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ABSTRACT

The purpoS; of this study is to supply the Department of Energy
(DOE) with information pertinent to the formulation of
realistic national energy research and development policies and
to facilitate cooperation between government and business in
the development and commércialization of new and improved
energy technologies, The study gathered information on the
amount of energy-related research and deVelopment (R & D)
private companies are doing, the types'of energy-related R § D
they report, and their perceptions about appropriate areas for

government support.

To obtain this informatien, the Industrial Research Institute
Research Corporation (IRI/RC),.in conjunction with Rensselaer
Polytechnic Institute (RPI); used mail questionnaires and
personal interviews to gather data over a two year period.

Data collected in Year I (October 1977 - May 1978) were
submitted to DOE in a self-contained report in September 1978.%
This report focuses on Year II findings (October 1978 - May
1979). |

The mail questionnares obtained data.on the amount of corporate
R & D funding in specific energy-related technology areas. In
Year II, the questionnaires were sent to 814 companies chosen

to represent a broad spectrum of American industry. These
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*"A Study of Energy R and D in the Private Sector: Phase Two"',
Industrial Research Institute Research Corporation, 78Q0
Bonhomme Avenue, St. Louis, Missouri 63105, September 1978.



companies account for a substantial amount of the nation's R §°
D. Three-hundred and fifty-one (351) companies returned

questionnaires.

The interviews gathered information from top-level executives
on overall corporate energy strategies énd on specific
energy-related R § D piané and projects. In addition, the
executives described their perceptions of the ro1evgovernment
plays in facilitating and/or inhibiting the commercializatian
of new technologles and identified areas of government support

that would be helpful to their respective companies.

Eighty-seveh on-site and eight telephone interviews were
conducted. The ten consultants who conducted the interviews.
were Emeritus Members of the Industrial Research Institute and

were formerly senior R § D executives before they retired.

: »
In this and all preceding reports, all information,
quantitative and qualitative, is aggregated in a manner
sufficient to protect the confidentiality of individual

participants,.

Major Findings of Mail Survey

- The total corporate funded Energy R § D reported by 351
responding companies was approximately $823 million

(1976)*, $945 million (1977), and $1.11 billion

. ® If data from 61 Year I respondents who did not respond
again in Year II is ‘added to this figure, the reported amount
of 1976 expenditures becomes $1.13 billion. In the main re-
port, expenditures are reported for 102 technology areas.
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(budgeted 1978)., Based on this sample, the percent of

R § D that was energy-related ranged from

- approximately 10% in 1976 to approximately 12% in 1978,

If one restricts consideration to only those companies
reporting Energy R & D, these percentages increase to

approximately 15%.

Extrapolatidn'of the resuité of this survey ihdicate
that for the three year period, privately?funded‘Energy
R é D was approximately §2 billion annually. The rate
of annual increase from 1976 to 1978 in
privately-funded Energy R § D does not seem to
significahtly'exceed the inflation rate during the

period. - R TP

Of the ten technology areas receiving the mdst Energy
R & D corporate funding, six are asSoéiated with
conservation, (Chemi;al aﬁd Refining Processeé,_
Improved Energy Saving Processes, Eléctric:
Transmission and Distribution, Electric: Environmental

and Pollution Abatement, New Energy Saving Processes,

.and Aircraft Engine and Airframe) This represents 27%

of the total itemized Energy R & D reported. Three

supply-oriented technologies appear in the top ten-list

and are concerned with near to mid-term
commercialization efforts. (Geological Assessment

Techniques,.Batteries, and 0il Drilling and Production

. Techniques.)




- When asked to comment on the degree of importance of
various teehnolpgy areas for receipt of DOE suppert,
all aspects associated with nuclear R § D and coal

~gasification and liquefaction received ve}y high

ratings by a majority of respondents.

* MAJOR INTERVIEW FINDINGS

‘
T

Companies call for a rational and consistent nationai energy
program.which will reduce the number of conflicting and
ever-shifting regulations to Which they are subjectL-
‘Furthermore, they urge;thaf price controls, éllocatione, and
mandated conversions. be iifte& to establish free market
conditions which they believe are eseential to éolving our
~national energy problems. A comprehensife energylblan would
also include programs for each energy‘source or fechnolpgy

including development geais.

In the interest of assuring an uninterrupted supply of energy,
consumer product companies have undertaken conservation efforts
and developed various capabilities for producing in-house

squrces'of energy. Companies who produce.energy primarily for
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sale have also shown an interest in cqnservation and have
undertaken eiploratof? brojects to uncover more energy
résourceé. These-efforté, whiéh pfimarily éan bring only near
and mid-term resulfs; aré an éttémpt to reducé corporate
dépendence on.uncértain-outside énérg& sources. These
uncertainties afé éaugegibbth By the'polifical'vagaries'of
foreign governmehts and by our own'governmént's shifts in

pricing, allocations, and conversion regulations.

..............................

............................................. .

Industry reports’that‘the 6b;ious consérvation impfovements
have been made. Furtherlérog}eés)wiii‘reduire.greater and

'/‘greater-capitél ékpendifure and ;orfesﬁondingly high risk.
Future cqhservation.pfdjectsnﬁill be evaluated in relation to
other projects on fhexbasis of their pofeﬁtial return on
investment. o .

’ ""l' :~A.. f:. -I:;. .v'.

This opinion was expressed in both the mail questionnaires and

personal interviews. -By supporting and eipanding nuclear power
: : . , ,

and coal combustion for stationary equipment, more petroleum

fuels will be available for essential portable equipment and

chemical feedstocks. . The development of -an electric/hybrid




automobile and liquid synthetic fuels can further ease the

burden on diminishing petroleun supplies.F

Most companies agree that government support maY'Be hecessary
for long-range technologies or where costs and risks are |
extremely high, for-ekamﬁle in thé deveidpﬁent'Of nuclear
power, 0il resources, or rail transportation, However, a major
opinion is that government can do more to_étimulate industrial .
R & D by reducing the number of its regulations and by

providing tax breaks and other incentives.

" Although ‘i’n‘d‘u‘s't‘r‘y‘ ‘p‘l‘a’c’e's‘ 'em'p'h'a's'i's' ‘on the 'i'mp'o'rt'a'nc:e‘ of nuclear
4 2ug

When trying to stimulate the development of technology in
renewable resources, e.g. in solar energy, industry recommends
that DOE support basic research rather than attempt to

commercialize an immature technology.
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PROJECT GOALS AND OBJECTIVES

The purpose of this study is tovsupply the Department of Eﬁergy
(DOE) with information pertinent to the formulation of
realistic national energy reséér;h policies and to facilitate
,cqqpefation.bétween‘governmenf_and business in the development
and commercialization of’new and improved energy teChnolbgies.
The study gathered information on the amount of energy-related.
research and development (R § D).private(qompanies are doing,
the typeé of energy-related R § D they report, and-their

perceptions about appropriate areas for government support.

To obtain this infqrmatiqn, the Induétrigl Research Institute
Research Corporation (IRI/RC), in conjun;tion with Rensselaer
Polytechnic Institute (RPI), used mail questionnaires and
personal interviews toAgéther data over a two year period., The
mail questionnaires obtained'data-dn the amount of corporate
R&D fundipg in specific energy7£elétéd techholpgy-areas. The
interviews gathered information from top-level,ekecutivés
overall corporate energy strategies, major commérical
acfivities, and spedific R G D plans and p?ojects in four major
energy areas{
Conservation
Supply |
Enefgy Production. and Transmission

New Products

In addiiion; each company was asked to provide specific




information on the policies and/or actions of fifteen
:govefﬁmeﬂt agéncies'thaf'have'facilitate& or inhibited
energy-related pursuits, as well as the degree of importance of
eaCh‘#gency relating to the energy strategy of the company, and
on its R G.D programs ‘in particulaf. Finally, the fespondénts
were asked to indicate the degree of importance to their
compan} for DOE sﬁpport.in<thirteen specific areas of energy
technology and weré}given an oppértunity to express any wrap-up
message regarding the energy situation that should be brought-

to the attention of DOE policy makers.

Data collected in Year I (October 19777May 1978) were submitted
to DOE in‘a self-contained report in September 1978.* The
results presented below will focus on Year II findings (October
1978-May 1979). However, data on 1976'exﬁenditures collected

in Year I are incorporated into Year II findings.

The Year II componenf of this study différed primarily in
magnitude: mail questionnaires.were sent to 281~companies in
Year I and to 814 coﬁpanies in Year II; interviews were
conducted with 47 compénies.in Year I éhd.with 95 companies in

Year II (8 of the latter via telephone).

Year I focused on companies' known to be energy-intensive, while
the Year II sample included more companies not necessarily

known to be heavily engaged in Energy R & D. Over 50% of the

- * "A Study of Energy R and D in the Private Sector: Phase
- Two" Industrial Research Institute Research Corporation,
7800 Bonhomme Ave., St.. Louis, Missouri 63105, Sept. 1978,
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R&D managers were personally known to project staff. Thus,
. ‘ R
the project's access to Year I companies was somewhat greater

1

than to Year II companies.
\

In addition to differences in the sample and in access to the

sample, the format for the questionnaire and inferview guide

were somewhat modified.based on Year I eiperiences. Among

other things, these modifications allowed for greater detail of

response.

Finally, it should bé_hoted that the texm R D § E (reseafch,
development, and engineering) rather than R § D.was used
throughout Year I. In Year II, a standard definition of R & D,
which includes development engineering, was cited and briefly
discussed in supplemental instructions accompanying all )
questionnaires. The use of these slightly different terms is

not felt to have caused definitional difficulties.

Copies of the mail questionnéire, interview guide, and
supplemental instructions for Years I and II are piovided in

Appendix A.

In this and all precéding reports and comnunications, all
information, quantitétive and quaiitafivé, has been éggregated
in a manner sufficient to maintain and protect the »

, confidentiality of individﬁal questionnaire respondents and
intervigw participants. This dedication to 6onfidentiality is
a stated condition of this contract. 'Evefy participant in the

project, and every questionnaire and interview respondent has



been duly‘apprised.~ Positions, opinioﬁs, and perceptions in
this report are based, to the best of the authqrs' abilities,
upon the information provided by the corporate parFicipants in
"the mail survey and intervieWS'and do not necessarily reflect

the position of DOE.




" ANALYSTS OF MAIL SURVEY

" SAMPLE DESCRIPTION

3

The Year II questionnaire was mailed to 814 U.S. corporations.
These included: (1) all 624 companies listed in Business
Weekﬂs* (BW) "Fourth Annual R & D Scéreboard;" (2) the domestic’
membership of IRI, -about 240 companies, mosfkof which were ‘
included in the BW list;'(S) é stratified random sample of some
| smaller, high-technology companies (sales:below $25 million)
and closely regulated industries such as electric and gas
utilities, trucking companies, and airlines. The BWR § D' .
survey provided an ekcellent basis fof the mail survey because
the cumulative R § D performed by the ligﬁed companies
represents the vast majority of the nation's R § D.
Furthermoré, it provided tHe'project team with an extensive
source of information upbn'which to base later extrapolations

and comparisons.

The table below indicates the number of companieé'who

responded and whether or not they supplied quantitative data.

5




Number %

Companies responding with quantitative

data . 271 33.3
Companies responding but 1nd1cat1ng no . '
~ Energy R &§D ' ' . .80~ 9.8
Companies indicating they would not
participate : - 80 9.8
Companies not responding 383 47.1
TUTAL ‘ 814 100

Approximately 43% (N=351) of the 814 corporatlons returned
questionnaires. This. response rate is sllghLly less ‘than the
50% response rate in Year I. As noted earlier in this report,
over half the Year I company représentatives,were.personally
known by project staff,‘which probably increased company
willingness to participate. Furthermore, many, if not most,
companies are un&erstandably reluctaﬁt to participate in
surveys. They are beseiged with requests for information,

which require considerable time and effort.

Because the ﬁrdject staff anticipated these difficulties, an
intensive effort was made to elicit responses. The firSﬁ
mailing'was by certified mail, return receipt requested.
Virtually all re;eipts were received. Each packet contained a
personalized cover letter, a copy of the qﬁeéfidnnaire with
supplementary instructions, a copy of the Year I summary:
report, a bostcard for recipients to retufn'indicating if and '
‘by when they would respond. The appfdiimately\134 companies

who were also in the interview sample were contacted by their



aésigned interviewers who added their own personal letter of
introduction aﬁd indicated there would be a follow-up telephone
conversation to arrange a persbnal interview., If companiés did
not return the ppstcard;bthey‘reCeived follow-up mailings at
approkimately six week intervals, with the 1ast mailing sent in
late January 1979. Personalized reminders were mailed to firms

whose stated response date was overdue.

In reviewing the Year II mail survey results, it is important
to note that 23% of those companies returhing questionnaires
indicated that they performed no Energy.R‘G‘D. It is aléo
important to note that thé major automoBile manufécturers are
seriously underrepresented. In both Yéars I and II, they

maintained a non-response policy to mail questionnares.

MAJOR FINDINGS

The table below summarizes the totals listed on the front page
of the questionnaire responsés for corporate sales, corporate
funded R & D, and other funded Energy R & D for 1976, 1977 and
1978. As the table indicates, the total corporate funded
Energy R &.D reported by the 351'companiés responding in Year
II was approXimate1y<82§ million (1976);* 945 million (1977),

* If data from 61 Year I respondents who did not respond
again in Year II are added to the data from the 351 Year II
responding companies, the reported amount for 1976 expend-
itures becomes §$1.13 billion.

7




FRONT PAGE SUMMARY FOR THE 351
COMPANIES RESPONDING TO. THE YEAR II SURVEY
(dollars in millions)

1976 No. 1977 No. ~1978%** " No.

————— —— ——— e— e— ——

TOTAL : : L :
CORPORATE SALES 441,548 332 500,065 340 507,663 299

TOTAL CORPORATE : ; :
FUNDED R AND D 8,056 314 8,412 312 9,442 293

CORPORATE FUNDED - :
ENERGY R AND D 823 167 945 175 1,115 177

FEDERAL FUNDED .
ENERGY R AND D 280 49 361 60 434 69

OTHER FUNDED : ‘
ENERGY R AND D 16 15 108 28 111 28

~
s’

The following table indicates the pefcent df iotal R §D to
Total Sales and Total Energy R § D to Total R § D for 1976 and
1977 actual corporate expenditures and for 1978 budgeted
expenditures. Figures are presented for 311'351're$ponding
companies and for only those companies performing Energy R-§ D.

4

R§D/Sales =~ ' Energy R§D/Total RED

1976 T977 1978  IT 19777 1978

ALl Companies 1.8% 1.7% 1.9% 10.2% 11.2% 11.7%
Energy R&D Performlng ‘ |

Companies 1.6% 1.7% 1.7% 15.5% 15.0% 15,5%

These ratios have been used to obtain estimates for the

approkimate total Energy R & D being privately funded in the

nation. This is d1ff1cu1t 1nasmuch as no one really knows the

total prlvately funded R § D performed However, the R &AD

_*% 1978 Figures are for budgeted expendltures.



listed in the BW annual surveys probably represents about 90%

of the nation's private expenditure for R § D.

In order to»extrapdlate to a wider population, one must assume
that Energy R § D expenditures are in the same propdrtions in
both the responding and wider populations. Project staff
calculated the ratio of Energy R & D to Total R §'D of the 263.
BW companies who returned questionnaires. It was determined
that the responding BW companies were spénding épproiimately |
9.5% of their Total R § D budget on energy-related activities.
This ratio was then applied to the total R & D for all 624 BW

industries.

As mentioned earlier, some of the BW companies included
automobile manufacturers who were seriously ﬁnderrepresented in
the response populatlon Since it is assumed that the
automobile industry probably spends more on Energy R § D than
the average spent by other BW cqmpanies, different, and
presumably more accurate, .ratios wefé used‘tq ;alculate their
spending: the ratios used were those derived for all
responding BW companies who claimed any energy R & D spending:

11.2% in 1977 and 11.7% in 1978. : . .

In addition, project staff added on the amount reported by fhe
88 non-BW respondents. Thus, the estimateS‘of Energy R § D
expenditures for 1977 and 1978 which appear below are based on

- estimated spending for 712 companies - 624 in the BW surveys



for those years and 88 non-BW respondents.,

Because information was gathered both from Year II respondents
and from an additional 61 respondents in Year I who did not
respond again but for whom data exists, it is also possible to
revise and refine the estimate_given for 1976 expenditures in
the Year I report;: The extrapolated estimate below for 1976
Energy R & D spending‘is‘for 728 companies, 528 companies in

the BW 1976 "R § D Scoreboard" and the 130 non-BW respondents

for that year.

‘ 'Es't’i’ma’t‘e‘d 'To't‘a‘l‘ 'Na‘t‘i‘o‘n’a’l‘_ 'C’o‘rp‘oﬂr‘a‘t’e’ 'B’n'e';‘gy‘ R & '__D_

1976 $1.9 billion
1977 $2.0 billion

. 1978 (Budgeted) $2.4 billion

It must be emphasized that these estimates are based on a
relatively small number of responses and they cannot be
considered to be precise. It does seem reasonable to conclude,"
however, that (1) over the three year period, 1976 through
1978, fhe private expenditure on Energy R § D was of the order
of, and probably somewhat greater than, $2 billion pér year,
and (2) over this period, whiie a positive trend in~spénding is
disce%nable, the rate of increase does not significantly exceed

the inflation rate.

Year I findings estimate that total national 1976 Energy R § D

expenditures were between $2.0 and 2.3 billion. The slightly

10 .




lower Year II estimate Qf $1.9 billion has been revised to take
advantage of the larger sample size.. The higher Year 1 1976
estimate also resulted from inclusion of one company's Total

R § D figure in the Energy R § D sum, because they had
purported that all their R.& D was'energy-related. Since this
claim later proved to be exaggerated, the figﬁre (a subsfantial

amount). was withdrawn from the revised Year II estimates.

It is also importaﬁt to note that the Year II estimates for
1977 and 1978 may be somewﬁat underestimated. One contributing
factor is that some Year I respondents failed to respond to the
questionnaire in Year II.  Some of these corporations were very
large, R § D inténsive, organizations. Furthermofe, there were
somé indications' that in Year I companies doing Energy R § D
were more likely to respond than companies doing no Energy

R & D. Year II supplemental instructions pointed out that even
information4reporting‘that a company did no Energy R § D would
be useful. Thus, Year II if a company did no Energy R § D, it
‘became easier to respond, while it was far more difficult and

time-consuming for companies that did do R § .D .to respond.

11




.............................

In addition to total corporate spending on Energy R & D, the

questionnaire sought ihformation.on'spending in 13 broad energy -
. : ) | T

' categories. These appear below iin order of the corporate

spending they were reported to have received.

-

RANKING ENERGY CATEGORIES BY'1978 DOLLAR SPENDING R §'D

| “Rank $Millions
(1) 0il S 1 ' 195.1
'(2) Manufacturing/Process C?énges 2 166.3
(3) Electric Power Generation 3 138.6
(4) Transportation 4 99.7

(5) Nuclear | ’S 92.7
"(6) Coal | .6 68.0
(7) Miscellaneous _ \7 . : 62.7
(8) Energy Storage : . ‘8 3 45,1
(9) End Product Efficiency | 7 9 34.6

(10) Air Conditioning, Heat Pumps | -
& Heat Recovery 10 34.3°
(11) Solar and Other Renewables 11 - 32.4
(12) Gas 12 29.4

(13).Industria1 Combuétion § Steam |

Generation A 13 16.9

TOTAL FOR ALL CATEGORIES ‘ ‘ 1,015.8

12 \




The thirteen categories were further subdivided into 73 more
specific technology .areas. RespondentsAQere asked_to indicate
corporaté‘spending'for each area. Also, withih each category,
space was provided for respondents to'specify‘other
technologies in which they were”doing Energy R § D. Based on
these additional entries, 29 new technology headings were
created, for a tbtal of 102 technology areas. Naturally, some
~guessing had to be done and some arbitrariness introduéed to
organize the new entries, but the result is-felt to be more
informative about where the Energy R 8 D dollar 1is being spent
‘than if the amounts reported for these additional technologies
were simply cumulated and exhibited undef'ah "Otﬁer"'label.
The following table lists the ten technology areas with
_greatest reportea amounts for 1978, listed in order of
decreasing magnitude.

Total Energy No. of Re- Rank in Rank in

Technorogy“Area. 4 R &§D spondents 1977 1978
' : (Mi1llions)

(1) Chemical § Refining
Processes ' 61.2 59 1 1

(2) Improved Energy .
- Saving Processes 48.5 110 . 4 4

(3) Electric: Trans-

mission § Distri- .

bution 48.1 20 2 S
(4) Electric: Environ-

mental, Pollution:
Abatement . 46.5 : 10 3 14

13




(S) Geological Assess- :
" ment ‘ 42.3 14 . 5

(6) Batteries "38.6 16 6 18

(7) New Energy Saving . : '
"~ Processes '36.5 .97 7

(8) Aircraft Engine §&

Airframe . 30.4 15 11
(9) Oil Drilling § Pro- '
duction Téchniques 28.4 9 - 10: 12
(10) Light Water : ‘
Readctors ‘ 26.0 7 9 15
TOTAL . 406.5

Consistent with Year I findings, this table indicates an
apparent priority on conservation teéhﬁologies. Six of the top
ten areas, viz. numbers 1,2,3,4,7 and 8, are associated with
'conservation. 'They represent 271 million dollars or 27% of the
total itemized Energy R § D reported. The energy
supply-oriented techﬁolpgies that appear in the top ten, viz.
~geological assessﬁent techniques (5), batteries (6), and oil
&rilling and production tecﬁniques.CQ) are techniqﬁes that can
be expected to bring results in near to mid-term
commercialization efforts. These threé represent 109 million

dollars or 11% of the total itemized Energy R & D reported.

_ Tab;es pfovided in Appendix B preseﬁtAiﬁformation on cqrporéte
spénding”inQeach ofzthe 102" technology areds.” Table 1
summarizes 1976, 1977 and 1978 reported spending in each of the
102“teChﬁnggy areas in additioh to spending lébeled "othef"

for responses thét1resi§ted_grouping. Tables 2,'3; and 4 group
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thé response magnitude of spendihg categories, (viz., no amount
reported, less than $100,000, $100,000 to $500,000, etc.) for
1976, 1977.andA1978 reépectifely This may 'sérve to indicate
the size of 1nd1v1dua1 projects. that companles are worklng on,

although ‘this presentatlon can do so only in a“gross manner.

Various analyses have‘been pérformed that.pTovide information‘
on comparatlve rates of Energy R & D spending among different
kinds of lndustrles. Thls 1nformathn is presented 1nkAppehd1x
G. Tables 5 - 7 in Appendix € list theﬁtpt#ls for R § D and.

" Energy R § D as well as the ratios of R § D fd_Sales and Energf
R & D to Total R G.D for 37 industry seétors'for 1976, 1977 and
1978, respectively. .Data from sectors in which the number .o f
responses were very small were deleted to preserve
confidentiality. However, these data remain in the totals.

For more convenient comparisoh across Yeérs, Téble‘8 presents -
the ratios of R § D to Sales and Energy R &D to Total R § D
for the 37 sectors for 1976 through 1978. ATables 5 -8 report

on all companies, 1nc1ud1ngvthose repqrtlng zero Energy R & D.

However, a substantial number of the reSponding companiesl
repo}t that they perform no Energy R § D. Other ¢ompaniés
indicated (by checking appropriate Boxeé ih the inventory on
the insideigf the quesfiqnnaire) that‘they were involved in
Energy R § D, but :then did nqt:rgportzaéfual éxpenditures;

Tables ¢ - 12 in Appendix C presert the same kinds of




information shown in Tables 5 - 8, but figures are presented

only for those companies reporting Energy R § D eipenditures.

Since many of the 37 industrial sectors aré/represented by only
a few companies, they were ;meined into 10 major groups,
according to a mapping displayed in Table 13. R § D and Energy
R § D, as well as the ratios of R § D to Sales andAEnergy R&D.-
to Total R & D, for these 10 major groups are listed in Tables
14 and 15 for all companics, including thoso roporting zoro
Energy R § D. Table 16 presents the same kinds of information,

but only for those groups reporting some Energy R & D.

The information below summarizes the comparative rates of
Energy R § D spending among the 10 major industrial groups.
(Only companies reporting some Energy R & D are included here.)
Examination of these figures indicates dramatic variation in
the percentage of Energy.R‘& D spendiﬂg among the ten groups.
However, it is difficult to draw conclusions about these
variations because there is also great variation within
sectors. Therefore, the estimates should not be thought of as
estimates of what a "typical" company within a sector is doing,
but rather as an estimate of what the sector as a whole is

doing.
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COMPARISON BY YEAR OF R § D PERCENTAGES OF
10 INDUSTRIAL GROUPS '

(COMPANIES REPORTING ENERGY R § D)

Totals 1.6%

15.5%

1076 1977 1078
RED/  ENERGY/ RED/ ENERGY/ R§D/  ENERGY/
SECTOR SALES TOTAL RED SALES TOTAL R§D SALES TOTAL R§D
High Technology
~ Companies ' 6.7% 3.1% 2.9% 6.8% 3.2%
Chemicals ~  2.8%  9.0% 7.08  2.8%  8.0%
Coal, 0il § Gas . .5% 51.6% 50.5% 5% 54.3%
Consﬁmer‘Goods 1.5% 5.2% 9.8% | 8% 10.7%
General Machinery: 1.4% 28.5% 32.5% 1.2% 33.3%
Electrical Equipment 2.4% 21.1% 23.9%' 2.5% 23.0%
Light Industry '-',2-8% '9.6% 10.3% 2.8% 11.2%
Miscellaneous Companies 1.0% 10.1% 5.8% 6.4%
Electric Power 73 91.4% 96.5% - 97.4%
Bldg. Mat'ls, Metals
'§ Mining .9% 10.4% 13.5% 10.9%
15.0% 15.5%

Companies were asked to indicate the degree of importance they

thought DOE should give to each of the 73 technology areas

listed in the mail questionnaire,

‘technology areas rated very important for receipt of DOE

support by the companies reporting at least some Energy R § D

spending.

-
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Gas Turbine Combined Cycle

Fuel Cells
Fluidized Beds

Magnetohydrodynamic Generation

Batteries

~Thermal Energy Storage
Coal

Gasification

Liquefacfion
Nuclear

Liquid Metal Fast Breeder

Waste Disposal

Reprocessing

Fusion

Fuel Separation

Fuel Production

Light Water Reac?ors

Other Fission

Solar § Other Renewables

Solar Photovoltaic

Biomass

When the data are analyzed, two features stand out, (1) All

companies, not just those doing R § D in the area, came out
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very strongly in favor of heavy emphasis by DOE for R & D in

practically all the technologies enumerated in the nuclear
category. (2) With the exception of coal liquefaction and coal
~gasification, all companies, including those doing R & D in the
coal, oil and gas categories, did not emphasize the need for
DOE support in the coal, oil and gas categories. This
observation tends fo support the perception generated by .the
personal interviews that the energy supply cmpanies would
prefer to '"go it alone', with economic incentives other than
direct DOE support to stimulate high risk, capital intensive

R & D,

Appendix D provides more detailed information on the relative
amount of DOE support.companies recommend for each of the
technology areas. As-discussed above, each was asked to
indicate the degree of importance that it thought DOE should
give in its support of each technology. Responses allowed
were: should not support (NS), not important(NI), important
(i), amd very important, (VI). An index was consfructed using
a scale of 0 to 1000 by scoring the above categories 0, 400,
700 and 1000, respectively, and averaging over the response;
The higher the index for a tech nology the higher the perceived
worthiness for DOE support. While the scoring is somewhat
arbitrary, the results are useful for comparing industry
perceptions regarding the importance of the different

technologies. 1In Table 17, these indices are exhibited for

(i) all companies responding
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(ii) those companies responding and doing R § D in the
energy category

(iii) those companies respondlng and d01ng R &D in the
particular energy technology listed.

In Tables 18, 19 and 20, the percentages in the four response
categories, NS, NI, I, NI, are presented. The percentages in
the four response categories for the 10 major industrial groups

are given in Tables 21A-21C.

In the personal‘interviews in Year I, the comment was made on
several occasions that DOE should confine its support for
universities and the national laboratories (public sector) to
basic and some applied research whereas support for process
engineering, pilot and demonstration plants’should be allocated
to those companies in the private sector possessing the
potential for ultimate commercialization. Hence, a question
requesting the opinion of each company regarding the current
level of government éponsorship in these types of
energy-related research was incorporated into.the Year II maii
questionnaire. For the 192 responses to this question, the
distribution of respénses over_thése types of research
categorie51was e;sentially the same for the private sector and
the public sector. This similarity persisted when the results
were disaggregated according to company size. Although these

responses tend not to support the Year I impression, it should

be noted that the companies interviewed in Year I did not form
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‘a significant component of the Year II respondents to this
question. Table 22 in Appendix D presents more detailed

information on this question. : ,

N
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DESCRIPTION OF SAMPLE AND INTERVIEW PROCEDURE

Eighty-seven on-site and éight telephone interviews were
completed in Year II. The following table indicates the kinds

of companies interviewed:

High Technology Companies _ 12
Chemical Companies 8
Coal, 0il gnd Gas Companies 12
Consumer Product Companies 8
Basic Industries 16
Electric Companies | 8
’Light Industries , 11
Miscellaneous Companies o | 12
TOTAL S - | 87

For the most part, intérviews were conducted with top-level
corporate officers or executives in engineering R § D or
planning, including, in some instances, company presidents and

~general managers.

Each interview’wag conducted by one of ten IRI Emeritus Member
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consultants, seven th'had cqnducted the Year I interviews and
three additional interViewers; These individuals were,
themselves, ex-corporate executives and so'wefe able‘to_gain.
access to company representatives who otherwise might not have
participated or who might not have been as frank with other

+

interviewers.

The interviews were guided by a format which included the
‘général points described below but were otherwise
non-direcfive. They were ffom one to five and one half hours in
duration. A separate report.was prepared‘and submitted for
éach interview and these reports provided the basis for the

summary to follow.,

INTERVIEW OBJECTIVES

The main objective of the interviews was to obtain detailed
descriptions from top corporate eXecutives on several aspects
of corporate energy strateg& and its R § D component. Another,
major objective was to determine the impact of the bolicies,
programs, regulatory activity, and other actions of DOE ‘and
other government agencies on corporate energy strategy and the
commercialization of new energy technologiés. Specific
examples of how these actions have inhibited, facilitgted,-dr
otherwise affected the commercialization process were sought. .
Finally,_intervigwees were asked to indicate the relative
importancé to their company of DOE support of various energy

technology areas. Aggregated interview responses for all these
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issues are presented in the remainder of this report.

" It should also be noted that all the interviews were cdnducted
before the incident at Three Mile Iéland. Currectly, there is

no wéy of knowing if or how that occurence might have changed

" business commitment to nuclear energy. All the interviews were
“also conducted before phased decontrol of oil prices was

announced.,

For a description of industry's reactions to the National

Energy Act, see pages 85-89 of this report.
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CORPORATE ENERGY" STRATEGY AND ITS R & D COMPONENT

Interviewees were asked to discuss their corporate energy
strategy and its R G D component Wlth respect to four
categorles' conservat1on, supply, energy productlon and
transm1551on and new products./ TheV were asked to describe
their major concerns, plans, and projects in each area and to
rate each category's importance on overall corporate enexrgy

strategy in ‘the near, mid, and long-term,

An anaiysis of the corporate.responses indicates that very

" little attention is being paid to long-term (beyond year 2000)
activities. Industry feels that it cannot shape its own
corporate energy strategy or undertake long-lead high-risk
energy R & D ventures in the current climate of uncertainty,
Companies call for a rational and consistent national energy.
program which will reduce the number of conflicting and
ever-shifting regulations to which they are subject.
Furthermore, they urge that price controls, allocations, and
mandated conversions be lifted to establish free market
conditions which they believe are essential to solving our

national energy problems.

Three of the four issues addressed in this section, i.e.,
conservation, supply, and energy production, are closely
interrelated components of corporate energy strategy and
energy-related‘R § D. Corporate activities in these areas are

motivated by an interest in minimizing energy dependence on




uncertain outside energy sources--uncertainties that are caused

~both by the political vagaries of‘foreign_governments and by

| our own government's shifts in pricing, allocations, and
conversion regulations. In the interest of assuring an
uninterrupted suﬁply'of energy; consumer prdduct companies have
undertaken conservation efforts and developed various
capabilities for producing in-house sources of‘energy,.
Companies who produce energy primarily for sale have also shown
an interest in conservation and have undertaken exploratory

projects to uncover more energy resources.

Finally, as in all business ventures, companies approach
possible R § D activities in these three areas with concern

about the ekpected return on investment.

A discussion of the aggregated interview responses for all four

categories appears below.




ENERGY CONSERVATION

Conservation is a main element of corporate energy strategies

Most companies éonsider energy conservation an important
component of their overall corporate energy strategy. The.
economic motivations for these efforts are apparent: increasing
pressures to keep their product costs competitive and a strong
conern for the availability and uninterrupted supply of energy.
Fdr other industries, whose products or processes are not
energy intensive, conservation is simply considered good
management practice. A wide range of projects designed to

reduce energy consumption have been implemented.

These projects range from small scale efforts, such as
computerized car and van pooling programs to medium scale
projects, involving known engineefing principles and
technology. More sophisticated innovative process changes
requiring major capital eXpenditufes and R § D have also been
undertaken. These programs are expected to continue producing

energy savings year after year.

Although, as will be discussed below, there is a widespread
belief that a diminishing returns phenomenon has begun for
additional major conservation efforts in the industrial sector,
conservation apparently represents the principal component of
corporate energy strategy. This is further corroborated by
data collected in Years I and iI mail surveys which indicate

that private sector R & D expenditures in energy conservation
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comprise about 25% of all energy related R & D investment.

Typically these efforts have resulted in reducing total energy
consumption by 15-30%. Several companies cited outstandiﬁg
examples of the results of eﬂergy conservation programs:
--We consumed 31% less energy in 1977 than in 1976, yet
we manufactured 41% more products.
--Using the base period of 1973, we are saving 3 trillion
BTU's per year. (Approximate equivalent: 516,000
bbl/year ot o0ilL}*
--One plant originally designed for 150 tons of (product)
per day was increased to 400 tons per day with only

minor changes and no increase in fuel consumption.

--Using foreign.made trucks, we now get 20 MPC vcrsus tho
former 10 MPG.

--We've had tremendous savings at our electric plant. By
increasing the generator load at night the eff1c1ency
increases substantially. For example, at 60% of
capac1ty on base ‘load the efficiency is 32% as compared
to 37% efficiency for operation at 85% of capacity.

--Result in energy conservation: from 25%-35% thermal
efficiency in open cycle brought up to 70%-75% in the
combined cycle.

--Since 1975 an 80% saving in natural gas use in our
manufacturing process has been achxeved by changing to
by-product. fuel.

Based on these and many similar examples reported, it is
evident that industry has been, for reasons ranging from return
maximization to stewardship, conscientious regarding in-house
energy conservation and has indeed achieved some dramatic
results in the reduction of energy consumption, especially with
regard to industrial processes.

* Based 'on an Institute of Gas Technology conversion factor.
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Conservation projects will be evaluated in terms of return

Although many conservation efforts have been succesSfully
implemented, there is a widespread beligf that further
conservation efforts will be decreasingly cost beneficial.
Future conservation projects will be evaluated in relation to
other projects on the basis of their potential return on
investment. The obvious things have been done. While many
were highly cost-beneficial some were done despite
comparatively low return on investment be;ause they were
relatively risk free, represented good management, or displayed
responsible '"citizenship". Further progress, however, will
require greater and greater capital expenditure and
correspondingly high risk. Consequently, acceptable return on
investment must notlonly be expected, but it also must be
predictable within the reasonably narrow range necessary for
prudent, long-range business management. In the present |
climate of extreme instability of government actions and
practices, hoﬁever, such prediction is difficult, if not
impossible. Thus, most of the companies express a general
reluctance to embark on major new programs involving large
capital expenditures and significant process redesign, even
though thef may have very successfﬁl completed projects or very
promising projects nearing completion. Some ekamples:

--Most of the housekeeping conservation measures‘havé

already been completed. The remainder are extremely
capital intensive.




--0ur extensive energy ccnservation program has produced
results to the point where it is now difficult to find
new challenges. Further savings in energy can be
found, but they must show a pay-back and will have to
ccmpete with other projects.

--We get very ccnflicting stories from the government and
from industry 3s to reserves. We could change our
strategy if we had a prediction that we could accept.

--More effort will be required to achieve additional
conservation savings beyond the substantial results
achieved thus far.

--The next step in energy conservation includes major
redesign of existing processes.

--We expect to justify energy savings capital
expenditures using the same criteria that are used for
all of our-capital expenditures,

--The costs of government mandated conversion of paper
operations from gas to coal make ROI very unattractive
for up to 10 years.

--We have made steady progress in reducing energy
consumption but now are reaching the limit of our
possibilities.

--We have little room for improvement. Our older units
are 97% efficient. Newer one¢s are less efficient

e ey S——————— L o e

" due to environmental requirements.

--The mining of leaner ore deposits will result in
increased energy consumption. There are no obvious
areas for further important energy conservation
measures with present processes,

--We know no way to reduce energy requirements for the
manufacturer of polyethylene, which is extremely energy
intensive. Attempted process changes have produced
unacceptable products. ~

‘Although not often expressed, there is a contrast to the "easy
things have been done'" outlook that may be of some importance.
Specifically, companies whose products are energy-conservation

oriented and intended for industrial usage, (efg./ waste heat

recovery systems, more efficient machinery of new, unfamiliar
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design) typically express the opinion that there are still cost

beneficial conservation measures available for immediate
application. Not many sﬁch'companies were interviewed and
consequently the validity of the concept is not possible to
‘establish. These éompaﬁies claim that their most difficult
marketing problem is the reluctance of plant managers to accept
these unproven systems for fear of production line
interruptions. These fears allegedly arise from a perception
that this equipment, although perhaps more efficient, may have
lower reliability and maintainability. One company suggested
that the government remove some of this risk bykapplying
suitable economic incentives so that these energy efficient

~products could be proven and utilized throughout industry.

Other companies indicate that anticipated price increases in
the near and mid-term will eventually enhance rate of return on
conservation efforts made now.

--We will expend capital for energy saving projects with
longer return periods than for other, non-energy
oriented projects. Return periods should shorten as
time passses.

Although the exception to the rule, some companies remain
willing to undertake conservation projects which promise low
return on investment because such projects represent ''good
management' or ''responsible citizenship" in some sense.

--We consider conservation to be a matter of good
management.

--We are willing to allocate capital for energy savings
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with a lower ROI than for other projects.

--We will accept a slightly poorer ROI on energy
conservation projects than normal.

--Energy conservation projects do not have to conform to
normal financial criteria.

--We make interest-free loans to our operating units to
finance conservation programs.

Conservation efforts were often undertaken to‘ensure'tgg

Many energy intensive and non-intensive companies state that,
at least in part, théir conservation strategies seek to reduce
uncertainty of Sﬁpply: In fact, when availability and
uninterrupted supply of energy or of a particular type of
energy (e.g. natural‘gas\for direct drying) is crucial to a
company's operations, cost of energy and return-bn-investment
may not be the most important investment decision criteria.

Thus for many companies, uncertainty of éupply quantity,
source, or price is an incentive, albeit a negative one, to
invest capital in'energy conservation, .even when such
expenditures are not extremely justified on a
return-on-investment basis.

--Al11 of our product lines are highly competiti#e. The
company cannot exist without an adequate supply of
energy at reasonable cost.. Continuity of supply is
critical to all our operatlons.

This concern for an gnihterrupted supply of energy was often
central to the discussion of corporate energy strategies and is

discussed in greater detail in the next section on Supply.
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Companies complain that federal agencies hamper their

conservation efforts.by implementing inconsistent policies,
forcing change by regulation rather than by incentives such as
tax credits, by banning full cost accounting, and in general by
forming short range policies rather than working‘toward long
range national energy goals. Several companies made strong
suggestions for improving the relationship between government

and industry. These include:

--DOE should take the lead in resolving inter-agency
conflicts so it could help industries. Some positive
moves could include funding for chemical recovery from
paper mills, preferably through a consortium, funding
or other incentives for burning wood, and allowing free
market pricing to be the incentive for conservation
rathcr than regulations, since industry and the
population will effect conservation when pricing
provides the incentive, Over-emphasis (on prior
achievements in conservation) leads to a sense of false
security of possible accomplishment.

--The government should make greater efforts to provide
incentives for further conservation measures. Some
significant capital expenditures .that would have saved
a great deal of energy have had an unacceptable ROI due
to government monetary policies,

--The actions of the regulatory agencies should be more
.realistic and well thought out as regards pricing and
control of consumption rates to the customer. Such
policy changes would make conservation programs more

promising. ‘ o

--Methyl Managanese Tricarbonyl (gasoline anti-knock
additive outlawed by EPA) should be reevaluated in
terms of a cost benefit ratio. It represents a
possible saving of 35-70 million barrels of crude per
year. The use of leaded gas need not be discouraged in
all areas of the Country, since it is a hazard only in
some areas. ‘ — '
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Several companies made a strong plea for removing emphasis on
increasing the mileé per_galion of gasoline for automobiles.
Their general rationale for this is that it is less expensive
for them to build automobiles that run on synthetic fuels than
it is to continue improving gas mileage. One comprehensive

statement demonstrates this point:

--There is a need to resolve inter-government agency
conflicts related to energy production. The government
is ignoring technology already available which would
insure our domestic energy supply, independent of
imports. The investment cost of oil saved by the end
of the 1980's by redesigning the auto will be at the
rate of $40,000-$50,000 per barrel poer day of oil
saved, This may turn out to be twice the cost of
investment to generate this same liquid energy from
solids. It is foolish to push the efficiency of the
automobile to a cost where the customers can not afford
to buy the car. In the present program there is a '
self-destruct element which eventually will be either
changed by Congress or blamed on industry and OPEC.
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- SUPPLY

An uninterrupted supply of energy is crucial to most business
operations.. In fact, the need to assure continuity of energy
is no longer motivated by economics alone, but has actually
becbme a mater of survival in many cases. This conéérn'has
caused mény.cmpanies to drill for their own 0oil and gas or open
their own coal mines. Other activities to assure continuity of
energy supply include the economic use of coal to replace 0il
and gas when possible, the use of byproducts as alternate fuel
sources; cggeneration, thé production of gas from biomass, and
the installation of equipment to burn alternate fuels and store
LPG and coal. These activities include both on-going programs
and substantial R § D efforts. Energy producing companies have
increased expenditures covering R § D programs and commercial
developmenté related to increased crude 0il production through
primary, secondary, and tertiary (EOR) techniques, as well as

R & D programs for the development of synthetic fuels from

shéle and coal.

. At least ‘eight companies report successful projects or planned

R § D efforts for the use of wastes as fuel sources:

--One.of our new plants will obtain 100% of the fuel
for its boilers from waste products. Over 30% of the
total energy used by the. company (including gas, oil,
coal, electricity, and waste materials) is now
generated from waste materials. Of our total
purchased fuels, waste materials represent over 50%
of our energy as compared with our other purchased
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fuel

%]

--For the mid-term, we may have to consider the use of
in-house scrap. However, we would have to supplement
this with other sources of scrap to make it a large
enough project to be worth the money.

--We have an energy-from-trash project, applying our
experience with large boilers., We expect the program

. to grow in the near term. :

--We are starting to pay some attention to the ‘
incineration of combustible plant wastes as a source
of energy.

--We are burning waste oil as burner fuel.

--We use munidipal refuse as fuel, Also, we have
increased our use of wood as a replacement for fossil
fuels. :

Most R § D efforts to develop alternate fuels concentrate on
technologies that can promise near or mid-term
commercialization. The following statements refer to near-term.
efforts:

--We are paying attention to the nature of the optimum
supply source in terms of its ultimate use -- e.g.,
boiler fuel in the refinery, fuel for customers,
feedstocks for petro-chemicals, etc.

--Though our major plant fuel is natural gas, we have
developed standby provisions to switch from gas to
propane or oil as alternate fuels.,

--By edict of top management, we are paying attention
to the use of alternate fuels on a cost-feasible
analysis.

--Our project with DOE involves an improved catalyst
for coal liquefaction.

--We have increased our use of wood to replace fossil
fuels. .

--We are looking at other sources of chemical
feedstocks, not at liquefaction or gasification.

--We are doing R & D on glyc61 manufacture using
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syngas.

--Our R § D is aimed at more efficient fuel use.
Alternate fuels begin to compete with gasoline at
about $2.00/gallon. We have studied all kinds of
fuels -- gasohol, synthetics, even hydrogen.

--We ‘have invested in equipment to burn and store
alternate fuels (oil, gas, and maybe coal) and to
store emergency fuels. Some processes cannot use
alternate fuels like metal and heat treatment and
furnace brazing.

Mid-term efforts include:

--A possible project for the mid-term is fuel
plantations, e.g., faster growing forests
specifically for fuel use rather than for paper
stock.

--We do R & D on liquid fuels and gas from wood.

--We will move to alternate fuels as mandated or
dictated by economics.

--For the m1d term, we believe we will make greater use
of biomass and will have to use all sources, i.e.,
nuclear, etc., "even solar",

--For the long-tefm, we expect our concern to become
more important, but we cannot specify in what way,

b

Discussion of long-term efforts appears more general and

speculative:

--Calorific Recovery Anaerobic Process (CRAP) and coal
~gasification, and biomass will be important for the
“long-term.

--For the long-term, solar may provide a small
percentage of our electric power, perhaps comparable
to nuclear's present contribution.

--Some alternate form will be available. It is even
possible that it will be so cheap and available that
it might be free,
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' processes.

The following statements demonstrate corporate interest in
nuclear and coal technologies for increasing production of

electricity:

--For mid-term, we plan on using more electricity. We
feel the country should be building more coal and
nuclear electric generating units. It takes ten
years to build these units, so we should be moving
very aggressively to build these units right now]|

--For thc long-tcrm, we neced clectricity through
nuclear fusion, '

--We believe the future should lie in the use of coal
with fluidized bed equipment (to provide electricity
and steam) and that we should not try to convert to
liquids first., Obviously, this is for stationary
equipment.

--The country should be and is moving toward an
electric economy to bridge the gap between petroleum
and synthetic liquid fuels. Nuclear energy is
absolutely essential to bridge that gap.

--0il and gas from coal and shale will be defeated by
poor economics, Solar will not be important. The
government must solve the nuclear regulatory
bottleneck so we can have lower cost electricity,

--Utilities are 75% coal based. We see no growth in

" nuclear, and the availability of liquids and gases is
declining and their costs are increasing. Biomass
will not. have a significant impact, despite our
location in a heavily forested area.

By supporting and expanding nuclear power and coal combustion
for stationary equipment, more petroleum fuels will be
available for essential portable equipment and chemical

feedstocks, The development of an electric/hybrid automobile
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and liquid synthetfc fuels can further ease the burden of
diminishing petroleum supplies. These points are discussed in

more detail later in this section.:
Coal is also vital to many other industrial processes:

--Our major source of fuel is coal, with 25-30% coming
from captive mining operations and the rest from
outside. We need continued supplies from outside. We
do some of our own work on sulfur removal and other
preparation of coal.

--65-70% of our energy comes from coal. We are
concerned whether we can move it, get the quality
coal we require to make coke, and find new coke
making processes.

--We are assumlng gas will not be available in the
future and we will therefore have to use coal, elther
directly or indirectly. Because of possible
carcinogenic contributions of some fuels, we will
have to use steam for evaporation or indirect drying.

‘Though conversion will be time-consuming and oxpensive, coal is
thought of as a possible replacement for gas and oil by ‘those
companies which can use it without decreasing the quality of
their product:

--For ‘the long-term, we expect to switch to coal as our

major source of energy. This entails major redesigns
of processes and facilities.

Even with a strong thrust toward alternate supplies of energy
1nc1ud1ng nuclear, solar -and: blomass, certain 1ndustrles will

require natural or synthetic oil and natural gas for a 1ong
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time. This 1is especially true for companies critically
dependent upon the special combustion properties of natural gas
and for companies facing large and complex conversion problems.

For example:

--More than 20 years will be required to develop, check
and set up a distribution system for.a new fuel for
planes. Therefore, kerosene will be necessary for 20
years at least. We expect the demand for turbine
fuel to grow twice as fast as the demand for other
fuels in the period 1980-1990 (i.e., 3% per year vs.
1 1/2% per year)., We expect the critical period tor
shortages will be in the next 10-12 years..

--We must have energy in a form compatible with food
processing. We need clean. fuels such as electricity,
natural gas and LPG. ‘Direct heating for food product
drying is about 70% efficient, while indirect is only

5

30-40%5 ‘

Other companies depend on natural gas for heat treating, curing
coatings, and glass operations. These processes are not
considered economically amenable to thé utilization of coal or
oil. As 'the following statements indicate, many companies rely
upon natural gas as a major fuel:
--Natural gas is a majdr fuel., The supply of natural

gas is basic to our profits. Two years ago some

plants were shut down because of the gas shortage.

It was necessary to buy expensive propane with a

major - impact on operations, expense, and profits,

--In the 1977 gas trisis, the closing of one plant cost
us $2 MM,

--Our major plant fuel is natural ‘gas. Our operations
could be seriously hurt if gas supplies become
unavailable or substantially reduced.

--We are concerned about conflicting public statements
regarding the available underground supplies of
natural gas. :
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--We will use gas as long as possible. We think it
will be available for 5-10 years. We should have
priority for gas under the New Energy Act, since we
are manufacturing agricultural products where there
is direct contact between the combustion gases and
the food product. . :

--A continuing source of gas is critical. We sold all
our wells 14 years ago since we expected federal
regulations would prohibit. the transmission companies
from owning wells. : ' : ~

Eleven companies state that oil -and gas are their primary
energy sources. While one or two companies say they feel

supplies will be adequate, most companies express concern:

--0il and natural gas availability and continuing
uncertainty are concerns. :

--0il is a key factor in our fuel sugply source,
Natural gas is, too. Coal has to be considered.
Uncertainty of the supply and cost of oil is a grave
concern. '

--We have converted boilers to burn gus or oil. Large®
storage tanks for oil have been installed at our
largest unit to avoid interruptions in supply. We
assume gas or oil will be available. 'We have no
plans to move to coal, because rapid changes in steam
loads. do not lend themselves to coal fired boilers.:

--Our primary sources of energy are gas and oil. We
use some electricity for heat treating.

--All our plants will be converted to burn gas and o0il
(now they burn primarily gas). Some -of the plants
are installing propane tanks for gas standby.

--Most of our plants are now operating on either oil or
~gas. Propane tanks have been installed in some
plants as insurance. There is a trend to shift from
0il to gas. Several plants could switch to coal, but
requirwments would be so large as to make logistics
almost impossible. ' ' '

Some companies cite the difficulties of converting to coal:
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--We have no plans to move to coal, because rapid.
changes in steam loads do not lead themselves to coal
fired boilers.

--Our present equipment is not suitable for coal
without excessive alterations.,

--Our energy is supplied by electricity (30% of total),
gas (30% of total), and coal, oil, and propane. We
cannot go to coal in many locations due to our small
requirements. Such units would probably be shut down
if coal were mandated.
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In view of ever-decreasing supplies of hydiocarbons, several
companies strongly suggéest that we'distinguish’bétWeen fuels
that can be used for stationary equipment and those required
for mobile equipment such as airplanes, tractors, and heavy

construction equipment. A representative statement follows:

--For the mid-term, the country must conserve portable
fuels (liquids primarily) for portable or mobile
requirements such as farm tractors, airplanes, and
construction equipment. We need to develop nuclear
energy (electricl) for stationary energy uses.

As stated above, in addition to nuclear power, many companies
urge that fluidized bed coal-fired power generation equipment
be utilized to‘provide as much energy as possible for
stationary uses. By developing alternate fuels for stationary
equipment, more petroleum fuels would be available for portable

equipment.

Companies recommend that, as soon as economics dictate, liquid

synthetic fuels be psea for portable units and automobiles.

--We predict that liquid fuels from coal will come
along first. We should be building units now to have
synthetic fuels in the 80's. The technology is ready
now to use them as soon as economics -dictate.
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--We expect the crunch in avallablllty and cost of
portable fuels in the mid or late 1980's. About this
time, we expect the cost of synthetic fuels to be
competitive with petroleum fuels.

--A synthetic fuel industry could be created by a
simple law that says by a certain date, say 1988, 2%
of all liquid fuel must be of synethic origin. It
would not be necessary to tell industry how to do it
or what price the synthetic fuel would be, just. a
requirement that if industry wished to sell liquid
fuels in 1988, 2% of that fuel must be synthetic,

--The manufacture of liquids from domestic solids is
held back because our political arm does not chonse
' to make this commercial. There is a need to resolve
government inter-agency “conflicts related to energy
production. The government is ignoring technology
already available which would insure our domestic
energy supply, independent of imports. The
.investment cost of oil saved by the end of the 1980°'s
by redesigning the auto will be at the rate of
$40,000-$50,000 per barrel per day of oil saved.
This may turn out to be twice the cost of investment
to generate this same liquid energy from solids., It
is foolish to push the efficiency of the automobile.
to a cost where the customers cannot afford to buy
the car. In the present program there is a
self-destruct element which eventually will be e1ther
changed by Congress or blamed on industry and OPEC.

--Nickel-zinc system is promising as a power pack for
mobile transport. Has attractive watt hour/lb.
performance, The market is catimated at 20-30,000,000
limited use vehicles for urban areas. Present
lead-acid batteries (very heavy) provide 40-50 mile
radius. With nickel-zinc this radius is increased to
100-200 miles. New battery systems will provide
future markets for lead and zinc, -

--Batteries for electric- powered vehicles. DOE should
provide fundlng for this development because of the

high risk involved with the future of electric
powered vehicles.

é

Without alternate energy sources for stationary equipment and
without synthetic fuels to complement and eventually replace

petroleum fuels, some companies claim that their business will
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Most chemical companies and several companies with plastics

divisions clearly stress the importance of a continued'supply
of chemical.feedstocksci There is overall agreement that '
‘petroleum‘is more valuable as a feedstock than as a fuel - both
because there is gréater flexibility in fuel and because only a
very small percehtage'ef total crude oil is used by the

petrochemical industry:

--We see petroleum moving in the direction of feedstock
supplies rather than to fuels,

--We expect the use of petroleum for ¢hemical
feedstocks: will always displace its .value as fuel
0il, because less than 5% of the total crude used
goes ‘into feedstocks.,

--Our entire production is dependent on chemical
feedstock availability. TFeedstocks will be available
for a long time since feedstock producers can bid
their raw materlal out of the gasollne pool.

--In the chemlcal bu51ness, feedstocks have to. take
precedence over fuel.

--We are basic in styrene. We foresee 1o problem with

chemical feedstocks because petroleum will always be
of more value as feedstocks than as fuels,

Consequently, at present, industry does hot.see real price
competition between chemical feedstocks and the use of
petroleum as fuel. Since less than 5% of the total crude used

~goes into feedstocks, there is little inferactionAbetween

g
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chemical feedstocks, raw materials supply, and the use of
petroletm for fuel, especially since the chemical industry is
better able to absorb slightly higher costs than the fuel

industry.

However, as the supply of petroleum dwindles, the percentage of .
petroleum used for feedstocks will increase; This antiéipétion
has led to increased R § D aimed at making a transition from

the exclusive use of 0il and gas to the use of alternate encrgy

forms, primarily coal, for chemical feedstocks.

--We have projects in R § D to utilize C3 and C4
by-products from our ethylene plant.  Liquid
by-products from coal gasification are especially
valuable for some petrochemicals because of their
aromatic content.

--Between 70-80% of products are based on hydrocarbons.
We are interested in the o0il shale task force from a
viewpoint of possible supply (of petroleum for
feedstocks).

--We need raw. materials. We are almost totally
-independent in iron ore, limestone, and coal. We are
concerned about the supply of hydrocarbons because of
our plastic molding business.:

--As. the costs of oil and LPG go up, ethylene costs
" will increase more rapidly than propylene and butene.

This puts economic pressure on a Shlft to lower
priced feedstocks

~--One division buys resins from petrochemical
companies. It would be affected indirectly as the

supply of feedstocks (or steel) changes or
diminishes.

Some companies express fears concerning the supply of
feedétocks, primarily with regard to the supﬁiy of natural gas

and petroleum and the cost of ethylene, aromatics, and olefin.
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Since there are 350,000 people employed in the primary
plastics industry, an industry that depends on about 1% of our
total crude, this industry urges that supply be continuous and

affordable.

--Our major raw material is ethylene which is used for
vinyl alcohol and acetate, polyethylene, and alcohol.
We are basically a natural gas and oil based
feedstock company. We are very concerned about

supply.

--Supply is very ‘important. It involves synthetic
rubber and synthetic fibers,

--Aromatics are in short supply and therefore very
expensive.

One company noted that the ethylene and olefin industry
overbuilt, resulting in low prices due to competitive
pressures, This they séy~will change by 1981-1985 when the
demand for these will exceed supply, causng the price to
increase by as much as 50%. For companies producing vinyl
alcohol, acetate, polyethylene? etc., this would be a serious
problem. Another concern is that since aromatics are already

'in short supply, their price is escalating above inflation.

In attempting‘to describe their corporate energy strategy with
respect to supply, many companies mention factors that inhibit
their ability to plan. For example, many companies feel that

their plans for the future will have to be held in abeyance
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until there is mere certainty about prices, supplies and

government allocations:

--The nature of government pricing policies is an
unknown factor and affects the availability of
supplies. We have built storage facilities to-
prevent plant close-down because of lack of supply.

Pricing controls that keep energy artifically underpriced are

blamed for severly limiting the availability-of supplies:

--Price controls have been limiting o0il and gas
availability since U.S. companies cannot afford to
drill the wells tu find new supplies. It is OK for
foreigners to make money or get rich on selling oil
and gas to us but it is not OK for a U.S. company to
make money or get rich. This does not make sense.

--The government must start to develop new resources
for energy and deregulate the price of oil to make

the new sources competitive.

--Instead of "protecting' people by regulating the cost
of fuel, people would be better protected if they
were employed in a more constructive way to make
liquid fuels from available solids. ‘Synthstic fuels
would increase the cost of fuel in the U.S., but
would stop the dollar drain and decrease
vulnerability due to foreign supply.

However, one company states that artificially controlled gas

prices has had a positive effect on its operations:

--With low artifically controlled prices on gas, gas -
has been our main source of energy. :

Since conservation and environmental regulations are constantly

shifting, many companies are not sure what kinds of energy
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sources they will be allowed to use and to what extent.

--Our problem is not in finding gas or drilling for it,
but rather with government regulations. . DOE says we
cannot use our own gas unless it is certified as 533
self-help gas. We have gas sitting in wells, and we
cannot use it. ‘

Environmental standards, themselves, are felt to negatively
influence corporate ability to respond to energy needs. Time
and again, businesses urge a balance between environmental

risks and energy needs:

--Expansion of the major utilities has been curtailed
because of pollution control problems. The electric
utilities may not be able to catch up on their
construction programs to the point where®electrical
energy is available as needed. Therefore, we take
future regulations very seériously.

--No'governmentél decision can do our country more harm
than to delay the breeder reactor. The delay is the
worst government decision.

--Both the lead and zinc extraction processes require
gaseous fuels, On-site gasifiers may not be used if
there is too tight a squeeze on sulfur emissions.

Government interference with the free market and other
"political" decisions are perceived as impediments to the

development of energy technolpgies:

--The federal government is trying to control supply by
regulating rather than by allowing supplies to float
in the free market. For example, we were assured
that by turning to Mexican gas we would have enough
for 100 years. However, the government stepped in
(State Department and ERDA) and drove business out of
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the picture, because they could not allow the import
of Mexican gas. The Mexicans wanted only $2.60, and
yet the government was willing to spend $3.20 for
Arab LNG for the same energy equivalent. Now the
Mexicans are mad at us. It could be that some U.S.

business will relocate to Mexico.

--The breeder reactor may have been stopped for
political reasons., '

--We see no electricity problems or oil shortages
unless political (world-wide) in nature.

' --We believe the government will work toward an assured

supply of electricity and gas at the lowest cost
because it is vital to the industrial economy and

jobs. However, this is a political problem.
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ENERGY P’RODUCTI'ON 'AND TRANSMISSION

This section reports on the responses of the 26 companies who
stated that they were engaged in energy prqductiqn'qr
transmissiqn. Information is presented for companies who
prqduce energy only for their own use, fof those who produce

for their own use and for sale, éhd for those who prqduce
primarily for sale. Projeéts described are ones that relate to
industrial processes as well as to R § D effofts.

........................ .

There is a significant move toward energy self-sufficiency.

!

This is true both for companies producing energy primarily for
sale who want to reduce their dependence on foreign sources as
well as for consumer product éompaﬁies who wish to cnsure an

uninterrupted supply of energy for their industrial operatioms.

This concern for an uninterrupted supply of energy arises from
fears of écarcity, distrust of unstable foreign sources,.and
uncertainty about government mandated conversions and. |
allocations. Some companies establish or enhénce
énérgy-producing capabilities by acquisitions. Many companies
also recover and convert internal sources, such as waste heat
into useable energy. This use of internal sources of energy is

becoming more economical as the price of purchased energy goes

up.

Among those companies who produce energy for their own use, gas
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is the most popular energy source, quickly followed by o0il and

coal. The major method reported for generating electricity and
steam is through cogeneration. Other methods are direct coal

combustion and fluidized bed combustion.

Companies who produce energy for their own use report that they
have undertaken or have plans to undertake the following kinds
of‘projects'and programs:

Gas Production: -

~--We are drilling for gas in Ohio and Kansas. In the
last four years we have drilled 175 wells.

--We have drilled gas wells at one plant, and will
‘expand this if economics are favorable.

--We own some (backup) gas wells, so we can supply
15-20% of our needs.

--We have programs to install electric generators to
produce guaranteed 24-hour service of constant
voltage electricity,

--We have installed facilities for electric power
generation in emergencies.

- --We are 1ooking-at coal generated electricitykto be
" independent for our own protection.

Ethylene:
--We produce ethylene from ethaneA(from natural gas).

--We are considering a 1 billion pound cracker to
produce ethylene for our polyethylene operation.

t

" Olefins:

--We produce energy from burning nonenes in steam
boilers (because of environmental requirements).
Nonenes are olefins recovered from the process of
making anti-oxidant rubber chemicals. : g




Steam:

--Production and transmission of steam are important
aspects of our plant operation. '

--We burn low sulfur coal and oil for steam production.
Other projects include: cogeneration; trigeneration
(steam, electricity, and low B.T.U. gas); fuel from
waste products from paper mill operations; and the
production of hydrogen and methane from biomass.

‘0il and Gas: .

--We have subsidiaries which produce oil and.gas, and
we are interested in lignite. . .

Cogeneration:

--Cogeneration will be used at all our plants where it
is economically viable.. -

--We are emphasizing two types of cogeneration: 1) We
feed waste steam from turbines bck to other uses
(e.g., heating); 2) We use as much waste heat as
possible. : '

--We have cogeneration of steam and electricity.

--With cogeneration, we produce-go% of our electricify
needs in one plant and 35% in the other. ‘

--We cogenerate about 30% of ‘the power in our largest.
plant, using very low pressure steam in evaporation..

--Our sole concern with:energy production is currently

" for our own internal use. We have invested $65
million in recovery boilers used in proper '
manufacturing. We upgrade biomass through controlled
burning pyrolysis, and we recycle city garbage to
recover aluminum, steel scrap, and glass. This
produces combustibles used in city electric
_generators. o -

--We develop all practicable additional sources of
energy such as exploration for natural gas, use of.
coal slurries, conversion of wood wastes,
agricultural wastes, and garbage.

Some companies who produce energy for their own use, sell their

excess energy. The major methods these companies use are
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cogeneration, waste heat recovery, and coal-generated

electricity. Examples follow:

--Our projects include a move to generate most of the
power needed within our own plants (with ties to
adjacent plants to supply or trade energy back and
forth), and cogeneration, including the sale of
€lectric power from our refining operations. There
are places where we generate our own power through
cogeneration, and places where by-product energy is
sold to other companies (this includes carbon ,
monoxide from iron smelting). Excess heat from our
cement kilns is used for electric power generation.
We are looking for markets for waste heat from our
cement, gypsum, and tile operations.

Among companies who produce energy primarily for sale, projects
have been undertaken in: nuclear reactor development and fuel
. production, fluidized bed combustion, cogeneration, and coal

gasification. New storage techniques.are also being studied.

--The basic involvement of our company is in all
aspects of converting any fuel to electricity.
Breeder reactor development is important to this
conversion. Also, light water reactors convert fuel

" to ‘electricity. We work on mechancial drive with
respect to converting fuel to useful energy forms
such as applicable to the development of aircraft
engines. We also work on fluidized bed combustion.

--Three projects involve coal gasification for low,
-medium and high B.T.U. gas, cogeneration for.
electricity and steam, and nuclear high temperature
capability. . -
--We are involved in the production of yellow cake
(uranium oxide concentrates) used as fuel in nuclear
power reactors. ' :

--Underground and cryogenic storage are being studied
to provide supplies during peak periods. '
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Exploratory programs are being undertaken for oil, gas, coal

and oil shale: \

--We do conventional production of oil and gas and new
techniques such as EOR. Our exploratory activities
~include coal and oil shale...

--We are aggressive about finding new 0il on-land in
thc lower 48 states... We have a major effort to
recover gas from geopressurized mines and from coal
seams. ‘

There are also plans for the commercialization of 0il shale and

tar sands:

--We have plans for a commercial oil shale plant. We
expect to be able to produce o0il at a slightly higher
cost than Mid-East o0il by 1990.. We are working on
tar sands, hoping to produce o0il by 2000. :

Of the 26 companies engaged in R § D on energy production and
tfansﬁission,~7 companies have major projects devoted to one of
the following areas of céncentration: geothermal, solar,
mining, catalysts, or metallurgy (fbr petrochemical production
equipment). Fourteen companies report thafwthey are pursuing a
'variety,of‘medium level R & D projects on general production

techniques, such as biomass, solar, wind, geothermal,
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hydroelectrlc and nuclear. Other companies report medium-level

R & D efforts restrlcted to single technologies including
combustion research, high sulfur coal, off-shore gasification
and liquefaction, and a non-freeze heat transfer fluid for

solar systems.

The following examples demonstrate some of the R § D being

undertaken:

Major Efforts: . .

--We have a maJor contract with DOE to work on new
concepts Gf geothermal energy.

--We have major solar energy involvements (including a
recent DOE contract) to. develop solar energy for
industrial process heat in one of our proce551ng
plants.

--We pay major attention to new techniques for coal
- mining and develop special techniques for mining
uranium. By computerizing reserves, we assist in the
planning of our mining operations for coal and
uranium, This takes some of the guesswork out of
mining. Also, we are working on continuous mining
and conveyor systems. .

--We have a major project on a catalyst to improve
yields of de51rab1e end products (petroleum).

--The bulk of our R § D is aimed at the study of
metallurgy (for petrochemic¢al production) 1nc1ud1ng
mechanisms of cracking, fracturing, corrosion (inside
and outside), low temperature effects, etc. We have
special problems with HeS and COz .

--We have a major effort in increasing- reserves and the
recovery of petroleum, natural gas, coal, uranium,
and geothermal and other energy sources, oo

--We have a very strong R & D component to develop an
alternate fuel source from coal that is more

- environmentally acceptable, We are heavily involved
in the S.R.C., process and demonstration plant.
Also, we are working on fluidized bed combustion.
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--We have R § D on EOR, oil shale, gasification,
liquefaction, and biomass, all as alternate. fuels.

--We have large sources of biomass matérials and the
technical capability to produce char (black oil), oil
and gas. We have a large R § D effort on biomass. to
produce char, gas and oil at competitive cost and
capable of meeting emission regulations,

Medium Efforts (i.e. those efforts. not explicitly noted by -

companies as major)

--We are searching for optimum routes to convert
various fuels to useful energy at the lowest possible
costs. : : ‘

--We have a substantial exploration program for gas and
coal. We are looking at an expanded cogeneration
facility and evaluating a wind machine. We also have

. a joint solar voltaic project. We are doing some
research on the abatement of hydrogen sulfide
emissions at the older geothermal plants.

--We are doing R § D on the generation and utilization
of hydrogen, fuel .cells (with DOE),

" magnetohydrodynamics (MHD), combined cycles,

- cogeneration, and photovoltaics (solar cells).

--We are looking at cogeneration and solar panels for
in-house energy production. We require considerable
process steam.  We are following fuel cell
development. Where applicable and economic,
cogeneration and solar will be used.

--We are doing R § D on poly alpha olefin, used as a
non-freeze lheat transfer fluid, especially designed
for solar systems. It has a limitation of about 600
F. Also, we do R § D on nonenes and combustion.

--We have a DOE contract to develop geothermal energy.
We do R § D on the utilization of waste, vegetable
waste, and. animal waste. Our direction is toward
anaerobic generation of methane. We have a pilot
unit in operation using potato wastes,

--Our R § D includes work on the improvement of

coal-fired boilers, pollution control in stack gas
effluents, efficiency of electrical operations,
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nuclear research, hydroelectric, solar, wind, and
municipal wastes research,

--We do R § D on high sulfur coal, including the use of
S0, produced in the combustion of high sulfur coal,.

--We are designing and preparing to build off-shore
liquefaction and gasification (of liquid methane)
plants. '

--We are working on the gasification of coal. The
substitution of oil for gas is being looked at, along
with coal slurries. Also, we are looking at coal
generated electricity for the purpose of enhancing
“our independence. -

--We are looking at feedstocks for the future and
developing processes to use them for new businesses,
e.g., biomass, synthesis gas from coal, etc. We are
considering cellulose conversion to ethylene.

--We are working on seismic analyses and techniques for
the discovery of 0il and gas pockets at tight stone
formations and for smaller reservoirs at deeper
levels. We are studying hydraulic tracing, water
flooding, and EOR techniques, including chemical.

--We are working on new and innovative processes for
the recovery of o0il from oil 'shale and tar sands.
Residual oil fields are being developed. We are
studying the use of coal for chemical feedstocks,
activated carbon and carbon black. We are
considering on-site low B.T.U., gas generating
facilities. o '

--We are a member of the American Gas Association,
which does R & D on gas production and transmission.

--We " are looking at hydrogen as a fuel. This includes
the production of hydrogen from water using high
temperatures from fusion or from high temperature
solar collectors. We are also working on methane
production from biomass, uranium éxploration
techniques, and uranium enrichment techniques.

Minor Efforts

--We pay some attention to solar energy.

/ --We have a minor effort;..onAsolar kilns for kiln
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drying of lumber for furniture. The cyclical nature
of solar is not considered a deterrent in this
application. We could get moisture down to 12% and
thus reduce our overall energy requirements. We have
a small effort in biomass. . We burn wood scrap.

-In addition tplmentioning particular R § D efforts, several
companies dgscribed their future concerns with respect to
energy prbductioﬁ and'ﬁransmissionL Theée concerns relate to
corporate development of particular technolégies as well as to
the role_government'wiil play ‘in such development.: For
exaﬁple, one respondenf'expects the government to assure
mid-term supplies of electricit& and gas, while another ekpects
government pdlicy vis-a-vis EOR to change in the mid-tefm,
making it more economical. It is recommended that government
study the coal distribution system, and fhere:is uncertainty
with regard fo how the'government will interpret the law on
"best available technology' cdncernihg high-sulfur coal. The
' future of liquefied natural gas is considered "economically
uncertain', Speculations are alsp'made about some new fuels.
Ohe firm states vaguely thaf hydrogen fuél, with fuel cells,
may becpme important. As discussed earlier one 0il firm plans
‘a cbmmercial 0il shale plant, to be able to produce oil at a
slightly higher price than Mid-East 0il by 1990. They are also
involved with tar sands, and hope fo produce o0il by 2000.
Another firm expresses interest in a network of '"soft energy"
(e.g. solar, wind, geothermal) systems. They believe that a
system of linkages is eésential if "soft energy'" is to become

important.. Another firm looks forward to .the long term
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development of an "electric economy'". Examples of some of

these remarks follow:

A

Nuclear

--We hope to activate two nuclear plants,- each
providing 1000 megawatts. Our hydropump storage
plant, also 1000 megawatts, should start in two
, years. :

--We are interested in a network of soft energy
systems. By soft energy we mean solar, wind,
geothermal, etc. Soft energy will become 1mportant
only when many such sources are linked in a systemn,
For a control system for a soft energy systen,
computers, etc, will be needed.

“Electricity/Cogeneration:

--We expect to install cogeneratlnn facitities at four
or five more locations. We have facmlltles now in
three major U.S. locatlons.

--We expect the government to assure a supply of .
electricity and gas for the mid-term. For the .
long-term, we look forward to the development of an
electric economy, though we may still need some
hydrocarbons (gas or propane). for carburlzlng steel.

" Coal

--There will be a need for a coal distribution system
to provide on-site gasifiers with feed. Pipeline
distribution is a possible answer. The government
should be studying this problem.
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~-As regards handling high-sulfur coal, it is presently
not known how the government will interpret the law
on "best available technology'.

0il. Gas

--We obtain 15% successful wells of the total drilled.
Less money is going into off-shore leases since the
benefit:risk ratio is lower on land. With new
seismic analysis, we expect to maintain the 15%
success rate. New wells will be for smaller pockets
of 0il at deepcr levels.

--In the mid-term, we hope to have alternate methods
for (oil) transportation, including pipelines, trucks
and barges.

--For the mid-term, we expect policies to change so
that it wil be economical to produce 0il by EOR
means, . :

--The future of LNG is economically uncertain.

" Other Fuels:

--Hydrogen fuel in fuel cells may become important for
the future. ' '

Sbme companies describe the difficulties of coal
transportation especially in winter, and express hope for
mid-term dévelopment of alternate méans of o0il transport.
There is interest in developing coal slurry pipelines from
Alaska, Montana, and Wyoming.. To avoid or minimize

interruption of sources, one company established intra-company
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procedures for transferring energy between divisions.

-

. The following remarks describe current or planned
transportation-related projects and corporate coacerns for -

improved transportation capabilities:

Projects

--We produce, use, and sell electrical transmission.
equipment.

--Qur ... division has active projects on
transportation of coal slurries by pipeline and
fluidized bed combustion. v

--Wo are developing technology for low cost
installation of plastic pipe.

--A key area for reliability of service to
(petro-chemical) customers is the study and selectlon
of steel used for p1pe11nes and fittings, etc.

--We have a project concerning gas transmission lines
which tie into interstate pipelines,

--We are increasing attention to (petroleum)
transportation with special emphasis on water
transport, including oil tankers.

--We develop liquid natural gas tanker and
transportation equipment. We are actively searching
for additional ships' construction,

--Gasification and pyrolysis of biomass allows more
oxygen in the destructive distillation process. The
production of char or black oil from wood gives
alternate storage and shipping of energy.-
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Concerns

--The transport problem for coal is an important factor

" in getting the fuel to the user (most of the coal is
in the Appalachian region and problems of weather can
be severe). .

--We are concerned about transporting coal from the
mines to where it is needed.

--Transmission of steam and electrical power for the
pulping and paper making operation is a key factor.

--Fossil fuel delivery is critical,

--We have established inter-company procedures for
transferring energy between divisions to avoid or-
minimize interruption of sources.

--Our (mineral) operations in some areas. are completely

dependent on motor transport. The '78 strike was a
major blow. - :

Companies stress that uncertainty about the availability and
price of energy reduces their'capacity'to plan for energy
production and tpénsmiséion needs., Among.the ekamples they
provide are the uncertain’rate structure for electricity and
the unpredictability of priqe controls, AThe number of ‘permits

required and delays in getting permits also seriously hinder

corporéte energy production efforts.

Industry feels that it is caught in the cross-fire of
inter-agency conflicts, principélly Between DOE and EPA.
Better co-ordination between DOE and EPA would reduce the

number of conflicting regulations industry must meet.
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There is concern over legal entanglements that can ensue from
providing other companies with surplus energy. Once a company
is defined- as a utility it bec?mes subject to régulations that
inhibit its ability to carry out energy producing activities
such as cogeneration. One corporate executive described the

problem this way:

We are concerned ahnaut how far we can go in sclling
excess steam or electricity from our refining
.operations before we encounter legal problems because
we are acting like a utility in supplying energy to
others. ' '

There is also concern over how the‘governmént will interpret
the law on "best available technology". As mentioned earlier,
one company points out that this is particularly important in
respect to the handling of high-sulfur‘coal. Industry urges
that practicality and reasonable coﬁsiderations be used in
determining the kind of fechnologieslthat will be allowed and
suggests that cost-benefit analyses be performed that analyze
the amount of environmental gain against economic and energy

costs.

The following remarks are representative of industry concern
with the ways in which government impacts on corporate ability

‘to produce and transmit energy.

)
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--As government interferes with rate structures, the
need for independent electrical generatlng capability
becomes more important. .

--Major concerns relate to the- delays in getting
approval (state) for nuclear plants.

--Government policies have nationally affected light
water reactor operations. They have made that source
of energy non-profitable. EPA regulatlons are a
serious problem. EPA should be forced to base its

regulations on supportable, relevant data.:
’ J

0il, Gas

--We believe that there is as much oil and gas not
found yet as has been found -to date, but it will cost
more to find it and get it out of the ground. Today,
DOE pricing policies are more important than
underground reserves in obtaining oil. As prices go
up, more oil W111 be found. .

The government (DOE) plan on EOR is an "excellent
disincentive program'. We must make EOR economically
attractive since it is not technologically proven.

--Our concern is that DOE has not moved rapidly enough
or effectively enough to develop oil shale and
geopressure methane or smaller gas pockets,

--We would con51der producing more gas if government

regulations would allow unrestricted transportation
and ‘use.

Synthetic Fuels

--We have coal reserves in the western U.S. We formed
- a subsidiary....to build a coal gasification project.
Gas produced...would have been carried by existing

pipeline to Callforn1a. The project was dropped.
because of the huge escalation of capital costs in
the '72-'75 period and the extreme difficulty in
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~getting fifty or more permits ... About half of the
necessary approvals had been obtained when the
project was dropped. The company is strongly
critical of DOE for not providing better support.




NEW PRODUCTS

-

This section focuses on new products and R § D for new products
which 1) relate to the production of new energy sources or
improved utilization of energy sources and 2) enhance energy

conservation thrbugh improved end-product energy efficiency.

Because of uncertainty ‘about government policies and about

or mid-term. , -

The responding indﬁsfries feel they can not develop iong-range
strategieé,or undertake long-léad high-risk venturés in a
‘climaté in which'ground rules continually'Change.
Nevertheless, many_compénies_are designing, or redesigning,
products and procesées to supply consumer and commercial
demands for more energy efficiency. Some of these efforts are

innovative and some of the R § D, if successful, will représent

§ignificant breakthroughs.

Forty-three ‘companies reported that they are involved in R § D
on new energy-related prodpcts. Twelve companies are doing

R & D on products for the recovery of alternate energy sources;l
fifteen companies are undertakihg R § D concerning vehicles; |
twenty companies.report R & D on products for better:
utilization of energy sources.g These projécts refiect

corporate short term plans,

- The main goals of typical R § D programs on products and
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processes aimed at enhancing energy production are to increase

the availability and decrease the cost of electricity, fuels,
iand feedstocks through conventional improvements and new
methods. The energy sources which receive the most attention
‘are nuclear power, batteries, and new or impro#ed methods for
the production of conventional and alternate fuels. The

following examples aré.represehtative:

--Our most important and most advanced new product is
our coal fired fluidized bed cogeneration unit to be
built by our solar division. The first;unit would be
gas fired and installed if DOE grants approval to our:

‘proposal, submitted seme time ago. Qther products
being considered include modular biomass converters,
multifuel stratified charge engines, combined cycle
projects, and engines using new fuels such as
hydrogen. '

--We have government contracts for new coal preparation
equipment, fluidized bed conversion, and
instrumentation and control.

--We are developing solar panels using some of our
stamping techniques. We are developing blades for
windmills, with stainless steel blades 130-140 feet
long. _

--We do R § D in biomass and agricultural and forest -
residues to supply energy for our equipment. Since
3% of our nation's energy consumption is in a
agriculture, this is a good area for potential
savings. . :

--We have a wide range of R § D in different energy
technologies such- as exploration, production,
geothermal, refining, EOR, gasification, etc,

--Our R § D that is specifically related to energy is
in areas of solar, nuclear, waste, and fossil. With
us, research is a product.

--We do some (joint) work supported by DOE on the
applications of our materials in photovoltaics. We
are ready to design a 100 ton demonstration plant.

--We also work on solar heat transmission fluid,
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1nsu1at10n from urethane, and plastics for
automoblles.

--We work on alloy reformulation and solar collectors.
--We work on passivé solar energy applications,
improved prime and storm windows and reinforced

concrete with polyurethane barrier layers for
insulation.

The major R § D programs related to improved end-product
efficiency are concerned with weight and fuel consumption of
véhicles, new and improved insulation,.and other energy
conservation products, such as specialized instrumentation for

advanced industrial process control systems.

- We spend a lot in R.§ D to insure vehicle quality
even with rapid changes in materials. There is a
high risk in pushing "know-how" on materials to new.
limits. It is also almost impossible to calculate
the cost-weight tradeoff in materials.

- We work on urban transit systems, including new bus
designs. Other projects are solar energy equlpment
and appllcatlons, nuclear fusion, including
engineering inputs to the nuclear test reactor at .
Princeton University (the biggest Tokomak Fusion Test
Reactor in the world).

- Our R § D on facia, to replace metals in car'bumper
guards, cowling, etc. is designed ‘to cut down on the
_cost of repairs.

- We are developing new high strength steel for the
auto industry, to lower the weight of cars without ~
losing other properties, such as weldability or
corrosion resistance. -

-. We are worklng on lighter Welght equal strength
frames for autos and trucks.

- Our R §D 1nc1udes englneerlng plastlcs ‘and new
products, many of which are for the auto 1ndustry.
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To compete with lighter weight materials (aluminum
and plastics), we are developing lighter weight
higher strength steels for the auto industry and
lighter gauge materials for the appliance industry.

Other products being considered include modular
biomass converters, multifuel stratified charge
engines, combined cycle projects, and engines using
new fuels such as hydrogen.

We are working on jet engines for standby and peak
power use. We are also working on diesel pumps,
aircraft engines, fuel cells, helicopters, electric
wire and insulating materials, electric control
systems, computerized systems for energy use control,
automotive electronic control systems for optimum
energy use, wind turbine generation, residential and
commercial solar systems, nuclear fusion,
gasification, etc.

We do vigorous R & D on improved auto transmissions,
auto air conditioner compressors, and commcrcial and
home air conditioning and hcat pump units.

We have active projects to develop aluminum heat
exchangers for automotive use, use of more plastics
and resins, different coatings in autos, and power
chains for new transverse small auto engines.

We develop pumps that can be used in deeper wells
(submersible type) and at higher temperatures.

We influenced the development of high torque rise
diesel engines in combination with fewer forward gear
speeds (6 vs. 13). With 1 drive line (vs. 2) these
avoid parasitic powcr losses,

We are working on modified or new internal combustion
engine tuels, burner oils or solid (powdered) fuels,
etc.

We do major R § D on friction modifiers (potential
gasoline savings of 1-5%), low viscosity partially.
synthetic lubricating oils, and gasoline additives.

We-work on catalytic combustion for a wide variety of
fuels and on a total range of fuel cell packages.

A major project is. to develop a high energy density
battery system with very large performance advantages
over any product now on the market (e.g. the present
lead acid battery, rated at 15 watt hours per pound,
would be replaced by a system capable of 50-100 watt
hours per pound). DOE is funding part of one phase
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“Other R § D for more efficient use of energy

of this project. Our can business is being forced
from steel to aluminum,

We give spec1a1 attention to ‘the 1mprovement of the
conversion eff1c1ency of our products.

We do some h1gh level R & D on the production of
special lubricants.

: We'ére»wprking'on new siding for buildings.

We are developing electrical spot heating devices
(parabollc, panel,»and spot).

We are looking at materials-for Enhanced 0il
‘Recovery; not chemicals, but hardware. We do R & D
on electronical steel. Also, we work with the auto
industry to develop front wheel drives and other
capabilities., 4

Our R § D has increased tolerances on voltages and
amps required. to operate computers, on the basis that
future supply will be variable and of decreased
quality. We are attempting to improve performance
per kilowatt. -We expect greater use of computers to
control all types of operations such as autos,
heating, etc. We are concerned with photovoltaics,
and solar cells of gallium arenide.

- We work on heat pumps as éupply back-ups for solar
and general water heating. These require 'specially
designed motors. : :

We also work on coatlngs to improve 1nsu1at10n,
methane -generation .from manure, and computer programs
to -determine the size of solar water heating systems
required. :

Our thermoplastlc rubber (TPR) does not requlre
vulcanlzlng, thus. saving that energy.

- We also‘work on solar heat transmission fluid,
insulation from urethane, and plastics for
automobiles.

We do R § D on super-conducting systems and new types

of heat pumps: (DOE .contract).
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We are improving the efficiency of our entire
electrical line, including switchgear, transformers,
motors, and lighting equipment. We are 1mprov1ng
existing batteries and doing new work on
photovoltaics for recharging batteries in
inaccessible locations such as buoys.

Our appliance division is extremely active in
reducing the energy consumption of washers, dryers,
ovens, ranges, micro-wave ovens, portable appliances,
~etc,

Our evaporatlve coolers (now using 1/3 of the energy
of air conditions) are selling in great volume.
Further energy efficiency is needed.

We design bearings which use less energy and lower
torque. :

We develop new products to fit the new and more
encrgy- cff1c1ont appliances. '

We develop new processes to reduce the tremendous
capital and energy requlrements of some of todays’
processes.

Water based b1nders for paints and inks save energy
and solve some EPA problems.

We have a program on energy control of products and
processes. '

R &D is critical 1n maintaining and expanding our
business with respect to designing, manufacturing,
installing, and operating more energy efficient
industrial equipment for drying, process heat, heat
treating, and steam turbines for electricity u51ng
waste heat process heat.

Our pulse-b011ers have 96% efficiency on continuous
operation and 93-95% on intermittent operation
compared to ordinary boilers with 80% and 50-60%
efficiency respectively. These will provide a large
energy saving to homes u51ng gas-fired hot water
heating, and with more R § D could be adapted to hot
air heating.

Also, we are worklng on electronic components for
automotive fuel saving dev1ces._

One of our divisions is active in rede51gn1ng

products (appllances) to make them more energy
efficient..
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- We have active projects to develop aluminum heat
exchangers for automotive use, use of more plastics
and resins, different coatings in autos, and power
chains for new transverse small auto engines.
- We are working on new laundry detergents.
Although, in regard to new energy-related R § D, the focus is
on short-term efforts, eight companies commented on their plans
for the mid and long-term. Of these, four stressed conversion

from present energy sources to better energy supplies, and four

described equipment for better energy efficiency.

Energy conversion for the mid and long-term.

--Some interesting work is in progress on “the ‘
conversion of carbon to alcohol...The future for lead
and zinc will be in advanced battery systums.

--Our interest in producing fuels from carbohydrates
could accelerate depending on new technology,
economics, or political decisions affecting
economics. )

~--We expect to be involved in ocean mining operations
and ocean thermal energy conversion.

--The production of transportable liquid fuels from
alternate sources (coal, shale, heavy oil, biomass,
etc.) will require new conversion and treatment
processes and perhaps new systems for utilization.

--More intense efforts will be needed on new products
for energy efficiency, energy conversion, energy
transport, etc.

--We will be doing R § D on friction studies, more
efficient combustion for furnaces, and new processes
such as powdered metals for antifriction products.

--We foresee more automated farmlng and puttlng farms
on a self sufficient basis for energy.

--Our R § D will include the above, ore processing,
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improved generators, turblnes, and transmitting
systems, voltage regulators, circuit breakers, and
pumped hydro Storage..

--We will pursue R § D on electronic components for
automotive fuel management systems and micro
processors and integrated circuits for these systems.

Opinions,fage from extreme pessimism to extreme optimism on the
ability of these new and improved technologies to reduce the
nation's dependence on imported oil. On the pessimistic-side,

one corporate representative stated:

--Company energy task forces, bascd on analysis of
world energy supplies made their own conclusions:
coal would not grow as fast as predicted; atomic
energy would not grow as fast as predlcted - zero
growth in shale, tar sands, coal Ilquefactlon and
gasification and minus zero growtih in solar.

s

But a more optimistic opinion was:

--If we have sufficient incentive we know that we can
make hydrocarbons from water, air and sunlight. It

‘is even possible that energy will be so plentiful it
will be free. A

Companies acfually workiﬁg qﬂ these préblems are enthusiastic
about the poSsibiiity of contribufiﬁg innqvatiqns which will
reduce‘aependence on fbreign;oil. However, nearly all
companies stress that government regulations are a major

barrier to innovation. As one executive stated:
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--Innovation is 5% invention and. 95% commercialization.
The inventive component is '"alive and well'" but the
commercialization component can't proceed due to
diversion of capital and high risk caused by
uncertain governmental regulations. Long term R § D
is being abandoned since inflation doubles its cost
and capricious regulations can result in large
capital losses.

‘Government imposed standards are often perceived as a:
disincentive to innovations. o

Many companies report that up to 50% of their R § D is. devoted
to meeting government mandated standard;, and that this causes
aiversion of capital from new product; including
energy-related, new product innovation; Although there. is
agreement, in principle, with the government's.overalllgoals,
there is little agreement and mﬁch resistance to the offen
shifting, mandated means of achieving these goals. Most
companies repeatedly embhasize that with the freedom to develop
their own methods of problem solving, they would be able to
solve the problems most trouﬁling.govefnment and society. With
regulated methods, they claim‘théy lose much of their capacity
and incentive to invent better products and processes. Typicai
stétements to this effect are: |

b

--We are concerned about uncertainty, including the
fact that the future for new products is subject to
government regulations, but the ground rules keep
changing. 1Instead of encouraging, DOE is deterring
innovation because industry cannot see which way DOE
wants to go. Mandated use of the "best available
technology" is far from optimum in terms of economics
or use in a given situation.

--EPA controls many R § D company operations by
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environmental regulations., There is no such thing as
zero risk. We need ‘a balance between benefit and
cost.

--We are concerned about government's present
concentration on short-term problems., There is
uncertainty -associated with prospects of continued
funding of government projects, since many of the new
"product programs are high-risk and require government
support. We are concerned that legislative or
regulatory changes often alter our business
potential.

--We began R § D work about 10 years ago to develop
products (petroleum sulfonates) for miscellar
enhanced oil recovery. Two years ago we completed a
multi-million dollar production unit to produce a
series of petroleum sulfonates for the oil industry.
Government price controls and proposed regulations
have prevented oil companies from obtaining economic
returns from this, and our plant has been 1idle,
except for (some small production).

--The costs of EOR-R & D and plant overhead totaled
more than §1 MM, i.e., 20% of total company profit
(i.e., loss([). We may never go back to producing for
EOR. The present and proposed regulations are
impossible to live with and there is no certainty of
an acceptable business risk.

--All direct coal combustion systems. have to be
consistent with future EPA regulatory activity, but
that is a moving target, so far.

--There is uncertainty regarding the continuity of

government programs, they are often
on-again-off-again.

Some projects were only pursued as the result of government
regulations. These included regulations on replacing gas
pilots with electric igﬁitione, changing from steel to aluminum
cans, and manylchanges in automobiles, especially with regard
to weight and emissions control. One firm became involved with
alcohol production only because of the possibility of mandates

or tax incentives regarding alcohol,
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--Government's arbitrary and capricious insistence that
equipment meet certain minimum efficiency standards
narrows industry's freedom rather than allowing for a
variety of innovative thrusts to meet the problem.

We spend inordinate time on testing to insure that
our products have the improved efficiencies, with
added costs to the buyer. -

--Fuel efficiency regulations force the development of
lighter vehicles but the time frame makes this
development very costly and also hazardous when one
must assure that the resultant vehicles are safe,
durable, and completely saleable. Emission laws
cause a waste of fuel, yet must be achieved.

--We are part.of the free enterprise system and yet we
are regulated by 'a government which does not
understand the problems of operating in a free
economy. DOE and DOT need not be concerned with
making a profit yet they make countless decisions
which have a profound effect on a company's ability.
to make the profit necessary to stay in business.

- -Government laws force us to almost double our
investment on new products. We must respond to fuel
emission laws, emission control laws, safety laws,
etc. Bccause of laws, our R § D must develop '
products to meet new requirements (emission control,
safety, etc.).

--Until we get this ( ) regulatory thing off our
backs it's difficult to work on the real problems of
energy and materials.. It will be impossible to build
an automobile that will satisfy all the regulations
-- safety, noise, pollution, economy, etc.

--We can not make brand new products because of
~government restrictions.

--Qur decision to get involved in the production of
alcohol and other fuels from carbohydrates was 75%
based on political possibilities, i.e. the mandated
use of or tax incentives for the use of alcohol. The
decision was not based on economics since the use of
alcohol is not economic. ~

--We work on electric ignition to feplace gas pilots.

--Our can business is being forced from steel to
aluminum.
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One company was encouraged by DOE policies, while another

suggested that the removal of price controls would be a major

e

R § D incentive !

--The removal of price controls on o0il and gas will -
greatly increase the amount and applications of
pertinent R § D for the development and recovery of
additional o0il and gas.

--DOE and the energy situation have made it more
challenging to make products more efficient and have
created markets for new}products.

Innovation is still a vital component of many U.S. Industries

Since new products are their lifeblood, most manufacturing
companies continue to strive to produce new products in spite
of what they consider to be the unhealthy role government plays

in their day-to-day affairs. Several large scale projects are

\

planned or envisioned for the future, including:
\

--The treation of a national grid including DC
transmission with DC inputs from wind generators,
photovoltaics, etc.

--A nickel-zinc system which is promising as a power
pack for mobile transportation., - It has attractive
watt hour per pound performance. The market is
estimated at 20,000,000 - 30,000,000 limited use
vehicles for urban areas. Present -lead acid ,
batteries (very heavy) provide a 40-50 mile radius of
operation. With nickel-zinc, this radius is
increased to 100-200 miles.,

--A current project related to enhanced oil recovery.
Sodium lignin sulfonate is a low-cost formation
sealer and, with follow-up steam injection, it is
much more successful than other approaches in the
recovery of heavy oil.
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--Enhanced gas and oil recovery by use of sintered
bauxite. The sintered bauxite can be pumped into o0il
and gas formations to "prop" open the crevices in the
rocks to establish channels for free flow of oil and
gas (cavity maintenance).

--Commercialization of electronic components for
automotive fuel management systems.

--Conversion of various substances to fuel, including
alcohol from carbon, fuel from carbohydrates, liquid

fuels from coal, and energy sources from various
thermal sources.

Of the 25 companies which produce new products directly related
to energy, 7 produce equipment for the location and recovery of
new energy sources, 4 produce insulation equipment, 6 make a
variety of products concerned with energy conservation and
production, and 4 have introduced new vehiclé-related products

including multifuel stratified charge aircraft engines.

Six companies are working in other areas, including ceramic
refractoyy furnace units) water treatmént devices and systems,
loﬁ‘energy laundry detergents, nickel-zinc power packs,
railroad car wheel bearinés, and energy-efficient plant

designs.

Three companies mentioned specific new processes, including new
kilns for secondary recovery of lead, a new ultraviolet curing
process, and a waste water purification system which helps

utilities and oil companies meet water contamination standards.

The following statements provide examples of new products or

processes industry has undertaken:
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--We produce sodium lignin sulfonate for EOR and
hardware for nuclear plants, solar collectors, shale
processing, 0il production, etc.

--We produce geothermal pumps, array processors (to
determine the presence of 0il), underwater pipeline
positioners, and helicopter flight control systems
for off-shore drilling.

--Our new and higher efficiency products include
drilling fluids for o0il, gas, geothermal and other
sub-surface energy sources, well completion materials
and equipment, and techniques and materials primarily
for o0il and gas production and stimulation. We also
work on in situ uranium leaching.

--New tools and techniques for drilling have been
developed with instrumentation which provides’ logging
while drilling (this reduces the need for coring) an
also provides directional control particularly for
offshore slant-hole drilling.

We provide bits for coal and uranium operations. We
have fabricated equipment which has drilled a 16 foot
diameter hole and now have out bids with private
companies to drill a 20 foot diameter hole. These
holes are cased as they are drilled. A major
utilization will be in the methane release program on
ﬁoal veins by horizontal drilling from these large
oles. ' _

--We produce mining equipment, air compressors, gas
lines, pumps, drilling equipment, waste material
compactors, and refining equipment.

--We produce gas turbines that will operate at
- temperatures as high as 3000 F, as compared to the
present level of 2600 F. -Also, we produce super
- conducting systems, carbonate fuel cells, solar
heating and cooling equipment, improved lighting,
appliances, motors, and pumps, and work on MHD and
the Tokomak reactor program.

--We produce electronic combustion controls for auto
engines, the Beacon system (to burn coal in modified
rocket engines; this removes 85-90% of ash as slag),
low NOx burner for boilers and perhaps CO + H2 with
another company. Also, we have an in situ method to
recover heavy o0il or oil from tar sands. And, we
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have ocean bottbm 0il and gas well controls which
operate at 2000 foot depths. .

New Products for Insulation

--We prbduce new insulating products and plastics for
autos. C

--We produce ingredients used by insulation
manufacturers, chemicals for EOR, and alcohol or:
butane dial as fuels from carbohydrates.

--Our improved prime and storm windows reduce air leaks
and convection losses. We have added a polyurethane
barrier to reinforced concrete for heat
conservations. We also produce materials for passive
solar energy applications. :

--One very recent product, thermalon, provides for
insulating interior surfaces of windows.

--We produce new products for utility metering, and we
produce new heat pumps. ,

--Energy conservation products represent a significant
growth area for us. This includes thermostats, heat
pump components, and energy efficient motors.,

--We produce energy conservation products such as
turbo-machinery.. '

--We are vitally involved with improving the energy
efficiency of farm equipment, mechanical trucks,
generators, turbines, mining, and solid state
electronics. :

--We produce water treatment devices and systems to
lower the cost and conserve water in plant .
operations. Our pumping systems reduce energy
consumption.

--We produce ceramic refractory furnace units tied in
with electric resistance cables in the heart of the
furnace. This allows for heat build-up at night and
heated air flow during the day. It is controlled
thermostatically. .

" New Vehicle-Related Products

--We produce multifuel (stratified>chaxge) engines for:
flight vehicles, designed to burn gasoline, jet fuel,
and marine diesel fuel. The long term interest is to
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maximize the availability of portable fuel.

--Our nickel-zinc system is promising as a power pack
for mobile transport. It has attractive watt hour
per pound performance., The market is estimated at
20,000,000 - 30,000,000 limited use vehicles for
urban areas. Present lead acid batteries (very
heavy) provide a 40-50 mile radius of operation.
With nickel-zinc this radius is increased to 100-200
miles.

--Our redesign of railroad car wheel bearings has
reduced rolling resistance of these bearings.

--Fiber reinforced plastics (FRP) cut down on the
weight of cars,

New Miscellaneous Processes

--We have developed new kilns for secondary recovery of
lead.

--We have developed an ultraviolet curing process.

--We have developed a waste water purification system
which is being sold to utilities and oil companies to
"assist them - in meeting contamination regulations on
water discharges. [These may have importance in the
future to shale oil operations.
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RESPONSIBILITYfFOR‘ENERGY"STRATEGY

\

Approximately 75% of the respondent companies report that one
individual, several individuals, or a group or committee has
respdnsibility for the formulation of energy conservation

and/or corporate energy strategy.

For almostlhalf of the group of companies interviewed, one or
sometimes two individuals have primary responsibility for
‘energy conservation strategy.' The level of appointment varies
from a staff level person to a corporate vice president:
Frequently companies:have directors of energy programs who
report directly to a corporate vice president. Sometimes these
individuals have compahy wide atho;ify to implement energy
programs, but frequenfly their athority is one of '"persuasion"
and they must sell conservation projects tc the company
divisions or act mainly in an advisory capacity, often Qith the
support of top management. In many companies, even though one
individual has a primary role in the energy area,
responsibility for conservation or product development may

reside at the plant manager level.

Twenty-seven companies identified an energy conservation
committee, council or group as having primary responsibility
for formulat;on and implementation of energy strategy. In some
instances these groubsvhave formalized structure and function
and authority to implement boiicy, while in other cempanies

they operate in an advisory capacity and then authority is




"implied".

Approx1mately 15% of the interviewees report that their energy
strategy is decentralized and each operating d1V151on

autonomously develops energy strategy.

Another group of companies report that they have no-single
point of responsibility for energy étratogy, and that this may

vary from plant to plant and from problem to problem.
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IMPACT OF THE NATIONAL ENERGY ACT

The details of the National Energy Act (NEA), passed by
Congress October 15, 1978, were made public just before the.
on-site interviews were being conductéd'so that respondents had
had 1ittle opportunity to evaluate the‘impact of this
legislation. (The‘interviéwers'had copieé df é DOE Information
bulletin which théy left with company representatives who were

interested in it.)

However, only 10% of those interviewed made no comment whatever
about NEA impact or stated that they had been unable to study
it. Approximatel}‘zo%'of the respondenfs feel that it.is too
soon to tell -- that the interpretation of the act and the
regulations to implemenf the legislatién will determine its
impact. However, fully 25% of ihe company representatives see
NEA as having little or no effect on their companies. Two
interviewees.felt that their companies had'anticipated many of
the p}ovisions‘-- i.e., had already employéd conservation
measures, and/or switched to coal. Thus thef felt they would
experience little impact, Mdst of the remaining companies see
NEA as potentially having a major impact. Only two of the
total'grdup see this effect as largeLy‘ﬁqsitive. The others

see it as chiefly negative, or as a mixed blessing at best.

A number of genera1’criticisms of the bill were made: "The act
is poorly conceived;'" "It does not include long range plans and
clear goals;" "It estranges government and industry;" "It is

not broad enough;" and even "It will slow down economic
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recovery in the country -- negate investment plans."

A number of respondents are pleased with the deregulatory
aspects of NEA aﬂd expressed the hope that a free market will
ensue. At the same time, many are uﬁhappy with the increased
government régulation they see represented by some of the
provisions of NEA. A number of‘interviewees feel that the ‘
increased reporting required-wi;i be onerous and costly -- both
financially and in terms of manpower, which could better be

used in energy conservation, for example.

Three interviewees are concerned that the act might tend to

retard dévelopment of'nuclear energy.

1Several interviewees think the NEA may have a positive impact
in accelerating R § D, but several others feel it will have

little effect in this area.

Many companies also have more specific concerns about

particular aspects of NEA which are discussed below.

'

Energy Conservation

Some companies see conservation as the main thrust of NEA while \
others consider that since they have already been implementing.

conservation programs, this aspect of NEA will make little

difference. While some respondents feel it does not go far
enovgh, a number of respondents. see the National Energy

Conservation Policy Act as beneficial beécause conservation
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efforts will be encourageH and supported and there‘will be

incentives to produce more efficient products. However, while

some companies mayibenefit by producing more fuel efficient

appi:.ances, one respondent mentioned the possibility that those

that sell energy might be adversely affected by stringent

conservation by consumers.

‘Coal Conversion

The Power Plant and'IndUStrlal ‘Fuel Act of 1978 e11c1ted ‘the

Some companies which have never used coal feel that if they are

forced to shift to this fuel the results ;ould be

"cataclysmic". This conversion is seen as causing major

problems:

Who will supply all the coal?

How will coal be transported from the source to the
user? -

Shifting to coal is an economic loser.

Coal has limitations for use as process fuel in some
company operations.

Some companies previously had shifted away from coal and now -

-will have to shift back. As one interviewee states, '"When EPA

came into being, -- we spent a fortune to change from ‘coal to

oil --

with no way back." Another cbmpgny is already utilizihg

coal but feels efficiency cannot be improved becaduse of

environmental constraints. One company reports having

anticipated this development and shifted to coal, with
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concomitant economic and transportation problems. At least 15
interviewees feel that the major concern with this provision is

an economic one.

Companies that market products such as coal boilers or air
monitoring equipment feel that they'may benefit from this

-aspect of NEA.

]

‘The consensus of those respondents who commented on this aspect
of NEA is that '"overall increased cost of electrical energy

will undoubtedly occur'".and be passed on to the customer.

Again, some companies will not be greatly affected by this part
of NEA while others, for ekample, thosé whb‘pidduce

cogeneration equipment and .systems, may benefit.

"Natural GaS'Pricing'RgguIatidn

The Natural Gas Policy Act of 1978 provides for price controls,
‘deregulation of certain gas, and incremental pricing to

industrial users.

Many companies feel that the increased price of gas will aid
considerably in ensuring its supply and mayveVen stimulate more

drilling and investment in gas. However, other companies feel

that gas price is increased without result benefits and several
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feel that immediate deregulation is necessary. Cbmpanies that

are largely dependent on natural gas will be affected
adversely, and they will be forced to raise their prices to
consumers. They also feel that incremental pricing is very

disadvantageous ‘to them.

Energy Tax Act

Seven or eight interviewees commented on the Energy Tax Act,

In general their comments arE favorable and for some companies,
an increase in sales of their products might bé expected. |
However, the fact that tax credits are not retroactive for
expenditurés before the law was signed is of concern: "Aﬁother

case of being kicked for doing a good job before being required

to do so." The solar provisions are not felt to be adequate at

this time, but one respondent feels that gasohol may be

accelerated by the new energy act.

[N
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INTERFACE WITH GOVERNMENT AGENCIES

For this section, interviewers asked corporate representatives
to indicate the degree of importance of the influence of
various agencies on company energy strategy and its R § D
component. Interviewers were instructed to obtain specific
examples of agencies' actions ‘or policies which havey[.
facilitated or inhibited energy-rélated R &Dor commercial-
ization efforts. Respondents were also encouraged to recommend
ways agency poiicies,might facilitate or accelerate the R § D -

commercialization process.

In recent years, industry has had to devote an increasing
amount of its resources to meet the requiremehts of government
directives, regulation;, and mandatesAwhich‘continually_grow in
‘number and complexity. Dedication of company resources to
these demands often seriously impedes the conduct of business
both by reducihg return on investment and by discour#ging‘A
productive and innovative R § D aqtivity. Several companies

indicate that fully 50% of their R § D is of the '"defensive"

type‘which is performed to fulf111 government directives.

'y

Frustration over spending large amounts of COrporate resources
fulfilling government directives is especially keen since the
directives are often shifting and contradictory - bdth within
and between departments and agencies. Furthermore, because
industry believes that free market conditiéns are essential to
solving national energy problems; price confrols,Asupply

allocations, and mandated conversions are seen as impediments

Y
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to finding solutions to energy shortages.

Industry reports that beth DOE and EPA make a major impact on
corporate energy strategy and energy-related.R & D activity.
.Therefore, the next two sections will discuss industry
interface with these two agencies. Industry interface kith
other government agencies will be discussed in the third

section of this chapter.

INTERFACE WITH DOE

In‘reviewing the remarks .below, it is important to note that
the interviews were conducted at about the same time the
details of the National Energy Act (NEA) were made public and
‘before President Carter's announcement of phésed decontrol of
crude oil prices. Interviewers often found that company
representatives had not yet evaluated NEA's impact. Many, in
fact, who commented stated that they expected WEA would have

little impact on their corporate strategies.

Corporate attitudes toward DOE run the gamut from avoidance,
wherever practfcéble: ""We have as little to do with DOE as
possible'" to extremely active solicitation of DOE funding and
contract work. Not surprisingly, the more dependent a company
is on DOE for funding of its R § D, the more generally positive
its apparent attifude toward DOE. One such company, a large

firm, states:
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As a major contractor on DOE projects, our objective
is to serve DOE in all energy fields in which we have
technical expertise.

A small, high-technology company states:

About 30% of our sales is in DOE contract R &§ D. We
have no problems with DOE contracts.

Most of the companies that describe good working relationships
with DOE state this in reference to specific, individual
projects. Many companies directly credit DOE support of these
individual R & D projects and contracts, maintaining that: they
have had or hoid promise to have a positive effec; on the
chmercialization of the cdrrespondiﬂg energy technologies.
However, most companies claim that DOE'slpolicies, actions, and
lack of positi&e leadership have diminished industry's

capability to improve the energy situation.

The interviews tend to cbntain'general, rather than specific,
statements describing company perceptions of DOE's policies and
actions and industry recommendations. These perceptions,
concerns, and recpmmendations are summarized below. They have

been listed in decreasng order of importance.

"Need for a national energy program. Industry urges
that DOE Tead the way Ior a rational, consistent, and
comprehensive energy program.

DOE's Tegulatory impact. - Industry feels that \
through its regulatory agencies (FERC and ERA), DOE
has a crucial and generally detrimental, effect on
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industry's business operations.

Difficulty dealing with  DOE. Industry reports
difficulty In dealing with DOE - both because it is
seen as an unnecessarily complex bureaucracy and
because of permitting and contracting processes that
bear on patent and proprietary rights.,

DOE as industry - government intermediary. DOE could |
be more‘EeIpfu§ by assuming the role of coordinator
between industry and . other government departments,

including state and local agencies.

‘Obviously, these major points are strongly interrelated, but

the following sections will address éach'séparately for
purposes of diséussipn. Aléq; it should be pointed out that
the National Enérgy Act (NEA)‘and the regulatiéns‘which will
emerge therefrom, may‘héve some effect on thesé responses. The
NEA, however, was too new and the corresponding regulations
non-existent at the time>§f the interviews. _Indications are
that the NEA does not adequately fﬁlfill the respondents

concept' of a national energy program as described above.

The hue and cry among corporations for a coherent national
energy policy coﬁpetes only with that for free market, rather
than.gofernment, C6ntrol of energy price -and allocation.
Companies believe that price decontrol, the constructivé

relaxatibn of severe inhibitdry.regulatory practices, and the

~general encouragement'of free market operations are equally

important prerequisites to solving'national energy supply

problems. They see the need for a plan which would clearly
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delineate energy production and technology development, as well

as conservation goals for the near-, mid-, and long-term.

Such concerns have nearly acquired cliche status, but industry
apparently sincere}y believes that government and DOE, in |
particular, do not, or act as if th?y do not, understand the
commercialization process as it has historically operated to
benefit fhe nation. Long lead times, from five to twenty
years, characterize the commercialization of all new,
innovative technoiogy,'and this is no- less true for energy
technology. Government programs, practices, and individual
policies continuérly flip-flop, conflict with each other and
even apply retroactively. As a result, industry cannot”proceed
with energy producing or conserving ventures that, due to
pergeiyed-government created disincentives and uncertainties,
are subject to risks which go far Beyond normal commercial
risk-taking. In short, industry must be able to operate under
a comprehensive government policy, reflected as well through
DOE, which allows long-term planning for the entire
commercialization process, a process which includes innovations
through R & D and Capital'formation and which requires
reasonably predictable_return on investment commensurate with
the attendant risk. ‘Where risk is especially high, and the
prospect for payou; marginal, a government energy program must
provide.active‘support, not only directly for R &§ D, but in the

form of economic incentives such as tax credits and accelerated

depreciation.
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Regulatqry impact of DOE

The vast majarity‘of companies responded that the primary,
impact of DOE was -through its pricing, allocation, and
conversion regulations and directives. This impact was cited
as mostly negative and counterproductive, although 'some
,édmi;ted_;o the creation of markets for new products brought
about. by DOE (andvEPA) regulatidns.’ The corporate exectiVes
interviewed overwhelmingly subscribe to the concept that a free
market in_energy will ultimately ailocate.scarce resources far

more efficiently than will government bureaucracies.

DOE regulations regarding pricing, allocation, and mandatory
conversion of fuelé and feedstocks are not separable in the

minds of these managers.

One company said:

Energy, in an economically usable form (natural gas
in this case), is essential in the manufacture of our
major products. Its price, however, can double

- without significant effect on manufacturing costs.

According to this company, government policy, as reflected in
its'-regulations, keeps the price of natural gas artifically low
while at .the same time other mandates dictate the
extrasrdinarily expensive conversion froﬁ gas to coal in the
companf's new paper plant'installatiéns; Thus, energy, dﬁe to

its inherently minor contribution to the finished product,




should not he an i@portant‘stratggic consideration for this
company. Yet, due to what the company sees as extremely
counterproductive regulations, DOE impact;On its conduct of |
business is crucial. In fact, dne of thé two executives
interviewed is personally'c0nvincedlthét supplies of natural
~gas woula become pléntiful if price controls aré lifted
because, he‘believes;.there exist vast reserves in.
unconventional forms which require high'qost:recqvery
techniques. One of Liis major concerns regafding coﬁversion to
coal is that after making the expensive conversion or more
likely &eciding instead-to "sell off the ‘company's paper
plahts,n/these unconventionallgas1resources~wou1d eventually

- prove out and government policy would again '"flip-flop". The
interview in which these statements were made took place on
November 16, .1978. Three days later former DOE Secretary James
Schlesinger was quoted as having said "Firms that have shifted
off natural gas will be encouraged...to shift back (to gas)
rather than burning imported oil. e This example, of course,
does not apply exactly to the mandated use of coal in new
installations which would have used natural gas, but it does
serve 'to illustrate the validity of the apprehensions of the
interviewed executive regarding éontiﬁuai and frequent pélicy

changes from DOE and the uncertainty which results.

Virtually all of the eight-seven companies interviewed

mentioned_at,least one pricing, allocation, or mandatory

% "The Pressure Shifts Back to Natural Gas,' Business
- Week, December 4, 1978.
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conversion regulation as being inhibitory. Some typical

statements follow:

’

Uncertainty over pricing and allocations are holding
up expansions and growth.

Mandated conversions may put us out of business in
some locations. ‘

The effect of DOE regulations is to increase the cost
of energy and to decrease availability of supply.

Switching fuels requires re-checking the effect on
the heat treatment of metals. Induction heating is
being studied as a trade-off in metal processing.
However, a change of this sort can set off a long
chain of experimental work.

DOE has caused the most desirable fuel to be
artifically regulated to the lowest price.

DOE's pricing policies have not increased, and in
some cases have decreased, research in
commercialization and production of EOR.

Pricing policies concerning oil and gas and mandated
conversion to coal are crucial to our entire .
business. We go ahead, slow ‘down, or stop according
to the economic impact of such regulations on our
customers. : :

In heat treating steel, the fuel is both a source of -
heat and a reagent. Changing from gas to oil ‘to
propane requires careful analytical work and testing
to assure product quality,

Price control and allocation of turbine fuels are
detrimental to the airlines. We strongly advocate -
decontrol; a free market will provide needed supplies
at the lowest possible price.

Difficulty dealing with DOE

‘Many companies complain about the complexity of the DOE

bureaucracy and the'red tape it generates. They speak of the
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frustration of trying to deal with a department that is

continually changing and reorganizing:

- There is acontinuous growth of bureaucracy in the
company to keep up with that in government.

- Before DOE we were calling on individual agencies:
AEC, FEA, ERDA FPC, etc. and we were getting direct
and mean1ngfu1 1nputs, but now with DOE, finding the
right person with whom to talk is almost impossible.
Our questions are technical, but we can't get
dialogue with our counterparts...The proper people
may be there, but we hdveu't been ablo to reach them,

- Reporting requirements are. very costly and d1rect
manpower away from energy projects.

Two very large companies with many DOE contracts reported to

have problems with apparent conflicts of intereét:

- Dealing with DOE now is the most difficult it has
ever been. I have a jillion personal acquaintances
and still cannot get in. The most important problem
is conflict of interest, real or implied. A
statement defining conflict of interest is needed.

- DOE policy regarding conflict of interest is a major
barrier. A company with any background experience,
competence or capabilily in an area is almost

automatically dlsquallfled from government studies or
"projects. This is a major concern.

Many companies are particularly concerned with the contracting
process. At one extreme are companies, and there are many,

with policies of avoidance of government contracts. .One huge

company with an extremely important involvement'in.energy says:
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- Research tries to minimize contacts with government.
We' conduct no government (sponsored) work in our
laboratories. -

At the other extreme are companies_who-repoft no particular
difficulties with.DOE contracts. These tend to be aerospace
firms or smaller, high-technology compéniés'that are accustomed

to government contract work. An aerospace firm says:

- The general approach of DOE is good. The company has
a long-standing list of government (energy-related)

programs and has a good working relatlonshlp with
DOE.

A small highftechndlogy company, very actively engaged in

"R § D, says:

- We are not 1arge enough to push all of our own
product ideas and we need DOE funding. 'We therefore
negotiate to strike a balance between giving away and
keeping proprietary know-how.

Much of the aversion to working with DOE can Bevattributed to
companies' appraisal of the contracting ﬁrocess it;elf, which
includes considerations of patent rights and.proprietarf
knowledge security. Somé companies, unlike(aergépace_firms,
for example, simply a}e ﬁot,accustomed to negotiating |
government contracts. Somé-pthers claim that DOE does not have
reasonable pafent policies, unliké other agencies such as DOb
In addition . to these more crltlcal constralnts, there are many

complalnts concerning the length of time required to negotiate
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contracts with DOE. Of course, very often the length of time
and frequency of delays is closely related to the inherent
difficulties with patent and proprietary rights in a
prospective cohtract. Some‘examples“from the interview reports

follow:

DOE patent policy is totally unacceptable to us. We
are financing our coal gasification research solely
with private money in order to protect proprietary
knowledge in ----* technology. Our corporate policy
is to engage in joint programs with DOE only where we.
can protect proprietary know-how. This 1is our only
means of protection from competitors.

We have a policy of avoiding all government contracts
cxcept small supply contTACts.

Patent rights resulting from this (high energy
battery) program were very important to the company
and critical to the agreement. The final outcome was
satisfactory to the company but required one and a
half years of negotiations. .

Requests for cost sharing in many. cases are not
consistent with the state of a given development. A
recent example is MHD, a program at least 15 to 20
years away from any financial’return. Yet, DOE
proposed to auction it off to the organization doing
the most cost-sharing. It is in the best interests
of the government to encourage and advance longer
range, higher risk projects. Where they are trying
to accelerate what industry is trying to duv, they
should carry the major part of the cost. Then, as a
program gets closer to commercialization, with
prospects of pay-off and with smaller risks, industry
should share (more of the cost). The 50-50
cost-sharing programs as demonstrated by DOE are

" unrealistic and counterproductive,

- Our R § D activities are dependent 'on our ability to
retain proprietary control. For DOE or another
government agency to require the company to disclose

“the composition of chemicals used in o0il and gas well
treatment, stimulation, and recovery enhancement
would severely discourage R § D directed to improving
such compositions,

- e e e m e e e e e e o o wm we s e

* Left blank to protect confidentiality.
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- Funding should be for more than one year. OMB and
Congress are impacting on DOE budgets. Congressional
committees are beginning to get into detail on DOE
contracts. This is very time consuming.

- It'S difficult to do business with and obtain funding
from DOE. There is a need to change contracting
practiCes. There are too many constraints and lack
of proprietary rights. Industry is expected to put
up money with no real hope of any return. There are
no real incentives as projects tend to be in
economically soft technologies., DOE insists on fixed
price contracts where there is an element of risk and
uncertainty.

- DOE seems to operate with the old AEC framework -
keeping industry at arms' length, purch351ng from
them on request... the message to DOE is to simplify
contract procedures and somehow provide some
incentive for private 1ndustry to part1C1pate in
long- range, high- rlsk projects.

- During 1978, the company spent considerable time
trying to flgure out how to enter into contract work
with DOE where the company would share costs and end
up with new products or new techniques to use in our
business. We arranged for a top level aide of DOE to
come out and explain DOE procedure to our management
but we still have not been able to become involved
because of patent restrictions. We are unable to
understand how to negotiate and carry out a contract
without building a special staff for handling the .
paperwork.

.- We could not get funding in time for a (coal
gasification) pilot plant and had to use our own
~funds. We are now worklng with temporary emergency
operating funds.

- DOE projects...have to be on a cost-sharing basis or
on a basis that denies profit from the R G D effort
and the recovery of overhead costs. A modified
policy along the lines followed by DOD would result
in the acceleratlon of R § D and commercialization.

- We desire to retain proprietary rights. We are
willing to pay back to government any amount
~government put in, under negotiated terms of payment.

- We have not sought government support. As an
exception, however, during the past 18 months, we
have been trying to obtain approval on a PON for a.

~gasification project. During this time DOE has been
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reorganized at least three times and each time, the
sponsoring party has been changed and as yet the PON
has not been issued. We now feel it isn't worth it, =

A substantial number of cOmpaﬁiés believe £hat DOE should‘have
more cabability;‘legislated if necessary, to act in an advoctacy
role when there is an industry-government impasse in thé

' permitting process for specific energy projects and programs.
Sqme'companies’havq explicitly indicated the need for a '"one
stop'" permitting process in which DOE is an intcragent betweeh
industry and other state, loéal and federal agencies. The need
for DOE to play an industry-government liaison role is
especially acute when obstructionist tactics, often
duplicative, are employed to block energy developments or when
regulations are conflicting or contradictory among various

agenciles,

Some coﬁpanies‘feel that while DOE should be interfacing with
Congress in a forceful, positive manner, it is hampered by
political considerations and pressures. Often there are two.
results: sound DOE energy initiatives get defused; capable and
talented personnel get discouraged and yield, sometimes by
resigning, to their less competent colleégués. Two typical.

statements in this regard are:
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- - DOE is wafering down its initial ideas because of
political pressure (from Congress). We should expect
more maturity from Congress.

- Many people in DOE are well qualified and are trying
" to do a good job but are caught in the middle between
Congress and industry, and they have to support the
federal end of it... There is not a single
Congressman who doesn't pose as an expert on any
aspect of energy matters. But we need to get back to
the basics in the relationship between DOE and the
Conress. :
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INTERFACE WITH EPA

Although most companies stated their general agreement with the
overall environmental goals and objectives of EPA, there is
widespread disagreement ébout the manner in which these goals
are to be achieved. In fact, the industry/EPA relationship is

considered to be generally adversary.

EPA regulations and numerous requirements for reporting and
documentation affect corporate ability to carry on
energy-reiated‘activities. John Quarles, a formef Deputy‘
Administratqr of the EPA, accurately desscribes the corparate

reaction to EPA, commonly expressed in the interviews:

The cumulative effect of these requirements is
awesome. To a corporate official accustomed to
development in the old style, they appear as a
benumbing morass of regulatory strictures. He sees
himself needing a limitless number of permits
“imposing strict technical requirements, exposed to
the vicissitudes of local political opposition,
caught in 'a crossfire of intergovernmental turf
battles, and apt to be done in at the end by new
developments in the ever-changing regulatory
framework. The result has been cancellation of

supply,

" certain projects important to national ener
and delay of many others.* (Emphasis adde

As one company stated:

Our major concern is the multitudinous array of EPA
regulations, which create confusion and
uncertainty... Key (energy) programs are now in
abeyance until the regulations are clarified.
®* John Quarles, "A Thicket of Environmental Laws," The
Wall Street Journal, August 24, 19797~ T
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It is also important to note that when companies make general
statements, regarding EPA, they often do not distinguish among

federal, state and local EPAs or equivalent agencies,

More‘specificaliy, companies perceived the following five

problem .areas:

~

Conflict between DOE and EPA objectives.

There is a basic confllct between the objectives of
DOE and those of EPA in that energy and environmental
p011c1es are established independently. '

Resources in the form of capital and technical
manpower that could be used for energy-related
projects must be diverted to meet EPA mandates.

Meeting EPA regulations often causes delays or
cancellations 'in energy projects and can reduce the
expected return.on investment to an unacceptable
level.

7

Lack of cost-benefit assessments.

As they apply to energy, manykEPA requirements are
unreasonable when evaluated on a cost-benefit basis.

In particular, EPA policies inhibit coal production
and utilization which is considered crucial to
national energy needs.

It would be difficult if not impossible to rank these
statements in.order of importance because when companies

mention any of them, they almost always assign them an
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"important'" or 'very important" rating with respect to their

effect on corporate energy strategy, its R & D component, or

both.

Also, many companies make reference to the creation of new
markets for pollution abatement and control equipment and
processes. Indeed, several companies do substantial business
in such markets. This is not included in the above list,
however, since, from the point of view nof the producer of such

products, there is no relation to energy.

Bach of the problem areas will be discussed below. Examples
relating to constraints on coal utilization will be |
incorporated where appropriate into the disscussion of the four
other points. In a comprehensive reading of the interview
reports, one cannot fail to be impressed by the prepénderance
of coal, in all its aspects. Over and over again companies
comment on how coal production and utilization are affectéd by
environmental'constraints promulgated by EPA. Companies
perceive that, in conjuhqtion with nuélear energy, our vast
domestic resources of coal must be called upon to solve near
and mid-term shortages of energy. In fact, it is likely that
coal must also satisfy long-term requiféments for portable
fuels and chemical feedstocks. Yet, environmental constraints
severely affect all the facets of coal prodﬁction &
utilization: from mining operétlons to ready-now technologles
to the most advanced technologies that are far from

commercialization. Ready-now technologies requiring only the
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surmounting of environmental barriers - barriers that industry
believes can be surmounted - can not proceed. And in some
 cases, thé most advanced coal combuétion technologies, now far
from commercialization, have difficulty proceeding even through
the R § D stage, because of environmental constraints. When a
company states that it had to cancel an importaht\enékgy
project due to environmental prdblems, that project is very

likely a coal-related project. As one company stated:

We built a waste water treatment system in Puerto
Rico and we improved the design and effected changes
in waste water treatment in a plant in ----- ¥ all
with EPA's cooperation. But we have had problems
with EPA wherever and whenever we have attempted to
use coal.

Conflict between DOE and EPA objectives

Although few specific examples were proffered, many companies
refer to conflicting regulations émong government agencies,
mainly DOE and EPA. They recognize that DOE and EPA have
broad, but distinct, legislated powers to interpret and enforce
energy and environmental directives, respectively. The problem
companies perceive is that there is little or no coordination
between these separate bodies. This frequently results in
cbnfusion and uncertainty, delays and outright cancellations of
projects, and competition for scarce resoﬁrces to meet
Aconflictiﬁg objectives. Thé obvious and frequently cited
example of such contradictory ﬁolicies is the DOE mandated

% Left blank to protect confidentiality.
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conversion from oil and gas to coal in utilities and new
industrial - plants, at the same time EPA required new, more
stringent air qualify standards which made such conversion
impracticable. Indeed, where not prohibited, conversions have
been.made from coal to oil because compliance with EPA

restrictions could not be achieved.

There seems to be a pefvasive belief among the intervieWed‘
executives that in the conflict between enérgy and
environmental objectives;‘mofe often than’hot, fhe'
environmental ones will "win out'" over the energy ones without

due regard to cost-benefit. Concerning this, an interviewee

3

says:

Environmental objectives are overwhelming energy
ones., For example, plant location is determined more
by clean air and water considerations than energy"
costs and availability. :

Others say:

- Our energy strategy and energy-related programs have
been very responsive to EPA directives and
regulations - some feel that we have been
over-responsive. In many cases, this responsiveness
has subtracted from the bottom line and there are
strong pressures to apply the brakes.

- EPA is the singlemost negative influence in this
country on energy matters. This country has been
built on risk. EPA has gone too far the other way in
trying to protect the public. If you are going to
burn coal, certain things are going to happen. You
can't have an absolutely clean air standard and burn
a billion tons of coal a year and still have an
industrial economy. EPA is either irresponsible or
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unaware of the facts regarding cause and effects on
energy productlon and utlllzatlon ~-- and particularly
the economic facts.

" Diversion of resources to meet EPA standards
\

The diversion of capital and human resources to meet EPA
mandates is easily the most often.cited aspect of EPA influence
on industry. As it impinges on energy, the diversion of
resources is both direct and indirect. Capital diverted to
environmental considerations is capital that cannot be spent on
energy programs. In addition, there are many eXamples of
direct energy-environmental trade-offs, .such as pollution
abatement equipment which are cost1y<t6 purchase or produce. and

which use energy, themselves,

Energy R § D programs are often curtailed because substantial,
portions of companiés'-R & D effort must be devoted to meeting
environmental mandates. The diversion of capital and R & D to
environmental considerations is espécially apparent wherever

coal is involved. In a recent public interest advertisement,

the Union Carbiae Corporation describes well this diversion of
capital as it relates to coal and the environment:

\

An industrial-scale, coal-fired boiler, complete with
its coal yards, unloading facilities and
environmental protectlon equipment costs about five
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times more to build than an oil-fired boiler of the
same scale. ‘Union Carbide analyses show that
.environmental protection costs. are typically about 50
percent of the cost of installing a coal-fired
boiler.*

A similar statement made by an interviewee was:

In paper plant installations, EPA coal-fired plant
stack gas controls represents over 40% of total
expenditures for coal conversion,

Some other examples, illustrating the diversion of resources to

EPA mandates, are:

- R & D projects are constantly formulated and guided
with attention to environmental considerations. In
research on improved energy-related processes the

- impact of EPA restrictions and requirements 'play a
key role.

' - We spent $17 million on pollution abatement in U.S.
and Canada.

- Certain effluent disposal problems caused diversion
of capital and R & D effort from enérgy projects.
One plant can only run at one-half capacity certain
times of the year due to effluent disposal load.

- EPA regulations have not inhibited energy-related
R & D activities but have raised the cost of energy
to the company. : ‘

-~ Environmental regulatory requirements add more burden
to the R .§& D and technical aspects of a given product
or process. An example of the negation of the
results of a successful R § D program was EPA action
that forced the exclusion of certain materials such
as NTA (nitrilo triacetic acid) as a phosphate
substitute in detergents. :

* "Can We Have a Cleaner Environment - and Enough Energy?"
Source: Energy, Union Carbide Corporation, Box -D-20,
270 Park Avenue, New York, New York 10017.
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In the case of liquid sewage, (meetlng regulations
concernlng) flocculation and filtration are costly
operations and are energy consuming.

The main effect (of EPA) is to divert capital and
R § D effort without improving our product.

We have greatly increased the use of coal for boiler
fuel but at:high capital costs to eliminate
pollution.

EPA regulations are costly and force
energy-inefficient programs in the plant. EPA also

makes it necessary for the company to develop
technology to handle the pollutlon problems of its
customers. 4

In an 1ndustr1a1 area of ‘importance EPA has
established a model for control of sulfur dioxide
emissions on.a cumulative basis (prevailing winds are
West to East). This will restrict industrial boiler
users.in the eastern sector of the area to premium
fuels such as natural gas and distillate fuels.

Also, regarding hydrocarbon emission controls,
proposed EPA regulations require energy levels of two
. to three times current usage to incinerate
‘hydrocarbons to meet acceptable levels.

The tendency has been Lo make regulatory controls
more and more .severe and energy-consuming.

Regulatlons inhibit other research by diverting
technical effort, e.g. analytical work to determine
-~ presence of trace materials,; developing methods for
eliminating benzene.

Intensive regulation and inspection requires
increased cost and demand on time of technical
personnel

The major problem relates to TVA, which is the
largest power producer in the country TVA has had a
running dispute with EPA regardlng types of electric
.~ equipment to be installed in their fossil fuel plants
and has agreed ‘to put very expensive scrubbing
equipment in a large number of their plants. The
effect will be ‘increased electric costs to everybody
in the TVA region -- with-significant increase in
cost to our plants in TVA territory.

Excessive delays are costly, particularly those
resulting from environmental impact requirements.

EPA may come out with regulations that will hurt coal
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business. We have acquired coal deposits with 1%
sulfur (under the assumption that 1% is, and would
remain, acceptable to EPA). If EPA changes the

acceptable sulfur level to 1/2%, this will really
hurt.

- Purification of waste water to separate solids and
0il requires considerable energy to operate pumps.
Also, installation of bag houses in our melt shop to
stop dust required the installation of 12
electrically powered fans which cost about one
million dollars of electricity per year. -

- R & D must find solutions to such problems as how to
dispose of sludge resulting from neutralization of
sulfuric acid. Can the sludge be roasted or simply
buried? These nptions must be explored and tested.

- Fifteen percent of capital costs are going into
environmental control on new plants and new and
improved processes rather than additional capacity.

- We are concerned with effluents from new energy
saving processes.

- EPA is very important, but in a negative way because
'its activities are 51phon1ng off capital funds that
should be used in a positive way on energy-related

matters.

- Restrictions on emissions have forced R § D to reduce
emissions in jet engines, stacks, automotive
controls, etc.

- There is a tremendous diversion of effort from energy
projects. Nine years ago 2% of ovur R § D effort was
devoted to meeting EPA and OSHA standards. Today 40%
is going to that effort. T

- Unreasonable regulations and the wide variance in
individual inspectors' interpretations add to cost.

The above examples are numerous and many similar ones appear in
the interview’reports. They were often given as statements of
fact without accompanying value judgmenté. If a company

reports simply that it spent 15% of'its previous year's profits

on pollution abatement, this is only '"good" or "bad" depending
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on whether or not that pollution control program has been
\effectual by some measure of cost-benefit, Often implicit, and
. sometimes exﬁlicit, in such statements, however, was the idea
that these programs were mandated arbitrarily without due

. regard to cost-benefit. This will be diséussed below. The
~pbint here is that cost-beneficial or not, a dollar spent on
polluﬁioh control or abatement is generally a dollar that
cannot be spent on producing or conserving energy, and it may
even be a dollar spent on consuming energy. Respondents often
- contend that DOE, EPA, and those government entities, who have
not acted to. coordinated the activities and policiés of these
federal agencies and their state and local counterparts, do not

recognize or consider this simple concept.

investment.

Many companies report‘cancellations or delays of important
energy projects or programs, including energy R & D, due'to EPA
restrictions. These cancellations»or delays occur either - |
because there is, in their opinion, no plausible way to comply
with EPA constraints as they relate to these projects or
becauée the cost associated with compliance is'sp high as to
make reasonable return problematic. An aspect of this problem
which stands dut when the interview reports are laid
end-to-end, so to speak, is that the canéellationé, delays, or
'decisions nqt'to initiate have occurred over the entire range

oﬁ energy technology. This includes '"old" technologies such as
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coal mining, commercialization of new, energy-related products,
R § D never started because of anticipated environmental
problems, and postponements of scale-up to the pilot plant
stage of advanced coal combustion, gasification, and

liquefaction technologies.

Some examples which companies have given are:

--EPA had a negative influence on a coal g351f1cat10n
project,

--Two LNG terminals have been blocked by EPA (and other
agencies and environmental groups).

--All this (EPA regulations) impacts on the rnmpany s
development program and also on the customer's
readiness to accept a new system for use inh his
plant.

--Environmental regulations have retarded dr1111ng of
geothermal wells.

--Many research projects have been killed by emphasis
on environmental considerations, :

--Arbitrarily low limits on atmospherlc pollution (50%)
inhibit research on attaining reasonable limits,

--Restrictions on fluid injection have cancelled some
of the company's in situ uranium leaching projects.

--Both state and national EPA standards are restralnlng
to industrial expansion because Western.New York
state is highly industrialized, and air pollution
levels are very high. To bring in new industries
requires lowering the pollution control level to the
standards that EPA has set. Coal fired installations
are a major problem.

--Many plants cannot expand and company cannot bu11d in
three new plant sites which they own.

--EPA is the major barrier to the burnlng of wood as a
substltute fuel. 4

--R & D prOgrams in mining have been suspended until
EPA. prov1des commercially acceptable and practical
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rules for continued operations, e.g., open pit mining
of coal in the Rockies.

--Magnéto hydrodynamics emission problems -- have had
contacts with EPA re problems of use of coal in MHD.

--EPA has greatly inhibited R & D in both energy and
~general areas since they have no way of knowing what
will be acceptable.

--Key programs are now being held in abeyance until the
regulations are clarified. EPA activities affect not
only the energy program of the company but the total
company operation, including new product development.

--Regulatory activities regarding use of materials in
0il well servicing will greatly affect direction and
in some instances perhaps effectiveness of R & D.

--Company got out of steel business since they couldn't
comply. -

--Volatile organic components in paint booths being
essentially outlawed. EPA wants them to go to water -
based paint or high solids paints. Very difficult
transition with techniques not available or worked
out as yet. - '

~-R § D projects are constantly formulated and guided
with attention to environmental considerations. In
research on improved energy-related processes, the
impact of EPA restrictions and requirements play a
key role. ‘

Industry feels that many EPA requirements are unreasonable when
evaluated on a cost-benefit basis, Companies claim that EPA
established criteria in an aribtrary and undocumented manner
and that it-does‘not éive due regard to the point at which
environmental regulations begin to bear severely diﬁinishing
returns. For example, 95% removal of emissions may cost two or

three times more than 90% removal, with no demonstrated benefit
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ensuing from the more stringent criterion,

Another corporate frustration.is over EPK'S adherence to the
"best available technology'" criterion, thch sets etandards
that‘can be achieved technologically but which do not take into
consideration that unreasonable additionalscoets.and only

marginal benefits may ensue.

Some examples of these points follow:

--Restrictions on the use of manganese anti-knock (MMT)
compounds and on the use of leaded gas have cost the
company bus1ness but they have cost the country even

--There is growing concern that EPA regulations
represent an overkill, Industry can't continue to
carry this burden. EPA should be guided by
cost-benefit considerations.

--EPA talks about the '""best available technology" but.
has done a poor job of defining this concept within -
the framework of the cost-benefit relationship.

--EPA tends to think in terms of best available
technology but 'does not address the matter of
realistic economic trade-off nor the human or medical
value of control they are con51der1ng for
application.

--While we do not disagree with EPA's overall goals and
aims, some of its regulations are ridiculous. EPA
should have to evaluate cost vs. benefit of various
degrees of regulation.

* These statistics may be qu1te reveallng regarding the
identity of the company. An authoritative individual within
the company has given verbal permission to use them in
this report. Also with regard to the use of MMT, it should
be noted that EPA has temporarily lifted the ban to allev-
iate the shortage of lead-free gasoline which occurred during
the summer of 1979

)

.
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--EPA has misplaced the importance of sulfur in the
environment- and overemphasized the hazard because it
neglected to consider the interactions of sulfur with
particulate matter. The utilities are pushed to .
introduce the best available technology into their
operations without demonstrated and documented
benefits to the public. EPA must introduce
cost-benefit considerations into its regulations.,

--There is no such thing as zero risk! We need a
balance between benefit vs. cost.
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INTERACTION WITH OTHER GOVERNMENT AGENCIES

Throughout the 87 interviews, many comments were made
concerning industry/government agency interaction with agencies
other than DOE and EPA. In relative terms, however, this ‘
commentary was sparsé compared to that for DOE and EPA.
Furthermoré, the relation to energy was not always apparent.
Below we shall briefly disscuss each agency with examples from

the interviews.

Department of Justice (DOJ)

\

Most commentary regarding DOJ is concerned with anti-trustj
actions or threats. Although not arising in Year II !
interviews, several oil companies mentioned in Year I that
threats of divestiture helped to create an adversary  atmosphere
between government and industry. In addition, one company
claims that questionable interpretation and implementation of
anti-trust laws have hampered a solar energy project, and a
utility company reports anti-trust threats regarding a ﬁajor
‘electricity generation project and some transmission lines.
Several companies (including those interviewed in Year I) feei
that strictures on the formation of consortiums unduly hamper
large, capital intensive'energy projects. Finally, several
companies state that rules which prevent coordination and

exchange of information among companies on mutual problems

often cause duplication and inefficiency which can
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detrimentally affect energy programs.

Some éXamples follow:

--Anti-trust rules prevent coordlnatlon on mutual
problems. There is a consent decree that requires
that various competitors not exchange.information.
This leads to some duplication and makes it necessary
perhaps to use more energy. On the other hand.
through the government agencies such as EPA and DOT,
(our company) is probably getting more information
about what its competitors are doing than it did
before.

--A judgment by the Justice Department has virtually
immobilized the development of Western Coal. The
release of Federal lands for coal leasing in the |
U.S. has been delayed til 1982. In order to make a
viable mining project a minimum acreage is required
-- but a patchwork quilt effect by land owners, by
the. government, railroads, individuals, etc. has

stopped coal mine development -- yet Western coal’
with the lowest sulfur content, is the most de51rab1e
for development.

Occupational Health and Safety Administration (OSHA)

Many intervieWees rate OSHA impact on corporate energy strategy
as "importaﬂt" or "very impoftgnt". Most of these describe
that impact as diversion of resources away from energy although
several state that meeting OSHA mandates often results in

greater energy consumption. Some examples follow:

--From 1969 to 1977 coal mining productivity decreased
nearly 50%, most of which was due to regulations
imposed by the Federal Mines Healh and Safety Act.

--The main interface (W1th OSHA) is one of cost and

diversion of R § D effort in order to meet OSHA
regulations.
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--Control of fumes, water, and air discharges affects
energy consumption,

--Excessive cost-benefit ratios for restrictions on PVC
(poly vinyl chloride) packaging which saves energy
over glass or metal packaging. OSHA regulations on
exposures exceed safety required for workers.

--OSHA regulation affects plant operation related to
energy supplies and production, OSHA has negative
impact on energy-intensive R & D. '

--With EPA (OSHA is) responsible for diverting 40% of
R § D manpower from long range programs. Capital
requirements of EPA and OSHA standards slowed

- improvements needed to save energy.

--Company stopped using ethylene oxide, propylene
oxide, and epichlar hydrin since it could not meet
/ standards without excessive capital requirements.
Diversion of capital and R & D from enorgy projocts.

--Providing suitable laboratory working conditions to
meet OSHA requirements -- both legal and applied --
requires significant changes in building design and
equipment, e.g. hood drafts. Both capital expenses
and energy costs will be higher. i

--The Federal Mining Act of 1969 has cut the
productivity and output of our mines tremendously.

+ The way to kill energy in this country is_to continue
to allow these agencies to work at top speed.

--Noise and ventilation control use more energy and
require capital which could be used for other
purposes. ‘ ‘

Federal Trade Commission (FTC)

There is very little comment in our interview reports regarding
FTC impact where energy is concerned. In fact, only two made
specific reference to energy considerations:

--New rule making for standards and certification has
been published recently iIn the Federal Register.
This may have an energy counterpart.
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--Activities relating to LNG have been killed by FTC
because of restrictions on terminals. Without
terminals, e.g. to store Algerian LNG, we don't get
it. The Mexican gas and Canadian gas import
opportunities have been seriously inhibited by FTC
and other government agencies. We have 600,000 miles
of gas pipelines but we need assurance for the future
that we will have some gas to go through them.

In addition, one company stated that actions by FTC on
competition matters require considerable technical involvement

t

and hence divert such resources from energy.

Department of Defense (DOD)

-DOD has relatively little reporfed impact on companies' energy
R & D strategy. More often than not, reference to DOD was in
the form of a compa}ison with DOE. Specifically,'seﬁeral
companies when speaking of the difficuly of negotiating
coqtrécts with DOE, indicated that DOD was much easier with
which to deal and that DOE ought to model its practicés on

DOD's., A . A |

Many Qf the companies interviewed had substantial contracts
“with DOD and many of these contracﬁs involve systems which
consume energy, and consequently the efficient use of energy
must often be considered. One company indicated a direct
DOD/energy involvement through a contract investigating

Ve

synthetic fuels.

Some ekamples of references to DOD follow:
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--Generally, DOD is easier to negotiate contracts than
DOE. Practices are more consistent.

--Interactions with the Navy have had positive impact
in the area of the Electric-Field Effect.

--(Company) has a number of DOD projects (some related
to energy). Example cited was 1.5 kw power source
operating on methanol (fuel cell). (Company) has had
very good relations with DOD. DOD has a good
understanding of how to work with industry, and what
it takes to move development from laboratory to
production. '

--DOD can have an important impact on conservation with
its role in promoting conservation through specifying
the amount of recyclables that can be used in their
products.

--NOD involvement in demonstrations on solar is
significant. Work on alternatives to natural oil,
e.g. investigation of shale, is an area of
interaction of the company with DOD.

--DOD could lead way in solar and other soft sources.
Could carry solar generators to field.

Departmentlof Commerce (DOC)"

Companies who provided comments on DOC rated its‘impact on
energy strategy and its R § D component as 'important' or '"not
important", i.e. there were no "vefy important'" ratings.
Several companies report harmonious working relationships with
~DOC concerniﬂg its voluntary energy conservation reporting
system, now evidently a function of DOE. Although only 12
companies coﬁmented, there were negative as well as positive

comments.

Some examples of interviewee comments concerning DOC follow:

122



--(The Government) reports to DOC through a trade
associdtion on matters relating to energy
consumption. This procedure has been a stimulus to
seek opportunities for reduction. The aluminunm
industry, through working with DOC, has made
tremendous strides toward lower energy use.

--The patent system is being administered poorly from
several points of view. An especially deleterious
effect is discouragement of further development or
commercialization of novel developments from
contracts supported by DOE. On the other side, some
patents are not worth the paper they are written on
because of lack of back-up by the government to
provide protection. In other cases patents are.
issued without.a careful search of the prior art by
thie Patent Department. The patent examiners aren't
doing their homework.

--(We have) high praise for DOC as one goverament

- agency that has been an advocate of industry as far
as the energy program is concerned. The company
works harmoniously with DOC and keeps the agency
informed of opportunities relating to government
energy programs,

--(DOC) contributed to problems that led to abandonment
of ___coal gasification project.

--Because of imposing a high import tax, DOC has to
share the guilt -- along with FTC and DOE
(Schlesinger) -- of the lost opportunity to 1mport
Mexican gas.

Department of Interior (DOI)

Sixteen companies commented on DOI and rated. its effect on
corporate energy strategy "important'". Most comments involve

DOI's land leasing policies. Some examples follow:

--Along with the Justice Department, Interior has been
responsible for the quilt pattern of federal lands
holding up Western Coal development.
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--The department of Interior could do more in assessing
resources ‘in various areas and in providing such
information to industry. As an example related to
energy, estimates of natural geotihermal resources or
reserves could be quite important.

--Obtaining of permits of various kinds -- e. g.
right-of-way permits -- has slowed down commercial
installations. On the research side, the company has
had beneficial interactions with the U.S. Bureau of
Mines -- particularly as related to coal technology.

--Land use management is a very important positive role
of DOI. Future forest resources are of key
importance to the company.

--Important because DOI has great influonce over
licensing of o0il and gas rights on federal lands and
even more so. relating to off-shore.

--Interior policies on strip mining of coal need
review., Leasing policy has allowed so little tov be
leased that bidding for leases has gotten out of hand
and prices are too high. The end result is a
deterrent to needed further coal development.

--Interior policies have major impact on customers,
e.g., coal companies. Government policy on leasing
government- owned coal reserves is critical. Also
policy on surface reclamation of strip mines prevents
opening of many surface mines,

- -Raw materlal ava11ab111ty 1s useful but the

warning system for needed resources. TheTre Is a need
to clear decisions on the use ol federal lands.

'--With USGS, DOI controls relcase of resources on
government lands (i.e., coal, uranium, gas, and oil)
both on shore and off shore. They could facilitate
release of resources and set ground rules for
returning areas to acceptable condition and speed up
energy production.

--Bureau of Indian Affairs helped block a coal
gaséfication project. Some of the coal is on Navajo
‘lands.

--(DOI affects our corporate energy strategy through
the following factors:)
Limitations in access of outer continental shelf for
0il exploration and production.
Government-owned lands not belng made available for
exploration, etc.
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Withdrawal of increasing area of public domain from
any exploratory operations. ' '

Responses from companies regarding ICC focus mostly on its
regulatory effect on the fransportation of energy, especially
coal, and fuel wastage brought about by fules which preclude
.inter-corporate backhauling by trucks. Companies engaged in
commercial trucking say that disallowance of backhauling
actually wastes very little fuel, but three companies that
maintain theif 6wn truck fleets ﬁisagree, claiming that a

tremendous amount is wasted. One of these companies
; . 2ne o2

Some examples of company statements regarding ICC follow:

--Regulation of trucking regarding not allowing back
hauling from other company subsidiaries costs the
country at least 17 million barrels of oil per year.
This would be saved if companies were allowed to haul
for their own subsidiaries instead of going home
empty as now required. Savings within the company
would be large -- 704,000 gallons of diesel fuel per
year. Many of company's 203 trucks pass subsidiaries
empty on way home,

--We do much of our own internal trucking., ICC
regulations prevent us from taking return loads for

other companies so trucks go home empty. This wastes
tremendous quantities of fuel.

--Our company operates 150 trucks. These waste large
amounts of energy since ICC regulations prohibit back
hauling except under very limited conditions,

--ICC has done everything they can to impede the
- movement of coal -- in terms of regulations impacting

PN
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on slurry pipelines and our railroads. More
attention has to be given to our railroad system
because you can't barge if you don't have a river.

--Inhibiting actions:
1. Regulatory requirements on interstate transport
of well-head gas.
2. Controls relating to who can truck what, and
problems of getting licenses etc, -=- witlh impact in
terms of trucking costs,

--ICC has posed some problems in terms of coal pricing.

--We are concerned with the status of interstate slurry
pipelines for coal transport. Railroads have fought
this program by not allowing pipelines to be laid
across their right-of-way. Slurry pipelinos should
be encouraged by ICC with exercise of right of
eminent domain the same as ¢il and gas pipelines.

--Freight rates as influenced by ICC should receive
more careful consideration in terms of the cost of
coal, wood and waste products. The controlled rates
don't reflect the country's needs or the desires of
industry and the public.-

Internal Revenue Service (IRS)

Eighteen companies commented on IRS impact on corporate and

R § D'energy strategies., Of these; many gave ''very important"
ratings. Nafurally, IRS rulings can have tremendous impact on
companies, but if must be emphasized again that discussion was -
limited to energy matters. In this régard; most comments on
IRS involved tax incentives for R § D, tax credits for
conservation, especially.as indicated in the National Eneréy
Act, and two companies, one chemical and one oii, specifically
mentioned the absence of IRS rulings on capitalization or
expensing of chemicals used for enhanced oil recovery,

Foilowing are some examples of comments regarding IRS:
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--Everytime a law is passed the IRS people try to see
how it can be stretched to IRS advantage. They have
killed many tax incentives that could have a
positive, rather than a negative impact on
energy-related capital investment and R § D
developments. .

--(It is difficult to evaluate IRS impact regarding
energy matters.) For example, we are not sure of
interpretations of tax incentives relating to other
agencies and various elements of the National Energy
Act.

--The provisions under WEA providing for tax credits on
energy conserving equipment may impact on markets --
definitions important.

--Tax credits tor energy saving devices are important.
Company is spending about $2 MM this year on energy
saving devices. :

" --Income tax credits relating to energy aspects of the
National Energy Act could provide funds for the
corporate energy program and R & D projects.

--Tax relief could be important in connection with the
National Energy Plan. But broader tax incentives are
needed for industry than are provided in the National
Energy Act (now very limited and some ill-advised).

--Tax provisions have a direct effect on the
corporation's cash flow in various aspects of
energy-related projects. Incentives for R § D
investment can be influenced by tax provisions in
terms of return on investment.

--Changes in tax laws which allow investment tax
credits or accelerated depreciation for more
energy-efficient devices could impact (two of our
subsidiaries) -- could lead to more R § D. Real
incentives could spur R & D within (company) to
develop more energy-efficient processing and
manufacturing equipment, like extruders, mixers, etc.

--Specific tax breaks could be important in providing
incentives for certain areas of energy-related R § D.

--A tax incentive for gasohol would be desirable.
--Tax law in the past had been a positive factor in

terms of energy credit and in providing incentives
for capital investment and R & D projects. Changes
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in the law reduced their incentives. The recent law
changes are now designed to put back what had been
taken away.

--IRS has not ruled as to capltallzatlon or expensing
of chemicals used for EOR. This is just one more
uncertainty regarding return- on- investment prediction
for EOR investments.

--Expense Vs. capltallzatlon of chemicals used for EOR
affects economics of recovery. However, a favorable
ruling would not provide sufficient incentive to-
accelerate projects.

Department of Transportation (DOTj

Twenty-six companies provided comments on DOT and of these most
rated its impact both on corporate and R & D strategy 'very
important", .Many companies mention DOT mandated autoimileage
requirements as affecting both corporate strategy and R § D
even when the company is not directly engeged in the
manufacture of automotive products.‘ For eXample, a metals
company comments on the decreased use of cobper and the
increased use of aluminum in automotive radiators. Severalf
companies say that DOT could and should coordinate with other
agencies to facilitate and lower the oost of transporting
fuels. Several other companies refer to DOT's support of
electric car research, especially Bafteries, as impacfing in a
very 1mportant way on thelr corporate and R § D strategy. Some

examples follow*

--The DOT regulation of gasoline mileage requirements
(is our biggest problem). One third to 40% of our
lab work is-devoted to trying to meet the 19 MPG
requirement. The increasing requirement is
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non~-linear; if it were linear it would save the
(auto) industry about $6 billion.

--Mandated mileage requirements have stimulated R § D
work and commercialization efforts on a whole line of
new -and improved energy efficient products (or
lighter weight), such as transmissions, air .
compressors, plastic grills, dashboards, panels,
etc., alumlnum heat exchangers.

--Two effects on (company) products ‘through pressure by
DOT to reduce size” and weight of automobiles: 1)
lower and lower quantities of copper alloys in
radiators; 2) greater use of aluminum..

--Regulations on automotive parts and on plastics have
required considerable technical effort.

--Pressure on improved energy eff1c1ent autos puts
stress on lighter gauge structures.

--Legislated fuel economy standards -+ major effect on
auto design which affects new and existing chemicals
going into fuels -- also plastic raw materials and
battery components.

--DOT could work .with other agencies, such as Interior,
EPA, etc. to facilitate and ‘lower the cost of
transporting fuels =-- especially coal

~--There is no forward looking, 1ntegrated
transportation policy in Washington that 1ooks
promising with regard to: 1) the transportation of
large numbers of people by means other than the
automobile, and 2) - the transport or mobility of’
fuels, such as coal, to the energy production .
facility. There is a lack of continuity by DOT and -
DOE: we start so many things and they just die.
(Here the interviewee describes a major project with
'DOE involving a vehicle built under DOT contract,
Interviewee claims that the vehicle performed well
but the project was abandoned). DOT, with DOE,
should support new programs and technlques to brlng
sources, people and plants together including van and
share-the-ride pools which seem to have fallen by the
wayside..

--Requlrement for cathodic protection of gas
transmission lines has created some additional
expense for (company) not a major concern, however --
a cost and safety factor.

--Interactlons between ‘DOT and DOE to promote rail
transportation networks and transportation equipment
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could be extremely important in facilitating movement
of the company's.basic fuel, and hopefully could
reduce a major expense item.

--Permitting process, over-regulation of off shore

pipelines (prlmarlly natural gas) makes such

- pipelines 30-40% more expensive than an oil pipeline
%ﬁllt Yy a company to transport its own oil (latter
is not a common carrier). The most expensive

. over-regulation of all time was the Alaska pipeline,
the cost of which was increased 300-400% by

regulations.

--DOT could play a more agressive role in promoting
navigable waterways for lower transportation costs
and improved availability of fuel and raw materials.
The rail situation is a disgrace and merits major
attention by DOT. DOT published an Energy Outlook
statement and outlined problems, but action 1is
needed.

=-Regulations on shipping are extremely burdensome and
costly. For example, when the company ships
peroxides overseas:

Government agency

jurisdiction
Product from plant to warehouse
and from warehouse to dock ICC § DOT
Product on the dock Coast Guard
Product on the ship | Coast Guard §
International

Shipping Agency

These agencies require different sets of labels,
different spacing of piles of freight and they
apparently do not talk to each other. When these
products are shipped by air there are still different
requirements. This applies to all chemical
companies. There should be a single prime agency
which is assigned responsibility for coordination of
the various jurisdictions.

--More attention is needed by DOT to-focus on
transportation technology to lower cost of fuels and
raw materials. .

--Freight rates are an important factor in the shipment
of waste wood products. High freight costs inhibit
improved boiler design for use of such products to.
cut down on fossil fuel consumption.
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--DOT should encourage increased electrification of
rail transportation, e.g. through tax incentives.
This would involve coal for electric generation of
electricity to save oil for other uses.

--Lacking at this time, and much needed, is ‘
encouragement of railway piggy-back for trucks. We
have allowed our national rail system to deteriorate
sadly, yet government subsidy sustains the highway
system, puts more trucks on the road, and penalizes
the railways by requiring them to maintain their own
right-of-ways. Suggestion: Nationalize the rail
system -- make it a national resource and subsidize
it just as we do airports and highways. Encouraging
piggy-back would make a great difference in energy
requirements related to transportation,

--DOT funding of electrical vehicle development.
Commercialization will create large market for lead
and zinc in batteries.,

--DOT is interested in the rotary engine work and has
provided a stimulus to R & D.

--Electric car work (contract with DOT). Main concern
has been batteries., Electric power for car is
marginal at present. Have been used fairly
successfully by Post Office Department. Use of
electric cars would help demand profile for ,
utilities, i.e., charge batteries during off hours.

\

Only two companies commented on a direct enefgy relationship
with FDA, although an additional few mention the diversion of
capital and technical resources caused by FDA regulations. >One
company says that the preclusion of freon in aerosol
sterilization products, which caused a'change'to radiation
sterilization, resulted in a lower cost, energy saving
prqcedure. The savings are not sufficient to'recoup the capital

“expenditures, however. Another company says that FDA
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requirements regarding the removal of benzene from polystyrene
cups is very critical to the future of its business and a -

substitute material could be more energy intensive.

Comments regarding TbSCA are similar fo thbse fo? EPA,
particularly in the,sehse that complex testing and feporting
p}ocedures diVert.capital and'technical, especiélly R § D,
resources awaybfrOm energy considerétions. Besides this type
of diversion, many companies agree that TOSCA mandates are
causing and will.cause‘fundamental; ektremely costly, changeé
in industriél chemistry and chémicé; proéesses.' Introduction
of many new chemicals in many areas of applicafiqn, including
energy, will be délayed or not introdﬁced at all. Some

examples of interviewee comments. with respect to TOSCA are:

--Excessive testing leads to delays in marketing of new
products. Diversion of effort which ¢ould be applied
to new products, new processes and other work which
could reduce energy consumption for company and for
consumers.

--Registration, tests, and reporting use large amounts
of technical personnel time. The cost, company W1de,
is in the millions of dollars. While some of this is
essential, there should be a more reasonable overall
approach.

--TOSCA puts restraints on anything new and will affect
. dramatically what the R § D organization can do as
regards '"hard" chemistry and will throw a number of
processes out. The cost of testing a number of new
* Although admlnlstered by. EPA TOSCA was given a separate
heading in the Interview Gulde. :
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testing new spec1alty products will also be very
high. The entire R § D planning process has had a
dramatic shaking up. The chemistry has to be
considered all the way from the bench to the market
place. The impact is overwhelming. By way of
contrast, a company using the same catalysts and the
same intermediates in Europe has no such problems.
The US companies can no longer compete. The
absoluteness imposed by TOSCA is simply frightening
and the regulatory maze imposed by TOSCA has killed
the chemical industry in the United States.

--TOSCA has retarded the introduction of new chemicals
due to testing requirements. The barriers to the
introduction of new chemicals have taken a quantum
increase. This will reduce dramatically the ‘
development of new energy saving products due to the
need to defend existing products. The impact is so

~great it cannot be estimated.

--Could effect the future strategy of the SRC project..
There are various liquid, gaseous and solid streams
from this process -- some more toxic than others.
There will be fly ash sludge, waste sludge from
scrubbers, and filter residues.

--Although now an unknown factor, the impact of TOSCA
could become "very important'. Questions are now
being raised about the hazardous nature of coal
residues. If rated as nhazardous substances, the
disposal costs of coal ash and spent dolomite could
put a real crimp in coal utilization. (Two companies
made this comment.)

--New lead standards will probably cause corporation to
stop using lead. Battery production will be
automated to get people out of labs.

--TOSCA will slow and add costs for developing,
producing, and selling new chemicals for enhanced oil
recovery.

--A substitute for asbestos in brake linings is likely
to have a higher energy component. Materials used
today have survived the test economics but now
substitutes will need to be found. It is unlikely
that they will be as efficient boti as to cost and as
to their energy component.

--PCB content ruling (polychlorinated biphenyl) in
paperboards has a direct effect on recycling
materials and a direct impact on ‘energy consumption
in the industry.
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Most companies rate state, regional, and local agencies,
particularly state agencies, as hafing an Uimportant"'or‘"very
important' effect on corporate energy strategy énd its R § D
component..'While a few interviewees simply say that these
agencies follow federal, especially EPA, directives and
guidance, many more say that some states and cities are more
stringent than the federal government, partiéularly with
respect to the energy-envitronment iunterfaco, Mentioned in this
regard are California (several times), New York, New York City,
and Chicagpa There is some<disagreement among companies. For
example, one company says it has a very close working
relationship with the state (of New York) and particularly with
New York State ERDA and that it would préfer less federal
interaction with state groups. In contrast, another company
says that states lag behind the federal government in their
Apnderstanding of energy concepts. Several companies say that
state, regional and local regulations are often at variance or
conflict with one another and/or the federal government,
especiélly with regard to coal utilization and nuclear
development. This, of course, is especially difficult for

companies with operations in many states.

Several companies indicate that the policies and actions state,

regional, and local agencies, impact the energy'aspects.of'
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commercial installations_and operationé particularly in regard
to éiting and size of plants, installation details, and state
EPA regulations. State fegulations concerning rates. for
utilities are also cited as having a negative effect on

corporate and R § D energy strategy.
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AREAS FOR DOE EMPHASIS

In this part of the interview, respondenﬁs were asked to
indicate the degree of importance to their company of DOE
support for thirteen broad energy technology categories and to
describe the kind of support they would ehcourage. Although

respondents were asked to assess the importance of DOE'support

...........

instances respondents answered in a morc general way.

To avoid prompting responses, interviewers asked respondents to-
comment on,oach}brdad ene;gy‘tethnblogy area witiin each
category. This method assured that issues and conceras would
be volunteered by respondents and not promptéd by interyiewers.
However, since all companies did not have to express their
opinions on all technology areas, the opiniohs enumerated below
are only representative of those companies who addressed those"

particular areas.

For the most part, there is consensus among company personnel
that, primarily, DOE support should be in the area of basic
research in universities, government laboratories, and in
industrial R § D settings.* It is felt that DOE should not
manufacture hardware or products, or be involved in
commercialization when industry has the capacity and technology
to do so:

* Analysis of the responses to a similar question on the
-mail survey does not generate this same inference.
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Government should put research money into products
and processes ‘through the pilot plant stage only.
Demonstration and'perhaps initial commercial plants.
may have government financial support, but design and

operation should be controlled by industrial
operations. '

Even within the genera1.cqnsensus‘thatggqvernmeﬁt shQula
suppqrt1front<end, basic,"or,exploiatary reSearch; there'are;a
varietyqu Qpinions.' One suggestion is that instead df funding
research;.gqvernment.shquld stimulate industry to do R & D
thrqugh‘tax‘breaks and other economic incentives. However,
most companies agree that;gqvernment support.may-be necesséry
for long-range technologies or where costs and risks are
extremely high, for example in the development of nuclear
power, gil resources, or rail transportation. It is stated
that basic and applied research should be done by q:ganizations
capable'qf cqmmercializing the new technblpgy{ In fact, a few
requndents criticize the funding of_government.1aboratqries to.
carry qﬁtAresearch in new teéhnqlpgies which they would not bé
able to commercialize, and some companies believe that the work.
in such facilities sometimes duplicates'work done in other

places.

Company opinions of the role government should play in R § D
may be influenced somewhat by their own involvement. One
interviewer noted, with respect to one company, that 'when
research is in the:;qmpany area, they want no government work'

in applied areas; when research is in someone else's business,
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they favor going all the way."

The following table indicates the percentage of the 87
respondent companies which indicated varying degrees of
importance of DOE support for basic research, applied research,
demonstration plants and commercialization with'respect to
twelve major energy categories. (The miscellaneous category

was omitted here.)
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6¢1

PERCENTAGE OF RESPONDENT CCMPANIES VIEWING DOE SUPPORT
AS IMPORTANT FOR 12 ENERGY CATEGORIES

Applied Research
. Process Engr. Demonstration :

Basic Research Pilot Plant Plant Commercialization

I NI NR_ NS I NI NR NS I NI NR NS I NI _NR__NS
Transportation 38 15 28 19 33 '13 36 18 20 16 41 23 15 17 38 30
Electric Power Generation 47 14 26 - 13 37 15 31 17 26 13 37 24 21 15 38 26
Indust Combust § Steam Gen 46 16 24 14 40 13 25 22 32 12 33 23 25 13 37 25
Energy Storage 43 14 33 10 35 16 32 17 24 16 36 24 15 17 42 26
0il : : ’ 41 13 36 10 34 14 37 15 30 10 45 15 31 9 40 20
Gas T 43 13 34 10 31 14 38 17 26 10 46 18 19 12 46 23
Coal 40 9 31 10 32 10 31 17 37 9 32 22 24 10 38 28
Nuclear 64 10 25 1 59 11 29 1 55 10 32 3 42 14 33 11
Solar § Other Renewables 67 8 18 8 58 g8 19 15 41 9 32 18 27 14 33 26
Manuf/Process Changes 22 9 29 40 | 17 11 29 43 14 10 33 43 10 10 35 45
A/C, Heat Pumps § Heat Rec 25 9 30 36 24 9 32 35 24 9 32 35 19 10 36 35
End Product Efficiency 15 17 33 35 13 18 34 35 10 17 38 35 | S 17 39 35
TOTAL 42 12 29 17 {35 13 31 21 28 12 36 24 22 13 38 27

Important or very important

Not important

No response

DOE should not support activity.

I
NI
NR
NS



The consensus mentioned above is confirmed by the table whiéh
indicates that DOE suppqrt.is seen as most important for basic
research in all twelve categories, then for applied research,
process engineering or pilot planfs, then, in every category
except coal, for demonstrétion plants, and least important for

commercialization,.

In the following section the main points which respondents made
with respect to the thirteen broad enerygy categories are
presented.

i

Transportation

Responding companies feel that improvement of tine means of
transportation is very important. ,Thié includes improvement in
automotive-engines, chassis and body design for better fuel |
economy, diesel and internal combustion engine improvements,
and the development of electfic/hYbrid vehicles, particularly
acceleration of,résearch‘on more economical batteries for them.
Also the cost of transportation of fuels as well as of company

products and pipeline techﬁology needs improvement,

The automotive engine needs major attehtion to. aspects such as
use of ceramic parts for high temperature operation, use of
plastic and other light weight materials to reduce weight, and
othér means of improving the efficiency of fuel use. More
efficient diesel énd other types of internal combustion engines

need development. The use of plant wasté as a fuel for plant
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trucks is suggested. Also, work on electronic ignition systems

“which allow better pollution control is of interest.

For all types of engines, for cars, trucks and airplanes,
development of alternate types of fuel should be 1nvest1gated.
However, alternate fuels will not solve the problems of some
companies for some time. For example, "Airlines are locked
into turbine fuel for the next 20 years at least. The time
required to develop, test, and establlsh a network around the:

world to store and distribute a new fuel is long

Tne electric vehicle is of major interest to séveral companies.
The basic research here has been done,lbut applied work
femains. Of particular merit for DOE eupport.is work on the
development of batteries for use in electric vehicles. The

current state of development of Such batteries is sufficiently

advanced to be practical: '"Energy density now 12-15 watt hours
per pound -- need 50 to 100 for practical'vehicles. Cost per

KW hour must be reduced from $50 - 360 for lead acid to '$25."
Thus applied research here is neoessary and could benefit from

.DOEvsupport.

The cost of moving fuels and company products needs reduction.
Transportation is a significant component in fuel expenee, |
sometimes amounting to 66% of the cost. Government support ie
important in improving rail and marine transportetion and
equipment. It is suggested that DOE undertake a commercial

analysis of shipping problems to'encourage development of rail
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cars appropriate for different types of products. The
railroads in the United States should run as well as they do in
Europe and Japan. Government assistance in commercialization
of new‘railroad technologies is considered more acceptable by
company respondents than .government involvement in
commercialization in many othér areas. A need for a national
policy for maritime transportation is also suggested, as is

research in marine transportation and equipment.

vipeliné technology is an area requiring applied research o
technology for shipping products, for handling coal slurry and
powdered coal, as well as for liquid products, including

hazardous materials.

.

Companies recommend that major attention be given to meaans of
1iéuid fuel conservation. For example, DOE siiould evaluate tie
effects of federal regulations regarding the weight and lengta
of trucks and 'disallowances of 'doubles'' whici results in
trucks travelling extra miles to avoid some states, thus usiag
extra fuel. An additionallfuel'conservation item suggested is
to emphasize and expand such programs as "Share-tie-Ride," and
"Van Pooling," and to increase the number of busses oa the road

and mass transit in general.

Electric Power Generation

Companies suggest that DOE direct its attention to suitable

repair of the entire regulatory and control structure of
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utility companies so that they will be able to meet energy
needs and raise capital to build needed facilities. These
companies should also be encouraged to develop and utilize new
technology,,whilelat the same time an acceptable return on
their ihvestments should be allowed. A "most comstructive
‘step" couid be taken here 'through FERC by allowing utilitie;
to have a rate structure which would reward them for investment

in new technology.'" It is also recommended that DOE try to

alleviate congressional "roadblocks."

The "permiting process" neéds redress to cut down on costly,
detrimental delays and red tape in licensing of new plants'so
that utility companies can work with industrial companies,
particularly with respect to cogeneration. One company reports
that in order to install a unit to burn.oil in a gas turbine
genérato:'and use éxhéuSt fans for heéfing, a filing fee of
$60,00 to $85;0b0 is first.redﬁi}ed, and then a two year delay
is antiéipated Before a permit 1is obtéined. Also, investment
‘tax credit dqes not apply to cogeneration. ''The company may
throw up its hands and éay, "the (---) with it," aﬁd an energy
‘saving inétallation will be lost. Another respondent comments
'that utiiitiés mﬁét work 10 years ahead due to permitting
delays and other industry only three years ahead to respound to
_market conditions making cooperation~difficu1t; Regulatory
controls are a problem if companieslatfempt to sell .
electricity back to the power companies Via cogeneration.
Still another édﬁﬁény reports thatvcogeneration witih a small

unit did not provide an acceptable return on investment, but
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improved development might make cogeneration units affordable

in small plants.,

Some companies feel that DOE involvement in the generation of
electrical power is important: "All electric is an attractive
way for the U.S. economy to go.'" However, concern about
government'svrole was also presént particulérly with respect to

agencies like TVA:

TVA is spending huge sums on electric power
generation in specific areas, but the money is coming
out of the pockets of the companies in the TVA
region. These are activities that have applications
thronghout the country for all utilities--private as .
well as public--and therefore should be funded by DOE
and made available to utilities throughout the
country rather than to permit TVA to spend money for
their own purposes. L

Many companies are concerned with the cost of needed
electricity and feel DOE shﬁuld have a role iq\attempting'to
reduce such costs and improve the efficiency of transmission
and distribution of electric power. Several specific

suggestions for DOE support were made:

- electric load dispatching system

- development of ultra high voltage transmission

- DC transmission -- one company has experiménted with
this (a 1 1/2 million volt system with distance of
one mile) and reported good results.

One respondent suggested using more coal in the generation of

electricity and doing this at the mouth of the coal mine to
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reduce shipping problems.

In terms of specific technologies, fluidized bed combuétidn is
seeﬁ as one of the more promising for electric power
generation, and is considered by several respondents to be
almost ready for commercialization. One company is currently
utilizing this procedure. A number of interviewees state that
a push by DOE is necessary to assist companies to move to
commercialization of this process. It is also suggested that

- DOE provide better support for its own demonstration plant. .

Magnetohydrodynamic generation needs government support,
becauge of the high cost and the high risk of a large capital
expenditure on new technology. However, this tecinology is not
seen as ready for demonstration or commercialization at the

present time.

\

Several companies are interested in the gas turbine combined

cycle and in research on fuel cells.

One interviewee points out that the technology for low head

hydroelectric is ' : \

"...readily available now. If regulation of streams

allowed installation of low head hydroeélectric units,
and if there was an investment tax credit allowing a

fast write-off, companies would probably install such
units and conserve important oil."

~

Concern is expressed that here, as in other areas, DOE should

' not support projects which constitute '"re-inventing the wheel, .
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i.e., electric furnace starters rather than pilot lights. Not

necessarily well thought out or conserving."




........................

Again, cogeneration of steam is seen as an important area for
DOE support. In particular, DOE could assist in resolving
present and potential legal problems which can arise when
industrial cqmpanies sell energy toAutility companies. '"Energy
sale to utilities may raise a question of utility type control
of the energy selling’company," a control which many companies
would not.toierate.and which would result in no cogeneration of

energy.

Some cqmpanieS'are'currently experimenting with internal
cogeneration. For example, one company nhas large amounts of 80
degree F effluent which is used to heat greenhouses; another .
interviewee suggeStsr"generation of eléectricity with a side arm
for waste heat utilization (e.g. building heat)." Work on ways
to recover low temperatufe heat and deveiopment of more

. efficient recuperators neéds tqvbe.done hére. Further_.
extension of cogeneration is promising, but because it is

costly, government support is important}‘

Improved efficiency in generation of electricity is deemed

important:.

Electrical generation from present boilers is quite
inefficient.. Need improvements in efficiency of
burning gas, and oil to bring the cost down. Should
work on combustion technology on all fuels."

Development of steam via improved syStemS'and
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utilizing coal would be of value.. Geothermal
development ‘could be applied to'steam ‘as well as
electrical generatlon.

Use of waste materials ‘(e.g. municipal solid waste, coal
mining, and other waste materials) is a promising source of
energy. A number’of'COmpanies<sugge3t specia1 DOE attention to

basic and applied research in this area.

Several companies hdve utilized wasto matérials for industrial
coimbustion and steam generation. One company has devéloped a
plant which separates combustible from non—combustible_ga:bage
material, Anothcr solid municipal recovery facility produces
an oil as a by-prqduct and this can be used for industrial
combustion and steam generation. Several respondents feel
development of a demqnstration plant in this area would be of

value.

There is also interésf in research'dn atmospheric fluidized
beds (possibly funded‘through‘or jqintly'with BEPRI), cual/oil
slurriéS‘(one company reports.wprk on firing barks with.
coal/oil slurries), and also pqssibly wdod/oil slurry,
instrumentation and control in‘the‘design of equipment, and

improved combustion technology on all fﬁels.r

Demonstration plants and commercial developments of these
industrial combustipn and steam_generaﬁion technologies merit
_government support because they are very costly ventures. It

is important to emphasize here, however, that many companies

)
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government 'support, they . stress: economic inceﬁtives which
enhance the pqtentia1 fqr an acceptable return on investment
such'aS'tax-credits; deferred incqme'tax,‘accelerated
depreciatiqn; and, esbecially~f§r small companies,'lqan
guarantees. Cqmpanies7alsq céhsider the remoVé1‘of what they
perceive as unjustified; unduly séVere; environmental .

constraints as another indirect means of government support..

[4

Means qf energy starage‘are’impqrtant:and are seen to merit
DOE attentiqn aﬁd support. ‘DOE'éhduld launch a major program |
of support for all phases OfAbattery development. Batteries
are pafticulaflyAimportant:for use“in electric automobiles, but
also as energy stdrage'mechaniSms; At least 12 compahies
ekpress interest in DOE's attehtion to basic and épplied
research to. help'prodﬁce a high‘energy; lower cost, iqﬁger
lasting battery both for electric vehicles and also for storage
of off-peak electricity, or energy prqduced by solar and

photovoltaic processes.

. A long-range program for research on hydrogen generation to
supplement gas and Qii sﬁpplies;is giVen second priority. One
company has done a great deal of reSearéh on using hydrogen in
aircraft :and cqncluded that this was not practical, but .there

is support for more investigation of other uses of hydrogen.
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Development ‘of pipelines for transporting hydrogen and means of

storing this gas are also important.

Some companies are working on- thermal energy storage;' One
company has developed a molten salt thefmal storage and pilot
plant.. Magnetic storage was also suggested --Jsuper conducting
magnets may be ufiiized for energy storage. More hydro storage
techholpgy should be ‘encouraged. Compressed air storage is now

commercial in Germany.
0il

Next to nuclear energy, the greatest support from companies for
government assistance'infcommerciaiization of energy technology
"is with fespect to the development of oil resources. The major
problem in developmentzqf 0oil resources is the large capitél
outlay required and the need for a reasonable return on
investment. Much basic research has been done in this area and
much qf the technqlqu necessary tq.increase 0il resources is

- available. However, since oil is so important and thc
téchnolpgy is presently so eXpensive, it is felt that
government must work with industry to achieve commercialization

of the available technology.

Many of the respondents feel that deregulation of prices, more
realistic price ceilings, or putting oil prices on the basis of
replacement costs would assist in enhanced production of oil,

secondary as well as ‘tertiary oil recovery. If DOE wants. to
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obtain EOR 0il it is necessary to "provide the incentives
required to obtain such o0il." Several companies are interested
in development of materials for enchanced oil recovery such as

alcohol and polymers and surface active agents.

Assistance with deVelbpmentzof demonstration facilities is
emphasized for deVelppmentzqf ﬁeavy 0il, tar sands and oil
shale.. Another recommendation is that basic research in‘the
rubbelizﬁtioﬁ of'shale'ig situ should be supported at greater
levels at places such as ' Laramie, Los Alamos, and Lawrence
Livermqre Laboratories. Financiél incentives to companies
expending their resources hgre would assist in developmenf of

heavy o0il, tar sands, and oil shéle.

Geologicél assesment techniques and offshore drilling and
productiqn techniqueé may benefit from some DOE assistance but
they were a159 ;onsidered to be outside of DOE's domain -by
companies mentioning thése technologies. One respondent did
suggest that a '"conference on advanced df&lling methods

worldwide would be useful."
Gas

A reliable cost competitive supply of gas is essential to many
industfial concerns. Many oil based operations could be
converted to gas. Many interviewe%s consider that only basic
research in this area merits DOE support and that deregulation

of prices will lead to expanded development of resources.
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A number of companies are interested in geopressure methane.
Some research is suggested to establish reserves of this gas,
and development of a demonstration facility could benefit from

DOE attention.

N

Enhanced gas recovery shows some'promise'to increase the supply
of fuel. Only a few companies are interested in tigit sands or
Devonian shale and they tended to feel that goverament support

would be helpful to work in this area.

Cq§1

anl is important a§ an alternate fuel but direct conversion to
cqal from oil is very expénsive. It is recommended that DOE
support and encourage all aspects of work on coal gasification
and liquefaction, which are,seén as importaht means of
providing the portable fuels of the future. High risk and high
cost necessitate governmeht;assistance here. . The large
'investments required are beyond the resources of mény private
companies and small companies ére at.a great disadvantage.

(The emphasis on the importance of DOE éupport in the
development of these two processes was also SUpported by the
results qf the mail questionnaire where they were rated as

second only to nuclear energy.)

Many companies have.particular interests in this area,
including proprietary interests: and development in coal

~gasification. Basic research on lignite and peat is also
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suggested as a research focus.

Research on coal uses in supplying chemical feedstocks is also
very important, particularly in view of dwindiing supplies of
petroleum. This, of course, is of special interest to the

chemical sector of the sample.

\ ) -

Several respondents mention the use of purification projects
for cleaning ﬁp cdal, removing the sulfﬁr, eté. One company
reports an infereStkin installing a plant for prﬁceséing coal'
to. clean it up in an isolated locétion to ship tqulants for
burning if EPA emission standards could be relaxed sufficientiy
to make installation of such a plant economical. Again it is
suggested that DOE be concerned with regulations -- such‘as EPA
emissiqn Etandards - énd with regulatory,inconsistehcies which

relate to the production and use of coal.

In terms of environmental concerns, demonstration projects -in
the area of strip mining reclamation studies are mentioned.
Much work in mining has been done in the area of safefy; and a
few cqmpanies have interest in this. HoWever,'less has been

done to improve productivity.

" Nuclear ¢

> -

Nuclear energy is considered the most important and lowest cost

153




source of electrical power bpth now and for the future. Over
and over again interviewees refer to the development and growth
of nuclear power as ''the key need of our country;'" '"the only
hope of the future;'" '"the only reasonable alternative to fossil
fuels we have.'" Other countries, including Japan, France,
Britain, Russia, Germany, are supporting nuclear technological
advancements which the United States will have to purchase if
nuclear energy development is not resumed. It was suggested
that ‘the goVernment take a NASA approacli to nuclear

development,

The development of nuclear technology is very risky and the
costs are extremely high, so that goverament support is |
critical in research and dgvelopment.. However, the payoff is
seen as worthwhile as nuclear energy has been demonstréted to
be an economic source of electric power; ""Chicago with more
than 50% nuclear electrical generating capacity has a KWH cost
of about half that of other non- or low-nuclear .generating
locations. Tremendous cost savings.' One interviewee reported
that his company has ''one plant located where most energy comes

from nuclear -- cheapest rate the company pays."

Regulations and restrictions hamper progress in the nuclear
area. Many restfictions limit some work in this area to
government laboratories. Also, the permitting process needs
simplification. "Japan can design and build ‘a nuclear plant in
four years; the Clinton, IllinqiS'nuclear plant will take

twelve years." DOE needs to work towards clarification and




resolution of regulatory conflicts.,

It is recommended that the breeder reactor be moved toward
commercialization immediately. If progress 1is to ensue,
companies urge that:attéhtion be paid to the problem of waste
material disposal. Available techniques must be researched to

decide which provide the best and safest solution:

The nuclear industry has already come to a grinding
halt :and will stay there unless the waste disposal
problem is solved.

Another comment was:

There are 90 million gallons of weapons waste to
reprocess. Build a unit for this purpose and use the
same technology for domestic wastes,

Although not perceived as even near feady for
commercialization, basic research in the ared of fusion should
be given great emphasis; one company even recommends a fusion
"APOLLO Project." '"DOE should carry the ball in fusion -- as
they are mandated to do." The'iarge capital outlay necessary

means that government must be involved in further development.

DOE must alsc be concerned with important safety and
environmental problems in this development of nuclear resources

and with public education concerning nuclear energy.

Because -the cost..and availability of uranium will be of major
importance in determining the cost of nuclear power, companies
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recommended that DOE be involved with locating uranium. They
also state that DOE should support1reseérch on other

technological developments in the nuclear area.

‘ 'S‘o‘l‘a'r‘ 'a‘n‘d’ Other Renewables -

Development of solar energy is the most‘controvérsial area in
the study, eliciting the most'pncertaihty about the ability to
_generate energy at a reasonably economic cost in the future.-
This is seen as an area which merite basic research as qpposed
Lo premafure demonstration prqjects., SolarfdeVelopment is very
important for long term energy neéds; but because of the
uncertainty and the costs which may be entailed,‘government
supported research would be necessary for industry to. undertake

R § D efforts.

Not all of the respondents favor research in the solar area
wholeheartedly. Some féel'that:tqo much'étteﬂti@n has been
~given to solar, possibly for political reasons, at the
sacrifice of more immediately available technologies, or those
that appear to be more economical. Severai interviewees
express concern that generatlon and transm1551on of solar
energy to consumers may not be economlcally fea51b1e for a very
long time. One company reports having 1nsta11ed a solar unit
to. prqduce steam but'fhis equipment‘has not.jﬁstified the
operating cost, even assuming a zero installation cost.

Another respondent's. negative point of view was reflected in




the statement '"Can't run a factory on solar -- no way! We
would have to paﬁe'the whole country with solar cells." A few
companies are attempting to use séme solar energy to heat
piants. queVer, muchffeSearch'and development ié required to
determine how and if solar power can be p;oduced at a

reasonable cost.
A [N

The technolqgies in the solar area in which there is most
interest :and for which there is most desire for DOE suport at
present are production of energy from biomass and solar
photovoltaic. Biqmass is seen as an energy source and a raw
material feedstock. Production of alcohol and methane from |

wood, potatoes, and marine growth systems are suggested:

If all farm waste and wood industry waste were
convertcd to alcohol, (this) would bc a very
important addition to portable fuel needs. Could run
all transportation needs of (the) country.

Use of biomass is :also proposed as a means of steam generation

and for use in stationary vehicles.

Solar photovoltaics is seen as a possible means of battery
recharging but basic research is needed before this will be
commercialiy'viable. Basic and applied research on heating and-
' cqoling, solar therﬁal'power'géneration, solar industrial
process heat,. and,geqthefmal are\of_great interest tq several

companies,.

A number of companies are working in the area of municipal
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solid waste; others are interested but not yet acting.
Commercial production of methane gas from solid waste has been
done by some companies. This is considered to be an area of

considerable potential to the electricity generating industry.

Generation of energy from wind and ocean thermal sources elicit

conflicting views from the few companies that commented on

. these technologies. Two respondents were quite negative about

ocean thermal with comments. such as “ridiculous,ﬁ and "Stop --
not an economical source of energy.'" However, other company
representatives‘said that the basic information is availéble
and that DOE need only invest in "applied research and demo
units -- companies will commercialize." Similarly, one
respondent.suggestsxthatzthe'use of wind as an energy source
is '"getting close'" and a second reports his company to. be
working in this area. Two other respondents,seé wind as having

no potential to provide an economic energy supply.

No company reports any positive involvement with tidal
technology. - Three respondents report interest in a solar space
station satellite. Neéd for research on several other meéns'of
harneésing solar.energy is mentioned By one or two companies --
solar cells; passive solar, and solar power tower.
Demqnstfation projeCtszwill be needed here before
commercialization can be attem;ted.

Tﬁo'majqr problems'in4this area mentioned a number of times
during the interviews are staiage'of solar energy and the
conversion of solar energy into heat or electricity. Several
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interviewees. suggest that :a major breakthrough and new
inventions are needed to produce faster progress in technology
and that provision of improved incentives to inventors might be

. valuable.

i

Company 1nterv1ewees repeatedly express the view that prlvate
industry should pursue research and development of technology
in manufacturing process changes on its own and that 'this is -

not ‘an appropriate. area for DOE support.

One area where DOE should support basic research is in
universities, industrial and gofernmentzlaborataries, with
‘respect to raw materials, particularly metals. For example,

one respondent states:

Zlnc is a hlgh energy process looking for better.
economics. Lead is a low energy process looklng for
a cleaner process.

Fiber optics was suggested as a substitute for copper wire in

the communications area:

1000 times more messages simfltaneously than through
copper wires., Thus both copper and transmission’
energy would be conserved.
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Another respondent ‘recommends

A good across-the-board survey should be made for
basic information in metallurgy, thus establishing
priorities for a continuing program.

There is interest in new and improved energy saving processes.
Tax or other incentives are suggested as important’
encouragements to increase capital expenditures beyond present

corporate conservation efforts.

The major point of agreement  in this area is that industrial
companies have the technolggical know-how for research and~
development and will do whatever work is justified on the basis
Qf eébnomic considerations. This is an area where most
companies feel that DOE should not become involved to any great
extent, particularly in the area of cqmmercializatiqn. "The
market for heat pumps is here...DOE should not be involved
be&bnd basic work." Despite the prevalent cqncern.that DOE not -
become invélvéd in comméfcialization, a number of cbmpanies

feel this area merits further basic and applied research. The
greatest interest is 'in process heat recoféry. Several

P f L] .
specific areas suggested for DOE's attention are:

- special focus on control of particulates in stack gas
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efflﬁents
- improved efficiency of recuperators for using waste
. heat
- recdvery’qf héaf:value'frqmvhigh'temperéfure'eXhaust'
effluents - | |
-~ recovery of waste heat from fuel cells and burning
garbage o |
<? industriailusage of recherable heat from plant liquid

effluent before it goes to the sewer.

It is felt that DOE should encourage improvement in and use of
energy saving equipment and processes and again it is suggested

that tax credits or other incentives could be beneficial.

'End'PrdductiEfficienCy

This is the area where the'cqmpény respreéentatives feel the
least need for DOE’sﬁpportqu any kind. Several 'interviewees
suggest:é role for DOE 'here in establishing appropriéten
regulatiéns-and consulting with industry. about these. It -is
élsq recommended that DOE encourage fesearch in the development
qf energy.efficiént'materidls; appliances, equipment, and
buildings and perote.the use-of such‘pfoddcts through~téx -

incentives.
3
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APPENDIX A

Mail Questionnaires for Years I and II
and

Interview Guide for Year II
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Inventory of Energy-Related RD&E Funded in Private Sector

(Form Approved 14 March 1977, O.M.8. No. 38-577004)
IRI/RC-DOE SURVEY

Name of corporation or company (or other institution)

Address

City

State ‘ Zip

Name, address and position title of key contact

Telephone number

Principal business of company

Please indicate whether you would like to receive a copy of the final report of this survey. Yes No

Please indicate preference for final disposition of survey questionnaire. Return (] Destroy [

All information supplied in the following wili be treated as Company Confi-
dential-Proprietary, and will be safeguarded as such by I.R.l. Research Cor-
poration and Rensselaer Polytechnic Institute. Only aggregated data will be
supplied to DOE. At the end of the project, data sheets will be returned to the
respondents or destroyed and no copies will be retained by the investigators.

\

Corporation sales for 1976:$

(If for fiscal year, please specify period:)

Annual’ RD&E expenses of total corporation for 1976:

$ 'Calendar Fiscal

Approximate annual total expenditures solely from corporate funds for energy-related RD&E:

If government funds also were utilized for energy-related RD&E, please enter the annual amount of such funds:

CONFIDENTIAL




CONFIDENTIAL

Please enter in appropriate box below data pertinent to company’'s RD&E activities funded 'éolely with company and/or corporation money.

Has company Estimated Total -
‘ done BD&E If yes, market size from 1976
_ in area in 1976 approximate (in 1976 dollars)
Energy Category spending for 1976
9 Yes | No Thru 1985 Thru 2000
Residential and Commercial Section »
Reduced building loads O 0O $ $ $
Heat pumps a 0O
Photovoltaic O O
wind O t. - ki
Other (specity) O d ’
Industrial Sector
Waste heat reduction MmO § $ $
Waste heat recovery O O
Conventional coal co- [ a
A generation :
Waste material utilization g d
(e.g. lubes, tires, etc.)
Biomass, fuels and feedstocks o 0O
Industrial heat pumps O 0O
More efficient process changes o a
Solar for industrial process heal g Od ==
Other (specify) O O -
Transportation
Auto efficiency improvements
a. Engine development O O
b. Chassis and body O 4
c. Waste heat utilization g a
. d. Other auto (specify) O O
Aircraft engine and airframe O g
Electric auto, batteries and O O
components
Pipeline pumping O a4
technologies
New hydrocarbon fuels O a
Other (specify) O 0O




Inventory of Energy-Related Research, Development, and
Engineering (RD&E) Funded in Private Sector

Supplemental Instructions

As we have indicated in the introductory letter, the general purpose of this
survey is to determine the investment of private-sector corporate monies
in energy-related research. The following comments should aid you in com-
pleting the attached survey questionnaire. ’

1. Dollar amounts requested refer to all corporate monies dedicated to
energy RD&E by the total corporation, including all subsidiaries, and
should reflect both domestic and foreign energy RD&E. Annual dollar

~amounts should refer to 1976 (or the fiscal year closest to 1976).

2. We recognize that you may have dedicated corporate funds for energy
RDA&E that will have no foreseen impact in the market, for example con-
servation activities in your own manufacturing processes. Where this is
the case, you may enter N/A (for ‘‘not applicable’’) under the column
heading “Estimated Total Market Size.”

3. Naturally we should like to obtain the most accurate information avail-
able, but we realize that the requested dollar amount and market size
information may have to be estimated. Please do not hesitate to provide
such estimates. In fact, an estimate is preferable to. non-response.




Energy Category

CONFIDENTIAL

Has company

done RD&E

n area in 1976

Yes

No

If yes,.
approximate
spending for 1976

Estimated Total
market size from 1976
(in 1976 dollars)

Thru 1985 Thru 2000

Supply

Fluidized bed combustion
boiler

Coal/oil slurry

Nuclear reactor for
industrial use

Enhanced oil recovery

Enhanced gas recovery

Oil shale

Hydrothermal/geothermal
(electnc and direct heat)

Coal Conversion:
a. Gasification

b. Liquefaction
c. Feedstocks
Geopressure methane
Heavy oil
Tar sands
Methane from coal seams
Devonian shale
Tight sands
Solar central receiver with storage
Solar photovoltaic with storage

Advanced gas turbine/combined cycle

O 0o0agdaoagoad
O 0 0o g oaoao

0O 000000000 oOg
0O 00000 oOoOoooaoao

Other (specify)




CONFIDENTIAL

1N your opinion, what areas of energy RD&E should be emphasized by DOE?

Where areas of mutual interest between your company and DOE are identified, would you be agreeable to IRIRC arranging for DOE person-
nel to discuss with you how they might coordinate their work with yours or assist you wuth it?

DYes , O No

If you checked ‘‘yes' above, please list areas and persons to be contacted (Note even if you answer ‘'yes"’

the rest of the data in this
questionnaire remains confidential).

CONFIDENTIAL



Supplemental Instructions

Inventory of Energy-Related Research and Development (R&D) Funded
by the Private Sector

The general purpose of this survey is to determine the extent and character of private-sector investment in energy-related
research and development. The following comments should aid you in completing the attached survey questionnaire.

. The terms research and development are defined in the
Financial Accounting Standards Board Statement No.
2. “Accounting for Research and Development Costs.”
Briefly, research involves discovering new knowledge
that may be useful in developing a new product, ser-
vice. process or technique or in improving an existing
product or process. Development involves transiating
research or other knowledge into an actual plan or
design and includes developmental engineering, con-
struction of prototypes, and the operation of pilot plants
that are not economically feasible for production. For
complete definitions including examples see the above
reference.

. Dollar amounts requested refer to all corporate spend-
ing for energy-related R&D, including that of subsid-
iaries, and should reflect both domestic and foreign
R&D. If you do not have consolidated information for
the entire corporation, we should appreciate the name
and address of the individual who can provide that in-
formation for each unconsolidated division or subsid-
iary. Include your corporation’s share of spending for
energy-related R&D performed by or jointly with other
agencies, including governmental agencies, other cor-
porations, universities, etc.

. Theé energy technologies in the questionnaire may be
overlapping and may not match your internal R&D
terminology. Please feel free to annotate the technol-
ogies but report each energy-related R&D dollar only
once.

. If you report spending under the "Other" headings,
please specify the technology. If there is more than one
technology. list them separately under the “Miscella-
neous” heading.

. Naturally we should like to obtain the most accurate

information available, but we realize that the requested

dollar amounts may have to be estimated. Do not hesi-
tate to provide such estimates. An estimate is preferable
to a non-response.

6. The amount reported for each year under. “Energy-

related R&D funded by corporation” (front page of
questionnaire) should be the sum of the amaunts re-
ported under the spécitic technologies (inside pages
of questionnaire) for the corresponding year. If not,
please comment on the differences.

. An important concern of DOE is the federal role in

the support of energy-related R&D. To assist DOE in
determining how it should allocate its limited resources,
we are requesting that you indicate opposite each
technology listed in the questionnaire your opinion,
from your company's point of view, of the relative im-
portance of DOE support of that technology. Specif-
ically, within the context of your own company's present
and planned R&D program, how important is DOE
support of R&D in particular technology areas? Alter-
natively, you may believe that DOE should not support
a given technology at all, not because it lacks impor-
tance but for some other reason such as a potential
negative effect on your company's R&D status or strat-
egy. While "DOE support” need not be thought of as
necessarily accruing to your company, we again ask
that you evaluate that suppartfrom your company’s pét-
spective. Thus, for example, you may regard support of
a particular technology as very important with respect to
the enhancement of the Nation's future energy supply,
but such support may have no importance with respect
to your company's R&D. Please feel free to express
any additional opinions regarding the effect of DOE
R&D funding on your company in the “Comments”
section.

. Whether or not your company does any energy R&D,

your response is important. In fact, inferences based
on the survey results may be seriously biased if com-
panies do not respond simply because they have no
expenditures.

Thank you again for your cooperation.




Inventory of Energy-Related R&D Funded in Private Sector
(Form Approved 14 March 1977, O. M. B. No. 38-577004, Revised August 1978)
IRI/RC-DOE Survey

Name of corporation or company (or other institution)

Address

City.

State A ZIP

Name, address and position title ot key conlacl

Telephone number.

Principal business of company.

All information supplied in the following will be treated as Compaqy Confidential-
Proprietary, and will be safeguarded as such by I.R.l. Research Corporation and
Rensselaer Polytechnic Institute. Only aggregated data will be supplied to DOE.
At the end of the project, data sheets will be destroyed aind no copies will he retained,

Budgeted/
, Actual Actual Projected
1976* 1977* 1978*

Total corporate sales

Total corporate funded R&D

Energy-related R&D funded by your corporation

Energy-related R&D funded by federal government

Energy-related R&D funded by other sources

*1f periods reported are not calendar years, please specify fiscal periods

COMPANY CONFIDENTIAL—-PROPRIETARY
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COMPANY CONFIDENTIAL—PROPRIETARY

1. For each of the energy technologies listed below, please indicate by checking the appropriate “Yes’* box if your company has
done or plans to do energy-related R&D and if so the amounts in 1976, 1977, and budgeted, projected, or otherwise estimated
for 1978. To indicate the degree of importance you believe DOE should give in its support of each technology, please check
the appropriate column under the “’Relative Importance * heading: NS (Should Not Support), Nt (Not Important), |{Important)

or VI {Very Important}). Rows left blank wi

Energy Technology

o Manufacturing/Process Changes

Raw Material Changes
Chemical/Reflning Processes

New Encrgy Saviing Prucesses
Improved Energy Saving Processes
Other (Specify)

Il be interpreted as “No opinion.”’

’

Residential Heat Pumps

Industrial Heat Pumps

Process Heat Recovery

Use of Low Pressure Exhaust Steam

Other (Specify)

End Product Efficiency
Consumer Appliances
Manufacturing Equipment
Building Insulation
Energy Efficient Buildings
Other (Specity)

Transportation
Automotive Engine
Automotive Chassis and Body
Electric/Hybrid Vehicles
Other Automotive

Rail Transportation/Equipment
Aircraft Engine and Airframe
Pipeline Technologies

Marine Transportation/Equipment
Other (Specify)

"Relative
Corporate Spending Importance
) 1076 1977
Yes Amount Yes Amount Yes NS NI | Vi
0. O ) O 0O O 0
a ] O O v 0O 0
a a O o 0 Oo 0O
0 0 O O 0 0o o
0 O 0 O 0O 0o o
Air Conditioning, Heat Pumps & Heat Recovery .

O O O O 0O o o
O 0 0 O O 0O O
a 0 a [ I Y R
O 0 a I S I R 6 I
a a a 0O 0 0o O
O . 0O [ O 0 O o
0 a a O 0O o g
-0 O O O 0O O n
Mn. O d O 0O 0O o
a a m) O 0O 0o 0O
O 0 [ O 0o 0o A
a 0 O O O O o
O (] O 0O 0O 0 O
a 0 a O 0O 0o o
0 a O O 0O g a
O O a O 0O O O
0 0 0 O 0 g Qo
O — O O O 0O O O
Q O O O O o a4a
COMPANY CONFIDENTIAL—PROPRIETARY 2




COMPANY CONFIDENTIAL—PROPRIETARY

COMPANY CONFIDENTIAL—PROPRIETARY

Relative
Energy Technology Corporate Spending Importance
1978
1976 1977 Projected
Yes Amount Yes Amount Yes Amount NS NI | Vi
Electric Power Generation
Gas Turbine Combined Cycle O O a O 0O 0O 0O
Fuel Celis 0 0 (] 0 I I I Y
Magnetohydrodynamic Generation O 0 N g 0O 3d
Cryogenic Generators 0 O O O (] 0 a
Transmission and Distribution 0O 0 O O 0O 0O O
Low Head Hydroelectric O O a O O 0o O
Fluidized Beds 0 O a O 0O 0O 4
Other (Specify) O O 0 O g o a
Industrial Combustioq and Steam Generation )
Cogeneration O O O I R 0 R 1 R
Atmospheric Fluidized Bed O O O O 0O 4d d
Coal/Qil Slurry O O 0O O o g d
Waste Material ] O O O 0o g 0o
-Instrumentation and Control a 4 . a O o a a
Other (Specify) O 0O a O O g g
Energy Storage
Pumped Hydro Storage O 0 ] 0O O O 0O
Compressed Air Storage 0 O O O 0o o d
Thermal Energy Storage O O a O 0 O O
Batteries a 0 [} O 0O 4o O
_Hydrogen Generation 0 O O O O 0 g
Other {Specify) 0O g O O o 40 O
Oil
Secondary Qil Recovery a O 0O O o g g
Tertiary Oil Recovery O 0 0 a o o 0o
Materials for Enhanced Oil Recovery O O O C 0 a aAd
Heavy Oil O a 0 O O a 0O
Tar Sands .| 0 ] O a0 0o .
Oif Shale O O O O a o o
Geological Assessment Techniques a O O O O O O
Offshore Drilling & Production Techniques O O O O o 0O o
Other (Specify) a | O O 0o a ga
Gas
Enhanced Gas Recovery g O Q O 0O 0O O
Geopressure Methane O a a O 0O 0 O
Tight Sands 0 O a O O 0 -
Devonian Shale O a O o o o g
Other (Specify) a a a O & g0 o

w



Energy Technology

Coal
Preparatian
Mining
Gasilicailon
Liquefaction
Chemical Feedstocks -
Other (Specify)

. COMPANY CONFIDENTIAL-PROPRIETARY

Corporate Spending

Relative

Importance

1976 1977
Yes Amount Yes Amount

1978
Projected

Yes Amount

Jaoooo
gooooo

Nuclear
Fuel Production

.Fuel Separation

Reprocessing
Waste Disposal

"Liquid Metal Fast Breeder

Other Breeder.

ooooog

Reactor for Industrial Process Use
Light Water Reactors
Other Fission

Fusion

goooooooaog
ooocoooooaog

Other (Specify)

Solar and Other Renewable
Solar Photovoltaic ~

Solar Thermal Power Generation
Solar Industrial Praress Heat
Heating and Cooling

Biomass .

Municipal Solid Waste

Tidal

Ocean Thermal
Geothermal
Wind

Other (Specify)

OoOoD0ObDnoOoon

—

OooOoooooooo
OoOoOoocoooOooo

OooDoO0o0oO00oao

Miscellaneous (Specify)

. 000oooocgooaa

oaooag
poooag

cooaao

Continue on Page 6 if necessary

COMPANY CONFIDENTIAL—PROPRIETARY
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goooo

noooooa

OocOocooooooo

oooooooopog.

ooooao



COMPANY CONFIDENTIAL—PROPRIETABY

~

2. Please indicate your opinion on the current level of government sponsorship for the types of energy-related research listed below:
- ' . ° " \" -
: Government Funding of
Government Sponsorship in Universities :
the Private Sector and the National Laboratories
Too " About Too Too About Too
Little ) Enough Much Little Enough Much
Basic Research a 0 O O a g
Applied Research 0 ] n O 0 a
Process Engineering a a a 0 O O
Pitot Plant ] O O a a a
Demonstration Plant a | O a a 0
3. Would you like IRI/RC to arrange for DOE personnel to discuss with you how they might coordinate their work with yours
' or assist you with it? A ' :
O Yes O No ,
If you checked ‘‘yes” above, please list areas and peréons to be contacted (Note: even if you answer “yes” the rest of the data in
this questionnaire remains confidential).
4, Comments (additional space on next page).

COMPANY CONFIDENTIAL-PROPRIETARY
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THIS IS A FACSIMILE OF INSTRUCTIONS GIVEN
TO THE INTERVIEWERS TO SUPPLEMENT

DIRECTIONS ON THE INTERVIEW GUIDE ITSELF



SUPPLEMENTAL INSTRUCTIONS FOR INTERVIEW GUIDE
A Study of Energy R&D in the Private Sector

Front Page

Mostly self-explanatory. Data on use of tapes and duration
of interview will be interesting statistics to report. Also,
following receipt of a completed report, we (RPI) shall issue an
acknowledgement to the inferviewer, ndt only to apprise him of
receipt but to indicate thaf, at least at that point in time,
we see no difficulties with the report and he may destroy the
tapes if thaey exist. .

A space for comments is provided for you to mention any
incidental information concerning the structure or circumstances
(not the cantent) of the interview.

Pages 1-11

On the basis of the Year I interviews, we are implicitly
assuming that virtually all companies have energy strategies -
or at least they perceiQé themselves to have such. If the need
for a definition of strategy arises, you may use: "A comprehensive
plan of action formulated with the express purpose of achieving
a particular goal or set of goals." What we wish to understand
is the structure of these strategies. Specifically, what are
their crucial components - conservation, new products, etc. The
importance ratings will help us to do this but only if they are
properly explained in the commentary. This explanation should
describe the major energy concerns of the corporation, major
energy-related projects, etc. We should also be able to determine,
with respect to a category such as conservation, new producté,
etc., whether an energy R&D strategy is offensive or defensive.
In this section, we do not foresee the need to partition, i.e.
to rate projects, concerns, etc. separately, but if abso1ute1y
necessary, you may do so.



In addition to the points stressed above, the interviewers
will have the following responsibilities, which, for the most
part, apply not only here, but throughout:

® There should be an importance rating whenever there
is substantive commentary. If a category, e.g. Suppiy,
is not a strategic component,'then you may indicate
across the page "Not a company concern” or a similar
statement. Note that in the sample interview, we indi-
cated NI and "No Comment." However, the statement "Not
a company concern"” would have been more descriptive of
the actual situation.

e When the Tater question is inadvertently anticipated
by a respondent, it will be incumbent on the interviewer

to either redirect the response accordingly (e.g. tell the
respondent that he will be able to expand that point later)
or to record the ?esponse, where given, and himself insert
it in the appropriate place in the final report. Some-
times, however, a response, perhaps with different emphasis,
will be quite appropriate in more than one place. For
example, if a major energy substitution such as coal for
gaS is government mandated, then this may be quite appro-
priately discussed under conservation strategy. When the
same point arises later under "industry - government agency
interface", the commentary can be duly abbreviated.

e It is easy for the respondent to lose sight of the fact
that he is supposed to be discussing only his own company's
strategic’concerns., When .he says that such-and-such is

- "very important”, it should be within the context of his
own company's objectiVés, business concerns, etc. not
the'nation‘s, not some other company or industrial sector,
and not his next door neighbor's. This is not to say,
however, that his company's business concerns cannot co-
incide with or be part of the nation's, an entire industry's,
etc. He may even use a (documentable) example from outside
the scope of his corporation.



e "Quotable quotes" are great! We believe that we can
enhance the credibility and the immediaEy of our inter-
view summaries by indicating, as we have'done'to some
extent in the past,'that we are quotingﬂ in so far as
confidentiality will allow, an actual statement made

"in an interview. Thus, you may use quotation marks to
indicate that you are more-or-less quoting a respondent's
actual statement and that such statement is particularly
expressive of an important point. We don't really think
it is necessary to state explicitly to a respondent that
we indy be doing this for the very facl that we are inter-
viewinyg him should imp]y’that”we shall be reporting, in a

non-identifiable manner, the substance of whaf‘he actually
says.

® There very likely will be no statements made under
the "Other" category, pp. 10 11 of the interview guide.
If this is the case, you may om1t these pages from your
subm1tted report.

Page 12 .
' Self- exp]anatory The NEA (Nat1ona1 Energy Act) General
Information pamphlet referred to is an unnumbered release from
the DOE, Office of Public Affairs, dated November, 1978, Yau
should have received sufficient copies from Mike Card.

Pages 13-16 ?

Much of what we have said prev1ously app11es as well to
th1s category of the interview. Here, hgwever, 1t seems apparent
that several quite distinct top1cs‘might be discussed under one
agency. The need for this separation became especially apparent
in the pilot interview, the report of which should be referred
to for illustration.

We expect that in most interviews many of the agencies
listed fn the interview guide will not have significant impact
on the corporations' energy concerns, including R&D and commer-
cialization activities. Consequently, once having gotten past




DOE and EPA, this part of the interview should proceed very
quickly, as was the case in the pilot interview.

One point cannot be overemphasized - KEEP TO THE TOPIC
OF ENERGY! In the pilot interview, the first verbatim response
to the general question of industfy—agency interface was:
"How many days do you have?" Much of the subsequent discussion,
howeVer, was comp]et]y unrelated to energy.

Pages 18-21

Mostly self-explanatory. Item 7 of the Supplemental
Instructijons for the mail survey is applicable here, except that .
we have in the interview question further broken down R&D into
Basic Research, App]ied Research, etc., and added,Commercia]ization.
"DOE support" must necessarily mean, for the most part, financial

support of one form or another, although exceptions can be en-
visaged, e.g. support of a particular piece of legistation. But.
there are many kinds of financial support and it may be difficult
to elicit specific, preferred choices, although it would seem
particularly important to do so. Based on past experience,
including our pilot interview, respondents feel that financial
incentives of any and all kinds are lacking. If this is the case,
let's find it out, but if they have specific ideas and preferences
.1et‘s determine those too. ‘

Page 23
Self-explanatory. However, it may be difficult to separate

the two responses since both questions are of the "do you have
anything to add category?" We have retained both though because
we are interested in whether company management is reading and
reacting to our report. You may have to do some separating and
reassembling in composing your final report.

Page 24 v ]
This space is provided for any further comments you, as

interviewer, may want to provide. For example, you may want to



list or describe one or more points that were particularly
emphasized by the respondents. You may also want to evaluate the
interview especially if you have negative comments (an open,
frank, and productive interview will be evident from the report).
You need not include this page if you do not wish to add your
comments. ) '

This page is not in the pilot interview reported because
it was added Tater.



INTERVIEW GUIDE FOR "A STUDY OF-R&D IN THE PRIVATE SECTOR", YEAR I1

COMPANY NAME

AND LOCATION

OF INTERVIEW:

.

DATE OF INTERVIEW: . N

NAMES AND TITLES OF 1.

COMPANY REPRESENTATIVES
AT INTERVIEW:

2.
3.
NAME OF INTERVIEWER(S): 1.
2.
3. -
TAPE RECORDER USED: YES O , ¥ O
DURATION OF INTERVIEW: HRS. _ MIN.

COMMENTS:
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CORPORATE ENERGY STRATEGY AND ITS R&D COMPONENT

We would like to discuss with you the nature and content of your
company's energy strategy and its R&D compoéent. Specifically, for qach
of severalrstrategic categories, we shall ask you to describe your major
concerns, plahs, and projects and how you rate the impor;ance of each category.
The particular categories we wish to discuss are:

(1) Conservation, A

(2) Supply,

(3) Production and Transmission, and

(4) New Products.

-l-
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CONSERVATION

1. Within the context of your total corporate energy strategy, how important
is in-house conservation, including new processes or major redesign of

existing processes?

Not important (NI), important (I), or very important (VI1)?

2. Does your corporate energy strategy, with respect to in-house conservacion, have

an R&D component?

If so, how important is it? (NI,I,VI)

PRESENT TO NEAR TERM (THRU 1985)

IMPORTANCE| COMMENTARY: (i) Reason for rating; (1i)- Major concerns;
NI{ I |VI (111) Major projects
Energy
Strategy
R&D
Component

-2-
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CONSERVATION

3. (1) How do these importance ratings change for mid term (1985-2000)?

(i1) How do these importance ratings change for long term (Beyond 2000)?

IMPORTANCE COMMENTARY: (i) Reason for rating; (ii) Major
TIME : NI| I |VI . concerns; (i11) Major projects
MID TERM
(1985-2000)
Energy
Strategy
R&D
Component
LONG TERM
(Beyond, 2000)
Energy
Strategy
1
R&D
Component ~
_3_
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1
1

,
5
b
o
1
3

v

SUPPLY

1. Within the context of your total corporate energy strategy, how important
are energy supply sources or fuels, chemical feedstocks and other scarce
or mandated raw materials or fuels? (NI,I,VI)

2. Does your corporate energy strategy, with respect to supply, have an R&D

component? If so, how important is it? (NI,I,VI)
AY
PRESENT TO NEAR TERM (THRU 1985) ,
IMPORTANCE COMMENTARY : (1) Reason for rating; (ii) Major concerns;
NI| I |VI (111) Major projects ’
Energy
Strategy
\
-
N ( \
R&D i
Component {

CONFIDENTIAL o,
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SUPPLY

3. (1) How do these importance ratings change for mid ferm (1985-2000)?

(i1) How do these importance ratings change for long term (Beyond 2000)?

IMPORTANCE
TIME

NI

\'2¢

COMMENTARY: (i) Reason for rating; (ii) Major
concerns; (1i1) Major projects

MID TERM
(1985-2000)

Encrgy
Strategy

R&D
Component

LONG TERM
(Beyond 2000)

Energy
Strategy

R&D
Component

-5~ "
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ENERGY PRODUCTION & TRANSMISSION

1. Within the context of your total corporate energy strategy, how important
are energy production and transmission? (NI,IL,VI)

2. Does your corporate energy strategy, with respect to ehergy production and
transmission, have an R&D component? If so, how importamnt is it? (NI,I,VI)"

PRESENT TO NEAR TERM (THRU 1985)

IMPORTANCE| COMMENTARY: (1) Reason for rating; (i1) Major concerns;
NI| I | VI (11i) Major projects
Energy
serategy -
4
¢
\ .
R&D
Component
\

-6-
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AN
ENERGY PRODUCTION & TRANSMISSION

3. (1) How do these importance ratings change for mid term (1985-2000)?

(i1) How do these importance ratings chénge for long term (Beyond 2090)?

IMPORTANCE COMMENTARY: (i) Reason for rating; (ii) Major
TIME NI} TI|VI ‘ concerns; (1ii) Major projects
MID TERM
(1985-2000)
' Energy.
Strategy '
R&D

Cuomponent

LONG TERM '

(Beyond 2000)

Energy
Strategy

R&D
Component

-7-
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NEW_PRODUCTS

y

1. Within the context of your total corporate emergy strategy, how important
are new products or major redesign of existing products? (NI,I,VI)

2. Does your corporate energy strategy, with respect to new products, have an

R&D component?

If so, how important is 1t? (NI,I,VI)

\

PRESENT TO NEAR TERM (THRU 1985)

IMPORTANCE| COMMENTARY: (i) Reason for rating; (ii) Major concerns;
NI| I ]VI (111) Major projects
Energy
Strategy
A
R&D
Component

L

-8-
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NEW PRODUCTS

3. (1) How do these importance ratings change for mid term (1985-2000)?

(ii) How do these importance ratings change for long term (Beyond 2000)?

IMPORTANCE COMMENTARY: (i) Reason for rating; (ii) Major
TIME NI| I|VL concerns; (iii) Major projects
MID TERM
(1985-2000) va
Energy :
Strategy ‘
4 1
R&D
Component
1
LONG TERM
(Beyond 2000)
Energy
Strategy
R&D
Component

-9-
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OTHER (Specify)

1. Within the context of your total corporate energy strategy, how important

are

?(NL,I,VI)

2. Does your corporate energy strategy, with respect to s
have an R&D component? If so how important is 1t? (NI,I,VI)

PRESENT TO NEAR TERM (THRU 1985)

IMPORTANCE | COMMENTARY: (i) Reason for rating; (ii) Major concerns;
NIl I |VI (iii) Major projects

Energy

Ltrategy

)
R&D
Component
-10-
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OTHER (Specify) | !

5. (1) How do these importance ratings change for mid term (1985—2900)?

(11) How do these importance ratings change for long term (Beyond 2000)?

IMPORTANCE COMMENTARY: (i) Reason for rating; (ii) Major
TIME - NI \'a¢ concerns; (iii) Manr projects
)
MID TERM
(1985-2000)
CEnergy
Strategy
R&D N
Component
LONG TERM
(Beyond 2000) -
Energy
Strategy |
/
1
R&D
Component
-11-
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Does an individual or group have-respoﬁsibility for the formulation or
administration of your energy strategy? What is the scope of responsibility.

‘or authority of this individual or group?

'

What impact will the new National Energy Act héve on youwr corporate energy
strategy and 1its R&D and commercialization components?

[Interviewer may leave copy of NEA General Information pamphlet.]

-12-
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INTERFACE WITH GOVERNMENT AGENCIES

Indicate the degree of
importance of the influ-
ence of various agencies
on the energy strategy
(i) of your company, and
(ii) your R&D in parti-
cular. R

COMMENTARY: Obtain specific examples of actions or policies
of agencies that have facilitated or inhibited energy-related
R&D activities or commercialization of new energy technology
by your company. What specific ways, from your own company's
perspective, can these facilitate or accelerate the R&D -
commercialization process with respect to energy producing
technology?

COMPANY || R&D

AGENCYjir! ¢ lvifwni| 1] vr

D

0

E

.
LY

E

P

A

14

-13-
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INTERFACE WITH GOVERNMENT AGENCIES

Indicate the degree of COMMENTARY: Obtain specific examples of actions or policie
importance of the influ- | of agencles that have facilitated or inhibited energy-relat-
ence of various agencies | R&D activities or commercialization of new energy technolog
on the energy strategy by your company. What specific ways, from your own company
(1) of your company, and perspective, can these facilitate or accelerate the R&D -
(11) your R&D in parti- - cbmmercializgtion process with respect to energy producing
cular. technology? - : : '
COMPANY R&D .

AGENCYper| 1 |vafnz| 1| v1

J

u L]

s ’

T |

1

c

E A

0 .

S

H

A

i

F

T ’

c .

D

E

F

E

N .

S

E
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INTERFACE WITH GOVERNMENT AGENCIES

Indicate the degree of COMMENTARY: Obtain specific- examples of actions or policies
importance of the influ- || of agencles that have facilitated or inhibited energy-relate
ence of various agencies || RéD activities or commercialization of new energy technolog:
on the energy strategy by your company. What specific ways, from your own company'
(1) of your company, and perspective, can these facilitate or accelerate the R&D -
(i1) your R&D in parti- commercialization process with respect to energy producing
cular. *] technology?
COMPANY R&D

AGENCYRyy) ylvrjnr] 1]ve) -«

C

4]

M

M

E

R

C

E

2

I L]

N +

T

E

R

I

(V]

R

J

I

C

[of

1

R

s .
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INTERFACE WITH GOVERNMENT AGENCIEé

Indicate the degree of
importance of the influ-
ence of various agencies
on the energy strategy
(1) of your company, and
(ii) your R&D in parti-
cular.

COMMENTARY: Obtain specific examples of actions or policies
of agencles that have facilitated or inhilbited energy-related
R&D activities or commercialization of new energy technology
by your company. What specific ways, from your own company's

‘perspective, can these facilitate or accelerate the R&D -

commercialization process with respect to enmergy producing
technology?

v

COMPANY R&D

AGENCYlyrl 1 lvzfnt] 1] vz

T

ZOHHPHXOYNZ > X

>om
[-¢J
OowoH

mEa>an
H»00rr

HrZorOMm™

(Specify)

mmm3 0

(Specify)

-16-
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INTERFACE WITH GOVERNMENT AGENCIES

Indicate the degree of
importance of the influ-
ence of various agencies
on the energy strategy
(1) of your company, and
(i1) your R&D in parti-
cular. .

\

COMMENTARY: Obtain specific-examples of actions or policies
of agencies that have facilitated or inhibited energy-related
R&D activities or commercialization of new energy technology
by your company. What specific ways, from your own company's
perspective, can these facilitate or accelerate the R&D -
commercialization process with respect to energy producing

‘technology?

COMPANY R&D

AGENCY NI| I [VI|NI| I |VI

-17-
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AREAS FOR DOE EMPHASIS

N

For the energy technology areas which we shall name below, indicate the degree of
importance to your company for DOE support. Describe the kind of support you have
in mind. [Interviewers: subheadings for your information; you need read to inter-
viewees only to supply examples of major category.) :

;

N Matrix entries:
NS, should not

support; NI, I,
VI as before.

TYPE OF
EFFORT

ENERGY
TRCHNOLOQGY

COMMENTARY: Explain rating. Discuss kind and
degree ot support, level of DOE participation,
and to whom, e.g. univerasities, unativnal labs,

Basic Research

Applied Research, Process
Engfineering, Pilot Plant
Dencnstration Plant
Cormercialization

~ TRANSPORTATION

Automotive Engine

Automotive Chassis and Body
Electric/Hybrid Vehicles

Other Automotive

Rail Transportation/Equipment
Aircraft Engine and Airframe
Pipeline Technologies

Marine Transportation/Equipment

ELECTRIC POWER ‘
GENERATION

Gas Turbine Combined Cycle

Fuel Celle

Magnetohydrodynamic Generation
Cryogenic Generators
Transmission and Distribution
Low Head Hydroelectric

Fluidized Beds

INDUSTRIAL COMBUSTION )
& STEAM GENERATION

Cogeneration
Atmospheric Fluidized Bed i -
Coal/Qil Sturry -

Waste Material
Instrumentation and Control

~18~-
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For the energy technology areas which we shall name below, indicate the degree of

AREAS FOR DOE EMPHASIS

importance to your company for DOE support. Describe the kind of support you have
in mind. [Interviewers: ~subheadings for your information; you need read to inter-
viewees only to supply examples of major category.)

Matrix entries:
NS, should not

support; NI, I,

degree of support, level of DOE participation,
and to whom, e.g. universities, national labs.

1

- VI as before..
7]
0 &
TYPE OF g K]
EFFORT X e .
&
-
~ 0 ;'] ] ,
s=lal8
o'y d
g .1 818 \ .
sglolx :
ENERGY ed|lels COMMENTARY: Explain rating. Discuss kind and
TECHNOLOGY - 8
-1 - o
— °] E
oo | &
a5 818
<m [ A

Basic Research

ENERGY STORAGE

Pumped Hydro Storage
Compressed Air Storage
Thermal Energy Storage
Batteries

Hydrogen Generation

OIL

Secondary Oil Recovery
Tertiary Oil Recovery )
Materials for Enhanced Qil

Recovery
Heavy Oil

Tar Sands
Oil Shale

Geological Assessment Techniques

Offshore Drilling &

- Production Techniques

Enhanced Gas Recovery
Geopressure Methane
Tight Sands

Devonian Shale

-19-
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. AREAS FOR DOE EMPHASIS

For the energy technology areas which we shall name below, indicate the degree of

importance to your company for DOE support.
[Interviewers:

in mind.

Describe the kind of support you have

subheadings for your information; you need read to inter-
viewees only to supply examples of major category,] .

Matrix entries:
NS, should not

support; NI, I,

VI as before.
/]
=
TYPE OF § s
,‘/EE'FORT & : ‘é
aS1 8] 8
Ol | A ] o
sl8%1 %%
AR IR IE] \ .
8 [T - & -
ENERGY . vl s COMMENTARY: Explain rating. Discuss kind and
TRCRNOLOGY “ | g4 4| | desree of support, level of DOE participation,
’ Y| s £ E and to whom, e.g, universities, national labs.
AN - |
&) &8 it 38
COAL
Preparation
Mining '
Gasification
Liquefaction

Chemical Feedstocks

NUCLEAR

Fuel Production

Fuel Separation
Reprocessing

Waste Disposal

Liquid Metal Fast Breeder
Other Breeder.

Reactor for Industrial Process Use

Light Wator Roastorns
Other Fission
Fusion

SOLAR & OTHER
RENEWABLES

Solsr Photovoltaic
Solar Thermal Power Generation
Solar Industrial Process Heat
Heating and Cooling 4\,)
Biomass
Municipal Solid Waste

© Tidal
Ocean Thermal
Geotherma!
Wind

CONFIDENTIAL
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AREAS FOR DOE EMPHASIS -

For the energy technology areas which we shall name below, indicate the degree of

importance to your company for DOE support. Describe the kind of support you have

in mind. [Interviewers: subheadings for your information; you need read to inter-
- viewees only to supply examples of major category.]

Matrix entries:
NS, should not

support; NI, I, }
VI as before. .

gy
TYPE OF g =
EFFORT )
-~
e
221318
el EE ™3
J | g g |
R FIEAE | :
ENERGY ® ‘275 E E COMMENTARY: Explain rating. Discuss kind and
TECHNOLOGY o - I degree of support, level of DOE participation,
: Y|l 2E] g ¢ | and to whom, e.g. unlversities, national labs.
o | oo 15' B \
215|818

MANUFACTURING PROCESS
CHANGES

Raw Material Changes
Chemical/Refining Processes

New Energy Saving Processes
Improved Energy Saving Processes

A/C, HEAT PUMPS AND
HEAT RECOVERY

Residential Heat Pumps

Industrial Heat Pumps

Process Heat Recovery

Use of Low Pressure Exhaust Steam

END PRODUCT EFFICIENCY

Consumer Appliances
Manufacturing Equipment
Building Insulation
Energy Efficient Buildings 4

-21-
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AREAS FOR DOE EMPHASIS

For the energy technology areas which we shall name below, indicate the degree of
importance to your company for DOE support. Describe the kind of support you have
in mind. [Interviewers: subheadings for your information; you need read to inter-
viewees only to supply examples of major category.])

Matrix entries:
NS, should not

support; NI, I,
VI as before.

B o
TYPE OF ¢4
EFFORT Y
A "
.II : :
N F3S1 8| 8] . ,
(S (-9 1)
£ Sl -"] o
[3] 8 -] L]
- -~ [] N
gl adlC|n
ENERGY e Bl I COMMENTARY: Explain rating. Discuss kind and
TECHNOLOGY - g degree of support, level of DOE participation,
v A |l g ¢ | and to whom, e.g. universities, national labs.
o~ H'& Q E .
2l a2 8
2l &5128|8 ,
MISCELLANEOUS
(Specify)

ADDITIONAL SPACE

-22-
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FINAL COMMENTS

We have sent you a report of findings based on the first year of our study of
energy R&D in the private sector. Do you wish to comment on that report? )

Do you have anything to add? [See especially pp. iv-vi of report, Major Findings
of Interviews.] : )

When IRI/RC makes its Teport to DOE policy makers, is there a brief message that
pulls together your thoughts about the energy situation that you feel should be
heard? . '

, -23-
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APPENDIX B

Information on Corporate Spending

in Each of 102 Technology Areas
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" TABLE 1 v -

ENERGY R § D SPENDING IN EACH TECHNOLOGY 1976 - 1978
TECHNOLOGIES WITH ONLY 1 RESPONSE OOMBINED TO 'OTHER!
. (* indicates positive spending, but less than
$50 thousand) N
: ’ TOTAL REPORTED ENERGY RSD
SPENDING (IN MILLIONS)

TOTAL -
CATEGORY/TECHNOLOGY 1976 1977 = 1978 PIRNS
BANUPACTURING/PROCESS CHANGES
RAW MATERIAL CHANGES N 8.9 16.¢ 20 43
CHEMICAL / REPINING PROCESSES -46.1 47.8 61.2 32
NEW ENFRGY SAVING PROCESSES 21.9 27.7 ¢ 36.5 67
INPROVED ENERGY SAVING PROCESSES 30.3 38.4 | 48.5 ) 83
OTHER MANUPACTORING/PROCESS CHANGES 0.1 0.2 0.2 4
TOTAL NANUPACTURING/PROCESS CHANGES 107.4 131 166.3 121
AIR CONDITIONIRKG, HEAT PUNMPS & HEAT RECOVERY
RESINDERTIAL HEAT PUMPS 12.6 15 . 17 16
INDUSTRIAL HEAT PUMPS P | S.4 . 5.2 15
PROCESS HEAT RECOVERY 5.4 5 1.5 46
USE OP LOW PRESSURE EXHAUST STEAM * * 0.2 1
MISC. RESIDENTIAL HEATING 1.5 1.7 2.2 3
MISC. WASTE HEAT REDUCTION 1.7 . 0.1 0.2 10
OTHER HEAT RECCVERY SYSTENS 0.3 0.3 1 q
TOTAL AIR COND.,REAT PUNPS¢RECOVERY 25.7 27.6 33.3 69
END PRODUCT EFFICIENCY
CONSUNER APPLIANCES 14.4 10.5 11.5 15
MANUFPACTURING EQUIPMENT 1.7 2.8 3.4 16
BUILDING INSULATION 3.5 4,2 5.5 19
ENERGY PPPICIENT BUILDINGS 1.7 1.6 2.8 25
BLDGS. ENV. CONTROL SYSTEMNS 0.2 0.9 1.4 -4
LIGHTTYS ANT ASSOC. EQUIPMENT 0.1 0.1 0.1 2
CHENICALS AND PLASTICS 2.2 3.4 . 3.6 3
INSOLATING PRODAGCTS 0.8 1 ) 1.1 2
COATINGS 0.3 1.3 1.5 3
COMNMERCIAL PRODUCTS 0.1 0,5 0.9 3
GENERAL. CONSERVATION 1.6 1.6 2.9 7
TCTAL END PRODUCT EFPICIENCY 27.2 27.8 34.6 66




TABLE 1 (Continued)

Total Reported Spehdi:lg

CATEGORY/TECHNOLOGY - (Millions)
‘ : " - TOTAL
TRANSPORTATION - ) . 1976 1977 1978 FIRMS
AUTOMOTIVE ENGINE’ . 12.4 13.9 16.8 13
AUTOMOTIVE CHASSIS AND BODY' 4.8 5.1 4 15
ELECTRIC / HYBRID VEHICLES . 3.6~ 4.2 5.6 11
OTHER AUTOMOTIVE B 1.7 2.1 2.5 3
RAIL TRANSPORTATION/RQUIPMENT 0.9 1.5 1.5 5
AIRCRAPT ENGINE AND ATIRFRAME 20.7 22 3044 8
PIPPLIN® TECHNOLOGIES 5.3 4.7 4.7 20
MARINE TRANSPORTATION / BQUIPMENT 7.3 9.6 10.4 9
MISC. PARTS AND ACCESSORIES : 1.4 4.7 5.8 7
PUPLS, LUBRICANTS, AND ADDITIVES 14 .6 14.5 16.5 9
OTHER TRANSPORTATION 1.5 1.8 2 1
TCTAL TRANSPORTATION 78.1 83.9 99.7 67
ELECTRIC POWER GENERATION )
GAS TURBINE COMBINED CYCLE 1.5 2.2 4.1 10
FPUBL CPLLS 4.4 1.8 2.7 1"
MAGNETOHYDRODYNAMIC GENERATION 1.1 1 1.2 6
TRANSMISSION AND DISTRIBUTION 23.1 43.6 48.1 . 20
LOR HEAD HYDROELECTRIC 1 5.8 6.3 3
PLUIDIZED BEDS 0.1 0.4 1.7 9
ENVIRONYMENTAL, POLL. ABATEMENT 16.1 1.2 46.5 10
IMPROVED -PERFORMANCE n.5 0.5 0.7 4
OTHRR ELECTRIC POWER GENERATION 23 25.5 27.2 8
TOTAL BLECTRIC POWER GENERATION 70.9 122 138.6 49
INDUSTRIAL COMBUSTION AND STEAM GENERATION
COGENERATION 0.8 0.7 S 1.2 16
ATMOSPHRRIC FLUICIZED BED 0.8 1.7 1.9 7
COAL / OIL SLURRY 0.9 0.9 2.1 15
WASTE MATERIAL 2.2 1.9 2.3 26
INSTRUMENTATION AND CONTROL 1.2 5.3 6.5 17
POLLUTION CONTROL 0.4 2.6 2.5 3
OTHER COMBUSTION AND STEAM GENEBATION 0.2 0.4 0.5 7
TOTAL IND. COMBUSTION + STEAM GEN. 6.6 13.2 16.9 L1}



TABLE ; (Continued)

Total Reported Spending

: : (Millions)
CATEGORY/TECHNOLOGY
- , TOTAL
ENERGY STORAGE = 1976 1977 =978 FIRMS
PUMPED AYDRC STORAGE 0.2 0.1 9.7 2
COMPRESSED AIR STORAGE * 0.4 0.5 5
THERMAL ENERGY STORAGE’ 0.9 0.9 1.2 12
BATTERIES : 14 34.2 38.6 16
HYDBOGEN GENERATION 1.6 1.2 1.4 4
PLYWHEELS - : 0.1 0.1 ). 2
OTHER ENERGY STORAG2 : 1.1 2.3 2.7 5
TOTAL RNERGY STORAGE ' 17.9 39.2 45.1 35
OIL
SECONDARY OIL RECOVERY 12.2 13.5 15.8 20
TERTIARY OTL RECOVERY . 16.4 22.2 24.8 17
MATERIALS POR ENAANCED OIL RECOVERY 3.8 u.4 1.9 18
"HEAVY OTL 6.7 8.3 2] 13
"TAR SANDS 7.3 Qs 13.3 12
"OIL SHALE 9.5 €.1 3.2 16
GEOLOGICAL ASSESSMENT TECHNIQUFS 39.1 37.1 42,3 1
. OPPSHORE DRILLING + PRODUCTIOR TECHNYIQUES 17.5 17.3 19.3 1
REFINERY PROCESS IMPROVEMENT A 1.6 16 20.6 8
DRTLLING AND PROD. TECHNIQUES 17.2 22.2, 28,4 9
OTHER OIL . . 36.3 7 Com, 6
TCTAL OIL . 180.7 1¢3.6 195.1 .52
GAS -
ENHANCED GAS RECOVERY 5.3 6.4 £, 12
GEOPRESSURE METHANE 0.4 * €. 4
TIGHT SANDS N 1.5 1.8 2 6
DEVONTAY SHALE 1.3 0.5 1.5 5
NETHANR PROM COAL SEAMS 1.1 1 1.1 3
GEOPHYSICAL 2.6 2.6 2.7 2
LIQUIPTED NATURAL GAS 0.1 c.2 * 2
DRILLING ANC PROD. TECHNIQUES 6.6 10.5 13.1 7
OTHER GAS 0 0.7 o 3
TOTAL GAS 18.9 23.7 29.4 25




TABLE 1 (Contirued)
Total Reported Spending

CATEGORY/TECHNOLOGY ) (Millions) TOTAL
COAL 1976 1977 1978 FIRMS
PREPARATION 3.9 3.6 6.2 22.
NINING 9.2 9.3 13 . 16
GASIPICATION 20 17.2 20.% 36
LIQUEFACTION 13.1 15.5 15.9 28
CHEMICAL FPEEDSTOCKS ) 6.6 2.4 3.3 15
POLL. ABATEMT., CLEANING, WASTE . 3.1 4.1 S - 7
OTHRR COAL 1.3 2.5 3.8 8

TOTAL COAL 57.2 54.6 68 60

NOCLEAR

PUEL PRODUCTION 2.6 2.8 3.7 7
PUEL SEPARATION _ 4.5 4.9 5.7 3
REPROCESSING 4,9 5.1 5.8 4
YASTE DISPOSAL 2.6 2.7 3.2 7
LIQUID METAL PAST BREEDER 19.8 19.9 21.8 14
OTHER BREEDER . 1.4 1.5 1.7 2
REACTOR POR INDUSTRIAL PROCESS USE * 0.1 2.1 4
LIGHT WATER REACTORS . 15 22.8 26 7
URANIUM EXPLORATION AND NINING 1.4 2.1 1.° 6
OTHER PISSION 2.2 2.6 3.6 6
PUSIOW 0.8 1.1 2.1 9
OTHER NUCLEAR 12.7 14.9 17 15

TOTAL NOCLEAR 68.1 B80.6 92,7 8o

SOLAR AND OTHER RENEWABLE

SOLAR PHOTOVOLTAIC 3 3.5 5.5 24
SOLAR THERMAL POWER GENERATION 0.6 0.3 9.3 16
SOLAR INDUSTRIAL PROCESS HEAT 0.3 0.6 0.7 17
HEATING AND COOLING 3.3 2,5 3 32
PTOMASS 4.9 5.2 6 30
MUNICIPAL SOLID WASTE 5.2 11.1 12.1 16
OCEAN THERMAL 0.4 0.9 1.2 7
GEOTHFRNMAL 0.6 1.4 2.7 9
WIND . 0.2 0.1 0.2 9
OTHER SOLAR AND RENEWABLE 0.5 0.6 0.8 1M

TOTAL SOLAR AND OTHER RENEWABLE 18.9 27.1 32.4 87



TABLE 1 (Continued)

Total Reported Spending

CATEGORY/TECIINOLOGY (illions)
TOTAL
NISCELLANEOUS _ 1976 1977 1978 FIRMS
EPRI 23.6 29.8 30.9 9
ELECTRIC LOAD NANAGENENT 0.1 0.2 0.4 4
RESEARCH DEPT. ADNINISTRATION * 0.9 1.2 1.6 2
ENERGY RELATED ENVIRONMENTAL STUDIES 2.5 2.6 4 3
BLECTRIC SYSTEMS PLANBING 1 1.4 1.6 3
HISC. RESEARCH INSTITOUTES 8.7 5.7 6.5 5
OTHRR MISCELLANEOUS 9.9 14.6 17,7 13
.TOTAL NISCELLANEOUS o 42.7 55.4 " 62.7 24
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TABLE 2 .

CROSS-SECTION OF 1976 ENERGY R § D SPENDING

TECHNOLOGIES WITH

CATEGORY/TECHNOLOGY
MANUPACTURING/PROCESS CHANGES

RAW MATERIAL CHANGES

1 FIRM REPORTING COMBINED TO 'OTHER!

N

NORBER OF FIRAS REPORTING ERERGY

R+D SPENDING FOR 1976 -
NO LESS 100,000 500,000 OVER
AMOUNT THAN TO T0 TWO TWO

REPORTED 100,000 500,000 MILLION MILLIONW

21 15 6 1
CHEMICAL / REFINTNG PROCESSES 10 7 6 . 1 8
NEW ENERGY SAVING PROCESSES 25 25 19 5 2
IMPROVED ENERGY SAVING PROCESSES 20 30 . 22 6 S
" OTRER MANUPACTURING/PROCESS CHANGES 1 2 |
TOTAL MANUFACTURING/PROCESS CHANGES 31 33 29 16 12
AIR CONDITIONING, HEAT PUMPS ¢ HEAT RECOVERY y
RESIDENTIAL HFAT PUMPS 5 7 1 2 1
INDUSTRIAL HEAT PUMPS 8 4 1 1 1
PROCESS HEAT RECOVERY , 12 24 7 2 1
USE OF LOW. PRESSURE EXHAUST STEAM 9 2 -
"MISC. RESIDENTIAL HEATING 2 1
MISC. WASTE HEAT REDUCTION 2 5 2 1
OTHER HEAT RECOVFRY SYSTENS- 1 1 2
TOTAL AIR COND.,HEAT PUMPS+RECOVERY 20 29 13 5 2
END DPRODUGCT BPFICIENCY
CONSUMER APPLIANCES 5 5 3 2
MAXUFACTURING EQUIPMENT 7 3 5 1
BUILDING INSULATION ' 9 8 1 1
EVERGY EPFICIENT BUILDINGS 13 7 4 1
BLDGS. ENV. CONTROL SYSTEMS 2 1 1
LIGHTING AND ASSOC. EQUIPMENT 1 1 .
+CHENICALS AND PLASTICS 1 1 1
INSOULATING PRODUCTS 1 1
COATINGS 2 1
COMMERCTIAL PRODUCTS 2 1
GENERAL CONSERVATION 2 3 1 1 .
23 19° 16 - 4 4

TOTAL END PRODUCT  EPFICIENCY



TABLE 2 (Continued)

Category/Technolozy ' " No Less 100,000 -500,000 Over
. Amount than ~ to to two two
TRANSPORTATION ' Reported 100,000 500,000 nillion million

’

AUTOMOTIVE ENGINE L} 1
AUTOMOTIVE CHASSIS AND BODY
ELECTRIC / HYBRID VEHICLES

OTHER AUTOMOTIVE

RATL TRANSPORTATION/EQUIPMENT
ATRCRAPT ENGINE AND AIRFRAME
PTIPELINE TECHNOLOGIES

MARINE TRANSPORTATION / EQUIPMENT
MISC. PARTS AND ACCESSORIES
PUELS, LUBRICANTS, AND ADDITIVES.
OTHER TRANSPORTATION )

TOTAL TRANSPORTATIOF
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ELECTRIC POWER GENERATION

GAS TUREINE CONBINED CYCLE

FUEL CELLS

MAGNETOHYDRODYNAMIC GENERATIOW

TRANSHISSION AND DISTRIBUTYIOW

LOW HEAD HYDROELECTRIC -

PLUIDIZED BEDS o

ERVIRONMENTAL, POLL. ABATEHNENT

INPROVED PERPORNANCE

OTHFR ELECTRIC POWER GENERATION
TOTAL. ELECTRIC POWEE GENERATION
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INDUSTRIAL COMBUSTION AND STEAM GENERATICN

COGENERATION

ATMOSPHERIC PLUIDIZED BED

COARL / OIL SLOURRY

WASTE MATERIAL

INSTRUMENTATION AND CCNTROL

POLLUTION CONTROL

OTHER ‘CONBUSTION AND STEAM GENERATION
TOTAL IND. COMBUSTION ¢ STEAM GEN.
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TABLE 2 (Continued)

Category/Technology
ENERGY STORAGE ’

PUNPED HYDRO STORAGE
COMPRESSED AIR STORAGE
THERNAL ENERGY STORAGE
BATTERIES =~
HYDROGEN GEWERATION
PLYWHEELS ' '
OTHER ENERGY STORAGE
TOTAL BENERGY STORAGE

- OIL

SECONDARY 0OIL RECOVERY
TERTIARY OIL RECOVERY
MATERIALS POR ENHANCED OTL RECOVERRY
REAVY OTL ’
TAR SANDS
OIL SHALE
.GEOLOGICAL ASSESSNMENT TECHRIQOUFS
" OFFSHORE DRILLIRG ¢ PRODUCTION TECHNKIQUES
REFINERY PROCESS IMPROVEMERT
DRILLING AND PROD. TECHNIQUES
OTHER OIL
TOTAL OIL

3y

GAS

ENHANCED GAS RECOVERY
GFOPRESSURE METHAWE
TIGHT SANDS
DEVONIAN"SHALE
METHANE PROM COAL SEAHNS
GEOPHYSTICAL
LIQUIFIED NATURAL GAS
DRILLING AXD PROD. TECHNIQUES
OTHER GAS h

TOTAL GAS

No
Amount

Reported 100,000

Less
than

100,000 500,000 Over

to

500,000 million million

to two

two
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TABLE 2 (Continued)

Category/Technology . lo Less 100,000 500,000 Over
COAL . Amount _ than _to to two two
. . Reported 100,70) * 500,000 - million million
PREPARATION ; 12 5 . 3 1 1
RINING ' 5 3 4 3 1
GASIFICATION 9 9 9 4 5
LIQUEF¥ACTION 6 6 8 7 1
CHEMICAL FEEDSTOCKS 7 1 3 3 1
POLL. ABATENT., CLEANING, WASTE S 2 8 1
OTHER COAL : q 3 1
TOTAL COAL 13 13 10 13 11
NUCLEAR
PUFL PRODUCTION 5 1 1
PUEL SEPARATION. 2 1
REPROCESSING 2° 1 1
WASTE DISPOSAL 3 2 1 1
LIQUID METAL PAST BREEDER 3 5 1
OTHER BREEDER - - 1 ) 1
REACTOR POR INDUSTEIAL PROCESS OUSE 2 2
LIGHT WATER REACTOES 2 1 2 1 1
URANIUM EXPLORATION AND SINING 2 1 2 1
OTHER FISSION 1 2 2 1
PUSION 5 1 3
OTAFR NUCLEAR 7 3 1 1 3
TOTAL NUCLEAR 17 5 9 S 4
SOLAR AND OTHER RENEWASLE d
SOLAR PHOTOVOLTAIC 12 6 3 3
SOLAR THERMAL POWER GENEBATION S 8 3
SOLAR INDUSTRIAL PROCESS HEAT 9 7 1
HEATING AND COOLING 12 12 5 3
BIO™ASS ‘ 16 5 6 2 1
MUNICIPAL SCLID WASTE . 1 1 3 1
OCEAN THERMAL 4 1 2
GENTHERMAL [ 1 4
HIND 6 2 1
OTHER SOLAR AND RENEWABLE 4 4 3
TOTAL SOLAR AND OTHER RENEWABLE 28 . n 17, 10 1



TABLE 2

Category/Technolggf

AISCELLANBOUS

EPRT

BLECTRIC LOAD MANAGEMENT

RESEARCH DEPT. ADMINISTRATIONW

ENERGY RELATED ENVIRONNENTAL STOUDIES
ELECTRIC SYSTENMS PLANNING

HYSC. RESEARCH INSTITUTES

OTHER NISCELLANEOUS

- TOTAL WISCELLAREOUS

(Continued)

No
Amount

Reported 100,000

P

Less
than

100,000
to

500,000 million mjillion

2

2
1.

NN W

500,000 Over
to two two
4 5

1

2

1
1 1
2
7 6



TABLE 3

CROSS-SECTION OF 1977 ENERGY R & D SPENDING
TECHNOLOGIES WITH 1 FIRM REPORTING COMBINED TO 'OTHER!

CATEGORY/TECHNOLOGY
" BANUPACTURING/PROCESS CHANGES

RAW MATERIAL CHANGES

CHEMICAL / REFINING PROCESSES

NEW ENERGY SAVING PROCESSES

IMPROVED ENERGY SAVING PROCESSES

OTHER NANUPACTURING/PROCESS CHANGES
TOTAL MANUPACTURING/PROCESS CHANGES

AIR CONDITIONIWG, HEAT PUMPS ¢ HEAT RECOVERY

RESIDENTIAL HEAT PUMPS
INDUSTRIAL HEAT PUMPS
PROCESS HEAT RECOVERY
USE OF LOW PRESSURE EXHAUST STEAN
MYSC. RESIDENTIAL HEATING
MISC. WASTE HEAT REDUCTION
OTAER HEAT RECOVERY SYSTENS
TOTAL AIR COND.,HEAT PUMPS+RECOVERY

END PRODUCT EFFICIENCY

CONSOMER APPLIANCES
MANUTACTURING EQUIPMENT
BUILDING INSULATION
ENERGY EPFICIENT BUILDINGS
BLDGS. ENV. CONTROL SYSTEMS
LIGHTING ANC ASSOC. EQUIPMENT
'CHEMICALS AND PLASTICS
INSULATING PRODUCTS
COATINGS
COMMERCTIAL PRODUCTS
GENERAL CONSERVATION

TOTAL END PRODUCT EFFICIENCY

KOMBER OF PIBRNS REPORTING ENEBGY
BR+D SPENDIRG FOR 1977
100,000 500,000

NO
ANOUNT

REPORTED 100,000

1
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TABLE 3 (Continued)

Category/Technolosay

No Less  1an,0N0 500,000 Over
Amount than to to two two
TRANSPORTATION Reported 100,000 500,000 miliion fhillion
AUTOMOTIVE ENGINE 3 3 a 2 1
AUTOMOTIVE CHASSIS AND 3ODY 6 2 4 z 1
ELECTRIC / EYBRID VEHICLES 3 3 2 )
OTHER AUTONOTIVE 1 , 2
RAIL TRANSDPORTATION/EQUIPMENT 1 1 2 !
ATRCRAPT ENGINE AND AIRFRAME 3 2 1 2
PIPELINF TECHNOLOGIES 7 3 6 pob
MARINE TRANSPORTATION / EQUIPMENT 1 1 4 2 1
MISC. PARTS AND ACCESSORIES 1 1 1 g -
PUELS, LUBRICANTS, AND ADDITIVES 2 1 3 3
OTHER TRANSPORTATION . 1
TOTAL TRANSPORTATION 21 9 14 13 10
ELECTRTC POWER GENERATION
GAS TURBINE conBIuvn cvcne 8 1 3 2
PUEL CELLS 4 3 3 1
MAGNETOHYDRODYNANIC GENERATION 2 2 1 1
TRANSMISSION AND DISTRIBUTION 1 2 S 7 S
LOW HEAD HYDROELECTRIC 1 1 1
PLUIDIZED BEDS 5 2 2
ENVIRONMENTAL, POLL. ABATEMENT 2 4 1 3
IMPROVED PERFORMANCE 1 3 .
OTHER ELECTRIC POWER GEFERATION 2 2 2 2
TOTAL ELECTRIC POWER GENERATION 15 5 9 , 1C 10
INDUSTRIAL COMBUSTION AND STEAM SENRRATION
COGEYERATION 8 ) 3 .
ATMOSPHERIC FLUIDIZED BED 3 2 1 1
COAL / OIL SLURRY . 9 4 2
WASTE MATERIAL 12 9 a4 1
INSTRUMENTATION AND CONTROL 7 6 2 1 1
POLLUTION CCNTROL 2 1
OTHER COMBUSTION AND STEAM GEWERATION 3 2 2 .
TOTAL IND. COMBUSTION ¢ STEAM GEN. 20 14 16 z 2




‘TABLE 3 (Continued)

.Categor}/chhnology No Less 100,000 500,000 COver

Amount than to to two  two
ENERGY STORAGE Reported . 100,000 500,000 million million
POMPED HYDRO STORAGE -
COMPRESSED AIR STORAGE
'~ THERMAL ENERGY STORACB
"BATTERIES - !
HAYDROGEN GBNBRATION
PLYVAEELS
OTHER ENERGY STORAGE ~
TOTAL ENERGY STORAGE
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SECONDARY OIL RECOVERY
TERTIARY OIL RECOVERY

MATERTALS FOR ENHANCED OIL RECOVERY
HRAVY OIL

TAR SANDS -
OIL SHALFE -
GEOLOGICAL ASSESSMENT TECHNIQUES
OPPSHORE DRILLING ¢ PRODUCTION TECHNIQUES
REPINERY PROCESS IMPROVENENT
DRILLING AND PROD. TECHNIQUES
OTHER OIL
TOTAL OIL 1
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" GAS

ENHANCED GAS RECOVERY -

GEOPRESSORE METHANE

TIGHT SANDS

DEVONTIAN SHALE

NETHANE FROM COAL SEANS 1 1
. GEOPHYSICAL

- N Wwnw
- =N
N

1
LIQUIFTED NATURAL GAS ; 1 1 3 2
DRILLING ANC PROD. TECHNIQUES 1 1 1
OTHER GAS 6 M

8
TOTAL GAS , 8 3



TABLE 3 (Continued)

Catcgory/Tezhnolcgy No Less 100,000 500,000 Over
. . Amount than to to two two
CoAL Reperted 100,030 500,000 million million

PREPARATION [ 10 S 3
NINING 1 3 6 4 2
GASIPICATION 9 12 7 5 k]
LIQUGEFACTION 8 4 7 7 2
CHEMICAL FEEDSTRCKS ; . 10 1 | 3 .
POLL; ABATENT., CLEAWING, WASTE 1 4 1 1
OTHER COAL 1 1 5 1

TOTAL COAL . 12 15 11 13 9

NOUCLEAR

PUEL PRODUCTION 3 1 2 1
PUTL SEPARATION 2 1
REPROCESSING ) 1 1 1 1
NASTE DISPOSAL . 3 1 2 1
LIQUID METAL PAST BRZEDER 4 1 y 4 1
OTHER BRPREDER 1 1 .
REACTOR POR INLUSTRIAL PROCESS USE 2 1 1
LIGHT WATER .REACTORS 3 2 2
URANIGN EXPLORATION AND NINING 1 2 1 2
OTHER FISSION 1 2 2 1
PUSION 2 3 4
OTHER NUCLEAR ’ 5 [ 1 1 4

TOTAL WUCGLEAR 12 8 9 6

" SOLAR AND OFHER RENEWABLE

SOLARN PHOTOVOLEAIC - 12 6 3 3
SOLAR THERNMAL POWER 3ENERATION 8 7 1
SOLAR INDGSTRIAL PRGTESS HEAT 8 s 8
HEATING AND COOLING 2 19 11 1
BIONASS 6 12 9 3
MONICIPAL SOLID WASTE .6 3 .5 2
OCEAN THERNAL 2 3 1 1.
GEOTHERNAL 3 z 2 2
RIND S 4
OTHER SOLAR ANE RENEWABLE - q 3 2

TOTAL SOLAR AND OTHER RENEWABLE 21 3z 19 13 2

\




TABLE 3 (Continued)

. Lategory/Technology No Less 100,000 500,000 Over
T . Amount than to. to two two
MISCELLANEOUS : . “ ° Reported 100,000 500,000 million million

EPRI : : _ : s 3
ELECTRIC LOAD MANAGEMENT 1 3 ,
RESEARCH DEPT. ADMINISTRATION . - 3
ENERGY RELATED ENVIRONNENTAL STUDIES 1 :

ELECTRIC SYSTEMS PLANKING 1 1 : 1

MISC. RESEARCH INSTITUTES 3 ] )

OTHER MISCELLANEOUS . 6 z 8 P

TOTAL MISCELLANEOUS A 2 4



AR

TABLE 4 (Continued)

Catcoory/chhnology

No Less 160,000 500,000 Over
Amount than to to two two
tﬂlRSPORTATION Reported 100,000 500,000 million million

AUTOHOTTVE ENGINE
AUTOMOTIVE CHASSIS AND BODY
BELRCTRIC / BYBRID VEHICLES
OTHER" AUTOMOTIVE
RAIL TRANSPORTATION/EQUIPHENT
ATIRCRAPT ENGINE AND AIRFRAME
PIPELINE TECHNOLOGIES
MARINE TRANSPORTATION / EQUIPMENT . -°
MISC. PARTS AND ACCESSORIES . -
FUELS, LUBRICANTS, AND ADDITIVES 2. '
OTHER: TRANSPORTATION '

TOTAL TRANSPORTATION 14 14 .15 1
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ELECTRIC POWER GENERATION

GAS TURBINE COMBINED CYCLE
: POEL CELLS

MAGNSTOHYDRODYNAMIC GENERATION

TRANSMISSTON AND DISTRIBUTION

_LOV HEAD HYDROELECTRIC

PLUIDIZED BEDS .

ENVIRONMENTAL, POLL. ABATEMENT
. INPROVED PERFORNANCE

OTHER ELECTRIC POWER GENERATION

TOTAL BLECTRIC POWER GENERATION 1
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INDUSTBIAL COMBUSTIONWN AND STEAM GENERATICK

COGENERATION

ATMOSPHERIC PLUIDIZED BED

COAL / OIL SLURRY

WASTE MATERIAL

INSTRUMENTATION AND couwnon

POLLUTION CONTROL

OTHER COMBUSTION ARD STEAM GENERATION
TOTAL IND. COMBUSTIOWN ¢ STEAN GEN. 1" 2
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TABLE 4

CROSS-SECTION OF 1978 ENERGY R § D SFENDING

TECHNOLOGIES WITH 1 FIRM REPQRTING COMBINED TO 'OTHER!

CATEGORY/TECHNOLOGY
BANUPACTURING/PROCESS CHANGES

RA¥ MATPRIAL CHANGES

CHEMICAL / REPINING PRDCESSES

NEW ENERGY SAVING PROCESSES

INPROVED ENERGY SAVING PROCESSES

OTHER MAWUFACTURING/PROCESS CHANGES
TOTAL MANUFPACTURING/PROCESS CHANGES

AIR CORDITIONING, HEAT PUMPS + HEAT RECOVERY

RESTDENTTIAL HEAT PUNPS
INDUSTRIAL HEAT PUMPS
PROCESS HEAT RECOVERY
USE OF LOW PRESSURE EXBAUST STEAN
MISC. RESIDENTIAL HEATING
MISC. WASTE HEAT REDOUCTION
OTHER HEAT RECOVERY SYSTENS
TOTAL AIR COND.,HEAT PUNPS+RECOVERY

END PRODUCT EFPICIENCY

CONSUMER APPLYANCES
MANOPACTORING EQUIPMENT
BUTLDING INSULATION -
ENEIGY EPFICIENT BUILDINGS
BLDGS. ENV. CORTROL SYSTEMS
LIGATING AND ASSOC. EQUIPMENT
CHENICALS AND PLASTICS
INSULATING PRODUCTS
COATINGS :
COMMERCYAL PRODUCTS
GENERAL COESERVATION

TOTAL END PRODUCT EFFECIENCY

NUNBER OF PIRES REPORTING ENERGY
R+D SPENDING FOR 1978
100,0¢0 500,000

NO
ABNOURT

LESS
THAN

T0

. TO TWO

REPORTED 100,000 500,0C0 NILLION
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TABLE 4 (Continued)

Category/Technology ) 7 No Less 100,000 500,000 Cver
. Anount “than to to two ~  two
ENERGY STORAGE Reported 100,000 500,000 million millien
PONPED HYDRC STORAGE 2
COMPRESSED AIR STORAGE 3 1 1
THERMAL ENERGY STORAGE 3 6 2 1
BATTERIES 1 1 6 3 5
HYBROGEN GENERATION 2 1 1
PLYWHEELS ] 2
OTHER ENERGY STORAGE : 1 2 2
TOTAL ENERGY STORAGE 6 6 13 L 6
OFL
SECONDARY OIL RECOVERY 6 2 3 6 3
TERTIARY OIL RECOVERY 4 2 2 6 3
MATERIALS POR ENHANCED OIL RECOVERY 3 5 8 2 .
HEAVY OIL 5 1 3 3 1
TAR SANDS 4 2 2 2 2
OIL SHALE: 5 2 5 2 2
"GEOLOGICAL ASSESSMENT TECHNIQUES 2 2 1 1 5
OFPSHORE DRILLING ¢ PRODUCTION TECHNIQUES 1 2 3 5
REPINERY PROCESS IMPROVENMENT 1 1 2
DRILLING AND PROD. TECHNIQUES 2 1 2 4
OTHER OIL [ 1 1
TOTAL OIL 1" 13 6 8 14
GAS
ENHANCED GAS RECOVERY 5 2 2 3
GEODPRESSURE METHANE 2 2
TIGHT ‘SANDS 3 1 2
DEVONIAN SHALE 2 2 1
METHANE FROM COAL SEANMS 1 -~ 1 1
GEOPHYSICAL ' - 1 1
eLIQUIPIED NATURAL GAS 1 1
DRILLING AND PROD. TFRCHNIQUES 1 L] 2
OTHER GAS ' 2 1
TOTAL GAS 6 5 2 7 5



" .TABLE 4 (Continued)

Category/Technology A No . Less 190,000 500,000 Over
COAL Anount than to to two to
Reported 100,000 5)0,000 million million
PREPARATION 2 9 b 5
NINING 3 1 ) 5 3
GASIFICATION 6 i1 1) 5 9
LIQUEPACTION 8 3 1 4 3
CHENMICAL PEEDSTOCKS 9 1 3 2
POLL. ABATEMT., CLEANING, WASTE 5 1 1
OTHER COAL . 1 2 3 1 1
TOTAL COAL 11 10 11 17 1
NUCLEAR
PUFL PRODOUCTION 2- : 8 1
POEL SEPARATION R 1 1 1
REPROCESSING 2 1 1
HASTE DISPOSAL . 2 1 3 1
LIQUID MFTAL FAST BREEDER 4 1 S 3 1
OTHER BREEDER 1 1
REACTOR FOR INDUSTRIAL PROCESS USE 2 1 H
‘LIGHBT WATER RBACTORS ) 2 1 < 3
URANIUM EXPLORATION AND NINING 1 3 2
OTHER PISSION 2 i 1 1
FUSION ’ 4 3 2
OTHER NUCLEAR ’ 1 7 1 3 3
TOTAL NUCLEAR 7 1) a 9 6
SOLAR AND OTHER RENEWAELE
SOLAR PHOTOVOLTAIC 7 -9 '] 4
SOLAR THERMAL POWER GENERATION 8 7 1
SOLAR INDUSTRIAL PRCCESS HEAT 6 7 4
HEATING AND COOLING 4 18 9 1
BICMASS 4 12 10 4
MUNTCIPAL SOLI?D WASTFE 4 6 2 2 2
OCEAN THERMAL ' 2 3 1 1
GFOTHERMAL 3 1 "3 2
WIND- 3 s 1
OTHER SOLAR AND RENEWARLE 1 6 1)
TOTAL SOLAR AHD OTHER RENEWABLE 16 34 19 16 2




. Catecpory/Technolopgy

RISCRLLANEOUS

EPRT ' o
ELECTRIC LOAD MANAGEMENT

. TABLE 4 (Continued)

RESEARCH DEPT. ADMINISTRATION

ENERGY RELATED ENVIRONMENTAL STUDIES 1

BELECTRIC SYSTENS PLANNING
MISC. RESEARCH INSTITUTES
‘OTHER NISCELLANEOUS

TOTAL MISCELLAREQUS

. No Less 100,000 Over
Amount than to two
Reported 100,000 500,000 million million

1 5
3 1
2

N 1 1

1 1 1.
2 2 1
1 -6 T2 1 3
1 4 5 6 8



APPENDIX C _ -

Information on Comparative Rates of

Energy R§D Spending Among Industrial Sectors

227



* RED PROFILE OF THE 37 SECTORS OF ALL CQMFANTES
INCLUDING THOSE REPORTING ZERO ENERGY F£D -1976

TOTALS

NUMBER
RECEIVIS
SECTAR QUESTINYIAIRE
ABROSPACE 17
AIRLIYVT 2
APPLIANCES 12
AUTO: CARS,TRUCKS - 8
AJTO:DPARTS ,EQTIP 2%
BUTLDING ¥ATERTIALS 30
- CHENMICALS 62
CO¥PUTERS 26
CONGLNOM®YRATES 18
CONSTRUCTION . u
CONTATNZERS . 7
DRUGS . 27
BELECTRTICAL 31
ELECTRIC POWER 16
ELECTRCHICS 45
POOD, PEVERASES 57
PUELS 42
GENERAY MACHINERY 4
INSTRUNTYTS 49
LEISUR™ TIVE 17
METALS ¢ MINIVG 31
MISCELLANFSTUS ve5, 61
NATURAL 525 ]
OPFICE ZAUIDMZRT 11
0IL SIRYIC® ¢ SUPTLY 16
FAPER 21
PERSOMNAL + HOYE CaDT 18
PUBLISHKHING,PRINTING £
RADIC, TV,%2VIRS 2
RAILRCAD 5
SEMICONDICTORS 11
SERVICES 17
TELFCOMMUNTICATIONS 6
TEXTILES, APPA27L 15
TIRES ¢ RUIBEPR 13
TRANSPCRTATI .Y EQIIP 4
TRUCKTIYA i

14

TABLE 5

(Dollars in Millions)

NGUBER
RESPOXSES

- ) - .
MW WO JIN < DWN &

-
&

MV WDERNO 9 DO O

- Is1

TOTAL
R¢D
7709

oe
293.1
63

131,58

1363.3
93.82
531.1

6.6
62€.4

143.6
450,2
153.9
on_y
ay.8
122.5
91.°
13,0
252.5
33.3
77.1
176.1

18.5
1171,°
16.4
81.7
28.5

8055.6

TCTAL

ENERSY

R*D

1Cu.y

.

—
L A

D=2 0OWIJNOAWEVMADONEOND20EOC
: )

N

WY
NN ON N W NN

4

. e &

- —

(%)

E O DDV

Ppwpe
b= O W

0w
.

o
8]
[T ]

R¢D/

SALES

3.9%

1.5%
1.7%
1.3%

1.2%°

2.8%
7.1%
3.0%
.6%
1.3%
5.7%
2.6%
.6%
3.7%
L4%
.5%
1.6%
3.3%
2.8%
.69
1.6%
.33
4.u%
.5%
.8%
2.0%

6.6%
. 2%
13.1%
5%
1.9%
- 9%

1.8%

ENERGY/
TOTAL R¢D
1.9%

15.3%
6.5%
17.1%
9.5% '
T.7%

JT%
82.4%
17.8%

1.1%
19.1%
91.4%
13.7%

T 1.1%
47.1%
18.6%

3.0%
14.9%
10. 2%
24.9%

100.0%
AT

.’a5. 9%

4.7%

.2%

12.6%
.3%
11.7%
4.2%
<73

10.2%




TABLE ¢

R&D PROFILE OF THE 37 SECTORS OF ALL COMPANIES
INCLUDING THOSE REPORTING ZERO ENERGY RED - 1977
(Dollars in Millions)

NIYPTR -’ TOTAL
. 2TCRIVING NUMFER -TOTAL ENERGY R¢D/ ENERGY/
"SECTOR QUESTINYIAIRE RESPONSES R+D R+D " SALES TOCTAL R+D
AEROSPATE . 17 8 843.3 15.9 3.9% 1.9%
AIRLIYP v 3 ! 0 0
APPLTANCES ‘ 12 2 32,2 0.6 1.4% 2.0%
AUTO: CARS,TRUCKS ] 3 350 29.3 1.9% 8.4%
. AUTC:P ARTS, EQUIP 25 r 78.2 14,2 1.3% 18.2%
PYILDING YATERIALS 30 11 159,72 15. 4 1.2% 9.8%
CAEMICALS €2 3¢ 1405 100.2 2. 8% 6.7%
CONPUTERS - 26 - ? 1390.5 0 7.1%
CONGLOMERATES 1R A 729.4 23.1 3.1% 3.2%
CCNSTRUCTION L 3 5.4 0.8 .6% 15.2%
CONTAINEFS . 7 3 47.5 10.2 1.2% 21.5%
CRUGS 27 5 . 658.6 0.2 5.4%
ELECTRICAL - 21 14 737.8 1744 2.4% - 23.6%
ELECTRIC DPOWER 16 14 197.6 , 142.4 7% 96.5%
FLECTRCNICS 45 24 151 15.6 3.4% 10.3%
FOOD, DREVERAGES 57 23 162.3 1.6 4% 1.0%
FUELS . 42 21 S20.9° 240.7 - - 5% 46.2%
GENERAL MACHINTDY 74 30 176.8 36.9 1.4% 20.9%
INSTRUBEXT . 40 - 1% 115.6 3.2 3.4% 2.8%
LRISUSE TTME 17 4 53.2 8 2.8% 15.9%
METALS ¢+ “MINING 31 1 119,12 19.5 - 4% 16.4%
MISCELLANENUS MF3. 61 24 91.2 26.9. 1.3% 29.5%
NATURAL 5AS ] 3 1.1 10.1 «2%  "100.0%
OFFICZ EQUTYPMENT 11 6 296,9 0.4 4.5% . 1%
CIL SERVICE + SUPPLY 16 s 0.y 36.7 .5%  95.5%
PAPER 21 10 86 3.3 . e 9% 3.8%
"PERSONAL # HOYE CA®E 18 8 233.6 0 2.5%
PUBLISHING,PRTNTING 6 1
RADIN,TV,MOVIES 2 1 :
RATLPROAD 5 0 .
SEMICOMDICTORS 1 2 10.3 0 7.0%
SERVICES 17 € 19,2 3.3 - 2% 17.4%
TELECOXYUNICATIONS 6 y 771.9 3.9 7.5% . -5%.
-TEXTILES, APPAREL 16 a 16.4 2.1 43 12.9%
TIRFS + RUBRER 13 3 924 4.6 1.9% 5.0%
TRANSPOPTATION ®RQUIP u p3 36,6 0.9 1.0% 2,.5%
2 o] 0

TRUCKIMG 4

TOTALS ’ CAL ' 351 8412.5 934.1 1.7% 11.2%




RGD PROFILE OF THE 37 SECTORS OF ALL COMPANIES

TABLE -7

INCLUDING THOSE REPORTING ZERO ENERGY R§D - 1978

KJMBER

oo RICTIVINA
SECTCR QUESTICNMAILE

AEROSPACE 17
AIRLINE i
APPLTIANCES 12
AUTC: CARS,TRUCKS 3
AUTO:PARTS ,FQUT? of,
BUILDING MATERIALS 19
CHEMICALS 52
COMPUTERS" 26
CONGLOYZRATES 18
CONSTRUCTION 4
CONTAINERS 7
DRUSGS ... 27
ELECTRICAL N
*BLECTRIC POWRER 16
. BLRCTRAYICS 45
POOD, BEVERAGES %7
FUELS - 42
GENERAL YACHINEFY 74
INSTRUMENTS 49
LEISUPE TI%E 17
METALS + YINING 31
FISCELLANEOUS NF3., 1
NATURAY. GAS 2
OPPICE TZOUIPMENT 1
0IL SERVTICE + SYODPLY 16
-~ PADER 21
PERSONAL ¢ HOMF CATE 13
PUBLISHIG,PRINTING 4
BADIN, TV,*OVIES >
EAILROAD €
SE®ICONDOCTORS 190
SERVICFES 17
TELECO™4ON ICAT 04S €
TEXTILFS, APPARTL 15
TIRES + RURBER 13
TRANSPORTATION ZQUIP 4
TRUCKI MG 4
TOTALS a1y

(Dollars in Millions)

NUYREPR
RESPONSES

‘ .
[\ Y
& -

’\)M(.;\OCU\.‘\JO_-A--‘DU(DU"LJ

TOTAL .
2+D
1027.8

3.5
4.7
356.8
65.3
17¢.5
1603.2
189.5
867.2
€.3

48.7 -

759.3
907.2
157.2
172.2
161.5
592
191.5
125.9
49.7
146
2.7
Q.4
332.6
48.3
97.4
263.9

16.8
4.6
821.3
17.4
100.7
44.8

9539.6

TOTAL
ENERGY
R+D
20.9
3.5
0.7
41.3
16.2
17.3

121. 3

0
28.8
1.8

w =

&
QWwNoOoWwwwomeEe

= \VENENEON

L 1

COoOONNE WO
. .
[ JEN Q|

1

14,7

B¢Dy
SALES
4.2%

- 6%
2.49%
1.4%
1.2%

2.7%

o 4
fo 9

3.7%
.8%
1.1%
5.5%
2. 63
- 7%
3.4%
« 5%
.5%
1.3%
3.2%
2.5%
+6%
1.3%
«2%
4.7%
<6%

Q¥

- oA

«Sk

7.4%
«+1%
15.0%
5%
1.8%
1. 1%

ENERGY/
TOTAL R+D
2.0%
100.0%
4. 9%
11.6%
24.8%
9.8%
7.6%

3.3%
29.0%
22.4%

22.5%
97.4%
12.2%
1.1%
50.0%.
22.1%
3.3%
18.0%.
9.2%
.33.6%
100. 0%
.2%

" 98.1%
4.0%

25.2%
«5%
11.9%
6.6%
1.8%

11.7%




NUMBER
LECTTYING
SECTOR . QUESTINNNAIART

ABROSPACE : 17
AIRLINE -
APPLIANCES 12
AUTO: CARS,TRUCKS 8
AUTO: PARTS ,EQUIP 25.
BUILDING ™MATERIALS k)
CHEMICALS : 62
COMPUTERS 21
CONGLNY?RATES 18
CONSTRUCTIOM L
CONTAINE®RS 7
DRUGS 27
ELECTRICAL 31
ELECTRIC POWER 16
BLECTROMICS 45
FOOLC, . PEVENAGES 57
FUELS 42
GENERAL MACHINERY 74
INSTRUN®NTS 40
LRISURF TIM® . 17
* METALS ¢+ MINING - 1N
PISCELLAMEOUS %FG. 61
NATURAI GAS . o 8
OPFICE CQUIPMENT 11
OIL STRVICE +.SUPDPLY 16
PAPEP : 21
PERSONAL + HOME CARE 18
PUBLISHING,PRINTING 6
RADIOC, TV,MOVIES . 2
FAILPOAD s
SEMICOY%DUCTORS 10
SERVICFS 17
TELECO™"UN ICATIONS 6
TEXTIL¥S, APPAPEL 1€ -
TIRES + ROBRER 13
TRANSPGRTATICN BQUIPD 4
TRUCKI NG 4
TOTALS LRI

TABLE 8

YEAR TO YEAR COMPARISON OF RED PERCENI‘AGBS FOR THE 37 SECTORS OF ALL
COMPANIES INCLUDING THOSE REPORTING ZERO ENERGY R&D

R+D/
SALSS
3.9%

6.6%
2%
13.1%

«5%

1.9%
«9%

1.8%

1976
ENERGY/
TOTAL R¢D

1.9%

15.3%
6.5%
17.1%
9.5%
7.7%

< 7%
82.4%
17.8%

1.1%
19.1%
91.4%
13.7%

1.1%
47.1% -
13.6%

3.0%
14.9%
10.2%
24.9%

100.0%

« 1%
95.9% .

4,7%

«2%

12.6%
- 3%
11.7%
4.2%
«T%

10. 2%

R¢D/

SALES

3.9%

1.4%
1.9%
1.3%
1.2%
2.8%
7.1%
3. 1%
.6%
152%
5.4%
2.4%
.7%
3.4%
't
~5%
1.4%

"3.4%

2.R%
JU%
1.3%

T .2%

4.5%

¥

- 9%
2.5%

7.0%
. 2%

7.5% -

4%
1.9%
1.0%

1977
— EKERGY/
TOTAL R+¢D
1.9%

2.0%
8. 4%
18.2%
S.8%
6.7%

3.2%
15.2%
21.5%

23.6%
96.5%
10.3%
1.0%
46.2%
20.9%
2.8%
15.9%
16. 4%
29.5%
100.0%
< 1%
95.5% .
3.8%

17.4%
12.9%
5. 0%
2.5%

11.2%

1978 )
R¢D/ —ENEBGY/

SALES
4.2%

« 6%
2.4%
1.4%
1.2%
2.7%
7.5%
3.7%
" .B%
1. 1%
5.5%
2.6%

.7%
3.6%

.5

5%
1.3%
3.2%
2.5%

.6%
1.3%

2%
4.7%

«6%

- 9%
2.5%

7.4%
< 1%
35.0%
- 5%
1.8%
1. 1%

TOTAL R+D
2.0%
100.0%
4.9%
11.6%
24.8%
9.8%
7.6%

3.3%
29.0%
22.4%

22.5%
97.4%
12.2%

1.1%
50.0%
22.1%

3.3%
18.0%

9.2% -
33.6%

100.0%

.2%
98. 1%
4.0%

25.2%
© +5%
11.9%
" 6.6%
1.8%

11.7%




TABLE 9

R & D FROFILE OF THE 37 SECTORS OF COMPANIES FOR 1976

KU“RET
ARCTIVIANS
SECTOR NUESTICNYAIRL

AEROSP ACE 17
AIRLIKE 7
APPLIANCES 12
AUTO: CARS,TRUCKS !
AUTO:PARTS ,EQUI? 25
BUILDING MATERIALS 3
CHEMICALS 62
CONPUOTERS" 26
CONGLOMZRATES 19
CONSTPUCTION 4
CONTAI™ERS "7
LRUGS 27
ELECTRICAL 21
ELFCTRIC POREFP 16
ELECTRGNICS 45
FOOD, FFVFERAGES - 57
FUELS 42
GEN ERAL “ACHIREPY T4
- INSTRUNSNTS 40
LETISUPE TINE 17
KETALS ¢+ MINIYG 3

NISCELLAYENUS ¥PG. 61 .
NATURAL GAS 8
CFPICE EQUIPNENT "
OIL SZRVICE + SUPTLY 16
PAPER ’ 1
" PERSOMAL ¢ HONME CARE 1P
FUBLISEIXG,PRINTING 6
|ADIO,TY,MCVIES 2
BAILPNAD 5
SENICONDUCTNRS 10
SERVICES 17
TELECHMMUNTICATIONS €
TEXTILZES, APPARSL 16
TIRES + RULEFRE 13
TRANSPARTATICY ROUIP 4
TRUCKING 4
TOTALS 1y

CQMPANIES REPORTING ENERGY R
(Dollars in Millions

NUXZEP
RESPOKSES
[

1%

~

. -t
Coa WM s L OO0O0OONNWNWWMINW NN W ONIVNED @ NENO

- s

167

D IN 197€

TOTAL
ReD
404.8

292.8
3.5
120.8

1104 . R

0

.37
12,5
15.0
1.6
632.3
115.9
W3.R
37.3
478,2

96
3.8
42.9
129.3
67.7
13.0
223.5
23.1
§2.9
154.5

1.1

6.4
RY_7

—

5304.49

TIOTAL
EZERGY

R¢D
m. 8

12.1
11.6
12.5
1Mmi.u
J
1.2
1.7
2.3
3.7
134.2
103.9
13.2
I.5
225.4
34.2
3
5.7
12.5
2.9
12.9
2.2
31.9
3.

2.4

(8]
L]
&0 W

) ~P
* &

823

R+¢D/

SALES

2.8%

1.7%
1.6%
1.6%
2.8%

- 7%
. 7%
1.3%
4.5%
2.5%
< 1%
2.2%
-6%
«5%
1.6%
3.1%
2.9%

A 4
- 1.9%

«3%

5.0%

«6%
«6%
2.6%

«1%

«6%
1.9%
\.

ENEEKGY/
ICTAL R+D
3.7%

6. 5%
26.7%
10.3%

9.0%

11.4%
85.6%
18. 1%
7.3%
21.2%
91.4%
41.5%
2.6%
47. 1%
35.7%
6.8% .
15.6%
10. 4%
33.7%
100.0%
. 1%
96.5%
8.5%
. 2%

-22.9%

11.7%
4.2%

15.5%



TABLE 10

R & D PROFILE OF THE 37 SECTORS OF COMPANIES IN 1977

COMPANIES REPORTING ENERGY R § D IN 1977
(Dollars in Millions)

NUMBER
. RACTIVING NUMBER
. SECTOR QUESTICNNAIPE  RESPONSES

ABROSDPACE 17 5
AIRLINF - 0
" APPLIAYCES: 12 1
AUTO: CARS,TRUCKS q 2
AUTO:PARTS,EQUIP 25 5
BUILDING MATERIALS 30 7
" CHEMICALS 6?2 26
COMPUTERS 26 0
CCNGLOYESRATES 1° 3
CONSTRUCTION 4 1
 CONTAINTRS 7 2
. DRUGS 27 1
ELECTRICAL 31 9
ELECTRIC PGWER 16 14
"ELECTRONICS 45 11
FOCN, PREVERA3FS <7 7
FOELS 2 15
GENERAL MACHINERY 74 12
INSTRUMINTS 49 7
LEISURE TIME 1 3
¥ETALS + MINTYG n <
PISCELLANFOUS ¥PG. €1 6
NATURAL GAS 3 3
CFFICE eQurpnnnT 11 2
OIL SERNVICE ¢ SUPPLY 16 .3
* PAPER 21 £
PERSOYAL + HOME CARFT 19 1
PUBLISHING,PRINTTNG 6 0
RADIO, TV, NNVITS 2 0
RAILROAD 5 0
SEMICCNNDUCTORS 10 0
SPRVICTS 17 4
TELECOMMUNICATIONS 6 1
TEXTIL®S, APPARFL 16 7
TIRES + RUDRRER 13 3
TRANSPORTATIOY EQUID y 1
TRUCKING 4 - 0
TO™ALS aty 17¢

-TOTAL
R¢D
4€6.3

'350
S1.h
146.2
1428.5

649.8
46.4

704.1
147.6
" 47.5
65.4
520.8
23.5
50.5
u6.1
12.2
65.7
10.1
271.6
B4
23.8

6220.3

TOTAL
ENERGY L+D/
R+D SALES
15.9 3.0%
29.3 1.9%
14.2 1.5%
15.4 1.7%
100.2 2.8%
23.1 3.4%
19.2 1.2%
174.4 2.4%
142.4 < 7%
15.6 1.9%
1.6 6%
249.7 «5%
36.9 1.2%
3.2 3.1% .
] 2.8%
19.5 <6%
26.9 2.0%
19.1 . <2%
0.4 5.2%
"36.7 .6%
3.3 7%
3.3 .13
2.1 4%
4.6 1.9%
944,.8 1.7%

ENERGY/
TOTAL B+D
3.4%

8lu%
27.6%
10.6%
7.0%

28.0%

12.9%
© 5.0%

15.0%



TABLE 11

R & D PROFILE OF THE 37 SECTORS OF COMPANIES IN 1978

NOMRER
ATCTIVING
SECTOR SLISTINNMAINT

ABROSPACE ’ 17
AIRLIME 7
APPLIAMNCES 12
AUTO: CAPS,TRUCKS L]
AUTO:PARTS,ECUTP 25
BUILDING MATERTALS 39
CHEMICALS n2
CC¥PUTERS" 26
CONGLNYZRATES 19
CONSTR2UCTINY 4
CONTAINERS 7
DRUGS 27
ELECTRICAL 31
ELECTRIC PORER 16
ELECTROMICS 45
FOOD, “EVERAGES 57
FUELS 42
GENERAL MACHINERY 74
INSTRUMENTS 40
LEISURE TIME 17
METALS + MINING 31
MISCELLANEOUS ¥F5. G1
NATURAL GAS 8
CFFICE EQUIPMFENT . 1M
CIL SERVTICE & SHPPLY 16
PAPER 21
PERSNNAL ¢ HOYE CRARE 19
PUBLISEIKEG,PRINTIYG ¢
RADIOQ, TV, 4CVIFES 2
RAILDNAD 5
SEMICONDUCTORS 19
SERVICES 17
TELECOMMUNTCATINNS 6
TEXTILES, APPAREL 16
TIRES + RUDBER 13
TRANSPORTATION FRUIP 4
TROUCKXING 4

TOTALS a1y

COMPANIES REPORTING ENERGY R § D IN 1378

(Dollars in Millions)

RUMNBER
RESPONSES

N
SN =20 EDEN 2N

-~ — s
~S NN INE O

CulwMaal OC0CO0O0a~"WNWwIEsEW

177

TOTAL
R+D
580.7

3%6.8
56.2

"1€8.7

150°.5
AU 4
47,2

878.6
157.2
5%.4
56.7
592
£9.9
56.7
46.7
113.6
73.2
9.4
211
48.3
59.7

14.6

17.4
100.7

W -
.

&
WNO dwwe

WENEWME D

w
.
~

o
)
~ -

C1114,7

ReD/

SALES

3. 3%

2.4%
1.6%
1.5%
2.8%

3.9%
1. 1%

2.6%
7%
2.0%
-6%
«95%
1.1%
3.1%
2.5%
«5%
1.6%
< 2%
5.1%
<6%
-1%

ENERGY/
TOTAL R+D
3.6%

11.6%

28.8%

10.3%-
8.0%

25.2%

11.9%
6.6%

15.5%




TABLE 12

YEAR TO YEAR COMPARISON OF R§D PERCENTAGES FOR THE 37 SECTORS
COMPANIES REPORTING ENERGY R&D

TNTALS

.

YUIDER
RTCEIVING
SZCTOR QUESTICMKAIDE
ABROSPACE » 17
AIRLINE 7
APPLIANCES 12
AUTO: CARS,TRUCKS 8
AUTO:PARTS,EQCTP 25
BOILDING MATERIALS 30
CHEMICALS 62
COMPUTERS 25
CONGLO™ERATES 1n
CONSTRUCTION 4y
CONTAINERS ?
DRUGS 27
ELECTRICAL 31
ELECTRIC POYER. 16
FLECTRCNICS 45
POOD, PBVERAGZS 57
FURLS . R 42
LGENEPRAL MACRINERY 7y
INSTRUYENTS 40
LEISTJRP TIYE 17
METALS + MINING 31
FISCELLANENUS NFG. 81
RATURAL ‘GAS ’ e
OPFICE BQUIPMENT 11
CIL SERVICE + SUPPLY 16
PAPER . 21
PERSCHAL + HONE CARE 10
PUBLISHING,PRIKTING 6 .
BADIN, TV,%NVIES 2
FAILROAD 5
SEMICOYDICTORS 10 -
SERVICES 17
TELECOMMUY ICATIONS 6
9eXTILES, APPAREL 16
TIRES -+ RiIIBEBZR 13
TRANSPCRTATINY ZQUIP [
TRUCKI Y3 . 4
814

1976
R+D/ ENEERGY/
SALES TOTAL R+D
2.8% 3.7%
1.7% 6.5%
1.6% 26.7%
1.6% 10.3%
2.8% 9.0%
.7% 11.4%
.7% 85.6%
1.39 18.1%
4.5% . 7.3%
2.5% 21.2%
.7% 91.4%
2.2% - 41.5%
.6% 2.6%
.5% 47.1%
1.6% 35.7%
3.1% 6.8%
2.9% 15.6%
.7% 10. 4%
1.9% 33.7%
.3%  -100.0%
5.0% .1%
.6%  96.5%
.6% 8.5%
2.6% .2%
1% 22.9%
.6% 11.7%
1.9% 4.2%
1.6% 15.5%

ReD/
SALES
3.0%

1.9%
1.5%
1.7%
2.8%

2.4%

1.9%
. 6%
. 5%

1.2%

3.1%

2.8%
«6%

2.0%
2%

5.2%
.- 67‘

«T%

< 1% .

- 4%
1. 9%

1.7%

1977

EXZRBRGY/

TICTAL R+D
3.4%

‘B4R
27.6%
10.6%

7.0%

28.0%

12.9%
5.0%

15.0%

1978

24D/
SALES
3.3%
.1%

2.4%
1.6%
1.5%
2.8%

1. 1%
3.1%
2.5%
«5%
1.6%
.2%
5. 1%
. 6%
.77

- 1%

.5%
1.8%

ENERGY/
TOTAL R¢D
3.6%
100.0%

11.6%
28.8%
10.3%

8.0%

3.4%
23.1%

23.2%
97.4%
35.9%
3.0%
50.0%
47.2%
7.4%
19.2%
11.8%
45.8%
100.0%
2%
98.1%
6.5%

25.2%

11.9%
6.6%

15.5%



TABLE 13 -

MAPPING OF COMPANY SECTORS TO MAJOR GROUPS

No. of Sector
Sector Responses No. Corresponding Major Group
AEROSPACE 1 1 HIGH TECHNOLOGY COMPANIES
AIRLINE 4 2 MISCELLANEQUS COMPANILS
APPLTAMCES 2 3 ELECTRICAL FQUIPMENT
AUTN: CARS,TRUCKS 3 4 KISCELLANEOUS COMPANIES
AUTO:PARTS,EQUIP 10 5 LIGHT TIMDUSIRY
BUILDING MATERIALS 12. 6 BUILDTNG MATERIALS,METALS+AINING
CHEMICALS 4y 7 CHEMICALS
COMPUTFRS 8 8 HIGH TECHNOLOGY COMDPANIES
CONGLOMRRATES n 9 MLISUELLANEUYS CURPANLRES
CONSTRUCTION 3 V] ALOLELLANEGUS CUNPANIES
CONTAINERS 5 1 CON3UMTER GOODS
DRUGS 15 12/ CONSUNER GOND3; .
ELECTRICAL 16 13 ELECTRICAL ECIHIPMENT
FLECTRTIC PAYER 14 14 ELECTRIC POWED
ELECTRONICS 29 13 HIGH TECHNOLOGY COMPANIES
FOOD, BEVERAGES 25 16 CUONSUAZR GONDS
FUFLS 25 17 COAL, OIL AND GAS
GENERAL MACHINERY 35 18 GENLRAL MACHIYERY
INSTRUNENTS 17 19 HIGH TECHN¥OLOGY COMPANIES
LEISURE TIME u 20 LIGHT INDUSTRY
METALS + MINING . 16 21 DUILOING MATFRIALS,METALS+NINING
MISCELLANEOUS MFG. 31 22 LIGHT INDUSTRY
NATURAL GAS 3 23 COAL, OIL AND GAS
OFFICE RQUIBKENT 7 24 LIGHT LNDUSIRY
OIL SFRVICE + SUPPLY 9 25 COAL, CIL AND GAS
PAPER . 12 26 MISCELLANEOUS COMPANYES
PERSONAL + HOME CARFE 8 27 CONSUMER GNODS3
PUBLISHING,PRINTING 1 28 BISCELLANEQUS COMPANITS
RADIO, TV,MOVIES 1 20 MISCELLANEOQOUS COMPANIES
RAILROAD 39 MISCELLANEOUS COMPANIES
SEMICONDUCTORS 2 31 HBIGH TECHNOLOGY COMPANIES
SERVICES 6 32 MISCELLANEOQUS COMPANIES
TELECOMMUNICATINNS 5 33 HIGH TECHNOLNGY COMPANIES
TSXTILES, APDAREL 9 34 CONSUMER GNOD3
TIRES + RUBBER 3 35 LIGHT INDUSTRY
TRANSPORTATION EQUIP 3 36 GENERAL MACHINERY
TRUCKING 3 37 UISCCLLANEOUS COMPANIES



TABLE 14

RED PROFILES OF THE 10 MAJOR GROUPS OF ALL COMPANIES FOR 1976 - 1977 - 1978
INCLUDING THOSE REPORTING ZERQ ENERGY R&D
(Dollars in Millions) ’

HUMEER TOTAL
RECEIVIYG NUMBER TOTAL ENEBGY B+D/ ENERGY/
SECTNR - QUESTICRNATIRE EESPONSES R¢D R+D SALES TOTAL R+D
HIGH TFCHNALOA3Y COMPANITS 144 61 2272.9 39.1 6.2% . 1.7%
CHEMICALS : €2 36 1363.3 105.4 2.8% 7.7%
COAL, CIL AMD GAS o 66 29 525.3 271.2 5% 51.6%
CONSUMIR G~NDS 125 58 1009.2 . 18.8 1.7% 1.9%
GENERAL MACHINERY 78 32 C 212, 4.4 1.5% 7 16.2%
ELECTPRICAL. SHUIPMENMT .43 16 729.6 138.5 2.5% 19.0%
1IGHT INDUSTRY 127 45 538.9 4y, 7 2.4% 8.3%
MISCFLLAMENUS COMPANITS 92 38 1033 ud 1.5% 3.9%
ELECTRIC PNWER .. . 16 14 116.9 106.9 - 67 91.4%
BUTLDING MATERTALS,¥MESTALS+4INING 61 22 254 25 .8% 9.8%
TOTALS 14 ’ 351 8055.6 823 1.8% 10.2%
TOTAL . : i
) TOTAL EHERGY R+¢D/  ENERGY/
SECTOR R¢D R+D SALES TOTAL R+D
BIGH TFECEVYOLNGY COYPANTES s s 2922. 38.6 4.8% 1.9%
CHEYICALS e e 1495 100.2 2.8% 6.7%
COAL, CIL AND GAS e e 5602 287.5 .5% 50.5%
CONSO%ER GNDDS 1118.4 14.1 1.59% 1.3%
GENEPAL MACHINERY a a 213 37.8 1.3% - 17.8%
FLECTRICAL FQUIPYEWT b, b 770 . 175.1 2.3% 22.7%
LIGHT IMDUSTRY o o 608.° S54.2 2.3% 8.9%
“ISCELLAN®0US CONMPANIES v 4 1190.2 59.9 1.8% 5.0%
FLECTRIC PCVER e e 147.6 142.4 .73 96.5%
BUILDIMG MATERIALS,YETALS+MINING 277.6 35 .7% 12.6%
TOTALS _ , 8412.5 944.8 1.7% 11.2%
. : TOTAL .
‘TOTAL ENEFGY. R+P/  ENERGY/
SECTNR : . R+D BR+D SALES TOTAL R+D
AIGH TRCEEALOGY COYPANIES s : s 2413.5 50.1 6.2% , 2.1%
CHEMICALS e e 1603.2 121.3 2.7% 7.6%
COAL, CIL AND GAS e e 639.7 347.7 +5% 54.3%
CONSUMER G2ODS 1250.7 15 1.5% 1.2%
GENERAL MILCHINERY a a 236.3 43.2 1.32 18.3%
FLECTRTCAL EQUIPMFNT b b 922.6 204.6 2.5% ° 22.2%
LIGHT INDUSTRY 0 o 647.9 66 2.5% 10.2%
MISCFLLAYFRNNS COMPANIES v v 1345.¢ 83 1.8% 6.2%
ELECTRIC POHED ‘ e : C e 157.2 153 . 7% S7.4%
PUILDING ¥ATERIALS,METALS+MINTNG 322.5 30.8 - 9% 9.5%

TCTALS : 9539.6 147 1.9% 11.7%



”

TABLE 15 . " SN

YEAR TO YEAR COMPARISON OF RED PERCENTAGES FOR 'IHE 10 MAJOR GROUPS
OF ALL OOMPANIES INCLUDING THOSE REPORTING ZERC' EMERGY RED

A\

-

1976 : 1¢77 : 1978

A+D/  ENERGY/ B4D;/  ENERGY, ~ BeD/ ENERGY/

SECTOR- ~ SALES TOTAL BR¢D  SALES TOTAL R¢D  SALES TOTAL ReD
AIGH TECHNOLOGY COMPANIES 6.2% 1.7% 3.E% 1.9% 6.2% 2.1%
CHEWICALS - 2.8% 7.7% 2. €% 6.7% 2.7% 7.6%
COAL, OIL AND GAS i ) .5% 51.6% - <5% 50.5% -5% 58.3%
CORSUNER GOODS . 1+.% 1.9% 1.5% 1.3% 1.9% 1.2%
GENERAL MACHINERY 1.5% 16.2% 1.3% 17.8% 1.3%  .18.3%
ELECTRICAL EQUIPMEXT  ~ 2.5% 19.0% 2.3% 22.7% 2.5% 22.2%
LIGHT IMDUSTRY 2.4% 8.3% 2.3% 8.9% 2.5% 10.2%
NISCELLANEOUS COMPANIES 1.5% 3.9% 1.6% 5.0% 1.8% 6.2%
ELECTRIC POWER o .6% 91.4% 7% 96.5% .7% 97.4%
BUILDTNG MATERRIALS,METALS*MINING .8% 9.8% JT% O 12.6% .9%.-  9.5%

TOTALS 1.8% 10.2% 1.7% 11,25 ° 1.9% 11.7%



\

TABLE 16

R§D PROFILE OF THE 10 MAJOR GROUPS OF COMPANIES 1976 - 1978

1976

SPCTNR
HIGH TFECHMOLOGY CONMPAMIPS
CHEMICALS
CORL, CIL AND GAS
COUSUYFR GOODS
€ENERAL MACHIMERY
PLECTRICAL EQUIPY“FENT
LIGHT IMDUSTRY
MISCELLANEOLS COMDPRAYNIES,
ELECTRIC POWER
BUILDING “ATERIALS,¥LTRTS+4INING
TOTALS .

1977

SECTNR
HIGR TECHNQLOGY CONPAMTTS
CHEMICILS
COAL, CIL AND GAS
CONSUMER GOCCDS
GENERAL MACHIMERNY
ELECTRICAL FQUIPATNT
LIGHT INDUSTEY
MISCEZLLAMECUS COMPANIES
ELECTRIC PORER
BUILDING MATERIALS,METALS#MINIYG
" TOTALS

1978 '
—  SECTHR

RIGH TECHNTLOGY CCOMPAUITS

CHEM ICALS

COAL, CIL AND GAS

CONSUMER. GNODS

GENERAL MACHINERY

ELECTRICAL EQUIPMENT

LIGHT INDUSTRY

MISCELLANEQUS COMPANIFS.

ELECTRIC POWER

BUILDING MATERIALS,METALS#MINTNG
TOTALS

144
€2
A7

125

* 0

o< OoOTP

o o

O 0o0T®

NGMBER
RESPOKSES
24

‘NOMBER
RESPGNSES

175

LUXBER
RESPONSES
25
24
21
17
13
1
19
21
14
12
177

QOMFANIES REPORTING ENERGY R&D
(Dollars in Millions)

RUMEER
RECEIVING
CUESTICNNARILRE

TOTAL
R+D
1282.4
1164 . R
525.1
365.6
121
657.7
464.3
395.4
116.9
201.1
S30%.4

TOTAL
B+D

1314.3

1428.5
561.2
14y, 3
116.5
733.13
527.2

- 10

147.6
2%8.4
6280.3

TOTAL
R¢D
1565.8
1509.5
629.7
130.9
129.9
891.3
560.9
12R0,2
157.2
2P2.3
7105.8

TOTAL
ENEEGY
R+¢D
3%.1
104.4
271.2
18.8
4.4
13R.5
44.7
49
-106.¢
25
823

TOTAL

ENERGY
R¢D
38.6

100.2 .

227.5
14.1
37.8

175.1
54.2
59.9

142.8
35

9uu.8

TOTAL
ENERGY
R+D
50.1
121.3
347.7
15
43.2
204.6
€66
A3
153

30.8
1114.7

R¢Dy
SALES
6.7%
2.8%

5%
1.5%
1.4%
2.4%
2.8%
1.0%

. 7%

- 5%
1. 6%

R+D/

.SALES

6.4%

2.8%

«5%

e 1R

1. 2%
2.3%
2.8%
2.0%
- 7%
- 9%
1.7%

R+D/
SALES
6.8%
2.8%

«5%

. 8%

1. 2%

2.5%

2.8%
2.0%
-7%
. 9%
1.7%

" ENERGY/

TOTAL R+D .
3.1%
9.0%
51.6%
5.2%
28.5%
21.1%
9.6%
10.1%
91, 4%
1C.4%
15.5%

ENERGY/
TOTAL R¢D
2.9%
7.0%
50.5%
9.8%
32.5%
23.9%
10. 3% .
5.8%

© 96.5%

13.5%
15.0%

ENERGY/
TOTAL B+D
3.2%
8.0%
54.3%
10.7%
33.3%
23.0%
11.2%
. 6. 4%
97.4%
10.9%
15.5%
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TABLE 17

| NTS
I IMPQRTANCE INDEX FQR ALL RESPONDE!
REL:EDvgiL REPORTING SPENDING IN CATEGORY

AND IN TECHNOLOGY.
(TECHNQLOGIES WITH FEWER THAN 4 RESPONSES OMITTED)

CATEGORY TECHNOLOGY All ALl
BGORT / H reporting spending reporcing
oy - somewhere sgconding

MANUFACT'IRING/PROCESS CHANGES ALY _in category. in tocanology
RAW MAT=RIAL CHANGES 413 429 3186
CHEYICAL / REFINING PROCESSES . 433 406 381
NEW PYE2GY SAVING PROCESSES 613 585 586
IMPROVED ENTRGY SAVING PROCESSES 550 521 549
OTHER MANUFACTYRING/PROCESS CHAMNGES s

AIR CONDITINNING, HEAT PUMDPS & HEAT RECOVERY
RESIDENTTIAL HSAT PUYPS T 458 %30 ~ 707
INDUSTRIAL HEAT PUMPS 456 €26 640
PROCESS HETAT RECOVERY . 560 €39 . 672
US® OF LCW PRESSURE EXHAUST STEAM 476 47 760
OTHER HZAT RSCOVERY SYSTEMS 375 ‘

END PEODUCT ZFFICIENCY !
CCNSIMER AFPLIANCES . 44y 460 523
MANUPACTIYRING EQUIPMZNT 4u3 506 SGC8
BUILDING INSHULATION 528 i 585 588
ENERGY ®FFICIFNT BUILDINGS o 606 6us 729

TRANSPCRTATION
AUTOMNGTIVE ENGINZ 562 - 511 : 363
AUTCYOTIVE CHASSIS AND BODY 379 348 575
ELECTRIC / HYBRID VEHICLES 537 624 850
OTHER ANUTOMOTIVE 256 25
RAIL TRANSPORTATION/ZQUIPMZLT 495 590 . 350
AIRCRAFT ZNGINE AND AIRFRAME 483 552 650
PIPFLIN® TSCHMOLOGIES . 435 400 453

BAEINE TRANSPORTATION / EQUIPMENT 407 4o9 600



TABLE- 17 (Continued)

Category/Technology

'ELECTRIC POWER GINERATINN

GAS TURBINE CO%BINED CYCLE
PUTL CELLS ~
MAGNETOHYDRODYNAHIC GE¥ZRATION
CRYCGENIC GENRRATORS
TRANSYISSIGY AND DISTRIBUTIOHN
LOV HEAD HYDROELECTRI
.FLUIDIZED BEDS :

INDUSTRIAL COKBUSTION AYD STEAN GENERATION

“COGENZRATION

" ATMCSPHERIC FLUITCIZED DED
COAL / OIL SLURRY
WASTZ MATERIAL
INSTRUMSNTATION AND CONTRCL

ENEBGY STORAGE

PUMPED YYDRC STORAGE
COMPRISSED AIR STORAGE
THERMAL ENERGY STORAGE
BATTERIES

HYDROGEN GENERATION

CIL

SECONDARY OIL RECOVERY

TERTTARY OIL RZICOVERY

SATERIALS FCR ENHANCED CIL HECOVERY
HEAVYY OIL

TAR SAYDS

OIl. SHALE

GFOLOGICAL ASSIZSSMEINT TECHYIQUES

OFFSONRE DRILLIKG ¢ PRODUCTION TECHNIQUES

AT
553

641

588
452
498
499
548

555
543
523
650
435

387
366
550
655
577

572
642
620
530
581
630
601
549

All
reporting spending
somewhere
in category

824
809
659
593
625
471
755

596
561
433
674
479

492
: 565
- 663
791
583

395
642
585
489
515
612
u6?
347

All
reporting
spending

in technology

783
850
580

688
829

521
643
427
695 -
620

560
730
817

317
683
592
500
557
655
350
175



(TABLE 17 (Continued)

Catcgory/Technology All ) All
rero=ting spending reporting
GAS ) somewhere spending
All in category in technology
ENAANCED GAS RPCOVERY 634 480 425
GEOPRESSURE METHANE 652 583
TIGHT SANDS , 570 - 575 425
DEVCNTIAN SHALE ) 570 560
COAL
PREPARATION . ' 471 553 576
MINING - 503 581 525
GASIKICATION T42 824 850
LIQUEFACTION 730 867 ' 91y
CHEMICAL FEEJDSTOCKS 554 . 576 667
NUCLEAR \
FUEL PRODUCTION 717 731 - 800
FUEL SEPARATION : 751 - 800
BEPROCTESSING - 816 855
WASTE DISPOSAL 862 875 733
LIQUID METAL FAST BREEDER . 810 943 977
CTHER BREEDER 704 773
REACTOR FOR INDUSTRIAL PROCESS USE 538 514 '
LIGHT WATER REACTORS - 662 714 820
THER FISSION 628 700 !
FUSION - suy 829 850

SOLAR AND OTHER REWEWABLZS

SCLAR P{IOTOVOLTAIC 697 650 794
SOLAR THEEMAL POWER GZINERATIOY 649 618 720
SOLAR TIMDUSTRIAL PENCESS HEAT 604 576 667
HEATTIYNG AND COOLING 659 681 661
BICMASS . 6u0 605 695
" MUNICIPAL SCLID WASTT® . 662 643 825
TIDAL 443 353
OCEAY THERMAL 490 392 .550
GEOTHER1AL 547 550 583
WIND 537 482 583

» ~



TABLE 18

‘ REPORTING
RELATIVE IMPORTANCE INDEX FOR ALL COMPANIES
~ (TECHNOLOGIES WITH FEWER THAN 4 RESPONSES OMITTED.)

TOTAL ) PERCENTAGE IMPORTANCE

CATEGORY / TECHNOLOGY NS NI .- I VI INDEX
MARUPACTURING/PROCESS CHANGES - )
RAVW MATERIAL CHANGES ~ 109 37 18 37 8 413
CHENICAL / REFINING PROCESSES 103 37 1 39 11 433
NEW ENERGY SAVING PROCESSES 139 22 8 39 3 613
INPROVED ENERGY SAVING PROCESSES 132 27 100 39 23 550
OTHER MANUPACTURING/PROCESS CHANGES 4 25 50 25 375
AIR CONDITIONING, HEAT PUNPS ¢ HEAT RECOVERY
RESTIDENTIAL HEAT PUMPS 109 33 19 32 16 458
INDUSTRTIAL HEAT PUMPS . 107 T3 17 36 14 456
PROCESS HEAT RECOVERY 17 27 10 35 27 560
USE OF LOW PRESSURE EXHAUST STEAN 101 28 23 37 13 476
OTHER HEAT RECOVERY SYSTENS ' 25 50 25 375
BND PRODUCT EFFICIENCY -
CONSUMER APPLIANCES 106 35 -18 33 14 . 4uu
MANUFACTORING EQUIPBENT 105 38 22 28 16 443
BUILDING INSULATION: - A 11 29 12 38 22 528
ENERGY EFFICIENT BUILDINGS 116 22 9 41 28 606
TRANSPORTATION
AUTCMOTIVE ENGINE 109 28 15 25 33 562
AUTOMOTIVE CHASSIS AND BODY 94 40 20 32 7 379
ELECTRIC ,/ HYBRID VEHICLES ' 102 22 21 &1 17 537
OTHER AUTOMOTIVE , , 34 56 21 21 3 256¢
RAIL TRANSPORTATION/EQUIPNMENT 96 27 21 36 16 495
AIRCRAFT ENGINE AND AIRFRAME 93 27 22 40 12 483
PIPELINE TECHNOLOGIES 96 30 29 29 11 435

BARINE TRARSPORTATION / EQUIPMENT 89 | 30 33 31 6 407

]



TABLE 18 (Continued)

_ Category/Technolcgy . .
. Total Fercentage Importance
ELECTRIC POWER GENERATIQN - g P G
: oN ‘ NS NI 1 VI Index
GAS TURBINE COMBINED CYCLE " 90 23 18 35 23 553
FURL CELLS 97 9 19 82 21 641
MAGNETOHYDRCDY NA NIC GENEBATION 89 11 25 51 13 588
CRYOGENIC GENERATORS 75 26 33 35 7 452
TRANSNISSION AND DISTRIBUTION 93 23 20 33 18 498
LOW HEAD HYDROELECTRIZ 88 20 26 41 .7 499
PLUIDYZED BEDS - 94 21 20 39 19 548
INDUSTRIAL COMBUSTION AND STEAN GENERATION
COGENERATION - ' .95 22 16 43 19 ‘555
ATNOSPHERIC FLUIDIZED BED 89 22 18 42 18 543
COAL ,/ OIL SLUBRY 96 28 22 35 19 . 523
WASTE MATERIAL . ) 108 - 11 12 56 .21 650
INSTRONENTATION AND COBTROL' 95 35 20 28 17 435
ENERGY STORAGE
_PUMPED HYDRO STORAGE . . | 83 35 29 30 6 387
COMPRESSED AIR STORAGE 79 3t 37 28 5 366
THERMAL ENERGY STORAGE 94 19 19 38 14 550
BATTERIES 99 A5 W 36 34 655
HYDROGEN GENERATION 98 19 17 42 21 577
oIL C - ,
SECONDARY OIL. RECOVERY . . 98 27 11 32 N 572
TERTIARY OIL RECOVERY 97 . 8 3 37 642
MATERIALS FOR ERHANCED OIL RECOVERY 97 22 10 33 34 620
HEAVY OIL : 76 26 16 - 46 14 530
TAR SANDS 90 16 21 46 18 5e1
OTL SHALE : 98 - 15 13 46 26 630
GEOLOGICAL ASSESSMENT TECHNIQUES 88 20 16 33 31 601

OFPSHORE DRILLING ¢ P30DUCTION TECANIQUES 87 26 16 30 28 } 549



TABLE 18

Category/Technology

GAS

ENHANCED GAS RECOVERY
GEOPRESSURE METHANE
TIGHT. SANDS

DEVONIAN SHALE

CaAL

PREPARATION

NINING
GASIPICATION
LIQUEPACTION .
CHENICAL FEEDSTOCKS

BECLEAR

FUEL PRODUCTION

-PUEL SEPARATION

REPROCESSING
. HASTE DISPOSAL

LIQUID METAL PAST BREEDER

_OTHER BREEDER . S
REACTOR POR INDUSTRIAL PROCESS USE
LIGHT WATER REACTORS

OTHER PISSION

PUSION 2

'SOLAR AND OTHER RENEWABLE

SOLAR PHOTOVOLTAIC

SOLAR THERMAL POWER GENERATION
- SOLAR INDUSTRIAL PROCESS HEAT

HEATING AND COOLING

BIOMASS '

MUONICIPAL SOLID WASTE

TIDAL

OCEAN THERMAL

GEOTHERNAL

WIND

(Continued)
Total
NS
99 23
96 17
82 21
17 21
98 33
101 31
116 9
108 12
90 26
93 9
92 8
96 6
112 4
101 6
- 91 14 .
82 20
81 12
47 15
103 . 5
4
107 6
104 8
100 12
99 1
103 8
103 12
95 23
97 19
‘98 9
101 15

Percentage

- NI I
7 30
11 38
16 43
16 43
18 3
18 28
8 39
8 33
13 37
A\ 38
10 . 38
7. 26
7 17
6 32
14 25
32 26
17 37
23 28
5 26
21 41
25 41
25 42
16 44
19 55
16 43
40 28
37 34
39 43

3

VI

39
34
21
21

33

21
28
17
30

10

n

Importance
Index

634
652
570
570

471
503
742
730
554

717.
751 -
- 816
862
810
704
538
662 .
628
844

697
649
604
659
640
662
443
490
547
537



TABLE 19

RELATIVE IMPORTANCE INDEX FOR ALL COMPANIES REPORTING SPENDING IN THE CATEGORY
(TECHNOLOGIES WITH FEWER THAN 4 RESPONSES OMITTED.)

: TOTAL PERCENTAGE IMPORTANCE
CATEGORY / TECHROLOGY ) NS NI I VI . INDEX
BARUPACTURING/PROCESS CHANGES .
RAW HATEBIAL CHANGES ) 72 38 14 38 1 429
CHEMNICAL / REFPINING PROCESSES 64 41 13 38 9 . 406
NEW ENERGY SAVING PROCESSES 93 25 9 39 28 585
IMPROVED ENERGY SAVING PROCESSES 87 31 11 33 24 521
AIR CONDfTIONING, HEAT PUMPS ¢ HEAT RECOVERY
RESIDENTTAL HEAT PUMPS 37 26 22 32 22 530
INDUSTRIAL HEAT PUMPS 35 29 14 34 23 526
PROCESS HEAT RECOVERY 46 22 7 35 37 639
USE OF LCW PRESSURE EXHAUST STEAY 34 21 26 29 24 5537
BND PRODUCT EFFICIENCY 4
CONSUNER APPLIANCES 30 40 10 27 23 460
NANUFACTURING EQUIPMENT 31 29 19 29 23 506
BUILDING INSULATION 34 26 6 38 29 585
ENERGY EFFICIENT BUILDINGS 42 19 7 &80 33 645
TRANSPORTATION
AUTONOTIVE ENGINE - ) 34 26 18 29 26 541
AUTOMOTIVE CHASSIS AND BODY 25 40 24 36 348
" ELECTRIC / HYBRID VERICLES 29 14 1?7 45 24 624
OTHFR AUTOMCTIVE 6 50 33 17 . 250
BRAIL TRANSPORTATION/EQUIPMENT 27 22 26 41 1N 500
AIRCRAPT ENGINE AND ATIRPRAME 27 15 22 56 7 552
PIPELINE TECHNOLOGIES 28 32 32 29 7 400
BARINE TRANSPORTATION. / EQUIPMENT 22 32 32 21 9

409



TABLE 19 (Continued)

Category/Technology

BLECTRIC POWER GENERATION ‘ Total Percentage Importance
. ) NS NI I VI "Index
GAS TURBINE CONBIWED CYCLE 21 5 S 33 57 824
FUEL CELLS ' 22 s 55 41 809
MAGNETOAYDRODY NAMIC GENERATION 22 32 SO 18 659
CRYOGENIC GENERATORS 15 7 33 47 13 593
. TRANSMISSION AND DISTRIBUTICN 24 13 21 42 25 625
LOW HEAD HYDROELECTRIC ' 17 8 35 47 4N
PLUIDIZRD BEDS 22 9 64 27 755
INDUSTRIAL COMBUSTION AND STEAM GENERATION .
COGEN ERATION 25 20 8 S2 20 596
ATMOSPHERIC FLUIDIZED EED 23 22 13 &8 V7 561
€OAL s OIL SLURRY 24 29 25 42 4 433
WASTE MATERIAL 31 , 6 13 61 19 674
TASTRUNENTATION AND COSTROL 29 34 17 24 24 479
REERGY STORAGE
PUNPED RYDRG STORAGE .13 23 23 46 8 492
"CONPRESSED AIR STOBAGE 13 15 23 46 15 569
THERWAL ENERGY STORAGE - 19 -5 21 53 21 663
‘BXPEBRIES 22 . 5 45 85 79t
HYDROGEN GENERATION 18 ¥ 17 S0 17 583
CIL
SECONDARY OIL RECOVERY ] 22 4% 9 32 14 395
TERTIARY OIL RECOVERY 24 21 4 42 33 6u2
MATERTALS FOR ENHANCED CIL RECOVEAY 27 , 26 4 a4 26 585
HEAVY DIL 18 28 11 .56 ° 6 489
TAR SANDS - 20 20 20 S5 5 515
OIL SHALE 25 16 8 60 16 612
GROLOGICAL ASSESSMENT TECHNIDUES 18 i3 17 33 17 467
6 29 12 347

OPFSHORE DRILLING ¢ PRCDUCTION TECHNIQUES 17 £3



TABLE 19 (Continued)

Category/Technology -

) Total Percentage Importance
GAS : NS NI I VI Index
, .
ENHARCED GAS RECOVERY 15 40 T 271 27 " 480
GEOPRESSURE METHANE : 12 17 £ 67 8 . 583
TIGHT SANDS 12 25 € 42 25 575
DEVCNIAN SHALE .10 20 20 40 20 - 560
COAL
~ PREPARATION . 4 © 34 .26 12 47 18 - 553
" BINING . ] 36 19 171 82 22 581
GASIFICATION ~ 41 S. 89 46 824
LIQUEFACTION 36 : a4 28 64 . 867
CHEMICAL FEEDSTOCKS 25 16 20 48 16 576
_ BUCLEAR
PUEL PRODUCTION 16 6 13 ua 38 I3
FUEL SEPARATION A 14 7 43 50 - 800
REPROC®SSING . 17 47 S3 859
WASTE DISPOSAL 20 5 25 70 . 875
LIQUID METAL PAST BREEDER 21 19 81 943
OTHER BREEDER 11 9 45 45 773
REACTOR FOR INDUSTRIAL PROCESS USE 14 W 43 29 14 514
LIGHT WATER REACTORS 14 7 71 21 AL
OTHER FISSION ) 9 22- 56 22 700
POSION : » 21 ‘ S 48 48 829
SOLAR AND OTHER RENEWABLE
SOLAR PHOTOVOLTAIC : : 41 2 24 46 27 690
SOLAR THERMAL PCWER GENERATION 40 8 25 53 15 . 618
SOLAR INDUSTRIAL PROCESS HEAT . 37 11 27 .51 1" 576
HEATING AND COOLING 43 12 7- 53 28 681
BIOMASS . 43 12 21 51 16 605
MUNICIPAL SOLID WASTE . 40 13 23 33 33 643
TIDAL 36 - 31 47 19 3 353
.+ OCEBAN THERMAL 36 25 44 31 392
GEOTHERMAL ) 38 8 - 37 S0 5 550

WIND - 39 18 .36 81 5 482



TABLE 20 . -

RELATIVE IMPORTANCE INDEX FOR ALL‘COMPANIES REPORTING SPENDING IN THE
o TECHNOLOGY
.(TECHKOLOGIES WITH FEWER THAN 4 RESPONSES OMITTED,)

_ : TOTAL PERCENTAGE IMPORTANCE
CATEGORY / TECHNOLOGY FS NI I v INDEX
BANUPACTURING/PROCESS CHANGES
RAW MATERIAL CHANGES 37 46 14 24 16 386
CHENICAL / REPINING PROCESSES 21 48 5 38 10 381
NEW ENSRGY SAVING PROCESSES 63 26 10 40 27 586
INPROVED ENERGY SAVING PROCESSES 68 28 12 34 26 549
" AIR CONDITIONIRG, HEAT PUNPS ¢+ HEAT BECOVERY
RESIDENTIAL HEAT PUMES . 14 14 50 36 707
_INDUSTRIAL HEAT PUMPS : 15 20 7 40 33 640
PROCESS HEAT RECOVERY 36 19 3 39 39 672
USE OF LCW PRESSURE EXHAUST STEAN 8 25 S50 25 700
END PRODUCT EFPICIERCY
CONSUNER APPLIANCES 13 38 31 N 523
NARUPACTURING EQUIPMENT : 13 31 8 a6 15 508
BUILDING INSULATION , . 16 19 13 'S0 19 588
ENERGY BFFICIENT BUILDINGS 20 8 8 46 38 - 729
TRANSPORTATION
AUTONOTIVE ENGINE 8 25 13 38 25 563
AUTONOTIVE CHASSIS AKD BODY 8 13 13 75 575
ELECTRIC / BYBRID VEHICLES 8 13 25 63 850
BATL TRANSPORTATION/EQUIPMENT . 50 50 550
AIRCRAPT ENGINE AND AIRFRANE 6 33 -s0 17 650
PIPELINE TECHNOLOGIES 15 27 27 4o 7 453
MARINE TRANSPORTATION ,/ EQUIPMENT 4 25 50 25 600
ELECTRIC POWER GENERATION
GAS TURBINE COMBINED CYCLE 6 17 17 67 783
FUEL CELLS 8 50 50 850
MAGNETOHYDRODYNANIC GENERATION - : 5 40 60 580
TRANSNISSION AND DISTRIBUTION . 17 12 12 &1 35 688
PLUIDIZED BEDS - 7 57 43 829



TABLE 20 (Continued)

Catcgory/Techno;ggX

, : Total Percentage Importance
INDOSTRIAL COMBUSTION AYD STEAM GENERATIOR ., NS NI I VI Index -
COGENERATION : 14 29 7 Sso 14 521
ATNOSPHERIC FLUIDIZED BED 7 1 ST 1 643
COAL s OIL SLURRY 11 27 27 45 427
WASTZ NATERIAL 21 s 14 _ 57 24 695
INSTROMENTATION AND CONTROL 15 20 13 33 .33 620
ENERGY STORAGE ‘ . -
COMPRESSED AIR STOBAGE 5 20 20 4D 20 560
THERNAL ENERGY STORAGE 10 200 SD 30 730
BATTERIES 12 8 33 58 817
OIL
SECONDARY OIL RECOVERY ’ 12 s8 33 8 317
TERTIARY OIL RECOVERY 12 17 53 33 683
MATERIALS FOR ENHANCED OIL RECOVERY 12 33 8 3 .50 592
HEAVY OIL . 7 29 71 500
TAR SANDS . 7 1w 1w n . 557
OIL SHALE ° , 1 18 55 27 655
GEOLOGICAL ASSESSMENT TECHNIQUES 8 59 13 25 13 350
OFFSHORE DRILLING ¢ 2RODUCTION TECHNIQUES 8 75 25 175
GAs '
ERHANCED GAS RECOVERY 8 59 13 38 425
TIGHT SANDS 4 50 25 25 425
COAL
PREP ARATION 21 26 10 43 24 576
MINING ' e 16 25 19 33 19 525
GASIPICATION , 30 5) 50 850
LIQUEFACTION . ’ ’ 21 . 239 1 914

CHERICAL FEEDSTOCKS 9 22 67 11 667



TABLE 20

Category/Technology

NGCLEAR

FUEL PRODUCTION

BASTE DISPOSAL

LIQUIDP METAL PAST BREEDER
LIGHT WATER REACTGRS
FUSION

SOLAR AND OTHER RENEWABLE

SOLAR PHOTOVOLTAIC

SOLAR THERMAL POWER GENERATIOR
SOLAR INDUSTRIAL PROCESS HEAT
HEATING AND COOLING

BIOMASS

EUNTICIPAL SOLID WASTE

OCEAN THERMAL .

GEOTHERNAL

WIND :

(Continued)

10
13

17

Percentage
NI =

13
10
22

10
17
50

17

67
33

8
60
50

\2!

33
50
92
40
50

44

1
26

58

17

Impertance
Index~
800
733
977
820
850

794
720
667
661
695
825
550
583
583



TABLE 21A

Relative Importance Index for the High Technology,
Chemicals and Coal, 0il Gas Companies

| ' : | COAL,OIL
CATEGCRY / TECHNOLOGY HIGH TEQH. AND GAS *

BANJPACTURING/PROCESS CHANGES Resp. Index Resp. Index Resp. Index

SAW YATERIAL CHANGES |

_ 1 14 22 )

5§33352;G4 gisgzznc PROCESSES 13 ggg - 14 22? :: gi:

NEW ENERGY. G PROCESSES 15 353 ‘
~ IMPROVED EWZRGY SAVING PROCESSES %3 g;; 15 440 :g 2;;
AIR COYDITIONING, HEAT DPUN®S + HEAT RECOVERY

RESIDENTIAL HEAT PUMPS - '

INDUSTRIAL HEZAT PUNPS . . }g 3;3 ' :: gzg :1 3zg

PROCESS HEAT RECOVERY ’ 18 561 W 464 ’: 436

USF OF LOW PRESSIRE EXHAJST STEAY 15 393 10 280 11 845
END PRODUCT EFFICIENCY

CON3UMER APPLIANCES A |

®AKUTACTURING EQUIPNENT ~ :Z :gg ;; ggz :3 :gg

BUILDING INSULATION : : 17 435 12542 12 383

EVERGY EPFICIENT BUILDINGS 18 650 12 582 RERRCEN
TRANSPORTATICN

AJTOMOTIVE ENGINE

: \ 12 S0 -
%gsgggggv; gggssrs AND BODY :2 238 ‘§ l“Jg }3 iig
ECTRIC RID VIH
grnsn AOTOMOTIVE TeLes 12 ggg B \ 13 ig;
AIL TRANSPORTATION/EQUIPMENT g -
n'ﬁﬁ‘arr EXGIYE AND AIRPRAME :g ggg 1% 223 :g '283
PIPELIVE TECHKNOLOGIZS 1w 436 - 11 300 12 358
290 10 200

NMARINE TRANSPORTATION / vouxpn'ww 15 473 10



TABLE 21A (continued)

ELECTRIC PNWEX GENERATION

GAS TURBINE COWBINED CYCLE
POEL CELLS

MAGNETNHYDRODY NAMIC GEVNERATION
CRYOGENIC GENERATORS
TRAMSMISSICN ANC DISTAIDUTION
LOY HEAC. HYDROELECTRIC
FLOIDIZED BEDS

~ INDUSTRIAL CONMBUSTION AND STEAM GENERATION

COGEYEZRATICYN

ATMOSPHERIC PLUIDIZED BED
COAL / OIL SLURRY

WASTE MATERIAL
INSTRUMENTATION AND CCNTRNL

EN®RGY STORAGE

PUNPED HYDRO STCRAGE
COMPRESSED AIR STORAG:
THETRMAL ENTRGY STORAGZE
BATTERIES

HYDEOGEN GENERATION

orL

SECONDARY CIL RECOVERY
TERTIARY OIL RECOVERY
MATZRIALS FOR ENHANCED OIL RECOVERY
HEAVY CIL -
TAR SANDS
. 0OIL SERLE
GEOLOGICAL ASSESSMENT TECIUNIQUES
OFFSHNRE DRILLING + PRODUCTION TECHNIGQUES

’

HIGH TECH. CHEMICALS
Resp. Index Rasp. Index
14 543 12 4e7
14 514 11 8¢9
13 623 10 570
9 411 10 4cCo
16 463 10 250
13 569 10 2¢0
14 600 11 2€4
16 544 19 320
13 592 10 3370
16 475 10 3¢0
19 589 12 35:%
19 532 11 <7
12 275 10 -220
10 320 10 2%0
14 550 11 43
15 620 10 460
16 631 11 509
14 443 12 542
14 486 11 5060
13 500 14 557
11 418 11 536
13 515 12 S0u
14 521 12 575
14 493 10 390
15 527 S 533

QOAL, OIL
AND GAS
Resp.  Index
9 467
14 714 .
10 500
8 275
8 288
3 363
10 $90
1 c64
9 533
10 430
10 530
10 290
9 289
9 222
9 411
13 785
9 533
15 420
15 660
14 479
11 £09
12 525
15 660
12 487
12 325



TABLE 21A . {continued)

COAL, OIL
HIGH TECH. CHEMICALS AND GAS
GAS . Resp. Index Resp. Index Resp. Index
ENHANCED GAS RECOVERY ) 15 527 A 11 582 15 480
GEOPRESSURE METHANE 15 507 10 510 16 64y
TIGHT SANDS 12 525 9 533 ~ 14 586
"DEVONIAN SHALE ) 1 -509 . 9 422 12 €00
COAL -
PREPARATION 14 400 10 350 13 346
MINING 15 440 11 409 14 386
GASIFICATICH 18 739 13 700 17 - 782
LIQJEFACTION ’ : 16 725 13 700 15 747
CHEMICAL FEZDSTOCKS 15 573 12 600 11 391
NUCLEAR - ~
FOFEL . PRODUCTION 14 829 10 590 10 500
* FUEL SEPARATION 13 908 . 9 656 12 608
REPROCESSING. 15 960 9 756 13 715
*WASTE DISPCSAL ° 19~ 937 11 882 14 - 757
LIQUID METAL FAST BREEDER . 7 876 9 722 13 738
CTHER BREETER 8 925 - - 13 662
. RERCTOR FOR INDUSTRIAL P30CESS USE 14 571 7 414 12 592
LIGHT #ATER REACTORS - 14 686 6 533 12 617
OTHER PISSION 7 771 6 517 8 538
FUSION - 18 900 9 856 15 833
SOLAR AND OTHER RENTHWABLE
SOLAR PHOTCVOLTAIC : 18 817 12 692 12 683
‘SOLAR THEAYAL POWER GEYSRATIOY N 18 7194 11 600 12 525
SOLAR INDUSTRIAL PROCESS HEAT 15 667 11 545 12 608
HEATING ANL COOLING 14 621 11 536 11 745 .
BICMASS -17 €24 13 592 12 658
MUNICIPAL SOLID WASTE 16 631 10 680 13 515
TIDAL ' 14 500 11 509 12 308
OCEAM THELRMAL : - 16 644 11 609 11 245
GEOTHERMAL - 15 640 11 573 13 400

WIND . N 16 575 11 S36 12 533



Relative Importance Index for the Consumer Ggods,
General Machinery and Light Industry Companies

CATESORY / TECHNOLOGY

MANUFACTIRING/PRNCESS CHANGES

AIR

END

RAW MATPRIAL CHANGES

CHEMICAL / REFINING PROCESSES
NEW ENERGY SAVING PROCESSES
IMPROVED ENERGY SAVING PROCESSES

CONDITIONWING, HEAT PUNPS ¢ HEAT R

RESIDENTIAL HEAT PUYDPS
INDUSTRIAL HEAT PUMPS
PROCESS HEAT RECOVERY
USE NF LOW PRESSORE EXHAYST STEAM

-PRODNCT EFFICIENCY

CONSYMER ATFPLIANCES
MANUFACTURING EQUIPMENT
BUILDING INSULATIOY
ENERGY EFFICIENT BUILDING

TRANSPORTATION

AUTOMOTIVE ENGINE

AUTOMOTIVE CHASSIS A4D BODY
ELECTRIC / HYBRID VEHICLES

OTHER AUTOMOTIVE

RAIL TRANSPORTATION/TQUIPMENT
AIRCRAPT ENGINE AND AIRFRANE
PIPELINE TECHNOLOGI®S

MARINE TRANSPORTATICN / EQUIPMENT

TABLE 21B.

. CONSUMER
GOODS
Resp. Index
15 353
15 306
21 538
18 389
ECOVERY
15 353
- 17 412
18 539
16 4uu
14 379
13 331
16 - 500
16 500"
14 586
13 354
12 450
4 275
13 477
13 508
13 454
13 408

GENERAL LIGHT
MACHINERY INDUSTRY
Resp. Index . Resp. Index
13 469 . 14 607
12 475 12 517
12 742 16 744
12 633 16 600
13 408 11 382
13 354 11 482
13 592 12 567
12 575 10 430
12 417 11 291
12 500 13 500
12 600 11445
13 633 10 520
12 600 1 418
12 417 1 345
12 525 10 560

4 450 S 160
12 417 190 460
12 358 9 500
13 523 10 429
12 400 10 430



N OONSUMER
GOODS
. Al
" ELECTRIC POWEE GENERATION . Resp. Index .

GAS TURBINE COMBIYED CYCLE 12, 942
FUEL CELLS 13 715
MAGN ZTOHYDRODYNAYIC GENERATICY 13 592
CRYNGENIC® GENERATGRS 13 546
‘TRANSMISSION AND DISTRIBUTION - 13 508
. LOW HEAD HYDROELECTRIC 13 569
*FLUIDIZED BEDS ’ 13 .508

\

o TABLE 21B (continued)

INDUSTRfAL’COHBUSTIOH AND STEAM GENERATION

COGENERATION

_ATMOSPHERIC PLUIDIZED BZD

.COAL / OIL SLURRY

WASTE MATERIAL

. INSTRUMENTATION AND CONTR20L

ENERGY STORAGE - :

orL

‘PUMPED HYDRO STORAST.

*COMDPRESSED AIR STORAGE
- THERMAL ENERGY STORAGE

BATTERIES .
HYDROGEN GENERATION

SECONDARY OIL RECOVERY

TERTIARY OIL RECOVERY

WATERTALS FOR EKHASCED CIL RECOYERY

HEAVY OIL '

TAR SANDS

OIL SHALE

GECLOGICAL ASSESSMENT TECHNIQUES

OFFSHORE DRILLING + PRODUCTION TECHNIQUES

A3
‘13

13
13

14

14
15
14

15
15

15

517
471
438
€92
30C

308
338
485
585°
5™

547

GENERAL LIGHT
MACHINERY INDUSTRY
Resp. Index Resp. Index
9 522 7 443
"B 538 9 700
7 600 9 589
6 417 7 414
10 °590 7 609
10 630, 7 557
3 450 ° 7 457
10 570 ] 488
9 ‘467 8 488
10 630 9 578
12 775 1 718
8 313 7 414
S  -sg4 7 429
8 388 7 429
9 522 9 667
9 656 8 563
10 £60 8 500
10 520 9 611
10 750 9 644
"9 656 9 6ul
8 650 7 600
9 667 8 575
9 667 8 650
7 443 8 763
9 533 8 738




TABLE 21B - (continued)

OONSUMER GENERAL LIGHT
GOODS MACHINERY INDUSTRY
GAS Resp. Index Resp. Index Resp. Index
ENHAMCED GAS RECOV®RY 14 729 10 520 & 600
GECPRESSURE METHANE 14 736 9. 656 7 500
TIGHT SANDS 14 571 8 500 7 500
DEVONIAN SHALE 13 692 7 5%57- 7 500
COAL
PREPARATION 13 477 . 11 509 9 322
MIKING 13 4717 12 600 8 275
GASIFICATION 15 593 10 769 10 630
LIQUETACTION 14 586 10 220 10 630
" CHEYICAL FEEDSTOCKS i , 12 u33 8 650 10 500
NUCLEAR
FUSL PRODUCTION. . 14 779 1 691 10 660
FUEL SEPARATION - 14 800 11 664 10 660
REPROCESSING 14 843 10 780 1 691
WASTE DISPOSAL 15 853 11 918 10 630
LIQUIN METAL FAST BREEDER 13 831 10- 750 10 690
OTHER BREEZCER : 5 620 - - 6 583
REACTOR FOR INDUSTRIAL PROCESS USE 12 683 9 511 9 478
LIGHT WATZR REACTORS 13 731 8 488 9 556
OTHER FISSION 6 633 - - 6 563"~
PUSION 14 843 9 7156 10 810
SOLAR AYD OTHER RENEWABLS
SOLAR PHOTOVOLTAIC 13 785 10 610 11 718
SOLAR THERMAL POWER GENERATICHN 13 692 11 700 9 667
SOLAR INDUSTRIAL PRCCESS HEAT 14 614 - 10 610 9 589
HEATING AND COOLING 11 682 11 609 9 556
BICMASS 13 669 9 689 8 - 625
MUNICIPAL SOLID WASTS 13 662 13 762 8 - 575
TIDAL . 13 492 10 370 9 433
OCEAN THERMAL . 14 621 10 310 9" 511
GEOTHERMAL 14 586 " 10 540 1 527
WIND 13 569 11 545 9 533



Relative Importance Index for the Miscellaneous,
Electric Power, and Building Materials Companies

" CATEGORY / TECENOLNGY

HANUFACTURING/PRQCESS CHANGES -

AIR

END

RAW MATERIAL CHANGES

CHEMICAL / REFINING PROCESSES
NEW EVERGY SAVING PROCESSES
INPROVED ENERGY %AVING PROCESSES

CONNITIONING, HEAT PUMPS + HEAT R
RESIDENTIAL HEAT PUMPS

INDJSTRIAL HIAT PUMPS
PRCCS5S HEAT RECOVERY

TABLE 21C

ECOVERY

USE OF LCW PRESSURE EXHAUST STEAN

PRODUCT EFFICIENCY

CNYNSUMER APPLIANCES
MANUFACTIRING EQUIPMENT
BUILDING INSULATION

ENERGY EPFICIENT BUILDINGS

“TRANSPGRTATION

AUTOMOTIVE ENGINE )

AUTOMOTIVE CHASSIS AND BODY
ELECTRIC / HYBRID.VEHICLES

OTHER AUTOMOTIVE

RAIL TRAMSPORTATION/EQUIPMENT
ATRCRAFT ENGINE AND AIRFRAME
PIPELINE TECHKOLOGIES |

MARINE TRANSPORTATION / EQUIPMENT

MISCELLANEOUS

OOMPANIES
Resp.  Index
9 4uy
8 500
- 13 785
13 638.
11 318
12 367
1" 682
10 760
10 430
11 464
10 660 .
1 755 -
12 667
9 433
10 500
6 300
i0 5390
1 536
9 522
8 463

ELECTRIC

v POWER
Resp. Index
"4 550

6 650
9 656
9 622
11 836
7 829
10 560
10 640
10 790
7 657
9 733
11 745
8 525
6 433
9 733
3 663
6 600
8 375
6 . 550

BUILDING

MATERIALS

Resp. Index
12 408
S 420
13 5717
12 650
7 S43
8 563
8 675
6 250
6 567
6 350
10 510
10 710
6 783
4 525
4 675
& 675
4 600
4 600
4 600



ELECTRIC POWER GENERATION

GAS TURBINE COMBINED CYCLE
FOEL CEZLLS

TABLE 21C

MAGNETOHYDRODYNAMIC GENERATION

CRYOGENIC GENERATORS

TRANSMISSION AND DISTRIBUTION

LOW HEAD HYDRCELECTRIC
FLUIDIZED BEDS

(continued)

INDUSTRIAL COMBUSTION AND STEAM GENERATION

COGENERATION

ATMOSPHERIC FLUIDIZED BED
COAL / OIL SLURRY

WASTE MATERIAL
INSTRUMENTATION AND CONTROL

BYERGY STORAGE

0IL

PUMPED HYDRO STORAGE
COMPRESSED AIR STORAGE
THTRIMAL ENERGY STORAGE
BATTERIES

HYDROGEN GENERATION

SECONDARY CIL RECOVERY
TERTIARY OIL RECOVEEY

SATERIALS FO3 ENHANCED CIL RECOVERY

HEAVY OIL
TAR SANDS
OIL SHALE

GEOLOGICAL ASSESSMENT TECHUNIQUES

DFFSHORE DRILLING ¢+ PRQDUCTION TECHNIQUES

MISCELLANEOUS
COMPANIES
Resp.  Index
10 630
1M 600
8 538
8 413
9 400
10 540
11 609
9 722
9 622
10 470
10 790
AR 518
7 514
7 329
10 690
9 622
10 560
8 700
9 700
7 700
6 550
7 657
8 663
7 657
6 650

ELECTRIC
POWER
Reso. Index
0 850
0 730
10 670
9 633
11 664
10 440
10 760
9 63
i T4
7 700
& 73¢€
2 553
1 57C
C] 68¢
1) 10C
-3 83:
1) 630
7 87°
5 850
7 87"
5 SB83
7 700
3 813
7 700
7 657

BUILDING
MATERIALS

Resp.

C RN NVRY ) ‘@ ao oo

Voo sd20n

DR, N

Index

633
500
657

633
483
688

650
656
689
636
600

420
220
438
650
475

629
783
800
675
633
575
829
620



. . TABLE 21C (continued)

GAS

ENHANCED GAS BRECOVERY
GEOPRESSURE METIANE
TIGHT SANDS

DEVONIAN SHALE

" COAL

PREPARATION -

. YINING
GASIFICATION
LIQUEFACTION
CHEZMICAL FEEDSTOCKS

f~¥nCLBAR'”'.

FPUEL °RODUCTION

" FPUEL SEPARATION:

- BEPROCESSING

WASTE DISPOSAL
LIQUID METAL FAST BREEDER -

~ CTHER BREELER
REACTOR POR INDUSTRIAL PROCESS USE
LIGHT WATER REACTORS
OTHER FISSION
PUSION .

Sonnn AND OTHER RENEWABLE

SOLAR PHOTCVOLTAIC

SOLAR THERNAL POWER GENERATION
SOLAR INDUSTRIAL PROCESS HEAT
HEATING AND COCLING

BIOMASS

MUYICIPAL 'SOLID WASTE

TICAL

OCEAN THERMAL

GSOTHERMAL

WIND

MISCELLANEOUS ELECTRIC ' BUILDING
COMPANIES - POWER MATERIALS
‘Resp.. Index Res;L Index Resp. Index
9 800 9 833 ’ 6 833
g - 800 ., 7 700 7 918
6 650 6 650 4 675
5 700 7 614 4 425
10 660 10 620 7 586
11 573 9 700 7 729
13 815 9 800 10 880
10 790 10 850 9 7156
9 756 6 633 6 467
8 g;g 9 800 5- 740
7 an : 8e1 p 150
: 90 9 900 .6 783
12 0 10 900 7 914
9 833 13 954 4 750
- - 6 850 - -
6 483 7. 286 4 675
- - 5 769 = -
10 850 9 €33 - 6 800
1 649 10 580 7 S14
.10 610 10 = 580 8 538
12 650 8 625 7 414
10 760 - 11 727 " -8 688
12 700 - 9 600 8 538
10 820 10 640 8 650
7 486 9 356 6 350
7 486 10 420 S 220
6 550 9 567 6 483
9 5

600 1 473 220



TABLE 22 .

Opinion of Government Sponsorship Levels

Basic Research
Applied Research
Process Engineering
Pilot Plant
Demonstration Plant

Basic Research
Applied Research
Process Engineering
Pilot Plant
Demonstration Plant

For 192 Firms Responding

13

12
18
1
16

Percent Responding

TL

31
33
31
35
28

Percent Responding

Private Sector

AE

36
39
28
34
36

Public Sector

AE

38
30
34
35
39

NO = No Opinion, TL = Too Little, AE = About Enough, TM = Too Much

s |2

23
15
21
21



 APPENDIX E

List of Companies Contacted in

Year II Mail Survey*

*Because of subsidiaries who responded, there are 819 companiés'
instead of 814. (Last five company names on list.)

263



LIST
A-T-0

OF CORPORATIONS

ABBOTT LABORATORIES

ACF INDUSTRIES
ACME-CLEVELAND
ADDRESSOGRAPH-MULTIGRAPH

ADVANCED
AERONCA,

MTICRO DEVICES
INCORPORATED

AFFILIATED PUBLICATIONS
ATR PRODUCTS ¢ CHEMICALS

AIRCO
ARZONA

ALADDIN INDUSTRIES
ALBANY INTERNATIONAL
ALBERTO-CULVER

ALLEGHENY LUDLUM INDOUST..
ALLEN BRADLEY COMPANY

ALL ERGAN

PHARMACEUTICALS

ALLYED CHEMICAL
ALL IS-CHALMERS

" ALTEC

ALUNINUN
AMAX

CD. OF AMERICA

"AMBAC INDUSTRIES

AMDAHL
AM ERACE

AMERADA HESS

AMERICAN
AMERIC AN
AMERIC AN
AMERICAN
AMERICAN
AMERICAN
AMERICAN
AMERIC AN
ANERICAN
AMERICAN
ANERICAN
AMERICAN
AMERIC AN
ANERICAN
AMERIC AN
AMERICAN
AMERICAN
AMERIC AN
AMERIC AN
AMERIC AN
AMERON
AMETEK
AMF
AMFAC

AIR FILTER
AIRLINES

BRANDS

CAN COMPANY
CRYSTAL SUGAR
CYANAMID
DISTILLING
DISTRICT TELEGRAPH
ELECTRIC POWER CO.
HOIST + DERRICK
HOME PRODUCTS
HOSPITAL SUPPLY

¥ AIZE-PRODUCTS
MANUFACTURING

M ICROSYSTEHNS
MOTORS

SAFETY EQUIPMENT
SEATING

STANDARD
STERILIZER

AMP .
AMPCO-PITTSBURGH
AMPEX

AMSTAR

AMSTED INDUSTRIES
AMWAY CCRPOFRATION
ANALOG DEVICES
ANCHCR HOCKING
ANDERSON, CLAYTON
ANKEN INDUSTRIES
ANSUL

APPLIED DEVICES

APPLIED DIGITAL DATA SYSTEHNS
" APPLIED MAGNETICS

ARMCO STEEL

ABMSTRONG CORK

ARNSTRONG RUBBER -
ARO :

ASARCO

ASHLAND OIL

ASPRO ,

ATHLONE INDUSTRIES
ATLANTA GAS LIGHT COMPANY
ATLANTIC RICHFIELD
AUTOMATIC DATA PROCESSING

AUTCMATIC RALIO MANUPACTURING

AUTOMATION INDUSTRIES
AVCO CORPORATION
AVERY INTERNATIONAL
AVON PRODUCTS

AVX

AYDIN

AZL RESOURCES "
BABCOCK AND WILCOX
BADGER METER

BAKER INTERNATIONAL
BALL

BALLY MANUFACTURING
BANDAG

BANGOR PUNTA

BARD, C. R.

BARKY WRIGHT

BASIC

BAUSCH AND LOMB
BAXTER TRAVENOL LABS
BAYLY

- BEATRICE FOODS

BECKMAN INSTRUMENTS
BECTON,DICKINSON
BEECH AIRCRAFT



BEKER INDUSTRIES
BELCO PETROLEUNM
BELDEN

BELL AND HOWELL

BELL TELEPHONE LABORATORIES
BELOIT CORPORATION
BEMIS

BENDIX

BER TEA

BETHLEHEM STEEL

BETZ LARORATORIES
BIRD AND SON

BLACK AND DECKER
BLAIR, JOHN

BLANDIN PAPER COMPANY
BLOCK DRUG

BLUE CHIP STAMPS
ELUEBIRD

BOEING

BOISE CASCADE

BORDEN

BORG-¥ ARNER

BRAUN ENGINEERING
BRAUN (C.F.) + COMPANY
BRIGGS AND STBATTON
BRISTOL-MYERS

BROWN + SHARP MANUPACTURING:
BRUNSW ICK

BRUSR WELLMAN
EUCYRUS-ERIE

BUDD

BULOVA WATCH

BUNDY

BEUNKER RAMO
BURLINGTON INDUSTRIES
BURNDY

BURROUGHS .
BUTLER MANUFACTURING
CABOT

"CALIFORNIA COMPUTER PRODUCTS
CAMCO

CAMERON IRON WORKS
CAMPBELL SOUP

CARNAT ION

CARPENTER TECHNOLOGY
CARRIER
CARTER-WALLACE
CATERPILLAR TRACTOR

' CBS

CELANESE

CENTRAL AND SOUTH WEST CORP.
CENTRAL HUDSON GAS AND ELECT.
CENTRAL SOYA

CENTRONICS DATA COMPUTER
CESSNA AIRCRAFT

CETEC

CHAMPION SPARK PLUG
CHEMINEER

CHESAPEAKF CORP. OF VIRGINIA
CHESSEBROUGH-POND'S

CHESSIE SYSTEM INC.

CHICAGO BRIDGE + IRON
CHICAGO PNEUMATIC TOOL
CHROMALLOY AMERICAN
CHRYSLER

CHURCH ¢ DWIGHT

CINCINNATI MILACRON

CITIES SERVICE

CLARK EQUIPMENT

CLAUSING -
CLEVELAND ELECT. ILLUMINATING
CLOROX

CMIY

COASTAL STATES GAS CORP.
COCA-COLA

COLECO INDUSTRIES

COLENMAN .

COLGATE-PALMOLIVE

COLLINS + AIKMAN

COLT INDUSTRIES

COLUMBIA GAS SYSTEM INC.
COMBUSTION ENGINEERING
COMBUSTION EQUIPMENT ASSOC.
CCMMONWEALTE EDISON COMPANY
COMMUNICATIONS SATELLITE CORP.
COMPUGRAPHIC

COMPUTER SCIENCES

CON AGR2A

CONDEC

CONGOLEUM

CONRAC

CONROY

CONSOLITCATEL EDISCN COMPANY
CONSOLIDATEL FOODS
CONSOLIDATEL FREIGHTWAYS INC.
CONSOLITDATED PAPERS
CONSUMERS PCWER COMPANY
CONTINENTAL GROUP
CONTINENTAL OIL

CONTROL DATA

\



COOK PAINT ¢ VARNISH
COOPER INDOSTRIES ‘
COOPER LAFORATORIES
COOPER TIRE + RUBBER
COORS (ADOLPH)
COPELAND

CORNING GLASS WORKS
C0SCO, INCORPORATED
CPC INTERNATIONAL
CRANE

CROMPTON + KNOWLES
CROUSE-HINDS

CROWN CENTRAL PETROLEUN
CROWN ZELLERBACH
CRUTCHER RESOURCES
"CTS

CULLIGAN INTERNATIONAL
CUMMING BNGINE
.CORTISS-HRIGHT
CUTLER-HAMMER

CYPRTS MINES

DAIRYLEA COOPERATIVE
DAMON ‘

DANA

DART INDUSTRIES

DATA .GENERAL

DATAPOINT

DATAPRODUCTS "
DAY CO

DE KALB AG RESEARCH
LEEFRE

DEL MONTE .

DELTA AIR LINES INC.
DENNISON MANUFACTURING
DENTSPLY INTERNATIONAL
DESOTN

DETROIT EDISON COMPANY
DEXTER

DIAMOND SHAMROCK
DIBRELL BROTHERS

DICK (A. B.)
DICTAPHONE

DIEBOLT

DIGITAL EQUIPMENT
DIVERS EY

DONALDSON

COVER .=

DOW CHEMICAL

DRAVO CORPORATION
DRESSER INDUSTRIES

DO PONT (E.I.) DE NEMOURS
DURO-TEST

DYMO INDUSTRIES .
DYNAMICS COEP. OF AMERICA
EG + G

E-SYSTEMS

EAGLE-PICHER INDUSTRIES
EASTERN AIR LINES INC.
EASTERN GAS AND FUEL ASS.
EASTMAN KODAK

EATON

ECHLIN HANUFACTURING
ECONOMICS LABORATORY

EDO

E1L PASO COMPANY

ELECTRO AUDIC DYNAMICS :
ELECTRONIC ASSOCIATES
ELECTRONIC MEMORIES+MAGNETICS
ELECTRONICS .CORP. OF AMERICA
ELTRA ,
EMERSQON ELECTRIC

EMEFY INDUSTRIES

EMHART

ENGLEHARD MINERALS + CHEMICALS
ENVIROTECH

ESB INCORPORATED

ESMARK

ESSEX CHEMICAL

ESTERLINE

ETHYL

EVANS PRODUCTS

EX-CELL-O

EXECUTIVE INDUSTRIES'
EXECUTONE

EXXON X

FAIRCHILD CAMERA
FAIRCHILD INDUSTRIES
FPALCON SEABOARD

FEDDERS

FEDERAL SIGNAL
FEDERAL-MOGUL

FERRO

FIELDCREST MILLS
FILMWAYS .

FIRESTONE TIRE AND RUBBER
FISCEBACH AND MOORE
FISCHER + PCRTER

FISCHER SCIENTIFIC
FLEETWOOD ENTERPRISES
FLORICA POWER CORPORATION




FLUKE (JOHN) MANUFACTURING
FLUCR CORP.

FMC .

" FORD MOTOR COMPANY
POREMOST-MC KESSON
FOSTER WHEELER
FOXBORO

FRUEHA UF

FULLER (H. B.)

GA?

GARDNER-DENVER -
GATES RUBBER COMANY
GCA |
GENERAL AUTOMATION
GENERAL CABLE
GENERAL DYNAMICS
GENERAL ELECTRIC
GENERAL FOODS

GENERAL HOUSEWARES CQRPORATION

GENERAL INSTURMENT
-GENERAL MILLS
GENERAL MOTORS
GENERAL REFPACTORIES
GENERAL SIGNAL

GENERAL TELEPHONE+ELECTRONICS

GENERAL TIRE AND RUBBER
GERBER PRODUCTS

GETTY OIL

GIDDINGS + LEWIS
GILLETTE

GLA TPELTER (P. H.)
GLEASON WORKS P
GLOBE- UNION

GOODRICH (B. F.)
GOODYEAR TIRE AND RUBBER
GOULD

GOULDS PUMPS :
,GRACE (W. R.) -
GREAT LAKES CHEMICAL
GREEN GIANT

GREIF BROTHERS

GREYHOUND

GRO¥W CHEMICAL

GRUMMAN.

GUARDSMAN CHENICALS :
GULF + WESTERN INDUSTRIES
GULF OIL

GULF RESOURCES + CHEMICAL"

HALLIB URTON
HAMMERMILL PAPER

HARNISCHFEGER -

HARRIS

HARSCO

HAZELTINE

HEINZ (H. J.)

HELENE CURTIS INDUSTRIES
HERCULES

HERSHEY FOODS

HESSTON

HEWLETT-PACKARD

HIGH VOLTAGE ENGINEERING
HILLENBRANLC INDUSTRIES
HOBART

HOLLY SUGAR

HONEYWELL

HOOVER

HORMELL (G. A.)
HOUDAYLLE INDUSTRIES
HCUSTON OIL + MINERALS
HUDSON PULP + PAPER
HUGHES AIRCRAFT CCMPANY
HUGHES TOOL

HUNT (PHILLIP A.) CHEMICALS

- HUYCK

HYCEL

- IBM CORP.

IC INDUSTRIES

ICN PHARMACEUTICALS
IDEAL BASIC INDUSTRIES
TLLINOIS TOOL WORKS

INGERSOLL-RAND

INLAND STEEL
INMONT

INSTRON

INT. FLAVORS + FRAGRANCES
INT. HARVESTER
INT. MULTIFCODS

INT. PAPER

INT. RECTIFIER

INT. TEL. AND TEL.
INTERPACE

INTERSIL

INTERTHERM, INC.
IONICS - :
IOWA BEEF PROCESSORS
IRVIN INDUSTRIES

ITEK \

IU INTERNATICNAL
JORNS-MANVILLE
JOHNSON AND JOHNSON -



JOHNSON CONTROLS

JCHNSON PRODUCTS

JOHNSON (S. C.) ¢ SONS, INC.
JOSLYN MPG. ¢ SUPPLY
JOSTENS

JOY MANUFACTURING

KAISER ALUMINUM+CHEMICAL
KAMAN

KANEB SERVICES

KEARNEY + TRECKER
KBLLOGG

KENNAM FTAL

KENNECOTT COPPER
KERR-MC. GEE

KEWANEE INDUSTRIES

KIDDE (WALTER)
KIMBERLY-CLARK

KING RADIO

KING-SEELEY THERMOS

KOCH INDUSTRIES, INC.
KOEHRING

KOHLER

KOLLMORGEN

KOPPERS

KRAPT

KROEHLER MANUFACTURING .
LA MAUR '

LAWTER CHEMICALS

LEAR SIEGLER

LEEDS + NORTHRUD

LEESONA

LEVER BROTHERS

LFE

LIBBY-OWENS-FORD

LIGGETT GROUP

LIGHTOLIER

LIQUID AIR CORP. OF N. AMERICA
LILLY (ELI)

LITTON INDUSTRIES
LOCKHEED

LODGE + SHIPLEY

LORAL

LORD CORPORATION

LTV

LUBRIZOL

LYKES CORP.

LYNCH CCMMUNICATIONS SYSTEMNS
M A COM

MAGIC CHEF

MALLINCKRODT

MALLORY (P.R.)
MANAGEMENT ASSISTANCE
MANSFIELD TIRE + RUBBER
MAPCO S

MARATHON INDUSTRIES
MARATHON OIL

MAREMONT ,

MARION LABOFATORIES

MARK CONTROLS.

MARLEY

MARQUARDT CORP.

MARTIN MARIETTA

MARTIN PROCESSING
MARYLAND CUP

MASCO

MASONITE

MATTEL

MAYTAG

MC CORMICK

MC DERMOTT, J. RAY AND CoO.
MC DONNELL DOUGLAS

MC GRAW-EDISON

MC GRAW-HILL

MC NEIL

MEAD

MEASUREX

MECHANICAL TECHNOLOGY INC.
MEDTRONIC

MEDUSA

MEGO INTERNATIONAIL

MEI

MENMOREX

MERCK

MESA PETROLEUN

MICHAIGAN GENFRAL

MIDDLE SOUTH UTILITIES INC.
MIDLAND-ROSS

MILES LABORATORIES
MILLIKEN + COMPANY
MILTON BRADLEY

MILTCN FOY

MINE SAFETY APPLIANCES
MINNESOTA MINING+MANUFACT
MOBIL

MOHASCO ,

MOHAWK DATA SCIENCES

MOH AWK RUEBER

MONOGRAM INDUSTRIES
MCNSANTC

MOOG



MOORE-MC

MORKISCON~-

CORMACK RESOURCES,INC
KNUDSEN COMPANY, IKXC.

MORSE ELECTRO PRODUCTS CORP.
MORTON-NORWICH PRODUCTS -

MOSTEK
MOTOROLA

MTD PRODUCTS, INC.
MURRAY OHIO MANUFACTURING

NABISCO

NALCO CHEMICAL
NARCO SCIENTIFIC INDUSTRIES

NASHUA
-NATIONAL
RATIONAL
NATTONAL
FRATIONAL
NAT IONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
RATION AL
NATIONAL
NCR

ATRLINES INC.

Css
DIST. + CHEMICAL
FUEL GAS COMPANY
GYPSUM

MINE SERVICE
PATENT DEVELOPMENT
PRESTO INDUSTRIES
SEMICONDUCTOR
STANDARD
STARCH+CHEMICAL
STEEL

NEPTUNE INTERNATIONAL
NEW ENGLAND ELECTRIC SYSTEM
NEW ENGLAND NUCLEAR

NEW ENTERPRISE STONE AND LIME
NEWMONT MINING ‘

N¥L INDUSTRIES

NOLEX

NORFOLK 4+ WESTERN RAILWAY CO.
NORLIN INDUSTRIES

NORRIS INDUSTRIES

NORTH AMERICAN PHILIPS

NORTHERN
NORTHROP

NATURAL GAS COMPANY

NORTHWEST INDUSTRIES

NORTOWN

NORTON STIMON

NOXELL
NOCOR
RVF

OAK INDUSTRIES

OAKITE

OCCIDENTAL PETROLEUM
OHIO BRASS

CLIN

CLINKRAFT

OMARK INDUSTRIES

OSCAR MAYER

OSHKOSH TRUCK CORPORATION
OUTBOARL MARINE

~OWENS-CORNING FIBERGLASS

OWENS-ILLINCIS
O'BRIEN CORPORATION

P + F INDUSTRIES

PACIFIC GAS+ELECTRIC COMPANY
PACIFIC LIGHTING CORP.
PALL

PANTASOTE

PARGAS INC.

PARKER BRROTHERS. AND CO.
PARKER EEN ' )
PARKER-HANNIFIN

PEABGDY INTERNATIONAL
PENNWALT

PENNZOIL

PEOPLES GAS COMPANY
PERKIN-ELMER

PERTEC COMPUTER

PET

PETROLANE INC.

PETROLITE

PFIZER

PHELPS DODGE

PHILIP MORRIS

" PHILLIPS PETROLEUNM

PILLSBURY
PITNEY-BOWES
PITTSTCN COMPANY
PITTWAY

PLANT INDUSTRIES
PLATRONICS

PLAYBCY ENTERPRISES
PLYNOUTH BUEBER
POLAROIL
POLYCHROME

PORTEC

PORTLAND GENERAL ELECTRIC Co.

"PPG INDOSTRIES

PQ (PHILADELPHIA QUARTZ)
PRATT + LAMBERT

PREMIER INDUSTRIAL
PROCTER + GAMBLE

PRODUCTS RES. ¢ CHEMICALS

"PULLMAN

PUREX
PURITAN-EENNETT



QUAKER OATS
QUESTOR

RALSTON PURINA

RANCO

RANSBURG
BAYBESTOS-MANHATTAN
RAYCHEM '

RAYMOND INDUSTRIES

RAY MOND INTERNATIONAL, INC.
RAYTHEON

RCA

REECE

REEVES BROTHERS
REICHHOL D CHEMICALS
RELIANCE BLRCTRIC
RELIANCE UNIVERSAL
REPUBLIC STEEL
RESEARCH-COTTRELL
RESEARCH, INC.

BREVERE COPPER # BRASS
REVLON -

REX HAM

REXNORD

REYNOLDS METALS
REYNOLDS(R.J.) INDUSTRIES
RICHARDSON
RICHARDSON-MERRELL
RILEY

ROADWAY EXPRESS INC.
BOBERTSHAW CONTROLS
BEOBERTSON, H. H.
ROBINS, A. H.

ROCKAWAY

ROCKWELL INTERNATIONAL
"ROGERS '

BOHM + HASS

ROHR INDUSTRIES

BONSON

RORER GROUP

RTE ’

RUBBERMAID

RUSS TOGS

KYDER SYSTEM INC.
SANDERS ASSOCIATES
SANTE FE INTERNATIONAL CORP.
SAVIN BUSINESS MACHINES
SCHERING-PLOUGH

SCHLITZ (JOS.) BREWING
SCHLUMBERGER LTD.
SCIENTIFIC-ATLANTA

SCH ’ )

.SCOTT ¢ FETZER

SCOTT PAPER
SCOVILL MANUFACTURING

SEABOARL COAST LINE INDUSTRIES

SEALED POWER

SEARLE (G.TC.)

SEDCO, INCORPORATED
SELAS CORP. OF AMERICA
SHELL OIL

SHELLER-GLCEE
SHERWIN-WILLIANS

SIGNAL COMPANIES

SIGNODE

STMNMONDS FRECISION PRODUCTS
SINGER

SKIL

SMITH IRTERNATIONAL
SHITH (A.O.)

SMITHRLINE

SNAP-QN TOOLS

SORG PAPER

SOUTHERN COMPANY
SOUTHERN PACIFIC COMPANY
SCUTHERN UNION CO. INC.
SOUTHLAND PAPER MILLS INC.
SOUTHWIRE CO. INC.
SPERRY RAND

" SPINGS MILLS

SPS TECHNOLCGIES

SQUARE T

SQUIBB \

ST. JOE MINERALS

ST. BEGIS PAPER

STALEY (A. E.) MANUFACTURING
STANADYNE

STANDARI BRANDS

STANDARD OIL OF CALIF.
STANDARD OIL (IND.)
STANDARD OIL (OHIQ)
STANDARD PRODUCTS
STANDARD REGISTER '
STANLEY WORKS

STABRETT {(L.S.)

STAUFFER CHEMICAL

STEPAN CHEMICAL ‘
STERLING LRUG

STEVENS (J.P.)
STEWART-WARNER .
STORAGE TECHNOLOGY



STUDEBAKER-WORTHINGTON TWIN DISC

SUBURBAN PROPANE GAS CORP, TYLER -
SON TYMSHARE
SUN CHEMICAL TYSCN FCCES
SUN ELECTRIC UAL INC. .
SUNBFAM ' UMC INDUSTRIES

* SUNDSTRAND UNION CAMP
SUPERIOR OTL UNION CAREILE
SUSQUEHANNA - UNION OIL OF CALIFORNIA
SYBRON _ ‘ : , UNION PACIFIC CORP.
SYCOR INCORPORATED R UNIROYAL
SYSTEMS ENGINEERING LABS ' UNITED NUCLEAR
SYSTRON~-DONNER UNITED STATES FILTER
TAFT BROADCASTING UNITED STATES GYPSUM
TALLY INDUSTRIES UNITED STATES STEEL
TAPPAN ' URITED TECHNOLOGIES
TECHNICARE UNITED TELECOMMUNICATIONS INC.
TECHNICON . UNITRODE
TECUMSEH PRODUCTS UNIVAR
TERTRONIX : UNIVERSAL FQODS
TEL EDYNE UPJOHN
TELEX , UV INDUSTRIES
TENNECO . VARIAN ASSOCIATES
TETRA TECH ‘ VARO
TEXACO VEECO INSTRUMENTS
TEXAS INSTRUMENTS - - VERMONT AMERICAN
TEXASGULF VERNITRON
TEXTRON VF !
TFI COMPANIES VIRGINIA CHEMICALS
THERMO ELECTRON VIRGINIAR ELECTRIC AND POWER CO
THIOKOL ) VST .
THOMAS + BETTS : VULCAN- MATEFIALS
THOMAS INDUSTRIES WALLACE MURRAY
TIGER INTERNATIONAL WALTER (JIM) ,
TIMES MIRROR ' WANG LAECRATORIES
TIMKEN WARD FOODS
TOKHEINM WARNER + SWASEY
TOLEDO EDISON COMPANY WARNER-LAMBERT"
TONKA _ HATKINS~-JGHNSON COMPANY
TOPPS CHEWING GUM WEST POINT-PEPPERELL
TORIN ) WESTERN ELECTRIC
TOSCO WESTERN UNIGN CORP.
TRACOR - WESTINGHQUSE ELECTRIC .,
TRANE WESTMORELAND COAL
TRANS WORLD AIRLINES . WESTVACO
TREMCO ' WNEYERHAEUSER
TRIANGLE TNDUSTRIES WHEELABEATOE~-FRYE
TRINITY INDUSTRIES WHIRLPOOL
TRW . WHITAKER CAELE

TULTEX . FHITE CQNSOIIDATED IND.




WHITE MOTOR
WHITEHALL

WHITTAKER

WILKINS-ROGERS, INC.
WILLAMETTE INDUSTRIES
WINNEBAGO INDUSTRIES

WITCO CHEMICAL

WIX

WOM ETCD

WORCHESTER CONTROLS

WRIGLEY (WH.).JR.

WURLITZER

XEROX

ZENITH RADIO .

THE CARBORUNDUM COMPANY
INTEXT, INCORPCRATED

LAKE SHORE INCORPORATED

MC CORD CORPORATION ,
YOUGHIOGHENY AND OHIO COAL €oO.
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