normalized so ~hat 

the maximum score was tens in order to provide a 

simpler basis for comparison across fuels. This is 

referred to in the presentation of results in this 

report as the weighted score. 
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I. 

Weights 

Coal, fired unconstrained 
by SO 2 regulations 

2. Low sulfur coal, fired to 
meet SO 2 regulations 

3. Coal, fired with SO 2 
control equipment 
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FIGURE 9. SA~LE EVALUATION MATRIX 

Average ratings are shown~ small numbers 
indicate ranges in individual votes. 
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~he scoring operation is one that is commonly used by analysts 

to rank order alternative choices. ~owever, it was the subject of some 

confusion and controversy during some of the workshops. The S~ate 

Goveroments group formally rejected the scoring opera=ion, and members 

of several other groups questioned its validity in the context of this 

particular exercise. 

ASSESSMENT OF ~HE METHODOLOGY 

This subsection presents assessment information based on 

participant feedback, reviews the basic concepts of the methodoloEy with 

reference to events during the workshops, and presents a summary of the 

observations and conclusions of the research team with regard to the 

methodology. 

Participant Feedback 

The final questionnaire completed by the participants at the 

end of the workshop was an evaluation and feedback form (included in 

Appendix A). This collected the participant's vlews as to the degree 

to which the final results were representative of: (1) the vlewpoints 

of the Eroup, and (2) the viewpoints of the larger interest sector which 

rne group participants were selected to represent. This assessment was 

requested for both the results of the evaluation activity and the 

forecast of fuel mixes. A "ratin E scale from 0 to 9 was use.d, as for 

previous activities, and the averaEes of each group's responses are 

presented in Table 9. 

The par~_icipants ' assessments of the extent to which the 

evaluation ratings were representative of the assembled group (Column la 

of Table 9") is, in effect, their assessment of how well the workshop 
i 

design succeeded in capturing the views of the Ero~p in an objective and 

coumnmicable format. The assessment in Column Ib provides an indirect 



TABI~ 9. ASSESSmeNTS OF TIIE PRINCIPAL RESULTS BY PARTICIPANTS 

Average group assessments on a scalQ 0 to 9. 

GrOU P Assessme.nts of the ex tent  to which the: 

I) Evaluation Ratin~s 2) Fue~ Hix Forecast 
were r e p r e s e n t a t i v e  o f :  was r e p r e s e n t a t i v e  o f :  

a) The Assembled b) ~lelr I n d u s t r y  a) The Assembled b) their I n d u s t ~  
Group or  Public CrOuP or  P u b l i c  

Coal Industry 

Oil and Chemical Industry 

0as Indus try 

Electric Power Industry 

Industrial Fuel Users 

Public Interest Groups 

~tate Governments 

~'ederal Government Agencies 

~omposite Croup 

(a) 

7.8 

6.9 

6.4 

7.6 

6.7 

6.7 

2,6 (b) 

7,4 

7,5 

6.8 

5.9 

(a) 

(a) 

4.5 

6.8 

2,4 (b) 

5,3 

3,7 

6 . 6  

5.8 

6.6 

7.6 

5.7 

6.9 

6.5 

6.1 

5.2 

6 ,0  

4.1 

(a) 
(a) 

4 .8  

6 .5  

6 ,3  

4 .6  

4 .5  

The Gas Industry Group and Electric Power Industry Group were the first two workshops ; the 
assessment of broad representation was begun with the third workshop. 

(b) ~l~e lo~  r a t i n g  here  was aimed a t  the a g g r e g a t e d  s c o r e s  f o r  f ue l  c a t e g o r i e s ;  see  t e x t  fo r  
f u r t h e r  e l a b o r a t i o n .  



75 

measure of the adequacy of the participant selection process. Recall chat 

the fuel mix forecast was a slnEle-pass survey conducted at the end of 

the workshop session. The rat.lugs in Columns 2a and 2b areuseful 

in assessing the results, but are less useful in assessinE the methodology. 

In general, the Eroups felt that the results were fairly 

representative of the participants' views. Most of the groups considered 

the results to be more representative for the evaluation ratings than 

for the fuel mix forecasts in Figures 4 and 5. This observation holds 

both for ~he Eroups themselves as well as for the broader Eroups they 

represented. Note that for the Public Interest Groups and the State 

Governments Groups, there was little difference between the "group" 

and "industry or public" assessments for both cateEories of results, 

indicating that these representatives thought that their personal views 

were a n  adequate representation of their larger constituencies. 

~e stz-l~ingly low ~°sessment of the e~luation ratings by tJ=e 

State ~vez-=ments group was really addressed =o the aggregated scores for 

-~e fuel categories (see ~i~re 8), rather ~ to the evaluation 

z~tlngs themselves. ~ group was pax~icul~ly critical of the scoring 

operatlcm, havln E made a formal statement for the record rJ~au they did 

not consider the scores as bein E a representation of their positions. 

~Is discussion had. been particularly sharp just before fillinE in the 

feedback questionnaire. On hearing the low average of the assessment, 

the members of this Eroup confirmed verbally ~hat they had indeed been 

e~aluating the scores, and than they felt that the refines themselves 

were actually representar/ve~ and what they wished to have considered. 

In later workshops it was made clear verbally by the facilltatoE ~hat 

it was the ratings rather ~ the scores that were 5ein E evaluated bT_. 

this ques tionns/re. 
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Concepts and RTpotheses 

be central concept of the me~hodoloEy upon which this 3e~es 

of workshops was based is th&t: of the '~valuation Matrix", illustrated 

previously in Figures 1 and 8. Examples of completed evaluation matrices are 

contained in Append/x C. ~e basic idea is that a set of "alternatives", 

in this c a s e  categories of coal and coal-derived fuels, are systematically 

evaluated against a set of "criteria", and this information is assembled in 

a compdct form (e.g., a matrix or a bar chart). This infornation is 

submitted for conslderarlon by the decision makers ~ho must ultimately 

choose among the alternatives, or, as in this case, allocate resources 

to the alternatives according to some formula. It was a root hypothesis 

to the development of the original methodology that the "scoring" operation, 

wL'ch is co,,,only used to generRte a rank ordering of alternatives, had 

serious deficiencies when applied in complex decision-makin~ contexts. 

As noted in the final report* of the previous study: 

• It is difficult to ensure completeness 
of ~he list of alternatives. 

• it is practically impossible to define a 
complete, valid, and independent set of 
criteria for evaluating the alternatives. 

• In is difficult to develop an adequate 
characterization of the alternatives and 
the potential i~pacts. 

• There are r_heoretical and practical limitations 
to available techniques for aEEregatlng an 
evaluation by individual criuerlon into an 
overall evaluation. 

These difficulties are particularly aggravated when there is a large 
Y 

heterogeneous body of people with differing s~akes in the consequences of the 

decision. 

* "Development of A/ternative Ya~hs for Clean Utilization of Coal as an 
_ Energy Source and Development of a Methodology for Decision Making", 
by D. W. Malone, E. H. Hall, K. Kawamu=a, and D. L. Morrison, Battelle-- 
Columbus report to U.S. Department of the Interior, Contract No. 
14-0001-1936 (December 20, 1974). 
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~he allocation of funds for R&D iu coal and coal-derived fuels 

is such a"complex dec~sion-maklng context", and :all of the difficulties 

identified above were observed in the wo'z.~-.~hops, as noted below: 

• Completeness of alternatives 

- Several participants noted absence of 
consideration for oil shale and in-situ 
gasification. 

- Many partlclpauts .found it difficult to 
evaluate coal and coal-derlved fuels 
~rlthout givln~ consideration to alternative 
energy sources such as nuclear and solar 
power. 

• Validity and independence of crit~_Tia 

Many groups insisted on emp'nasislng inter- 
dependence of criteria, despite initlal 
staff efforts to define them in such a way 
tha'c they would be reasonably independent 
initially; apparently the semantic implications 
of the words used to label the criteria domin- 
ated the specific in=erpretatlons provided 
by the extended deflnitlons. 

-Several of the groups proposed using only one 
or two of the criteria as "goal:' or decision- 
oriented criteria, with the or_hers acting 
as "constraints lw. 

• Characterization of the alternatives and their impacts 

Many partlcIpants had trouble evaluating the 
fuel categories ylthout making reference to 
specific technologies; where more than one 
technology was available, and the characteristics 
were very different, (as, e.g., for liquefacr/on) 
evaluation was difficult. The spread between 
high and low individual ratings tended to be high 
in such cases. 

The different technologies within some of the 
fuel categories also made it di~--~cult to assess 
the impact of a general fuel category on a 
parnicular criterion. ~ 
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Theoretical and practical limitations of scoring 
techniques 

When the c r i t e r i a  a r e  i n t e r d e p e n d e n t ,  the  s c o r i n g  
ope ra t ion  i s  t h e o r e t i c a l l y  q u e s t i o n a b l e ;  as no t ed  
above, many groups i n s i s t e d  chat  the  c r i t e r i a  
were inseparable. 

From the evaluation of the criteria (Figure 2 or 
Table 5), it was seen that different groups had 
different ideas about which criteria were most 
tmporr~ut;  aggregatlng assessments broadly over 
such diverse, yet coherent, positions to get a 
single assessment seems questionaSle in a 
situation such as this, 

Further, some of the participants and one whole 
group insisted that the results of the scoring 
operation not be considered as a basis for 
decision-making. 

Conclusions and Recommendations 
gelatln8 to  the Methodology 

P~call chat the work plan for she workshops involved three 

repetitions of the rating operation. The initial rating was performed 

first ~ i n g  t.n the morning, and was based solely on ~he information and 

d e f i n i t i o n s  c o n ~ e d  lu  the  k i t  I n c l u d e d  as Appendix A. A s t a t i s t i c a l  

analysis of the results of these ratings indicated rhac all of the groups 

voted similarly on the first rating; that is, ~he results are what one 

mlghu expect from a broad survey or mailed questicamaire. For the second 

and third evaluations (performed after considerable discussion, inter- 

pretation, and sharing of information among r.be Eroup members) the  groups 

developed unique response patterns. ~his result suggests r/~at the work- 

shop design was effective in caprurlng views which are c h a r a c t e r i s t i c s  of 

the assembled interest groups. Huwever, complete confirmation of this 

cunclusion would r equ i r e  de,,onstration of repeatability of the  r e s u l t s ,  

which was beyond the scope of the present work. 
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Following are the procedural conclusions reached by the research 

team involved in the desisn and execution of this series of workshops : 

~he three-pass rating strategy, with interspersed 

discussion, was effective and should be retained 

in future activities of a similar nature. The use 

of an electronic votin E a~d was invaluable in making 

in possible to feed back voui_nE results almost 

ins tantaneous ly. - 

• ~here should be some end-of-day activity to provide 

closure and a feeling of .accomplishment by the 

participants; this was provided here by the expression 

of preferences for allocation of E&D effort, an 

activity which was a~ed after the first two work- 

shops. 

lhe size of evaluation matrix used here, seven 

alternatives and five criteria, is about riF~ht for 

a l-day workshop format.. 

To more effectively capture individual and Eroup 

subjective comments, some formal Eroup-writinE* 

exercise should be performed within the context 

of workshop activities, rather ~han relying on 

tape-recorded comments or notes taken by facilitators 

and observers. ~his would greatly facilitate the 

evaluation and report preparation activity and 

would probably more accurately capture group opinion. 

* ~or example: Geschka, at al, "Modern Techniques for Solving Problems", 
Chemical Engineering, August 6, 1973; and Delbecq, i. L., A. H. Van de Vet, 
an-d-D. H. Gus~afson, Group Techniques for Program PlanninE, A Guide to 
Nominal Group and Delphi Processes, Scott,-~oresman, and Company, 1975. 
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OVERALL OBSERVATIONS 

The approach used in this study was successful in capturing, 

iu a consistent way, views of the various interest groups selected for 

participation in the workshops. There was sufficient interest in the 

approach that high-level people were willing to participate in the workshops. 

Evaluatlon of the results, through specific feedback from the 

partlcipants themselves~ indicates that they regarded the ratings to be 

fairly representative of their interest group. The only exception was 

the State Governments Group. (These evaluations are outlined in this 

report in the section on assessment of methodology.) While the precision 

of the final ratings and other recorded vi~rpoiu:s have recognized 

llminaEions (regarding sample size, subjectivity, and overlap of 

criteria definitions, etc.), the results can provide useful inputs to 

ERDA in terms of general viewpoints that should be considered in the 

planning process for R&D on coal and coal-derived fuels. 

An overall observation regarding group viewpoints, that were 

reflected in ~he forecast of fuel categories, is the continued significance 

of direct firing of solid coal (fuel categories 1 through 4) as perceived 

by the most interest groups. Even with the expected development and utiliza- 

tion of synthetic fuels, the total u~ilization of solid coal categories was 

forecast to exceed the total utilization of synthetic fuels from coal (fuel 

categories 5 through 7) in the year 2000. 

A d d i t i o n a l  obse=~rat ions  fo l l ow ,  based on d i s c u s s i o n  i n  the  

workshops .  
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Regarding the extent of unsolved technical problems 

associated with the fuel categories, the point was 

emphasized by several groups that the technical 

feasibility of producing fuels for each of the cate- 

gories has been demonstrated on some scale. However, 

the last five categories have not been demonstrated in 

a commercial way as fully meeting modern technological 

and economic needs. 

Philosophical questions related to short-term or lon~- 

term R&D were discussed by several groups. It was 

agreed that high-risk programs, in areas with many 

technical problems, could be justified where potential 

benefits are high and might never be developed with- 

out a continuing national program. At the same time, 

there were strong sugggstions, in the light of urgent 

needs, to emphasize those developments "right on the 

threshold" in order to commercialize developments more 

quickly. 

The groups emphasized that ratings or scores in the 

e'~a;dation did not necessarily imply a recommendation 

for R&D emohasis, due to differences iu the extent of 

technical problems and the costs of needed R&D in the 

different areas. Also a distinction was recognized 

between action plans and R&D needs. 

In suggestions of R&D emphasis and in comments on R&D 

needs, the groups generally agreed to refer to th..ee 

broad view of the federal role, rather than attempting 

to delineate the respective roles of ERDA and other 

agencies. 
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Strong views were expressed by the industrial groups 

that uncertainties of ~overnment regulation and policy 

both at federal and local levels, has the effect of 

discouraging investment decisions by the private sector 

to undertake needed development or. its own. Consistency 

of policy and regulations, and possibly federal in- 

centives, were suggested. 

The Oil and Chemical Industry viewed synthetic liquids 

as having significant importance in the future (for trans- 

portation fuels, for home heating, and for use as 

feedstock). They urged major emphasis on federal R&D and 

demonstration to advance r/lls technology. 

The Gas Industry Group expressed concern that federal 

policy or R&D decisions may tend to encourage electri- 

fication of the U.S. They cited that the nation cannot 

afford to underutilize or give up the efficient enerKv 

distribution system already in existence in the gas 

industry. 

The'Electric Power Industry Group suggested that greater 

flexibility in utilization of the different fuel cate- 

gories could be achieved if environmental protection 

regulations were based on controllin~ to ambient air- 

aualit~ standards rather than on constant emlssion 

standards applying to point sources. This would allow 

for the use of hither sulfur fuels except during periods 

of adverse meteorological conditions. To aid in setting 

ambient air-quality standards on a cost-benefit basis 

the group recommended additional research related to 

health effects of SO 2 and other pollutants. 
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In considering aspects of envirorQental and human 

impacts in decisions related to fuels options~ the 

Public Interest Group recommended that an attempt be 

made to internalize all social and environmental costs 

in considering fuel options. 

Several groups called attention to the fact that 

environmental issues~ traditionally~ had con- 

centrated on S02~ but other pollutants like sulfates 

and fine particulates are of concern. 

it was clear that the groups perceive that fuels in 

the various categories are capable of serving a variety 

of uses~ and each form of fuel has applications that 

it will serve mos= effectively and/or competitively. 

This multiplicity of needs~ both short-term and 

long-term, underscores the desirability of a balanced 

R&D program. 

Most groups expressed the philosophy that 

essentially all of the categories of coal and 

coal-derived fuels are expected to be important 

to the nation for some uses and should be en- 

couraged as options within the framework of the 

criteria.* 

In short, the various findings as presented in this report contribute 

useful background to the formulation of national energy policies and plans. 

d¢ This is consistent with the ERDA Plan: "A National Plan for Energy 
Research~ Development and Demonstration" (ERDA 48, Volume I. June~ 
197s). 
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