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ABSTRACT 

The purpose 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. co~peration between government and business in 

the development and commerc~alization of new and improved 

energy tethnol~g-ies. ·The stu-dy_ gathered information on the 

amount of energy- related research and development (R & D) 

private companies a.re doing, the types of energy-related R & D 

they report, and their perceptions about appropriate areas for 

government support. 

To obtain this information, the Industrial Research Institute 

Research Corporation. (IRI/RC), .in conjunction with Rensselaer 

Polytechnic Institute (RPI), used mail questionnaires and 
·f 

personal intervie~s to gather data over a two year period. 

Data collected in. Year I (October 1977 - May 19'78) were 

submitted to DOE in a self-contained repor.t 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 

*"A Study of Energy R and. D .in the Private Secto.r: Phase Two", 
Indust-rial . Res ea.rch Institute. Research Corporation, 7 80 0 
Bonhomme Avenue,· St. Louis,· Missouri 6'310 5, September 197'8. 
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companies account .. for a substantial amount of the nation's R & 

D. Three~hundred and fifty-one (351) companies returned 

questionnaires. 

The inte.rviews. gathered information f-rom top--level executives 

on overall corporate energystrategies and on specific 

energy-related R & D plans and projects. In addition, the 

executives described their perceptions of th~· role government 

plays i~ facilitating and/or inhibiting the commercializRtinn 

of new technologies.and.identified areas of gover~ment support 

that would be helpful to their respective companies. 

Eighty-seven 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 

pa.t L.icipants •. 

MaJor Findings· ·o·f 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 Ye~r I respondents who. did not respond 
~gain in Y~ar· II. is ··added to this fi¥ure, the reported amount 
of 1976 expenditures·becomes ·$1.13 bJ.lli.on. In the main re­
port,· -expen.di tures are reported for 10 2 technology areas. 
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(budgeted 1978). Based on th.is 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%. 

- Extrapolation ·of the results of this survey indicate 

that for the thre·e year period, privately~:funded Energy 

R & 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 

significantly exceed the inflation rate during the 

period. 

Of the ten technology areas receiving the most Energy 

R & D corporate funding, six are associated with 

conservation. (Chemical and Refining Processes, 

Improved Energy Saving Processes, Electric: 

Transmission and Distribution, Electric:. Environmental 

and Pollution Abatement, New Energy Saving Processes, 

and Aircraft Engine and Airfr~me) 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 

Techriiques,.Batteries, and Oil Drilling and Production 

Techniques.) 
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When asked to c·omment .on the degree of importance of 
/ 

various technology areas for receipt of DOE support, 

all aspects associated with nuclear R & D and coal 

. gasification and liquefaction received very high 

ratings by a majority of respondents. 

MAJOR 'INTERVIEW FINDINGS 

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~hat price controls, allocations, and 

mandated conversiol)s. be. lifted to establish free market 

conditions which they believe a!e essential to solving our 
.. 

. national energy problems. A comprehensive energy plan would 

also include programs for each energy source or technology 

including development goals. 

Concern fo·r an: uninterrUpt·e·d ·st1ppTy o·f ene·rg · has ·m:o·tivat·ed 
· rna·ny compan1es ·to· assure ·the·1r· own ·s·ou:r·ces· ·o·t ·supply. . 

In the interest of assuring an uninterrupted supply of energy, 

consumer product companies have undertaken conservation efforts 

and developed various capabilities .for producj.ng in-house 

sources· of energy. Companies who produce. energy primarily for 
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sale have also shown an interest in conservation and have 

undertaken exploratory projects to uncover more energy 

resources. These efforts, which primarily can bring only near 

and mid-term results, are an attempt to reduce corporate ' 

dependence on uncertain outside energy sources. These 

uncertainties are caused both by the. political' vagaries of 

foreign governments and by our own government's shifts in 

pricing, allocations~ and conversion regulations. 

Industry reports that the obvious conservation improvements 

have been made. Fur-ther _prog~ess 'will require greater and 
<• I', ' I 

'greater capital expenditure and correspondingly high risk. 

Future coriservation pr~jects will be evaluated in relation to 

other projects on the basis of their potential retur~ on 

investment. 

The·vast majority ·of companies recommend the development 
of nuclear ·and coal t·e·cfinoTogJ.es ·to J.Iicrease·. our nat·J.o·nal . 

. product1o'n of ·ete·c·t·rtcJ.ty. 
·.,..! ,: ... .... : 

• • ~ ' • • • •• • • . 1'.. .:t ' 

This opinion was expressed in both the mail questionnaires and 
.. 

~ers0nal interviews. -By support~ng and expanding nuclear power 
j 

and coal combustion for ·stationary equipment, more petroleum 

fuels will be available-for essential portable equip~ent and 

chemical feedstocks .. The development of-an el~ctric/hybrid 
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automobile and liquid synthe'tic fuels ·can further ease the 

burden on diminishing petroleum supplies. 

There· ·is· ·g·e'n'er·<:d consensus tha.t gove·rnment' sho·u:rd su:F·p·ort 
· .has·1c rese·arch in u:niversitie·s·, g·over·n·ment labo·rat·crrl:e·s, 
· ·ana 'in J.ndt1str'ia1 R &· D ·s·ettin·gs· • ·and ·that Tt' ·should ·n·ot 
· become 'involved. in· c·o·mmer·cta1iza·tion· when· tn'dus·trt ·has·. ·the 

capac1ty to do· so. 

Most .companies agree that government support may be necessary 

for long-range technologies or where costs and risks are 

extremely h~gh, for example in the development'of nuclear 

pbwer, oil resourc~s, or rail transportation. However, a major 

opinion is that government can do more to. stimulate industrial 

R .& D by reducing the number of its regulations and by 

providing tax breaks and other incentives. 

· Alt'hough in·dus·try · ·lace·s emphasis ·o·n the ·importan·c·e o·f ·nuc'le·ar 
and ·c·oal t·e·chn·otogles, it acknowledge·s· :tliat all ·ro·r·ms· ·of 

When trying to stimulate the development of technology in 

renewable resources, e .. g. in solar energy, industry recommends 

that DOE support basic research rath.er than attempt to 

commercialize an immature technology. 
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PROJECT GOALS AND OBJECTIVES 

The purpose of this study is to supply the Department of Energy 

(DOE) with information pertinent .to tlie formulation of 

realistic.riational energy research policies and to facilitate 
. 

cooper'ation betw.e·en government .and business in the de.velopment 

and commercialization 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 en·ergy-related R & D they report~ and their 

perceptions a~out appropriate areas for. government support. 

To obtain this informati~n, the Industrlal 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. The 

mail questio:p.naires obtaineddata on the amo~nt of corporate 

R & D funding in specific energy~related t·echnology areas. The 

interviews gathered information from top-level .executiv~s 

overall corporate energy strategies, major commerical 

activities, and specific R & D plans and p·roJects in four major 

energy areas: 

Conservation t:. f 

Supply 

Energ)' Production.'and Transmission 

New Products 

In addition·, each CC?mpany was asked to provide specific 
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info:rmati.on on th.e policies and/or actions .of fift.een 

·. government age.ricies· ·that have ·facili tate·d or inhibited· 

energy-related pursuits, as well as the degree of importance of 

each agency relating to th~ energ~ strategy of the company, and 

on its. R & D programs in particular. Finally, the respondents 

were asked to indicate.the degree of importance to their 

company for DOE support-in thirteen specific areas of energy 

technology and were given an opportunity 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 1977-May 1978) were submitted 

to DOE in a self-contained report in September 1978.* The 

results presented below will focus on Year II findings (Octob~r 

1978-May 1979). However, data on 1976 expenditures collected 

in Year I are incorporated into Year II findings-

The Year II component of this study differed prjmarily in 

magnitude: mail questionnaires were sent to 28l·~ompanies 1n 

Year I and to 814 companies in Year II; interviews weTe 

conducted with 47 companies in Year I and with 95 companies in 

Year II (8 of the latter via telep~one). 

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 

Year I companies surveyed were IRI companies, many of whose 
-- - - -·-·- -·-·- -·-·- - -·-·-·-·-·- -
* "A Study of Energy R and D in the Private Sector: Phase. 
Two" Indus tr.ial Research Institute Research Corp or at ion, 
7 800 Bonhomme Ave. , St.·. Louis.-· Missouri 63105, Sept. 197'8. 

2 



R & D managers were personally known to project staff. Thus, 
/ 

the project's access to Year I companies was'somewhat greater 

than to Year II companies. 

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

sample, the format for the questionnaire and interview guide 

were somewhat modified based on Year I experiences. Among 

other things, these modifications allowed for greater detail of 

response. 

Finally, it should be noted that the term R D & E (research, 

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 an.d briefly 

discussed in supplemental instructions· accompanying all 

questionnaires. Th.e use of these slightly different terms is 

not felt to have caused definitional difficulties. 

Copies of the mail questionnaire, interview guide, and 

supplemental instructions for Years I and II are p.rovided in 

Appendix A. 

In this and all preceding reports and communications, all 

information, quantitative and qualitative, has been agg..regated 

in a manner sufficient to. maintain and vrotect the 

confidentiality of individual ques.tionnaire responden:ts and 

interview participartts. This dedication to ~onfideritiality is 

a stated condition of this contract. Every participant in the 

project, and every questionnaire and interview re~pondent has 
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been duly apprised. Positions, opinions, and perceptions in 

this report are based, to the best o£· the authors' abilities, 

upon the information provided by the corporate participants in 

·the mail survey and interviews and do not necessarily reflect 

the position of DOE. 

/' 
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'ANALYSTS OF :MAIL SURVEY 

. SAMPLE 'DESCRIPTION 

The Year II questionnaire was· mailed to 814 U.S. . . corporat1.ons. 

These in~luded: (1) all 624 companies listed in Business 

Week's* (BW) "Fourth Annual R & D Scoreboard;" (2) the domestic· 

membership of IRI, about 240 companies, most of which were 

included in the BW list;· (3) a 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 BW R & n· 

survey provided an excellent basis for the mail survey because 

the cumulative R & D performed by the listed companies 

represents the vast majority of the nation's R & D. 

Furthermore, it provided .the project team with an extensive 

source of information upon· which to base later extrapolations 

and comparisons. 

The table below indicates the.number of companies who 

responded and whether or not they supplied quantitative data. 

- -·-·-·-·-·-·-·-·-·-·- -·-·-·-·- -·-·-- . 

* Business Week, July 3, 1978. 
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Number ·.% 

Companies responding with quantitative 
data 271 33.3 

Companies responding hut indicating no 
Energy R & D . . 80 ~ 9.8 

·' 

Companies indicating they would not 
par.ticipate . 80 9.8 

Companies not responding 383 47.1 

TU'l'AL 814 100 

Approximately 43% CN=3Sl) of the 814 corporations returned 

questionnaires. This. response rate is sliglitly less than the 

50% response rate in Year I. As noted earlier in this report, 

over half the Year I ~ompany representatives.were.p~rsonally 

known by project staff, which probably increased company 

willingness to participate. Furthermore, many,.if not most, 

companies are understandably reluctant to participate in 

surveys. They ar~ beseiged with reqbests for information, 

which require considerable time and effort. 

Because the project staff anticipated these difficulties, an 

intensive effort· was made to elicit responses. The first 

mailing was by certified mail, return receipt requested. 

Virtually all receipts were received. Each packet contained a 

personalized cover letter, a copy of the questionnaire with 

supplementary instructions, a copy of the Year I summary· 

report, a postcard for recipients to return indica:ting i£ and 

·by when theiwould respond. The approximately 134 companies 

who were also in the interview sample were contacted by their 

6 



assigned interviewe.rs wh6 added their own personal letter of 

introduction and indicated there would be a follow-up telephone 

conversation to arra~ge a personal inte.rview. If companies did 

not return .the postcard, they received foLLow-up mailings at 
. . 
.. 

approximate.ly six week intervals, with the last mailing sent in 

late January 1979. Personalized reminders were mailed to firms 

who~e st~ted response date was overdue. 

In reviewing the Year II mail survey results, it is important 

to note that 23% of those companies returning questionnaires 

indicated that they performed no Energy R & D. It is also 

important to note that the major automobile manufacturers are 

seriously underrepresented. In both Years 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 responses 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 companies responding in Year 

II was approximately 823 million (1976),~ 945 million (1977), 

and $1.11 billion (budgeted 1978). 
- -- - -·-·-·-·-·-·-·-·- - - -·-·- ~·- -
* If data from 61- Year I i~spondents who did not respond 
again in Year II are added to the data from the 351 Year II 
::esponding companies, the reported amount ·for 1976 expend-
1tures becomes $1.13 billion. 
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FRONT PAGE SUMMARY FOR THE 351 
COMPANIES RESPONDING TO. THE YEAR II SURVEY 

·(dollars in milfio:ris) 

No. 1977 ·No. 

TOTAL 
CORPORATE SALES 44~1,548 332. 500,065 340 507,663 299 

TOTAL CORPORATE 
FUNDED RAND 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 

The following table. indicate.s the percent of Total 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 ar~ presented for all 35l.responding 

companies and for only those companies performing Energy R· &·D. 

R&D/Sales En·e1"St R&D/ro·t·ar Ran 
. 1976'""" !'977 1978 . 197 6 . !'9'17 l9i8---

All Companies 1. 8% 1. 7% 1. 9% 10.2% 11.2% 11.7% 

Energy R&D Performing 
Companie·s 1.6% 1.7% 1. 7% 15.5% 15.0% 15.5% 

These ratios have·been used to obtain estimates for the 

approximate total Energy R & D being privately funded in the 

nation. This is 'difficult inasmuch as no one really knows the 

total privately funded R ~ D performed. However, the R & D 
·- -- -·-- -·-·-·-·--- -·-·-·-·-·-·--** 1978 Figure~ are for budgeted expenditures. 
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listed in the BW annual surveys'probably represents about 90% 

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

In order to extrap~late to a wider population, one must assume 

that Energy R & D expenditures are in the ~arne proportions in 

both the responding and wider populations. Project staff 

calculated the ratio of Energy R & D to Total R & 'D of the Z63. 

BW companies who returned questionnaires. It was determined 

that the responding. BW companies were spending approximately 

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 

companies in the BW survey, except for the automobile 

industries. 

As mentioned earlier, some of the BW companies included 

automobile manufacturers who were seriously underrepresented in 

the response population. Since it is assumed that the 

automobile industry probably spends more on Energy R & D than 

the average spent by other BW companies, different, and 

presumably more ac_curate, .ratios were used to calculate their 

spending: the ratios used were those derived for all 

responding BW companies who claimed any ene!gy R & D spending: 

11.2% in 1977 and 11.7% in 1978. 

In addition, project staff added on the amount reported by the 

88 non-BW respondents. Thus, the estimates of Ene!gy R & D 

expenditurei for 1977 and 1978 which appear below are based on 

es.timate.d spending for 712 companies - 624 in the BW surveys 
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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 

th.e Year I report~- The extrapolated estimate below for 1976 
I 

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.timated ·rotal Nation·at Co rp·o·rat e "Ene!,g~ & D 

1976 $1.9 billion 

1977 $2.0 billion 

.. 19 78 (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 ·che three year period, 1976 through 

1978, the private expenditure on Energy R & D was of the order. 

of, and probably somewhat_ greater'than, $2 billion per year, 

and (2) over this period, while a positive trend in· spe.nding is 
I 

discernable, the rate of increase does not significantly exceed 

the inflation rate. 

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

expenditures we·re betw.een $2.0 and 2.3 billion. The slightly 
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lower Ye.ar II estimate. o·f $1.9 billion has been revised to take 

advantage of the 'larger sample size.·· The higher Year I 1976 

estimate also resulted from inclusion of one company's Total 

R & D figure in the Ene!gy R & D sum, because they had 

purported that .all their R & D wa.s eriergy-relate.d. Since this 

claim later proved to be exaggerated, the figure (a substari~ial 

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

It· is also important to note that the Year II estimates for 

1977 and 1978 may be somewhat underestimated. One contributing 

factor is that some Year I respondents f~iled to respond to th~ 

questionnaire in Year II.· Some of these corpor~tions were very 

large, R & D intensive, organizations. Furthermore, there were 

some indications· that in. Year I companies doing Energy R & D 

were more likely to rP.spond than companl.es d~ing no Energy 
• 

R & D. Year.II supplemental instructions pointed out that even 

information reporting that a company did no Energy R & D would 

be useful. Thus, Year II i£ a company did no Energy R & D, it 

.became easier to respond, while it was far more dif:ficul t and 

time-consuming for companies that did do· R & .D .to. respond. 
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In addition to total co'!porate spending on Energy R & D, the 

questionnaire sought information onspendi.J\g in 13 broad energy 
I 

cateiorie~. th~s~ appear below :in ordet of th~ corporate 

spending th~y were reported to have· received;. .. 

RANKING ENERGY CATEGORIES BY 1978 DOLLAR SPENDING R &"D 

(1) Oil 

·cz) Manufacturing/Procc~~ Changes 

(3) Electric Power Generation 

(4) Transportation 

(5) Nuclear 

· (6) Coal 

(7) Miscellaneous 

(8) Energy Storage 

(9) End Product Efficiency 

(10) Air Conditioning, Heat P·umps 
& Heat Recovery 

(11) Solar and Other Renewables 

(12) Gas 

(13) Industrial ComQustion & Steam 
Generation 

TOTAL FOR ALL CATEGORIES 

12 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

·$Mi1Tl:c>ns 

195.1 

166.3 

138.6 

99.7 

92.7 

68.0 

62.7 

45.1 

34.6 

34.3. 

. 32.4 

29.4 

16.9 

1 '0.1 s. 8 
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The Top re·n 'Techno'logy Are·as 

The thirte.en categories were further subdivided into 73 more 

specific techriology areas. Respondents were asked to indicat~ 

corporate spending for each ·area. Also, wi thi'h 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 total of 10 2 · technol()gy areas. Naturaliy, some 

. guessing had to be done and some arbitrariness introduced to 

or~anize the new entries, but the result is ·f~lt to be more 

informative about where the Energy R & D dollar is being spent 

than if the amounts _reported for these additional technologies 

were simply cumulated and exhibited under an "Other" label. 

The following table lists the ten technology areas with 

. greatest reported amounts for 1978, listed in order of 

decreasing magnitude. 

Total Energy No. of Re- Rank 
Techn·o'logy Area. R '&'· ·n ·· · ·s p·on·de·nt s . 1'977 

in Rank 
1978 

in 

(Millions) ---
(1) Chemical & Refining 

Processes 61.2 59 1 1 

(2) Improved Energy 
Saving Processes 48.5 110 4 4 

(3) Electric: Trans-
mission & Dis·tri-
but ion 48.1 20 2 5 

('0 Electric: Environ-
mental, Pollution 
Abatement 46.5 10 3 14 
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CSJ Geological Assess-· 
mertt 42 ..• 3 . 14 5 2 

(6) Batt.e.ries 3"8.6 16 6 r8 

C7J New Energy 
Proces·ses 

Saving 
. 36". 5 9'4" 7 T 

CB') .Aircraft Engine & 
Airframe 30.4 15 11 8 

(9) Oil Drilling & Pro-
duction T~~hniques 28.4 9 10: 12 

(10} Light Wate.r 
Reacto.r!i 26.0 7 9 15 

TOTAL 406.5 

Consistent with Year I findi~gs, this .table indic~tes an 

apparent priority on conservation technologies. Six of th.e top 

ten areas, viz. numbers 1,2,3,4,7 and 8, are associated with 

conservation. ·They represent 271 miliion dollars or 27% of the 

total itemized Energy R & D reported. The energy 

supply-oriented technologies that appear in the top teri, viz . 

. geological assessment techniques (5), batteries (6), and oil 

drilling and production techniques (9) are techniques that can 

be expected to bring results in near to mid-term 

commercialization ·efforts. These three represent 109 million 

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

Tables provided in Apperi~dix B present .information on corporate. 
\ 

spending ·in each of the 102· technology areas~· Table 1 

summarizes 1976, 1977 and 1978 reported spending in each ofthe 

102' technology areas in addition to spendi~g labeled "other" 

for responses that .res is te.d groupi~g. Tables 2, 3', and 4 group 
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the response inagni tude o.f spendi~g cate.gories, (viz., n~ amount 

reported, less th~n $100~000~ $100~000. to 1'500~000, etc.) for 

1976, 197'7 and 1978 respectively. , This may ·serve to indicate 

the size of individuai. projects. that companies- are working on, 

although 'this present.ation can do so only in a .. gross manner. 

Various analyses have been perfqrmed that. trovid·e information 

on comparative rates of Energy R & D spending among different 

kinds of industries. This information is presented in Appendix 

c. Tables 5 - 7 in Appendix C list the totals for R & D and 

Energy R & D as well as the ratios of R & D to s·ales and Energy 

R &' D to Total R & D £or 37 industry sectors for 1976,. 19TT and 

1978, respectively. .Data from sectors in wliich the n'umber. of 

responses .. were very small were deleted to preserve 

confidentiality. However, these data remain in the totals~ 

For more convenient comparison across years,. Table· 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.· Tables 5.- 8 report 

()n all companies, including those repqrting zero Energy R & D. 

However, a substantial number of the res.ponding companies 

report that they perform no Energy R & :P~ Other companies 

indicated (by che~king appropriate boxe~ in the inventory on 

the inside. of the questionnaire) that they were involved in 

Energy R & D, ~ut ~heri did not report Actual experiditures. 

Tables· 9· 12 in Apperid'ix c pre.s·en:t .the· -same kinds of 
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infoTmation shtiwri in Table~ S -·~, btit f~gure~ are ~resented 

only for those companies reporting Energy R & D expenditures. 

Since many of the 37 industrial sectors are represented by only 

a few companies, they were combined 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 and Energy R & D 

to Total R & D, for these 10 major groups are listed in Tables 

14 and 15 for all companic~, including tho~o reporting zero 

Energy R & D. Table 16 pre.sents 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 & Dare included here.) 

Examination of these figures indicates dramatic variation in 

the percentage of Energy R & D spending 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) 

1"9.76 . T977 · . 1978 

R&D/ ENERGY/ R&D/ ENERGY/ R&D/ ENERGY/ 
SECTOR "SALES: "TOTAL "R&.D SALES TOTAL "R&D "SALES "TOTAL 

High Technology 
· Companies· 6.7% 3.1% 6.4% 2.9% 6.8% 3.2% 

Chemicals 2.8% 9.0% 2.8% 7.0% ·2. 8% 8·. o% 

Coal, Oil & Gas .5% 51.6% • 5% 50.5% 59.:: • 0 54.3% 

Consumer·Goods 1. 5% 5.2% • 7.% 9.8% 89.:: • 0 10.7% 

General Machinery· 1.4% 28.5% 1.2% 32.5% 1.2% 33.3% 

Electrical Equipment 2.4% 21.1% 2.3% 23.9% 2.5% 23.0% 

Light Industry 2.8% 9.6% 2.8% 10.3% 2.8% 11.2% 

Miscellaneous Companies 1.0% 10.1% 2.0% 5.8% 2.0% 6 .·4% 

Electric Power • 7% 91.4% .7% 96.5% . 7% 97.4% 

Bldg. Mat'ls, .Metals 
· & Mining .9% 10.4% 99.:: • 0 13.5% 99.:: • 0 10.9% 

Totals 1. 6% 15.5% 1.7% 15.0% 1.7% 15.5% 

..J 

Ra·nk-orde·red ·List of Te·chnology Are·as Reconiiilended for DOE 
· "Supp·ort 

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. The following is the list of 

technology a;eas rated very important for receipt of DOE 

support by the companies reporting at least .some Energy R & D 

spending. 
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Ele·ct:r'ic ·po·wer ·Ge·:netati:on 

Gas Turbine Combined Cycle 

Fuel Cells 

Fluidized Beds 

Magnetohydrodynamic Generation 

· Tn:dus·t·r"ial ·co·mbus:tio·n· ·&· Ste·am ·Ge·n·e·r·ation 

Waste Material 

· "Ene·rgy Sto r"age 

Goal 

Batteries 

. Thermal Energy Storage 

Gasification 

Liquefaction 

Nuclear 

Liquid Metal Fast Breeder 

Waste Disposal 

Reprocessing 

Fusion 

Fuel Separation 

Fuel Production 

Light Water Reactors 

Ot~er 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 th.e area, came out 

13 



very st·rongly in favor of he·a·vy ·emphasis bi 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 to 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-di~cu~~ed 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 constructed 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. In 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 responding and doing R & D in the 
particular energy technology listed. 

In Tables 18, 19 and 20, the peicentages in th~ 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. 

Recommendations· for ·Government· Sponsorship ·of Energy ·R &· D 

' 
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 sponsorship in these types of 

energy-related research was incorporated into the Year II mail 

questionnaire. For the 192 responses to this question, the 

distribution of responses over these types of research 

categories was essentially 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 th:e Year II resp·onderits to this 

question. Table 22 in Appendix D presents more detailed 

info~mation on this que~tion. 
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"ANALYSIS ·oF· "INTERVIEWS· · 

DESCRIP.TION OF ·sAMPLE "AND "INTERVIEW "PROCEDURE 

Eighty-seven on-site and eight telephone interviews were 

completed in Year II. The following table inrli~~~es the kinds 

of companies interviewed: 

High Technology Companies 

Chemical Companies 

Coal, Oil and Gas Companies 

.Consumer Product Compa~ies 

Basic Industries 

Electric Companies 

Light Industries 

M.i.::;ct:l1aneous Companies 

TOTAL 

12 

8 

12 

8 

16 

8 

11 

12 

87 

For the most part, irit~rviews were cond~cted with top-level 
. . . 

corporate officers or executive~ in engineering R & D or 

planning' includir1g ~ •in. some instances' company presidents and 

. general managers. 

Each inte.rview was conducte.d by one of. ten IRI Emeritus Member 
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consultant's., seven who had conducte.d the. Year I interviews and 

three additional interviewers. These individuals were, 
. . 

themselves, ex~corp~rate executives and so were able to gain 

access to company representatives who otherwise might not have 

participated or wh6 might not have been as frank with other 

interviewers. 

The interviews were guided by a format which included the 

. general poirits 4escribed below but were otherwise 

non-directive. They were from one to five and one half hours in 

duration. A separate report was prepared and submitted for 

each 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 strategy and its R & D component. Another 

major objective was to determine the impact of the policies, 

programs, regulatory activity, and other actions of DOE ~nd 

other government agencies on corporate energy strategy and the 

. commercialization of new' energy technologies. Specific 

examples of how these actions have inhibited» facilitated, or 

otherwis·e a:ffected the commercialization process were sought. 

Finally, interviewees were asked to indicate the relative 

importance to their company of DOE support of various ene!gy 

techriology areas. Aggtegated interview responses for all thes~ 
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issues are presented in the remainder of this report. 

It should also be noted that all the int~rviews were conducted 

before the incident at Three Mile Island. Currectly. there is 

no way of knowing if or how that occurenc~ 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 reaction~ 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 

strate.gy_ and its. R & D component with respect to f.our 

categories: conservation, supply, energy production and 
. . 

transmission and new produc.ts. They were asked to describe 

their major concerns, plans, and projects in each area and to 

rate each category's importance on ove~all corporate energy 

strategy in the near, mid, and long~term. 

An analysis 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 ~urrent 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 

~onditions 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 
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uncertain outs:ide ene!gy 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 assuri~g an 

uninterrupted supply of energy, consumer product 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 expected return on investment. 

A discussion of the agiregated interview responses for all four 

categories appears below. 
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ENERGY CONSERVATION 

Conservation is a main ~le•etit of ~orp~~ate en~rgy_strategies 

Most companies consider 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. 

For other industries, whose products or processes are not 

energy intensive, conservation is simply considered good 

management pra~tice. 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 enginee~ing principles and 

technology. More sophisticated innovative process changes 

requiring major capital expenditures 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 outstanding 

examples of the results of energy 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 oil)* 

--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 fur~lgit.maJe trucks, we now. get 20 MPG versus tho 
foriner 10 MPG. 

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

--Result in energy ·conservation: from 259o-35% thermal 
efficiency in open cycle brought up to 70%-75% in the 
combined cycle. 

--Since 1975 an ~0% saving in natural gas use in our 
manufacturing process has been achieved 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 

on inv'e s tment . 

Although many conservation efforts have been successfully 

implemented, there is a widespread belief 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 

invP.s t.ment. The obvious thin2_s have been done. While· many 

were highly cost-beneficial some were done despite 

comparatively low return on investment because 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 not only be expected, .but it also must be 

predictable within the reasonably narrow range necessary for 

prudent, long-range business management. In the pre~ent 

climate of extreme instability of government actions and 

practices, however, 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 they may have very successful completed projects or very 

promising projects nearing completion. Some examples: 

--Most of the housekeeping conserva~ion measures. have 
already been completed. The remainder are extremely 
capital intensive. 
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--Our extensive energy conservation 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 
cc·m:r: ete with other projects. 

--We get very conflicting stories frorr. the government and 
fr6m industry 's to r~serves. 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 usin2 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. Ne~er ~~~s ate l~ss effi~ient 

· .. ~ue to_~_~yi r~n~entaCrecfu~·l~~me~!s. -----· -----

--The mining of leaner ore deposits will result in 
increased energy consumption. There are no obvious 
ar~as 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, (e~g. waste heat 

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

beneficial conservation measures available for immediate . 
application. Not many such companies were interviewed and 

consequently the validity of the concept is not possible to 

establish. These companies 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 by applying 

suitable economic incentives so that these energy efficient 

products could be proven and utilized throughout industry. 

Other compan.i.t:::; lnuicate 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, rion-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 c-itizenship" 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 pro~rams. 

Conservation efforts were often undertaken to ensu~~ 'the 
~vaiJability o'f an· ~Ii12_1~terrlip-t_ed supp~of energY.:_ 

Many energy intens1ve and non-intensive companies state that, 

at least iri part, their conservation strategies seek to reduce 

uncertainty of supply. In far.t) 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-on-investment 

may not be the most important investment decision criteria. 

Thus for many companies, uncertainty of supply 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 ba~is. 

--All of our product lines are highly competitive. The 
company cannot exist without ari adequate supply of 
energy at rea~onable cost. Continuity of supply is 
critical to all our operations. 

This concern for·an uninterrupted supply of energy was often 

central to the discussion of corporate energy strategies and is 

discus sed in greater detail in the next section on Supply. 
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• 

Companies complain that fe'deral agencies hamper their 

conservation e£forts by implementihg 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 £or chemical recovery from 
paper mills, preferably through a consortium,.· funding 
or other in~entives £or burning wood, and allowing free 
market pricing to be the incentive for conservation · 
rather 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~ 

- -Th'e government should make greater efforts to provide 
inc~ntives for further:con~ervation·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.· · · 

--Methyl Managanese Tricarbonyl (gasoline anti~knock 
additive outlawed by EPA) should be reevaluated in 
te.rms of a cost benefit' ratio. It represents a 
possible saving of 35-70 million barrels o£ crude per 
year. The.us~ of leaded gas need n6t be discouraged in 
all.areas of the country, since it is a hazard only ~n 
some areas. 
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• 

Several companies made a strong plea for removing emphasis on 

inc~easing the miles per gallon 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 
instire ou~ domestic energy supply, independent of 
imports. Tile investment cost of oil saved by the end 
of the 1980's by redesignin~ .the auto will be at the 
rate of $40,000-$50,000 per barrel por day of oil 
saved. This may turn out to be twice tho 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 

C_oncern f_o_r __ a_n -~ni_nt:er_rup·~·fi·d.sup_p_ly_ _o_f _ene_rgl has iotivated 
many compan1es o assure e1r own sEurces o supp y. 

An. uninterrupted supply of energy is crucial to most business 

operations •. In fact~ the need to assure continuity of ener~y 

is no longer motivated by economi~s alone, but has actually 

become a mater of survival·in many cases. This concern has 

caused many cmpanies to drill for their own oil and gas or open 

their own coal mines. Other activities to assure continuity of 

energy supply include the economic use of coal to replace oil 

and_ gas when possible, the use of byproducts as alternate fuel 

sources, cogeneration, the 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 

developments related to increased crude oil production through 

primary, secondary, and tertiary (EOR) techniques, as well as 

R & D programs. for the development of synth.etic fuels from 

shale 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. Ove~ 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 SO% 
of our energy as compared with our other purchased 
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fuels. 

-~For the mid-term, we may have to co~sider 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 municipal 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 

e.fforts: 

--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 
dev~loped standby provisions to switch from gas to . 
propane or oil as alternate fuels. 

--By edict of top management, we are paying at~ention 
to the use of alterriate 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, riot at liquefaction or gasification. . . 

--We are doing R & D on glycol 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/gallori. 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 tho mid-term is fuel 
plantations, e.g., faster growing forests 
specifically f6r 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 mid-term, we believe we will make greater use 
of biomass and will have to use all sources, i.e., 
nuctear, . etc., "even solar". 

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

Discussion.of long-term efforts appears more g~neral 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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The fol~owing 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 genera.tini units. lt takes ten 
years to build these ~its, so we should be moving 
very aggressively to build these units right now[ 

--For the long-term, we need electricity through 
nuclear fusion. 

--We believe the 
with fluidized 
and steam) and 
liquids first. 
equipment. 

future should lie in the use of coal 
bed equipment (to provide electricity 
that we should not try to convert to 
Obviously, this is for stationary 

--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. 

--Oil 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 aie 75% coal based. We see no growth in 
'nuclear, and the availability of iiquids arid 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 synthetic 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 itj get th~ quality 
coal we require to make coke, and find new ~oke 
makirtg processes. · · 

--We are assuming gas will not be available in ~he 
future and we· will therefore have to use co.al, either 
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-conswning and expensive, 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 ~he long-term, we expect to switch to coal as our 
major source of energy. This entails major redesigns 
of processes and facilities. 

Oil and n·atur·al ga·s· will c·ont1nue· to ·be nec·e·s s·ary e:ne·r-gy 
· sour·ce·s £o·r ·cer·t·atn 'in'dus·tr·te·s ·£ot ·a· Tong time. 

Even with a strong thrust toward alternate supplies of en~rgy 

including nuclear, sola~ -an-d biomass • certain industries will 

require natural or synthetic oil and natural gas for a long 
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time. This is 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 syste~ for.a new fuel for 
planes. Therefore, kerosene will be necessary for 20 
years at least. We exp_ect the demand for turbine 
fuel to grow twice as fast as the demand for other 
fuels in the period 1080-1900 (i.e., 3% per year vs. 
1 1/2%. per year). We ~xpect the critical· p~t1od f6r 
shortages will be in the next 10-12 year~. 

--We must have energy in a form compatible with food 
processing. We need clean fuels such as electricity, 
natural g~s and .LPG. ·Direct heating for food product 
drying is about 70% efficient, while indirect is only 
30-4b%. \ ' 

Other companies depend on natural gas for heat· treating, curing 

coatings, and glass operations. These processes are not 

considered economically amenable to th~ utilization of coal or 

oil. As the following statements indicate, many companies rely 

upon natural gas as a major fuel: 

--Natural gas is a major 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 ne-cessary to·buy expensive ·propane with a 
major· impact on ope-rations,_ expense, and profits. 

--In the 1977 gas crisis, the clos·ing of one plant cost 
us $2 MM. 

--Our major plant fuel is natural ·gas.- Our operations 
could be seriously hurt if gas supplies become 
w1available qr 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: 

--Oil and natural gas availability and continuing 
uncertainty are concerns. 

--Oil is a key factor in our fuei supply 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 gas 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 oil 
(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 ~rend to shift from 
oil to. gas~ Several plant~ 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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Several c·o·m~anies ·r·ecomme·nded that liquid ·fuels he reserv.ed 
Nr· ·mob1.Te+ 'un·l.·ts' 'and that' 'alt'e'rn·at'iv'e~·s·o·urces~ener__gy 
·cpriniari'ly 'n'uc'le'ar' ·and 'frufdi'ze'd o·e·a ·c·oal 'c'o'nib'tist'io'n')o'e 
deVeTo·p·ea ·£o'r· 's·tatl.·o·n·ary ·e·q·u·l.·pme·nt. ----

In view of ever-decreasing supplies o£ hydrocarbons, several 

companies strongly suggest that we distinguish between fuels 

that can be used for stationary equipment and those required 

for mobile equipment such as airplanes, tractors, and heavy 

construction equipment. A representat~ve statement follows: 

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

As stated above, in addition to nuclear power, many companies 

urge that fluidized bed coal-fired povrer 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. 

; 'Liquid syn·thetic fuels an·d battery- gene·rated ele'ct'ric.ity 
·a:r·e rec·ommended £o·r· ·p·o·rlabTe· ·un1.ts ,· aut'omob 1.Tes. 

Companies recommend that, as soon as economics dictate., liquid 

synthetic fuels be used for portable units and automobiles. 

--We predict that liquid fuels from coal will cpme 
along first. We should be building units now to have 
synthetic fuels in the SO's. The technology is ready 
now to use them as soon as economics dictate. 
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--We expect the crunch in availability 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 withpetroleum 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 ne~essary to tell indtlstry h6w to do it 
or wh~t price the ·synthetic fuel would be, just. a 
requirement that if industry wished to sell liquid 
fU:els in 1988, 2% of that fuel must be synthetic, 

--The manufacture of liquids £rom domestic solidi is 
held back ~ecaus~ ou~ political ~rm does not c:honc;e 

· to make th1.s commercnal. · There 1s a need to resolve 
government inter~agency conflicts related to energy 
production. The government is ignoring technology 
already avail~bl~ which would irisure 6ur 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 ~rogram there is a 
self-destruct element which eventually will be either 
changed by Congiess or blamed on industry and OPEC. 

--Nickel- zinc system is. promising as a power pack for 
mobile transport. Has attractive watt hour/lb. 
performanc~. The market i::; c.3timated at 20•30,000',000 
limited use vehicles· for urban areas. Present · 
lead-acid batteries (very heavy) provide 40-50 mila 
radius. With nickel-zin~ this radius is increased to 
100-200 miles. New battery systems will ~rovide · 
future markets for lead and zinc. 

--Batteries for electric-powered vehi61es. DOE should 
provide funding for this development because of the 
high risk involved with the future of electric 
powered vehicles. 

Without alternate energy sourc;.es 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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' 
cease. 

R ·& D activities have been undert·aken to deVelop alternate 
energy fo·rms for use as chemJ:cai ·£ee"dstocks. 

Most chemical companies and several companies with plastics 

divisions clearly stress the importance of a continued supply 

of chemical .feedstocks. There is overall agreement that 

·petroleum is more valuable as a feedstock than as a fuel - both 
.. 

because there is gr~ater flexibility in fu~l and because orily a 

very·small percentage of 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 chemical 
feedstocks· will always displace its .value as fuel 
oil, because less than 5% of the total crude used 

. goes into feedstocks. 

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

~-In the chemical buiiness, feedstocks have to take 
pretedenc~ over fuel. 

-~We are basic in styrene. We foresee no problem with 
chemical feedstocks because petroleum wi.ll always be 
of more value as feedstocks than as fuels. 

Consequently, at present, industry does not see real price 

competition between chemical feedstocks arid· the use of 

petroleum as fuel. Sinc,e -less than 5% of the total crude used 

. goes into feedstocks, there is little interaction_ between 
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.chemical feedstocks, raw materials supply, and the use of 

petroleum for fuel, especially since the chemical industry is 

better able to absorb slightly highe~ costs than the fuel 

industry. 

However, as the supply of petroleum dwindles, the percentage of. 

petroleum used for feedstocks will increase. Th~s anticipation 

has led to increased R & D aimed at making a transition from 

the exclusive use of oil and gas to the usP. of alternate energy 

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% o'f products are based on hydrocarbons. 
We are interested in the oil shale task foTce from a 
viewpoint of· poss.ible supply (of petro1euni 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 cost? 
will increase more rapidly than propylene and butene. 
This puts economic pressure on a shift to lower 
priced feedstocks. · 

·--One division buys I;es ins 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 
~ feedstocks, primarily with regard to the supply of natural gas 

and petroleum and the cost of ethylene, aromatics, and olefin. 
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Sirice th~re are 350,000 people employed in ~he 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 say will change by 1981-1985 when the 

demand for these will exceed supply, causng the price to 

increase by as much as SO%. 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. 

inhibit their· ·ab ilit 
s. 

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 fs mc·re certainty about price-s, supplies and 

gove·rnment allocations: 

--The nature of government pr1c1ng policies is an 
unknown factor and a-ffects the· availability of 
suppli.es. We have built storage facilities to · 
prevent plant close- do.wn because of lack of supply. 

Pricing controls that keep energy arti£ically underprice~ are 

blamed for severly limiting the availability of supplies: 

--Price controls have been limiting oil and gas 
availability ::;ince U.s.· companies·cannot· afford to 
u.tlll the w~ll::; tu find aew suppll~::;. It .is OK fur 
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 
mak~ money or get rich. This does not make sense.· 

--The government must start to develop new resources 
for ene.rgy and deregulate the price of oil to make 
the new' sources competitive. . 

--Instead of "protectii1g" people_by regulatiJ.lg the cost 
of fuel, people would be better protected 1f they 
were employed in· a more constructive way to make 
liquid fuels from available solids. ·Synthetic 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 contr~lled. gas 

prices has had a positive effect on its operations: 

--With low artifically controlled prices on gas •. gas 
has been our main source of ene~gy. 

Since conservation and environmental r~gulations 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 
futtire regulatioris v~ry seriously, 

--No governmental 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 sqtieeze on sulfur emissions. 

Government interference with the free market and other 

."political" decisions are perceived as impediments to the 

development of energy technologies: 

--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 ste.pped in 
(State Department and ERDA) and drove business out of 
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the picture, beca-use they could not allow the impo_rt 
of Mexican. gas. The Mexicans wanted only $2.60, and 
yet the ·government was wil1 ing to spend $3.2 0 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 PRODUCTION 'AND 'TRANSMISSION 

This section reports on the responses of the 26 companies who 

stated that .they were engaged in energy production or 

transmission. Information is presented for companies who 

produce energy only for their own use, for those who produce 

for their own US·e and for sale, and for those WhO produce 

primarily for sale. Projects described ~re ones that·relate to 

industrial processes as well as to R & D efforts. 

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 companies who wish to ensure an 
uninterrupted supply of energy for their industrial operations. 

This concern for an uni~terrupted supply of energy arises from 

fears of scarcity, distruit of unstab1e foreign sources, and 

uncertainty about government mandated conversions and. 

allocations. Some companies establish or enhance 

energy-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 oil and 

coal. The major method reported for gerierating 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 pr.ograms: 

Gas Pro· due t·ion : 

~-We are drilling for gas in Ohio and Kansas. In the 
last four yea~s we hive 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. 

·?l~ctr·ic:·ity: 

--We have programs to install electric generators to 
produce gu~ranteed 24-hour service of constant 
voltage· electricity. 

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

--We are looking·at coal generated electricity to be 
· independent for our owri protection. 

Ethylene: 

--We produce ethylene from ethane (from natural gas). 

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

Olefins: 

--We produce energy from burning nonenes in steam 
boilers (becau~e of environm~ntal re~uirements.). 
Nonenes are olefirts recovered from the process of 
making anti-oxidant rubber·chemicals. 
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Ste.am: 

--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 hydr~gen and methane from biomass. 

Oil and ·Gas~ 

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

Cogener_~_!ion: 

--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 90% of our electricity 
needs in one plant and 35% in the other. 

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

Production o·f Seve·ral ·Typ·es: 

--Our sole ~once~n with1energy production is currently 
· for our own internal use. We have i~vested $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 
prod:uces combustibles used in city .electric 

. generators. 

--We develop all practicabie 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 fol'low: 

--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 c'ogeneration, including the sale of 
~lectric pow~~ from out refining 6perations. There 
are places_ where_ we generate otir own power through 
cogeneration, and pl~ces where by-product energy is 
sold to other compan:ies (this includes carbon . 
monoAlde from i~on smeltin2). Excess hA~t from our 
cement kilns is used -for electric power gener~tion, 
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: nucl.ear 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 de"~telopment is important to this 
conversion. Also·, light water reactors convert fuel 
to electricity. We work on mec;han·cial d:r:iv~ 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 
medium and high B.T.U. 
electricity and steam, 
capability. 

coal gasification for low, 
gas, ~ogener•tion for. 

and nuclear high temperature 

--We are involved in the production of yellow cake· 
(uranium oxide concentrates) used as fuel in nuclear 
power reac:tors. 

--Underground and cryogenic storage are being studied 
to provide supplies during peak periods. 
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For ·co·m ·an·ie·s· w·ho· ·p·r·o·duc·e· ·e·ne·r . p·riniar'ily for sale, 
·expTo·r·a:n:on ·a:c·ti.VI.t.I.'e·s· ·a·re· 's·ttf{ ·an· ·I.'m·p·o·r·t·an·t· 'part 'o·f their 
·corp·orat·e ·e·n·e·r·gy s·t·rate'g'ies. 

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 oil on land in 
the low~r 48 ~tates .•• We ha~e a maj6r effort to 
recover gas from geopressurized mines and from coal 
seams. 

There are also plans for the commercialization of oil shale and 

tar sands: 

--We ~ave plans for a commercial oil _shale plant. We 
expect to be able to produce oil at a slightly higher 
cost than Mid-East oil by 1990 •. We are ~orking on 
tar sands, hoping to produce oil by 2000. 

The conce·rn for more ene·rgy in·de ·e·nde·n:ce is a p·ar·e·n·t in the 
R & D efforts of both e·n:er y-proaucin:g coniE·an·l·e·s· ·a:n·a ·pr·I.­
mari1y co'n's·ume·r pro'duct an:~ ·other manufac·turing ·c·omp·anTes. 

Of the 2($ companies engaged in R & D on energy production and 

transm~ssion, · 7 companies have major projects devoted to one of 

the following areas of concentration: geothermal, solar, 

mining, catalyst~, or metallurgy (for petrochemical production 

equipment). Fourteen companies report that. ·they are pursuing a 

variety .of mediu~ level R & D projects ori general production 

te.chniques., such as biomass, solar, wind, geothermal, 
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hydroel~ctri.c and nuclear. Other companies report medium-level 

R & D effort~ restricted to ~ingle t~chnologies including 

combustion res.earch, 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 ~ajar contra~;t ·wlth DOE to work on new 
concepts of ge~tla:nnal energy. 

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

--We pay major attention to new techniques for coal 
mining and develop special techniques for mining 
uranium. By computerizing reserve·s, we assist in the 
planning of our mining operat~ons 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 desirable end products (petroleum). 

--The bulk of our R & D is aimed at the study of 
metallurgy (for petrochemical production) including 
mechanisms of cracking, fracturing, corrosion (inside 
and outside), low temperature effects, etc. We have 
special problems with H~ S and CO~ , 

. . 
J 

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

--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. 

56 

' 



--We have R & D on EOR, oil shale, gasifica·tion, 
liquefaction, and biomass, all as alternate. fuels. 

--We have large sources of biomass materials 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 conv.ert 
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 ~xpanded· 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 geriera~ion arid 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 & Don poly alpha olefin, used as a 
~on-freeze heat 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 d~velop geothermal energy. 
We do R & Don th~ utilization of·waste,_vegetable 
waste, and animal waste. Our direction ·is toward 
ana~robic generation of methane. We have a pilot 
unit in operation using potato wastes. 

--Our R & D includes: wo~k on the imp·rovement of 
· coal-f~red boilers,' pollution control in stack gas 

effluents, efficiency of electrical operations~ 

57 



nuclear research, hydroelectric, solar, wind, and 
municipal wastes research. 

--We do R & Don high sulfur coal, including· the use of 
804 .produced in the combustion of high sulfur coal. 

--We are designing and preparing to build off-shore 
liquefacti6n arid gasificatiori (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 lookirig at coal · 
generated electricity for the .purpose o£ enhancing 

·our independence. 

--w~ are looking at fa~d~tocks for. the future and 
developing p~ocesses to use them for new business~s, 
e.g., bi6mass, synthesis gas frbm coal, etc. We are 
considering cellulose conversion to ethylene. 

--We are working on seismic analyses and techniques for 
the discovery of oil 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 n~w and innovati~e processes for 
the recovery of oil from oil 1shale 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. · 

--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 exploration 
techniques, and uranium enrichment techniques. 

--We pay some attention to solar energy. 

--We have a minor effort .•• on solar 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 mois·ture down to 12_% and 
thus reduce our overall energy requirements. We have 
a small effort in biomass .. We burn wood scrap. 

In addition to mentioning particular R & D efforts, several 

companies described their future concerns with respect to 

energy production and transmission. These concerns relate to 

corp~rate development of particular technologies as well as to 
-

the role government will play ·in such development. For 

example, one respondent expects the government to assure 

mid-term supplies of electricity and gas, while another expects 

government policy vis-a-vis EOR to change in the mid-term, 

making it more economical. .It is recommended that government 

study the coal distribution system, and there· is uncertainty 

~ith regard to how the government will interpret the law on 

"best available technology" concerning high-sulfur ceal. The 

future of liquefied natural gas is considered "economically 

uncertain". Speculations are also made about some new· fuels. 

One firm states vaguely that hydrogen fuel, with fuel cells, 

may become important. As discussed earlier one oil firm plans 

a commercial oil shale plant, to be able to produce oil at a 

slightly higher price .than Mid-East oil by 1990. They are also 

involved with tar sands, and hope to produce oil by 2000. 

Another firin expresses interest in .a network of "soft energy" 

(e.g. solar, wind, geothermal) systems. They believe that a 

system of linkages is essential 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: 

NucTear 

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

, years. 

Renewahle 

--We are interested in a net~ork nf soft energy 
systems. :ay soft energy 'flie mean.' solar t wind, 
geothermal, etc. So'ft ener.gy will become important 
only when many such s·ources are linked in a system. 
For a control ~ystem for a soft energy system, 
computers, etc. will be_ needed. · 

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

--We expect the. government to as sure 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 carburizing steel·. 

·Goal 

--There will be. a need for a coal distribution system 
to, provide on-site gasifiers with f~ed. Pipelin~ 
distribution is a possibTe answer. The government 
sh~uld b~ studying this problem. 
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·--As reg·ards handling high- sulfur coal, it is presently 
not known how the government will ·interpret the law 
on "best available technology". 

Oil, ·Gas 

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

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

--For the mid-ter~, we expect policies to change so 
that it wil be economical to prod~ce oil by EOR 
means. 

--The future of LNG is economically uncertain. 

Other· Fuels : 

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

· ~-~he~e-~:;~;m~-~tt_~:!~¥~K~~-~-~~-~nff~:rac~:ri:~:~ -~·lt:f~~~:s:s::~~ 
· as lniportan:t lransp·o·rl·atlon ·problems. · 

Some companies describe the difficulties of coal 

transportation especially in winter, and express hope for 

mid-term development of alternate means of oil _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 tr~nsferring .enetgy between divisions. 

The following remarks describe ~urrent or planned 

transportation-related projects and corporate concerns for 

improved trarisportat ion capabilities: 

Projects 

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

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

~-We o.re developing tech·nology for low cost 
installation of plastic pipe. 

--A key area f~r reliability of service to 
(petro- cheJ!lical) customers is the study .and selection 
of steel used for pipelines and fittings, etc• 

--We have a project concerning gas transmission lin~s 
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 
transportatiori eqUipment. We are actively searching 
fo~:additional ships• construction. 

--Gasification and pyrolysis of biomass allows· more 
oxygen in the destructive distillation process. The 
pr~duction 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"o£ 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 n~eded. 

--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 divisio_ns to avoid or· 
minimize iriterruption of sources. 

--Our (mineral) operations in· some_ areas are completely 
dependent on motor transport. The '78 strike was a 
major blow. · 

Many fac·tors imp·inge· upon· co·rpo·rat·e ahilitt t·o pl'a·n for 
energy production ·an~:..::!ransmission. 

Companies stress that uncertainty abo.ut the availability and. · 

price of energy reduces their capacity to plan for energy 

production and tr.ansmission needs. Among .the examples they 

provide are the uncertain rate structure for. electr.icity an.d 

the unpredictability of price controls. The number of·permits 

required and delays in getting permits also seriously hinder 

corporate en~rgy production efforts. 

Industry feels that it is caught in the cross-fire of 
I 

inter-agency conflicts, principally between DOE and EPA. 

Better co-ordination between DOE and EPA would reduce th.e 
' I 

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 becomes subject to regulations that 
' 

inhibit its ability to carry out energy producing activities 

~uch as cogeneration. One corporate executive described the 

problem this way: 

We are concerned ahn11t how far wo can go in !jelling 
excess steam or electricity from our refining 
operations before we encounter legal problems becau~e 
we are acting like a utility in supplying energy to 
others. · · · 

There is also concern over how the government will interpret 

the law on "best availabl~ technology". fl..s mentioned earlier, 

one company points out .th~t this is particularly important in 

respect to the handling of high-sulfur coal- Industry urges 

that practicality and reasonable considerations be used in 

determining the kind of technologies that will be allowed and 

suggests that cost-benef{t analyses be performed that analyze 

the amount of environmental gain against· economic an-d 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 • g_overnment interferes with rate structures, the 
rie~d for independent electrical g~nerating capability 
becomes more important. 

--Major concerns relat~ tQ the delays in getting 
approval (state) for nuclear plants~ · · · 

--Government policies have natiorially affected light 
water reactor operations. They hav~ made that source 
of energy non-profitable. EPA regulations are a 
serious problem. EPA should be forced to base its 
regulations on supportable, relevant data. 

Oil, ·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 p~icing policies are more importarit than 
underground reserves in obtaining oil. As prices go 
up. more oil will-be found. 

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

--Our concern is that POE· has not moved rapidly enough 
or effectively enough to develop oil shale and 
~eop~essure methane ~r smaller gas pockets. 

--.We would consider 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 California. The project·was dropped: 
becaus.e of the huge escalation of· capital costs in 
the '72--'75 period and th• 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. 
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NEW PRODUCTS 

This section foc.uses on new products and R & D for nelv products 

which 1) relate to the production of new energy sources or 

improved utilization of energy sources and 2) enhance energy 

conservation through improved end-product energy efficiency. 

-~fi~.a~~-=t·~·fa~d c!~~~-f~Eiri~~u~·fg:~.~=~·gme:~~:u¥~:;:!.c· i:~:s:~n~ e!b·ou t 
~uc·t ·R ·&· I) "is ·a-tme"d ·at ·c·o·ninie·rc"ialtz-atio·n 1n ·tfie· ·ne·ar 
or mid-·term. · · 

The responding ~ndustries feel they can not develop long-range 

strategies or undertake long-lead high-risk ventures in a 

climate. in which ground rules continually change. 

Nevertheless, many companies are designing, or redesigning, 

products and processes 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 represent 

significant breakthroughs. 

Forty-three·companies reported that they are involved in R & D 

on new energy-related products. Twelve companies are doing_ 

R & Don products for the recovery of altetnate energy sources; 

fifteen companies are undertaking R & D. concerning vehicles; 

twenty companies report R & D on products for better· 

utilization of energy sources. These projects reflect 

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, 

and feedstocks through conventional improvements and new 

methods. The energy sources which receive the most attention 

'are nuclear power, batteries, and new or improved methods for 

the production of conventional and alternate fuels. The 

following examples are.representative: 

--Our most important and most advanced ne't·r product is 
our coal fired fluidized bed· cogene·ration ·unit to be 
built by our solar division. The £irst;.unit would he 
gas fired and installed if DOR grants ajproval to our, 

· p:roposal, submitted· S<ilm@ time ago. Other products 
bein~ considered include modular biomass converters, 
mult1.fuel stre~.tified charge engines, combined cycle 
projects, and engines using new fuels such as 
hydrogen. · 

--We have government contracts for new coal preparation 
equipmerit, fluidized bed conve~sion~ and 
instrumentation and control. 

--We are developing solar pariels using some of our 
stamping techniques. We are developing blades· for · 
windmills, with stainless s·teel blade~ 130-140 feet 
long. 

' \ 

--We do R & Din biomass and agricultural and forest­
residues to supply energy·for_our ~qui:pment. Since 
3% of our nation's energy consumption 1.s in 
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.i~.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 transmi~sion fluid, 
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insulation from urethane, and plastics for 
automobiles. · 

--We work on alloy reformulation and solar collectors. 

--We work on passive solar energy applications, 
improved prime and storm windows and reinforced 
concrete with polyurethane barrier layers for 
insulation. 

The major R & D programs related to i~proved end~product 

efficiency are concerned with weight and fuel consumption of 

vehicles, new and improved insulation, .and other energy 

conservation products, such as specialized instrumentation for 

advanced industrial process control systems. 

R & D concerning vehic1es 

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 urbap trans.i t systems, including new bu~ 
designs. Other projects are solar energy equipment 
and applications, nuclear fusion; incl~dini · 
engineering inputs to the nuclear test reactor at 
Princeton University (the biggest Tokamak Fusion Test 
Reactor in the world). · · 

- Our R & Don facia, to replac~·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 ·witnout 
losing other properties, such as weldability or 
corrosion resistance. 

-.We are working ori lighter'w~ight equal. strength 
frames for autos and trucks.' 

- Our R & D includes'.:.¢i1gineering plastics and new 
products, many of which are for th.e au~o industry. 
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- To compete with lighter weight. materials (aluminum 
and plastics), we .are developing lighter weight 
higher st~ength 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·, 
aircrgft 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 vigorou~ R & D on improved auto transmissions, 
auto air conditioner compressorst and commercial arid 
home air conditioning and heat pump units. 

- We have· active projects t.o develop al uminq,m heat 
exchangers for ·automotive use, use· of more plastics 
and r~sins, different coatings in autos) and power 
chains for new transverse small auto engines. 

- We develop pumps .that c~n 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 power losses. 

- We are working on modified or new internal combustion 
eng1ne fuels~ 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 \'ride variety of 
fuels and Qn a total range of fuel cell packages. 

- A major project is. to develop ~·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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I 

of this project. Our. can business is being forced 
from ste,el fo aluminum. 

Other R & ·n for more efficient us·e of energy 

We give special attention to the improvement of the 
coriversion effitiency of o~r products .. 

- We do some high level R & D ori the production of 
special·lubricants. 

- We . are working on ne\v siding for buildings. 

We are developing. ~lectrical. sp.ot heating devices 
{parabolic, panel, an,d spot). · · 

-We are looking at materials.for Enhance.d,Oil 
·Recovery; not chemicals, but hardware. We· do R & D 
on electronical steel~· Also, we work with the auto 
industry to dev~lop front wheel drives and other 
capabilities·. 

- Our R & D has increased tolerances on voltages and 
amps required to operate·computerst on the.basis that 
future supply .will. be variable .an,d of .decreased 
quali.ty. We are attempting to improve performance 
per· kilowatt •. · ·We expect greater use of computers to 
control all types .of ope.rations such as autos~·.·· · ' 
heating, etc. We are concerned with photovoltaics, 
and solar c;:ells o:£ gallium arenide • 

... We work.on heat· pumps as supply back~ups for solar 
and general water h~ating. These require·specially 
designed motors. · 

- We also work on coatings to improve insulation, 
methane ·generation-from manure, and computer programs 
to ·determine the size of solar water heating syst·ems 
required. 

. . . 

Our thermoplastic rubber (TPR) does not. require 
vulcanizing,_ thus. saving that energy. 

- We also work on solar heat trans.mission fluid, 
insulation from. urethane, and plas'tics . 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 improving 
existing batteries and doing_ new work on · 
phot·ovol taics for recharging batteries in 
inaccessible locations ~uch as buoys. 

bur appliance division is extremely active in 
reducing the energy consumption of washers_, dryers, 
ovens, ranges, micro-wave ovens, portable .appliances,. 

·etc. · 

- Our evaporati.ve coolers (now using 1/3 of the energy 
of air conditions) are selling in great volume. · 
Further energy efficiency is need~d. 

- We des~gn bearings which use less ener_gy and lower 
torque. 

- We develop new products to fit the new and more 
energy-efficient appliances. 

- We develop new processes to reduce the tremendous 
capital and energy requirements of some of todays 
processes. 

- Water based binders for paints and inks save ene!gy 
and solve some EPA problems. 

-We have a program on energy control_of products and 
processes. 

I 

·R & D is critical in maintaining and expanding bur 
business with resp~ct· tti designing, manufatt~rin~,­
installing J and operating more energy efficient . 
industri~il equipment for drying, process heat, heat 
treating, and s-team turbines for electricity using· 
waste heat process he.at. · 

- Our pulse-boilers have 96% ~ffi~iency on continuous 
operation and 93-~5%- on intermittent operation 
compared to ordinary boilers with 80% and 50-60% 
effi~iency respectively. These will provide a large 
energy saving to homes using gas-fired. hot water- · 
heating, and with. more R &· D could be adapted to hot 
air heating. 

- Also. we are working ori electronic components for 
automotive fuel savin,-g devices. 

- One of ou~ divisions. is active in redesigning 
products (appliances) to make. them more ene'f·gy 
efficient .. 
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- We have active projects to develop alumin~ heat 
exchangers for automotive use, use of more pla~tics 
and r~sins, 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 conunented on their plans 

for the mid and long-term. Of these, four stressed conversion 

from present energy sources to better energy supplies, and four 

~escribed equipment for better energy efficiency. 

Energy conversion jor the mid and long-term. 

--Some interestin~ work is in progress on'the 
conversion of carbon to alcohol •.. Th~ future for lead 
and zinc will ~e in advanced b~ttery systems. 

--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 conve~sion. 

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

· EneriD::_efficien·t equip·melit for ·the· mid t6 long term. 

--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 ne1~ processes 
such as powdered metals for antifriction products. 

--We foresee more automated farming and puttirig farms 
on a self sufficient basis for ~nergy. 

--Our R & D will include the above, ore processing, 
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improved generators, turbines, and transmitting 
systems, voltage regulators, circuit breakers, and 
pumped hycli-o ~to rage. · 

--We will pursu~ R & ·n· on ele.ctron.ic components for 
automotive fuel management systems and micro 
processors and integrated circuits for the~e syst•ms. 

Opinions rage from extreme pessimism to extreme optimism on the 

ability of these new and improved technologies to r~duce the 

nationrs dep~ndence on imported oil. On the pessimistic·side, 
J , . • 

one corporate representative stated: 

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

But a more optimistic opinion was: 

-~If we have sufficient incentive we know that we can 
make hydrocarbons f·rom water, air and sunlight.. It 
is even. possible that energy will be so pl(mtiful it 
will be free.· 

Companies actually working on these problems· are enthusiastic 

about .the possibility of contributi!l& innovations which will 

reduce·dependence on foreign oil. However, nearly all 

companies stress that government regulations are a major 

bar~ier to innovation. As one executive stated: 
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--Innovation is 5% invention arid 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· ini o·sed standar·ds are often er·ceived as a· 
1·s1ncen·t1Ve to 1nnoVat·1·ons. 

Many companies report that up to 50% of their R & D is. devoted 

to meeting government mandated standards, and that this causes 
0 

diversion of capital from new product, including 

energy-related, new product innovation. Although there is 

agreement, in principle, with the government's ~verall goals, 

there is little agreement and much resistance to the often 

shifting, mandated means of achieving these goals, Most 

companies repeatedly emphasize that. with the freedom to develop 

their own methods of problem solving, they would be able to 

solve the problems most troubling government and society. With 

regulated methods,. they claim. they lose much of their capacity 

and incentive to invent better products and processes'. Typical 

statements to this effect are: 

--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. Ins'tead 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 
zet6 tisk. We need a balance between benefit and 
cost. 

--We are concerned about government's present 
conceritration 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 l.lnit tp produce·a 
series of petroleum sulfonates for the oil industry. 
Government ptice controls and proposed regulations 
have prevented oil companies from obtaining economic 
returns from this, and our plant has been idle, 
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 w:ith and there is no certainty of 
an acceptable bus ine·ss risk. 

--All direct coal comhust.ion 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 elect.ric igrii tions, changing from steel to aluminum 

cans, and many changes 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 
out produ~ts 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 
d~velopment 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 pari 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 l~ws force us to almost double our 
investment on new products. We must respond to fuel 
emission laws, emission control laws, safety laws, 
etc. Because of laws, our R & D must develop 
products to meet new requirements (emissiop. control, 
s·afety, etc.) • 

--Until we get this ( ) regulatory thing off our 
backs itls 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, ~oise, pollution, economy, etc·. 

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

--Our decision to get involved in the production of 
alcohol and Other fuels from ca·rbohydrates was 75% 
based on political po~sibilities, i.e. th~·marid~ted 
use of or tax incentives for t.he use of alcohol. The 
detision was not based on economics since the use of 
alcohol is not economic. 

--We work on electric ignition to replace 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 

R & D incentive~ ( 

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

--DOE and the energf situation have made. it more 
c.ha1lenging to make·products·more efficient and. have 
created markets for new products. 

Innovation is still a vi tal conipo:rialit of tn:any U.S. lndus·t·r·i'es 

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 govern~ent plays 

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

planned or envisioned for the future, including: 

\ 

--The creation of a national grid including DC 
transmission with DC input~ from wind g~nerators, 
photovoltaics, etc. 

--A nickel-zin~ system whi~h.is promisirig 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 ~ead acid 
batteries (very heavy) provide a 40-50 mile radius of 
operation. With nickel-zinc,. this radius is 
increased to 100-zao miles~ 

--A current project related to enhanced oil recovery. 
Sodium lignin sulfonate is a low-cost formation 
sealer and, with foilow-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 o~ sintered 
bauxite. The sintered bauxite can be pumped into oil 
and gas formations to "prop" op.en the crevices in the 
rocks to establish channels for free flow of oil and 
gas (cavity maintenance). 

--Commercialization of electronic components for 
automotiv~ 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 ~ources, 4 produce insulation equipment, 6 make a 

variety of products concerned with energy conservation and 

production~ and 4 have introduced new vehicle-related products 

including multifuel stratified charge aircraft engines. 

Six companies are working i~ other areas, including ceramic 

refractory furnace units, water treatment devices and systems, 

low energy laundry detergents, nickel-zinc power packs, 

railroad car wheel bearings, and energy-efficierit 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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New Products and Proces·s:es to Enhance En·ergy 
P'roduct1on · 

--We produce sodium lignin sulfonate for EOR and 
hardware for nuclear plants, solar collectors, shale 
processing, oil production, etc. 

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

--Our n~w and higher efficiency products include 
drilling fluids for oil, gas, geothermal and other 
sub-surface ener·gy sources, well completion materials 
and equipment, and techniques and materials primarily 
for oil 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 providos 1 logging 
while drilling (this reduces the need for coring) and 
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 bid~ with private 
companies to drill a 20 foot diameter hole. These 
holes are cased as they are drilled. A major 
utilization wi)l.be in the methane release program on 
coal veins by horizontal drilling frbm these large 
holes. 

--We produce m1n1ng equipment, air compressors, gas 
lines, pumps, d~illing equip~ent, waste material 
compactors, and refining equ,ipment. 

--We produce gas turbines that will operate at 
temperatures as high .as 3000 · F, as compared to th·e 
present level of 2600 F. Also, we produce super 
conducting systems, carbonate fuel cells, solar 
heating and cooling equipment, improved lighting, 
appliances, moto·rs, and pumps, and work on l\1HD. and 
the Tokamak 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· s·itu method to 
rec·over heavy oil or oil from tar sands:--And, we · 
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have ocean bottom oil anc:l gas well controls which 
operate at 2000 foot depths. 

New Products fo·r 'Inslilat'ion 

--We produce new insulating products and plastics· for 
autos. 

--We produce ing~~dients used by insulation 
manufacturers, chemicals for HOR, 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 he~t · 
conservations. We aiso produce materials for passive 
solar energy applications. 

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

Ne'IV' ·products which use Ene·rgy Mo·re Efficie·nt1y 

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

--Ene!gY cons~rvation products represent • signi~i~ant 
growth area for us. This iricludes thermostats, heat 
pump components, and energy efficient motors. 

' 

--We produce energy conservation products such as 
turbo-machiner~~. 

--We are vitally involved. with improving the energy 
efficiency of farm equipment, mechanical trucks, 
generators, turbines, mining, and sol.id sta~e 
elec.tronics. 

--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 riight an~ 
heated air flow during the day. It is controlled 
thermostatically. 

Ne·w ve·hicl·e·- Re'lat·ea ·products 

--We produce mul tifuel (stratified charge) engin.es for 
flight .vehicles, designed to burn· gasoline·, jet fuel, 
anij 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 transpor~. 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 riilro•d car wheel bearings his 
reduced rolling resistance of these bearings. 

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

New Miscellaneou~ P~ocesses 

--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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RESPONSIBILITY 'FOR ENERGY STRATEGY 

Approximately 75%.of the respondent companies report that one 

individual, several individuals, or a group or·committee has 

responsibility for the formulation of energy conservation 

and/or corporate energy strategy. 

For almost half of the group of companies interviewed, one or 

sometimes two indiv~duals have primary responsibility for 

energy conservatiort 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 vic~ president. Sometimes these 

individua1s ha:ve company wide athority to implement energy 

programs, but frequently their athority is one of "persuasion" 

and they must sell conservation projects to the company 

divisions or .act mainly in an advisory capacity, often with 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 formulation and implementation of energy strategy. In some 

instances these groups have formalized structure and function 

and authority to implement policy, while in other companies 

they operate in an· advisory capacity and then authority is 
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"implied". 

Approximately 15% of the interviewees report .that their energy 

s~rategy is decentralized and each operating division . . . . . . 

autonomously develops energy strategy. 

Another group of companies report that they have no single 

point of res~onsib~lity for energy ~trategy, and th~t this m•y 

vary from plant to plant _and from problem to pro'Qlem. 
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IMPACT OF THE NATIONAL ENERGY ACT 

The details of the National Energy Act (NEA). passed by 

Congress October 15, .1978, w·ere made public just before the 

on-site interview~ were being coriducted so that respondents had 

had little opportunity to evaluate the impact of this 

legislation. (The interviewers had copies of a DOE Information 

bulletin which they left with company representatives who were 

interested in it.) 

However, only 10% of those interview·ed made no comment whatever 

about NEA impact or stated that they had been unable to study 
.. 

it. Approximately 20% of the resppndents feel that it.is too 

soon to tell -- that the interpretation of ihe act and the 

regulations to implement the legislation will. determine its 

impact. However,.fully 25% of the company representatives see 

NEA as having little or no effect on their companies. Two 

interviewees felt that their companies had anticipated many of 

the provisions-- i.e., had already employed conservation 

measures, and/or switched to coal. Thus they felt they would 

experience little impact. Most of the remaining companies see 

NEA as potentially having a major impact. Only two of the 

total group see this effect as largelx positive. The· others 

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

A num_ber of general critic isms of the bill were ~ade: "The act -

is poorly conceived;" "It does not include long range plans and 

clear goals; 11 "It estranges government and industry; 11 "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 and ~xpressed the hope that a free market will 

ensue. At the same time, many are unhappy with the increased 

government regulation they see represented by some of the 

provisions of NEA. A number of interviewees feel tha·t the 

iricreased reporting required will be onerous and costly -- both 

financially and in ierms rif manp?wer, which could better be 

used in energy conservatl.on, for example. 

Three interviewees are concerned that the act might tend to 

retard development of nuclear ener~y. 

1Several interviewees think the NEA may hav~ a positive impact 

in accelerating R & D, but several others feel it ~ill have 

little effect in this area. 

Many companies also have more specific concerns about 

particular aspects of NEA which are discussed below. 

Energy Conse·rvat·ion 

Some COI~anies 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 so,me respondents feel it does not go far 

enol1 gh, a number of respondents. see the National Energy 

Conservation Policy Act as beneficial because conservation 
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efforts will be encourage-d and supported and there will be 

incentives to produce more efficient products. However, while 

some companies may benefit by producing more fuel efficient 

app: ... i:inces, 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 Industrial ·Fuel Act of 1978 elicit-ed ·the 

greatest nu·mber· of neg·ative. c·o·mme·n·ts. of any ·ar·ea ·of of 't'he NEA. 

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

forced ta shift to this fuel the results could be 

"cataclysmic". This conversion is seen as causing major 

problems: 

- Who will supply all ihe coal? 

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

Shifting to caal is an ecoriomic 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 sta~es, "When EPA 

came into being, -- we spent a fortune to chang~ from cdal to 

oil -- with no way back." Another comp~ny is already utilizing 

coal but .feels efficiency cannot be improv~d because of 

environmental constraints. One company reports having 

anticipated this development and shifted to coal, with 
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concomitant economic and transportati;on probl·ems. 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. 

· Public Uti! itt Regulato·ry ·Policies 
.. 

.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 e.xample, those who· produce 

cogeneration equipment and systems, may benefit. 

·Natural Gas Pricin·g Regtilation 

The Natural Gas Poiicy Act of 1978 provides for price controls, 

deregulation of certain gas, and incremental pricing to 

industrial users. 

Many companies feel thil,t the increased price of gas will aid 

considerably in ensuring its supply and may even stimulate more 

drilling and investment in. gas. However, other companies feel 

that gas price is increased with6ut result benefits and several 
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feel that immediate deregulation is necessary. Companies· 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 gene'ral their comments are favorable and for some companies, 

an increase in sales of their products might be expected. 

However, the fact that tax credits ate not retroactive for 

expenditures before the law was signed is of conce:rn: "Another 

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 on~ respondent feels that gasohol may be 
. ' 

accelerated by the new energy act. 

' ' 
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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 specifi_c 
.-/ 

examples of a~encies' actions Jor policies which have ·I 

facilitated or inhibited energy-related R & D or commercial­

ization efforts. Respondents were also encourage'd to recommend 

ways agency policies 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 requirements of government 

directives, regulations, and mandates which continually grow in 

·number and complexity. Dedication of company resources to 

these demands often seriously impedes the conduct of business 

both by reducing return on investment and by discouraging 

prod~cti ve and innovative R & D ac.ti vi ty. Several companies 

indicate that fully SO% of their R & D is of the "defensive" 

type which l.s performed to fulfill government directives. 

Frustration over spending large amounts of corporate resources 

fulfilling government directives is especially keen since the 

directives are often shifting and contr~dictory - both within 

and between departments and agencies. Furthermore. because 

industry believes that free market conditions are essential to 

solving national ene!gy problems, price controls, supply 

allocations, and mandated conversions are seen as impediments 
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to finding solutions to energy shortages. 

Industry reports that both 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 with 

other government agencies will be discussed in the third 

section of this chap~er. 

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 phased 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 imA would have 

little impact on their corporate strategies. . . 

Corporate attitudes toward DOE run the gamut from avoidance, 

wherever practi'cable: "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 attitude toward DOE. One such company, a large 

f i rni, s tate s : 
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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 
techriical expertise~ 

A small, high-technology compa:t;iy 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 hold promise to havi a positive effect on the 

commercialization of the corresponding energy t'echnologies. 

However, most companies claim that DOE's policies, actions·, and 

lack of positive leadership have diminished industry's 

capability to improve the energy situation. 

The interviews tend to c6ntain. gen•ral, r~ther than specific, 

statements describing company perceptions of DOE's policies and 

actions.and industry recommendations. These perceptions, 

concerns, and recommendations are summarized below. They have 

been ll.sted in decreasng order of importance. 

'Need for a n·at·ional :energy p·rog·ram. Industry urges 
that lmE" read· the way for a rational, consistent, and 
comprehensive energy program. 

DOE's ·regtllatorr ·impact. · Industry feels that 
th.rough. 1ts .. regtilato·ry agencies (PERC and ERA), DOE 
has a c.rucial and generally detrimental, effect .on 
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industry's business operations. 

Diffictil'tt ·dealin · with DOE. Industry reports 
d1fficulty in deafing witrlDOE - both because it is 
seen as an unnece'Ssarily' complex bureaucracy and 
because of permitting and contracting processesthat 
bear· on patent and proprietary rights:. 

DOE as industr - goVer·n~e·nt ·in·termediary. D~E could 
~more~ helpfut by assum1ng tnerOie of coord1nator 
between industry and other government departments; 
including state arid local agen~ies. 

Obviously, these major points are strongly interrelated, but 

the following sections will address each separately for 

purposes of discussion. Also, it should be pointed out that 

the National Energy Act (NEA) and the regulations which will 

emerge therefrom, may have some effect on these responses. The 

NEA, however, was too new and the corresponding regulations 

non-existent at .the time of the interviews~ Indications are 

that the NEA does not ~dequately fulfill the resp.onden:ts 

conceptof a national energy program as described above. 

The.hue and cry among corporations for a coherent national 

energy policy competes only with that for free market, rather . . . . 

than government, control of energy price and allocation. 

Companies believe that price decontrol, the constructive 

relaxation of severe inhibitory. regulatory practices, and the 

. general encouragement of fre~ market operations are equally 

import_ant prerequisites to solvi~g national erie;rgy ~upply 

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 they do not, understand the 

commercialization process· as it has historic_ally operated to 

benefit the nation. Long lead tim&s. fro~ five to twenty 

years, characterize the commercialization of all new, 

innovative technology, and this is no less true for energy 

technology. Governmen·t programs,, practices, and individual 

polici~s continual:ly flip- flop, ·conflict ~i th each other and 

even apply retroactively. As a result, industry cannot ·proceed 

with energy producing or conserving ventures that, due to 

percei\red· 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 w~ll through 

DOE, which' allows long-·term planning for the entire· 

commen.:ialization process, a process which includes innovations 
. ' 

through R & D and ~apital formation and which requires 

reasonably predictable.return on investment commensurate with 

the attendant risk.. Where risk is especially high, and the 

prospect for payout marginal, a gover~ment energy program must 

provide active support, not only directly f~r R & D~ but in the 

form of economic incentives such as ta;x credits and accelerated 

depreciation. 

94 



Regulat0£1. impac·t of DOE 

The. vast maj o:rity. 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 

admitted to the creation of markets for new products brought 

about.by DOE (and EPA) regulations. The corporat~ exectives 

fnterviewed overwhelmingly subscribe to the concept that a free 

market in energy will ultimately allocate scarce resources far 

more efficiently-than will government bureaucracies. 

-
DOE regulations regarding pricing, allocation, and manda-cory 

conversion of fuels ,nd feedstocks are not separable in the 

minds of these managers~ 

One company said: 

Energy, in an economically usable form (natural gas 
i:h this case), is essential in the manufacture of our 
major products. Its prJ,.·ce, however, can double. 
without significant effect on manufacturing costs. 

According to this company, government policy, as reflected in 

its· regulations, keeps the price of nattiral gas artifically low 

while at .the same time other mandates dictate the 

~xtraord~narily expensive conversion from gas to coal in the 

company's new paper plant _installations. Thus, energy, due to 

its irih~rently minor contribution to th~ ·finished product, 
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should not be an i~portant s.trat~gic consideration for this 

company. Yet, due to what· the company sees as ext.remely 

counterproductive regulations, DOE impact on its conduct of 

business is crucial. In fact, one of the two executives 

interViewed is personally convinced that supplies of natural 

. gas would becqme plentiful if price controls are lifted 

because, he believes,. there exist vast reserves· in. 

unconventional forms which require high cost recovery . . . . . 

techniqties. One u~l~ls m~jor concorns regarding conversion to 

coal is that af~er making_the expensive conversion or more 

likely deciding in$tead -to "sell off the ·company's paper 

plants," 1these unconventional_ gas-resources-would eventually 

prove out and government policy would again "flip-flop". The 

interview in which th~se stat~ments 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 na~ural gas will be encouraged •.• to shift back (to_ gas) 

rather than burning imported oil."* 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 

serv~'to illustrate the validity of the apprehensions of the 

interviewed executive regarding continual and frequent policy 

changes from DOE and the uncertainty which results. 

Virtually all of the eight-seven companies interviewed. 

mentioned at .least one pricing, all_ocation, or mandatory 

---------------------* '~The Pressure Shifts Back to. Natural Gas, ti Bus·ine·ss 
Week, December 4, 1978. 
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conversion regulation as being inhibito~y. Some typical 

statements follow: 

Uncertainty over pr1c1ng and allocations are holding 
up expansions and growth. 

- Mandate.d conversions may put us out of business in 
some locations. 

- The effect of DOE regtilations·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 de~reased, research in 
commercialization and production of EOR. 

- Pricing policies concerning nll and ga~ 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 i~ both a source of· 
heat and a reage~t. Changing from gas to oil to 
propane requires·~areful analytical work and testing 
to assure product quality. 

- Price control and allocation of turbine fuels ate 
detrimental to the airlines. We strongiy advocate 
decontrol; a free market will provide needed supplies 
at the lowe~t possible price. 

·Difficul·ty ·ciealing w'tth ·noE 

Many companies complain about .the complexity of the DOE 

bt.i~eaucracy 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 a·continuous growth of bureaucracy in the 
company to keep up with that in government. 

- Before DOE, we w~re calling on individual agencies: 
AEC, FEA, ERDA, FPC, etc. arid we were getting direct 
and meaningful inputs, but now with DOE, finding the 
right person with. whom to talk i·s almost impossible. 
Our questions are technical, but we can•t get 
dialogue with our counterparts ••. The proper people 
may be there, but we havtHi.' t been nblo .to rQa.ch. the111. 

- Reporting requirements are. very costly and direct 
manpower away from energy proj ec.ts. 

Two very large companies with many DOE contracts reported to 

have problems with apparent conflicts of interest: 

• - Dealing with DOE now is the most diffictilt it has 
ever been. I have a ~illion personal acquaintances 
and still cannot get 1n.. The most important problem 
is conflict of interest, real or implied~ A 
statement defining conflict of interest is needed. 

- DOE policy r,egarding conflict of interest is a major 
barrier. A company with any background, experience, 
~ompetence or capability in. an area i~· almost 
automatically disqukli£ied from government studies or 

·projects. This is a major concern. 

Many companies are particularly concerned with the contracting 

process. At one extr·eme are companies, and there are many, 

with policies of avoid~rice of governme~t contracts. :one huge 

company with. an .extremely important involvement in.energy says: 
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Research tries· to minimize contacts wi.th government. 
We conduct no government (sponsored) work in our 
laboratorie~. · 

At the other extreme are companies who report no p·articular 

difficulties with DOE con~racts. The~e tend to be aerospace 

firms or smaller, high-technology companies 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 (ene.rgy-telated) 
prog~ams and has a good working relatioriship with 
DOE. . 

A small high-technology company, very. actively eng~ged in 

R & D, says: 

- We are not large cinough 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 worki~g with DOE can be attributed to 

companies' appraisal of the contracting process itself, which 

includes considerations o~ patent rights and proprietary 

knowledge security. Some companies, unlike aerospace firms, 

for example, simply a·re ri·ot accustome.d to negotiating 

government contracts. Some others claim that DOE does not have 

reasonable patent policies, unlike other agencies such as DOD • 

. In addition to these more critical constraints, there are many 

complaints. 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 contract. Some examples ·'from the interview reports 

follow: 

- DOE patent policy is totally w1acceptable to us. We 
are financing our coal gasification research solely 
with·private money in order to protect proprietary 
knowledge in ----* technology. Our corporate p~licy 
is to engagP. in joint program!i with DOE only wln::t~ vie. 
can protect proprietary know-how. Thi~ is our only 
means of protection from competitors. 

I 

- We have a policy of·•voiding all government contracts 
except small supply contracts. 

- 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 cif negotiations. 

- Requests for cost sharing in many. cases are not 
consistent with the siate 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 wh~t industry is trying to du, they 
should carry the major part of the cost. Then, as a 
program gets clciser 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 oil and gas well 
treatment, stimulation, and recovery enhancement 
would ·severel¥ discot.irage R & D directed to improving 
such composit1ons. 

* 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 
coinmittees 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, purchasing from 
them on request.·.. the message to DOE is to simplify 
contr~ct procedures and somehow provide some 
incentive for private industry to participate in 
long-range, high-risk projects. 

- During 1978, the company spent considerable time 
trying to figure 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 h~ve 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 working with temporary emergency 
operating funds. · 

-DOE projects ... have to.be on a cost-sharing basis or 
on a basis that denies ptofit from the R & D effort 
and the recovery of overhead costs. A modified 
policy along the lines followed by DOD would result 
in the acceleration 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 wo~th it. 

DOE as "industry~goVernment intermediary for energy 

A substantial number of companies believe, that DOE should have 

more capability·, legislated if necessary, to act in an advocacy 

role when there is an industry~government impasse ~n the 

permitting process for specific energy projects and programs. 

Some companies have explicitly indicated the need for a "one 

stop" permitting proces·s in which DOE is an interagent between 

industry and other state, local 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 

agenc1es. 

Some companies· 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 colleagues. Two typical 

statements in this regard are: 
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' 
· - DOE is watering down its initial ideas because of 

political pre~sure (from Congress). We should expect 
more maturity.from Congress. 

- Many people in DOE are well qualified and are trying 
to do a good job b~t are caught in the middle betw~en 
Congress and industry, and they have to support the 
federal end of it •.. There is not a singl~ 
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 about the manner in which these goals 

are to be achieved. In fact, the industry/EPA relationship is 

considered to be_ gen~rally adversary. 

EPA regulations and numerous requirements for reporting and 

documentation affect corporate ability to carry on 

energy-related activities. John Quarles, a former Deputy. 
. I 

Adminis~rator of the EPA, accurately desscribes the corporate 

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 

· certain pro'Fts:· J.niport'iilt~nationa1 energysupply, 
and delay £__ many o·tfie·rs. * lHmphas is added) 

As one company stated: 

Our major concern is the multitudinous array of EPA 
regulations, which create confusion and 
U:ilcertainty ... Key. (energy) programs are now in 
abeyance until the regulations are clarified. 

* John Quarles, "A Thicket of Environmental Laws," The 
WalT "Stre·e·t ·Jo·ur·n·al, August 24, 1979:'" 
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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 specifically, companies perceived the following five 

problem areas: 

·con·fl.ict between DOE and EPA obje·ctives. 

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

DiVer·sion of re·s·ources· to meet EPA stan·dards. 

Res6urces in the form of capital and technical 
manpower that could be used for energy-rel~ted 
projects must be dive~rted to meet EPA mandates. 

Delays, cancellations and un·acceptable return ·~ 
in ve·s·tmen t. 

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

Lack of cost-be~efit ·assess~ents. · 

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

Special proble·ms with ·co·al. 

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 v:i.A\v' nf the producer of such 

products, there is no relation to energy. 

·Each of the probl~m areas will be discussed below. Examples 

relating to constraints on coal utilization will be 

incorporated where appropriate into the disscussion of the four 

othe! points. In a comprehensive reading of the interview 
-

reports, one cannot fail to be impressed by the preponderance 

of coal, in all its aspects. Over and over again companies 

comment on how coal production and utilization are affected by 

environmental constraints promulgated by EPA. Companies 

perceive that, in conjunction with nuclear 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 requirements for portable 

fuels and chemical feedstocks. Yet, environmental constraints 

severely affect all.the facets of coal prqduction & 
utilization: from mining operations to ready-now technologies 

to the most advanced technologies that are far from 

commercialization. Ready-now technologies requiring o?lY the 
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surmounting of environmental barriers - barriers that industry 

believes can be surmounted - can not proceed. And in some 

cases, the most advanced coal combustion 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 important ,enJrgy 

project due to environmental problems, 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 i~ -----~*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 objective~ 

Although few specific examples were proffered, many companies 

refer to con~licting regulations among 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 

confusion and uncertainty, delays and outrigh~ cancellations of 

projects, and competition for scarce resources to meet 

. conflicting objectives. The obvious and frequently cited 

example of such contradictory policies 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 quality 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 pervasive belief among the interview~d 

executives that in the conflict between energy and 

environmental objectives, more often th~n not~ the· 

environmental ones will "win out" over the energy ones without 

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

says: 

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

Others say: 

- Our energy strategy and energy-related programs have 
been very respon~ive tb EPA directives and 
regulations - some feel that we have 'been 
o~er-responsive. In many ~ases, 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 
bui~t on risk. EPA has. gone too far the other way in 
try1ng to protect the public. I£ you are going to 
burn coal,-certain things are. going to h.appen. You 
can't have an abso1utely 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 effe~ts on 
energy production and utilization and particularly 
the economic facts. 

' 
DiV-ersion o·f 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. Ca~ital 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 costly to purchase or produce and 

which use energy 1 themselves. 

Energy R & D programs are often curtailed'because substantial, 

portions of companies' R & D effort must be devoted to meeting 

environmental mandates. The diversion of capital and R & D to 

environmental considerations is especially apparent wherever 

coal is involved. In a recent public interest advertisement, 

the Union Carbide 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 protection 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 en~rgy projects. 
One plant ca;n only run at one-half capacity certain 
times of the year due to effluent disposal load. 

- EPA regulations have not inhibited energy-related 
R & n· activities but have raised the c~st 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 pr~gram was EPA action 
that forced the exclusion of certain materials such 
as NTA (nitrile 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, (meeting regulations 
concerning) flocculation and filtration ~re 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~ineffici~nt programs in the plant. EPA also 

makes it necessary for the company to develop 
technology to handle the pollution problems of its 
customers. · 

- In an industrial 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 nat~ral gas and distillate fuels. 
Also, regarding hydrocarbon emission controls, 
proposed EPA regulations require energy levels of two 
·tO three times current usage to incinerate 
nydrocarbons to meet· acceptable levels. 

- Tho tendency has bet:r1 Lo .make regulatory controls 
more and more severe and energy~consuming. 

- Regulations inhibit other research by diverting 
technical effort, e.g. analytical work to determine 

.·presence of trace mat~rials~ developing method~ for 
eliminating· benzene. · 

- Int~nsive regulation and inspection fequires 
increased cost and demand on time of technical 
personnel. · 

- The major problem relates to TVA, which is the 
largest power producer in the countr~. TVA has had a 
running dispute with EPA regarding types of electric 
equipment to be· insta1led 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, partic~larly 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 re·ally 
hurt. 

- Purification of waste water to separate solids and 
oil requires considerable energy to operate pumps. 
Also, installation of bag hou~es 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 o~ simply 
buried? These npt.inns must be explored and tested. 

- Fifteen percent of capital costs are going into 
environmental control on new plants and new and 
improved processes z·ather .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 siphoning off capital funds that 
should be used in a positive way on energy-related 
matters. ··· · 

- Restrictions on emissions have f6rced 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 our R & D effort w~s 
devoted to meeting EPA and OSHA standards. Today 40% 
is going to that effort. 

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 judgments. 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 
:-. 

112 



on whether or not that pollution control program has been 

effectual by some measure of cost-benefit. Often implicit 3 and 

sometimes explicit, in such statements, however, was the idea. 

that these programs were mandated arbitrarily without due 

regard to cost-benefit. This will be discussed below. The 

·point here is that cost-beneficial or not, a dollar spent on 

pollution 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 policies of these 

federal agencies and their state and local counterparts, d·o· not 

recognize or consider this simple concept. 

~~Jays, cancellations, and unacceptable return Ol'l 
1.nvestment. 

Many companies report cancellations or delays of important 

energy projects or programs, including energy~ & 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 

because the cost associated with compliance is so high as to 

make reasonable return problematic. An aspect of this problem 

which stands out when the interview reports are laid 

end- to- end,'· so to speak, is that the canc~llations, delays~ or 

decisions not to initiate have occurred over the entire range 

of energy te.chnol~gy. This includes "old" technologies such as 
J 
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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 gasification 
project. · · 

--Two LNG terminals have b~en blocked by EPA (and other 
agencies and environmental. groups}. 

--All thi~ (EPA 1·egulations) impacts on the company's 
development program and also on the customer's 
readiness to a~cept a new system for use ih his 
plant. 

--Environmental regulations have retarded drilling of 
geothermal wells. 

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

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

--Restrictions on fluid .inj ectio11. have cancelled .some 
of the ·company's in situ uranium leaching projects. 

--Both state and national EPA ~tandards are restraining 
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 build in 
three new plant sites which they own. 

--EPA is the major barrier to the burning of wood as a 
substi.tute. fuel. 

--R & D programs in mining have been suspended until 
EPA provides commercially acceptable and pr;1ctical 
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rules for continued operations, e.g., open pit mining 
of coal in the Rockies. · 

--Magneto 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 ~ay cif kno~ing 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 f,otal 
company operation, including new product development. 

--Regulatoiy activities regarding use of materials in 
oil well servicing will greatly affect direction and 
in some instance~ perhaps effectiveness of R & D. 

--Company got out of steel business since they couldntt 
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 environm~ntal considerations. In 
research on improved energy-related processes, the 
impact of EPA restrictions and requirements play a 
key role. 

Lack of Cost-Benefit Assessments. 

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 give due regard to the point at _which 

environmental regulations begin to bear severely diminishing 

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 critexion. 

Another corporate frustration is over EPA's adherence to the 

"best available technology" criterion. which sets standards 

th~t can b~ achieved t~chnologically but which do not take into 

consideration that unreasonable additionaL costs 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 business but they have cost the country even 
more dearly: :$5. to· ·7u ·mi1Tion· ·b·ax•te1s· 'of ·c·rude ·oil 
er Y-ear ·due to· m!T--.,.resTrfc'tfoiisarone···-ana--· -­

ffin·i'ffianti""reat'er than z·oo million barrels ·p·er 
year due to __ a·na te·aa ~·oiii'5Tned. * ·---

--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 c6ncept 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 considering for 
application. · 

--While we do not disagree with EPA's overall goals and 
aims. some of its regulations are ridiculou~. EPA 
should have to eval~ate cost vs. benefit of various 

·degrees of regulation. 
-----~---------------* These statistics may be quite revealing regarding the 
identity of the company. An authoritative individ~al .within 
the company has given verbal permission to use them in 
this report. Also with regard to th.e 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 d~ring 
the summer of 1979. · · 
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--EPA has misplaced the importance of sulfur in the 
environment-and overemphasize·d the hazard because it 
neglected to consider the interactions of sulfur with 
p~rticulate matter. The utilities are pushed to .. 
introduce the best available technology into their 
operations wit4out demonstrated and documented 
benefits to the public. EPA must introduce 
cost-benefit considerations into its regulations. 

--There is no such thing as zero ris~ 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 sparse compared to that fo.r DOE and EPA. 

Furthermore, the relation to energy was not always apparent. 

Below we shal+ briefly disscuss each agency with examp~es from 

the interviews. 

Department of Justice (DOJ) 

Most commentary regarding DOJ is concerned with anti-trust 

actions or threats. Although not arising in Year II 

interviews, several oil companies mentioned in Year ·1 that 

threats of divestiture helped to create an adversary atmosphere 

between government and industry. Ih 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 major 

electricity generation project and some transmission lines. 

Several companies (including those interviewed in Year I) feel 

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 examples follow: 

--Anti-trust rules prevent coordination on mutual 
problems. There is a consent decree that requires 
that various competitors not exchange.information. 
This leads to some duplication andmal<es it necessary 
perhaps to tise 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 
th~ government, railroads, individuals, etc. has 
stopped coal mine development -- yet Western coal' 
with the lowest sulfur content, is the most desirable 
for development. 

Occup·ational Health ·and Safety Adminis·tr·ation (OSHA) 

Many interviewees rate OSHA impact on corporate energy strategy 

as "importadt" or "very important". 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. follmv: 

--From 1969 to 1977 coal m1n1ng productivity decreased 
nearly SO%, most of which was due to regulations 
imposed by th~ Federal Mines Healh and· Safety Act. 

--The main interface (with 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 product~on, 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 energy projects, 

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

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

·, The way to kill energy in this country i~L :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 a·nd cer:tification has 
been published recently in the--rederal Register. 
This may have an energy counterpart. · 
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--Activities relating to LNG have been killed by FTC 
because of restri~tiorts 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 ~e need assurance for the future 
th~t we will have some gas to go through them. 

In addition, one company stated that acti9ns by FTC on, 

competition matters require considerable technical involvement 

and hence divert such resources from energy. 

Department of D~fens~ (DOD) 

DOD h~s relatively little re.ported impact on companies' energy 

R & D stra~egy. More often than not, reference to DOD was in 

the form of a comparison with DOE. Specifically,· several 

companies when speaking of the difficuly of negotiating 

co~tracts with DOE, indicated that DOD was much·easier with 

which to deal and that DOE ought to model its practices on 

DOD's. 

Many of the companies interviewed had substantial contracts 

'with DOD and many of these contracts 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 

synthetic fuels. 

Some examples of references to DOD follow: 
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--Gene~ally, DOD is easier t~ negotiate contracts than 
DOE. Practices are ~ore consistent. 

--Interactions with the Havy 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 re~yclables that can be ~sod in their 
produc~s. 

--DOD involvement in demonstrations on solar ts 
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. 

Department ·of 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 "very important" ratings. 

Several companies report harmonious wo~king relationships with 

.DOC concerning its voluntary energy conservation reporting 

system, now evidently a function of DOE. Although only 12 

companies commented, there were negative as well as posit.ive 

comments. 

Some examples of interviewee comments concerning DOC follow: 
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--tThe Government). reports to DOC through a trade 
association on matters relating to energy 
consumption. This procedure h.as been a stimulus to 
seek opportunities for reduction. The aluminum 
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 i~ discouragemerit 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 
the Patent Department. The patent examiners· aren't 
doing their homework. 

--(We have) high praise for DOC as one government 
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 import 
Mexican ~as, " 

Department of I~t~ri~r (DOI) 

Sixteen companies commented on DOI and rated its_ effect on 

corporate energy strategy "important". Most comments involve 

DO!' 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 geothermal resources or 
reserves could be quite important. 

--Obtaining of permits of various kinds -- e.g. 
right-of-way permits -- has slowed down co:inmercial 
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 l>ecau~e DOI has great influence over 
licensing of oil and gas rights on federal lands and 
even more so.relating to off-shore. 

--Interior policies on strip mining of coal need 
review. Leasing pol~cy has allowed so little to l>e 
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., coaf companies. Gover;nment policy on leasing 
government- owned ~cal reserves is critical. Also 
policy on surface reclamation of strip mines prevents 
opening of many surface mines. 

--~aw material availability is useful but the . 
government does n·ot u·se its own data for ·an· early 
warn·l.ng s~st·em for neeae'Cf"7esou·rces. """"Tllere is a need 
to clear ec1s ions on the use of federal. lands. 

·--With USGS, DOI controls release 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 
gasification project. Some of the coal is on Navajo 
·lands. 

--(DO! affects our corporate energy strategy through 
the following factors:) 
Limitations in access of outer continental shelf for 
oil exploration and production. 
Government-owned lands not being made available for 
exploration, ~tc. 
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Withdrawal of increasing area of pu'blic domain from 
any explorato.ry operations. 

lnt·e:rs·tate Comme·rce Co'mmis·sioli ·crcc) 

Responses from companies regarding ICC focus mostly on its 

regulatory effect o·n the transportation of energy, especially 

coal, and fuel wastage brought about by rules 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 their own truck fleets disagree, cla~ming that a 
I 

tremendous amount is wasted. One of ·these co·mp·anies · 
I 

conservatively estimates that at lea·st 17 raillion ba·rr·e1s of 

crude oil per year is wasted across the coUiltr~t ·~ ·~ manner. 

Some examples of company statements regarding ICC follow: 

--Regulation of trucking regarding hot allowing back 
hauling from .other company subsid'iii'ries 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. 
regulations prevent us from taking return 
other companie·s ~.·trucks· £Q: home empty. 
tremendous quant1t1es of fuel. 

·.' 

ICC 
loads for 
This wastes 

--Our company operates 150 trucks. These \vaste large 
amounfs 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 

I ' 
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0:1. slurry pipelines and our railroads. More 
a~tention h~s to b~ ~iveri to our· tailroad·syst~m 
because you can't b~rge if you don't h~~e 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. -- l-tith impact .in 
terms of trucking· costs. 

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

--Wi are concerned with the status of interstate slurry 
pipelines for coal transport. Railroads have fo~ght 
this program by no.t allowing pipelines to be laid 
across their right-of-way. Slurry ~ipclinos zhoula 
be encouraged by ICC with exercise of right of 
eminent domain the same as oil and gas ~ipelines. 

--Frei2ht 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. · 

Eighteen companies commented on IRS impact on corporate and 

R & D energy strategies. Of these, many gave "very important" 

ratings. Natutally, IRS rulings can have tremendous impact on 

companies. but it must be emph~siz~d again that discussion was 

limited to energy matters. In this regard, most comments on 

IRS involved tax incentives for R & D, tax .credits for 

conservation. especially as indicated in the Na.tional Energy 

Act, and two companies. one chemical and one oil, specifically 

mentioned the absence of IRS rulings on capitalization or 

expensing of chemical$ used for enhanced oil recovery. 

Following 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 ImA providing for tax credits on 
energy conserving equipment may impact on markets -­
definitions important. 

--Tax credits for energy saving devices are important. 
Company is sp.ending 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 iridustry 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 proj~cts. Incentives for R & D 
investment can be in!luenced 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 pro~essing 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 inceritive for gasohol would be des.irable. 

--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. C~anges 
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in the law reduced their incentives. The recent law 
chang~s ~re now designed to put ·back what had been 
taken away. 

--IRS has not ruled as to capitalization or expensing 
of chemicals used for EOR. This is just one more 
uncertainty regarding return-on-investment prediction 
for EOR investments~ 

--Expense vs.· capitalization of chemicals used for EOR 
affects economics of recovery. However, a favorable 
ruling would not provide sufficient incentive to 
accelerate projects. 

·Depa.rtmen·t o·f Transpor-tation (DOT) 

Twenty-s'ix companies pr.ovided comments on DOT. and of these mo~t 

rated its impact both on corporate and R li D strate·gy "very 

important". Many companies mention DOT mandated auto mileage 

requirements as affecting both corporate strategy and R & D 

even when the company is not directly engaged in the 

manufacture of automotive products. For example, a metals 

company comments on the decreased use of copper and the 

increased use of aluminum in automotive radiators. Several 

companies say that DOT could and should coordinate with other 

agencies to facilitate .and lower the cost of transporting 

fuels. Several other companies refer to DOT's support of 

electric car research, especially batteries, as impacting in a 

very important way on their corporate and R & D strategy. Some 

examples follow: 

--The DO~ regulation of gasoline mileage requirements 
(is our biggest probl~m). One third to 40% of our. 
lab work is --devoted to trying to meet the 19 MPG 
requirement .. Th$ increasing· requirement is 
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non-linear; if it were linear it would save the 
(auto·.) industry· abo.ut ·$6 billion. 

·--Mandated mileage requirements have stimulated R & D 
work and commercialization efforts on a whole lin'e of 
new·and improved energy efficient products (or 
lighter weight), such as transmissions, air, 
compressors, plastic grills, dashboards, panels, 

·etc., aluminum heat exchangers. 
·.. . . \' 

--'TWo effects on '(company) products through pressure· by 
DOT to reduce size· and weight of automobiles:. 1) 
low~r and lower quantities of cop~er alloys in 
rad1ators; 2) greater use of alum1num~. 

--Regulations on'automotive parts and on plastics have 
required considerable technical effort. 

--Pressure on improved energy efficient autos puts 
stress on lighter gauge structures. 

--Legislated fuel economy standards -·~ major effect on 
auto design which affects new and existing chemicals 
going into fueis -- also plastic raw materials and 
bat t.ery components. 

--DOT could·woik-with other agencies, such as Interio~. 
EPA, etc. to facilitate arid ·lowe~ the cost of 
tTansporting fuels ~- especially coal~ 

·--There is·no forward looking, integrated 
transportation policy in Washington that looks 
promising with regard to: 1) the transportation of 
large numbers of people by m~ans other than the 
automobile, and 2)·the t~ansport or mobility of· 
fuels, such as coal, to the en~rgy production 
facility, Thete·is a lack. of coritinuity by DOT and 
DOE: we start so many things and they just die.· 
(Here the interviewee des~ribes a major project with 

.DOE involving a vehicle built under DOT contract, 
Interviewee· claims that the vehic~e performed well 
but the project was abandoned). DOT, with DOE, 
should support new programs and techniques to_bring· 
sources, people and p~ants together including van· and 
share~the-ride pools which seem to have fallen by the 
wayside. · 

--Requirement for cathodic protection. of gas· 
transmission lines has created some additional 
expense for (company) not a maj'o~ concern, however 
a cos~ and safety. factor. 

- -Inte·iact-ions betw:e·en DOT and DOE to promote. rail 
transportation netwo·rks 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 (primarily natural gas) makes such 
~;eelin:es 30-40%. more e·xpensi've than an orr-pipeline 
Ilu1lt by a-company to transport its om1 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 disgrate and nietits majot 
attention by DOT. DOT published an Energy Outlook 
statement and outlined problems., but action is 
needed. 

w-Regulations on shipping are extremely burdensom~ and 
costly. For example,.when the company ships 
peroxides overseas: 

Product from plant to warehouse 
and from warehouse to dock 

Product on the dock 

Product on the ship 

Government agency 
jurisdiction 

ICC & DOT 

Coast Guard 

Coast Guard & 
International 
Shipping Agency 

These agencies require different sets of labels, 
different spacing of piles of frei.ght 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 ~roducts to. 
cut .down on fossil £uel consumption. 
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-~DOT should encourage increased electrification of 
rail transportati6n. e.g. through tax incentives. 
This would involve ~oal 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 themto maintain their OliTn 
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 
su~cessfully by Post Office Department. Use of 
electric cars would help demand profile for 
utilities, i.e., charge batteri~s during off hours. 

Federal ·nr~Adminis·tration (FDA) 

Only two companies commented on a direct energy 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 

procedure. The savings are not sufficient to recoup the capital 

expenditures, however. Another companysays that FDA 
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requirements r~~ardi~g th~ removal of benz~ri~ from polystyrene 

cups is very crit~~al to th~ future of its business and a 

substitute mate.rial could be more energy intensive. 

Comm~nts regarding TOSCA are similar to those for EPA, 

particularly in the.sense that complex testing and reporting 

procedures divert ~apital and technical. especially R & D, 

resources away from energy considerations. Besides this type 

of diversion, many c~mpanies ~gree that TOSCA mandates are 
,, 

causing and will cause· fundamental, extremely costly, cha~lges 

in industrial chemistry and chemical processes.· Introduction 
; 

of many new chemicals in many areas of application, including 

energy, will be delayed or not introduced at all. Some 

examples of interviewee comments with respect to· TOSCA are: 

--Excessive testing leads to delays in marketing ~f new 
products. Dive~sion of effort which could b~ 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 tec.hnical personnel time. The cost, company ·wide, 
is in the millions of dollars. While some of this is 
essent~al, 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 ·n·ew 

---------------------* Although administered by. EPA, TOSCA was. given a ·separate. 
heading· in th~ Inte.rview Guide. 
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E_!Oce·sse~. will be enormous, and the front--end cost of 
test1ng n·ew· ·s·p·~·c"ia~tt ·br·o"t"u·c·ts will also be very 
high.. Tne"ent1re p anliTng process has had a 
d~amatic 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 Etirope 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 chemi~al industry in the United States. 

--TOSCA has retarded the introduction of new chemicals 
due to testing requirements. The bartiers 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. 
Xhere 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 :hazardous substances, the 
disposal costs of coal ash and spent dolomite could 
put a rear crimp in coal utilization. (Two companies 
made this comment.) 

--New lead standards will probably cause corp~ration 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 erihanced 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 w1likely 
that they will be as efficient both as to cost and as 
to their energy component. 

--reB content ruling (polychlorinated biphenyl) in 
paperboards has a direct effect on re6ycling 
mate.rials and a direct impact .on ·energy coi1sumption 
in th~ industry. · · 
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Most companies rate state, regional, and local agencies, 

particularly state. agencies, as having an "important" or "very 

important" effect .on corporate energy s.trategy and its R & D 

component.. While a few intervielvees simply say ti1at these 

agencies follow federal, especially EPA, directives and 

guidance, many more say that some states and cities are more 

stringent than the federal government, particularly wi tl1 

respect to the energy-envitonment lnterfaco, MentionAd in this 

regard are California (several times), New York, New York City, 

and Chicago. There is some disa.J;!reement among companit::ls. 
. - . 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 prefer less federal 

interaction with state groups. In contrast, another company 

sBys that states lag behind the federal government in their 

~nderstandin:g 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, 

especially 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 operations particularly in regard 

to siting and size of plants, installation details • and state 

EPA regulations. State regulations concerning rates fo~ 

utilities are also cited ~s having a negative effect on 

corporate arid R & D ep~rgy strategy. 

. (•' 
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AREAS FOR DOE EMPHASIS 

In this part of the interview, respondents were asked to 

indicate the degree of importance to their company of DOE 

support for thirteen broad energy tecnnology categories and to 

describe the kind of support they would encourage. Although 

respondents were asked to assess the importance of DOE support 

of broad energy technology categories -~ their ·company, in some 

instances r~spondents answered in a more general way. 

To avoid prompting .responses, interviewers asked. respondents to­

commeJ)t on.oach broad energy technology area within each 
I . . 

category. This method assured that issues and concerns would 

be volw1teered by respondents and not prompted by interviewers. 

However, since all companies did not have to express their 

opinions on all technol~gy areas, the opinions 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 universitiss, 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 technol~gy 

to do so: 

* Analysis of the res~onses to a similar question on the 
. mail survey does not_ generate this same inference. 
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Governmerit sh~u1d put ·research money into products 
and processes ·through the pilot plant .stage only. 

Demonstr.ati'.on and perhaps initial commercial plants. 
may have g.overnm~nt .financial support, but design and 
o.peration should be controlled by industrial · 
6.perati.6ns. 

' . 

Even within the. gerieral ·c~nserisus that .. government .should 

support :front-.end, basic, ·or .exploratory resea:rch, there are a 

variety. of opinions. One suggestion is th.at instead of funding 

research,. government. should stimulate industry to. do R & D 

through tax breaks and other economic incentives. Ho1'lever, 

most ·.companies ag.ree that .. government .support may be necessary 

for lo~g-ra~ge techriologies ar where cost~·and risks are 

extremely high, for example in the development .of nuclear 

power, oil resources, or rail transportatiori. It is stated 

that basic and applied research should be. done by o!ganizations 

capab.le ·of commercializi~g the new te.chnology. In fact,- a fel'l 

respondents cri tic:j.ze the funding of. governmen·t .laborato.ries to 

carry out ~esearch in new techriol~gies which they would not be 

able to commercialize, and some companies believe that .the work. 

in such 'facilities sometime~ 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 

inte.rviewer noted, with respect to one company, that uwhe·n 

~esearch is in th~ company area, ihe~ want no. government work 

in applied areas; when· res·.earch is in someo·ne ei'se'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.) 

138 



PERCENTAGE OF RESPONDENT COMPANIES VIEWING OOE SUPPORT 

AS IMPORTANT FOR 12 ENERGY CATEGORIES 

.Applied Research 
Process Engr. Demonstration 

Basic Research 

Transportation 

Electric Power Generation 

Indust Combust & Steam Gen 

Energy Storage 

Oil 

Gas 
.,_. Coal 
VI 
'-0 

Nuclear 

Solar & Other Renewables 

Manuf/Process Changes 

NC, ·Heat Pumps & Heat Rec 

End Product Efficiency 

TOTAL 

I 

38 

47 

46 

43 

41 

43 

40 

64 

67 

22 

25 

15 
-

42 

I = Important or very important 
NI = Not important 

NI 

15 

14 

16 

14 

13 

13 

9 

10 

8 

9 

9 

17 

12 

NR = No response 
NS = DOE should not support activity. 

NR NS 

28 19 
26 . 13 

24 14 

33 10 

36 10 

34 10 

31 10 

25 1 

18 8 

29 40 

30 36 

33 35 

29 17 

I 

33 

37 

40 

35 

34 

31 

32 

59 

58 

17 

24 

13 

35 

Pilot Plant Plant 

NI NR NS I NI NB. NS . 
13 36 18 20 16 41 23 

15 31 17 I 26 13 37 24 
I 

13 25 22 

I 
32 12 33 23 

16 32 17 24 16 36 24 

14 37 15 I 30 10 45 15 

14 38 17 
I 

26 10 46 I 18 

10 31 17 I 37 9 32 22 

11 29 1 55 10 32 3 

8 19 15 41 9 32 18 

11 29 43 14 10 33 43 

9 32 35 24 .. 9 32 35 

18 34 35 10 17 38 35 

I 
13 31 21 

! 
28 12 36 24 

Commercialization 

I NI NR NS 

15 17 38 30 

21 15 38 26 

25 13 37 25 

15 17 42 26 

31 9 40 20 

19 12 46 23 

24 10 38 28 

42 14 33 11 

27 14 33 26 

10 10 35 45 

19 10 36 35 

9 17 39 35 
-· 

I 22 13 38 27 



The consensus mentioned above is confirmed by the table which 

indicates th~t DOE suppqrt is seen as most important for basic 

research in all twelve categories. then for applied research, 

process engineering or pilot plants, then, in every category 

except coal, for demonstration plants, and least important for 

commercialization. . 

In the following section the main points which respondents made 

with respect to the thirteen broad energy categories ~re 

presented. 

Transportation 

Responding companies feel that improvement of t~1e means of 

transportation is very important. This includes improvement in 

automotive engines, chassis and body design for better fuel 

economy, diesel and internal combustion engine improvements, 

and the development of electric/hybrid vehicles, particularly 

acceleration of research on mote economical batteries for them. 

Also the cost of transportation of fuels ~s well as of company 

products and pipeline technology needs improvement. 

The automdtive engine needs major attention to aspects such as 

use of ceramic parts for high.temperature operation, use of 

plastic and other light weight materials to reduc·e weight, and 

other means of improving the efficiency of fuel use. More 

efficient ~iesel and other types of internal combustion engines 

need development. The use of plaht wast~ as a fuel for plant 

140 



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 investigated. 

However, alternate fue.ls will not solve the problem.s 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 establish a network around the· 

world to· store and distribute a new fuel is .long." 

The electric vehicle is of major interest to several companies. 

The basic research here has be.en done, but applied work 
1 

' 
remains. Of particular merit for DOE support is work on t:he 

development of batteries for use in electric vehicles. The 

current state of development of such batteries is suffici~ntly 

advanced to be practical: "Energy density~ 12-15 watt hours 

per pound _;.. need 50 to 100 for practical vehicles. Cost per 

KW hour must be reduced from $50 - $60 for lead acid to ~25." 

Thus applied research here is necessary and could benefit from 

DOE support. 

Tne cpst of moving fuels and company products needs reduction. 

Transportation i.s a significant component in fuel expense, 

sometimes amounting to 66% of the cost. Government support is 

important in improving rail and marine transportation 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 cons~dered more acceptable by 

company respondents than .government involvement in 

commercialization in many other areas. A need for a national 

policy for maritime transportation is also suggested, as is 

research in marine transportation and equ~pment. 

~ipelin~ technology is an area requiring applied researcn ou 

technology for shipping products, for handling coal slurry and 

powdered coal, as well ~~ for liquid products, including 

hazardous materials. 

Companies recommend that major attention be given to means of 

liquid fuel .conservation. For example, DOE should evaluate the 

effects of federal regulations regarding the w~ight and lengt~ 

of trucks. and "dis allowances of 1 doubles 111 whic~1 results in 

trucks travelling extra miles to avoid some states, thus usiug 

extra fuel. An additional fuel· conservation item suggested is 

to emphasize and expand such programs as "Share-the-Ride," and 

"Van Pooling, 11 and to increase the number of busses 0~1 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 need~d facilities. These 

companies should also be encouraged to develop· and utilize new 

technology, while at the same time an acc~ptable return on 

their investments should be allowed. A "most constructive 

step" could be taken her.e "through PERC by allowing utilities 

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" needs 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 comp~ny reports 

that in order to install a unit to burn .oil in a gas turbine 

generator and use exhaust fans for heating, a filing f~~ of 
' . 

$60,00 to $85,000 is first required» and then a two year delay 

is anticipated before a permit is obtained. Also, investment 

tax credit does not apply to cogeneration. "The company may 

throw up its hands and say, "the (---) 1.vith it," and an energy 

saving installation will be lost. Another respondent comments 

that utilities must work 10 years ahead due to permitting 

delays and other industry only three years ahead to respond to 

market conditions making cqoperation difficult. Regulatory 

controls are a problem if companies attempt to sell 

electricity back to the power companies via cogeneration. 

Still another company reports that cogeneration wit~1 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's role was also present particularly 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 
th rnughout the country for all ·utili ties- -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. 

Many companies are concerned with the cost of needed 

electricity and feel DOE should have a role in,attempting.to 

reduce such costs and improve the efficiency of transmission 

and distribution of elec~r1c power. Several specific 

suggestions for DOE support were made: 

- electric load dispatching system 
- development of ultra high voltage transmission 
- DC transmis·s ion -- one company has experimented with 

this (a 1 1/Z million volt system with distlnce of 
one mile) and reported good results. 

One res~ondent suggested using more coal in the generation of 

~lectricity and doing this at the mouth of the coal min~ to 
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reduce shipping problems. 

In terms of specific technologies 1, fluia:i. zed bed combustion is 

seen as one of the more promisifig· 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. 

because of the high cost and the high risk of a large capital 

expenditure on new technology. However, this tecimology is not 

seen as ready for demonstration or co:m.1nercialization at the 

present time. 
I 

Several companies are interested in the g~s 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 hydroelectric unitss 
and if ther.-e was an investmen,t tax credit allowing a 
fast write-of£, companies would probabl~ install ~uch 
units and conserve important oil." 

Conc~rn is expre5sed that here, as in other areas, DOE·~hould 

· ·~ support pToj ects wh.ich constitute· "re.~.inventing the wheel~ . 
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i.e., electric furnace starters rather than pilot lights. Not 

necessarily well thought out or cons~rving.'' 

( 
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Again, cogeneration of ste.am is seen as an important .area for 

DOE support.. In particular, DOE could assist in resolving 

present :and potential legal proble~s which can arise wh~n 

industrial companies s.ell energy to. uti,lity 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 tolerate and which ~ould result in no cogeneration of 

energy. 

Some companies are currently experimenting with internal 

cogeneration. For example, one company has· large amounts of 80 

degree F effluent which is used. to heat .greenhouses; another 

inte:rviewee suggests. "generation of electric.ity wi.th a side arm 

J for waste heat utilization (e.g. building heat)." Work on, ways 

to. recover low temperature heat and development of more 

efficient .recuperato.rs needs to be. done here. 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 pre.sent :boilers is 
inefficient.· Need improve~ents. in efficiency 
burning gas, and oil to. bring the cost down. 
work .on combust·iort te.chnology on all fuels." 

Development of steam via improved systems and 
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utilizing coal wo:uld be. :of value •.. Geothermal 
development ··.could he. ·applied to·.· st·e·:a:m ·as· weTl as · 
electrical ge1ieration. 

Use of waste. mate·.rials ·(e .• g. municipal solid waste, coal 

mining, and other waste materials) is a promising source of 

energy. A number of companies s~ggest special DOE att.ention to. 

basic and applied research in this area. 

Several companies ·have utilized was to mate .. r·ials ·for industrial 

combustion and steam generation. One company has developed a 

plant which separate.s combustible from non-combustible. gar·bage 

material. Another solid municipal recovery facility .produces 

an oil as a by-product and this can .be used for industria'! 

combustion and steam generation. Several respondents feel 

development of a demonst~ation plant .in this area would be of 

value. 

Th~re is also inter~st in research on atmospheric fluidized 

be.ds (p.ossibly funded through or jointly with BPRI), cual/oil 

slurries (one company reports. work on firing barks l'lith. 

coal/oil slurries), and also possibly wood/oil ~lurry, 

instrumentation and control in the design of equipment, and 

improved combustion te.chnology on all fuels. 

Demonstration plants. and commercial developments of these 

industrial combustion and steam generation technol~gies merit 

. government :support b~cause they are very costly ventures. It 

is important to emphasize. here; 1loweVer, that many companies· 

are ·st;r.iving for erier·gy s~·lf-su'fficiency' wi't.ho·ut' '.d'ir'e·c·t 
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financial sup·port. ·.by. g.over'nme:rit •· Whe·n .the·s·e companies speak of 

government .support, they. stress economic incentives which 

eriha·nce ·.the pote·n:tial for an acceptable return on investment 

such ·as tax credits, defer'red income ·tax, acceler'ate.d 

depreciation, and, especially for smali companies, loan 

guarantees.· Companies· also consider the· removal of what .they 

perceive as unjustified, unduly severe' en'vironmental \ 

constraints. as another indirec·t means of. government support.~ 

Means of ene.rgy sto.rage are important ·.and are ·seen to merit 

DOE att.ention and support. DOE should launch a major program 

of support .for a:ll phases of batte.ry development. Batt.eries 

are particularly important for use in electric automobiles, but 

also as energy s to.rage mechanisms.· At least 12 companies 

express inte.rest in DOE's att.ention to basic and applied 

research tQ help produce a high energy, lower ~ost, longer 

lasting batter'y both for electric vehicles and also for sto.rage 

of off-peak electricity, or energy produced by solar and. 

photo.voltaic processes. 

A long-range program for research on hydrogen generation to. 

supplement .gas and oil supplies iis given second priority. One 

company has done a great .deal of research on using hydrogen in 

aircraft .. and concluded that .this was not practical, but .there 

is suppor~t .for more ·investigation of other'. use·s of hydrogen. 
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Development of pipelines for transporting hydrogen·and means of 

sto.ring this gas are also important. 

Some companies are working on thermal energy storage. On_e 

company has dev.eloped a mol ten salt thermal st·o.rage and pilot 

plant. Magnetic st·o.rage was also suggested - -< super conducting 

magnets may be utilized for energy storage. More hydro st6rage 

technology should be -encouraged. Compres·sed air storage is now 

commercial in Germany. 

Oil 

Next .to nuclear ~n:ergy, the greatest support .from companies for· 

government assistance in ccomme:rcialization of energy te.chriology. 
. . 

"is with respect to the development Df oil resources. The ~ajor 

problem in development .of oil resources is the large capital 

outlay required and th~ need for a reasonable return on 

investment. Much basic research has been done in this area and 

much of the technology necessary to. increase oil resources is 

available. However, since oil is .$0 important and the 

technology is presently so expensive, it is felt that 

government must work with industry to achieve commercialization· 

of the available techn6logy. 

Many of the respondents. feel ~hat deregulation of prices, more 

realistic price ceilings, or putting oil prices on the basis of 

replacement costs. would assist in enhanced production of oil, 

second~ry as well as tertiary oil recovery. If DOE wants ·to. 
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obtain EOR oil it .is necessary to: "provide. the incentives 

required to obtain such oil." Several companies are interested 

in development .of materials for enchanced oil rec,overy such as 

alcohol and polymers and surface active agents .• 

Assistance ~ith deVelopmerit Df de~onstration facilities is 

emphasized for deVelopment of heavy oil, tar sands and oil 

shale. Another recommendation is that .basic research in the 

rubbelization of shale in sTtu should be.suppo!ted at greater 

levels at .places such as Laramie, Los Alamos, and Lawrence 

Livermore Laboratories. Financial incentives to companies 

exp~nding their resources here would assist in development of 

heavy oil, tar s~nds, and oil shale. 

Geological assesment techniques and offshore drilling and 

production techniques may benefit from some DOE assistance but 

they were also considered to be outside of DOE's domain·by 

companies mention~ng th~se technologies. One respondent did 
/ 

suggest that a "conference on advanced drilling methods 

worldwide would be.useful." 

·Gas 

A reliable cost competitive·supply of gas is essential to many 

industrial concerns. Many oil based operatiDn~ could be 

converted to gas. Many interviewees consider that only basic 
v 

research in this are.a 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 Df a demonstration facility could benefit from 

DOE at tent ion. 

Enhanced gas recovery shows some promise· to increase the s·upply 

of fuel. Only a few companies are interested in tight sands or 

Devonian shale and they tended to feel that government support 

would be helpf~l to work in this ~rea .. 

Coal 

Coal is important ·as an al te.rnate. fuel but direct conversion· to 

coal from oil is very expensive. It is recommended that DOE 

support_and encourage all aspects of work on coal gasification 

and liquefaction, which are seen as important means of 

providing_ the portable fuels of the future. I-iigh risk and high 

cost necessitate government-assistance here .. The large 

investments required are beyond the resources of many private 

companies and small companies are at. a great disadvantage. 

(The emphasis on the importance of DOE support in the 

development of these twa processes was also ~upported by the 

results of the mail questionnaire where they were rated as 

second only to nuclear energy.) 

Many companies have.particular interests in this area, 

including proprietary inte.rests. and development in coal 

gasification. Basic research on lignite and peat is also 
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suggested as a res·earch focus. 

Research. o_n coal uses in supplying chemical feedsto.cks is also 

very important,-. par.ticularly in view of dwindling 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 cl.eaning up coal, removing the sulfur, etc. One company 
.. 

reports an interest .in installing a plant for processing coal 

to. clean it up in an isolate.d location to. ship to- plants for 

burning if EPA emission standards could be relaxed sufficiently 

tQ make installation o£ such ·a plant etonomical. Again it .is 

suggested that DOE be concerned with regulations -- such as EPA 

emission stand·ards and with regulatory inconsistencies 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 safety, and a 

few companies have inte.rest .in this. However, less has been 

done to. improve productivity. 

. 
An urgent need for t'he future· develop·ment· 'of nucTe·ar 
·ene·-rgy ·w-as· ·t·fie· ·ar·e·a. ·o·£ ·gr·e·at·e'.s·t co·ns·e·nsus· 'amo·ng· 'the 
·c·o·mp·a:n·1·e·s·- 'fn··te'.I'V'1·e·we.d. · 

Nuclear energy is considered the most· .important and lowest cost 
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source of electrical power both now and for the future. Over 

and over again interviewees refer to the devel6pment and growth 

of nuclear power as "the key need of our country;" "the only 

hope of the future;" "the only reasonable alte.rnative to. fossil 

fuels we have." Other· countries, including Japan, France, 

Britain, Russ·ia, Germany, are supporting nuclear teci1nological 

advancemerits which th~ United States will have to purchase if 

nuclear energy development is not .resumed. it was suggested 

that the government take a NASA approa.cli to nuclear 

development. 

The development of nuclear technology is very risky and the 

costs. are extremely high, so that government support is 

critical in research and development. However, the payoff is 

seen as worthwhile as nuclear energy has been demonstrated to 

be an economic source .of electric pol-v'er. "Chicago with more 

than 50% nuclear electrical generating capacity has a KWH cost 

of about half that ~f 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 restrictions limit some work in this area to 

government laboratories. Also, the permitting process :ri~eds 

simplification. "Jap~n can design and build·a nuclear plant in 

four year~; the Clinton, Illinois nuclear plant will take 

twe.lv:e yea·rs." DOE needs to. wo.rk towards clarification and 
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resolution of regulatory conflicts .• 

It is recommended that the breeder reactor be moved toward 

commercialization immediately. If progress. is. to. ensue, 

companies urge that attention be. paid to the problem of waste 

mate.rial disposal. Available techniques must be researched to. 

de~ide which provide th~ best and safest solution: 

The nuclear industry has already come to a grinding 
halt and will stay the·re 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 purpbse and use the 
same te.chnology fo1' domestic wastes. 

Although not perceived as even near ready for 

commercialization, basic research in th.e area: of fusion should 

be given great emphasis.; one company even recommends a fusion 

"APOLLO Project." "DOE should car!'y the ball in fusion -- as 

they are mandate.d to do." The large capital outlay necessary 

means that government must be involved in further development. 

DOE must also be concerned with i.mportant 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 dete.rmining th~ cost· .of nuclear power, companies 
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recommended that .DOE be involved with locating uranium. They 

also state that DOE should support .research on other 

technological developments in the nuclear area. 

Development .of solar energy is the· most controversial area in 

the study, eliciti~g the most 'l:lncertainty ~bout thP. ability to 

. generate ene!gy at a reasbnably economic cost in the future. 

This is seen as an area whi.ch ~erits basic research as opposed 

to premature demonstration projects •. Solar·development is very 

important for long term energy needs-, but because of the 

uncertainty and the costs which may l;>e 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 

wholehearte.dly. Some feel that .too much atte·ntlon has been 

. given to solar, possiblj for political ieasons, at the 

sacrifice of more immediately available technologies, or those 

that appear tn be more economical. Several interviewees 

express concern that generation and transmission of solar 

energy to consumers may not be economically feasible for a very 

long time. One company reports having installed a solar unit 

tn produce steam but this ~quipment has not justi£ied th~ 

operating cost, even assuming a ze.ro installation cost. 

Another res·ponderit '.s. negat.ive point of view was reflecte.d in 
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the statement "Can't .run a facto.ry on solar -- no way! We 

would have to. pave the whole country with solar cells." A few 

companies are att.empting to. use some solar energy to heat 

plants. Howe~ei, much re~earch and development is required ta 

determine how and if solar power can be produced at a 
' 

·reasonable cost •. 

The te.chnologies 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 

photo.voltaic. Biomass is seen as an energy source and a raw 

material feedstock. Production of alcohol and methane from 
l 

l'lood '· potatoes, and marine. growth sys terns are suggested: 

If all farm wasta and wood industry waste were 
converted ta alcohol,· (this) would be a·very 
important addition ·to portable fuel needs. Could run 
all transportation needs of (the) country. 

Use of biomass 1s 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 6ut basic re~earch is needed before this will be 

commercially viable. Basic and applied research on heating and 

cooling, solar thermal power generation, solar industrial 

process heat, and. geothermal are of. great interest to. several 

companies. 

A n'umbe.r of companies are worki~g in the area of municipal 
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solid waste:; others are inte.reste.d but not .yet acting. 

Commercial production of methane gas £rom solid waste has been 

done by some companies. This is considered to. be an area of 

considerable potential to. the electr.ici ty. 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," and "Stop --

not an economical source of energy." However, other company 

representatives·said that th~ basic information is available 

and that .DOE need only invest .in "applied research and demo 

units. -- companies will conunercialize." Similarly, one 

respondent suggests that .the use of wind as an energy source 
I 

is "gett.ing close" and a second reports his company to be 

worl<ing in this area. Two other respondents. see wind as having 

no potential tn provide an economic energy supply. 

No company reports·. any positive involvement with tidal 

technology. Three respondents report int~rest in a solar space 

station satellite. Need for research on several other means of 

harnessing solar.energy is mentioned by one or two companies 

solar cells, passive salar, and solar power tower. 

Demonstration projects. will be needed here before 
I 

commercialization can be attempte.d. 

Two major problems in .this area mentioned a number of times 

during the inte.rv.iews are storage of solar energy and the 

conversion of solar energy into. he'at :or. electricity.. Several 
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inte.rviewees. sugges.t that ·.a major breakthrough and new 

inventions are needed to. produce faster progress in te.chnology 

and that .provision of improved incentives to inventors· might be 

valuab.le. 

Company inte.rviewees repeate:dly express the view' that .private. 

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 shou'ld support .basic research is in 

universities, industrial. and government laboratories, with 

· resp.ect .to raw mate.rials, particularly metals. For example • 

one respondent states: 

Zinc is a high ·energy process looking for bette:r. 
etonomics. ·Lead i~ a low eriergy pi6ce~s looking for 
a cleaner p.rocess. 

Fiber optics was suggested as· a substitute. for copper wire in 

the communications area: 

1000. times more messages simtfi taneously than through 
copper wires. Thus bo.th copper and tr.ansmiss ion · · 
erfergy would be conserved. 
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Another respondent ·.reconune:ri.ds 

A good across-the-board survey sh6uld be made for 
basic information in metallurgy, thus establislti~g 
priori ties. for a continuing program. 

There is inte.rest· .in new and improved energy savi~g processes. 

Tax or other incentives are suggested as important· 

encouragements to increase capital expenditures beyond present 

corporate conservation effortt. 

Air Conditioning, He·a:t·. · PU:uips·, and lleat n:ccove·ry 

The major point of agreement· in this area is that .industrial 

companies· have the technol9gical know-h6w. for research and 

devftlopment .and will do .whatever work.is justified on the basis 

of economic considerations.· This is an area where most 

companies feel that DOE should not become involved to any great 

extent,. pa~ticularly in the area of conunercialization. "The 

market .for heat pumps is here .•. DOE should not be involved 

beyond basic work." Despite: the prevalent .concern .that .DOE not 

be.come involved in conunercializ at ion, a numbe.r of companies 

feel this area merits. further basic and applied research. The 

greate.st .inte.rest .is ·in process heat .recovery. Several 

specific area~ suggested fol DOE's att.ention are: 

special focus on control of particulates in stack gas 
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eJ.f.lu en.t s·. 

improved efficiency of recupeiato·rs for using waste· 

• heat 

- recovery of he.a.t ·.value ·from. h~gh te.niperature ·e.xhaust 

e, ffluents. · 

rec'o.veiy of was.te·. he'a.t .from fuel cells and burni~g ·. 

garbage 

- industrial usage of recoverable heat .from plant liquid 

effluent ~efore it ~oes tn the sewer. 

It .is felt .that .DO·E should encour~ge improvement in and use of 

energy saving equipment and pr6cesses and again it ·is suggested 

that .tax credits. or other incentives could be. beneficial. 

This is the area where the· company respresentatives feel the · 

least need for DOE support· ·.of any kirid. Several · inte.rviewees 

suggest ·.a role ·for DOE· here in establishing appropriate .. 

regulations and consul~ing with industry.about .these. It·.is 

also recoiilllleiided that .DOE encourage research in the development 

of energy. efficient rnateria'ls, appliances, equipment, and · 

buildings and pr.omote:. the use·'of such products. through· tax '· ' 

incentives. 

:. 

161 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



APPENDIX A 

Mail Questionnaires for Years I and II 

and 

Interview Guide for Year II 

\ 

163 



Inventory of Energy-Related RD&E Funded in Private Sector 
(Form Approved 14 March 1977, O.M.B. 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. YesO 

Please indicate preference to~ final disposition of survey questionnaire. Return 0 Destroy 0 

All information supplied in the following will be treated as Company Confi­
dentiai~Proprietary, and will be safeguarded as such by I.R.I. 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. 

NoD 

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 lor 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 solely with company and/or corporation money. 

Has company 
done RD&E 

in area in 1976 

Energy Category 
Yes I No 

Residential and Commercial Section 

Reduced building loads 

Heat pumps 

Photovoltaic 

Wind 

Other (specify)----------

D D 

D D 

D 0 

0 u 
D D 

Industrial Sector 

Waste heat reduction 

Waste heat recovery 

Conventional coal co­
generation 

Waste material utilization 
(e.g. lubes, tires, etc.) 

Biomass, fuels and feedstocks 

Industrial heat pumps 

More efficient process changes 

Solar for industrial process heAl 

Other (specify) _________ _ 

Transportation 

Auto efficiency improvements 

a. Engine development 

b. Chassis and body 

c. Waste heat utilization 

d. Other auto (specify) 

Aircraft engine and airframe 

Electric auto, batteries and 
components 

Pipeline pumping 
technologies 

New hydrocarbon fuels 

Other (specify)----------

n o 
D D 

0 D 

D D 

D D 

D D 

D D 

0 D 

D D 

D D 

D D 

D D 

D D 

·o o 
0 D 

0 0 

0 0 

0 0 

Estimated Total · 
If yes, market size from 1976 

approximate (in 1976 dollars) 
I 

spending for 1976 

I Thru 1985 Thru 2000 

$ _____ $ ____ _ $ _____ _ 

$ _____ $ _____ $ ____ _ 



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 

l-

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 
RD&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. 



\ CONFIDENTIAL 

Has company Estimated Total 
done RD&E If yes, market size from 1976 

in area in 197€ approximate (in 1976 dollars) 

Yes I No 
spending for 1976 1 Energy Category Thru 1985 Thru 2000 

Supply 

Fluidized bed combustion 0 0 $ $ $ 
boiler 

Coal/oil slurry 0 0 

Nuclear reactor for 0 0 
industrial use 

Enhanced oil recovery 0 0-

Enhanced gas recovery 0 0 

Oil shale 0 0 

Hydrothermal/geothermal 0 0 
(electnc and direct heat) 

Coal Conversion: 
a. Gasification 0 0 

b. Liquefaction 0 0 

c. Feedstocks 0 0 

Geopressure methane 0 0 

Heavy oil 0 0 

Tar sands 0 0 

Methane from coal seams 0 0 

Devonian shale 0 0 

Tight sands 0 0 

Solar central receiver with storage 0 0 

Solar photovoltaic with storage 0 0 

Advanced gas turbine/combined cycle 0 0 

Other (specify) 0 0 



CONFIDENTIAL 

,, 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 with it? 

DYes ONe 

If yciu che.cked "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. 

1 . 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 knowledQe 
that may be useful in develOping a new product, ser­
vice. processor techniq~:Je or in improving an existing 
product or process. Development involves translating 
research or other knowledge into an actual fliAn 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. 

2. 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. 

3. The 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. 

4. 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. 

5. 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 amotmts re­
ported under t11e specttic technologies (inside pages 
of questionnaire) for the corresponding year. If not, 
please comment on the differences. 

7. 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 sttprort from your company's per­
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. 

8. 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 1977,0. M. B. No. 38-577004, Revised August 1978) 

I RI/RC-DOE Survey 

Name of corporation or company (or other institution)'-----------------------------

Address ___________________________________________________ _ 

CitY-----------------------------------------------

State __________________________________ ZIP _______________ _ 

Name, address and position title ot key conla~;l _____ ~~-

Telephone number ____________________________________________ _ 

Principal business of company ____________________ ___,--------------~-~ 

All information supplied in the following will be treated as Compan,v Confidential­
Proprietary, and will be safeguarded as such by I.R.I. Research Corporation and 
RP.nsselaer Polytechnic Institute. Only aggregated data will be supplied to DOE. 
At the end of the project, data sheets will be destroy~u ,snd no copies will hP. retained. 

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 

Actual 
1976* 

Actual 
1977* 

Budgeted/ 
Projected 
1978* 

*If periods reported are not calendar years, please specify fiscal periods---------------------------------

COMPANY CONFIDENTIAL-PROPRIETARY 1 
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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), Nl (Not Important), !(Important), 
or VI (Very Important). Rows left blank will be interpreted as "No opinion." 

Relative 
Energy Technology Corporate Spending Importance 

191e 
1076 19'77 Projected 

·Yes AMount Yes Amount Yes Amount NS Nl VI 

Manufacturing/Process Changes 
Raw Material Changes o_ 0 0 0 0 0 0 
Chemice~I/Reflnlng Processes 0 0 0 0 lJ D 0 
New E~Jcrgy !;a vi ny Pr ucesses 0 0 0 0 0 0 0 
Improved Energy Saving Processes 0 0 0 0 0 0 0 
Other (Specify) 0 0 0 0 0 0 0 

Air Conditioning, Heat Pumps & Heat Recovery 

Residential Heat Pumps 0 0 0 0 0 0 0 
Industrial Heat Pumps 0 0 0 0 0 0 0 
Process Heat Recovery 0 0 0 0 0 0 0 
Use of Low Pressure Exhaust Steam 0 0 0 0 0 0 0 
Other (Specify) 0 0 0 0 0 0 0 

End Product Efficiency 

Consumer Appliances 0 D- 0 0 [J 0 Cl 
M::ml.lfacturing Equipme11L 0 0 0 0 0 0 0 
Building Insulation 0 0 0 0 0 D n 
Energy Efficient Buildings 0 - 0 D 0 0 0 0 
Other (Specl1y) 0 0 0 0 0 0 0 

Transportation · 

Automotive Engine 0 0 0 0 0 0 0 
Automotive Chassis and Body 0 0 0 0 0 0 0 
Electric/Hybrid Vehicles 0 0 0 0 0 0 0 
Other Automotive 0 0 0 0 0 0 0 
Rail Transportation/Equipment 0 0 0 0 0 0 0 
Aircraft Engine and Airframe 0 0 0 0 0 0 0 
Pipeline Technologies 0 0 0 0 0 0 0 
Marine Transportation/Equipment 0 0 0 0 0 0 0 
Other (Specify) 0 0 0 0 0 0 0 

COMPANY CONFIDENTIAL-PROPRIETARY 2 



COMPANY CONFIDENTIAl-PROPRIETARY 

Relative 

Energy Technology Corporate Spending Importance 

1978 
1976 1977 Projected 

Yes Amount Yes Amount Yes Amount NS 1\11 VI 

Electric Power Generation 
Gas Turbine Combined Cycle 0 0 0 0 0 0 0 
Fut:l Cells 0 0 0 0 0 0 0 
Magnetohydrodynamic Generation 0 Ll 0 0 0 0 0 
Cryogenic Generators 0 0 0 0 0 0 0 
Transmission and Distribution 0 0 0 0 0 0 0 
Low Head Hydroelectric 0 0 0 0 0 0 0 
Fluidized Beds 0 0 0 0 0 0 0 
Other (Specify) 0 0 0 0 0 0 0. 

l.ndustrial Combustion and Steam Generation 

Cogeneration 0 0 0 0 0 0 0 
Atmospheric Fluidized Bed 0 0 0 0 0 0 0 
Coal/Oil Slurry 0 0 0 0 0 0 0 
Waste Material 0 0 0 0 0 0 0 

.Instrumentation and Controi 0 0 0 0 0 0 0 
Other (Specify) 0 0 0 0 0 0 0 

Energy Storage 

Pumped Hydro Storage 0 0 0 0 0 0 0 
Compressed Air Storage 0 0 0 0 0 0 0 
Thermal Energy Storage 0 0 0 0 0 0 0 
Batteries 0 0 0 0 0 0 0 
Hydrogen Generation 0 0 0 0 0 0 0 
Other (Specify) 0 0 0 0 0 0 0 

Oil 

Secondary Oil Recovery 0 0 0 0 0 0 0 
Tertiary Oil Recovery 0 0 0 0 0 0 0 
Materials for Enhanced Oil Recovery 0 0 0 0 0 0 0 
Heavy Oil 0 0 0 0 0 0 0 
Tar Sands 0 0 0 0 0 0 0 
Oil Shale 0 0 0 0 0 0 0 
Geological Assessment Techniques 0 0 0 0 0 0 0 
Offshore Drilling & Production Techniques 0 0 0 0 0 0 0 
Other (Specify) 0 ,0 0 0 0 0 0 

Gas 

Enhanced Gas Recovery 0 0 0 0 0 0 0 
Geopressure Methane 0 0 0 0 0 0 0 
Tight Sands 0 0 0 0 0 0 0 
Devonian Shale 0 0 0 0 0 0 0 
Other (Specify) 0 0 0 0 0 0 0 
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. COMPANY CONFIDENTIAL-PROPRIETARY 

Relative 

Energy Technology Corporate Spending Importance 

1978 
1976 1977 Projected 

Yes Amount Yes Amount Ye·s Amount NS Nl VI 

Coal 

PreParation 0 ·o 0 0 0 0 0 
Mining 0 0 0 0 0 u 0 
Ga~ifil;CiliUil 0 0 0 0 0 0 0 
Liquefaction 0 0 0 0 0 0 0 
Chemical FeP.dstocks 0 0 0 0 0 0 0 
Other (Specify) [1 0 0 0 0 0 0 

Nuclear 
Fuel Production 0 0 0 0 0 0 0 

. Fuel ~epa ration 0 0 0 0 0 0 0 
Reprocessing 0 0 0 0 0 0 0 
Waste Disposal 0 0 0 0 0 0 0 
Liquid Metal Fast Breeder 0 0 0 0 0 0 0 
Other Breeder 0 0 0 0 0 0 0 
Reactor for Industrial Process Use 0 0 0 0 0 0 0 
Light Water Reactors 0 0 0 0 0 0 0 
Other Fission 0 0 D 0 0 0 0 
Fusion 0 0 0 0 0 0 0 
Other (Specify) 0 0 0 0 0 0 0 

Solar and Other Renewable 
Solar Photovoltaic ' 0 0 0 0 0 0 .0 
Solar Thermal Power Generation 0 0 o_ .. 0 0 [J 0 
Solar lnd~,Jstrial Prnr.e~~ Heat 0 0 0 0 0 0 0 
Heating and Cooling 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 
Municipal Solid Waste 0 0 0 0 0 0 0 
Tidal 0 0 10 0 0 0 0 
Ocean Thermal 0 - 0 0 0 0 0 0 
Geothermal 0 0 0 0 0 0 0 
Wind 0 0 0 0 0 0 0 
Other (Specify) 0 0 0 0 0 0 0 

Miscellaneous (Specify) 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 D 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

Continue on Page 6 if necessary 
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COMPANY CONFIDENTIAL-PROPRIETARY 

2. Please indicate your opinion on the current level of government sponsorship for the types of energy-related research listed beiCMI: 

Basic Research 
Applied Research 
Process Engineering 
Pilot Plant 
Demonstration Plant 

Too 
Little 

D 
D 
D 
D 
D 
' 

Government Sponsorship in 
the Private Sector 

About Too 
Enough Much 

D D 
D n 
D D 
D D 
D D 

\_ / 

Government Funding of 

Universities 
and the National Laboratories 

Too About Too 
Little Enough Much 

D D D 
D D D 
D Cl ·D 
D D D 
0 0 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? 

0 Yes 0 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). 

4. Comments (additional space on next page). 
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TIHS IS A FACSIMILE OF INSTRUCTIONS GIVEN 

TO THE INTERVIEWERS TO SUPPLEMENT 

DIRECTIONS eN THE IN1ERVIEW 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 interviewer, not only to apprise him of 

~eceiP,t but to indicate that, at least at that point in time, 

we see no difficulties with the report and he may destroy the 

tapP.~ if thay exi~t. 

A space for comments is provided for you to mention any 

incidental information concerning the ~tructure or circumstances 

(not the cont~nt) 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 perceive themselves to have such. If the need 

for a definition of strategy arises, you may use: 11 A comprehensive 

plan of action formulated with the express purpose of achieving 

a particular goal or set of goats. 11 What we wish to understand 

.. is the structure of these strategies. Spacifically, what are 

their cruc1al components - conservation, new products, etc. The 

importance ratings will heip us to do this but only if they are 

properly explained in the commentary. This explanation should 

describe the major energy cancerns of the corporation, major 

energy-related projects, etc. We should also be able to determine, 

with respect to a category such as conservation, new products, 

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 absolutely 

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. Supply, 
is not a strategic component, then you may indicate 
across the page 11 Not a company concern 11 or a similar 
statement. Note that in the sample interview, we indi­
c a t e d N I a n d 11 No Co mm e n t . 11 Howe v e r , t h e s t a t em e n t 11 N o t 
a company concern 11 would have been more descriptive of 
the actual situation. 

• When the later question is inadvertently anti~ipated 
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 response, where given, and himself insert 
it in the approp~iate 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 11 industry - government agency 
interface 11

, the commentary can be duly abbreviated. 

• 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 

• 
11 Very important 11

, it s~ould be within the context of his 
own company's objectives, 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. 



• "Quotable quotes" are great! We believe that we can 
enhance the credibility and the immediacy of our inter­
view su~maries by indicating, as w~ have done· to some 
extent in the past, that we are quoting, in so far a~ 

I 

confidentiality will allo·w·, an actual statement ·made 
in an i~terview. Thus, y6u may use ~~otation 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 illdY be doing t.hi" for the ve1·y fact that we are inter·-; 
viewilly him should imply that ·we shall be reporti'ng, in a 
non-identifiable manner, the substance of what he actually 
says. 

• There very likely will be no stat~ments made under 
the "Other" category, pp. 10, 11 of the interview guide. 
If this is the case~ you may omit these pages from your 
submitted report. 

Page 12 

Self-explanatory. the NEA (National Energ~ Act) General 
Information pamph.let referred to is an unnumbered .. release from 
the DOE, Office of Public Affairs, dated November, 1978. You 
~hould have received sufficient copies from Mike Card. 

Pages 13-16 

Much of what we have said previously applies as well to 
this category of the interview. Here, however, it seems apparent 
that several q~ite distinct topics .might be discussed under one 
agency. The need for this separation became especially apparent 
in the pilot interview, the ~~port of which should be referred 
to for illustration. 

We expect that in most interviews many of the agencies 
listed in 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 industry-agency interface was: 
11 How many days do you have? 11 Much of the subsequent discussion, 
however, was completly unrelated to energy. 

Pages 18-21 

Mostly self-explanatory. Item 7 of the Supplemental 
Instructions for the mail survey is applicable here, except that. 
we have in the interview question further broken down R&D into 
Basic Research, Applied Research, etc., and added_Com~ercialization. 
11 DOE support 11 must necessa-rily 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 legislation. But, 
there are many kinds of financial support and it may be difficult 
to eli.cit specific, ~referred choices, although it would seem 
particularly important to do so. Based on past experience, 
including our pilot interv1ew, res~ondents feel that financial 
incentives of any and all kinds are lacking. If this is the case, 
let's find it out, but if th~y have specific ideas and preferences 
let's determine those too. 

Page 23 
Self-explanatory. However, it may be difficult to separate 

the two responses since both questions are of the 11 do you have 
anything to add category? 11 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 
This space is provided for any further comments you, as 

interviewer, may want to provide. For example, you may want to 



list or describe o~e or more points that were partic~larly 
emphasized by the respondents. You may also want to ~val-uate 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 later. 

/' 



INTERVIEW GUIDE FOR. "A STUDY OF•R&D IN THE PRIVATE SECTOR", YEAR II 

CCMPANY NAME 

AND LOCATION 

OF INTERVIEW: 

DATE OF INTERVIEW: 

NAMES AND TITLES OF 

COMPANY REPRESENTATIVES 

AT INTERVIEW: 

1. ________________________________ _ 

2 •. ________ ~-----------------------

3. ______________________________ __ 

NAME OF INTERVIEWER(S): 1. _____ -;--------------

2. _______________________________ _ 

3. ________________________________ _ 

TAPE RECORDER USED:. YES 0 NO 0 

DURATION OF INTERVIEW: HRS. MIN. 

COMMENTS: 

CONFIDENTIAL 

J 



CORPORATE ENERGY STRATEC.Y 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 component. Specifically. for each 

of several strategic categories. we shall ask you to describe your major 

concerns. plans. and projects and how you rate the importance of each category. 

The particular categories we wish to discuss are: 

(1) Conservation. 

(2) Supply. 

(3) Production and Transmission. and 

(4) New Prod~.~:ts. 

-I-
CONFIDENTIAL 

. i 



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 (VI) 'I 

2. Does your corporate energy strategy, with respect to in-house conservation, have 
an R&D component? lf so, how important is it? (NI,I,VI) · 

UIPORT'}NCE 
NI I VI 

Energy 
Stratt!gy 

I 

R&D 
Component 

PRESENT TO NEAR TERM (THRU 1985) 

COMMENTARY: (i) Reason 

1
(iii) Major 

-2-
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for rating; 
projects 

(ii)'Major concerns; 
-··~ 

··--··- .. 

.. 



CONSERVATION 

3. (i)· How do these importance ratings change for mid term (1985-2000)? 

(ii) How do these importance ratings change for long term (Beyond 2000)? 

~E COMMENTARY: (i) Reason for rating; (ii) Major 

T 
NI I VI concerns; (iii) Major projects 

MID TERM 
(1985-2000) 

Energy 
Strategy 

R&D 
Component 

LONG TERM 
(Beyond, 2000) 

Energy 
Strategy 

I 

R&D 
Component -

, 

-3-
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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 respe_ct to supply, have an·R&D 
component? If. so, how important is it? (NI,I,VI) 

IMPORT~CE 

NI I VI 

Energy 
Strategy 

\ 

. . 

R&D 
Component 

-

PRESENT TO NEAR TERM .(THRU 1985) 

COMMENTARY: (i) Reason 
(iii) Major 

- - -

', 

-4-
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"'·· 

for rating; 
projects 

-- -. 

.. < .. , . 

. 

' ( . 

' 

-
' 

(ii) Major concerns; 

. - -

\ 

l 
' 

' -

·-



3. (i) How do these importance ratings change for mid term (1985-2000)? 

(ii) How do these importance ratings change for long term (Beyond 2000)? 

~E 
IME 

MID TERM 
(1985-2000) 

Energy 
Strategy 

R&D 
Component 

LONG TERM 
(Beyond 2000) 

Energy 
Strategy 

R&D 
Component 

NI I 

' 

COMMENTARY: 
VI 

-s­
COI.IIFIDENTIAL 

(i) Reason for rating; (11) Major 
concerns; (iii) Major projects 

' 

' 

' 



ENERGY PRODUCTION & TRANSMISSION 

1. Within the context of your total corporate energy strategy, how important 
are energy production and transmission? (NI,I,VI) 

2. Does your corporate energy strategy, with respect to energy production and 
transmission, have an R&D component? If so, how important is it? (NI,I,VI). 

IMPORT~CE 

NI I VI 

Energy 
Strategy 

' 

R&D 
Component 

PRESENT TO NEAR TERM (THRU 1985) 

COMMENTARY: 

.. 

,. 

/ 

(i) Reason 
(iii) Major 

.. 

-6-
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for rating; 
projects 

.. -
I 

'· 

(11) Major concerns; 

' 

-



\ 

ENERGY PRODUCTION & TRANSmSSION 

3. (i) How do these importance ratings change for mid term (1985-2000)? 

(ii) How do these importance ratings change for long term (Beyond 2000)? 

~CE 
T 

MID TERM 
(1985-2000) 

l 
Energy. 

Strategy 

R&D 
Cumvun,;,ut 

LONG TERM ' (Beyond 2000) 

Energy 
Strategy 

' 

-

R&D 
Component 

. 
-

NI I 

I 

COMMENTARY: 
VI 

' 

-7-
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(i) Reason for rating; (ii) Major 
concerns; (iii) Major projects 

' 

' -

' 

-

" 

: 

' 



NEW PRODUCTS 

1. Within the context of your total corporate energy 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 it? (NI,I,VI) 

IMPORT<}NCE 
NI I VI 

Energy 
Stratesy 

' 

R&D 
Component 

,. 

PRESENT TO NEAR TERM (THRU 1985) 

COMMENTARY: (i) Reason 
(iii) Major 

-a­
coNFIDENTIAL 

for rating; 
projects 

I 

(ii) Major concerns; 

-



NEW PRODUCTS 
/ 

3. (i) How do these importance ratings change for mid term (1985-2000)? 

(ii) How do these importance ratings change for long term (Beyond 2000)1 

COMMENTARY: (i) Reason for rating; (ii) Major ~E 
T Nl I VI concerns; (iii) Major projects 

MID TERM 
(1985-2000) 

' 

Energy 
Strategy 

-

R&D 
Component 

LONG TERM 
(Beyond 2000) 

Energy 
Strategy 

R&D 
Component 

/ - > 

'~ 

I 

·~· 

' 

-9-
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' 
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OTHER (Specify) 

1. Within the context of your total corporate energy strategy, how important 

are ----------------------------------------------------------------------
-------------------------------------------------------------?(NI,I,VI) 

2. Does your corporate energy strategy, with respect to·~----~~-----------­
have an R&D component? If so how important is it? (NI,I,VI) 

IHPORT~CE 

NI I VI 

Energy 
[)trategy 

' 

R&D 
Component 

PRESENT TO NEAR TERM (THRU 1985) 

COHMENTARY: (i) Reason 
(iii) Major 

I 

-to­
coNFIDENTIAL 

for rating; 
projects 

-

(ii) Major concerns; 



OTHER (Specify)" 

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)1 

~E COMMENTARY: (i) Reason .for rating; (ii) Major 

T 

MID TERM 
(1985- 2000) 

Energy 
Strategy 

-

' 

.. 

R&D 
Component 

LONG TERM 
(Beyond 2000) 

Energy 
Strategy 

.. 
I 

R&D 
Component 

NI I 

I 

VI 

I 

-

-11-
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concerns; (iii) Major projects 

• 

~ 

' . 
' 

J 

--

" 

I 

'J 



Does an individual or group have· responsibility 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 ha~~ on your corporate energy 
strategy and its R&D and commercialization components? 

[Interviewer may leave copy of NEA General Information pamphlet.) 

-12-

CONFIDENTIAL 



INTERFACE WITH GOVERNMENT AGENCIES 

Indicate the degree of 
importance of the inf.lu­
ence of various agencies 
on the energy strategy 
(i) of your company, and 
(ii) your R&D in parti­
cular. 

COHPANY R&D 
AGENCY NI I VI NI I VI 

D 
0 
E 

E 
p 
A 

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 compan~'s 
perspective, can these facilitate or accelerate the R&D -
commercialization process. with respect to energy producing 
technology? 

-13-
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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. 

COHPANY R&D 

AGENCY NI I VI NI I VI 

J 
u 
s 
T 
l 
c 
E I 

0 
s 
H 
A 

F 
T 
c 

D 
E 
F 
E 
N 
s 
E 

COMMENTARY: Obtain specific examples of actions or policie 
of agencies that have facilitated or inhibited energy-relat· 
R&D activities or commercialization of new energy technolog 
by y~ur company. What specific ways, from your own company 
perspective, can these facilitate or accelerate the R&D -
commercialization process with respect to energy producing 
technology? 

-14-
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I 
INTERFACE ~TH 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. 

COHl'ANY R&D 
AGENCY NI I VI NI I VI 

c 
0 
M 
M 
E 
R 
c 
E 

I 
N 
T 
E 
R 
I 
0 
R 

I 
c 
c 

I 
R 
s 

COMMENTARY: Obtain. specific· examples of actions or policief 
of agencies that have facilitated or inhibited energy-relat£ 
R&D activities or commercialization of new energy technolo~ 
by your company. What specific ways, from your own company' 
perspective, can these facilitate or accelerate the R&D -
commercialization process with respect to energy producing 
technology? 

-15-
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INTERFACE WITH GOVERNMENT AGENCIES 

F 
D 
A 

s 
T 
A 
T 
E 

Indicate the degree of 
importance of the influ­
ence of various agencies 
on the ~ strategy 
(i) of your company, and 
(ii) your R&D in parti­
cular. 

CONPANY R&D 
AGENCY NI I VI NI I VI 

T 
R 
A 
N 
s 
p 

0 
K 
T 
A 
T I 
I I 
0 I N 

I 
I 
! 

T 
& 0 

s 
c 
A 

R L 
E 0 
G c 
I A 
0 L 
N 
A 
L 

(Specify) 

0 
T 
H ' 
E 
R 

(Specify) 

I 

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? 

-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 
(i) of your company, and 
(ii) your R&D in parti­
cular. 

COMPANY R&D 

AGENCY NI I VI NI I VI 

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? 

-17-
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~REAS 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.) 

' ~Ia t l'ix entries: \ 
NS, should not 
SU(!(!Ort; NI, I, 
VI as before. 

(I) ., .. 
TYPE OF 

Qj .,:: 

u "' 
EFFORT 

o....c 
.t~ ~ I 

..c" ~ ~ 8 
u .... "" ..... 

.c "'"" ... 
u m d "' ... 0 N 

"' (I)"" ...... ..... 
QJ ... ..... QJ d 

COMMENTARY·: Discuss kind and ENERGY (I) == ..... "' "' Explain rating. 
QJ ... ... ..... 

TF.CHNOLOGY 

TRANSPORTATION 

utomotive Engine 
utomotive Chassis and Body 

A 
A 
E 
0 
R 
A 
p 

lectric/Hybrid Vehicles 
ther Automotive 
ail Transportation/Equipment 
ircraft Engine and Airframe 
ipeline Technologies 

M arine Transportation/Equipment 

ELECTRIC POWER 
GENERATION 

Turbine Combined Cycle 
I Cell& 

gnetohydrodynamic Generation 

Gas 
Fue 
Ma 
Cry 
Tra 
Lo 
Flu 

ogenic Generators 
nsmission and Distribution 

w Head Hydroelectric 
idized Beds 

INDUSTRIAL COMBUSTION 
& STEAM GENERATION 

Cogeneration 
Atmospheric Fluidized Bed 
Coal/Oil Slurry · 
Waste Material 
Instrumentation 1nd Control 

-

"' u .... 
(~ 

~ 

"8 QJ .... 
QJ QJ ., 
'"' c 8 .... .... 
e>.OO ij 
~-~ 1=1 

\J degree ot support, ... 
Qj and to whom, e.g. e 
8 

-18-
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level of DOE participation, 
universitio::a, national labs. 
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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 yo~ ha·ve 
in mind. [Interviewers: 'subheadings for your information; you need read to inter-
viewees only to supply examples of major category.] 

-
TYPE OF 

EFFORT 

ENERGY 
TECHNOLOGY 

ENERGY STORAGE 

Pumped Hydro Storage 
Compressed Air Storage 
Thermal Energy Storage 
Batteries 
Hydrogen Generation 

OIL 

Secondary Oil Recovery 
Tertiary Oil Recovery 
Materials for Enhanced Oil 

Recovery 

Heavy Oil 
Tar Sands 
Oil Shale 

, 

Geological Assessment Techniques 
Offshore Drilling & 
Production Techniques 

GAS 

Enhanced Gas Recovery 
Geopressure Methane 
Tight Sands 
Devonian Shale ' 

' 

Matrix entries: 
NS, should not 
suEEort; NI, I, 
VI as before •. 

Ill 
Ill ... 
Cll ~ 
0 Ill 
O.-< 

.t"" ... ... ~ 
• 0 Ill ~ ' .C.-< ..... 0 

..c eiC ~ u 
·o ~ ~ Ill 

1-1 0 N 
Ill Ill 00 •.-4 ..... ... ..... Cll Cll ~ 

Explain rating. Discuss kind and Ill ,: •.-4 Ill Ill COMMENTARY: 
~ 1-1 1-1 

"0 Cll ... 
Cll Cll II) 

0 •.-4 c c 
·.-4 .......... 0 
Ill P.OO ~ ~ P.C 

<1>-l j:l 

... 

I 

..... 
0 degree 
1-1 
Cll and to 
~ ' 8 

-
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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.] · 

TYPE OF 
_.,.--EF:FORT 

ENERGY -
TF.r. HN m .t)t;V 

COAL 

Preparation 
Mining 
Gasification 
Liquefaction 
Chemical Feedstocks 

NUCLEAR 

el Production 
el Separation 
processing 
ste Disposal 

quid Metal Fast Breeder 
her Breeder 

Fu 
Fu 
Re 
Wa 
Ll 
Ot 
Re 
1.1 
Ot 
Fu 

actor for Industrial Process Use 
ght Watur Roetal'l 
her Fission 
alon 

SOLAR & OTHER 
RENEW ABLES 

er Photovoltelc 
ler Thennal Power Generation 

Sol 
So 
Sol 
H 
B 
M 
T 
0 
G 
WI 

er Industrial Process Heat 
eating end Cooling ...,, 

0 
1om111 
unlclpal Solid Waste 
Ida I 
cean Thermal 
eothermll 
nd 

. 

Matrix entries: 
NS, should not 
support; NI, I, 
VI as be-fore·. 

Ill ., ... 
cu c: 
u Ia 
0.-i 

~"' ... ... 1\1 
• 0 ~ d 

.~ ..... 0 
U-.1 "' '" .t: '"'"' ... 

u ~ . g ca. ... N 
' ~ Ill 00 '" '" cu d ... ..... 

COMMENTARY: Explain rating. Discuss kind and Ill ~'" co !I ~ ... ... 
lavol of DOE participation, .1i ti ·~ ~ ~agree of 11upport, . 

u •.-4 d d .... ..... , 
Ill c:>.OO ~ .!! ~.!i r.:l 

.. 

-

cu anp to whom, 
m 
8 

; 
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AREAS FOR DOE EMPHASIS 

For the energy technology areas which we shall ~me below, indicate the degree of 
importance to your company for DOE support. De~cribe 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 
SUEEOrt; NI, I, 
VI as before. 

Ill 
<llU 

TYPE OF 
Ql s:: 
<J "' 

EFFORT OM 
.t"" ... ... s:: 

• 0 "' s:: ,CM M 0 <J..-4 "" ..-4 
'~ 

,..,. ... 
~ s:: "' ,.. 0 N 
Ill co ..-4 ... # 

~ Ql s:: ... M 
COMMENTARY: Explain rating. Discuss kind and ENERGY Ill C>:..-4 "' "' .,.. ..-4 

TECHNOLOGY 

MANUFACTURING PROCESS 
CHANGES 

aw Material Changes R 
Ch 
N 
lm 

emicai/Refining Processes 
ew Energy Saving Processes 
proved Energy Saving Processes 

A/C, HEAT PUMPS AND 
HEAT RECOVERY 

idential Heat Pumps 
ustrial Heat Pumps 
ess Heat Recovery 

Res 
lnd 
Proc 
Use of Low Pressure Exhaust Steam 

END PRODUCT EFFICIENCY 

Consumer Appliances 
Manufacturing Equipment 
Building Insulation 
Energy Efficient Buildings 

Ql ,.. 
e>: "CC Ql ... 

Ql Ql ., 
u ... s:: s:: ..-4 M..-4 o. 
Ill 0..00 ~~ 
~ o..s:: 

<1.:1 ~ 

<J degree of support, level of DOE participation, ,.. 
Ql and to whom, 
~ ' 8 

' ,• 
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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. Desc-ribe 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 • .] 

Matt·ix entries; 
NS, should not 
support; Nl, I, 
VI as before. 

~~ 
Ul 
Ul ... 

TYPE OF 
<II c:: u ., 

EFFORT 
Or-< 
I.JP., ... p., .. c: 
~ 0 ., c: _,. ... ... n . 

u ..... p., ..... 
.c I.JP. ... 
u ~ c:: ., ,.. 0 N ., Ul co ..... ..... ... .... Ql Ql c:: 

COMMENTARY: Explain rating. Discuss kind and ENERGY Ul o:>:...t ., ., 
Ql ... ... ..... 

TECHNOLOGY ~ "" Ql 
... 

<II <II ., 
u ..... c: c:: ..... 'i1bl! ~ Ul 

~ "'-C: 
..(r..J Q 

MISCELLANEOUS 
(Specify) 

ADDI~IONAL SPACE 

-
' 

u dearee of support, 
I.J 
Ql and to whom, 
~ 
8 

' 
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7 

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 'report to DOE policy makers, is there a brief message that 
pulls together your thoughts about the energy situation that you feel should be 
heard? 

I 

-23-
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. TABU: 1 

ENERGY R & D SPENDING IN EAai 'l"F.(}}OI.OOY 1976 - 1978 
TErnNOLOGIES wrm OOLY 1 RESPmSE a:MBINED TO • atHER' 

(* indicates. positive spending, but less than 
$50 thousand) 

1UI'AL REPORI'ED ENERGY R&D 
SPUIDIK; (IN r.IILLIOOS) 

Cl~!GORY/~ECRROLOGT 

RAROPACTORING/PROCESS CHANGES 

RAV ftATERIAL CHANGES 
CRE~ICAt / REPINING PROCESSES 
REV EWF.RG! SAVING PROCESSES 
I"PROVED-ENERG! SAVING PROCESSES 
OTHER PIANOl"ACTIJRIRG/PROCESS CHR.NGES 

TOTAL PIARUFACTURIRG/PROCESS CHARGES 

liB CONDITIONING, BEAT PUPIPS + HEAT RECOVERY 

RESinRRTIAL HEAT PUPIPS 
Ill!>US~RUL'HEA':' PUPIPS 
P~OCESS HEAT RECOVERY 
USE OF LOV PRESSURE EXHAUST STEAPI 
PIISC. RESIDENTIAL HEATING 
PIISC. VASTE HEAT REDUCTION 
OTHER HEAT RECOVERY STSTEPIS 

TOTAL AIR COND.,HEAT POPIPS+RECOVERY 

IRD PRODUCT EFFICIENCY 

COWSUPIP.R APPLIANCES 
!ANUFACTURING EQUIPPIENT 
BUitDilfG ItiSOLATION 
ENERGY EPPICIF.NT BUILDINGS 
BLDGS. ENV. CONTROL SYSTEPIS 
LIGRTT!G AND ASSOC. EQUIPPIENT 
CHEPIICALS AND PLASTICS 
INSULATING PRODUCTS 
COATINGS 
CO,,ERCIAL PRODUCTS 
GE~ERAI. CONSERVATION 

TCTAL END PRODUCT EPPICI!NCT 

1976 

R.'l 
. 146.1 

21.() 
30.3 

0.1 
107.4 

12.6 
4.1 
5.11 

1. 5 
1.7 
0.3 

25. 7. 

111.4 
1.'! 

"3. 5 
1.7 
O.l 
0.1 
2.q 
O.A 
0.3 
0.1 
1.6 

27.:1 

1977 

16.Q 
47.8 
27.7 
3 e." , 
0.2 

131 

15 
S.ll 
5 

1.7 
0.1 

. o. 3 
27.6 

10.5 
2.8 
4.2 
1. 6 
0.9 
o. 1 
3.4 
1 
1. 3 
0.5 
1~ 6 

27.R 

1978 

20 
61.2 
36.5 
1413.5 
0.2 

166.3 

17 
. 5. 2 
~.5 
D. 2 
2. 2 
0.2 
1 

n.3 

11. '5 
.1.4 
5. 5 
2. 8 

1. " 
0.1 
3.6 
1. 1 
1. 5 
o. 9 
2 • ., 

.:114. 6 

TOTAL 
PIR!IS 

IJ3 
32 
67 
83 

4 
121 

16 
15 
116 
11 

3 
10 

II 
6'9 

,5 
16 
19 
25 
.q 
2 
3 
2 
.1 
3 
7 

66 



CATEGORY/TECHNOLOGY 

TRUSPOl'TATION 

TABLE 1 (Continued) 

AUTO~OTIVE ENGINE. 
AUTOHOTIVF. CHASSI~ AND RODY 
ELECTRIC I HYBRID VEHICLES 
OTHER AUTOMOTIVE 
RAIL TP.ANSPORTATIONIF.QUIPftENT 
AIRCRAl"T ENGINE AND H"Rl'RA"'E 
PIPELIN~ TECHNOLOGIES 
ftARINE TRANSPORTATION I EQUIPHENT 
ftiSC. PARTS AND ACCESSORIES . 
PUEL~. LUBRICANTS, AND ADDITIVES 
OTHER TRANSPORTATION 

TOTAL TRANSPORTATION 

ELECTRIC POWER GENERATION 

GAS TURBINE COftBINED CYCLE 
PUEt C!LtS 
ftAGNETOHYDRODTNAIHC GENE.RATIOR 
TRANSI'IISSION AND DISTRIBUTION 
LOW HF.An HYDROELECTRIC 
FLUIDIZED B·EDS 
ENVIRON~ENTAL, POLL. ABATE~ENT 

II'IPROVED PERPORPIANCE 
OTHF.R ELF.CTRIC POWER GENERATION 

TOTAL ELECTRIC POWER GENERATION 

COGENE~AT!ON 

AT"'OSPHP.RIC FLUICIZED BED 
COAL I OIL SLURRY 
VASTF. PIATERihL 
INSTRU~ENTATION AND CONTROL 
POLLUTION CONTROL 
OTHER COPIBUSTION AND STEAft GENERATION 

TOTAt IND. COftBUSTION + STEAft GER. 

Total Reported Spendi,g 
~li 11 iom;) 

1!)76 

12.4 
4.8 
3.6 J 

1.7 
O.tl 

20.7 
5.3 
7.3 
1.4 

14.6 
1.5 

71l.1 

1. 5 
4.4 
1. 1 

23.1 
1 
0.1 

16.1 
1).5 

23 
70.9 

o.A 
O.A 
0.9 
2.1 
1.2 
0.4 
0.2 
6.6 

1977 

13. q 
5. 1 
4.2 
2.1 
, • 5' 

22 
4.7 
9. 6 
4.7 

1 !f. 5 
1. 8 

83.9 

2.2 
1. 8 
1 

43.6 
5.8 
o.q 

IJ1.2 
0.5 

25.5 
122 

0.1 
1. 7 
o.~ 
1. q 
5.3 
2.6 
O.IJ 

1 J. 2 

!1.978 

11)." 
4 
5. 6 
2. 5 
1. 5 

30.-IJ 
4.7 

10.4 
5.6 

16.5 
2 

99.7 

4. 1 
:?. 7 
1. 2 

46. 1 . 
6.3 

. 1. 7 
46.5 
0.7 

2'1.2 
~ 38.6 

1. 2 
1. 9 
2. 1 
2.3 
6.5 
2. 5 
0.5 

16.9 

TOTAL 
FIRMS 

13 
15 
11 
3 
5 
8 

20 
9 
7 
9 
1 

67 

10 
11 
6 

20 
3 
9 

10 

" 8 
49 

16 
7 

15 
26 
17 

3 
1 

51l 



CATEGORY/TECHNOLOGY 

EIIERGY STORAGE 

PUftPEn RiDRC STO~AGE 
c·o!'IPBESSED AIR STORAGE 
THERI'IAL ENERGY STORAGE 
BATTERBS 
HYDBOGE~ GENERATION 
FLYVH'EELS 

OIL 

OTHER ENERGY S.TORAGl 
TOTAL P.JEBGY STORIGB 

SECONDARY OIL.RECOVERY 
TERTI 1\B Y OIL R ECOVEBY 

TABLE 1 (Cont~ed) 

I'IATERIALS ¥OR ENHANCED OIL RECOVERY 
HEAVY OIL 

. TAR SUDS 
. OIL SHAt.E 

GEOLOGICAL ASSESSI'IEST TECRNIQUP.S 
OFFSHORE DRILLING + PRODUCTION TECH~QUES 
REFINERY PROCESS II'IPROVBI'IENT 
DRILLING AID PROD. TECHNI•JUES 
OTHER OIL 

TOTAL OIL 

GAS· 

ENHANCED GAS RECOVER! 
GEOPRESSUBE I'IE'l'RARE 
'IIGHT SUDS 
DEVONYA W SJIIIL E 
I'IP.THANP. PRO~ COAL SEII'IS 
GEO PHIS I CAT. 
LIQU!PJ~n NATURAL GAS 
DRILLING ANt PROD. TECHNIQUES 
OTHER GAS 

TOTAL GAS 

Total Reported Spending 
(Millions) 

1~76 

0.2 

* 
0.9 

111 
1.6 
0.1 
1.1 

17.9 

12.2 
16.11 
3.8 
6.7 
7.3 
9.5 

39.1 
11.5 
111.6 
11.2 
36.3 

180.7 

5.1 
0.4 
1.5 
1.1 
1.1 
2.6 
0.1 
6.6 
0 

18.9 

1977 

0. 1 
0.4 
o.q 

311.2 
1. 2 
o. 1 
2. 3 

39 •. 2 

13.5 
22.2 

q,.q 
a. 3 
~.5 
6,1 

37.1 
17.l 
16 
22.2, 

7 
U3.6 

.•. 
1.:P. 
o.s 
1 
2.6 
0.2 

10.5 
o. 7 

23.7 

::.978 

o • ., 
o • .s 
1.2 

JB. 6 

1. " 
). 1 
2. 7 

II 5. 1 

15.8 
2 ~- 8 
~- q 
') 

13. J 
. ~3. 2 
4:!.3 
n. 3 
2(1. 6 

. 21.·11 
... II 

, 95. 1 

r:. 1 
c. 1 

" 1. 5 
1. 1 
2.7 
* 

TOTAL 
FIRMS 

2 
5 

12 
16 

4 
2 
5 

35 

20 
17 
18 
13 
12 
16 ,, 
11 

4 
9 
6 

. 52 

12 
4 
6 
5 
3 
2 
2 
7 
J 

25 



TABLE 1 (Continued) 

Total Reported Spending 
CATEGORY/TECHNOLOGY (Hill ions) 

TOTAL 
1976 1977 

COAL 
19711 FIRMS 

PBEHUTIO!f 3.9 3.6 6. 2 22. 
I!INING 9.2 q.) 1J 16 
GASIFICATION 20 17.2 :'.0.9 36 
LIQUEFACTION 13.1 15.5 15.9 28 
CHEMICAL FEEDSTOCKS 6.6 2." 3.·3 15 
POLL. ABATE"T., CLEANING, WASTE 3.1 4. 1 5 1 
OTH!R COAL 1.3 2. 5 J. R 8 

TOTU. COAL 57.2 54.6 68 60 

lf8CLEAR 

PUEL PRODUC'r1:0 N 2.6 2.A 3.7 7 
FUEL SEPARATION 4.5 4.CJ 5.7 3 
REPROCESSING 4.9 5.1 5.8 4 
WASTE DISPOSAL 2.6 2.7 3.2 1 

LIQUID "ETAL fAST aREEDER 19.8 19.9 21. A 14 
OTHER BREEDER 1.1J 1. 5 1.1 2 
REACTOR POR INDUSTRIAL PROCESS USE * o. 1 a. 1 4 
LIGHT WATER REACTORS 15 22.8 26 1 
URANIU" EXPLORATION 1\ND "INING 1.4 2. 1 , . " 6 
OTHER fiSSION 2.2 2.6 3. 6 6 
PUS ION O.A 1. , 2. 1 9 
OTHER NUCLEAR 12.7 14.9 17 15 

TOT&t NUCLEAR 68.1 80.6 n.1 40 

SOLAR AND OTHER RENEWABLE 

SOLAR P~OTOVOLTAIC 3 3.5 5.5 21J 
SOLAR THER~AL POWER GENERATION 0.6 0.3 o. 3 16 
SOLAR INDUSTRIAL PROCESS HEAT 0.3 0.6 0.7 17 
HBATINr. AND COOLING 3.3 3.5 J 32 
EIOI'IASS 4.9 5. 2 fj 30 
"U'HC!Pl\L SOLID 111\STE 5.2 1 , • , , 2. , 16 
OCEAN TRER!'IAL 0.4 0.9 1. 2 1 
GEOTRl'!R!'!I\L 0.6 1. " 2." 9 
WIND 0.2 o. 1 o. 2 9 
OTHER SOLAR AND RBNEIIADLE 0.5 0.6 o. f) 11 

TOTAL SOLAR AND OTHER RENEWABLE 18.9 27.1 32.4 87 



TABLE 1 (Contimled) 

Total Reported Spending 

CATEGORY/TECHNOLOGY 
(l'fill ions) 

ltiSCP.LLTl_NEOUS 1976 1977 1978 
TOTAL 
FIRMS 

EPRI 2.3.6 2q.R JO.CJ 9 
ELV.CTRIC LOAD ftANAGE~ENT 0.1 0.2 o. 4 " ltESEARCR DEPT. ADftitJ!STRATTON o.~ 1.2 1. 6 2 
ENERGY RELATED &NVIRO!ftENTAL STUDIES 2.:5 .2.6 4 J 
P.L~CTltiC SYSTEftS PLANIING , 1. 4 1. 6 J 
!USC. RESEARCH ~STrTUTES 4.'1 5.7 6. s 5 
OTH~R "ISCELLANEOUS 9.'<1 14.6 P.7 n 

.TOTAL ftiSCELLlNEOUS 42.7 55.4 c 62.7 24 



TABLE 2 

CROSS-SECTION OF 1976 ENERGY R & D SPENDING 
TECHNOLOGIES WITH 1 FIRM !IH:PORTING COMBINED TO 'OTHER' 

C~TP.GORY/TECRNOLOGY 

!lNU¥ACTURING/PROCE~S C~ANGES 

RAW ~ATERIAL CHANGES 
CHEMICAL / REFINING PROCESSES 
NEW EWERGY SAVING PROCESSES 
!~PROVED E~ERGY SAVING PROCESSES 

. OTRER !!ANUnCTURING/PROCF.SS CHANG.ES 
TOTI\L MANUFACTURING/PROCESS CHANGES 

AIR CO~DITION!NG, HEAT PU"PS + HEAT RECOVE!Y 

RESIO!~TIAL HF.AT PUMPS 
INDUSTRIAL·HEAT PUMPS 
PROCESS HEAT RECOVERY 
USE Of LO~ PRESSURE EXHA~ST STEA~ 

.MISC. RESIDENTIAL HEATING 
"ISC. WASTE HEAT REDUCTION 
OTHER HEAT RECOVP.RY SYSTEMS-

TOTAL AIR COND.,HEAT PQMPS+RECOVERY 

BND PRODUCT EFFICIENCY 

CONSUMER APPLIANCES 
MANUfACTURING EQUIPMENT 
BUILDING INSQLATION 
ENF.RGY EFFICIENT BUILDINGS 
BLOCS. ENV. CONTROL SYSTE,S 
LIGHTING AND ASSOC. EQUIPMP.NT 
.CHE~ICALS ANn PLASTICS 
INSULATING PRODUCTS 
COATinGS 
COMMERCIAL PRODUCTS 
GP.~P.PAL CONSERVATION 

TOTAL END PRODUCT !PPICIENCT 

IU"BER OF P'IB"S 
R+D SPENDING FOR 

NO LESS 
A!IOUNT THAN 

REPORTED 100,000 

21 
10 
25 
20 

1 
31 

5 
8 

12 
9 
2 
2 
1 

20 

5 
7 
9 

13 
2 
1 
1 

2 
2 
2 

23 

15 
7 

25 
30 

2 
33 

7 
4 

24 
2 

5 
1 

29 

5 
·3 
8 
7 , 
1 

1 

3 
19' 

REPORT!IG 
1976 

100,1t00 
TO 

500,000 

6 
·6 
10 

' 22 

' 29 

/ , , 
1 

2 
2 

13 

3 
5 
1 

" ., 

1 
1 
1 

16 

500,000 
TO TWO 

PIILLION 

. 1 
5 
6 

16 

2 
1 
2 

1 
1 

5 

1 
1 

1 

" 

OVER 
TWO 

MILLION 

1 
8 
2 
5 

12 

1 
1 
1 

2 

2 

1 

1 

4 



TABlE 2 (Continued) 

Cntcgory/Technol6gy 

~U NSPORT AT ION. 

AOTO,OTIVE ENGINE 
AtJTOI'IOTIVE CHI\SSIS AND BODY 
ELECTRIC I HYBRID VEH:CLES 
OTHER ~UTOI'IOTIVE 

RAIL TR~NSPOHTATIONIEQUIPI'I~NT 
AIRC~APT ENGINE AND AIRPRAI'IE 
PIPELINE TECHNOLOGIES 
!'lARINE TRANSPORTATION I EQUIPI'IENT 
I'IISC. PARTS'ANb ACCESSORIES .. 
FUELS, LUBRICANTS, AND ADDITIVES. 
OTHER TRANSPORTATION 

TOTAL TRANSPORTATIO~ 

ILECTRIC POWER GENERATIO~ 

GAS TUREINE COI'IBINED CYCLE 
FUEL CF.LLS 
I'IAGNETOHYDRODYNA~IC GENER~TION 

TRANSI.'IISSION AND DISTJ\IBUTTO~ 
LOW R~An HYDROELECTRIC 
FLO IDIZED BEDS 
ENVIRONI'IENTALr POLL. IBATE~ENT 

!~PROVED PERFORI(~RCE 
OTH~R ELECTRIC POWER GENRRA~ION 
TOTA~ ELECTRIC POWER GENERATION 

IWDUSTRIAL COI'IBUSTION AND STEA.I'I GENERATION 

COGENERATION 
ATI'IOSPHERIC FLUIDIZED BED 
COAL I OIL SLURRY 
WASTF. I'IATERIAL 
INSTRUI'IENTATION AND CONTROL 
POLLUTION CONTROL 
OTHER·CO~BUSTION AND STEAl'! GENERATION 

TOTAL IND. COI'IBUSTION + STEAl'! GEN. 

No 
Amount 

Reported 

5 
3 

" 1 
3-
4 
6 
4 
4 
1 

18 

5 
3 
3 
2 
2 
6 
4 
2 
3 

19 

7 
2 
6 
9 

11 
1 
3 

21 

Less 
than 

1001000 

4 
5 
3 

, 
2 
.6 , 
1 

16 

2 
2 
1 
4 

2 

1 
5 

1oo,ooo 'Soo;ooo 
to to two 

500,000 nillion 

1 
4 
1 
1 

5 
2 
2 
2 

15 

2 
3 
1 
3 

1 
1 
2 
2 
9 

4 
3 
3 
7 
1 
1 
1 

13 

2 
3 
3 
1 
1 
1 
2 
1 
1 . 
1 
1 

10 

1 
2 
1 
8 
1 

4 

1 
9 

3 

Over 
two 

million 

1 

1 
1 
1 

8 

1 

3 

1 
7 



TABU: 2 (Continued) 

Category/Technology No Less 100,000 500,000 Over 
Amount than to to two two BI!IGY STORAGE ReEorted 100!000 500!000 million million 

P~P~D HYDRO STORAGE 1 . 1 
C~PRESSED AIR STORAGE 3 2 
THERI! AL ENERGY STORAGE 7 3 1 1 
BATTERI'P.S 4 1 6 3 2 

;. 

RYUROGEN GENERATION 2 2 
PLYVHE'P.LS 1 1 
OTHER EIERGY STORAGE 4 1 

TOTAL ENERGY STORAGE 16 6 6 4 3 

OIL .. 
SECONDARY OIL RECOVERY 1 ... 6 7 2 
TERTIARY Olt RECOVERY 3 2 4 5 3 
ftATERIALS YOR ENHANCED OIL BECOVlRY 5 .. 7 2 
HEAVY OIL 1 4 2 ~ 1 
TAR SANDS 2 3 4 ·2 1 
OIL SHALE .3 1 8 2 2 
GEOLOGICAL ASSESS!EWT TECHNIQO'P.S 1 2 1 2 5 

· OFTSRORE DR'ILLIRG + PBODIJCTION TECHNIQIJES 3 2 1 2 3 
R~INERY PROCESS IftPROVEftENT 1 1 1 1 
DRILLING AND PROD. TECHNIQOES 3 1 1 4 
OTHER OIL 1 1 1 3 

TOTAL OIL 12 9 8 8 15 

GAS 

E!fR,NCED GAS RECOVERY 3 1 4 3 1 
GF.OP'BESSIJRE IIETRUE 2 1 1 
tiGHT SUDS 1 1 3 1 
DEVONIA1'f ·SHALE 2 1 1 1 

!ETHANE PRO! COAL SEA ItS 1 1 1 
GEOPHTStCAL 1 • 
LIO.IJIFIED NATURAL GAS 1 1 
DRILLYNG AND PROD. TECHNIQUES 3 3 ., 
OTHER GAS 3 

~ TOTAL GAS 10 1 5 6 



TABLE 2 {Continued) 

Category/Technology llo Less 100,000 500,000 Over 
COAL Amount th:m to to two two RcEorted 100 2 JOJ · soo 2noo 'iliHi;on IIIH.lion 

PREP~ RATION 12 5 3 1 1 
IUNl'lG 5 l " 3 1 
GASIFICATION 9 9 9 II 5 
LIQUE:FACTION 6 6 8 7 1 
CHE~ICAL FEEDSTOCKS 7 1 3 3 1 
POLL. ABATEPI_T., CLEANING, WIISTE 2 " 1 
OTHER COAL " 3 1 

TOTAL COAL 13 13 10 13 11 

RUCLEAR 

PUF.L PRODUCTION 5 1 
FUEL SEPARATION 2 1 
REPROCESSING 2 - 1 1 
VAS'IE DISPOSAL 3 2 1 1 
LIQUID ~ETAL PAST BREEDER 3 5 5 1 
OTHER BREEDER· 1 1 
RP.ACTOR POR INDUST~IAL PROCESS USE 2 2 
LIGHT VATER REACT0£5 2 1 2 1 
URANIUPI EXPLORATION AND ,ININd 2 1 2 1 

1.. OTHER FISSION 1 2 2 , 
F'USIO!f 5 1 3 
OTRFR NUCLEAR 7 3 1 1 3 

TOTAL lfUCLEAn 17 5 9 5 " 
SOLAR AND OTHER RENEWA3LE / 

SOLAn PHOTOVOLTAIC 12 6 3 3 
SOLAR THER~AL POWER GEREEATIO!f 5 B 3 
SOLAR INDUSTRIAL PROCESS HEAT 9 7 1 
HRATI~G AND COOLING 12 12 5 3 
BIO~ASS 16 5 6 2 1 
I'IUNICIPAL SCLID WAS'l'E 11 1 3 1 
OCEAN THER!!AL " 1 2 
G EO'IH l!!B !'I AL 4 1 " WIND 6 2 1 
OTHER SOLAR AND RENEWABLE 4 " 3 

TOTAL SOLAR AND OTHER RENEVA.BLE 28 31 17~ 10 
\ .. 



TABLE 2 (Continued) 

f 
Catcgorr/Tcchnolosr No Less 100,000 500,000 Over 

Amount than to to two two 
IIISCELLA RBOUS Rci!ortcd 100 2000 500 2000 million million 

EPRI " 5 
ELF.CTRIC LOAD ftARAGE,ENT 2 2 
RESEARCH DEPT. ADP!INISTRATIO'R 1 1 
ENERGY RELATED ENVIRONftENTAL STUDIES 1 2 
EL!'.CTRIC SYSTEP!S PLARNIRG 2 1 

ftiSC. RESEARCH INSTITUTES 3 1 1 

OTHER ftiSCELLANEOUS 5 4 2 " 2 
. TOTAL P!ISCELLlBEOUS 6 3 2 7 6 

' 



TABLE 3 

CROSS-SECTION OF 1977 ENERGY R & D SPENDING 
TECHNOLOGIES WITH 1 FIRM REPORTING COMBINED TO 'OTHEP 

CATEGORY/TECHNOtoGT 

llN~FACTURING/PROCESS CHANGES 
' 

RAW MATERIAL CHANGES 
CHE~ICAL I REFINING PROCESSES 
MEW ENERGY SAVING PROCESSES 
IM~ROVED ENERGY SAVING PROCESSES 
OTHER NANUPACTURING/PROCESS CHANGES 

TOTAL MANUFACTURING/PROCESS CHANGES 

liB CONDITIONING, HEAT PUMPS + HEAT RECOVERY 

RESIDENTIAL HEAT PUMPS 
INDUSTRIAL HEAT PUMPS 
PROCESS HEAT RECOVERY 
USE OF LOW PRESSURE EXHAUST STEAM 
NTSC. RESIDENTIAL HEATING 
MISC. WASTE HEAT REDUCTION 
OTHER HEAT RECOVERY SYS·TE~S 

TOTAL AIR COND.,HEAT PUNPS+RECOVERY 

!NO PRODUCT EFFICIENCY 

CONSU~En APPLIANCES 
MA~U!ACTU~ING EQUIP~ENT 
BUILDING INSULATION 
EKEBGY EFFICIENT BUILDINGS 
BLDGS. ENV. CON~ROL SYSTEMS 
LIGHTiNG AND ASSOC. EQUIP!ENT 

·cHENICALS AND PLASTICS 
INSULATING PRODUCTS 
COATnGS 
CO,MERCIAL PRODUCTS 
GBNEBAL CONSERVATION 

TOTAL END PRODUCT l!l'l"ICilU~CY 

RUNBEB OF PIBIIS 
U+D SPENDING FOR 

NO LESS 
ANOUNT THAN 

REPORTED 100,000 

11 
5 

16 
22 

25 

3 
5 

17 
7 
1 
9 
2 

25 

1 
4 
7 
6 
2 

1 

1 
1 

" 15 

19 
8 

24 
30 

3 
29 

8 
6 

21 
4 
1 

1 
28 

5 
5 
7 

13 

2 

2 
21 

BEPORTI!tG 
1971 

100,000 
TO 

500,000 

6 
'? 

19 
15 

I 
,35 

, 
1 
.3 

1 
5 

"' 5 , 
1 
1 
2 

20 

BN!UGY 

500,000 
TO TWO 

IIILLION 

5 
4 
5 

11 

20 

3 
2 
4 

. 1 

7 

1 
2 

1 

1 
1 
1 

1 
7 

OVER 
TiO 

IIILLIOtt· 

2 
8 

.3 
5 

12 

1 
1 

1 

1 

1 

1 

l 

• 



TABLE 3 (Continued) 

Catcgory/Tcchno1or,y 

Til NSPORTATIOR 

AUTOMOTIVE ENGINE 
AUTOMOTIVE CHASSIS AND ~ODY 
ELECTRIC I F.YDRID VEHICLES 
OTHER AtJTOl'IOTIVE 
RAIL TR~NS~ORTATIONIEQ~IP~ENT 
AIRCRAFT ENGINE AND AIR~RAME 
PIPELINR T!CHNOLOGIES 
MARINE TRANSPORTATION I EQUIPMRNT 
~ISC. PAP.TS AND ACCBSSOBIES 
FURLS, LUBRICANTS, AND ADDITIVES 
OTHER TRANSPORTATION . 

TOTAL TRANSPORTATION 

!L~CTRTC POWER GENERATION 

GAS. TURBINE COMBINED CYCLE 
FUEL CELLS 
MAGNETORYOBODYNAI'JIC GENERATION 
TRANSMISSION AND DISTRIBUTION 
LOll READ HYDROELECTil!C 
FLUIDIZED BFDS 
ENVIIlON!'IENTAL, POLL. ABI.TEI'IENT 
II'IPROVED PERPORI'IANCE 
OTHER ELECTRIC POWER GEFERATI•JN 

TOTAL ElECTRIC POWER GENERATION 

IRDUSTRIAL CO~BUSTION AND STEAM GEN~RATION 

COGENERATION 
ATMOSPHERIC FLUIDIZED BED 
CO~L I OIL SLURRY 
iAS't'E l'll\TERIAL 
INST~UI'IF.NTAT!ON AND CONTROL 
POLLUTION CCNTROL 
OTHER COMBUSTION AND STEAl'! GE!lF.RATION 

TOTAL IND. COMBUSTION • STEll'! GER. 

No 
Amount 

Reported 

3 
6 
3 
1 
1 
3 
7 
1 
1 
2 

21 

II 
4 
2 
1 
1 
5 
2 
1 
2 

15 

8 
3 
9 

12 
7 

3 
20 

Lc~s 
than 

100,000 

3 
2 
3 

1 
2 
3 
1 
1 

CJ 

1 
3 
2 
2 

2 

2 
5 

5 
2 

" 9 
6 

2 
111 

11H1, nno 
to 

500,000 

" " 2 

2 

6 

" 1 
1 

3 
3 
1 
5 

2 

" 3 

9 

3 
1 
2 

" 2 
2 
2 

16 

500,000 
to two 

:nil lion 
2 

2 
4 
3 , 

13 

~ 
1 
1 

' 1 

2 
1C• 

1 
1 

Over 
two 

rnillion 
1 
1 

2 

1 

3 

10 

5 
1 

3 

2 
10 

1 
1 

2 



·TABLE 3 (Continued) 

' -
Catcgorr/Tcchnoloz! No Less 100,000 500,000 0vcr 

IIEBGY STORAGE Amount than to to two two 
'R.cnortcd ' 100,000 500,000 million million 

PD~PED HYDRO STORAGE· 1 1 
CO~PRP.SSED AIR STOBAG! 1 3 1 
THER~AL ENERGY STORAGE 5 5 1 1 
BATTERIES· 2 1 6 3 
HYDROGEN GENERATION 1 1. 1 1 
FLYWHEELS 2 
OTH~ ENERGY STORAGE .. 1 2 2 

TOTAL ENERGY STORAGE 9 8 9. " 5 

OIL 
.,, 

' SECONDARY OIL.RECOVERY 6 2 " 6 2 
TERTIARY OIL RECOVERY 6 1 1 5 4 
I!ATERIAtS FOR ENHANCED OIL RECOVERY 4 6 5 3 
HP.AVY OIL 5 2 1 " 1 
TAR SAlfDS 5 ' 1 2 2 2 
OIL SHALF. 4 3 5 '3 1 
GEOLOGICAL ASSESSI!ENT TECHNIQUES 2 2 -1 1 5 
OFFSHORE DRILLING • PRODUCTION TECHNIQUES 1 1 2 " 3 
REVINERY PROCESS I!!PROVEI!P.NT 1 1 2 
DRILLING AND PROD. TECHNIQUES 2 1 2 4 
OTH~R OIL 4 I 1 1 

TOTAL OIL 11 15 6 7 13 

GAS 

ENHANCED GAS RECOVERY . 5 1 2 3 1 

GEOPR~SSURF. !!ETHANE 2 2 
TIGHT SANDS 3 1 2 
OEVONIAN SHALE 2 2 1 
!!ETRAlfE FRO!! COAL SEA~S 1 1 1 
GEOl'HYSICAt 1 

1 1 LIQUIFIED NATURAL GAS 
1 1 3 2 DRILLING ANC PROD. TE~RNIQUES 
1 1 1 OTHER GAS 
8 3 " 6 4 TOTAL GAS 



) 

TABLE 3 (Continued) 

Catcgory/Tc:hnolcgy 

COAl. 

PliF. P~RATIOtl 
!'liNING 
GAS!~ I.CA:'UCHf 
LIQtJEFACTION 
CHE IHCA L FEEDSTOCKS 
POLL;. ABATEM'l'. ,- CLEliiNG, 
OTHER COAL 

TOTAL COAL 

IIJCLEA R 

PUEL 'P"RODUCTIONI 
'PUt:;L SEPARATION 
REPROCESSING 
NASTR !liS.POSAL 
LIQUID I"'ETAL P'~.S'1' BR1EDER 
OTHER BRREDER 

WASTE 

REACTOR FOR INCOSTBHL PROCESS USE 
LIGHT WATER .REA.·.CTORS 
URA 'IT ON EXJ.ILOBITION -' ND 1ti RING 
OTHER PISSIOW 
PUSie!f . 
OTHER lf!ICLEn 

T6TAL tfl'iet.EAB 

· Sot.AR AND O'f'RER. RE:WEWA_BtE 

SOLAR PHOTOVOL1AIC· 
SOLAR TRERI!AL POWER ·lENEllATION 
SOLftR IWDYSTRI!L PROCESS ffEAT 
HEATTWG AND COOL IWG 
8101"11\SS 
I"'U~ICIPiL SOLID WASTE 
OCEAN TRERI"'AL 
GEOTHERI'!IIL 
lfiND 
OTHER SOLAR All RERE&ABLE 

TOTAL SOLAR AID OTHER RENEWABLE 

No 
Amount 

Reported 

4 
1 
9 
8 

10 
1 
1 

12 

3 
2 
1 
3 

" 1 
2 
3 
1 
1 
2 
5 

12 

12 
8 
8 
2 
6 

\6 
2 
3 
5 

" 21 

Less 
than 

lUO,OJO 

10 
3 

12 
q 

1 

1 
15 

1 

1 
1 
1 

1 

2 
2 
) 

4 
8 

6 
7 
5 

18 
12 

3 
3 
~ 
q 

100,000 
to 

500,000 

5 
6 
1 
7 
I 

5 
1-1 

2 

1 
2 .. 

1 
2 
4 
1 
9 

3 
1 
4 

~1 

9 
5 
1 
2 

2 
19 

500,000 
to two 

million 
3 
4 
5 
7 
3 
1 , 

13 

4 
1 

2 
2 
1 

1 
5 

3 

1 
3 

1 
2 

13 

Over 
two 

r.tillion 

2 
3 
2 

1. 

9 

1 
1 
1 
1 
1 

2 

4 
6 

2 

2 



TABLE 3 (Continued) 

. Cate&or~/Technolo~r 
No Less 100,(00 sao, ooo· Over 

Amount than to to· two two IIISCELLA!fEOUS Reported 100 2 000 500 z·aoo million million 
EPRI 4 5 
ELECTRIC LOAD fiANAGE!IE!fT 1 3 

2 RESEARCH DEPT. ADfiUISTRATION 
2 EWERGT ~ELATED ENVIRONf!EifTAL STUDIES 1 

ELECTRIC.SYSTEfiS PLA~NING 1 1 1 
fi!SC. RESEARCH INSTITUTES 3 1 1 

.OTHER !IISCELLANEOUS 1 6 3 1 2 
TOTAL f!ISCELLABEOUS 2 4 " 8 6 

.. · j 

:.. ·~ 

c 



TABLE 4 (Continued) 

C•tcsori/tcc6no1ogr No Less 100,000 500,000 Over 
Alttount than to to two two 

ftlRSPORTATIOtl RcEortcd 100,000 5(10!000 nil lion million 

AUTO~OTTVE ENr.INE 2 3 4 3 1 
AUTO~OTIVE CHASSIS KND BODY 4 3 5 3 
EL~CTRIC I HYBRID VEHICLES 1 4 2 4 
OTH~R- AUTO!'IOTIVE 1 1 1 
RAIL TRANSPORTATIONIEQUIP!'IENT 1 3 - , 
AIRCRAFT ENG-INE AND AIRFRA!1E 1 3 4 
PIPELINE TECHNOLOGIES 4 6 8 2 
ftARINE'TRANSPORTATION I ·EQUIPMENT 1 2 1 4 1 
!!ISC~ PARTS AND ACCESSORIES -2 1 3 1 
FUELS; LUBRICANTS, AND ADDITIVES 2· 1 3 3 
OTH.ER· TRANSPORTATION 1 

TOTAL TRANSPORTATION 14 14 15 1 1 13 

ELECTRIC. POWER GENBRUIOR 

,.. GAS TURBINE COMBINED CYCLE 2 1 5 1 I 1 
PURL CELLS s 2 2 2 
MAGN~TOHYDRODYNAP!IC GENERATION 1 3 1 1 
TRU'SP!ISSION AND .DISTRIBUTION 1 3 4 7 5 

. L.OW lf.EA.D HYDROELECTRIC 1 1 1 
FLO!DIZ~D BIDS 5 1 2 1 
ENVIRON I.'JENTAL, POL.L. ABATEI!ENT 2 1 2 2 3 

_ IftT>DOHD PERFORMANCE 1 3 
OTHER ELECTRIC POifER GENERATION 1 2 1 2 2 

TOTAL ELECTRIC POWER GENERATION 11 7 11 9 11 

IIDUST!IAL COI.'JBUSTIOR AND STEAM GENERATION 

COGENERATION 7 5 3 1 
AT"OSPRERIC FLUIDIZED BED 1 3 2 1 
COAL I OIL SLURRY 7 4 2 2 
VAS'TE I'UTERIAL 9 10 .5 2 
USTBOMENTAT!ON- AND CONTROL 3 8 ... 1 1 
POLLUTION CONTROL 2 1 
OTHER COftBUSTION AND STEAR GENERATION 5 2 

TOTAL YRD. COIIBOSTIO'R + STEAft GEN. 14 20 11 7 2 



TABLE 4 

CROSS-SECTION OF 1978 ENERGY R & D SFENDING 
TECHNOLOGIES WITH 1 FIRM REPORTING COt-fBI NED TO 1 OTHER' 

JtJIIBER OP PIBIIS BBPOBTIBG BBDGY 
R+D SPENDING !"OR 1978 

NO J.ESS 100,0(•0 500,000 OVER 
liiOORT TH&H TO ' TO TWO TWO 

ClT!GORY/T!CRROLOGY REPORTED 100,C•0() soo.oco !liLLI ON !ILLIOR 

!IJOPACTORING/PROCESS CBA~GES 

RAi ·"ATlltiAL CHANGES 10 18 6 6 3 
CHE"ICAt / REFINING PROCESSES 1 9 9 2 11 HEW ENERGY SAVING PROCESSES 10 20 25 8 4 
I~PBQVED ENEHGY SAVING PROCESSES 13 ~1 20 13 6 
OTH.ER !UWDFACTORING/PB•)CESS CHANGES 1 2 1 

TOTAL "AROFACTORING/PROCESS CH~NGES 17 29 32 27 16 

liB CONDITIONING, HEAT PO~PS + HEU ltBCOVEBY 

RP.SIOENTIAL HEAT PUI'IPS 2 1' 3 3 1 
IW~OSTRIAL HEAT POI'IPS 5 6 1 2 1 PROCESS HEAT RECOVERY 9 22 10 4 1 
USE Of LOi PRF.SSORE EXIAOST STEA·I'I 2 8 1 
~ISC. RESIDENTIAL HEAT:NG 1 1 1 
IUS C. WASTE HEAT REOOCTION 9 1 
OTHER HEAT RECOVERY SYSTEIIS 1 1 1 1 

TOTAL AIR COND.,HEAT POI'IPS•RECOVERY 14 30 17 5 3 

IRD PRODUCT EFFICIENCY 

CO»SU~ER APPLIA~CES 2 5 5 2 1 "ANOFACTORING EQUIPI'IENT 3 3 1 3 
BUttO~NG INSOL~TION 3 8 6 1 1 
!NE3GY EPFICIRNT BUILDINGS 4 11 8 2 BLDGS. ENV. CONTROL SYSfEI'IS 1 1 1 1 
LIGRTING Ar~D ASSOC. EQUIPIIENT 1 1 
CRE~ICALS AND PLASTICS 1 1 1 
INSOL~TING PRODUCTS 1 
COATINGS 2 1 
CO"I'IERCIAL PRODUCTS 1 1 1 
GENERAL CONSERVATION 3 1 1 2 

TOTAL END PRODUCT EPF(Cl!NCY 11 16 21 15 3 



TABLE 4 (Continued) 

Category/Technology i No Less 100,000 500,000 Over 
knount 'than to to two two 

IW'IR-GY STORAGE Reported 100!000 5001000 million J:lillion 

PU,PED HYDRO STORAGE 2 
CO~PRESSED AIR STORAGE 3 1 1 
THERMAL ENERGY STORAGE 3 6 2 1 
UTTER!P.S 1 1 6 3 s 
HYDR06EW GENERATION 2 1 1 
PLYWRElH.S 2 
OTHER ENERGY STORAGE 1 2 2 

TOTAL ENERGY STORAGE 6 6 13 " 6 

OIL 

SECONDARY OIL RECOVERY 6 2 3 6 3 
TERTIARY OIL RECOVERY " 2 2 6 3 
PIATE!UALS f'OR ENHANCED OIL RECOVERY 3 s 8 2 
HEAVY OIL s 1 3 3 1 
TAR SANDS " 2 2 2 2 
OIL SHAtE· s 2 s 2 2 

'GEOLOGICAL ASSESSPIENT TECHNIQUES 2 2 1 1 s 
OPPSRORE DRILLING + PRODUCTION TECHNIQUES 1 2 3 s 
REFINE~Y PROCESS IPIPROVEPIENT 1 1 2 
DRILLING. AND PROD. TECHNIQUES 2 1 2 4 
OTHER OIL " 1 1 

TOTAL OIL 1 1 13 6 8 111 

GlS 

F.NRANCEn GAS RECOVERY s 2 2 3 
GEO!'RESSIJRE !!ETHANE 2 2 
TIGHT ·SANDS 3 1 2 
DEVONIAN SHALE 2 2 1 
PIETRANE PROP! COAL SEA~S 1 ' 

1 1 
GEOl'HTSICA'L 1 

iLIQOIPIED NATURAL GAS 1 
DRILLING AND PROD. TP.CRWIQUES " 2 
MfiER GAS 2 1 

TOTAL GAS 6 s 2 7 5 

, 



.TABU.4 (Continued) 

~ 
Categorr/TochnoloBr 

..., 
No 1CS!3 100,000 500,000 Over 

cou Anount than toO to tl'IO to 
Re;corted 100 2000 5)0 2000 million million 

PREPARATION 2 9 6 5 
!liNING 3 1 . IJ 5 3 
GASIFICATION 6 11 1:) 5 II 
LIQ UF.l'ACTIO N 8 3 1:) 4 3 
CHEIIICAL FEEDSTOCKS 9 1 3 2 
POLL. ABATEPI'l'., CLE.\NING, WASTE 5 1 1 
O'rHER COAL 1 2 3 1 1 

TOTAL COAL 11 10 u 17 11 

liOCLEliR 

l"Ul:':L PRODUCTION 2- ' 1 
FUEL SEP.ARATIO'N 1 1 1 
REPROCESSING 2 1 1 
USTE DISPOSAL 2 1 ) 1 
LIQUID !!F.TAt P'.,ST BlEEDER 4 1 5 3 1 
.OTHER BREEDER 1 1 
·REI\CTOR FOR INDUSTRrliL PROCESS USE 2 1 
~IGR'l' 'WATER RE~CTORS 2 1 3 
·U'!!ANIUII EXPLORATION AND. !tiRING 1 3 2 
O~R ER PI SSION 2 ~. 1 .. 
PUS tON -~ 3 2 
OTHER NUCLEAR 1 7 1 3 3 

TOTAL NUCt.EA!I 7 1o) f! 9 6 

SOLAR AND OTHE:B RENERAE-t.E 

SOLAR PHOTOVOLTAIC 7 9 li " SOLAR THER!!At. POVER GENERATION 8 '? 1 
SOLAR INDUSTRIAL PROCESS HEAT 6 '? , 
HEATING ANn COOLING 4 18 9' 1 
BIO!'IASS 4 12 10· 4 
IIUNTCIPAL SOL!) WAST F. 4 6 2' 2 2 
OCEAN THER"'AL 2 3 1 1 
GF.OTHER!'IAL 3 , 3 2 
WTND · 3 5 1 
OTHf.R SOLAR AND REN~ABLE 1 6 4 

TOTAL SOLAR lND OTHER RENEWABLE 16 34 '19 16 2 



, TABLE 4 (Continued) 

Category/Technology 
No Less 100,000 500,000 . Over 

Ar,\Ount than to to two two 
IIISCP.L.LA NEOUS :n.eported 100 2 000 500 2000 million million 

El.'BI 1 3 5 

ELP.CTRIC LOAD ftlRAGE"ENT 3 1 

llESUtiCR DEPT. ADftiNISTRATIOH 2 

EMERGY,RELATED BRVIROM~EKTAL STUDIES 1 1 1 

ELECTRIC SYSTEftS PLARRING 1 1-. 1 

ftiSC. RESEARCH INSTITUTES 2 2 1 

OTREB ftlSCELLAHBOUS 1 6 2 1' 3 

TOTAL ftiSCRLLlREOUS 1 " 5 6 8 
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TABlE 5 

R&D PROFILE OF 1HE 37 SECI'ORS OF ALL CCMFANJES 
INCWDIJIKi 'I'H<EE REroRI'ING ZERO ENERGY l'.&D -1976 

(n>llars in Millions) 

ti!J~BE!\ TOTAL 

::lP.C~IV!Ti NUMB EP. TOTAL EN ER::;Y R+D/ ENERGY/ 
S?.CT')R QU ":STIO~l~J,\ In!:: RE:SPON:;ES R+D R•D SI.LES TOTAL R+D 

AEROS!'l\CE · 17 !l 7HI 1 11.:13 3.9')1. L.«l~ 
AIRLI~:, '"! .lj , ;() 

APPLH'~CF:S 1 2 2 ~· II. 3 1. 5~ 15.3~ 

AUTO: 0. RS I TRUCKS q ] 2'B.1 19. 1 1. n 6. Sl 
AOTO:!' r.!:TS I F.Q:JIP 2~ a 6:~ 11.6 1. 3~ 11.U 
f!IIILOP:G ~ ·" T?::'! IALS: JO 11 1) 1. 5 12~5 1.2~- 9.5~ 

CHF:!'!IC ALS 62 36 1 36 3. :: 1CII.II 2.8% 7. 7'l 
CO~PUT~'lS 26 7 Cl3.B 0 ~. 1~ 

CO:IGL0 ":V.R l\ TF:S 18 8 6 31. 1 11.2 3.0~ • 7'J{ 

CONSTRUCT!O!: .4 3 1) ·o.1 • 6% 82.4% 
co NT r\ ~~:~~s . 7 ] 116.6 ~. 1 1. n 17.13% 
DRUGS 27 15 6 2'E. ·~ 6. 7 5. 7% 1. a 
EL ECTR !C' !II. ]1 111 101.6 1JII. 2 2.6% 19. n 
ELECT!liC l?Oiol~!l 16 111 116. =! leo 6. 9 .6% 91.11'1. 
ELECTP.CfliCS 45 ~4 1.~2-~ 1 ~- 2 3.7~ 13.7% 
FOOD, ~EVEiU.;P.S 57 "'" ..,_ 1 Ill. 6 1. 5 ·"~ 1. u 
POELS 42 21 q";f!.2 225.~ • 5~ 47. 1')1 

GES ERA!. 'll\CHD:BY 74 30 18)" q 34. 2 1.6~ 18.6~ 

I~ST'lU!'!":'lTS 110 H: C.P.III J 3 • .3% 3.0% 
L~ISUll" TI~E 11 '4 Q4.8 f- .• 1 2.8r. 14.9% 
:o!ETALS • 'I !'II'IG ]1 1 1 1:!2.5 12.5 .6", 10.2% 
~ISC!::l. LA ~I!"O'JS ...... . . ... 61 24 ,,_~ 2~.9 1.6~ 211.9~ 

NATUR.\L ,. ... 
·~I• J q 'I 13. 0 13. ') .3~ 100.0% 

OPf'ICE !::':)U I!'~.E~:T , 6 2 52.5 (),2 4.11% .1% 
OI!. S1R'IIC'! .. SJP;:·LY 16 = 33.3 31.9 .5% 95.9')1. 
f,\P~R 21 10 77.1 :'!. 7 .8% 4. n 
'!?ERsm: AL .. HO~E Cl'~'!! 1f.l e 1 76. 1 0.11 2.Q't .2% 
?UR LIS fi! 'l!'i I?!! !~IT II'G (; 1 
RADIC, TV, "!CVL ~5 ::! 1 
9AIL~C AD 5 0 
SEt'IICO'II'!IJC'!'OilS lfJ 2 6 (} 6.60:. 
SF.R V !C E'i 17 6 18.5 2..3 • 2% 12.6'£ 
TELPCOW~UM!CATIO~S G II 1171.1? ].2 13.1% .Jl 
TEXTILES I J\P?l\?.":1 11) g 16.11 t.,q • 5~ 11.7% 
TIRES • ;tU113EP. 13. 1 91.7 ~.II 1. 9~ 4.2~ 

TRANSP~!lTATI .': !':Ql.I!P 4 2 28.5 0.2 • 9% .7l 
TRUC«:!~l!'i 1: ~ 0 c: 

TC'"'JILS 81 !' 151 80'55.6 S2J 1.8"'. 10. 2-t 



TABLE 6 

R&D PROFILE OF 1HE 37 SECI'ORS OF ALL <XMPANIES 
INCUJDING 1HOSE REPORTING ZERO ENERGY R&D - 1977 

. (Dollars in Millions) ' 

. SECTf"lR 
AEROSP A~ E 
AlRLI1lP 

N:J~[><-(l 

:l~C!':! VI ::r, 
Qtl EST I'l ~l'P. B;:: 

1? ., 
APPLIA~CES 12 
AU!O: CAP.S,TRUCKS ~ 
AUT9:PRRTS~EQUIP 2~ 
~UIL~!~~ ~~TB!IhLS JO 
C~E~ICALS 6~ 
CO~PUTF?S 26 
CO~G~O~E~A~~S 1A 
CC~STrU~TION ~ 

CONTAINErS 7 

DRUGS 27 
ELf.CTRIC~L 31 
ELECTRIC POWER 16 
FLECTRC~ICS 45 
FOOD, OEVE!lAGES 57 
FUELS 42 
GENERAL ~'CHIRPPY 74 
INSTRU~E~TS 40 
LP.ISURE T:r'1E .11 
"ETALS + ~INI~G 31 
~ISCELLAR!OUS ~PG. 61 
NATURAL ~AS q 
OPFIC~ EQU!~~E~! 11 
CIL S':!RVIC! + S::Ji"l'LY 1G 
PAPEr. 21 
PERSO~AL + H"l"!E CA!>E 10 
PUBLIS!I~~,PrT~~~~3 6 
RADIO,~V,~OV!ES 2 
BAILP.OAD 5 
SE!UCo~:!'l::JCT'JRS 1, 
SERVIC~S 17 
TELECO~~ti~!CATIO~S 6 

-TEXTILtS, A~PAP.EL 16 
TIR!S +. RURR!R 13 
'IRA~ISPI1DT!\TIO."l ":QUI!' 4 
TRUCr.I~G 4 

TOTAL$ Blli 

NUME.!:R 

!I 
ll 
2 
3 
~ 

1 ! 
Jr: 

7 
-~ 

1 
J 

1 5 
111 
111 
2111 
23 
21 
3•0 
15 

4 
11 
24 

3 
6 
s 

1C 
8 
1 
1 
0 
2 
5 
4 
q 

J 
2 
2 

3!>1 

TOTAL 
R+D 

84 3. 3 
0 

32.2 
350 
7R.2 

, 5 '1. :;> 
14"5 

13 o. 5 
7 2CJ. 4 

5.4 
(1"7.5 

o5e. r; 
737.8 
1!17.6 
151 
162 •. 1 
520.1> 
l76. 4 
1 1 5. (j 

5:>. 2 
11 <l. 1 
91.2 
1'1. 1 

296.'1 
3".4 
96 

23].6 

1 o. 1 
1<1.2 

771.1 
16. !I 
q~- 4 

. 36.6 
() 

8!112.~, 

TOTAL 
ENEllGY 

R+D 

15.9 
0 
0.6 

29.3 
14. 2 
15. 4 

100.2 
0 

23. 1 
0.8 

10.2 
o. 2 

174.11 
142.4 
l5.6 

1. 6 
240.7 
)6.9 
3.2 
8 

1 q_ 5 
26. 9. 
1 o. 1 
(). 4 

36,;7 
3.3 
0 

0 
3. 3 
:1.9 
2. 1 
11.6 
o. 9 
0 

Rt-D/ 
SALES 

3.9% 

1. 4~ 
1.9% 
1.3% 
1.2~ 

2. 8~ 7.,. 
3.1% 

• 6~ 
1. 2% 
5. 4% 
2. 45{ 

- 1'h 
3.4% 

• 5~ 
1.4'1 
3.4% 
2.8l 
.• 4% 
1.3% 

• 2~ 
4.5% 

• 5~ 
.9,; 

2. 5% 

7.0: 
• 2% 

7.5~ 
.4% 

1. 9~ 
1.0% 

1. 7'1[ 

ENEllGY/ 
TOTAL R+D 

1.9% 

2.0" 
8.11-;t 

18. 2% 
9.13~ 
6.H 

3.2% 
15.2% 
21. 5% 

23.65{ 
96.5% 
10.3% 

1.0'X 
46.2% 
20.9% 

2.8% 
15.9% 
16.4% 

'29.5% 
100.0% 

.n 
95.5% 
3~8~ 

17.Q% 
.5% 

12.9% 
5~0% 
2.5~ 

11.2~ 



TABLE ·7 

R&D PROFILE OF 1HE 37 SECI'ORS OF ALL llM?ANIES 
1NCLUDING THOSE REPORTING ZERO ENERGY R&D - 1978 

(Dollars in Millions) 

t!U"!BEP. 

SECTOP. 
AEROSI" ~C" l'! 
AI?.LI!l:E 
APPLH"'C'P.S 

r.~C!:~ VI~l~ 

QU ES'!' IC!l~!t. Ir.E 
17 

AUTO: C~RS,Tr.UCKS 
AUTO.;_ PARTS I fQ!JI? 
JruiLD!~:; Mli'TEP.II.LS 
CHP.I!IC ALS 
C0!1PUT!!l:S. 
CONGLO~~RA'!E'S 
COUSTP.UCTID~! 

.C"JNTA!'!E'~<; 

DRUGS ... 
ELEC~P. r:r.t 

• ELECTRIC POiER 
· ELf.C'!R~'liCS 

FOOD, BEV~'tAGES 

fUF.LS 
GENERAL ~ACHINErY 
INSTRU"!":tiTS 
LEI SUR'!':' TI ~1" 
!'!ETALS + ~!!H"'G 
riSCELLA~!OUS ~FG. 
NATURA:r. GAS 
OPPIC~ ~QUIPMENT 

OIL SF.~VTCF. + SITI"~L1 
PAPER 
PERSONkL + ROME' CA~E 
PUBL ::s HI"tr: I PR I :~T I tlG 
BADin, '!'VI ~OVIES 
IiAILR~ATI 

SE~ ICON DOC TO~ S 
SERVICES 
TEtECn,~o~IC\T:o~S 
TEXT!L~S, API"AR~L 
TIRES + I!UBBEP. 
TRANS!'rt'!!TA ~I0\1 EQU!!' 
TRUCY.I ~rr. 

TOTALS 

.,. 
12 

9 

"'" • .I 

10 
1)2 
2'> 
18 

II 
7 

27 
:t1 
16 
!j!) 

".1 
42 
14 
40 
11 
31 
(.1 

, 
16 
:?1 
1:) 

(j 

11) 
·17 

E. 
16 
13 

4 
II 

tlU'IE!:P 
!l!:Si'!J~S'!':S 

e 
4 
2 
1 
"! 

11 
.lf. 

1 
n 
~ 

3 
1~ 
1 II 
1.11 . 

211 
23 
21 
30 
1 ~:· 

II 
. 1 , 
211 

,3 
e 
5· 

1:J 
P. 
1 
1 
o· 
7. 
6 
4 
9 
'] 

2 
2 

351 

TOT/IL 
!!+!) 

1027.8 
3.5 

111.7 
356.8 

65.3 
11C.. 5 

1603.2 
189.5 
867.2 

f-.3 
11e.1 

759.3 
CJ07. 0 

157.2 
112.2 
1&1.5 
5!32 
191.5 
12 5. 9 
49.7 

146 
99.7 

Cl.ll 
3]2. 6 

118.3 
97.4 

263.q 

16. R 
14.6 

8a1.J 
11.4 

100.7 
144.8 

0 

9539.6 

TOTAL 
ENERGY 

I!+!) 
20.9 

3. s 
0.7 

41.3 
16.2 
11.3 

121.3 
0 

2B. 8 
1·. 8 

10.9 
0.3 

203.9 
153. 

21 
1. 7 

290.9 
42.4 
4.2 
8.9 

13.14 
33.5 

9.1l 
0.1 

ll7.4 
3.9 
o. 1 

o· 
3.7 
~- 1 
2. 1 
6.7 
0.8 
0 

1 114. 1 

R+D/ 
SALES 
11.2~ 

.6% 
2.11~ 
1. q~ 
1.2'r. 
2.7~ 
7.5~ 
l. 7~ 
.n 

1.1'J: 
5. 5~ 
2. 6~ 
.n 

3. 4" 
• 5~ 
.51 

1. J~ 
3.2,; 
2.5~ 
.6~ 

1.n 
• 2% 

4.7-:; 
.6~ 
• 9~ 

2. s~ 

7.4" 
.n 

]5.0":; 
.5~ 

1. R" 
1. a 

EtiERGY/ 
TOTAL R+D 

2.01 
100.01 

11.9'.( 
11. 6~ 
24.8~ 
9.8~ 

7.6~ 

l.n. 
29. Ol 
22.4J. 

22.5~ 
97.4f 
12.2" 

1. '"' 50. o,;, 
22. 1l 
3.n 

1a. o,;. 
9. 21. 

33. 6t 
1oo.o,; 

.2% 
9o.n 
11.0~ 

25.2J. 
• Sl. 

11. 9S 
6.6~ 
1. Sl 

11.71 



TABLE 8 

YEAR TO YEAR <D1PARISOO OF R&D PERCENTAGES RJR THE 37 SECI'ORS OF Au. 
OOMPANIES INCLUDING TI!CSE REPORTING ZERO ENERGY R&D 

S'I'.:C'."OP. 
A EROS!" J\C E. 
AIRLHI:: 

QU.~ST !!1~!~1,\I !ll> 
1? .. 

APPLIIN~ES 12 
AUTO: CARS,~RUCKS B 
AUTO:? II RTS , F.Q'J IP 2 ') 
eUILDIN~ ~ATE9!~LS 30 
CnEMICALS ~2 
CO~PU'!'El'!S 2C 
CO~GLn~?P.J\~ES 1A 
CONSTRUC!In~ 4 
CONTJ\INE~S 1 
DRUGS 27 
ELECTR!CAL 31 
ELEC'!'P. IC PC11ER 1 C. 
EL!CTH~~!CS q5 
FOOC, ._PEVF.~AGES 5"7 
fUELS q2 
GENERAL ~ACHinERY 7q 
INSTRUM~NTS qQ 
L~ISURr TI~~ 17 
PIETTIT,S. t 'liNING )1 
~ISCELLh ~I'P.OUS ~!>G. 61 
NATURAl GAS R 
OfFICE :QU!P~ENT 11 
OIL S!';'P.VICF: +. SU~::'LY 16 
PAPEP. 21 
PERSO,ftL + no~E C~9E 19 
PUBLISlli~G,PB!nTING 6 
RADIO,TV,~OVIES 2 
6AILrOhD 5 
SEMICO!:OUC'IORS 10 
SEll VIC f.S P 
TELECO~~UH!rAT!O~S 6 
TEXTIL'!"O,, A':'!'A"!!L H· 
TIRES + RU9BER f1 
TRANS~ORTA~ION BQ1IP 4 
TRUCY.lNG 4 

T0T~LS 

1976 
R+D/ --E~H:RGY/ 

SALES TOTIIL Rt[l 
3.91 1.1)',\ 

1. 5~ 
1. H 
1. 3~ 
1.2~ 
2.8% 
7. 1% 
3. 0~ 
.6~ 

1. 3·~ 
5.7~ 
2.6~ 
.6~ 

3. 7% 
- • II r, 

• 5~ 
1. 6% 
3.3% 
2.81. 
.6't 

1.£:% 
• 3~ 

4.11~ 

• 5~ 
• 8~ 

2.0% 

6.6~ 
.2~ 

13. u 

1. at 

15.31 
6.5';t 

17. n 
9.5'l 
.., • 71. 

.n 
82.4% 
17. B% 
1.1~ 

19.1% 
9~.11% 
13. 7'1. 

1.1lt 
47. u 
13.6% 
].0~ 

.1 14. 9t 
10.2$ 
24.9~ 

100.0% 
.n 

95.1Jlt 
4~7% 

.2% 

12.6~ 
.3% 

11. 7l 
4.2% 
.n 

10. 2 .. 

1977 
R•D/--ENERGY/ 

S.UES TOTAL R+D 
3.9" 1.9lt 

1.4~ 
1.9% 
1.3% 
1. 2~ 
2.8% 
7.1~ 

3.1~ 
.6~ 

1.- 2~ 
5. 4,; 
2.4% 
.7~ 

3.11% 
.II% 
• 5'1 

1.1il!' 
. 3. 4% 

2.R.'JI 
.11'1 

1.3% 
.2" 

4.51.. 
.• 5;;. 
• ()'1(, 

2.5'X 

7.0lt 
.2% 

7.5" 
• 4% 
1.9~ 
1.0% 

1. 7lt 

2.0% 
8. 41 

18.2'1(, 
9.8% 
6.7% 

3.21{ 
15.2% 
21.5~. 

23.6% 
96.5~ 
10.31 

1.0'1(, 
4~.2l 
20.9~ 
2.81 

15. 9'1(, 
16.q% 
29.5~ 

100.0% 
.n 

95.5% 
3.8% 

17.11% 
.5~ 

12. 9'1(, 
s.o~ 

2.5" 

11. 21 

1978 
R+D/ ---r-NERGY/. 

SALES 'IO'I'AL RtD 
4.2% 2.0l 

• ()f. 
2.11% 
1.4% 
1.n 

7.5% 
3.7~ 

• 8~ 
1. 1" 
5.5~ 
2.6~ 
.7~ 

• Slt 
• 5% 

1.n 
3. 2% 
2. 5% 

.6-t, 
1.3't 
.2:l 

4.1% 
.C.% 
• 91. 

2. 5'1: 

7 •. II~ 
.a 

35.0~ 
• sr. 
1.8~ 

1. n 

1.91 

100.0" 
4.9'1(, 

1 1. 6'1(, 
2q.S'J. 
9.8t 
7.6" 

3.3t 
29.0~ 
22. 4.'J. 

22.5% 
97.11l 
12.2i 
1. 1'l 

50.0% 
22 •. l% 

J.J.'Ji 
18.0l 

9.2% 
33.6'1 
100~0% 

.2t 
98. 1'l 

4.0% 

25.21 
.5'! 

11.9% 
6.6'1 
1.81 

11.7'l 



TABLE 9 

R & D FROFILE OF lliE 37 SECfORS OF aJ.iPANiES FOR 1976 
CCMPANIES REPORTING ENERGY R 1 D IN 197<: 

. (Dollars in Millions 
ll!;wr.Er 'IO'IAL r: ~cr. I,,: :·1-; ~ur.:nr ~OT. AL U!::llGY R+D/ !::NEI\GY/ 

SP.CTOR •:)U ES'!'! 0 N~l!l I?.J: RES PO t:S ES RtD 3+0 SALES ICTAL R+D 
AEROSr' !ICE 17 ~ II 011.1! 1Q.g 2.8% 3- 7'Ji 
AIR Lit:!' 1 .. 0 
APPLil\~lCES 1:? 1 
AUTO: rll P.S, TRUCKS q 2 ::92.9 B.1 1.n 6. 51 
AUTO:PA~TS,EQUI~ ::!5 II 113.5 11.6 1.6~ 26.71 
E:JILDI~~ ~ATEP.IALS 1J 1 120. R 12. 5 1.6% 10.31 
CHEI'IIC HS 62 21 11 r,q • q 1 f)"." 2. a~ 9.0~ 
CO:'!PUTEP.s·- 2G 0 (} ) 
CQN:;LC!'!~f:~,T~S 11! ll -3"1 ~.2 .n 11.11'1 
CON STP. UCTIO~ " 2 12.S 1).7 .7~ 85.6,; 
CONIAI':~RS "1 2 ,l'). 'l ~- l 1.),; 1a. a 
CRUGS 27 2 91.6 5.7 11.5~ 1.n 
ELEC!P.!CAL 31 q 6 32.3 11-:1.:: 2.5~ 21.2t 
ELF.CTR!C ro~~r 16 13 11~.9 10 :.. q .n 91.111 
F:LECTRm!!CS liS 11 :·;1. P. , :3. 2 2.2~ 111.51 
fOOD, rr. V P. 'li\G ES 57 6 :1.3 I. 5 .6'1{ 2.61 
FUELS 112 15 "}q. 2 22'5." .s~ 117. 1l 
GENERAl "!ACHllUP.Y 111 11 96 34.2 1.6% 35.71 
ItlSTRU!I'!~~'t' S 110 ., 

i.il.R '11 3. 1 ~ 6.8" 
LEI SUP E ~BE 17 3 U.9 6.7 2. 9r. 15.61 
~ETALS' + ~IU'!G 31 r: 1 21). J 12.5 • 1'1. 10.U 
IUSCELLJI. !-!E')US ~l"r.. 61 -5 G1.1 ~:!.<l 1. 9~ 33.1'l 
NATURll!. GAS 8 3 O.Q 1l. q .J% 100. Ol 
CP'l"ICE EQ!JIPI'IE~IT 11 2 ~:!'\.5 :!.2 5.o~ .a 
OIL SZ'lVICE + SU~:'LY 16 1 :! ]. 1 31.9 .6'1 96.5' 
PAPER ~, 1 lll.9 1.7 • 6t 8.51 
PER SO!! AL + HO~F C liil E 1f' 2 151l.S ~.II 2.61 • 21 
FUBLIS~IXG,PR!N't'I~G f. 0 
RA!'IIO, 'I'V, ~CHES 2 0 
BULP.OAD 5 0 
S!:: P'IICO liD UC'I'OR5 10 0 
SERVICES 17 " 1:>. 1 2.3 .n . 22. CJ' 
TEL!C0~~UHICATIO~S f. 1 
TElTI::.ES, ,\?rAF.::t ,, 6 15.4 7.9 .6, 11.71 
TIR~S + R!J !!!!~?. 13 3 A1."7 3.11 1;,. CJl 4.2, 
TRANSP01'!T1.':'IC~! P.~UIP 4 -1 \ 

TRUCK!'IG " 
0 

TOT US ~111 167 5104.11 P.23 1.61 15.51 



TABLE 10 

R & D PROFILE OF 1HE 37 SECI'ORS OF CCMPANIES IN 1977 
<XMPANIES REPORTING ENERGY R & D IN 1977 

· (Dollars in Millions) . 

NU'1P.E?. 

SECTOR 
AEnosr 11c ~ 
AIRLIH 

R!CC.,.!Vl'IG 
QU ~ST IC -;::AIr!': 

17 

AI'PLIA''CES · 
~UTO: C~ns,Tr.UCKS 

AUTO: p !\~ TS I EQUIP 
BUILD!~~ '1~TERI~LS 

CHE~ IC ALS 
co~ PU'!' ~P. s 
CCSGLO!';ERATES 
CONSTRUCTION 
COSTAINSRS 

. DRUGS 

1 ~ 

:?5 
):) 

&:? 
~6 
1~ 

4 
7 

ELEC!P.ICAL 31 
ELECTRIC P0WER 16 

'ELECTRONICS 45 
FOCn, P.EVERA~F.S 57 
FcrELS 42 
GE~ERAL '1l\Cfi!MECY 74 
INSTRO~~HTS 40 
LEI~U~E T!~E 1L 
~~TALS + MINI~~ 31 
~ISCELLA NF.nUS ~l'G. f. 1 
~ATURftt GAS 3 
CFPICE PQUIP~E~T 11 
OIL SP.~V~CE t SUPPLY 16 
PAPER 2~ 
PERSO!AL + HO~E C~R! 1q 
PUDLISeiMG,PR!~TJNG 6 
RADIO,!V,~0VI~S 2 
RAILROAD 5 
SEMICON~UC!OnS 10 
SP.RVICFS P 
TELEC0~~~N!CJIT!ONS '6 
TEXTIL":S, AP?r.REL 16 
TI~ES + !'U!3!!ER 13 
TRANSPOR?ATIO~ !~UI, 4 

4 

TO"';!.T.S f\14 

Nll~DER 

'R <.:5 ;>O !:S ES 
5 
0 , 
2 
5 
7 

2(, 
0 

1 
9 

1 4 , , 
7 

, 5 
12 

7 
3 

6 
.:l 
2 
3 
6 

0 
0 
0 
0 
4 
1 
7 
"! 

0 

TOTAL 
R+D 

4E6.3 

. 350 
51.,, 

146.2 
14::'8.5 

649~ 8 

46.4 

7 04. 1 
147.6 

47.5 
65.4 

5~0. 8 
~L'i 
'iO ~5 
116., 

112.2 
(;5.7 
, 0. 1 .. 

271.6 
.3fl. 4 
23.13 

11. q 

11).4 
92.4 

TOTAL 
ENERGY 

R+D 
15.9 

2'l.3 
14.2 
15.4 

100.2 

23.1 

10.2 

174.4 
14 2. 4 

15.6 
., • 6 

240.7 
36.<} 

3. 2 
!'\ 

19.5 
26.Q 
10.1 
0.4 

'36.7 
3.3 

3. 3 

2. 1 
4.6 

944.8 

r.+D/ 
SALES 

3.0% 

. 1. 9% 
1. 5% 
1.7% 
2. 8% 

1.2% 

2.1t% 
• 7% 

1. 91: 
.6% 
.51. 

1.2% 
3. 1%. 
2.13% 

• b~ 
2.0~ 

• 2~ 

.6'X. 
• 7'Y. 

.a 

""' ..... 

ENERGY/ 
TOTAL R+D 

3.4% 

8-; 4l 
27.6~ 
10.6l 

7.0% 

·3.6,; 

22.0% 

24.8% 
96.5~ 
32.8% 
2.5~ 

46.2% 
44.2% 
6.·4~ 

17.3% 
17.4~ 

41.05! 
100.0% 

.2% 
95.5% 
13. q% 

2a.o,; 

12.9% 
5.0'X 

15.01 



TABLE 11 

R & D PROFILE OF 1HE 37 SECI'ORS OF CCMPANIF.S IN 1978 
CCMPANIF.S REPORI'ING ENERGY R & D IN B78 

(Dollars in Mill ions). 

~HJ"!~EP. 
~ !:C~!\'! ::c; 

AEROSPACE 
AI!lLB~ 

APPLII\tlCES 

? u ::s~I n~: •J ~I:'~ 
1"T 

AUTO: C~~S,TRUCKS 

AUTO:~I\RTS,~QU!? 

~UILDING ~~TER!ALS 

C!iE'IICALS 

CON Gl.0"~Y:ATES 
CO~ ST~ UC'!'!t")'l 
CONTAr!EP.S 
DRUGS 
ELECTrt!CU 
ELECT!'! !C ()'H1EP. 
ELECT!l0~1 ICS 

7 
12 

R 
25 
]') 

(;2 
26 
,q 

4 
"T 

27 
31 
16 
45 

FOOD, 0EV~rtAGES 57 
FUELS 42 
GENER~L ~ACHI~ERY 74 
INST?.U~E~TS 40 
LEISDRE '!'I~E 17 
~ETIILS + ~!~IRG 31 
MISCEtLABEOUS ~F~. 61 
~ATURAL GI\S 8 
C~FICE EQU!P~F.r.T 11 
OIL SERV!C! t SUPPLY 16 
PAPER ~1 
PEBSO~AL t HO,E CA~! 1P 
PUBLISHIBG,PRINTI~G 6 
RADin,~v.~nVIFS 2 
RAILr.t")AD 5 
SE 'II CO ~~!)iJCTIJRS 
SERVICES 
T~LECO~~U~JCATIOKS 

TEXTILES, AP?AP.~T. 

TIRES + RUBBER 
TRANS~OPTATIO~ ~QUIP 

1'R U C!<:I N G 

TOTALS 

10 
17 

6 
16 
13 

4 
4 

t:~~!lEil 

R :s 1'0 ~IS ES 
') 

1 
1 
2 
4 
p 

24 
0 
6 
1 
2 
1 

10 
, 4 
12 

7 
15 
1 2 

7 
3 
4 
7 

' .) 
i 
3 
7 
1 
0 
0 
0 
0 

4 
1 
6 
) 

1 
0 

17'7 

';:O~AI. 

n•o 
seo. 1 

356.8 
56.2 

1f.'3.7 
1 'iC". 5 

A.,~. 6 
1 'i7. 2 
5~.4 
56.7 

5~2 
8'}.<} 
511.7 
46.7 

1 n. & 
73.2 
9.4 

3 n. 1 
4'1.3 
59.7 

14.6 

,.., • 4 
1 oo. 7 

., 1 95.1J 

TOTAL 
El1Ei1G'! 

1\+D 
20.9 

41. 3 
16.2 
17 • .3 

121. 3 

10.9 

203.9 
153 

21 
1. 7 

290.q 
42.4 
4. 2 
8.<) 

13.4 
33.5 
~'~.4 

o. 7 
47.4 

.1.9 

3.7 

2. 1 
6.7 

R+D/ 
SALES 

3. n 

2.4~ 
l. 6~ 
1. 5~ 
2.8~ 

3.9~ 

1. n 

2.6~ 

. 7" 
2.0~ 

.6~ 

.5" 
1. n 3., ~ 
2.5% 
.5~ 

1.U 
• 2~ 

5.1,; 
.6% 
.. 7~ 

• 1 ~ 

.5% 
1. 8'1:. 

1.11 

ENERGY/ 
TOTAL R+D 

3.6~ 

11.6t 
20.8',1; 
1o.n 
8.0~ 

3.4~ 

23. n; 

23.2l' 
97.11% 
35.9" 
3.01 

50.0" 
47.2% 
7.4" 

19.2% 
11.81. 
45.81. 

1 00. 0~ 
• 2~ 

9s. a 
6.5% 

11.9" 
6.U 



TABLE 12 

YEAR TO YEAR cx:NPARISOO OF R&D PERCFNrAGES FOR lliE 37 SECI'ORS 
CCMPANIES REPORTING ENERGY R&D 

•:c~nrn 

P.:CEIV!llG 
SECTOR 

AEROSPI\CE 
QUESTIC•n; l\I~E 

17 
AIRLitl E 
APPLIA!'CES 
AUTO: C~P.S,TRUCKS 
AUTO:P~RTS,EQU!~ 
BUILDING ,AT~RIALS 
CHEMICJILS 
COMPUTfR5 
CONGLI"l~ Ellll '!ES 
CON STR OCTI ON 
CONT AI!IERS 
DRUGS 
ELECTRICAL 
ELECTlHC r>nWEP.. 
ELECT~CIIICS 

FOOD, P.~VE!lAGES 

FUI!:LS 
.GEN 1': R!l L "'A CHI 1; fRY 
INSTRU~ENTS 

tEIS!JR~ TI~1E 

I!ETALS +· I':!NING 
~ISCELLAW~OUS MPG. 
JUT-U-RAL· ·G.I\S 
OFFICE EQUIP~ENT 
CIL SEr.VICE + S:JPPLY 
PAPER. 
PERSC~AL + HO~E CAR~ 

PUBLISHING,PRISTI~~ 
RADIO, 'IV, 'f'lV!~S 
FAILRCIAI) 
SE!HCO~I!>iiC'!'ORS 
SERVICES 
TELECO~~U~ICA~IO~S 

,~XTILES,· APPABEL 
1:IBES -+ RiJ'HIZR 
TgANS~~RTATin~ !QUIP 
TRUCKIN:; 

TO'!'ALS 

7 
12 

R 
25 
]0 
&2 
2o 
HI 

4 .. 
27 
31 
1& 
115 
e.7 
42 
"'II 
40 
p 
31 
51 

p 

11 
16 
::?1 
1!1 
6. 
2 
5 

10 
17 

6 
16 
13 

4 
4 

1976 
R+D/--EliEliGY/ 

SALES TOTAL R+D 
2.a~ 3. n 

1.1~ 
1.6~ 
1. 6% 
2.8~ 

• 7".. 
.n 

1.n 
4.5~ 
2.5~ 
.n 

2.2~ 
.6~ 

. 5' 
1.6~ 
3.1~ 
2.9";; 
.n 

1.9, 
• 3". 

5.0~ 
.61' 
.6~ 

2.6J. 

.n 

1.n 

6.5~ 
26.71' 
10. 3l 
9.0i 

11. 4~ 
85.6l 
18.1~ 
7.3,; 

21.2'!1 
1}1.11'1.. 
rn. 5" 
2.6l 

47. a 
35.71 

6.R'J'. 
15. 6l 
10.4'1' 
33.7% 

100.0l 
.a 

96.5l 
8.51 
.2l 

22.9J 

15.51 

1977 
R+D/--F.!!EBGY/ 

SALES ~CTAL ll+D 
3.0% 3.4~ 

1.9r. 8.4i 
1.5t. 27.6" 
1.n 1o.6l 
2.8'1. 7.0i 

1. 2" 22.0l 

2.11'J. 24.8" 
• 7% 96. 5" 

1.9% 32.8~ 

.6~ 2.5" 
• 5% 116.21 
1.2~ 411.2'1: 
3.1% 6.4" 
2.8" 11.n 

.6% 17.4% 
2.0't 101.0~ 
.2~ 100.0~ 

5.2~ .2~ 
.• 6~ 95.5% 
. n n. ~~ 

• 1r. 28.01 

.4~ 12.U 
1. 9% s. 01 

1.71: 

1978 
ll+D/--ENERGY/ 

SALES TOTAL R+D 
3.3')1; 3.6% 
.a ·1oo.o% 

2.ru 11.6~ 

1.6% 28.8~ 
1.5% 10.3~ 
2.8!. 8.0% 

3.91 3.4~ 

1. 1r. 23. 1~ 

2.&% 23.2% 
• 7'! 9.7. 4$ 

2.0~ 35.9'-
.6% 3.0% 
• 5~ 50~ 0~ 

1. ," 47.2% 
3:.a 7.41 
2.5~ 19.2~ 
.5~ 11.8~ 

1.6l 115.81 
.21 100.0% 

~-1l .z,; 
.6~ 98.U 
• 7f. 6. 51 

.1~ 25.2~ 

' .51 11.91 
1.8~ 6.61 

1.71 1S.Sl 



TABLE 13 · 

MAPPING OF CGfi>ANY SECfORS TO MAJOR GROUPS 

Sector 
No. of 

Responses 
Sector 
No. 

AEROSP 1\C E 
Ail! LINE 
A PPLT A 'ICES 
AUTO: CARS,TRIJCKS 
AUTO:PAilTS,F.QUIP 
BUILDING ~ATERIALS 
C11P. MIC ALS 
CO~J>UT'P.AS 
C()NGL/Hit:RAUS 
CONSTRUCTION 
CONTAINERS 
DRUGS 
F.LF.CTRICAL 
F.I.!':C'l'R II~ rl'lWF.R 
ELECTRO:'HC5 
FOnD, U!::VERAGES 
FUF:LS 
G~~ERAL ~ACHINERY 

INSTRU!I":tiTS 
LEISURE TIME 
11ETUS + IHNING 
MISCELLANEOUS l'IFG. 
NATURAL GAS 
OFFICE ~QU I~f'IEJIT 
OIL SF.RVICE + SUPPLY 
PAPER 
PEnSONAL + HOME CARE 
PUD T. IS liiNG, PRINTING 
RADIO,TV,MOVIES 
BAIL !lOAD 
SEMICO~DUCTORS 

SERVICES 
TELF.COM!IUNICATIONS 
1'!-:xt:ttES, At'r"hREL 
'IIRES + RUDDER 
TRANSPORTATION EQUIP 
TRUCK! NG 

11 1 
:, 2 
2 '3 
3 II 

10 5 
12. 6 
1111 .., 
a 8 

11 4 
j IU 
5 11 

15 12 ( 
16 n 
14 14 
n 13 
2J 1() 
2'j 17 
35 1 a 
17 ttl 

II 20 
16 21 
Jt 22 

'3 23 
7 24 
9 25 

12 26 
f) 27 
1 28 
1 20 

30 
2 11 
6 32 
J 13 
IJ Jll 
] J'j 
3 36 
j 17 

Corresponding ~~jor Group 

JII•;H t:;C::JPIO!.O•:l COHPANIP.:i 
~I5C!LLAUEOIJS COMPAUIC5 
ELECTUICAL FQUIPMENT 
MISC&LLANF.OUS COMPANI£5 
LIGIJT IIIDUSIR'l 
BUILD!~G ~AT!J:ALS,!IETAL5+~INING 
<.:JIEIIH.:ALS 
lliGII TECJI!lOl.Ot;Y CONPAUES 
M!S~~LLA~tUU~ (U~PANl~S 

tll!>L~LLANI£1JU!> (IJ!'Ii!IINI£5 

O'ISUl'iEI\ GOOD·; 
ELECTniCAL EQUIP~F.N~ 
f.LI::CT!HC ;'OWE:": 
IIIGH T1'.:CHNI)t.OuY COMPANIES 
~ll:'lSiJ:oi!:f< GCJ11D5 
COAL, OIL h~O GA~ 
GENBRAL I'IA\!1!'1 EilY 
IIIGII TECII!IOI.Q(;y COMPANIES 
LIGIJT INDUS'fi\Y 
DUILDING ,ATFRIAlS,METALS+I'IINlNG 
LIGHT INDUS'l'llY 
COAL, OIL AND GAS 
LIGHT LN DUSIR Y 
COAL, C!L AND G~S 
MISCELLANEOUS COMPANIES 
CONSU1!ER GOOD:> 
MISCELLANEOUS COMPANICS 
MISCELLANEOUS COMPANIF.S 
MISCELLANEOUS COMPANIE5 
IIIGII TECH~OLOGY COMPA~IES 
MI~CELLANEOIJS CO~PANIES 

IIIGIJ TECIINOLf'lGY COMPANIES 
C.:ONSUrH;U GIIIID:J 
LIGIIT ItiDUS'tRY 
GE ~ER U MACHI ItER Y 
MISCELLANEOUS COMPANIF.S 



TABLE 14 

R&D PROFILES OF 1HE 10 MAJOR GROOPS OF ALL 01>1PANIFS FOR 1976 - 1977 - 1978 
INCUJDING 1HOSE REPOIITING ZERO ENERGY R&D 

(Dollars in Millions) 
tlU:":EER 'IO'IAL 

R!':CEI\'I'lG NTJt:BER TOTAL EllEBGY IHD/ ENERGY/ 

SECTf')R QUES'IICI': ~lA!rlE F.ES?O !ISES R+D R+D SALES TOTAL R+D 

HIGH T E'CilN0LIJ:;'{ COMP.An::s 14!1 61 2272.9 3<1.1 6.2~ 1.7% 
CHE'1!CUS (.2 ]t) 1363.3 101:.!1 2- 81. 1.n. 
COAL, C"'L 1\ •11) G~.s G6 29 5 25.3 271.2 -5~ 51.6l 
CO NSi.I:O: [R G~flDS 125 ~A 1009.2 1!l.~ 1. n 1. 9~ 
GE~ ERAL 1':1\CH!~lEnY 7B 32 212.q 3!1.!1 1. s,; 16.2% 
ELECTriCAL· E?U!P:O,E~T 4J• 16 729.6 13a.s 2. 5~ 19~0~ 

1 IGHT !~ DUSTP.Y 127 !15 5311.9 4!1.7 2.4'V: 8.3~ 

~ISCF.LU. '!EOUS CO:":Pr.N!r.S q2 38 10 33 11() 1. 5,. 3.'9" 
ELECT!UC P!'1ii~R 16 14 116. 9 106.9 • o'f, 91.!1% 
I!U!LD!~G ~ATE!!ALS,~~TAL~+~I~~~~ 61 22 2514 25 .B1 9.a~ 

'ICTUS A14 351 8055.6 823 1. a' 10.2" 

TOTAL 
TOTAL E!IE:BGY R+n; ENERGY/ 

SEC'!'~R R+D R+D SALES TOTAL R+D 

HIGH T~P.'!OLOGY C0'1Pl\~I!~S 5 5 2n2. 6 3a.6 4. 8~ 1. 91 
CRE~ IC At!? e e nqs 1 oo. 2 2.a'J. 6.7% 
COAL, CI L :.~n GAS e e r:.c,o. 2 287.5 .5% 50.5% 
CONSIJ~Ell G!'JODS 1 , , s. 4 , 4. 1 1. 51. 1.3% 
GENEP.U ~ACH!':ERY a a 213 37. a 1. 3% 11.!l'X 

ELECT!l1CH F.QUI!'"E'IT b i b 770 175. 1 2.3'lt 22. n 
LIGW! !"DUS'l'i'!Y 0 0 601l.R 54.2 2.3V. 8.9% 
~ISCELI.A ·:~nUS C0~PA~!IES v v 1190. 2 59.9 1.a,; s.o,; 
ELECT!liC r.m1ER e e 147.6 1 42. 4 .7% 96.5% 
I!UI I. DI '!G ~ .\TE~ Il\I. S, ~ETr, LS • :'1!~::;: !IG '277.6 35 .1, 12.6% 

TOTJ\LS 8412.5 944.8 1.7% 11.2% 
TOTAL . 

·TOTAL ENEI\GY R+D/ ENERGY/ 

SECT'Jn R+D B+D SALES TO'IAL R+D 

RIGH TY:CP.t!~LOGY CO":?A !I! F.S 5 5 2413.5 50.1 6.2% / 2. n 
cnr.~ rc lit s e e 1603.2 121.3 2.7~ 7.6% 
COAL, CIL A !I!) GAS e e 639.7 347.7 .5% 54.H 
CONSU!'l::R r; CI)DS 1250.7 1~ 1. 9~' 1. 2% 
GEN E~.H :~l.CI!DlE!lY a a 236.3 43.2 1.3'1.. 18.3% 
HECTP.TCAL F:Q:JIP'!F~~T b b 922.6 204.6 2.5t 22.2% 
LIGHT I!!!lt:STRY 0 0 .647.9 66 2.5~ 10.2l 

MI SC F:L L:. ~~ ~" !J S C"O": PA >!IRS v v 1345.9 83 1.81. 6. 2% 
EL!':CTRIC rr.~;E~ e e 157.2 153 • 7t 1}7.4% 
PUILDI'lG ~ATEPIALS,~E!J\LS+~!NI~G 322.5 30.a • 9J 9. 5% 

TOTALS 9539.6 1114.7 ,._ 9" 11. n 



TABLE 15 

YEAR TO )-EAR CXI1PARISON OF R~D PEOCFNI'AGES FOR 1HE 10 i"i\JOR Gmli>S 

OF JILL OM'ANIES INCWDING niOSE REPORTING ZERC• ErtERGY ~D 

1976 1!;77 

B+D/ ENEBGY/ BtD/ EREBGY/ 
SECTOR SALES TOTAL B+D SAI.ES i'OTAl. I+D 

HIGH TICHJ.!OLOGY C0:1PIINIES 6.2~ 1. 7:C 4.e:~ 1. 9:C 
CRE"'ICALS 2.81 1.1'1. 2.€1 6.7" 
COAL, OIL A~D GAS • 51 51.61 .s,; so.s:c 
CONSU~ER GI)IJOS 1-.7% 1. 91 1.5i 1.31 
GENERAL ~ACHINERY 1. 51 16.21 1 • .n 17.81 
ELECTRICAL EQUIP!'!~NT 2.51 19.0:1 2. 3ll 22.71 
liGHT nmUSTRY 2.41 8.31 2.-n 8.91 
!ISCELLANEOUS CO~PANIES 1.51 3.91 1.81 5.01 
ELECTRIC POIIER .61 91.161 .71 96.51 
BOILDJNG "ATP.RIALS,~ETIILS+ftiN!NG • 81 9.81 .n: 12.61 

TOT US 1. 81 10.21 1.1'1 11.2.1 

1978 

B+D/ ENERGY/ 
SALES TOTAL B+D 
6.21 2.1!C 
2.71 7.61 

-51 54.31 
1. 91 1. 21 
1. 3'l .18. 31 
2.51 22.21 
2.51 10.21 
1.8~ 6.21 
.n 97.4:1 
• 91. 9.51 

1. 91 11.71 



TABLE 16 . ' 
R&D PIOFILE OF THE 10 ~OR GROUPS OF COMPANIES. 1976 - 1978 

ffiMPANIES REPORTING ENERGY R&D 
(Dollars in Millions) 

1976. ~:u ~ r. .tn TOTAL 
F EC 'EIV l!IG liU'IBER TOTAL ENEllGY R+D/ . ENERGY/ 

~eCT'1R Cl.iES'IIC:Nt:r,rrr !IESL'O!:SES R+D B+O SALES 'I'OTAL Il+ll. 
HIGH ":'fCH!10L~~y CO !'I P ~. '1 Il'!: 144 24 125'!.4 3'1.1 6.71 ~- n 
CHE"' IC ALS (,2 21 1164. R 104.4 2.Rlt 9. 01 
CO~L, CIL A~l::l GAS (,(, 21 525.1 271. 2 • s,; 51.61 
CONSU~f.R GCODS 125 11'1 365.6 10.!'1 1. 51 5.2% 
EENEP.AL MACHHE~Y 70 12 1 21 34.4 1. 4·" 2!1~51 
FLECTniCAL EQDIP,~~T 43 10 6!i"'.7 1 )P.. 5 2.4~ 21.. l~ 
LIGHT PI DUSTilY 'I~-, 11 !164.3 44.7 2.et 9.6% 
~I SC EL Lll. •: r.o r. S t::O~P1.~::rr:s, 92 1'J 395.4 II() 1. Ol!. Hl.1'1 
ELECTRIC POltER 1(; 13 116.9 . 10 6. ') .n 91.tf% 
BUILDINC. ~~TERIAL~,~E!~!S+~Ig!~G 61 1 2 241.1 25 . ~~ 1 c. 4" 

TOTALS A14 167 5YO!l. ll 823 1. 6% 15.51 

1977 TOTAL 
tliJMI3ER T,OT AL ENEliGY R+D/ ENERGY/ 

SEC'!'I)R RESPONSES R+D R+D .SALES ~O'IAL R+D 
HIGR Tl:CHNnLOGY COr.PA'H'1:'3 s 24 1314.3 3!'1.6 6.4'- 2.9% 
CP!'!MICHS e 26 147.13.5 1011.? .2. 8% 7.01 
COAL, CIL }I'll) GI\S e 21 56'1.2 2':17.5 .5% 50.51 
CONSU'I.E!l Gr.oos 18 144.3 1 4. 1 • 1~ 9.81 
GENERAL ~ACRB ETIY a 13 1 16. 5 37.3 1. 2r, 32.51 
EL~CTRICAL F:QUIP:H~!T b 10 733.3 115. 1 2.n 23.9% 
LIGII'!' '!tl ::>USTr. Y 0 1" 527.2 54.2 2. 8% 1 o. 3'X . , 
!'IISC~LLA 'lEOUS COMPA~l!F.S v 10 10 41 59.9 2.0~ 5.8% 
ELE:CTP.tC P011".:R e 14 1 !i ..,_ 6 142.14 .1'1 96.57:. 
BUIL DD:G ~ATERIALS,~ET-LS+~I5IrG 1 2 2 ':8." 35 • 9~ 1 3. 5" 

TOTALS 175 6281). 3 941l.S 1 • 7'l 15.01 

TOTAL 
1978 1; D :·: B f.R TOTAL ENERGY R+D/ ENERGY/ 

SECT0R RES?O•ISES R+D R+D SALES TOTIIL B·+D 
H IGII TECHtl~LOGY CC~PA~I:rs s 25 15 65. 8 50., 6.8% 3.21 
CHEMIC Tll.S e 24 150Q.5 1 2 1. ] 2. 8~ 8.0" 
COAL, crt liND GAS e 21 6.'~9. 1 347.? .5% 54.31 
CONSUI'!!::!l. GOODS n 130 • 9 15 • 8~ 10.7% 
GENERTIL ~ACIIIHERY a 13 1:?9.9 4 .1. 2 1. 2% 33.3% 
ELECTRICAL EQUit'"'!::tlT b 1 1 8Cl1.3 204.6 2. 51.. 23.0% 
LIGHT PlDUST!lY 0 19 590.9 66 2.81. 11.2~ 
rusct.I.LA N'f.r.us CO"!PI\!IIf.S v 21 121J0.2 83 2.0~ .6.4" 
ELECTillC POWER c 14 157. 2 153 .1% 97.4~ 
BUILDI~G ~ATERIALS,~ETALS+"'IN!NG 12 2e2.J 30.'3 • 9l 10.91 

'!'IJTALS 177 "710').'3 11 1 "· 1 1.n 15.51 



APPENDIX D 

Relative Importance of Each Technology Area 

for OOE Support 

and 

Opinions of Government Sponsorship Levels 

.. 

241 I 



TABlE 17 

RELATIVE.IMPQRTANCE INDEX FOR_~LL ~SPONDENT~ 
AND ALL REPORTING SPENDING IN CATEGORY 

AND IN TECHNOLOGY. 
(TECHNOLOGIES WIT~ FEWER THAN.4 RESPONSES OMI~ED) 

CATEGORY / TECHNOLOGY 

I! A NUFA C."':.' 'JR I!IGIPROC ESS CH r.tlGES 

RAW ~AT~RIAL CHANGES 
CHE~ICAL I REFINING PROCESSES • 
NEi ~~E3GY SAVI~G PR0CESSE~ 
I~P90VED !~!9GY SAVI~G PROCESSES 
OTHE9 MANUFACT~RI~GI?ROCES~ CHA~GES 

AIR CONDITI0NING, HEAT ?U~PS • HEAT RECOVE6Y 

RESIDE~TIAL H~~T PU~PS 

I~DUSTRIAL HEAT PU~PS 
PROCESS HEA! RECOV~RY 
US! OP LCW PRESSURE EXHAUST STEA~ 
OTHE9 HEAT RECOVERY SYSTE~S 

EWD PiiODUCT EFFICIESCY 

CCSSJ~!R APPLilNC~S 
~ANUF~CTJRING ~QUIP~!~~ 
BUILDING INSULATIO~ 
ENERGY ~FFICIRNT DUILDI~GS 

TRANSPCRTATDll 

AUTO~QTIVE ESGISE 
AllTC:'10TI-VE C!IASS.IS A ~D DOOY 
ELEC':''liC I IIYB!liD VEr!ICLf:S 
OTHE~ AUTOMOTIVE 
RAIL TRANSPORTATIO~IEQUIP~2~T 
AI2CRAFT E•GINE AND AIRFRA~E 
PIP!LIH~ T~CHNOLOGIES 
I!ACI~E TRAUSPORTATION / EQUIP~ENT 

All 
reporting sp~nding 

, ::;or.,C'I~h·Jrd 
Al:~ in catc§ory .. 
413 429 
~33 406 
6 13 sas 
550 521 
.115 

458 
456 
560 
4 76. 
375 

444 
44] 
528 
606 

562 
379 
537 
256 
495 
483 
ij]5 

407 

S30 
~·26 
f39 
547 

460 
506 
~85 
6115 

. 5 ~ 1 
)-18 
62~ 

2 50 
SilO 
552 
400 
ii1119 

All 
re1iortin~ 
~~cndinf; 

in tcc:mology 

386 
)Ill 
586 
549 

707 
640 
672 
700 

523 
508 
5 88 
729 

5£3 
515 
850 

550 
6~0 
q53 
601) 



TABLE· 17 (Continued) 

Category/Technology 

ELECTRIC POiER G:~EBATIQ~ 

GAS TURBIUE to~BI~ED CYCLE 
F'!JEL CELts' 
~AGNETOOYDRO~YNA~IC GE~!RATION 
C~YCGENIC GE~~RATORS 
TRANS,ISSIDV AND DIS:RIBUTION 
LOi HEAD HYDROELECTRIC 

.FLUIDIZED BE:tS 

. . . 
~NDUSTR!At CO~BUSTION A~D STEA~ GENERATION 

-_COGENERl\TION 
ATMCSP~ER!C FLUitiZED DED 
COAL / OIL SLURRY 
iAS'IE ~'BTERir.t 

ISSTRU~!NTATIO~ ASD CONTROL 

ENERGY S'rORAGE 

CIL 

PU~PED HYDRO STORAGE 
COMPRESSED AIR STORAGE 
THER,~L EN~P.GY STORAGE 
EA'!'TERIES 
HYDROGE~ GENERATION 

SECONDARY OIL RECOVERY 
TER'fTARY OIL R3COVERY 
~ATEqiALS FOR !~OA~C~D OIL fiECOV!RY 
REA 'IY OIL 
TAB S A~IDS 
Oit. SHALE 
GfOLOGICAL ASS!SS~!~T TEC~~IQUES 

OFFSnORE DP.ILLI~G + PRODUCTION TECHNIQUES 

All 
reportin3 spending 

so:ncwhere 
A1 i __ --.::;i.;;.:n--.::c..::·a-"t-"e ... g""o""r..._y_ 

I 553 82.4 
641 809 
588 . 659 
452 593 
498 625 
499 :J 71 
548 755 

555 
543 
523 
650 
435 

387 
366 
550 
655 
577 

572 
642 
620 
530 
581 
630 
b01 
549 

596 
561 
433 
674 
479 

492 
565 
663 
791 
583 

395 
6112 
585 
4R9 
515 
612 
1467 
347 

All 
repQ;rting 
spending 

in technology 

783 
850 
580 

688 

829 

521 
643 
427 
695. 
620 

560 
730 
817 

317 
68j 
592 
500 
557 
655 
350 
175 



. TABlE 17 (Continued) 

GAS 

Category/Technology 

E9RA~C~O GAS RECOVERY 
GEOP~ESSU~E ~ETHANE 
TIGHT SANDS 
DEVCliiAN SHALE 

COAL 

PREP !IRA Tio~; 
P!INHr. 
GAS IP' IC A TION 
LIQU~~ACTION 
CHEMICAL FEEJSTOCKS 

NUCLEAR 

FUEL :>ROOUC'fiON 
FU!':L 3EPARATION 
REPROCESSDIG 
WAST:; THSPIJSAL 
LIQUID ~ETAL FAST B~E!D!R 
CTH!':R 9!l!E:>ER 
REA~OR FOF. I~DUSTRIAL PROCESS U5E 
LIGHT lllTER 3EACTORS 
OT!i!R !'ISSIOtl 
FUSI0!-1. 

SOLAR AND OTHER RENEWABL~ 

SOLAF PHOTOVOLTAIC 
SOLA! THEt~AL PO~En G!~EOATIO~ 
S~LAR 1NDU5!RIAL ,tOCESS HEAT 
HEATI~G AND COOLING 
Bir. '!A 55 
~U~ICIPAL.SCLin WAST! 
TIDAL 
OCEA!I TH!':P.:'Ih!. 
GEOTHER'1AL 
wnn 

All 
634 
652 
570 ' 
570 

4 71 
503 
742 
7]1) 
554 

717 
751 
816 
862 
810 
704 
538 
662 
628 
844 

697 
649 
604 
659 
640 
662 
443 
490 
547 
537 

All 
re;o~tinr, spending 

5-0u.ewhere 
in catego:-y 

480 
583 
575 
560 

553 
581 
824 
867 
576 

731 
BOO 
B59 
875 
943 
773 
514 
714 
700 
829 

690 
61B 
576 
681 
605 
643 
353 
392 
550 
4B2 

All 
r-eporting 
spending 

in technology 

425 

425 

576 
525 
850 
914 
667 

BOO 

733 
977 

820 

850 

794 
720 
667 
661 
695 
825 

550 
583 
583 

' 



f 

TABLE 18 

RELATIVE IMPORTANCE INDEX FOR ALL COMPANIES REPORTING 
(TECHNOLOGIES WITH FEWER THAN 4 RESPONSES OMITTED.) 

~OTAL PERCENTAGE 
CATEGORY I TECHNOLOGY NS NI · I 

ftlNUPACTOBINGIPBOCESS CHANGES 

RAW ~~TEBIAL CHANGES 10 9 31 18 31 
CHE~ICAL I REFINING PROCESSES 103 31 14 39 
NEW ENERGY SAVING PROCESSES 139 22 8 39 
I~PBOVED ENERGY SAVING PROCESSES 132 21 10. 39 
OTHER ~ANUPACTUBINGIPROCESS CHANGES 4 25 so 25 

liB CONDITIONING, HEAT PU~PS + BElT RECOV.EBT 

RESIDENTIAL HEAT PU8PS 109 33 19 32 
INDUSTRIAL HEAT PU~PS 107 34 17 36 
PROCESS HF.AT RECOVERY 117 27 10 35 
USE 0~ LOW PRESSURE EXHAUST STEU 101 28 23 37 
OTHER HEAT RECOVERY SYSTEI'IS 4 25 so 25 

END PRODUCT EFFICIENCY 

CONSU~ER APPLIANCES 106 35 . 18 33 
ftANUFACTORING EQUIP!ENT 105 311 22 28 
BUilDING INSULATION· 111 29 12 38 
ENERGY EFFICIENT BUILDINGS 116 22 9 41 

DANSPORTATION 

AUTC~OTIVE ENGINE 109 28 15 25 
AUTO~OTIVE CHASSIS AND BODY 94 40 20 32 
ELECTRIC I HYBRID VEHICLES 102 22 21 111 
OTHER AUTOI'IOTIVE 34 56 21 21 
RAIL TRANSPOBTATIONIEQUIPI'IENT 96 27 21 36 
AIRCB~FT ENGINE AND AIRFRAI'IE 93 27 22 40 
PIPELINE TECHNOLOGIES 96" 30 29 29 
ftlRIRE TRANSPORTATION I EQUIPI'IENT 89 30 33 31 

IMPORTA~CE 

VI INDEX 

8 413 
11 433 
31 613 
23 550 

375 

16 458 
14 456 
21 560 
1l 476 

375 

14 444 
16 443 

'22 528 
28 606 

33 562 
1 379 

17 537 
3 256r 

16 495 
12 483 
; 1 435 

6 _1107 



TABLE 18 (Continued) 

_ Catcgory/Tcchnolcgy 
!L!CTRIC POWER GElfER&TIOM ' 

GAS TURBINE CO~BINED CYCLE 
PORL Cl!!LLS 
~AGNETOHYDRCDYNAftiC GENERATION 
CRYOGENIC GE~ERATORS 
TRANS~ISSION AND DISTRIBUTION 
LOW READ HYDROELECTRI·: 
FLUIDIZED BEDS 

INDUSTRIAL COnBUSTION AND STElft GENEBlTION 

COG!!!NEBATION · 
ATftOSPREBIC FLUIDIZED BED 
COAL I ~IL SLURRY 
WAS'IE !ll\TEBIAL 
INSTRU~ENTATIOH lND C~BTRO~ 

ENERGY STORAGE 

OIL 

PU~PEO HYDRO STORAGE 
COftPRESSED AlB STORAGE 
THEBftAL ENERGY STORAGE 
BlTTE!UES 
HYDROGEN GENERATION 

SECOlfDARY OIL. RECOVER'! 
TERTIARY OIL RECOVERY 

. ' 

ftATERIALS FOR ENHANCED OIL BECOVERY 
HEAVY OIL 
TAR SANDS 
OTL SHALE 
GEOLOGICAL ASSESSftENT TECHNIQUES 
OPPSHORE DRILLING + P30DUCTION TEC~NIQUES 

Total 

90 
97 
89 
75 
93 
88 
94 

95 
89 
96 

108 
95 

83 
79 
94 

.99 
98 

98 
97 
97 
76 
90 
98 
88 
87 

Fcrcentagc 
NS NI I VI 

23 18 3i 23 
·~ 19 5.2 21 

11 25 51 13 
24 33 3o 1 
23 20 J] 18 
20 26 .41 . 1 
21 20 39 19 

22 
22 
24 
11 
35 

35 
3t; 
n 

.,, 5 
19 

27 
2~ 

22 
24 
16 
1.5 
20 
26 

16 41 19 
18 "2 18 
22 3S 19 
12 56 . 21 
24 24 17 

29 J() 6 
37 2lt 5 
19 48 14 
111 n 34 
17 42 21 

11 32 31 
8 3'- 31 

10 H 34 
16 46 14 
21 116 18 
13 46 26 
16 13 31 
16 ]0 28 

Importance 
Index .. 

553 
641 
588 
452 
498 
499 
5118 

'555 
5113 
523 
650 
435 

387 
366 
550 
655 
577 

572 
642 
620 
530 
se1 
630 
601 
549 



TABLE 18 (Continued) 

Category/Technology 
Total Percentage Importance 

GAS NS NI I VI Index 

ENHANCED GAS R~COVERY 99 23 7 30 39 634 
GEOPR !SSIJRE !!ETHANE 96 17 11 38 34 652 
TIGHT SANDS 82 21 16 43 21 570 
DEVONIAN SHALE 77 21 16 43 21 510 

C8AL 

PII'EPA!tATION 98 J3 18 31 18 471 
IIINIMG 101 31 18 28 216 SOl 
GASil"ICA~IOII 116 9 8 39 44- 742 
LIQOEPACTION 108 12 8 JJ 46 7Y1l 
CRE8TCAL PEE~TOCKS 90 26 1J 37 211 554 

IUCLEA R 

POEt PRO DUCT ION 93 9 14 3$ 40 . 717 
PURL SEPARATION 92 8 10 38 45 751 
BEPROCESSING 96 6 7 26 60 816 

. IIAS'IE DISPOSAL 112 4 7 17 71 862 
LIQU10 11ETAL PAST BREEDER 101 6 6 32 56 810 

.OTHER BREEDER . 51 14 . 14 25 47 704 
REACTOR FOR INDUSTRIAL PROCESS USE 82 20 32 26 23 538 

., 
LIGHT WATER REACTORS 81 12 17 37 33 662 
OTHER FISSION 47 15 2J 28 34 628 
FUSIO,. 103 5 5 26 64 844 

SOLAR AND OTHER RENEWABLE 

SOLAR PHOTOVOLTAIC 107 6 21 41 33 697 
SOLAR THERMAL POWER GENERATION 104 8 25 41 26 649 
SOLAR INDUSTRIAL PROCESS HEAT 100 12 25 42 21 604 
HEATING AND GOOLING 99 11 16 44 28 659 
BIO !'lASS 103 8 19 ·55 17 640 
.. U!HCIPAL SOLID WASTE 103 12 16 43 30 662 
TIDAL 95 23 40 28 0 443 
OCEAN THER!'!AL 97 19 37 3U 10 490 
GBOtRf:RIUL 98 9 39 113 9. 547 
WIND 101 15 31 "" 11 537 



TABLE 19 

RELATIVE IMPORTANCE INDEX FOR ALL COMPANIES REPORTING SPENDING IN THE CATEGORY 
(TECHNOLOGIES WITH FEWER THAN 4 RESPONSES OMITTED.) 

TOTAL PERCENTAGE IMPORTIU-1Cl:~ 
CATEGORY I 'TECHNOLOGY NS N1 I VI Ili.'DEX 

BINOFACTURING/PROCESS CHANGES 

RAW ftATERIAL CHANGES 72 38 -14 38 11 429 
CHEMICAL I REFINING PROCESSES 64 41 13 38 9 406 
NEW ENERGY SAVING PROCESSES 93 25 9 39 28 585 
IftPROVED ENERGY SAVING PROCESSES 87 31 11 33 24 521 

liR CONDITIONING. HEAT POIIPS + HEAT RECOYEBY 

RESIDENTIAL HEAT PU8PS 37 24 22 32 22 530 
INDUSTRIAL H~AT PUIIPS 35 29 14 34 23 526 
PROCESS HEAT RECOVERY 46 22 7 35 37 639 
USE OF LCW PRESSURE EXHAUST STEAl! 34 21 26 29 24 547 

BID PRODUCT EFFICIENCY 

CONSUftER APPLIANCES 30 40 10 27 23 460 
IIANUFACTURING EQUIPIIERT 31 29 19 29 23 506 
BUILDING INSOLATION 34 26 6 38 29 585 
ERER;Y EfFICIENT-BUILDINGS 42 19 7 40 33 645 

ftl I SPORT AT ION 

AUTOftOTIVE ENGINE 34 26 18 29 26 541 
AUTOIIOTIVE CHASSIS AND BODY 25 40 24 36 348 
ELECTRIC I HYBRID VEHICLES 29 n 17 45 24 624 
OTHll AUTOI'JCTIVE 6 50 33 11 250 
RAIL TRANSPORTATION/EQUIPftENT 27 22 26 41 11 500 
AIRCRAPT P.NGINE AND AIRPBAIIE 27 15 22 56 7 552 
PIPELINE -TECHNOLOGIES 28 32 32 29 7 400 
BABIN! TRANSPORTATION-/ EOOIPIIENT 22 32 32 27 9 409 



TABLE 19 (Continued) 

C~tcgory/Tcchnology 

!LE~'rRIC POII·ER GENl!BA'riON 

GAS TURBINE C9KBUE'D CYCLE 
FUEL CELLS 
fifAGNETORYDRODYNA!HC GE~ERATION 
CRYOGENIC GENERATORS 

• TRANSI'IISSION AlfD IHSTRlBUTICM 
LOW BEAD HYDROELECTRIC 
FLUIDIZP.D BEDS 

INDO~TRIAL COMBUSTION AND STEAM GENERATION 

COGENERATION 
ATMOSPHERIC FLUIDIZED HED 
eoAt I OIL SLURRY 
IA.StE !UTER IAL 
I·RSTIUJ!IERTATION AND COtiTltOL 

RM1t:GY STORAGE 

~PEID RYDRO STOR!~E 
'tro"P~ESSEO AIR !t'MHGE 
"''ij'EJI·!UI. EttER<n S'TORAGE 
'fi'H DRIES 
HYDRO·GEN GENEIMTI0·N 

SECONDARY OIL RECOVERY 
TERTIARY OIL RECOVERY 
IIATERIALS FOR ENHANCED CIL RECOnar' 
f;lEA n 'l IL 
TAR suns 
OIL SHAL.E 
GEOLOGICAL ASSESSMENT 'IECHNI;)UES 
OFFSHORE DRILLING + PBC·DOCTIJN TECHNIQUES 

- ./ 

Total 

21 
22 
22 
15 
24 
11 
22 

25 
23 
24 
31 
29 

1J 
H 
19 
22 
18 

22 
24 
27 
18 
20 
25 
18 
17 

:-Js 
5 

7 
n 
.18 

20 
22 
29 

6 
Jli 

2:3 
1'5 

5 
5 

1i1 

45 
21 
26 
2R 
20 
16 
J3 
!;.] 

Pcrcc-nta:gc 
NI I III 
5 33 57 
5 55 41 

32 50 18 
33 47 13 
21 42 25 
35 47 

9 61l 27 

8 
13 
25 
13 
17 

23 
23 
.21 

5 
11 

52 
48 
42 
61 
24 

46 
46 
5J 
45 
50 

9 32 
4 42 
4 44 

11 . 56 
20 55 

8 60 
17 33 
6 29 

20 
17 

4 
19 
24 

8 
15 
21 
ll5 
17 

u 
l3 
26 

6 
5 

16 
17 
12 

Importance 
·Index 

824 
809 
659 
593 
62§ 
471 
755 

596 
561 
4JJ 
674 
4l9 

492 
$6-~ 
66) 
19t 
583 

3f:J5 
642 
585 
489 
515 
612 
467 
347 



TABLE 19 (Continued) 

\ 
Category/Technology 

Importance Total Percentage 
··GAS NS NI I VI Index 

ENHANCED GAS BECOVEBY 15 40 7 27 27 480 
GEOPRESSORE !ETHANE 12 17 e: 67 8 583 
TIGHT SANDS 12 25 e. 42 25 575 
DEVCBIAN SRALE 10 20 20 QO 20 560 

.. ·, 
COAL 

PREPARiTION 34 _24 12 47 18 553 
IIJINING . 36 19 11 112 22 581 
GASIFICATION . 41 5 ,· 49. 46 824 
LIQUEFACTI-ON 36 8 28 64 867 
CBEBICAt FEEDSTOCKS 25 .16 20 48 16 576 

IO~LEAR 

POEt PRODUCTION 16 6 13 44. 38 731 
POEt SEPARATION 14 7-· 113 50 800 
Rf;PROC~SSING 17 47 53 859 
iAS'IE DISPOSAL 20 5 25 70 875. 
LIQUID ,l'IETAL FAST BREEDER 21 19 81 943 
OTHER· BREEDER 11 9 45 45 773 
REACTOR FOR INDUSTRIAL PROCESS USE 14 14 43 29 14 514 
L~GHT WATER REACTORS 14 7 71 21 714 
OTHEB FISSION 9 22· 56 22 700 
FUSION 21 5 48 48 829 

SOLAR AND OTHER RENEWABLi. 

SOLAR PHOTOVOLTAIC 41 2 24 46 27 690 
SOLAR THERI'IAL POWER GENERATION 40 8 25 53 15 618 
SOLAR INDUSTRIAL PROCESS HEAT 37 11 27 51 11 576 
~EATING AND COOLING 43 12 7· 53 28 681 
BIO!IASS 43 12 21 51 16 605 
l'IONICIPAL SOLID WASTE 40 13 23 33 33 643 
TIDAL 36 31 47 19 3 353 
OCEAN THERMAL 36 25 44 31 392 
GEOTHERI!AL 38 8 37 so 5 550 
IIIRD 39 18 ,36 41 5 482 



TABLE 20 
' 

RELATIVE IMPORTANCE INDEX FOR ALL COMPANIES REPORTING SPENDING IN THE 
TECHNOLOGY 

,(TECHNOLOGI F.S WITH FEWE!t THAN 4' RESPONSES OMJTTED,) 

CATEGORY I TECHNOLOGY 

BlRUFACTORING/PROCESS CHARGES 

BAV lfATERIAL CHANGES 
CBEitiCAL I REFINING PROCESSES 
NEW ENERGY SAVING PROCESSES 
IlfPROVED ENERGY SAVING PROCESSES 

li'I CORDITIOlfiNG, HEAT POIIPS + HEAT BECOVEBI 

RESIOENTlAL HEAT POftFS 
-INDUSTRIAL HEAT POftPS 

PROCESS BEAT RECOVERY 
USE OF LCI PRESSURE EIRAUST STEAft 

ltm PRODUCT BFPICIERCY 

CONSOIUR AP-PLIANCES 
IIAROPACTURING EQUIPftBNT 
BUILDING INSOLATION . 
ENERGY EFFICIERT BUILDINGS 

BAll SPORTUION 

AUTOftOTIVE ENGINE 
AUTOftOTIVE CHASSIS AND BODY 
ELECTRIC / HYBRID VEHICLES 
BAIL TRARSPORTATION/EQUIPifENT 
AIBCRAPT ENGINE AND AIRP~A:U 
PIPBLIRE TECHNOLOGIES 
ftARiriE TRANSPORTATION / EQiJIPftENT 

ELECTRIC POWER GENERATION 

GAS TURBINE COftBINED CYCLE 
FUEL CELLS 
ftAGNETOHYDBODYNAftiC GENERATION 
'l'RARSftiSSION AND DISTRIBUTION 
PLOIDIUD BEDS 

37 
21 
63 
68 

1Q 
1S 
36 

8 

13 
13 
16 
24 

8 
8 
8 

" 6 
1S 

" 
6 
8 
'j 

17 
7 

PEICER'l'lGI 
NS RI 1 VI 

46 
48 
211 
28 

1ll 
20 
19 

38 
31 
19 

8 

111 21l 
5 38 

10 110 
12 31l 

16 
10 
27 
26 

so 36 
7 40 33 
3 39 39. 

2S so 2S 

31 31 
8 46 1S 

13 . so 19 
8 46 38 

2S 13 38 2S 
13 13 75 

,13 25 63 
so so 
33 . 50 17 

27 27 40 7 
25 so 2S 

17 

12 

17 67 
50 50 

40 60 
12 Ill 35 

57 43 

IMPORTMTC!, 
INDEX 

386 
381 
586 
549 

707 
640 
672 
700 

523 
508 
S88 
729 

S63 
S75 
850 
550 
650 
453 
600 

783 
850 
580 
688 
829 



TABLE 20 (Continued) 

Catc~ory/Tcchno:ogy Importance 
Total Pcrccnta~c 

~IDUSTRIA~ CO~BUSTIOH A~D STEAR GE lEBA 'riO R NS NI . I VI Index· 

COGENERATION 14 29 7 SD 11i 521 

AT~OSPHERIC FLUIDIZED BED 7 14 7'1 11i 643 

COA~ / OIL SLUR~Y 11 27 27 45 427 

iAS'IE ~IITERIAL 21 5 1Q 5·7 24 695 

INSTROft ENTATION AND CONTROL 15 20 13 33 .33 620 

ER!liGY STORAGE 
I 

COI'IPRE.SSP:D AIR S'TOBAGE 5 20 20 40· 20 560 

THER:'!AL ENERGY STORAGE 10 20. 50 30 730 

BATTDJ'ES 12' 8 33 58 817 

OXL 

• SECO~OARY OIL R!COVE~Y 12 58 33 8 317 

TERTIARY OIL RECOVERY 12 17 5) 33 683 

!'IATniAtS FOR ENHANCED OIL RECOVERY 12 33 8 3 50 592 

H'P.A Vf OIL 7 29 71 500 

TAR SANDS 7 1ij 14 71 557· 

OiL SHALE 11 16 55 27 655 

GEOLOGICAL ASSESS~EN~ TECHNIQUES 8 5·) 13 25 13 350 

OFFSHORE !>RILLING + PRODUCTION TECHHI•JO!S 8 75 25 175 

GAS 
' . .. 

ENHANCED GAS RECOVERT 8 5-J 13 38 425 

'IIGH·r SANDS 4 50 25 2S 425 

COAL 

PREP liBATION 21 24 10 43 24 516 

!'liNING 16 25 19 33 19 525 

GASIFICATION 30 5:> 50 850 

LIQUEFACTION 21 29 71 9111 

CHEfti~AL FEEDSTOCKS 9 22 61 11 667 



TABLE 20 (Continued) 

Category/Technology 

HCLBAB Total Percentage Im:t;~(!)rtance 
NS NI - VI index· 

P'ft!L PROD1JCTIOH 6 67 ll 800 
IASTE IHSPOSAL li 17 33 50 133 
"LIQUID l!ETAL PAST SHEEDER 1l 8 92 971 
LIGHT WATER REACTURS 5 'G 40 820 
PTJSION 6 so 50 856 

SULAR AND OTHER RENF.WABLE 

SOLAR PHOTOVOLTAIC 16 13 ~4 44 794 
SOLAR ~RERMAL POWER GENERATION 10 10 10 !JO 40 720 
SOLAR INDUSTRIA"L PROCESS HEAT 9 22 67 11 667 
HEATING AND COOLING 23 13 9 52 26 661 
BIO!tASS 21 5 10 67 19 695 
IIUNICIPAL SOLID WASTE 12 17 25 58 825 
OCEAN THEBI'IAL 4 50 50 550 
GBOTBEB !IAL 6" 17 83 583 
IIIID 6 17 17 50 17 583 



TABLE 21A 

Relative Importance Index for the High Tedmology, 
· Otemicals and Coal, Oil Gas Coq>anies 

CATEGCRY / TECHNOLOGY 

IIAH3Yl\CTUR ING/PROCESS CHA !IG~S 

!AV ~ATIR:AL CHANGES 
CHE~ICAL I B!FIN!NG PROCESSES 
N!W E~~RGY.SAVING PROCESSES 
!~~ROVED EN!RGY SAVING PROCESSES 

&Ia·co~DITIONI~G, HEAT ~Uft~S +BEAT RECOV!nt 

RtSinENTIAL HEAT POftPS 
INDUSTRIAL HEAT PU~PS 

PROCESS HEAT RECOVERY 
OSF. 0~ LOW PR~SSOR~ EXBAJST S~!A~ 

END PRODUCT EFFICIENCY 

CONSUriER AP~LIA~CES 
~ANQ~ACTURING EQUIP~ENT 
BUIL~I~G INSULATION 
E!E3GY EFFICIENT BU!LDI~GS 

TRAR St'OR 'l'A TICS 

Al!O~OTIVE ENGINE 
AIJT0'10TIVE CHASSIS AND BODY 
EL ECT~IC I HYBRID VZIIICLES 
CTHER \DTOimTIVE 
RAIL TR,NS?ORTATIONIEQUIP~ENT 
AIRCRAFT ENGI,E AND AIRPRA~E 

PI~ELI~E TECH~OLOGIES 

riAB.HE. TRANSPORTATIOtl I EQUIP!'I!!IT 

HIGH TEOi. 

~~ 

15 360 
17 576 
22 6114 
22 582 

16 513 
1S 1453 
10 56r 
15 393 

17 1153 
14 400 
17 435 
18 650 

19 626 
lit 400 
16 ~00 

5 20J 
16 569 
15 520 
14 436 
15 473 

14 229 
14 221 
15. 353. 
15 440 

11 255 
11 3115 
1Q 464 
10 280 

11 327 
12 383 
12 542 
12 542 

12 soa 
1 J -438 
11 509 

9 467 
10 430 
11 300 
10 290 

CDAL,OIL 
AND GAS 

11 3614 
11 318 
15 573 
12 433 

11 473 
11 445 
11 436 
11 445 

13 140~ 
111 QOO 

. 12 383 
13 qJ,. 

13- 338 
11 1145 
13 331 

q 100 
13 338-
12 ·400 
12 358 
10 200 



TABLE ZlA (continued) 

mAL. OIL 
HIGH 1EOi. OIEMICALS AND GAS 

ELECTRIC POWEa GENER~TIO~ ~ Index ~sp. Index Resp. Index 

GAS TURBINE CO~DINED CYCLE 14 543 12 4€7 9 467 
P'U~L CELLS 14 514 11 6(·9 14 714 
MAG~ETOHYDRODYNA~IC GE~ERAT!O~ 13 623 10 5<0 10 500 
CRYOGENIC GESERATOP.S I) 411 10 4CO 8 275 
TRA~S"'ISSICN AND DIST!IIDUTI·)~ 16 463 10 2~·0 8 288 
LO!f HEAC.HYDROELECTRIC 13 569 10 2C:O 8 .363 
FttJIDIZ~D BEDS 14 600 11 2€4 10 590 

INDOSTRI~L COr.BUSTION AND STEA!'! GENERATION 

COGE~TERAT!CN 16 544 10 3:;;o 11 564 
ATMOSPilERIC P'LUIDIZED BED 13 592 10 310 9 533 
CO~L I OIL SLURRY 16 475 10 3~0 10 430 
WAS'!'E ~ATERIAL 19 589 12 s:;;s 11) 530 
IN ST RU ~EtiT ATI 0 ~~ ll~D CCNTROL 19 532 11 3;;;7 10 290 

!!!If! ltGY STIJUGE 

PUMI'~O HYDRO STORAGE 12 275 10 ·no 9 289 
COI'IPRESSED AIR STORAG3 10 320 .1 0 2!80 9 222 
TII'E?.!'IAL Et\~RGY STORAG3 14 550 11 4"Y3 9 411 
BA'ITERIES 15 620 10 460 13 785 
HYD!OGE~ G~H!RATION 16 631 11 5(19 9 533 

on. .. 
SECO!tl)ARY CIL RECOVE!lT 14 443 12 542 15 420 
TERTHRY OIL RECOVERY 14 486 11. sao 15 660 
!'IA'f:::R!ALS FOR El; HA 'ICEJ OIL RECOVERY 13 500 14 557 14 479 
IIEAVY CIL 11 418 11 536 11 509 
TA!l SANDS 13 515 12 501) 12 525 

. OIJ. Sfl ALE 14 521 12 575 15 660 
GEOLOGICAL ASSESS~E!T ~!CIISIQUES 14 493 10 J9:J 12 467 
OFFSH0~E DRILLING + PiODUC'IION TECHNIQUES 15 527 9 53] 12 325 



TABLE 21A (continued) 

GAS 

ENIIANC!D GAS RECOVER7 
GEOP!ESSURE ~ETfiANE 
7IGHT SA!IDS 
DEVONIAN SHALE 

COAL 

P!l!PAR l\TION 
MilliNG 
GASI'F'ICATICtl 
LI2i1EFACT!O~ 
CHE~~CAL FE~DSTOCKS 

tfUCLEA R 

FIJ FL. P!lODUC~ION 
FUEL SEPARATION 
REPROCESSING· 

· iASTE niSPCSAL . 
LIQUID ~ETAL FAST DREEDER 
CTH~R BREE!:ER 
REACTO~ FOB INDUSTRIAL P30CESS USE 
LIGHT iATER REACTORS -
OTfiE R fiSSION 
FU SIO!I 

SOLAR AND OTH~R REN~WABLE 

SOLAR PHOTCVOLTAIC 
·SOLAR THES~AL POWSR GEHERATIO~ 
SOLAR INDUS~~IAL ?RO:E5S HEAT 
HZAT!SG A~t COOLING 
DIC~ ASS 
MUNICIPAL SOLID iASTE 
TIDAL 
OCEA~I THERMAL 
GEOTH?:Rl'!AL 
lli SD 

HIGI TEQi. 

~ Index 

15 527 
15 507 
12 525 
11 . 509 

14 
15 
18 
16 
15 

14 
13 
15 
19 
17 

8 
14 
14 

7 
18 

18 
18 
15 
1" . 

-11 
16 
lit 
16 
15 
16 

400 
440 
739 
725 
573 

829 
908 
960 
937 
876 
925 
571 
686 
771 
QOO 

817 
794 
667 
621 
62~ 
6J1 
500 
644 
640 
575 

CHEMICALS 

~ Index 

11 582 
10 .510 

9 533 
9 422 

10 350 
11 409 
11 700 
1J 700 
12 600 

10 590 
9 656 
9 756 

11 882 
' 9 722 

7 414 
6 533 
6 517 
9 fl56 

12 692 
, 600 
11 545 
11 536 
13 592 
10 680 
1 1 5011 
, 600 
11 573 
11 536 

COAL, OIL 
AND GAS 

~ Index 

15 480 
16 644 
14 586 
12 600 

13 
14 
17 
15 
11 

31i6 
386 
782 
747 
391 

10 500 
12 608 
1J 715 
14 757 
13 738 
13 662 
12 592 
12 617 

8 538 
15 833 

12 
12 
12 , 
12 
13 
12 
1 1 
13 
12 

683· 
525 
608 
745 
658 
515 
308 
245 
401) 
533 



TABLE 21B. 

Relative Importance Index for the Constuner Goods, 
General Machinery and Light Jn~try Companies 

CATE]ORY I TECHNOLOGY 

KANUFACT~RING/PROCESS CHA~GES 

R~W ~ATPRIAL CHANG!S 
CHE~ICAL I REFINING PROCESSES 
NEW E~ERG! SaVING PnOCESSES 
IMPROVED ENERGY SAVING PROCESSES 

AIR CONniTIOUIN~, HEAT PU3PS + HEAT RECOVE~Y 

RESIDE~TI~L HEAT PU~PS 
INDUSTRIAL HEAT PUMPS 
PROC~SS H~AT RECOVERY 
USE ~F LOW PRESSURE EXHA~SX STEAM 

END-PRODQC~ EFFICIE~CY 

CONSaM~R APPLIANCES 
MANUfACTURING EQUIPMENT 
BUIL::>UG INSUtATIO!I . 
ENER~Y EF~ICIENT BUILDINGS 

TRA USPORTA'!'IO~I 

AUTO~OTIVE ENGINE 
A~TO~OTIVE CHASSI~ A9D BODY 
EL EC·!!liC I HY!lRID VEHICLES 
OT~Eq AUTOMOTIVE 
RAIL TRANSPORTATION/EQUIP~EUT 
AIRCRA!T E~GINE AND AIRF~A~E 
PIPE~INE TECHNOLOGI~S 
KARI~E TRANSPORTATICU I EQUIPMENT 

CONSUMER 
GOODS 

Resp. Index 

15 353 
16 306 

.2, 538 
10 389 

15 353 
17 412 
18 539 
16 444 

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 
MAQUNERY 

~ Index 

13 
12 
12 
12 

13 
13 
13 
12 

12 
12 
12 
13 

12 
12 
12 

4 
12 
12 
13 
12 

469 ' 
475 
742 
633 

408 
354 
592 
575 

417 
500 
600 
63d 

600 
417 
525 
450 
417 
358 
523 
400 

LIGIT 
INillsrRY 

-~ Index 

14 607 
12 517 
16 744 
16 600 

11 382 
11 482 
12 567 
10 430 

1 1 291 
13 500 
11 445 
10 520 

1, 418 
11 345 
10 560 

5 160 
10 460 

9 500 
10 420 
10 430 

). 



TABLE ZlB (continued) 

ELECTRIC POWER GENERATION 

GAS TURDINE COMBI~ED CYCLE 
FUEL CELLS 
"AGN~TOHYDRODYNA~:c GENE~ATICN 
CRYQGENIC'GENERlTCRS 
•TRANS~ISSIOY AUD DISTRIBUTION · 
LOW. HE!D 9YOROELECT~IC 

' FL UI :liZ ED BEDS 

INDUSTR!~L CO~BUSTIOU AND STEAM GENERAtiO~ 

COGEtiERATION 
AT~OSPHE~IC PLUIDIZ£0 B~D 

.COAL / OIL SLURRY 
WASTt "ATERIA!. 
I~STnU~EN~ATION AN~ CONT30L 

ENEBGY STORAGE 

OIL 

·PUft~E~ HYDRO STORA3t. 
·CO~~RESSED AIR STORAGE 
· THER~AL ENERGY STORAGE 

BA '!'H'R IES . 
HYDROGEN GENER!TIO~ 

SECO!IDARY OIL RECOiTERY 
TERTIARY OIL RECOV~RY 
111\.TERIALS FO.~ ElillA!lCED C!L R~COVERY 
HET,VY OIL 
Tr.R SANDS 
OIL SHALE 
GEOLOGICAL ASSESSMENT TECUNIQUES 
OFFSHORE DRrLLING t- PRODUCTIOtl TEC_HNIQUES 

(l)NSUME..~ 

GOODS 

~ Index. 

12. ""2 
13 715 
1 J "592 
1J 546 
13 508 
13 569 
13 . 508 

12 517 
1" ll-71 
13 q.je; 
13 !:92 
13 30C 

.13 308 
·1 J JJ.B 
13 1485 
13 585-
114 571 

114 
15 
14 
11 
15 

~ 15 
15 
15 

62 6· 
620 
614 
1418 
sao 
620 
7.J:J 
5"-"1 

GENERAL 
MAGIINERY 

~ In:iex 

9 522 
. 0 538 

7 600 
"6 417 

10 . 590 
10 630. 
a 1450 

10 570 
9 "1467 

10 630 
12 i7S 

8 31J 

9 'SIJ4 
0 388 
9 522 
9 656 

10 660 

10 
10 
. 9 

0 
9 

'9 
7 
9 

520 
750 
656 
650 
667 
667 
ij43 
533 

LIGHT 
INDUSTRY 

~ Index 

1 
9 
9 
7 
7 
1 
7 

8 
8 
9 

11 
7 

7 
1 
9 
!) 

a 

9 
9 
9 
7 
a 
8 
8 
8 

'1'13 
700 
589 
414 
600 
557 
457 

488 
408 
578 
718 
IJ11J 

429 
429 
667 
563 
SOil 

611 
64~ 
64.'1 
600 
575 
650 
763 
738 



). 

TABLE 21B ·. (continued) 

OONSl.MER GENERAL LIQIT 
GOODS MAOHNERY INOOSfRY 

GAS 
Resp. Index ~ Index ~ Index 

ENH~!CED GAS RECOV!RY 14 729 10 520 6 600 

GECPRESSURE ~ETHANE 14 736 9, 656 7 500 

TIGHT SANDS 14 571 13 500 7 500 

DEVO~IIl\N SHALE 13 692 7 557- 7 500 

COAL 

PREP 1\R ATIO !l 13 477 11 509 9 322 

!U NISG 13 477 12 600 8 275 

GASIFICATION 15 593 10 760 10 630 

L! QU!:~ l\CTIOU 14 586 10 820 10 630 

CHE~ICAL FEEDSTOCKS 12 433 8 650 10 500 

NUCLEAR 

ru~L PRODUCTIO~. 14 779 11 69·; 10 660 

FUEL SEPARATIOtl 14 800 11 664 10 660 

RE PR'JCESS!NG 14 843 10 780 11 691 

iiASTE DISPOSAL 15 853 11 918 10 630 

LIQUt'l MeTAL FAS: BRE~DER 13 831 10 750 10 690 

OTIIER BRE!'!CER 5 620 6 583 

REACTOR FOR INDUSTRIAL PROCESS USE 12 683 9 511 9 478 

LIGHT RAT!R REl\CTORS 13' 731 8 488 C) 556 

OTHER FI~SION 6 633 6 5&.J/ 

PU SIO~I 14 843 9 756 10 810 

SOLAR AND OTHER REHllABL!'! 

SOLAR ?HOTOVOLTAIC 13 785 10 610 11 718 

SOLAR THERMl\L POl; E !l GE !:E !lf, T! Ctl 1.3 692 11 700 9 667 

SOLl\R INDUSTRIAL PROCESS HEAT 14 614 10 610 9 5.89 

HEl\TING AND COOLISG 11 682 11 609 9 556 

BIC..,T.SS 1] 669 9 689 0 - 625 

I'IUHC!:!'AL SOLID wr.sT: 1 3 662 1J 762 8 575 

TI DA!. 1 J 492 10 370 9 433 

OCEAN THEil!'ll\L 14 621 10 310 q· 511 

GEOTHP.R~AL 14 586 10 5qO 11 527 

lliSD 13 569 11 545 9 533 



TABLE 21C 

Relative Importance Index for the Miscellaneous, 
Electric. Power, and Building Materials Companies 

CATEGORY I T~CP.NOt~GY MISCEIUINEOUS 
Ql.1PANIES 

IUNUFACTUR UG/PROCESS CHANGES . Resp. Index 

RAW ~ATER!AL CHANGES 9 444 
CH!HIC~L·I REFINING PROCESSES 13 5o·o 

NEW E~ERGY" SAVING PROCESSES 13 785 
I~PROVED E•~RGY SAVING PROCESSES 13 638 

UR CON'l!TIONING, HEAT PUMPS + HE~T RECOVERY 

R!SID~NTIAL HEAT PbMP~ 11 318 
IND7STRIAL HZAT PU~~S 12 3.67 
PRCC~SS HEAT RECO.V~RY 1 1 682 
USE OF tOw PRESSURE tXHAUS! STEAM 10 760 

END PROOTIC~ EFFICIENCY 

CONSUMER APPLIANCES 10 430 
~ANUYAETJRI'G EQUIPMENT 11 46ij 

BUILOI~G INSULATION 10 660 
E~ERGY EFFICIENT BUiLDINGS .11 755 

·TBA N SPGRTATIO N 

AU'I'O~OT!VE ENGINE 12 667 
AUTO!'IOTIVE CHASSIS AND BOOY 9 433 
ELECTRIC I HYBRID.VEHICLES 10 500 
OTIIER AUTO!'lOTIVE 6 300 
R~IL TRANSPORTATIONIBQbiPMENT 10 530 
AIRCRAFT E~GINE AND AIRFRA~E 

, 536 

PIPELINE TECHNOLOGIES 9 '522 
r.A!\.ISE TRANS!'OR'I'ATION ·/ EQUIPl'!ENT 8 463 

ELECTRIC BUILDING 
PCMR MATERIALS 

-~ Index ~ Index 

4 550 12 408 
6 650 5. 420 
9 656 13 577 
9 622 12 650 

11 836 7 543 
7 829 8 563 

10 560 8 675 
10 640 6 250 

10 790 6 -567 
7 657 6 350 
9 733 10 510 

n 745 10 710 

8 525 6 783 
G 433 4 525 
9 733 ~ 675 

13 663 4 675 
6 600 4 600 
a 375 4 600 
6 550 4 600 



TABlE 21C (eontinued) 

MISCELLANEOUS 
roMPANIES 

ELECTRIC POWER GENEBATION ~ Index 

GAS TU~BINE COMBINED CYCLE 
FOf.L CELLS 
MAGNETOHYDRODYNA~IC GENERAI!O~ 
CRYOGE~!C GENEEATORS 
TRANS~ISSIOJ AND DISTRXBOTION 
LOW READ RYDRCELRCTRIC 
F!.UIDIZED BEDS 

' 

10 630 
11 600 

8 530 
8 413 
9 400 ,o. 540 

11 609 

INDOST!UAL C0!1BUST!O~I HD STEl\ M GE~ERAT!ON 

COGENERATION 
AT~OSPgERIC FLUIDIZED DED 
COAL I OIL SLURRY 
W~S'!'E ~ATERHL 

INSTRUMENTATION AND CONTROL 

9 
9 

10 
10 
11 

E!ERGY STORII.GE 

OIL 

PU~PEO HYDRO STORAGE 
CO~PRESSED AIR STORA~E 
Tli!!!1AL ENERGY STO!UGE 
BA'I'i'ER!ES 
HYDROGEN GENERATION 

7 
7 

10 
9 

10 

SECONDARY OIL RECOV~RY 8 
TE!lTIA!lY OIL RECOVEE:Y 9 
~ATERIALS FOa ENHANCED OIL RECOVERY 7 
HEAVY IJIL 6 
TAR SA 'IDS 7 
OIL SHALE 8 
GEOtOGICH ASSESSMEllT TEC!INIQUES 1 
OFFSIIO!lR DRILLING + PROD~CTION TECHNIQUES 6 

722 
622 
470 
790 
516 

5H 
329 
690 
622 
560 

700 
700 
700 
550 
657 
663 
657 
650 

ELECfRIC 
P<l'IER 

~ Index 

. 0 650 
~0 790• 
10 67() 

9 63). 
11 6-64· 
10 440• 
10 76() 

9 

(: 

' 

7 
5 
7 
5 
7 
3 
7 
7 

63.:: 
743 
?OC• 
73E 
55; 

57( 
68~ 
70(· 
83~ 
63(1 

67' 
850 
67' 
sa.:: 
700 
61J 
700 
65"' 

BUILDING 
MATERIALS 

6 
5 
7 

~ 
6 
8 

!J 
q 
9 

11 
8 

5 
5 
8 
8 
6 

7 
6 
R 
4 
6 
8 
7 
'j 

Index 

63 3 
500 
657 

683 
483 
688 

.650 
656 
689 
636 
600 

420 
220 
438 
650 
4 75 

629 
783 
800 
675 
633 
575 
829 
620 

' ... 



TABlE 2ii.C (cmtinued) 

MISCELLANEOUS ELECI'RIC ·BUILDING 
CD1P.ANIES POWER MAmuALS 

-
~ Index 

-~- Index Resp.- Index 
GAS 

EN !fl\ 'lC ED GAS RECOVERY 9 800 9 ·. 833 6 833 

GEOP~ESSURE METHA~E 9 800 7 700 7 914 

TIGHT Sl\!IOS 6 650 6 650 4 675 

DEVONH'l SUALE 5 700 7 ~14 4 425 

. COAL 

PRE~ARATION · 10 660 10 620 7 586 

. ~INING 
11. 573 9 700 7 729 

G.ASIFIC'-TION 13 815 9 800 10 880 
LIQUEf'ACTIOS 10 790 10 850 9 756 

C.H EM IC At FEEDSTOCKS 9" 756 6 633 6 467 

NtJCLEA B 

l'UEL l?RODUC'!'ION 8 813 9 800 5· 740 
FUEL SEPA~ATION· 8 813 9 867 4 750 
!IEPROCESSING .7 871 q 900 .6 783 
llASTE DISPOSAL 12 900 10 900 1 914 
LIQUID !'lETAL FAST "BREEDER · 9 833 13 -....954 4 750 
CTHEP. BilEEtER 6 850 
REAtTOR FOR INDUSTniAL PROCESS USE < ·6 483 7- 286 

4 .. ·. 67S 

LIGIIT HATF:·R R!-:ACTORS 6 800 6 850 
OTHER FISSI.ON 5 760 
l'U SION . .1!) 850 9 833 6 BOO 

SO~lll AND OTHER RENEWABLE 

SOLU PHOTCVOLTAIC 1 1 645 10 580 7 514 
SOLAR THEI'IUL POHER GENE!lATIOS 10 610 10 580 a· 538 
SOLAR INDUSTRIAL PROCESS HEAT 12 650 8 625 7 414 
HEATING AND COCLING 10 760 1, 727 ·8 688 
BIO"!ASS 12 700 9 600 13 538 
11U!IICIPAL ·SOLID liASTE 10 820 .10 640 8 650 
TICAL 7 486 9 356 (j 350 
OCEA ~ THE~ MAL •7 486 10 1120 5 220 
GEO'l!IEP.11liL 6 550 9 567 6 483 
VIND 9 600 1 1 473 5 220 



TABLE 22 

Opinion of Government Sponsorship Levels 
For 192 Firms Responding 

NO 

Basic Research 16 

Applied Research 12 

Process Engineering lS 

Pilot Plant 11 

Demonstration Plant 16 

NO 

Basic Research 12 
Applied Research 15 

Process Engineering 12 

Pilot Plant 15 
Demonstration Plant 10 

Private Sector 
Percent Responding 

TL AE 

31 36 
33 39 
31 28 
35 34 
28 36 

Public Sector 
Percent Responding 

TL AE 

31 38 
32 30 
39 34 
29 35 
30 39 

NO = No Opinion, TL = Too Little, AE = About Enough, 1M = Too Much 

:n'l 
17 
16 
23 
20 
20 

1M 

19 
23 
15 
21 
21 



APPENDIX E 

List of COmpanies Contacted in 

Year II Mail Survey* 

*Because of subsidiaries who responded, there 'are 819 companies 
instead of 814. (Last five company names on list.) 
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LIST OF CORPORATIONS 
A-T-O 
ABBOTT LABORATORIES 
ACF INDUSTRIES 
ACfiiE-CLEVELAND 
ADDRESSOGRAPH-MULTIGBAPH 
ADVANCED fiiiCRO DEVICES 
AERORCA, INCORPORATED 
AFFILIATED PUBLICATIONS 
AIR PRODUCTS • CHEKlCALS 
AIRCO 
AKZONA 
ALADDIN INDUSTRIES 
ALBANY INTERNATIONAL 
.ALBERTO-CULVER 
ALLEGHENY LUDLUM INDUST. 
ALLEN BRADLEY COfiiPANY 
l.LLERGAN PHAR!llACEUTICALS 
ALLIED CHEMICAL 
ALL IS-CHALMERS 
ALTEC 
ALUMINUM CO. OF AMERIC.A 
AMAX 
AMBAC INDUS~RIES 
AMDAHL 
IM BRACE 
AMERADA HESS 
AME.R IC AN AIR FlLT ER 
AMERICAN ,AIRLINES 
Art ERIC AN BRANDS 
lrtERICAN CAN COrtPANY 
AMERICAN CRYSTAL SUGAR 
ArtERICAN CYANAMID 
AfiiERICAN DISTILLING 
AKERICAN DISTRICT TELEGRAPH 
AfiiERICAN ELECTRIC PORER CO. 
AfiiERICAN HOIST + DERRICK 
AMERICAN HOME PRODUCTS 
APIERICAN HOSPITAL SUPPLY 
lfiiERICAN MAIZE-PRODUCTS 
AMERICAN fiiANUFACTURING 
AMERICAN MICROSYSTEMS 
AfiiERICAN MOTORS 
.AM ERIC AN SAFETY EQUIPM.ENT 
AMERICAN SEATING 
AM ERIC AN STANDARD 
AMERICAN STERILIZER 
AMERON 
Afii:P.TEK 
AMP' 
AfiiFAC 

AMP 
AMPCO-PITTSBURGH 
AMPEX 
AMSTAR 
AMSTED INDUSTRIES 
AHWAY CCRPOBATION 
ANALOG DEVICES 
ANCHCR HOCKING 
ANDERSON, ClAYTON 
ANKEN INDUSTRIES 
ANSUL 
APPLIED DEVIC~S 
APPLIED DIGITAL DATA SYSTEMS 
APPLIED MAGNETICS 
ARMCO S'f.EEL 
A IH1STRONG CORK 
ARMST.RQNG RUBBER 
A.RO 
ASARC,O 

· ·r ~ASHLAND OIL 
AS.PRO 
ATHLONE XNDUS~RIES 
ATLANTA GAS LIGHT COMPANY 
ATLANTIC RICHFIELD 
AUTOMATIC DATA PROCESSING 
AUTOM.ATIC RAD-IO MANUFACTURING 
Ati~OMATION INDUSTRIES 
AVCO CORPORATION 
AVEEY INTERNATIONAL 
AVON PRODUCTS 
AVX 
AYDIN 
AZL RESOURCEs· 
BABCOCK AND ~ILCOX 
BADGER METER 
BAKE.B INTERNATION.AL 
BALL 
BALLY .MANUFACTURING 
B.ANDAG. 
BANGOR PUNTA 
BARD, C. R. . 
BARFY WRIGHT 
BASIC 
BAUSCH AND i..OMB 
BAX1ER TRAVENOL LABS 
BAYLY 
BEA~.RICE FOODS 
BECKM~N INSTRUMEN7S 
BECTON,DICKINSON 
BEECH AIRCRAFT 



BEKER INDUSTRIES 
BELCO PETROLEUM 
BELDEN 
BELt AND H_OWELL 
BELL T~LEPHONE LABORATORIES 
BELOIT CORPORATION 
BEMIS 
BENDIX 
BERTEA 
BETHLEHEM STEEL 
BETZ LARORATORIES 
BIRD AND SON 
BLACK AND DECKER 
BLAIR, JOHN 
BLANDIN PAPER COMPANY 
BLOCK DRUG 
BLUE CHIP STAMPS 
ELU EBIRD 
BOE.ING 
BOISE CASCADE 
BORDEN 
BORG-WARNER 
BRAUN ENGINEERING 
BBAUN (C. F.) + COMP.A NY 
BRIGGS AND STRATTON 
BRISTOL- MYERS 
BROWN + SHARP MANUFACTURING 
BBUNSW ICK 
BRUSH WELLMAN 
EUCYRU S-ERlE 
BUDD 
BULOVA WATCH 
BUNDY 
EUNKER RAMO 
BURLINGTON INDUSTRIES 
BUBNDY 
BURROUGHS 
BUTLER MANUFACTURING 
CABOT ' 
'CALIFORNIA COMPUTER PRODUCTS 
CAM CO 
CAMERON IRON WORKS 
CA !1PBELL SOUP 
CARNATION 
CARPENTER TECHNOLOGY 
CARRIER 
·CAR'rER-WALLACE 
CATERPILLAR TRACTOR 
CBS 
CELANESE 

CENTRAL AND SOUTH WEST CORP. 
CENTRAL HUDSON GAS AND EL.ECT. 
CENTRAL SOYA . 
CENTRONICS DATA COMPUTER 
CESSNA AIRCRAFT 
CETEC 
CHAMPION SPARK PLUG 
CHEMINEER 
CHESAPEAKE CORP. OF VIRGINIA 
CHESSEBROUGH-PONQ'S 
CHESSIE SYS'rEM INC. 
CHICAGO BRIDGE + IRON 
CHICAGO PNEUMATIC TOOL 
CHROMALLOY AMERICAN 
CHRYSLER 
CHURCH + DWIGHT 
CINCINNATI MILACRON 
C.ITIES SERV.ICE 
CLARK EQUIPMENT 
CLAUSING 
CLEVELAND ELECT. ILLUMINATING 
CLO:BOX 
CMI 
COASTAL STATES GAS CORP. 
COCA-COLA 
COLECO INDUSTRIES 
COLEMAN . 
COLGATE-PALMOLIVE 
COLLINS + AIKMAN 
CO.LT INDUSTRIES 
COLUMBIA GAS SYSTEM INC. 
COMBUSTION ENGINEERING 
COMEUSTION EQUIPMENT ASSOC. 
COMMONWEALTH EDISON·COMPANY 
COMMUNICATIONS SATELLITE CORP. 
COMPUGB APHI C 
COMPUTER SCIENCES 
CON AGRA 
CON DEC 
CONGOLEUM 
CONRAC 
CONROY 
CONSOLI U.ATED EDISON COMPANY 
CONSOLIDATED FOODS 
CONSOLIDATE[ FBEIGHTWAYS INC. 
CONSOLIDATED PAPERS 
CONSUMERS POWEB COMPANY 
CONTINENTAL GROUP 
CONTINENTAL O.I.L 
CONTROL DATA 



,I 

COOK PAINT • VARNISH 
COOPER INDUSTRIES 

., COOPER LA !ORATORIES 
COOPER TIRE + RUBBER 
COORS (ADOLPH) 
COPEL~ND 

CORNING GLASS WORKS 
COSCO, INCORPORATED 
CPC INTERNATIONAL 
CRANE 
CROMPTON + KNOWLES 
CROUSE-HINDS 
CRO~N CENTRAL PETROLEUM 
CROWN ZELLERB.ACH 
CRUTCHER RESOURCES 
CTS 
CULLIGAN INTERNATIONAL 
CUfii"'!.NS '€NG'IN~ 
·CURTISS-WRIGHT 
CUTLER-HAM MER 
CYPRTJS MINE~ 
DAIRYLEA COOPERATIVE 
DAMON 
DANA 
DART I.NDUST.RIES 
DATA .GENERAL 
DATAPOINT 
DATAPRODUCTS ~ 

DAY CO 
DE KALB AG RESEARCH 
t.l?.ER E 
.DEL fiiONTE . 
DELTA AIR LINES INC. 
DENNISON ~ANUPACTURING 
DENTSPLY INTERNAT.IONAL 
DESOTO 
DETROIT EDISON COMPANY 
DEXTER 
DIA[I!OND. SHAMROCK 
DIBRELL BROTHERS 
D.ICK (A. B.) 
DICTAPHONE 
DIEBOLD 
DIGITAL EQUIPMENT 
DIVERS EY 
DONALDSON 
DOVER 
DOW CHEMICAL 
DRAVO CORPORATION 
DRESSER INDUSTRIES 

DU PONT (E.l.) DE NEMOURS 
DURO-TEST 
DYMO INDUSTRIES 
DYNAMICS COEP. OF AMERICA 
E G + G 
E-SYSTEMS 
EAGLE-PICHER INDUSTRIES 
EASTERN AIR LINES INC. 
EASTERN GAS AND FUEL ASS. 
EASTMAN KODAK 
EATON 
ECH'ti N MANUFACTURING 
ECONOMICS LABORATORY 
EDO 
EL PASO COM·PANY 
ELECTRO AUDIO DYNhMICS 
ELEC'tRONIC. ASSOCIATES 
ELECTRONIC MEMOgiES+MAGNETICS 
ELECTRONICS .COBP. OF AMERICA 
ELTRA 
f.MRRSON F.L~C::TRIC::: 
.Et1EEY INDUSTRIES 
EMHART 
ENGLEHARD MINERALS + CHEMICALS 
ENVIROTECH 
ESB INCORPORATED 
ESMARK 
ESSEX CHEMICAL 
ESTERLINE 
ETHYL 
EVANS PRODUCTS 
EX-CELL-O 
EXECUTIVE INDUSTRIES 
EXECUTONE. 
EXXON 
FAIRCHILD CAMERA 
F.AIRCHILD INDUSTR lES 
FALCON SEABOARD 
FEDDERS 
FEDERAL SIGNAL 
FEDERAL-MOGUL 
FEBRO 
FIELDCREST MILLS 
FILMWAYS 
FIRESTONE TIRE AND RUBBER 
FISCHBACH AND MOORE 
FISCHER + PORTER 
FISCHER SCIINTIPIC 
FLEETWOOD ENTERPRISES 
PLOBIDA POWEB CORPORATION 



FLUKE (JOHN) MANUFACTURING 
fLUOR CORP. 
PPIC., . 
fORD PIOTOR CO.MPANY 
POREMOST-MC KESSON 
POSTER WHEELER 
FOXBORO 
:PRUEHA UP 
PULLER (H. B.) 
GAF 
Gl.RDNER-DENVER 
GATES RUBBER COMANY 
GCA 
GENERAL AUTOPIATION 
GENERAL CABLE 
GENERAL DYNAMICS 
GENERAL ELECTRIC 
GENERA.L FOODS 
GENERAL HOUSEWARES CORPORATION 
GENERAL INSTURMENT 

, GENERAL fULLS 
GENERAL MOTORS 
GENERAL REPACTORIES 
GENERAL SIGNAL 
GENERAL ~ELEPHONE+ELECTRONICS 
GENERAL TIRE AND RUBBER 
GERBER PRODUCTS 
GETTY OIL 
GIDDINGS + LEWIS 
GILLETTE 
GLATFELTER (P. H.) 
GLEASON WORKS . • • 
GLOBE- UNION 
GOODRICH (B. F.) 
GOODYEAR TIRE AND RUBBER 
GOULD 
GOULDS PUMPS 

, GR ACE (W • R. ) 
GREAT LAKES CHEMICAL 
GREEN GIANT 
GREIF BROTHERS 
GREYHO'UND 
G.ROW CHEMICAL 
GRUI'HUN. 
GUARD~MAN CHEMICALS 
GULP + WESTERN INDUSTRIES 
GULP OIL 
GULP RESOURCES + CHEMICAL" 
BALLIB ORTON 
HAMMERMILL PAPE~ 

HARNISCHFEGER · 
HARRIS 
HARSCO 
HAZELTINE 
HEINZ (H. J.) 
HELENE CURTIS INDUSTRIES 
HERCULES 
HERSHEY FOODS 
HESSTON 
HEWLETT-PACKARD 
HIGH VOLTAGE ENGINEERING 
HILLENBRAND INDUSTRIES 
HOBART 
HOLLY SUGAR 
HONEYWELL 
HOOVER 
HO.BMELL (G. A.) 
HOUDAILLE INDUSTRIES 
H CUSTON OIL + MIN E·RALS 
HODSON PULP +. PAPER 
HUGHES AIRCRAFT COMPANY 
HUGHES TOOL 
HUNT (PHILLIP A.) CHEMICALS 
HUYCK 
HYCEL 
IBM CORP. 
IC INDUSTRIES 
ICN PHARMACEUTICALS 
IDEAL BASIC INDUSTRIES 
ILLINOIS ·TOOL WORKS 
INGERSOLL-BAND 
INLAND STEEL 
INHONT 
INSTRON 
INT. FLAVORS + FRAGRANCES 
INT. HARVESTER 
INT. MULTIFCODS 
INT. PAPER 
INT. RECTIFIER 
INT. TEL. AND TEL. 
INTEBPACE 
IN'TERSIL 
INTERTHERM, INC. 
IONICS 
IOWA BEEF PROCESSORS 
.IRVIN INDUS'lRIES 
ITEK 

I 

IU INTERNATIONAL 
JOHNS-MANVILLE 
JOHNSON AND JOH~SON 



JOHNSON CONTROLS 
JCHNSON PRODUCTS 
JOHNSON (S. C.) • SONS, INC. 
JOSLYN MFG. + SUPPLY 
JOSTENS 
JOY MANU~ACTURING 

KAISER ALUMINUM+CHEMICAL 
KAI! AN 
KAN EB SERVICES 
KE~RNEY + TRECKER 
KELLOGG 
KENN AM ET AL 
KENNECOTT COPPER 
KERR-M C, GEE 
KEWANEE INDUSTRIES 
KID.DE (WALTER) 
KIMBERLY-CLARK 
lUNG RADIO 
KING-SEELEY THERMOS 
KOCH INDUSTRIES, INC. 
KOEHRI NG 
KOHLER 
KOLLMORGEN 
KOPPERS 
KRAFT 
KROEHL ER M ANUFACTUR!NG 
I.A MAUB 
LAWTER CHEMICALS 
LEAR SIEGLER 
tEEDS + NORTHRUP 
LEESON A 
LEVER BROTHERS 
LFE 
LIBBY-ORENS-PORD 
LIGGETT G.ROUP 
LIGHTOLIER 
LIQUID AIR CORP. OF N. AMERICA 
LILLY (ELI) 
LITTON INDUSTRIES 
LOCKHEED 
.LODGE + SHIP.LEY 
LORAL 
LORD CORPORATION 
LTV 
LUB.RIZOL 
LYKES CORP. 
LYNCH COMMUNICATIONS SYSTEMS 
I! A COM 
MAGIC CHEF 
MAL.L.INCKRODT 

MALLORY (P.R.) 
MANAGEMENT ASSISTANCE 
MANSFIELD TIRE + RUBBER 

.MAPCO 
MARATHON INDUSTRIES 
MARATHON Oil 
MAREMONT 
M.ARION LABOE.ATOBIES 
MARK CONTBOLS 
MARLEY 
MARQUARDT CORP. 
MARTIN MARIETTA 
MARTIN PROCESSING 
MARYLAND CUP 
MASCO 
MASONITE 
MATTEL 
MAYTAG 
MC CO.RMICK 
MC DERMOTT, J. RAY AND CO. 
MC DONNELL DOUGLAS 
MC GRAW-EO!SON 
MC GBAW-HI.LL 
MC NEIL 
MEAD 
MEASURE X 
MECH ANIC.AL 'IECHNOLOGY INC. 
MEDTRONIC 
MEDUSA 
MEGO INTERNATIONAl 
MEl 
MEMO.REX 
MERCK 
MESA PETROLEUM 
MICHIGAN GENERAL 
MIDDLE SOOTH UTILITIES INC. 
MIDLAND-BOSS 
MILES LABORATORIES 
MILLIKEN + COMPANY 
MILTON BRADlEY 
MILTON EOY 
MINE SAFETY APPLIANCES 
MINNESOTA MINING+MANUFACT 
MOB1L 
MOH.ASCO 
MOHAWK DATA SCIENCES 
MOHAWK ROEBER 
MONOGRAM INDUSTRIES 
MCNSANTC 
MOOG 

.... 



l!OOBE-MC CORMACK RESOURCES, INC 
~ORBTSON-KNUDSEN COMPANY, INC. 
MORSE ELECTRO PRODUCTS CORP. 
~ORTON-NORWICH PRODUCTS 
MOSTEK 
MOTOROLA 
MTD PRODUCTS. INC. 
MURRAY OHIO MANUFACTURING 
NABISCO 
NlLCO CHEMICAL 
MARCO SCIENTIFIC INDUSTRIES 
NASHUA 

·NATIONAL AIRLINES INC. 
NATIONAL CSS 
NATION.AL DIST. +.CHEMICAL 
NATIONAL !UEL GAS COMPANY 
NAT.ION AL GYPSUM 
NATIONAL MINE SERVICE 
NATIONAL PATENT DEVELOPMENT 
NATIONAL PRESTO INDUSTRIES 
NATION A.L S EMICON.DUCTO.R 
NATIONAL STANDARD 
NATIONAL STARC.E+CHEMICAL 
NATIONAL STEEL 
NCR 
NEPTUNE INTERNATIONAL 
NEW ENGLAND ELECTRIC SYSTEM 
NEW ENGLAND NUCLEAR 
NEW ENTERPRISE STONE AND LIME 
NEWMONT MINING ' 
NL INDUSTRIES 
NOLEX 
NORFOLK + WESTERN RAILWAY CO. 
NORLIN INDUSTRIES 
NO'RRIS INDUSTRIES 
NORTH AMERICAN PHILIPS 
NORTHERN NATURAL GAS COMPANY 
NORTHROP 
NORTHWEST INDUSTRIES 
NORTON 
NORTON SIMON 
NO X ELL 
MUCOR 
NVP 
OAK .INDUSTRIES 
OAK ITE: 
OCCIDENTAL PETROLEU.M 
OHIO BRASS 
OLIN 
OLINKRAFT 

OMARK INDUSTRIES 
OSC.AR MAYER 
OSHKOSH TRUCK CORPORATION 
OUTBO.ARt M.ARINE 
OWENS-CORNING F.IBERGLASS 
OWENS-ILL.INOIS 
O'BRIEN CORPORATION 
P + F INDUSTRIES 
PACIFIC GAS+ELECTRIC COMPANY 
PACIFIC LlGBTING CORP. 
PALL 
PAN1ASOTE 
PA.RGAS INC. 
PARKER BROTHERS. AND CO. 
PARKER tEN 
PARKEB-EANNifiN 
PEABODY INTERNATIONAL 
PENNWALT 
PENNZOIL 
PEOPLES GAS COMPANY 
PERKIN-ELMEB 
PERTEC COMPUTER 
PET 
PETROLANE INC. 
PETROLI'IE 
PFIZ.ER 
PHELPS DODGE 
PHIL.IP MORRIS 
PHILLIPS PETROLEUM 
PILLSBURY 
PITNEY-BOWES 
PIT'fSTON COMPANY 
PITTWAY 
PLANT INDUSTRIES 
PLA'IRON.ICS 
PLAYBOY ENTERPRISES 
PLYMOUTH BUEEER 
POL.AROID 
POLYCHROME 
PO.RTEC 
PORTLAND GENERAL ELECTRIC CO. 
PPG INDUSTRIES 
PQ (PHILADELPHIA QUARTZ) 
PRATT + LAMBERT 
PBEMlER INDUSTRIAl 
PROCTER + GAMBLE 
PRODUCTS RES. + CHEMICALS 

. PULLMAN 
PUREX 
PUB IT AN- E EN NETT 



QUAKER OATS 
QUESTOR 
RALSTON PURINA 
BANCO 
RANSBURG 
BAYBESTOS-MANHATTAN 
RAYCHEM, 
RAYMOND INDUSTRIES 
RAYMOND INTERNATIONAL, INC.· 
BAY 'THEON 
RCA 
REECE 
REEVES BROTHERS 
BE!CHHOL D CHEMICALS 
RELIANC~ Et?,CTRIC 
RELIANCE UNIVERSAL 
REPUBLIC STEEL 
BES EAR CH-COTTR ELL 
RESEARCH, INC. 
BEV ERE COPPER + BRASS 
BEVLON 
:REX HAM 
:tm.XNORD 
BEY NOL DS METALS 
REYNOLDS(R.J.)INDUSTRIES 
RICHARDSON 
RICHARDSON-MERRELL 
RILEY 
ROADWAY EXPRESS INC; 
ROBERTSHAW CONTROLS 
liOB ERT SON 1 H. H. 
ROBINS I A. H. 
ROCKAWAY 
ROCKWELL INTERNATIONAL 
ROGERS 
BOHM + BASS 
ROH R INDUSTRIES 
RONSON 
BOR;ER GROUP 
BTE . 
RUBBER MAID 
BUSS TOGS 
RYDER SYSTEM INC. 
SANDERS ASSOCIATES 
SANTE FE INTERNAT'IONAL CORP. 
SAVIN BUSINESS MACHINES 
SCHER! NG-PLOUGH 
StHLITZ (JOS.) .BREWING 
SCHLUMBERGER LTD. 
SCIENTIFIC-ATLANTA 

SCM 
.SCOTT+ FETZER 
SCOTT PAPER 
SCOVI.LL MANUFACTURING 
SEABOARt COAST LINE INDUSTRIES 
SEALED POWER 
SEA.RLE (G.D.) 
SEDCQ, INCORPORATED 
SELAS CORP. OF AMERICA 
SHELL OIL 
SHElLER-GLOBE 
SHERWIN-WILLIAMS 
SIGNAL COMP.ANIES 
SIGNODE 
SIMMONDS PRECISION PRODUCTS 
SINGER 
SKit 
SMITH INTEHNATIONAL 
SMITH (A. 0.) 
SMITHKLINE 
SNAP-ON TOOLS 
SORG PAPER 
SOUTHERN COMPANY 
SOUTHERN PACIFIC CO~PANY 
SOUTHERN UNION CO. INC. 
SOUTHLAND PAPER MILLS INC; 
SQUTHWIRE CO. I"C. 
SPEBRY RAND 

. SP.INGS MILLS 
SPS TECHNOlOGIES 
SQUABE D 
SQUIBB 
ST. JOE MINEEALS 
ST. REGIS PAPER 
STALEY(A.E.)MANUFACTURING 
STANA.DYNE 
STAND.ARI :BRANDS 
STAN.D.ARD Oil OF CALIF. 
S~ANDARD OIL (IND.) 
STANDARD Oil (OHIO) 
STANDARD PRODUCTS 
STANDARD REGISTER 
STANLEY WOEKS 
STARRETT (L. S.) 
STAUFFER CHEMICAL 
STEPAN CHEMICAL 
STERLING DRUG 
S"XE VEN S (J.P.) 
STEWART-WARNER 
STOEAGE TECHNOLOGY 



STU DEB AT< ER-WORTHINGTON 
SUBURBAN PROPANE GAS CORP. 
SUN 
SUN CHEMICAL 
SUN ELECTRIC 
SUNBP.A M 
SUNDSTRAND 
SUPERIOR OIL 
SUSQUEHANNA 
SYBRON 
SYCOR INCORPORATED 
SYSTEMS ENGINEERING LABS 
SYSTRON-DONNER 
~APT BROADCASTING 
TALLY INDUSTRIES 
'TAPPAN 
TECHNICARE 
!ECHNICON 
TE.CUMSEH PRODUCTS 
TEKTRONIX 
TELEDYNE 
TELEX 
TENNECO 
TETRA TECH 
TEXACO 
TEXAS INSTRUMENTS·· 
TEX ASGULF 
TEXTRON 
TFI COMPANIES 
THERMO ELECTRON 
THIOKOL 
THOMAS + BETTS 
THOMAS INDUSTRIES 
TIGER INTERNATIONAL 
TIMES M.IRROR 
TIM KEN 
TOK HElM 
TOL E.DO EDISON COMPANY 
TONKA 
TOPPS CHEWING GUM 
TORIN 
TOSCO 
'IRA COR 
TRANE 
TRANS iORLD AIRLINES 
TREMCO 
TRIANGLE INDUSTRIES 
TRINITY INDUSTRIES 
TRW 
TULTEX 

TWIN DISC 
TYLER 
TYMSHABE 
TYSCN FCOD~ 

UAL INC. 
UMC INDUSTRIES 
UNION CAMP 
UNION CAREIDE 
UNION OIL OF CALIFORNIA 
UNION PACIFIC CORP. 
UNillOYAl 
UNITED NUCLIAB 
UNITED.STATES FILTER 
UNITED STATES GYPSUM 
UNITED STATES STEIL 
UNITED TECHNOLOGIES 
UNITED TELECOMMU NIC AT IONS INC. 
UNITRODE 
UNIVAR 
UNIVEI.iSAL FOODS 
UPJOHN 
UV INDUSTRIES 
VARIAN ASSOCI~TES 
VARO 
VEECO INSTRUMENTS 
VERMONT AMERICAN 
VERNITRON 
VP 
VIRGINIA CHEMICALS 
VIRG.INI.A E.LECTRIC AND .POWER CO 
VSI. 
VULCA. MATEFIALS 
WALLACE MURRAY 
WALTER (JIM). 
WANG LAEOBATORIES 
WARD FOODS 
WARNER + SWASEY 
WARNER-lAMBERT· 
WATKINS-JOHNSON COMPJNY 
WEST POINT-PEPPERELL 
WESTERN ELECTRIC 
WESTERN UNION CORP. 
WESTINGHOUSE ELECTRIC 
WESTMORELAND COAl 
WESTVACO 
WEYIRHAEUS·EB. 
WHEELABEATOli-FRYE 
WHIRlPOOL 
WBITAK EB CA.EL E 
WHITE CONSOIIDA~ED IND. 



WHITE MOTOR 
WHITEHALL 
WHITTAKER 
WILKINS-ROGERS, INC. 
WILLAM ETTE INDUSTRIES 
WINNEBAGO INDUSTRIES 
WITCO CHEM !CAL 
iiX 
WOM ETCO 
WORCHESTER CONTROLS 
WRIGLEY (WM.) ,JR. 
iURLITZER 
XEROX 
ZENITH. RADIO 
THE CARBORUNDUM COMPANY 
INTEXT, INCORPORATED 
LAKE SHORE INCORPORATED . 
"C CORD CORPORATION 
YOUGHIOGHENY AND OHIO COAL CO. 
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