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ABSTRACT

This reporkt covers a study by Battelle's Columbus Laboratories
to identify viewpo:.nts representative of various interest groups
on altermati ve uses of coal and coal-derived fuels. The study
was conducted for the ERDA Fossil Energy Department to provide
backsround inputs to the R&D planning process. A series of nine
structured workshops was conducted with selected representatives
of the various interest groups.

The individual workshops included representation of industrial
and utility companies, state and federal govermments, and public
interest groups. Viewpoilnts were recorded on (1) the relative
importance of five specific evaluation criteria, (2) the evalua-
tion of seven fuel categories against the criteria, (3) a forecast
of future fuel utrilization by categories, and (4) suggested R&D
emphasis for the fuel categories.

This report, Volume I, is a summary and appraisal of workshop
results. Volume II contains appendices with more detailed records
from the workshops. -
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EVALUATION O;F ALTERNATIVE USES OF COAL AND COAL-DERIVED FUELS
— INDUSTRY, GOVERNMENT AND PUBLIC VIEWPOINTS

from

. BATTELLE
Columbus Laboratories

SUMMARY

o ~ Alternative choices for the development-of—fossil=fuels are~viewed

in different ways by different industries, by governmentagencies, and by

other interest groups. This report is the result of -a study in which Battelle's
Columbus Laboratories organized selected workshop groups to assist the Energy
Research and Development Administration in identifying views of different
groups. Workshop participants evaluated the importance of criteria that

could apply to energy planning and decision-making, and they evaluated alter-
native coal-derived fuels that could be used to meet the nation's energy needs.

Profiles of these evaluations are synthesized and presented h_e_.'::'ein.

.

OBJECTIVES AND SCOPE

The primary objective of this study was to identify views repre—
sentative of industries 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.

One-day workshop meetings were held with representatives of eight
different interest groups, plus a composite group composed of recognized
spokesmen for the individual groups. A total of 66 individuals participated
in rhe worksheps. The same workshop structure and definitions were used in

developing and recording views of each group.
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INTEREST GROUPS

Workshop groups were organized by interests with one group repre-
senting each of the interests shown in Table A.

TABLE A. INTEREST GROUPS COVERED IN WORKSHOPS

Industrial & Utilities Public Interest & Government
# Coal Industry s Public Interest Groups
e 0i1 & Chemical Industry ® State Governments
o Gas Industry e Federal Government Agencies

» Electric Power Industry

® Industrial Fuel Users

v

s Composite Group

(with representation of
each interest group)

Participants were selected with the intent of obtaining generally representa-

tive samples of the specific group viewpoints.

For the industrial represenmtation, major industrial and utility
Eompanies we=2 selected; most of the participants were high-level management
representatives engaged iu 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 selacted for the State Govern-
ment Group. The Federal Govermment Agencies were those that have principal
responsibilities in energy research andbpolicy or that use large quantities
of fuel. The Composite Group included staff of energy trade associations

and spokesmen for other groups. (Proiiles of the groups are presented in
the Appendix.)



APPROACH

The informal workshop sessions involved group discussion and
structured evaluation activities. Participants were asked to rate seven
fuel categories against five evaluation criteria, and then, to rate the
relative importance of the cfiteria. This rating procedure was carried out
three times with 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 ratings were combined in a weighted
scoring proceddire to yield a derived weighted score to establish a ranking
for the fuel categories. The weighted scores can be interpreted as a measure
e

" of the rzlative degree to which rhe 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
categorie§ 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.



TABLE B. EVALUATION CRITERIA

Criteria Definition
A. Energy Self-Sufficiency Eliminate dependency on foreign
energy sources -
B. Extent of Technical Problems State of development toward
i commercialization
C. Economics (cost aspects) Capitai~and operating cost of

fyel-production and use

D. Environmental Impacts Im6/act on physical and biologicail
environment (generally local)

E. Human Impacts Impact on net "quality of 1ife"
{generally broad)

TABLE C. FUEL CATEGORIES

Cateqgor Definition or Example
1. Coal, Direct-Fired, Unconstrained by Where SO, regulations are waived or not
- SO2 Emission Regulations appHcab?e {including. small equipment)
2. Low-Sulfur Coal, Direct-Fired i LS coal fired specifically to meet 502
regulations
3. Coal, Direct-Fired, with 502 Control Includes stack-gas treatment or fluidized-
Equipment bed combustion
4. Chemically Cleaned Coal . Solvent-refined ‘coal (fired solid) or other

chemically desulfurized coal

5. Synthetic Liquids Fuels and feedstocks from coal liquefaction

6. Low and Intermediate-Btu Gas Fuel gas ~100-500 Btu/cu ft, from on-site or
near-site gasification

7. Pipeline-Quality Gas SNG from coal ~1000 Btu/cu ft

8. Mixed Fuels Mixture of pulverized coal + liquid, fired as

a liquid

It should be noted that the first two categories are more practice oriented
and do not call for the same type of R&D as do the other categories. Cate-

gories 4 through 7 are "clean fuels", and 5 through 7 are "synthetic fuels"
derived from coal.



OVERVIEW OF RESULTIS

Tab;es D, E, and ¥ summarize the results of the criteria and fuel

category ratings by the workshop groups.

Ratings of Evaluation Criteria

Table D presents the final ratings as to the importance of the
evaluation criteria for all of the groups on a scale from 0 to §. The princi-

‘bal group expressions as to the: importance of the specific ‘criteria were:

e Criteria considered important by most groups were

epergy self-sufficiency and economics (cost). The

Public Interest Group viewed these criteria as less

important than envirommental or human impacts.

e The Cozal Industry Group gave energzﬁsélf—sufficiency
an average ratiﬁg of 8.1, the highest rating given

any criterion by any group.

e The Gas Industry Group expressed 2 strong rating of
importance for economics as a criteriom, giving it

an average rating of 8.0.

¢ The 0il and Chemical Industry Group also rated energy

self-sufficiency and economics equally at 7.9.

e The Industxial Fuel Users Group also preferred energy

self-sufficiency and economics as important criteria,

rating them at 7.7 and 7.9, respectively.

e ° The Public Interest Group rated environmental impact

and human impact high, at 7.6 and 7.7, respectively.
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PATING OF CRITERIA BY WORKSHOP GROUPS
Ratings on a scale of 0 to 8.

Evaiuation
Criteria
A. Energy Self- 8.1 7.9 6.4 7.5 7.7 5.1 7.4 7.6 7.0
Sufficiency
B. Extent of Technical 6.5 6.4 6.1 7.4 4.9 3.4 6.1 6.9 6.2
Problems
C. EZconomics 6.4 7.9 8.0 7.4 7.9 3.9 6.4 6.7 7.3
D. Environmental 5.6 5.0 4.8 5.9 5.3 7.6 6.0 7.0 7.3
xmpacts
]
E. Human Impacts 6.0 5.1 6.0 6.0 5.0 7.7 5.8 6.7 5.3 ‘
TABLE E. WEIGHTED SCORES FOR FUEL CATEGORIES BY WORKSHOP GROUP
Fuel Maxi 5
Categories aximum score is 10.0.
1. Coal, fired
unconstrainec by 10.0 9.9 5.2 10.0 10.0 3.1 9.8 9.3 6.6
502 regulations
2. Low sulfur coal,
fired to meet 5.4 10.0 6.0 8.9 9.8 10.0 10.0 10.0 8.6
502 regulations
3. Coal, fired with
S0, control 5.8 B.0 5.6 5.7 7.1 8.9 8.4 7.8 7.8
eqﬁipment
4. Chemically cleaned 6.1 5.3 4.3 6.1 7.2 8.5 7.0 7.0 6.3
coal
5. Synthatic Tiquids 5.5 6.0 8.6 6.1 6.2 7.8 6.9 6.6 8.4
6. Low/intermediate 6.2 7.9 8.6 7.8 8.4 8.5 8.1 7.7 [ 10.0
Btu gas
7. Pipeline-quality 5.1 6.5 !10.0 5.0 7.1 7.5 6.5 7.5 9.7
gas R
B. Mixed fuels 8.1
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e The Electric Power Industry rated energy self-sufficiency,

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

7.4, respectively.

e The lowest ratings were by the Public Interest Group for
extent of technical problems at 3.4 and for economics at
3.9.

The ratings of the other three groups did not result ip statistically signifi-

cant discrimination among the criteria within each group.

Generally, the groups regarded each criterion as having importance.
Average ratings were azbove 4.5, the midpoint of the scale, in 2ll except the

two cases cited.

In terms of ranges between high gpd low ratings, the twe govern-
ment 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 with respect to weighting

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

- Evaluation of Fuel Categories

Weighted Scores. Table E presents a2 matrix of weighted scores for

the fuel categories, derived by combining their evaluation ratings with the
importance ratings of criteria in Table D.* The ratings of fuel categories
represent the assessment by the workshop partieipants as to the ability of
each of'the fuel categories to satisfy a specified criterion. The highest
score in any workshop group is°10.0, with the score being indicative of the

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

* The scoring prccedure, together with points of discussion and criticism
by workshop participants, is discussed in the main body of this report
under "As=<ssment of the Workshop Methodology".



Fuel
Category

Coal, fired

TABLE F.

RANKING OF FUEL CATEGORIES BY WORKSHOP GROUPS

Based on Weighted Scores

unconstrained by 6 7 6
S0, regulations
2. Low sulfur coal,
fired to meet 4
so, regulations
3. Coal, fired with
S0, control 6 5 6 5+ 5
eqaipment
4, Chemically cleaned 5 7 4+ 4 5 7
coal
5. Synthetic liquids 7 4 7 | s 6 =g
6. Low/intermediate 4 a4 4
Btu Gas
7. Pipeline-quality 8 5 7 5+ 6 ]
gas
8. Mixed fuels
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be encouraged. The primary utility of the scoring and rank ordering is to
provide an entry point for examination of the more detailed ratings against

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

Rankings. Table F presents the results in terms of the rankings
by each workshop group, based on the 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, fifch, and sixth are shown by a single lighr

shading; the lowest rankings have no shading.

Several fuel categories emerge as having relatively high overall

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

strained by SO, regulations, and low/intermediate-Btu gas. Other observations

follow.

» Low-sulfur coal was ranked first or second by 7 of the

9 groups. It was ranked highest-by four groups: 0il

and Chemical Group, Public Interest Group, State
Government Groups, and Federal Agercies Group. (Practical
limitations in availability oé low-sulfur coal were

recognized.)

» Coal, fired unconstrained by. SO, regulations was ranked

first or second (in terms of weight score) by & of the
9 groups. It was ranked first by the Coal Industry
Group, Electric Power Industry Group and Industrial

Fuel Users Group.

e Low/intermediate~Btu gas was ranked highest among the

synthetic fuels caregories by all except the Gas
Industry Group, and was top ranked over all the fuel
categories by the Composite Group. It was second ranked
by cne group and third ranked by three groups. All

groups rated it no lower than fourth.
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Other categories that were ranked first or second by at least one group

are as follcws:

Coal, Fired with SO2 Control Equipment (including both

stack-gas control systems and fluidized-bed combustion).
Four groups ranked this category moderate to high
(ranking 2 or 3) in terms of the final weighted score:
Public Inrerest Group, the rwo government groups, and

the 0il and Chemical Industry Group.

Synthetic Liquids. The highest ranking for syntheric

liquids was by the Gas Industry Group (tying for second
in terms of weighted scores). The 0il and Chemical
Industry ranked this category sixth; however, the group
observed that this ranking did no:t fully reflect the

group's view of the long-term importance of this

category.

Pipeline—Quality Gas. The Gas Industry Group top ranked

pipeline—quality gas or SNG. The Composite Group ranked
this category second.

Mixed Fuels. This fuel concept was ranked third by the

Coal Industry Group, the only group that evaluated this
category.

The remaining fuel category:

Overall, tte rankings appear

direct firing

Chemically Cleaned Coal was ranked third by rhe

Public Interest Group and fourth by the Electric

Power Industry Group.

to reflect group viewpoints in support of

of solid cocal; two of the highest ranking fuel categories

involve direct firing.
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Similarities of Ramkings Among Groups. Several features are noted

in Table T as to similarities in rankings of fuel categories among

the various groups:

e The first four rankings were remarkably similar for
the groups representing the Coal Industry, the

Electric Power Industry, and Industrial Fuel Users.

o The first four rankings were identical for the 0il
and Chemical Industry Group and the State Govern—

ments Group.

e The rankings by the Gas Irndustry Group and the
Composite Group were generally similar, especially

at the lower three rankings.

o The rapkings by the Public Interest Group stood
out as substantially different from the other
groups, but were somewhat similar to those by the

-Composite Group.¥*

Forecast of Relative Mix of Fuels

Figure A~l summarizes graphically the participants' forecast of
the relative mix of the fuel categories in future years. This supplementary
information was recorded at the request cf the first group, due to the

tendency to predict what will occur—as opposed to the thrust in the

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

interests. : The length of the bars represent the combined forecast of all
participants in terms of relative or percentage mix, rather than absolute

energy units.

* 1t snould be noted that twe participants originmally scheduled for the
Composite Group workshop were unable to attend, and their intended view-
points were missing; these were the representatives of the coal industry
and of public interest groups.
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FIGURE A~1. FORECA T OF RELATIVE MIX OF FUELS AS A PERCENTAGE OF TOTAL
COAL EJERGY UTILIZATION -- All Groups Combined

137
quads
97 quads
Total energy resource
consumption
39 39
quads
(30 %)
. 18 quads
Totai coal energy use ——— (19%)
1985 2000

Year

FIGURE A-2. ERDA FORECAST OF TOTAL COAL ENERGY UTILIZATION AND TOTAL ENERGY
RESOURCE CONSUMPTION

From ERDA 48, Scenario V, Combination of all Technologies
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Synthetic liquids and gaseous fuels were forecast to grow from
13 percent of energy originating from coal in 1980 to 44 percent by the
year 2000. Thus, over half of the coal energy was expected to be utilizad
in solid or pulverized forms in the year 2000.

P

Figure A-2 provides a perspective of the expected growth of all
coal epergy utilization. This shows the forecasts of coal energy and total
resource consumption that were made in ERDA-48% for tie years 1985 and 2000

for Sceparic V, Combination of All Techmologies. An indication of total annual

Btu utilization expected for each fuel category can be derived by combining the
workshop forecasts on a percentage basis from Table A-1 with the ERDA forecasts

of total coal energy utilization in Quads (1015 Btu) from Table A~2.

Forecasts by each of the groups are contained in the mzin body of

this report. Some additiomal aspects of the group veiwpoints were:

e Several groups were optimistic with respect to the

near-term growth of SO, control technology in Fuel

Category 3. Five groups forecast a percentage growth

in this caregory from 1980 to 1990, but none forecast

that there would be coamtinued growtk to 2000. The
Electric Power Industry-Group-were more pessimistic

about 502 control technology and forecast a slight
decline to 13 percent utilization in 2000; tkis group also
forecast that 13 percent of coal energy still would be

coal fired unconstrained by S0, controls in the wvear 2000.

e The Industrial Fuel Users Gfbup znd the Public Interest

Groups expected chemically=refined coal toc have &

substantial future, growing to approximately 20 percent

of the coal emergy by 2000.

e The 0il and Chemical Industry Group and the Gas Iadustry
Group were the most optimistic about the growth of
synthetic liguids, forecasting 17 percent of coal energy
by 2000.

———— e

* "3 Norional Plan for Energy Research, Development, and Demonstration:
Creating Energy Choices for the Future", ERDA-48, Volume I, The Energy
Research and Development Administration (June, 1975).
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e The Electcric Power Industry Grour and Industrisl Fuel
Users Group were the most optimistic groups concerning

low and intermediare-Bru gas, forecasting about 20

percent by 2000.

e The Gas Industry Group forecast the penetration by
pizeline-quality g2s to be the highest of any group,
22 percent by 2000.

Although there were rhese differences in views among groups, each of the seven
fuel categoriss was recognized as having a substantial role in meeting

future energy needs.

Recommendations of Relative Emphasis
for R&D Effort

Figure B presents graphically the combined input from the partici-
Pants on their recommended emphasis of R&D effort. This additional information

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

Fuel Category

L Cgt;l_s.bngoszgf:ined %

e N 777,

3. Cool, wilh SO, controls | ////////////////A
4. Chem. cleoned coq! ‘

5. Synthetic liquias W
6. Low/Inl. Blu gus

7 Pipeline quolily gas m

0 10 20 30
Percent

FIGURE B. RELATIVE R&D EMPHASIS IN PERCENT — ALL GROUPS COMBINED
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discussed by most of the groups is that the fuel category ratings (of what

should be encouraged on a priority basis) do not necessarily relate directly

to the allocation of R&D needed to bring about commercialization. The

groups cited that this depends on the state of the techmology, the extent

of rechnical problems, and relative R&D costs.

There were different views among the various groups, reflecting
differences observed in the ratings. However, it is clear that the parti-
cipants generaily viewed that the greatest R&D efforts should be directed
to synthetic iliquids and to gasification. Substantial allocations were
suggestad Zor S0y control and for chemically refined coal. Viewpoints of

the various groups expressad in workshop comments are outlimed in the report.

Group Profiles

.. Figure C provides an overview of respomnses of each group on the
fuel categovies—summarizing top rankings by weighted scores, largest
uses forecast for 1980 and for 2000, and principal R&D emphasis. The first
lisred fuel category iz the ranking colummn 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 the largest utilization
forecast for the near-term and longer-term. Fuel categcries with highest

recommanded R&D emphasis are listed in the last columm.

The arrows in Figure C connect fuel categories in successive
columns where a category is carried over to another column. Onrly the Gas
Induystry 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 summarized by the various groups

in che main body of this report.



FIGURE . OVERVIEW OF WORKSHOF GROUF VIEWPOINTS ON FUEL CATEGORIES

——i

Largest Use Forecast For Major
GrouQ Top Ranked 1980 2000 R&D Emphasis

Coal Industry Coal, nc controls > Coal, no controls
LS coa] ——————— > LS coal . -
. . Synth liguids > Synth liquids
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- - - Snyth liquids
Gas Industry SNG SNG SNG

- Coal, no controls
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. . Low-Btu gas ————> Low-Btu gas
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- . Chem C1 Coal .
- - Low-Btu gas -
- - SN ————r—————> SNG
Public Interest LS coal —————— LS coal . . *
- - Coal, with controls Coal, with controls -

State Goverrments LS coal —————— | S coal .
Coal, no control - - -
- Coal, with controls —> Coal, with controls —Coal, with controls

Federal Agencies LS coal —————— LS coal . - *
Coal, no controls —> Coal, no controls . -
. - Coal, with controls .

Composite Group Low-Btu gas . - - *
SNG . .
- Coal, no controls
. LS coal -
. - Coal, with controls

* Note: Little difference among responses by these groups on R&D emphasis for.the highest 3 or 4 fuel
categories.
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OVERALL OBSERVATIONS

The approach used in this study was successful in capturing,
in 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.

Evaluation of the results, through specific feedback from the
participants themselves, indicates that they regarded the ratings to be\
fairly representative of their interest group. The only exception was
the State Govermments 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 vizwpoints have recognized
limitations (regarding sample size, subjectivity and overlap of
criteria definitions, etc.), the results can provide useful inputs to
ERDA in terms of gemeral viewpoints that should be considered in the

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

An overall observation regarding group viewpoints, reflected
in the ratings and foracasts of fuel categories, is the contined significance
of direct firimg of solid coal (fuel categories 1 through 4) as perceived
by wost interest groups. Even with the expected development and utiliza-
tion of synthetic fuels, the total utilization 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.

Addicional observations follow, based on discussion in the

workshops.




Regarding the extent of unsolved technical problems
associated with the fuel categories, the poiat 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 moderm technological

and economic needs.

Philosophical questions related to short-term or long-

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 wesre strong suggestions, in the light of urgent
needs, to emphasize those developments ''right on the
threshold" in order %o commercialize developments more

quickly.

The grodps emphasized that ratings or scores in the
evaluation did not necessarily imply a recoumendation
for R&D emphasis, due to differences in the extent of
technical problems and the costs of needed R&D in the
different areas. Aiso 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 the

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 govermment 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-
centives, were suggested.

* The 0il and Chemicel Industry viewed synthatic liquids

as having significant importance in the future (for tranms-
portation fuels, for home heating, 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 efficient energy

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 controlling to ambient air-

quality standards rather than on constant emission

standards applying to point sources. This_yould allow
for the use of higher sulfur fuels exceptfgaring periods
of adverse meteorological conditions. To 2id in setting
ambient air-quality standards on a cost-benefit basis,
the group recommended additional research related to

health effects of SO2 and other pollutants.
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¢ Ipn considering aspects of environmental and human’
impacts in decisions related to fuels options, the
Public Interest Group recommended that an attempt be

-made to internmalize all social and environmental costs

io considering fuel options.

& Several groups called attention to the fact that
environmental issues, traditionally, had con-

centrated on 502, 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 exprassed the philosophy that

essentially all of the categories of coal and

<oal-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.

* This is coonsistent with the ERDA Plan: "A National Plan for Enmergy

Research, Development and Demonstration" (ERDA 48, Volume 1. June,
1975). '




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

to

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
FOSSIL ENERGY DEFARIMENT

ERDA Countract No. W-7405-eng 92, Task 74

from

BATTELLE
Columbus Laboratories

November 15, 1975

INTRODUCTION AND APPRCACH

BACKGROUND

In a previous contract with the Office of Coal Research, Battelle
devaloped a methodology for evaluating and raunk-ordering R&D activities*.

-

- Lt was recognized dy planners in the Energy Research and Development

Adninic~ration (ERDA)-that the applicarionm of this particular methodelogy
rdght pi:ovide an effective tool by whic-t’: to identify_;nd compare the view-
points of special interest groups involved in the déi}élopment and use of
fossil fuels and their derivatives. This follow-on.contract was initiated
with the primary objective to identify views representative of industries

and other groups to provide input to ERDA im the planaing process for federal
R&D on coal and coal~derived fuels. A subsidiary objective was the evaluation

of the methodology as a decision-structuring tcol.

WORKSHOP FORMAT AND PROCEDURES

This report presents the results fiom a sequence of nine structured

workshops conducted with small groups of knowledgeable participants. The

*  *Hevelopment of Alternative Paths for Clean Utilization of Coal as an
Energy Source and Development of a Methodology for Decision Making",
by D. ¥. Malone, E. H. Hall, K. Kawamura, and D. L. Morrison, Battelle-
Columbus report to U.S. Department of the Interior, Comtract No.
14-0001-1936 (December 2C, 1974).



TABLE 1.

COMPOSITION OF WORKSHOP GROUPS

e Coal Indusery =~ (&)

Coal operators (2)

Coxl operator/steel companies (2)

Mamufacturer of coal preparation equipment
Energy company/developer of conversion procemses
Raiircad/miverals developer

Eagineer-contraccor fira ia mining aand coaversion

o 0il and Chemical Industrv -~ (8)

Integrated oil companies (internacional)
(2)

(€)]
Integrated oil companies (Jowmestic)
)

Enginesr-construction firz specializing im oil
and chemical processing

Chemical companies

o Cas Industey — (8)

Integrated gas-distribution/transmission companies
(2)
(2)

2)
Gas-discribution compaaies
Gas-~ryansmission conmpanies
Gasificarion/utility company

Engineer-toastruction firs {nvolved in gasification
plaars (1)

e Elecrric Power Tndugserv -— (8)

large electrical utilicy systems (2)

Large elecrrical utility company

Ueility boiler manufacruvers (2)

(2;

Engineer-construcrion firm ective in fuel burning
equipment (1)

Gas-rurbine manufacturers

» Indugerial Fuel Users — (7)

Manufacturers of industrial fuel burning
equipment (2)

Worldwide automobile manufacturer

Electxical and electronics manufacrurer
Integrated steel company

Glass and packagisg company

Manufaczurer of industrial air-pollution-courrol
equippent

Public Incerest Gtoups — (7)

Aserican Public Health Assn.
Common cause

League of wozmen Voters of the U.S.
National Leapue of Cities

National Wildlife Federatiom
Public Interes: Research Group

Smichsonian Iastitution

Sctate Covermments -~ (7)
Officials responsible for cnergy policy and planaing:
Eastern and Appalackian states (3)
Mjdvestern states (1)
western stactes (3)
Federal Goverrment Azencies — (7) *
Eavirommenzal Protection Agency
Federal Emergy Administration
Federal Power Commission
General Services Administration

U. S. Department of the Interior

U. S. Department of Coctverce

U. S. Department of Defense

Comoosite Gr — () *
American Gas Association
Americac Petyoieum Institute
Bituminsous Coal Research, Inc.™
Electxic Power Researck iastitute
National Association of Manufacturers
National Governor's Conference

Xational Science Foundation

*% Lapresentative was unable to actend the workshep, but sent initial ratings aad comments which are included

* Yames and positions of workshop represeatatives of these groups are iceatified fu Appendix C. -

in the Apoendix.



groups ranged in size from six to eight iﬁdividuals, 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 in lieu of
the more commonly used 'broad survey'' strategy, in order to provide for
discussion and strengthening of insights during the workshops. In consider—
ing the results of this study, the method by which information was obtained

should be kept in mind to provide a perspective in interprering the results.

Compesition of Groups

The workshop sessions were organized around structured evaluacion
activities and group discussion. Each group was selected to be representa-

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

Table 1 shows the composition of groups by identifying 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 Fortune 500;

several were from rhe 20 largest industrial companies.

The Public Interest Group was selected to represent a spsctrum
of public interest organizations, including several oriented to health and
environmental aspects. The State Government Group was composed of energy
planmers or administrarors in executive branches of major coal producing or
consuming states. The Federal Government Agencies were selected as having
principal responsibilities in emergy 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 otrher emergy issues. The Composite Group included staff of energy
trade associations and spokesmen for other groups; they were not participants
in the workshcps for specific interest groups. Most of the participants were

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

* Addirional descriptive material om the composition of groups is contained
in Appendix C.



Evaluation Criteria
A B ------ E
Weights 7.9 1 6.4 5.1 |Weighted
* Scorel
1y 7.8 1 8.0 3.8 9.9
21 7.0 | 7.2 6.6 10.0
Alternative oy
Fuel
Catagories 3| 3-9 | 4.6 4.5 8.0
. é “AJS v~ 3
Eé ‘ £ on 4
A%
7| 4.41 4.9 6.0 6.5

FIGURE 1. EVALUATION MATRIX AS BASIS FOR THE WORKSHOP STRUCTURE

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 4s 10.0.



In the interest of providing an environment for relaxed and objec-
tive discussion, industrial and utility companies were assured that these
organizations would not be identified in the record. This policy was also
found to be important in expéditing the invitation and acceptance process
in convening the groups, by avoiding the need for formal corporate or organi-

zarion approval.

Basis for Workshop Structure

The conceptual basis for the workshop structure is illustrated in

the "evaluarion matrix" of Figure l.

The workshop structure was based on a systematic and separate
evaluatrion of first the fuel alternatives and then the criteria, using a
rating scale from 0 to 9%*. Giver this basic input, it was possible to
interpret the criteria ratings as weights and to compute a derived weighted
score 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 ro rate (1)

the relative importance of the ceriteria, and (2) the relative ability of the

various fuel categories to meet the specified criteria. The entire rating

and scoring procedure was repeated two more times during the day, with ample
time for group discussions between ratings to clarify definitions and to
discuss the results of the previous ratings. Most of the results presented
later in this report are taken from the third, and finzl, rating procedure.
More information on the format of the workshops is contained in the section
on "Assessment on rhe 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 ratings
are "favorable", i.e., a high raring for a fuel category on energy self—
sufficiency means high contribution; a2 high rating om extent of technical
problems means few problems; a high rating on economics means low cost;
likewise, a high rating for eavironmental impacts and human impacts refers
few adverse impacts.




Terminology Used in Presenting 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 raring is used to refer to original votes generated as expiicit responses
by the participants 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 mathemarical 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
position, refers ro an ordinal number indicating the relative position of a

fuel category as determined by the relative magnitude of the ratings or
wejghted scores.

There are many different ways in which the basic rating data can
be aggregated. To keep the marhematical operations as simple as possible,
the workshop plan called for aggregating over all five criteria. The
weighted scores resulting 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
not 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".

Supplementary Workshop Activities

In referring to the rank-order informatiom, 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 respomse to a direct query as to what fuel categories

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

amaong workshop participants. Because this concern was particularly pronounced



during the early sessions, two additionmal workshop exercises were introduced:
(1) a forecast of the mix of fuel utrilization in the various categories for
three different furure years, and (2) an expression of recommendations for

relative R&D emphasis for the fuel categories.

DEFINITIONS OF EVALUATION CRITERIA
AND FUEL CATEGORLES

Tables 2 and 3 contain brief abstracts defining the evaluarion

criteria and the fuel categories*:

Evaluaticn Criteria

A. Contribution to Energy Self-Sufficiency in the U.S.
B. Extent of Technical Problems

C. Economics (or cost)

D. Environmental Impacts

E. FEuman Tmpacts.

Fuel Categories

1. Coal as Mined, direct—-fired, unconstrained by
S0, emissiou regulations

2. Low-Sulfur Coal, direct—fired specifically to
meet $0o emission regulations .

3. Coal as Mined, direct-fired with 302 control
equipment

4, Chemically Cleaned Coal

5. Synthetie Liquids

6. Low-Btu or Intermediate-Bru Gas
7. Pipeline-Qualicy Gas

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

% Additional detail relating to these definitions is contained in Appendix A.



TABLE 2. EVALUATION CRITERIA—ABSTRACTS OF DEFINITIONS

A. Coutribution to Energv Self-Sufficienc, in the U. S.

This criterion is based on consideration of the extent to which the
U. S. can effectively utilize domestic coal and coal-derived fuels on a2 major
scale to elirinate dependency onr foreign energy sources as soon as possible.
The criterion refers to the degree to which coal and coal-derived fuels can be
used as substitutes for petroleum-based clean fuels to free them 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 remaining to be solved. 0f particular

coacern is the probability that the process can be developed to a commercial
scale.

C. Economics (or Cost}

This criterion refers to the total cost of building and operating a
system to produce, transport, Stcre, 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., RD&D, capital

investment for plants and facilities, operation, transportation, and envir-
ommental couatrols).

I. Envirommental Impacts

This criterion refers to the relative adverse impact on the physical
and biological enviromment 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 all elements of the natural enviromment, mainly localized impacts.

E. Human Impacts

This criterion refers to the impact on the net "Quality of Life" of
the overall population as a result of extensive use of the various fuels. Of
concern are adverse impacts that might affect individuals, communities, 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 the nation.




TABLE 3. FUEL CATEGORIES—ABSTRACIS OF DEFINITIONS

(1) Coal as Mined, Direct Fired, Unconstrained by SO; Emission Regulations

Includes coal, as mined, that is to be direct fired in equipaent where SO2 regulatioms are
nonexistens, are waived, or will permit operation with it measures for SO2 coutrol--e.g. where
502 emission levels are not covered in Federal or local regulations, as for small equipment or
older installations. (Tnis category assumes no constraints as to emission regulations.)

(2) Low-Sulfur Coal, Direct Fired Specifically to Meet 50, Emission Regulations

applies where coal, to be direct fired, is chosen (on the basis of irs sulfur conteat)
spec:.f:.callv for the purpose of meeting SO2 emission regulations--whether it is low in sulfar
by itz natural sulfur content or with the aid of mechanical preparation and washing.

(3) Coal as Mined, Direct Fired with SOz Control Egquipment

Applies ro coal of any sulfur level, as mined, where this coal is to be direct fired inm
installations with SOz control equipment to meet regulations. This covers installations where
S02 control is achieved either by (a) stack-gas treatment for downstream SOz control or
(b} chemically active fluidized-bed combustion.

(&) Chemicallv~Cleaned Coal

Comprises sclid coal that has been ghemicallv created to reduce sulfur content sach that
no cther S0z control is needed. Ash may also be reduced, but particulare controls may still be
needed in some installations. Examples are solvent-refined coal or other chemically-desulfurized
coal that is fired conventionally as solid fuel.

(5) Swnthetic Liqu.ds

Fuels from coal liquefaction processes comprise this category, along with intermediate
1iquid produces that can be used as feed-stocks for further refiming to finished fuels or to
chemicals. Salfar levels of such finished fuels are expected to be low enough that £03 controls
are not requived.

(6) Low-Btz or Inrermediare-Bru Gas

Covers fuel gas from coal gasification at the site of utilization, or piped for relatively
short discances to the point of utilization, the energy value of fuel gas in this category is in
the range from 100-500 Btu/cu fr, depending on the gasifier:

s Low~Bru gas (typically, 150 Brufcu ft)
® Intermediate-Btu gas (cypically, 300 Btu/cu ft).

Generally, sulfur and particulate are to be removed from the fuel gas prior to its srilization.
(The Ras Industry Group and the Oil and Chemical Industry Group preferred to label this category
"Industrial Feuel Gas" as encompassing the range 100-500 Btufeu £i.)

{(7) Pipeline-Oualitv Gas

Pipeline-quality gas, or high-Bru gas, from coal is intended to be essentially interchangeabl
with natural gas in Ctransmission and utrilization. It is frequently called “substitute natural
gas" or "synthetic natural gas" (SNG), approximately 1000 Btu/eu ft.

(8) Mixed Tuels (@)

A colloidal product consisting of coal and a liquid that would have firing characreristics
of a liquid rather than a solid. This product could be 3 mixture of coal and petroleum products
or could also be a mixture of ceal and a synthetic liquids (which would be coal-derived). The
product has the potential of being distributed by existing methods, mainly pipeline distribution
systems.

(2} This fuel category was proposed and rared by the Coal Industry Group. It was not included in the
~ advance kit and was not rated by the other groups.
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STRUCTURE OF THIS REPORT

The following provides an overview of the structurz of the

remainder of this report.

Principal Results and Assessment. The results of the various workshops

are presented under this 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 and evaluation are referred to this main

section. t includes information on:
~ Participant feedback
~ Concepts and hypotheses

~ Recommendations relating to the methodology.

Overall Observations. This section contains ov2rall observations

related to the success of the workshop approach and a summary of

observations on key viewpoints of groups.

Appendix. Volume II coatains additional detailed informatiom as
follows.

A. Materials Provided to Participants Before and During
Workshops

B. Key Comments by Participants
C. Principal Records from Each Workshop
D. Additional Summaries of Results Across Groups

E. Statistical Analyses of Resulilts.



11

PRINCIPAL RESULTS AMD ASSESSMENTS

The principal results of the workshops are presented and assessed

in this section, organized as follows:

e Modifications and Interpretations of Definitions

e Ratings Placed on Importance of Evaluation Criteria

e Summary by Fuel Categories
~ Ratings, rankings by weighted scores, and
participant comments

e Evaluation Ratings of Fuel Categories Against Criteria

e Supplementary Information from Workshop Activities
— Forecast of relative mix of fuels

~ Suggested relative emphasis for R&D

o Summary Profiles of Groups.

The material im this section constitutes a broad summary and assessment of

results.

MODIFICATIONS AND INTERPRETATIONS
OF DEFINITIONS BY GROUPS

-
g

The groups were free to alrer the original definitions abstracted
in Tables 2 and 3 or to clarify interpretations in order to make their -
responses more effective in expressing 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 £igures and tables in this reporc. :.



TABLE 4. SIMMARY F PRINCIPAL REDEFINITIONS AND INTERPRETATIONS BY GROUPS

& (Coal Industry s Induscrial Fuel Users
Time Frame: FPresent to 1990 Time Frame: Presectc ro 1990
"Epergy independence’ means we can get along without Criterion A modified o icclude reducing foreign
gritical shortages imports
Added eighth fuel category, labeled "mixed fuels", Category 1 evaluated assuoing podifjed air qualicy
defined as a colloidal mix of pulverized coal and regularions-~ambient standards retained, poin:
oil source emission regulations removed, cost-benefit

and synergisw of pollatancs considered in
secring scaodards
® 0il and Chemical Industrv

N Category & includes primarily coal that can be
Tipe Frame: Midrange, 1985 o 2000 Surzed as a soltd

. . - Category 5 includes fuels primarily istended for
Cr;:;:::d!._ B, and C considered to be strongly inter higher valued end uses (e.g. cransportation)
Caregory 5 relabeled as "syntherie liquid hydrocarbouns"
Category & incerpreted as "Induszrial Fuel Gag" ® Z2ublic Interest Groups

Time “rame: Yot specilied

® Gas Industrv ’ Criterica C relabeled ''Finaacing"
Include land use and productivicy, weather ispacts,
- - ! - »
Tize Frame: Year 2000 human healch effects, and mine sice activities in
"Eliminate dependency on foreign sources" when we Cricerioa D
have to

Criterion E relabeled "Econoaic and Social Impacc™
Extent of Technical Problems considered for pew
rechnologies in evaluating Categories 4-7

For economics, the rotgl cost, from the ground to ¢ Sgste Governpenes
end uge was considered

Time Frame: Present to 1990

For Categories l-4, 'finished fuel” was interpreted to v "
be eleccricity "Energy indepandence” means the reduccion of energy

and economic vulnerabdbility

Category 6 relabeled "Industrial Fuel Gas"

® TFederal Goverument Agencies

® Electric Power Induscry

H Time Frame: Lefr unspecified
Tech N £
r.le-uz ;:::gi;;oevaluued or contriburion in Criterion A reoriented toward avoiding increage in

dependency om foreign sources

For Category 1 consider constant emission scandards

removed, but ambient air guality standards retained For Category 1, igmoring SO, esission regularions I

assuped to be legal

& Composite Group

Energy self-sufficiency considered to be an objective,
the remaining four criteria interpreted as coastraints
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RATINGS PLACED ON IMPORTANCE
OF EVALUATION CRILERIA -

Figure 2 presents graphically the results of the criteria ratings
by each group, as an indication of relative importance. These are final

rarings on a scale from 0 to 9 averaged for all participants within the group.

Table 5 shows these same ratings for each criteriom, with the groups

listed in rank order of ratings.

The following are principal observations noted from the results of

criteria rating:

e Criteria considered important by mosc groups were

energy self-sufficiency and economics (cost). The

Public Interest Group viewed these criteria as less

important than environmental or buman impacts.

e The Coal Industry Group gave energy self-sufficiency

an average rating of 8.1, the highest rating given

any criterion by any group.

e The Gas Industry Group expressed a strong rating of
impor=ance for ecomomics as a criterion, giving it

an average rating of 8.0.

e The 0il and Chemical Industry Group rated energy

self-sufficiency and economics equally at 7.9.

¢ The Industrial Fuel Users Group also regarded

energy self-sufficiency and economics as important

criteria, rating them at 7.7 and 7.9, respectively.



Importance of Criteria, Average for Group

Scale:

Criteria

0 (Unimportant) to 9 (Important)

Energy self-sufficiency KRRIBBVIBBINY |
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Environmentg! impacts
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Industrial Fuel Users

FIGURE 2.

Composite Group

FINAL RATING OF EVALUATION CRITERIA BY GROUP
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TABLE 5. RELATIVE TMPORTANCE PLACED ON EACH CRITERION

Average Rating ou a Scale From 0 to 9

Criterion Rating

Energy Self-Suff:c.leacy

Coal Industry

0il and Chemical Industry
Industrial Fuel Users
Federal Government Agencies
Electric Power Induscry
State (lovernments

Compos Lte Group

Gas Industry

Public Intere<t Groups

HPrPOPPUONNWOE

NN NN

Extent of Technical Problems

Electric Power Industry
Federal Government Agen. es
Coal Industry

0ii ard Chemizal Induscry
Composite Group

Gas Irdustry

State Governments
Industrial Fuel Users
Publi¢ Interest Groups

WHROAGCONO N
.
FPOMHHNDSMUTIO S

Ecoaomics

Gas Industry

0il ard Chemical Industry
Industrial Fuel Users
Elecrric Power Industry
Compos.ite Group

Federzl Goverament Agencies
Coal Industry

State Govermments

Public Interest Groups

WA~~~
»
WwHNNWEEODWOWO

Eavirommental Impact

Dublic Interest Groups
Consnosite Group

Federa! Covernment Agencies
State isovernnents

Electric Power Industry
Coal Industry

Industxial Fuel Users

01l and Chemical Induszry
Gas Industry

I-\UIUIU!:JIG\\I\I\I
WOoOLAVOOWL

Buman Impact

Public Interest Groups
Federal Governmment Agencies
Coal Imdustry

Gas Industry

Electric Power Industry
State Governments
Composite Group

011 and Chemical Industry
Industrial Fuel Users

.
OHWOOOOMN




16

e The Public Interest Group rated environmental impact

and human impact high, at 7.6 and 7.7, respectively.

e The Federal Government Agencies Group considered

energy self-sufficiencv as an important criterion,

rating it at 7.6.

e The Electric Power Industry rated energy self-sufficiency,

excent of technical problems, and ecomomics at 7.5, 7.4,

7.4, respectively.

e The lowest ratings were by _ine Public Interest Group for
extent of technical problems at 3.4 and for economics
at 3.9.

Generally, the groups regarded all the criteria as having significant
importance. Average ratings ware above 4.5, the midpoint of the scale,

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

An analysis of the variance (ANQVA) shows that there 're 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 discriminared least among the criteria of any groups. The Public
Interest Group reflected the strongest discrimination; this group took the
position thar their primary area of competence was with 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 the 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 ratings
are "unfavorable" and high ratings are "favorable", i.e., a highsrating for

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

rating cn extent of technical problems means few problems; a high raring on

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

impacts means few adverse impacts.

(As discussed previously, these ratings can be combined with the
ratings given to the evaluation criteria, to derive overzall 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 presentation)

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

(separate tabular presentation for esach
- eriterion: Tables 6-a through 6-e).

In drawing comparisons from Figure 3 as to the viewpoints of the groups, it
is suggested that the reader compare across the chart for a single criterion
and note the profile of the fuel ratings. For example, to examine how the
groups evaiuated the fuel caregories with respect to 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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(8 Participants)

i Coal,tired unconstrained
2 Low sulfur coal

2 Coal,fired controlied

+ Chemically cleaned coa!
s Synthetic liquids

s Low,int Btu gas

7 Pipeline-quality gas

s Mixed fuel

(8 Participants)

= In oll scaole definitions low ratings
are unigvarcble and mgh rotirgs
ore tavoroble, ie., o highreting
on Energy-Seif Sutficiency means
high contribution: @ high rating
on Economics means low cost,
a high rating on Extent of Tech-
nical Protlem means few problems,
Iikewise tor Environmental angt
Human Impacts.

(8 Porticiponts)

(8 Participants!
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TABLE 6-a.

RETATIVE EMPHASIS PLACED ON EACH FUEL CATEGORY BY VARIOUS INTEREST GROUPS

CRITERION A—ENERGY SELF SUFFICIENCY

Fuel Category

1) Coal, fired unconstrained by
SO2 regulations

041l and Chemical Industry
Electric Power Industry
Federal Govermment Agercies
Coal Industry

Industrial Fuel Users
State Governments

Gas Industry

Composire Group

Public Interest Groups

2) Low sulfur coal, fired to meet
SO2 regularions

01l and Chemical Industry
Public Interest Groups
Federal Government Agencies
Industrial Fuel Users
Stare Governments

Electric Power Industry
Coal Industry

Composite Group

Gas Industry

3) Coal, fired with §0, Control
Equipment

State Governments

Public Interest Groups
Federal Government Agencies
011 and Chemical Industry
Composire Group

Industrial Fuel Users
Electric Power Industry
Coal Industry

Gas Industry

4) Chemically Cleaned Coal

State Governments

Public Interest Groups
Industrial Fuel Users
Federal Government Agencies
Coal Industry

Electric Power Industry
Compasite Group

011 and Chemical Industry
Gas Industry

Fuel Category

Rating
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5) Syzcheric Liquids

Gas Industry

State Goverunents

Public Interest Groups
Composite Group

011 and Chemical Induscry
Federal Government Agencies
Industrial Fuel Users
Electric Powexr Industry
Coal Industry

6) Low/Intermediate Btu Gas

Public Interest Groups
State Goverutments
Industrial Fuel Users
Composite Group

01l and Chemical Inmdustry
Gas Industry

Electric Power Industry
Federal Goverument Agercies
Coal Industry

7) Pipeline-Qualicy Gas

Gas Industry

State Governments

Couposite Group

Public Interest Groups
Industrial Fuel Users
Federal Govermment Agencies
01l and Chemical Industry
Coal Industry

Electric Power Industry

8) Mixed Fuels

Coal
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TABLE 6-b. RELATIVE EMPHASIS PLACED ON EACH FUEL CATEGORY BY VARIOUS INTEREST GROUPS.

CRITERION B—EXTENT OF TECHNICAL PROBLEMS

Fuel Category Rating Fuel Category Rating
1) Coal, fired unconstrained by 5) Synthetic Liguids
SO2 regulations
Composite Group 8.7 Electric Power Industry 3.8
Gas Indusetry 8.5 Public Interest Groups 3.6
Electrlc Power Industry 8.5 Composite Group 3.5
Industrial Fuel Users 8.4 011 and Chemical Industry 3.4
Coal Industry 8.0 Industrial Fuel Users 3.0
011 and Chemical Industry 8.0 Federal Govermment Agencies 3.0
Federal Government Agencies 7.9 Coal Industry 2.5
State Goveruments 7.9 State Governments 2.4
Public Interest Groups 7.1 Gas Indus<ry 1.9
2) Low sulfur coal, fired to meet 6) ' Low/Intermediate Btu Gas
802 regulations
Electric Power Imdustry 8.0 Composite Group 6.3
Gas Industry 7.8 01l and Chemical Industry 5.9
Composite Group 7.8 Electric Power Industry 4.9
Irdustrial Fuel Users 7.4 ‘ Industrial Fuel Users 4.7
0il and Chemical Industry 7.2 State Governments 4.4
State Governments 6.9 Fedexal Government Agencies 4.3
Coal Industry 6.8 Coal Industry 3.9
Public Interest Groups 6.7 Public Interest Groups 3.9
Federal Government Agenciles 6.4 Gas Industry 3.5
3) Coal, fired with 502 control 7) Pipelime=Quality Gas
Equipment
Gas Industry 5.6 Composite Group 6.0
Public Interest Groups 5.0 01l and Chemical Industry 4.9
0il and Chemical Industry 4.6 Coal Industry 4.4
State Governments 4.0 Federal Government Agencies 4.4
Federal Government Agencies 3.9 Electric Power Industry bl
Electric Power Industry 3.5 Industrial Fuel Users 4.1
Industrial Fuel Users 3.4 Public Interest Groups 3.3
Composite Group 3.2 State Governments 2.6
Coal Industry 2.6 Gas Industry 2.1
4) Chemically Cleared Coal 8) Mixed Fuels
Public Interest Groups 4.3 Coal Imdustry 5.9
Electric Power Industry 3.4
Industrial Fuel Users 3.4
Federal, Government Agencies 3.3
Coal Industry 3.0
Composite Group 3.0
State Governments 2.6
Gas Industry 2.5
011 and Chemical Imdustry 2.2




TABLE 6-c. RELATIVE EMPHASIS PLACED ON EACH FUEL CATEGORY BY VARIOUS INTEREST GROUPS.

CRITERION C—ECONOMICS

Fuel Category

Rating Fuel Category

1) Coal, fired unconstrained by

SO2 regulations

Rating

5) Synchetic Liquids

Coal Imdustry 8.5 Gas Industry 6.8
Electric Power Industry 8.4 Composite Group 3.7
State Governments 8.4 Public Interest Groups 3.0
Federal Government Agencies 8.3 Industrial Fuel Users 2.9
Industrial Fuel Users 7.9 Electric Power Industry 2.8
011 and Chemical Industry 7.8 Coal Industry 2.4
Composite Group 7.8 State Governments 2.0
Public Interest Groups 7.0 011 and Chemical Industry 1.9
Gas Industry 3.0 Federal Government Agencies 1.7
2) Low sulfur coal, fired o meet 6) Low/Intermediate Btu Gas

502 regulations

Federal Government Agencies
Coal Industry

01l and Chemical Industry
Electric Power Imdustry
State Goveroments
Composite Group

Industrial Fuel Users
Public Interest Groups

Gas Industry

3) Coal, fired with S(J2 control

equipment

Public Interest Groups

01l and Chemical Industry
Industrial Fuel Users
Composite Group

Electric Power Industry
State Governments

Coal Industry

Federal Government Agencies
Gas Industry

Chemically Cleaned Coal

Electric Power Industry
Industrial Fuel Users
Public Interest Groups

01l and Chemical Industry
Composite Group

Coal Industry

State Governmments

Federal Government Agencies
Gas Industry

Gas Industry

Composite Group

Electric Power Industry
Industrial Fuel Users

011 and Chemical Industry
Public Interest Groups
State Governments

Federal Government Agencies
Coal Industry
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7) Pipeline-Quality Gas

Gas Industry

Composite Group

Industrial Fuel Users
Public Interest Groups

0il and Chemical Industry
Federal Government Agencies
State Governments

Coal Industry

Electric Power Industry

HFNWWWEe S SD
! hatiba
FPOHNOVDWWWLO

8) Mixed Fuels

Coal Industry

» s o s 8t = 3
oONWVWNhNNND

ONKMNMNDWWLWWLW

NWWwWwwsnnUn
)
oo onwWOoONO

.

HFHERRORNNONBY
EBRNHEON®W

3.1




24

TABLE $-J, BELATIVE EMPHASYS PLACED ON EACH FUEL CATEGORY BY VARIOUS INTEREST GROUPS.

CRITERION D—ENVIRONMENTAL IMPACIS

Fuel Category Rating Fuel Category Rating
1) Coal, fired unconstrained by 5) Synthetic Ligquids
502 regulations
Electric Power Industry 3.8 Composite Group 6.8
Coal Industcry 2.8 Gas Industry 6.4
011 and Chemical Industry 2.6 Electric Power Industry 6.4
Industrial Fuel Users 2.1 Coal Industry. 5.9
State Governments 1.3 Federal Government Agencies 5.7
Federal Government Agencies 1.2 Induscrial Fuel Users 5.6
Gas Industry 1.0 011 and Chemical Industry 5.5
Composite Group 0.5 State Governments 4.9
Public Interest Groups 0.4 Public Interest Groups 4.4
2) Low bulfuxr coal, fired to meet 6) Low/Intermediate Btu Gas
SOZ regulations
Coal Industry 6.9 Composite Group 7.0
Electric Power Industry 6.0 Electric Power Industry 6.8
Federal Government Agencies 5.9 011 and Chemical Industry 6.4
Industrial Fuel TUsers 5.6 Gas Industry 6.2
011 and Chemical Industry 5.5 Coal Industry 6.1
Public Interest Groups 5.1 Federal Government Agenciles 6.0
State Governments 5.0 Industrial Fuel Users 5.9
Gas Industry 4.5 State Governments 5.1
Composite Group 4.5 Puklic Interest Groups ~ 4.8
3) Coal, fired with SO2 control 7) Pipeline-Quality Gas
equipment
Federal Goverament Agencies 6.1 Gas Industry 8.0
State Governments 5.9 Composite Group 7.3
Coal Induscry 5.8 Electric Power Industry 6.6
01l and Chemical Industry 5.8 0il and Chemical Industry 5.8
Gas Inpdustry 5.0 Industrial Fuel Users 5.7
Composite Group 4.8 Federal Government Agencies 5.7
Industrial Fuel Users 4.7 Coal Imdustry 5.4
Electric Power Industry 4.6 Public Interest Groups 4.0
Public Interest Groups 4.6 State Governments 3.9
4) Chemically Cleaned Coal 8) Mixed Fuels
Coal Industxy 6.0 Coal Industry 6.1
Federal Government Agencies 6.0
Electric Power Industry 5.9
Gas Industxy 5.4
Industrial Fuel Users 5.3
Public Interest Groups 5.0
Composite Group 5.0
01l and Chemical Industry 4.8
State Goverrmen:s 4.6




TABLE é~e. RELATIVE EMPHASIS PLACED ON EACE FUEL CATEGORY BY VARIOUS INTEREST GROUPS.
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CRITERION E—EUMAN IMPACTS

Fuel Caregory

Raring

1) Coal, fired unconstrained by
SO2 regulations

Electric Power Imdustry
State Goverpments

Coal Industry

Industrial Fuel Users

0il and Chemical Industry
Composite Group

Gas Industry

Federal Govermment Agencies
Public Interest Groups

2) Low sulfur coal, fired to meet
502 ragulations

~ 0il and Chemical Industry
Coal Industry
State Governments
Electric Pcwer Industry
Industrial Fuel Users
Public Interest Groups
Gas Ipdustry
Federal Government Agencies
Composite Group

3) Coal, fired with So2 control
eguipmeac

041 znd Chemical Industry
State Govermments
Composite Group
Federal Government Agencies
Gas Industry
Coal Industry

- Public Interest Groups
Industrial Fuel Users
Electric Power Industry

4) Chemically Cleaned Coal

State Governmments

Electric Power Industry
Federal Govermment Agencies
Industrial Fuel Users

01l and Chemical Industry
Coal Industry

Gas Industry

Public Interest Groups
Composire Group
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Fuel Category Rating
5) Synthetic Liquids
State Governments 6.4
Federal Government Agencies 6.4
Composite Group 6.3
Electric Power Industry 6.2
011 and Chemical Industry 6.0
Gas Industry 6.0
Public Interest Groups 5.0
Industrial Fuel Users 4.7
Coal Industry 4.6
6) Low/Intermediate Btu Cas
Electric Power Industry 6.9
011 and Chemical Industry 6.4
State Governments 6.4
Gas Industry 6.1
Federal Govermment Agencies 6.1
Industrial Fuel Users 5.8
Composite Group 5.5
Public Interest Groups 5.3
Coal Industry 4.9
7) Pipeline-Quality Gas
Gas Industry 7.4
State Goveruments 6.9
Federal Government Agencies 6.1
011 and Chemical Industry 6.0
Composite Group 5.8
Electric Power Industry 5.6
Industrial Fuel Users 5.4
Public Interest Groups 5.0
Coal Industry 4.2
8) Mixed Fuels
Coal Inpdustry 5.6
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Overview of Fuel Categories
Ratings

In assessing the results of the final rating of 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, envirommental

impact, 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 ou the order of 2.5 points on the rating scale.)

e The widest disagreement was observed in evaluating the
fuel catregories for contribution to emergy 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 evaluation of coal, fired uncomstrained for energy

self-sufficiercy, where two polar positions emerged:

the Gas Industry Group, the Composite Group, and Public
Interest Group combined to give a low average rating,
and the remaining groups were in fairly close agreement

with a high average ratiag.)

Other points of interest shown by the summaries:

e The absolute highest rating was for the extent of

technical problems involved in burning coal, unconstrained

by §92 regulations -— 8.7, by the Composite Group. That

is, fel_technical problems are perceived.
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The closest agreement over all groups was for the

environmentral impact of chemically cleamed 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 burming coal,

unconstrained by 502 regulations; ratings ranged
from 1.1 to 7.8.

Other areas of marked disagreement among groups were

(1) the evaluations of pipeline quality gas relative

to energy self-sufficiency and as to economics, and

(2) the evaluation of synthetic liquids relative to

economics. Differences betrween 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 (1 through 4) low, giving
the absolute lowest ratiag of all groups to coal
categories 2, 3, and 4. Their rating ot pipeline

quality gas was significantly higher tham all of
the other groups. .

- For economics, the Gas Industry rated well below
all other groups for coal categories 1 through 4
and well above all other groups for the svmtheric
caregories 5, 6, and 7.

The Public Interest Group stands out in their views

toward burning of coal, unconstrained by S0, regulationms.

For this fuel category, they provided the a2bsolute lowest

average rating for three of the five criteria. (This




Fuel
Category

TABLE 7.

Groupl

Coal, fired
unconstrained by
SO2 regulations

Low sulfur coal,
fired to meet
502 regulations

.« Coal, fired with

50, control
eqﬁipment

WEIGHTED SCORES AND RANKINGS OF FUEL CATEGORIES

Maximum score .is 10.0,

refer to rank order of scores within groups.

Numbers in italics

5.6

5.7

7.1

Chemically cleaned
coal

Synthetic liquids

Low/intermediate
Btu gas

Pipeline-quality
gas

8.

Mixed fuels

4.3

6.1

4+

7‘2

6.1
4t

5.0

6.3

7.1

5+

7.8

7.5

0.0 0.0
7.9
] 5
i
7.0 7.0 6.3
5 ) 7
6.9
6
8,1
4
6.5,
7

*  Maximum value
of score is
10.0

8¢




29

group observad that their background of experience was

relatively limited in evaluating the fuel categories

wirth respect to technical problems and economics.

WEIGHTED SCORES FOR

FUEL €ATEGORIES

Table 7 presents a matrix oz wéigbted 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 10.0, 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 -lowest ranking having
no shading. (Categories which ranked fourth, fifth, and sixth are shown by
a single lighr shading.) »

Table 8 summarizes by fuel category the rank order position in which

each workshop group scored the various fuel categories. A low ranking number
reflects high scores of fuel preference. For examgle, the Composite Group
ranked Fuel Category 6 (low/intérmediate Btu gas) as their highest ranking
fuel category as determined by weighfed scores (No. 1 ranking).

Overall Observations on

Fuel Category Rankings

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 SO

Btu gas. Detailed observations follow.

p-controls, and low/intermediate-
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TABLE S. RELATIVE EMPHASIS PLACED ON EACH FUEL CATEGORY BY VARIOUS INTEREST GROUZS.
RANK ORDER POSITION OF WEIGHTED SCORES WITHIN GROUPS.

Fuel Category Rank Order* Fuel Category Rank Order™
1. Ceal, Fired Unconstrained by Synthetic Liquids
50, _Regulations
Coal Industry 1 Gas TIndustry 2
Electric Power Industry 1 Composite Group 4
Industrial Fuel Users 1 Electric Power Industry 4
State Gevernments 2 Public Interest Groups 5
Federal Government Agencies 2 State Governments [
01l and Chemical Industry 2 0il1 and Chemical Industry 6
Coxposite Group 6 Federal Governmment Agencies 7
Gas Industry 6 Tondustxial Fuel Users 7
Public Interest Groups 7 Coal Industry 7
2. Low Sulfur Coal, Fired to Meet Low/Intermediate Brtu Gas
S0, Kegulations -
01l and Chemical Industry 1 Composite Group 1
Public Interest Groups 1 Gas Industry 2
Federal Government Agencies 1 Public Interest Groups 3
State Governments 1 Induscrial Fuel Users 3
Industrial Fuel Users 2 Electric Power Industry 3
Coal Industry 2 State Govermments* 4
Electric Power Industry 2 011 and Chemical Industry 4
Composite Group 3 Fedesral Government Agenciles 4
Gas Industry [ Coal Industry 4
3. Coal, Fired with SO, Conkrol Pineline-Quality Gas
Equipment “
Public Interest Groups 2 Gas Industry 1
State Governments 3 Composite Group 2
041 and Chemical Industry 3 Federal Govermment Agencies 3
Federal Govermment Agencles 3 Induscrial Fuel Users 5
Cooposite Group 5 01l and Chemical Industry 5
Industrial Fuel Users 5 Public Interxest Groups [
Gas Industry 5 Electric Power Industry 7
Coal Industry 6 State Governments 7
Electric Bwer Industry 6 Coal Industry 8
4. Chemically Cleaned Coal Mixed Fuels
Public Interest Groups © 3 Coal Industry 3
industrial Fuel Users 4
Electric Power Industry 4
State Governmernts S
Coal Industry 5
Federal Government Agencies 6
Composite Group 7
01l ar. Chemical ™ s:Iry 7
Gas sundustry 7
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® Low-sulfur coal was ranked highest by four groups

and second by three groups.

e Coal fired without S0, controls was ranked highest by

three groups and second by three groups.

e Low/intermediate-Btu gas was ranked highest among

the synthetic fuels categories by all except the

Gas Industry Group and it was top ranked over all the
fuel categories by one group, the Composite Group.

Ir was second ranked by one group and third ranked

by three groups. All groups rated it no lower

than fourch.

e Other categories thar were ranked first or second by

at least one group were

— Coal, fired with SO, controls (including
both stack-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 noted that two of the highest ramking

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

Similarities Among Groups

Several striking features are noted in Tables 7 and 8 as to

similariries in rankings of fuel caregories among the various groups:

e The first four rankings were remarkably similar for
the groups representing the Coal Industry, the Electric
Power Industry, and Industrial Fuel Users. The first

two rankings were identical and the third and fourth
were very similar.
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e The first four rankings were identical for the 0il
and Chemical Industry Group and the State Governments

Group.

o The rankings by the Gas Industry Group and the Composite
Group were generally similar, especially at the lower

three rankings.

o The rankings by the Public Interest Group stood out as
substantially different chaﬁ the 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 backgrourd in evalua-

ting technical problems and economics, as noted previously.)
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SUMMARY BY FUEL CATEGORIES—RATINGS, RANKING
BY WEIGHTED SCORES, AND 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 ncted in footnotes.

The first observation in each subsection relates to the ranking of
the fuel category in terms of final weighted score. Other observations relarte

to ratings against the evaluation criteria.

Nored in italics for each fuel category are especially significamt
comments by participants during workshops. When 2 comment was expressed by an
. dndividual participant, as distinguished from a gemeral position, this is
noted by (IP) following the comment. (Additional key comments are contained
in Appendix B.)

l. Coal, Fired Unconstrained by
S50, Regulations*

Raokings
o This category was ranked first or second (in terms
of weighted score) by 6 of the 9 groups. It 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 Croup established an interpretation on
Fuel Caregory 1 that ir refers to "unconstrained" by constant
emission regulations, but with ambient air-quality standards maintained
as esrablished 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 contribution of this category to energy self-
sufficiency was ranked highest by the industrial

groups {except the Gas Industry Group) and by the

Federal Government Group. The Public Interest Group,
Composite Group, and Gas Industrv Group rated it the

lowest. Table

-t

As expected, few tecﬂnical problems were perceived

in firing coal without SO, control equipment. Table

Economics of firing coal without controls were
rated favorable by all groups except the Gas
Industry Group. Table

Extensive environmmental impact was associated with =

this fuel use categoery by all groups; the most
pessimistic was the Public Interest Group and the
most optimistic was the Electric Power Industry

Group. Human impacts were viewed similarly. * Tables

Significant Comments in Workshops

Regarding Firing Coal Unrestrained

by S0, Regulations

The Coal Industry Group stated that there is a serious
problem in converting many plants back to coal
burning. The distribution system for coal would have
to re 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 or 5 percent is usually unacceptable to a

utility. Gas designed boilers cannot be converted.

6-b

6-c

6-c, d
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The Public Interest Group discussed the health effects
of 502. Sulfate and particulate matter were mentioned
as also being important, especially respirable particu-

lates.

The Federal Government Group indicated that there are
many places where we could burn coal without 50,
controls and still meet the ambient standards. (On
the order of 50 percent of the coal-fired electric
power plants presently violate some standards.) To
solve our energy problems we will have to burn coal

unconstrained by 502 regulations.

2. Low-Sulfur Coal, Fired to

Meet SO, 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: 0il and Chemical Group,

Public Interest Group, State Goveruments Groups,

and Federal Agencies Group. The lowest ranking was

by the Gas Industry Group.

Evaluation Ratings

The contribution of this fuel category to energy
self-sufficiency was réted moderate to high by eight
of the groups. Reservations were expressed by all
groups as to the amount of low-sulfur coals thar

will be available and practical to cransport to point
of use,

Few technical problems were perceived by the groups.
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e Economics for the use of low-sulfur coal were judged
favorably by eight groups. A pessimistic view was

recorded by the Gas Industry Group.

e Environmental and human impacts of this category were

judged generally to be equivalent to those for the

syathetic fuels categories.

Significant'Cbmments in Workshops
Regarding Low Sulfur Coal

e Several groups indicated that low-sulfur coal is a
desirable answer but regarded the supply as limited,
as confirmed bé 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 with 802 Control Equipment

This category was defiﬁ;a to include (1) stack-gas treatment,
(2) chemically active fluidized-fuel combustion, or (3) any other systems

where SO, control is combined with the combustion process.

Rankings

s Four groups ranked this category moderate to high
(ranking 2 or 3) in terms of the final weighted
score: Public Interest Group, the two govermment
groups, and the 0il 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.-
sufficiency was rated highest by the State anc Federal
Government Groups and Public Interest Groups. The
industry groups rated the contribution of this fuel

category as moderate to low. Table 6-a

o Many technical problems yet to be solved for this fuel

category were perceived by all groups; the most

pessimistic was the Coal Industry. Table 6-b

e The cost of S0, control equipment was rated relatively

expensive by all industry groups. Table 6-c

e This fuel category compared favorably in ratings of

envirommental impacts to most of the other fuel

categories but lower than rhe synthetic liquid aad:
gaseous fuels. Human impacts were rated similarly,

around mid range. Tables 6-d,e

Sicnificant Comments in Workshops
Regarding Coal, Fired with S0, Controls

e 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 parricipant.
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® A representative from the Composite Group commented
on fluidized combustion as being a very attractive
techaology under this fuel category. IT may J':e 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 category was defined to include (1) solvent-refinmed coal or

(2) other chemically desulfurized coal that is fired conventiomally as 2
wolid fuel.*

Rankings

e Three groups ranked this use moderate to high in
overall weighted score: the Public Interest Group
(ranking 2), plus the Industrial Fuel Users and
Electric Power Industry Group (ranking 4). Low
preference was expressed by the other grougps
(ranking 5 to 7). Table 8

Evaluation Ratings

e The contribution of this fuel category to energy

self-sufficiency was generally rated low to

moderate. Table 6-a

*® The Gas Industry Group interpreted "finished fuels" to be electricity
in Fuel Categories 1, 2, 3, and 4.
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e 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 Greup. Table 6-b

® Costs of chemically cleaned coal were judged more
expensive than the other fuel alternstives. The
0il znd Chemical Industry Group was the most

extreme of the groups in anticipating high costs. Table 6-c

e 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. Tables 6-d,e

Significant Comments in Workshops
Regarding Chemically Cleaned Coal

e Representatives of the Electric Industry Group
suggested that the problem with solvent-refined
coal is that it is neither coal (solid) nor oil
(ligquid); it is very difficult to store; it may
be carcinogenic; and there are great materials

handling prolklerns.

® The recorded position by the 0Oil and Chemical
Industry Group included this statement:
"Important objecrtive of sulfur removed from coal
is depreciated in this rating by tying it to

solvent-refined coal”.
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5. Synthetic Liguids

This category includes liquid fuels from coal and intermediate

liquids feedstocks for further refining to finished fuels or ro chemicals¥.

Rankings
' ﬁankings of overall preference for this fuel category
were generally moderate to low. The highest ranking

for synthetic liquids was by the Gas Industry Group

{(tying for second in terms of weighted scores). The
0il and Chemiczl Industry ranked this category sixth;
however, the group observed that this ranking did not

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

importance of this category. Table 8

~

Evaluation Ratings

e Contribution of this fuel category to energy self-
sufficiency was rated from low to moderately high,
with the Gas Industry Group recording the highest
rating. The 0il and Chemical Industry Group's view
was about average. (Rankings appeared to relate
to differing views as to the role of synthetic -
liquids for feedstocks and for tramsportation fuels.) Table 6-a

e Many technical problems yet to be solved for synthetic
liquid productiop were perceived by all groups.
The most optimistic view was held by the Electric
Power Industry Group. : Table 6~b

* The 0il and Chemical Industry relabeled this category as "Synthetic
Liquid Hydrocarbons™, thus eliminating methanol.
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e The costs associated with syntheric liquids were

judged high by 8 of the groups. The Gas Industry
Group was alone in estimating costs to be relatively

favorable. Table b6-c

e Envircnmenral impacts associated with synthetic

liquids were judged to be moderate, roughly
comparable to those for fuel cztegories 2, 3, and

4. The human impacts were judged similarly.

(Potentially carcinogenic materials for symthetic
liquid products and intermediates were menticned by

several groups.) Tables 6-d

Significant Comments in Workshops
Regarding Synthetic Liquids

Several groups pointed out that the transportation sector is
dependent on ligquids. The following additional comments are

from the statements by the Oil and Chemical Industry Group.

e Technical and economic uncertainties produce an
unjustified derating of synthetic liguids, producing
a low ranking (6th).

e Suggest that synthetic liquids should be broken down
to several catego:ies—-methanoIY Fischer-Tropsch,
hydrogenated syncrude, and lighélg hydrogenated coal

(which may be carcinogenic problems). -

® The state of the art In synthetics Xs not good.

Government action in R&D is needed.
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Liquid hydrocarbon has priority uses (e.g., trans—
portation, engine fuels, and home heating oils).

Coal can and should substitute for nonpriority uses.
Long~term surthetic liguids will not displace existing
high priority fuels, rather they should supplement
them.

Technology for production of methanol from coal is
considerably more advanced than production of syncrude

.

from coal.

Aromatics for chemical use will come progressively

more 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 technology whick has been demon-—~

strated on a commercial scale.

If this category is Iimited to "Synthetic Liquid
Bydrocarbons"” and if we concentrate on a time frame
from 1985 to 2000, then "Synthetic Liquids" assume
great significance. In particular, we believe they
will be of increasing importa_;_ace as transportation
and space-heating fuels, and as chemical feedstocks,
first to supplement petroleum and then to substitute

for it.
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Significant Comments in Other Workshops
Regarding Syntnecic Liquids

@ The Electric Power Industry Group cited some
experience with synthetic liguids "sludging out”.
Pyrolysis liquids have gummed up machines.

There are a lot of problems yet 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 synthetic
liquids and may have resulted in some down rating

of liguids from coal.

6. Low and Intermediate-Btu Gas¥*

Rankings

¢ The Composite Group top ramked this fuel category in terms
of weighted scores. The Gas Industry Group ranked it second.
Three additional groups ranked it third: Public Interest
Grecups, Industrial Fuel Users, and Electric Power Industry.
All groups except the Gas Industry Group noted it first
among the syntheric fuels categories. Table 8

Evaluation Ratings

e The contribution of this fuel category to energy self-
sufficiency was judged to be moderate. Table 6-a

* The Gas _Industry and the 0il and Chemical Industry Group relabeled this
category as "Industrial Fuel Gas" (100-500 Btu/cu ft).
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o Many technical problems associated with this fuel

category were perceived by seven of the groups with
the Gas Industry Group the most pessimistic. The
Composite Group and the 0il and Chemical Industry
were relatively optimistic (rating 6.3 and 5.9,

respectively). Table 6-b

o Wide differences in views of economics associated
with this fuel category were recorded. Eight groups
expected costs to be moderate to high. The Gas

Industry Group considered costs to be favorable. Table 6-c

¢ Environmental impacts associated with this fuel

category were judged to be moderate, with the Composite
Group and Electric Power Industry Group recording the

most favorable ratings. Human impacts were regarded

similarly., Table 6~d,e

Significant Comments in Workshops
Pegarding Low/Intermediate Btu Gas

® The Gas Industry Group commented that intermediate Btu
gas is almost the same price as SNG. (Production of
intesmediate Btu gas is a basic step in production of

pipeline guality gas.)

¢ A representative of the 0il 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. (I#)
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e The Federal Government Grou: pointed out that low
Btu gas has potential for ccmbined-cycle use with
nigh éfficiency. Much of the current thrust in low

Btu gas is for combined-cycle use.

e There was a view expressed in the Federal Government
Agencies Group that it would be inefficient, if by
the year 2000, the predominant use of coal would be
in boilers with sulfur-oxide controls. A more
efficient use would be low Btu gasification, used in

a combined-cycle system, or some equivalent system. (IP)

e 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)

Significant 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 1s an excellent chance that we can
ultimately generate pcwer at a moderate decrease in

cost over the conventional firing with stack-gas
Scrubbing. (IP)

& Low/intermediate Btu gas can also be used by industry.

This probably will require an industrial complex with

on-site gasification.
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Coal could be transported to the power generation plant
wnich could be run by gas or electric utility industry,

to keep the cost down. (IP)

Low/intermediate Btu gas technology offers more benefits

than any other technology. (IP)

The benefits of low/intermediate Btu gas are based on
projections, and the benafits of the fluidized bed
are also based on projections; i.e., the R&D is not

yet complets. (IP)

The filuidized bed process can be used to make process
Steam at 600 F. It can be used to produce electricity,

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

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

ne2ed to operate the gas producer at a constant rate.

The largest users of low Btu gas will be power plants

and these gas plants will be 5ﬁ—site. The gasification
plant will be run at a constant rate and ths clean gas
could be run through a ligquid 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-cycle systems. (IP)
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7. Pipeline-Quality Gas

Ranking

——————d

s The Gas Industry Group top ranked pipeline-qualityv gas
or SNG (ranking first in terms of weighted scores).
The Composite Group ranked this second. The ranking

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

Evaluaticen Ratings

e Wide differeaces 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.

e The Groups perceived many unsolved technical problems

associated with SNG, the Gas Industry Group being
the most pessimistic. The Composite Group was the
most optimistic.

e The view of economics associated with SNG yielded
the widest variation among the groups of any of the
fuel categories. The most favorable cost picture was
axpected by the Gas Industry Group and the least
favorable by the Electric Powe:s Industry and Coal
Industry.

e Concerns over epvironmental impacts associated with

SKG production were reflected in the evaluation by
six of the groups. The most favoraktle evaluations
were by the Gas Industry Group, the Composite
Group, and the Llectric Power Industry Group.

The Gas Industry view was the most favorable
environmental impact rating recorded for any of

the fuel categories.

Table 8

Table 6=-a-

Table 6-b.

Table 6-c

Table 6-~d
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e Human impacts of SNG were judged moderate to
favorable. The Gas Industry Group evaluation
yielded the most favorzble human impact rating of

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

Significant Comments in Workshops
on Pipeline-Quality Gas

e The Electric 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.

e A representative from the Electric Power Industry
Group commented that pipeline guality gas is so
expensive that it will not be viable for a long time. (IP)

® The 0il and Chemical Industry Group stated that the
problem with synthetic fuels is the difficulty in

obtaining financing.

& fThe Gas Industry Group stated that the country cannoct
afford to give up a highly efficient distribution

system; i.e., the gas Jistribution system.
8. Mixed Fuels
The Coal Industry was the only group that added this fuel category,

combining solid coal and a liquid—but fired as a liquid. Firing of coal/

o0il slurries would £211 into this category.
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Ranking

This rfuel concept was ranked third by the Coal

Industry in rerms of final weighted scores. Table

Evaluation Ratings

The contribution of this fuel category to energy

self-sufficiency was considered moderate. Table

Technical problems associated with mixed fuel were

judged not extensive compared to other fuel

categories. (Problems include preparatiom,
transportation, and firing.) Table
Costs associated with this fuel use category were

rated mocerate. Table

The mixed fuel concept was judged favorably as
to environmental impact, comparable to chemically
cleaned coal. Table

BEuman impacts were regarded as moderate. Table

6-a

6-c
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Significant Comments in Workshop
Regarding 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.

e The costs associated with mixed fuels will depend on
several factors: whether the liguid is natural or
synthetic, whether the coal is pulverized to a size
for transporting as a siurry or collodial suspension.
These possibilities suggest that this is a fruitful

area of research.

e There may be more problems with mixed fuels than
first realized; e.g., materials handling. A new
technology may be required to make possible delivery
as a liquid; e.g., a stabilized liquid.
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SUPPLEMENTARY INFORMATION FROM
WORKSHOPS ACTIVITIES

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 furure years, and (2) a suggested allocation of

relarive emphasis for R&D effort.

Forecast of Relative Mix of Fuels

This supplementary activity was added near the end of the workshop
session to take advantage of the rendency of participants to predict what
will occur — as opposed to the intended thrust in the preceding ratings of

what should be encuuraged 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 information is included in Appendix A.) This also allowed-
participanrs 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 rhe information is expressed in terms of
relative or percentage mix 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 substanrial increase in relative utilization mix of derived or
synthetic fuels was forecast (Fuel Categories 5, 6, and 7). In percentage
of energy originating from cozl, the participants forecast thar utilization
of these syntheric 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 epergy ytilization. This shows the forecasts of coal energy and total
resource consumption thar were made for two scenarios in ERDA-48% for
the years 1985 and 2000.

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

Some significant aspects of the group viewpoints were observed.

® Several groups were optimistic with respect to the

near~term growth of 50, _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 utilizarion of this fuel category in 2000

was forecast by the State Govermments 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 502 controls by the
year 2000.

e 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.

e The 0il and Chemical Industry Group and the Gas Industry

Group were the most optimistic abour the growth of

* "A National Plan for Eaergy Research, Development, and Demonstration:
Creating Energy Choices 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.

e The Electric Power Industry thgp and Industrial Fuel
Users Group were the most op:imiétic group concerning
low and intermediate Btu 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.

Suggested Relative Emphasis for R&D

Several of the industry groups suggested that a direct rating be
conducted on the relative emphasis for R&D directed to each of the fuel
categories. A point recognized and discussed by most of the groups was
that the fuel category ratings (of what should be encouraged on a prioricy
basis) do not necessarily relate directly to the allocation of R&D needed
to bring aboutr commercialization, as thié depends on the state of the

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

In respomse to this request, a recording form was developed
(included in Appendix A). This called for participants to indicate the
relative R&D efforr that they believe appropriate to 2llocate to each fuel
category, considering the evaluation criteria from his or her own viewpoint
and the relative costs of R&D in the various areas.™ A percentage scale

was used, so the allocations added to 100 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 ballor was used following the
workshops. Thus, the participants did nor have the benefit of detailed

. discussion 2nd subsequent revision of responses as in the previous evalua-~
tion of fuel categories.
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viewed that the grearest R&D efforts should be directed to synthetic liquids
and to gasification. Substanrial allocations were suggested for SO2 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.

e The Cas Industry Group and the Industrial Fuel Users
* Group showed strong emphasis for R&D directed to pipeline-
quality gas (44 and 27 percent, respectively).

e Both the 0il and Chemical Industry Group and the Coal
Industry Group placed strong emphasis on R&D for

synthetic liquids (39 and 24 percent, respectively).

" In addition to Federal R&D and demonstration in syathetic
liquids processing, comments by participants suggested
that R&D is needed in the production and utilization of

synthetic liquid fuels with minimum environmeatel impacts.

e The Electric Power Industry Group revealed a preference

for low and intermediate-Bru gas (27 percent). R&D needs

in bath gasification and utilization were mentioned in

group discussions.

e The State Governments Group showed a preference for R&D
allocated to §gz 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 trearment

and in fluidized-bed combustion.
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The Public Interest Group placed its highest allocation

on chemically-cleaned coal (20 percent). Participants

commented on the need for improvements both in chemical
cleaning processes and in techniques of firing the

finished fuels.

Relatively little emphasis was placed on Fuel Categories 1

and 2, coal fired unconstrrained by SO, regulation and

low sulfur coal. The Electric Power Industry Group

suggested the highest allocation of any group for
Category 1 allocatjon (11 percent); their 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. Comments
of the Industrial Fuel Users Grecup showad broad interest
in R&D on aspects of air-pollution control in addition to

so, (e.g., particulates and NOx).

The Coal Industry Group suggested a modest allocation
for the mixed fuel category. While the concept is based
on firing the fuel generzlly as a liquid, needed R&D was
cited to solve protlems in preparation, tramsportation,

and firing of mixed fuels.
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FIGLRE 8. OVERVIEW OF WORKSHOP GROUP VIEWPOINTS ON FUEL CATEGORIES

Largest Use Forecast For Major
Grow, Top Ranked 1880 2000 R&D Emphasis
Coal Industry Coal, no controis > Coal, no controls - .
LS ¢coal ————m——> LS coal . .
. . Synth liquids » Synth liguids
- - Low-Btu gas .
0il & Chemical LS coal LS coal .
Coal, no controls > Coal, no controls . .
. - . ) Snyth Tiquids
Gas Industry SNG SNG SNG
. Coal, no controls - .

Coal, with controls -

Electric Power Coal, no controls ~——> Coal, no controls - .
. - Low-Btu gas -—————— Low=-Btu gas

Industrial Coal, no controls — Coal, ro controls - .
Fuel Users LS €021 ~m—emmenmre—s LS cOR1 - -
- . Chem C1 Coal .
. - Low-Btu gas -
. - SNG > SHG
Public Interest LS coal > LS coal - . -
- Coal, with controls Coal, with controls -
State Govermments LS coal ——mmees————n LS coal .

Coal, no control . .
- Coal, with controls - (oai, with controls —Coal, with controls

Federal Agencies LS €02l ————rmey S coal - . *
Coal, no controls > Coal, no controls . .
. - Coal. with controls

Compasite Group Low-8tu gas . - . *
SNG - . .
. Coal, no controls . . -
. LS ceal - .
. - Coal, with controls -

* Note: Little difference amang responses by these groups on RAD emphasis for the highest 3 or 4 ‘uel
categories.
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SUMMARY PROFILES OF GR7UPS

Figure 8 provides an overview of responses of all groups on the
fuel categories -- covering top rankings by weight2d 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
dencte, respectively, the largest utilization forecast for the near-term
and longer-~term; note that many groups' viewpoints were different for the
near~cterm and long-term forecasts. Fuel categories receiving highest 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 0il and Chemical Industry Group carried over their high rankings of
coal fired without SO, control to the near-term forecast and then carried
the high ranking of l;w—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 resulrs 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 enviroomental impacts.

® This group ranked coal fired unconstrained by SO

2
regulation and low-sulfur coal as the fuel categories

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

the mixed fuel category which they ranked third.

e The largest category of utilization for near term

was forecast by this group as coal fired unconstrained

by SO, regulations and low-sulfur coal. For the

longer term, synthetic liquids and low/intermediate

Btu gas were forecast as largest uses.

e This group suggested greatest R&D emphasis on

synthetiec liquids.

0il and Chemical Industry Croup

Among the criteria, this group placed most importance on energy

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

e This group ranked low-sulfur coal and coal fired

unconstrained by S0, regulations as the highest fuel

categories in meeting the crite_ia (based on ranking
by weighted scores). While they placed synthetic
liquids in sixth position as meeting the evaluation
criteria, the group noted thar this low ranking did
not reflect the group's positior as to the long-range

importance of this category.

e 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 the Coal Industry Group submitted a "dissenting view" that
emphasized the need to 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 enmergy self-sufficiency,
resulted in his top ranking of low-sulfur coal -~ with a tie for second
by coal fired unconstrained by 507 regulations, synthetic liquids, and

low/intermediate Btu gas. This report is included in Appendix C.
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This group recommended greatest R&D emphasis on

synthetic liquids.

Gas Industry Group

on economics,

Among the criteria, the Gas Industry Group placed most importance

least on cnvironmental impacts.

Not surprisingly, the Gas Industry Group ranked

pipeline-quality gas or SNG as the highest against

rhe evaluation criceria. They placed low/intermediate-~

Bru gas 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 the other industry groups

for energy self-sufficiency and for economics.

The largest category of urilization in the near term

was forecast by this group as coal fired unconstrained

by SO, regulations. For rhe longer term, coal fired

with SO2 controls and pipeline-quality gas (SNG) were

forecast as the largest uses.

This group suggested greatest R&D emphasis on pipeline-
quality gas.

Electric Power Industry Group

This group placed grearest importance nearly equally on three

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

economics.



64

The Electric Power Industry ranked coal fired

unconstrained by S0, regulation highest in meeting
e

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 this group as coal fired unconstrained

by S§0. controls. Tor the longer term, low/intermediate~
5

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 self-sufficiency, least on extent of technical problems.

The Industrial Fuel Users Group ranked coal fired

unconstrained by 50, regulztion and low-sulfur coal
as the fuel categories best meeting the criteria
(ranking by weighted scores).

The largest categories of utilization in the near
texrm were forecast by this group as cozl fired

unconstrained by S0, regulations and low-sulfur coal.
4

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 industrial groups, the Public Interest Group

placed greatest importance on numan and euvironmental impacts, least on

extent of technical problems. A special point was made by this group
that the most valuable contribution they could make in the study was in

the weighting of criteria, rather than judging specific areas of fuels
technology.

o The Public Interest Group ranked low-sulfur coal

as the fuel category best meeting the evaluation
crireria (ranking by weighted scores). Coal fired

with SO, control equipment was second ranked.
&

® The largest category of utilization im the near

term was forecast by the group as low-sulfur coal

and coal fired with SO, controls. For the longer

term, this latter category and chemically cleaned

coal were forecast as the largest uses.

e This group suggested nearly identical R&D emphasis

for four fuel categories: coal fired with SO

2
controls, chemically cleaned coal, low/intermediate-

Btu gas, and pipeline-quality gas.

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

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

human 2n@ envirommental impacts. A further suggestion was that "internaliza-

tion cf costs" associated wita human and environmental impacts should be an
integral part of the evaluation of energy options.



66 -

State Governments Group

This group made little distinction as to the importance of

the separate evaluation criteria.

e The State Governments Group ranked low-sulfur coal

and coal fired unconstrained by S0, regulations as
the fuel categories best meeting the criteria

(ranking by weighted scores).*

o The largest categories of utilization imn the near

term were forecast by this group as low-sulfur coal

and coal fired with S0, controls. For the longer

term, this latter category was forecast as the

largest use.

e This group suggested greatest R&D emphasis on coal

fired with SO, controls..

Federal Government Agencies Group

This group made little distincrion as to the importance of

thé separate criteria.

e The Federal Government Agencies Group ranked low-

sulfur coal and coal fired unconstrained by SO,

regulations as the fuel categories best meeting the

criteria (ranking by weighted scores).

e The largest categories of utilization in the near

term were forecast by this group as low-sulfur coal

and coal fired unconstrained by S0, regulatiouns.

For the longer term, cozl fired with SO, controls

was forecast as the largest use.

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

intermediate-Btu gas.

Composire Group

This group was selected to provide a single representative of
each of the preceding interest groups. The Composite Group made lirtle
distinction berween the importance of the evaluation criteria. (In

workshop discussions, there were suggestions that energy self-sufficiency

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

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

or ecomomics were cited as relevant constraints.) Other observations are:

» The Composite Group ranked low-Bru gas first and

pipeline-quality gas second as best meeting the

criteria (ranking by weighted scores).

e The largest categories of urilization in the near
term were forecast by this group as coal fired

unconstrained by SO, regulations and low-sulfur
&

coal. For the longer term, coal fired with SO2

controls was forecast as the largest use.

e This group suggested main R&D emphasis on synthetic
liquids, pipeline—-quality gas, and low/intermediate-
3tu gas.

* k k k k kx %k k k *x X

Additional insight on rhe profiles of groups can be gained from

the comments which supplement the above. Significant comments from each

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

This section is intended as background and clarification for those
who are interested in the merhodology used in the workshop and the analysis
of the rating data. 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.

WORKSHO? PROCEDURES

Members of the Battelle study team served as facilitator and
observers for the workshops. The role of the facilitator was in “'chairing”
the meeting to k:;p the discussion and activities on schedule, without
entering intoc 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 = seg\of rating sheets, evaluating the seven fuel categories
indepeandently for\;§ch criterion. A copy of the complete kit of materials
provided to the participants beforz the workshop is included with this

report as Appendix A, including the actual rating sheets used.

Following the initial completion of the rating sheets, there
was open discussion within the group to clarify and define appropriate
concepts and to adjust definitions as required to remove any ambiguities

in the broadly labeled categories and criteria. After the discussions,
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the rating sheets were complered again to provide an opportunity 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. The 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 information related to averages and spreads ir votes was made

available to the group as a whole.

As a result of concerns expressed by participants during the
first rtwo meetings,::wo addirional activities were added to the process.
After the third evaluation rating, each participant was asked to forecast
the relative mix -of fuels at three future years, and to recommend

relative emphasis for R& effort for the various fuel categories.

Finally, the participants were asked to complete an assessment
of the workshop activities and resulcs. At the end of the day, each

participant was provided with a copy of the group's final position.

Processing and Display of Resulrs

In the meeting plan there were two group discussion pericds

separating the three formal evaluation activities. The initial discussion

period was intended to focus on interpretation and clarificaztion of the

definitions. The results of the first and second ratings were presented
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to each group to provide a basis for the afrernoon discussion period.
These results were presented graphically on charts taped to the wall of
the meeting room—~showing -the average, the high, and the low ratings
for each fuel category and for each criterion. These results were
also presented in numerical form as an "evaluation matrix"”, an example of

which is shown in Figure S

There are three types of information summarized and displayed

on the evaluation matrix:

1. The entries to the body of the matrix are the
averages, tue high, and the low votes for group
ratings of the extent to which the various fuel
categories satisfy the criteria, based on 2 scale
from 0 to 9. (In all scale definitions, low ratings
are "unfavorable" and high ratings are “favorable",
i.e., a high rating on Energy Self-Sufficiency means
high contribution; a high rating on Economics means -
low cost; a high rating on Extent of Techmnical Problems
means few problems; for Environmental and Human Impacts

2 high rating refers to few adverse impacts.

2. The row of numbers below the column headings for
the criteria indicate the average, high, and low

ratings of the relative importance of these criteria.

3. The column of numbers labeiled "score", indicates
the results of a mathematical aggregation of the fuel
ratings and the criteria ratings. The criteria
ratings were converted to relative weights, and these
were multiplied by normalized fuel ratings and summed
for each fuel category. The scores produced by this
operation for each fuel were also normalized so that
the maximumm score was ten, 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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indicate ranges in individual
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The scoring operation is one that is commonly used by analysts
" to rank order alternative choices. However, it was the subject of some
confusion and controversy during some of the workshops. The State )
Governments group formally rejected the scoring operation, and members
of several other groups questioned its validity in the context of this

particular exercise.

ASSESSMENT OF THE METHODOLOGY

This subsection presents assessment information based on
participant feedback, reviews the basic concepts of the methodology 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 views as to the degree
to which the <final results were representative of: (1) the viewpof.nts
of the group, and (2) the viewpoints of the larger interest sector which
the group participants weré selected to represent. This assessment was
requested for both the results of the evaluation activity and the
forecast of fuel mixes. A Tating scale from 0 to 9 was used, as for
previous activities, and the averages of each group's responses are
presented in Table 9,

The participants' assessments of the extent to which the
evaluation ratings were representative of the assembled group (Coluwmm la
of Table 9) is, in effect, their assessment of how well the workshop
design succeeded in capturing the views of the group in an objective and
communicable format. The assessment in Column lb provides an indirect



TABLE 9. ASSESSMENTS OF THE PRINCIPAL RESULTS BY PARTIC:PANTS

Average group assessmenta on a scale 0 to Y,

Group Asaessments of the extent to which the:

1) Evaluation Ratings

were representative of:

2) Fuel Mix Forecast

was representative of:

) The Assembled

b) Their Industry

a) The Assembled

b) Their Industry

Group or Public Group or Public
Coal Industry 7.8 6.8 6.6 6.0
0i1 and Chemical Industry 6.9 5.9 5.8 4,1
Gas Industry 6.4 (a) 6.4 (a)
Llectric Power Industry 7.6 (a) 7.6 (a)
Industrial Fuel Users 6.7 4.5 5.7 4.8
Public Interest Groups 6.7 6.8 6.9 6.5
State Governments 2.6Fb) 2.4(b) 6.5 | 6.3
lFederal Covernment Agencies 7.4 5.3 6.1 4.6
Composite Group 7.5 S.7 5,2 4,5

(a) The Gas Industry Group and Electric Power Industry Group were the firet two workshops; the
assessment of broad representation was begun with the rthird workshop.

(b) The low rating here was aimed at the aggregated scores for fuel categories; see text for

further elaboration.

9L
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measure of the adequacy of the participant selection process. Recall that
the fuel mix forecast was a single-pass survey conducted at the end of
the workshop session. The ratings in Columms 2a and 2b are useful

in assessing the results, but are less useful in assessing the methodology.

In general, the groups 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 ratimgs than
for the fuel mix forecasts in Figures 4 and 5. This observation holds
both for trhe groups themselves as well as for the broader groups 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 categories of results,
indicating that these representatives thought that their per;sonal views

were an adequate representation of their larger comstituencies.

The strikingly low assessment of the evaluation ratings by the
State Govermments group was really add.ress'ed to the aggregated scores for
+he fuel categories (see Figure 8), rather than to the evaluation
ratings themselves, This group was particularly critical of the scoring
operation, having made a formal statement for the record that they did
not consider the scores as being a representation of their positioms.
This discussion had been particularly sharp just before filling in the
feedback questionnaire. On hearing the low average of the eassessment,
the members of this group confirmed verbally that they had indeed been
evaluating the scores, and that they felt that the ratings themsel:ves
were actually representative, and what they wished to have considered.
In later workshops it was made clear verbally by the facilitator that
it was the ratings rather than the scores that were being evaluated by. .

this questionnaire,



Concepts and Hynotheses

The central concept of the methodology upon which this series
of workshops was based is that.of the "Evaluation Matrix", illustrated
previously in Figures 1 and 8. Examples of completed evaluation matrices are
contained in Appendix C. The basic idea is that a set of "alternatives',

in this case categories of coal and coal~derived fuels, are systematically

evaluated against a set of "criteria", and this informarion is assembled in
a compuct form (e.g., 2 matrix or a bar chart). This information is
submitted for consideration by the decision makers who must ultimately
choose among the altermatives, 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'' operarion,
wi. ek is commonly used to generate a rank ordering of altermatives, had
serious deficiencies when applied in complex decision-making contexts.

As noted in the final report* of the previous study:

o It is difficult to ensure completeness
of the list of altermatives.

e It is practically impossible to define a
complete, valid, and independent set of
criteria for evaluating the alternatives.

o It is difficult to develop am adequate
characterization of the alternatives and
the potential Impacts.

e There are theoretical and practical limitations
to available techniques for aggregating an
evaluation by individual criterion into an
overall evaluation.

Thesg difficulties are particularly aggravated when there is a large

heterogeneous body of peoﬁle with differing stakes in the conmsequences of the
decision.

* "Development of Alternative Paths for Clean Utilization of Coal as an
- Enexrgy Source and Development of a Methodology for Decision Making",
by D. W. Malone, E. H. Hall, K. Kawamura, and D. L. Morrison, Battelle-

Columbus report to U.S. Department of the Interior, Contract No.
14—0001-1936 (December 20, 1974).



77

The allocation of fumds for R&D im ¢oal and coal-derived fuels
is such a"ecomplex decision-making context", and ‘all of the difficulties

identified above were observed in the worshops, as noted below:

e Completeness of alternatives

- Several participants noted absence of
consideration for oil shale and in=-gitu
gasification.

— Many participants found it difficult to
evaluate coal and coal-derived fuels
without ziving consideration to altermative
energy sources such as nuclear and solar
power.

e Validity and independence of criteria

- Many groups irsisted on emphasising inter-
dependence of criteria, despite initial
staff efforts to define tkem ir such a way
that they would be reasonably independent
ipitially; apparently the semantic jmplications
of the words used to label the criteria domin-
ated the specific interpretations provided
by the extended definitions.

- Several of the groups proposed using only one
or two of the criteria as “goal” or decision-
oriented criteria, with the others acting
as "constraints".

e Characterization of the altermatives and their impacts

-~ Many participants had trouble evaluating the
fuel categories without making reference to
specific technologies; where more than omne
technology was available, and the characteristics
were very different, (as, e.g., for liquefaction)
evaluation was difficuit. The spread between
high and low individual ratings tended to be high
in such cases.,

— The different technmologies within some of the
fuel categories also made it difificult to assess
the impzact of a general fuel category on a
particular criterion.
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e Theoretical and practical limitations of scoring
techniques

- When the criteria are interdependent, the scoring
operation is theoretically questionable; as noted
above, many groups insisted that the criteria
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
important; aggregating assessments broadly over
such diverse, yet coherent, positions to get a
single assessment seems questionable in a
situvation such as this.

- Further, some of the participants aud one whole
group insisted that the results of the scoring
operation not be considered as a basis for
decision-making.

Conclusions and Recommendations
Relating to the Methodology

Pecall that the work plan for the workshops involved three
repetitions of the rating operation. The initial rating was performed
first thing in the morning, and was based solely on the information and
definitions contained in the kit included as Appendix A. A statistical
analysis of the results of these ratings indicated that all of the groups
voted similarly on the first rating; thet is, the results are what one
might expect from a broad survey or mailed questionnaire. For the second
and third evaluations (performed after considerable discussion, inter-
pretation, and sharing of information among the group members) the groups
developed unique response patterns., This result suggests that the work-
shop design was effective in capturing views which are characteristics of
the assembled interest groups. However, complete confirmation of this
conclusion would require demonstration of repeatability of the results,
which was beyond the scope of the present work.



79

Following are the procedural conclusions reached by the research

tean involved in the design and execution of this series of workshopsﬁ

e The 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 voting aid was invaluasble in making
it possible to feed back voting results almost

instantaneously,

e ‘There should be soine"éﬁ&:.gf:&a.;zcamv{f; _tohp:;an.de
closure and a feeling of accomplishment by the
participants; this was provided here by the expression
of preferences for allocation of R& effort, an
activity which was added after the first two work-

shops.

e The size of evaluation matrix used here, seven
alternatives and five criteria, is about right for
& l-day workshop format,.

o To more effectively capture individual and group
subjective comuents, some formal group-writing®
exercise should be performed withir the context .
of workshop activities, rather than relying on
tape=-recorded comments or motes taken by facilitators
and observers, This would greatly facilitate the
evaluation and report preparation activity and

would probably more accurately capture group opinion.

* For example: Geschka, et al, "Modern Techniques for Solving Problems",
Chemical Engineering, August 6, 1973; and Delbecq, A, L., A. H. Van de Ven,
and D. H, Gustafson, Group Techniques for Program Planning, A Guide to
Nominal Group and Delphi Processes, Scott, Foresman, and Company, 1975.
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OVERALL OBSERVATIONS

The épproach used in this study was succes;fu.l in caﬁturing,
in a consistent way, views of the various interest groups sélected for
participation in the workshops. There was sufficientfintez-est in thg
approach that high-~level people were willing to participate in the workshops.

Evaluation of the resﬁxlts, through spécif:!.c feedback from the
participants themselves, indicates that they regarded the ratings to be
fairly representative of their interest group. The only exception was
the State Govermments Group. (These evaluations are outlined in this
report in the sec:ib’n on assessment of methodology.) While the precision
of the final ratings and other recorded viewpoints havé recognized
limirations (regarding sample size, subjectivity, and overlap of
criteria definitions, etc.), the results can provide useful inputs to
ERDA in terms of genmeral viewpoints that should be considered in the

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

An overall observation regarding grouf) vieﬁpoints, that were
reflected in the 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 utilization of solid coal categories was

forecast to exceed the total utilizatrion of synthetic fuels from coal (fuel
categories 5 through 7) in the year 2000.

AAdditional observations follow, based on discussion in the
workshops.
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'] Regardiﬁg the extent of unsolved technical problems
associated with the fuel categories, the poiat 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 ébmmercial way as fully meeting modern techmological

and economic needs.

e Philosophical questions related to short-term or long-

ten» R&D were discussed by several groups. It was
égreed 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 suggéstions, in the light of urgent -
needs, to emphasize those developments "right on the
threskold” in order to commercialize developments more

quickly.

[ ] Tﬁé:groups emphasized that ratings or scores in the
evalsation did not necessarily imply a recommendation
for R&D emphasis, due te 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& needs,

e In suggestions of R&D emphasis and in comments on R&ED
needs, the groups generally agreed to refer to the -2~

broad view of the federal role, rather than attempting

to delineate the respective roles of ERDA and other
agencies.,



s Strong views were expressed by the industrial groups

that uncertainties of government 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 Suggesied.

The 0il and Chemical Industry viewed synthatic liguids

as having significant importance im 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 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 efficient energy

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 controlling to ambient air-

quality standards rather than on constant emission

standards applying to point sources. This would allow
for the use of higher sulfur fuels except during periods
of adverse metecrological conditions. To aid in setting
ambient air-quality standards on a cost-benefit basis
the group recommended additional research related to

health effects of SOZ and other pollutants.
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e In considering aspects of enviror eental and human
impacts in decisions related to fuels options, the
Public Interest Group recommended that an attempt be

made to intermalize all social and environmental costs

in considering fuel options.

@& Several groups called attention to the fact that
environmental issues, traditionally, had con-

centrated on SOZ’ but other pollutants like sulfates

and fine particulates are of concern.

e It was clear that the groups perceive that fuels in
the various categories are capable of serving a variety
of uses, ané each form of fuel has applications that
it will serve most effectively and/or competitively.
This multiplicity of needs, both short-term and
iong~-term, underscores the desifability 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 plams.

* This is consistent with the ERDA Plan: "4 National Plan for Energy

Reseiréh, Development and Demonstration" (ERDA 48, Volume 1. June,
1975).
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