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_ : As a result of the October.1973 oil embargo and subsequent large
increases in the cost of imported oil, the National Academy of Engineering
‘e stablished a Task Force on Energy to prepare an assessment of realistic
steps that might be taken to increase domestic energy supplies and decrease .
consumption during the next 10 years (defined as before 1985). This is .
the resylting report by the Task Force. A -
The names and affiliations of the members offthe Task Force on
‘Energy are given in Appendix A, The members of the Task Force and I
both believe it is important to make it clear that many of the members of
the Task Force, -as well as some of those assisting with the work, have had
long associations with industrial companies involved in energy supply and
distribution. . A:number have also had significant government responsibilities
in the past, but no present government employees were 1nvolved in the ac- °
tivities of the Task Force. . ¢ Y
The Task Force sought to assess the practical engineering feasibility .
and probable cutput'of major production programs in specific energy areas.
It'also studied improvements in efficiency and methods of reducing demand
that, if initiated now--that is, in 1974--and carried out successfully, could"
lead to s1gn1f1cant1§9 reduced requirements for energy imports before the
end of 1985. The Task Force reviewed each of the potential programs to
identify the major actions that would be needed by government and industry
to initiate and implement them, if desired, and also assessed their physical,
technical, cost (money, resources, and environment),” and schedule aspects
Because of the short time available for this study and the large and
growing number of analytical studies by others, the Task Force did not carry
"out new research, but, instead, sought to apply its Judgment and experience
to arrive at the results- contained in this report, which must be considered in
this light. ' '

..




Based on the mformatwn available and on its own judgment, the Task
Forcg undertook to do four thmgs First, it sought to asse¢ss the magnitude
of potent1a1 domestic energy 'supplies and demands between now and 1985,
Then it sought to determine what might reallstlcally be dgne to increase
. supply and reduce'demand in each of the energy areas considered in terms
of the requirements for government, and industry actions, the costs in
dollars, manpower, water, and materials, and the effect on the environment,
“Then the Tisk Force sought to estimate the collective results, ‘costs, and
‘resource requirements of the programs from an overall point of view. ,
Lastly, the Task Force sought to suggest key factors involved in implemen-
_tation of seme or all of the programs_studied. : —
.The Task Force has not attempted to pass Judgment on the overa]l
desirab111ty of the various programs, including their social and econdomic
. consequences. Nor has the Task Force attempted to ﬁass judgment on
whether domestic energy self-sufficiency is a wise policy or when it might
actually be accomplished, if decided to be in the national interest. The
programs considered by the Task Force, if all done’concurrently and if °
fully successful, would substantially reduce the need for imports by the
mid-1980Q's; but the costs would be high and there are many contingencies
to be considered. . ,-
The Task Force soc&ght to determme what mlght reallstlcally be done
in each of the energy areas with the present government- -industrial frame-
work under conditions of considerable incentive and urgency but without
direct government direction and intervention characterlstlc of a "'wartime" .
effort. - Il ' _
Obviously, this study isonly a beginning, and much more needs to *
be' dohe to examine many of the questions and problems involved in greater -.
depth. However, it is -hoped that this report will providé guidance for such
additional work as well as serving as a bagis for broad policy considerations
and decisions. . - ) :
The work on this report received encouragement and cooperation from-
-many quarters. In particular, the support of Mr. William E. Simon, then
- Director, Federal Energy Officé, was a key factor in the decision to proceed.
I would like to thank those Academy members and others who gave
80 generously of thdir time and energles in the preparation and review of
this report In particylar, both the Task Force and I would like to express
special appreciation for the contributions made by Mr, Eric H, Re1ch1 of.
the Consolidation Coal Company and Mr, John E. Robb of Bechtel Incorpor-v
-ated, It has been the unselfish contributions of all concerned that provide
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the National Academy of Engineering with the breadth and depth to make
redponsible comments on considerations of such national importance.
(-]
. . Robert C. Seamans, Jr.
‘ , President ' ~ 4
R : Ty S \ National Academy of Engineering ‘
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NATIONAL ACADEMY OF ENGINEERING

Y, . . -
The National Académy of . Engineeying was estabhshed in Dgcember
1964. The Academy is independent and autonomous in its orgénlzatlon and
election of members, and shares in the re spon31b111ty given the National
Academy of Sciences under the 1863 bo:;gressxonal act of incorporation to
advise thé United States government, upon request, 1n all areas of science

and engineering, A

)

The National Academy of Engmeermg, aware of its respon31b1ht1es
to thé government, the engineering community, and the .nation:
e ? 1
l. Provides means.of assessing the¢ constantly changing needs of the
nation and the technical rescurces that can and should be applied to them;
to sponsor programs aimed at meeting these needs; and to encourage such

engineering re search as may be advisable in the national interest.

! 2. Explores means for pr8motmg cooperahon in engineering’in the -
United Statés and abroad, with a view to securing concentration on.problems
~ significant to society and encouraging research and development aimed at -

meeting them. ; n ]

3. _Advises the Congress and the executive brahch of the government,
whenever called upon by any department'or agency-thereof, on matters of
national import pertinent to -eng'meering. -

4, Cooperates with the National Academy of S,clences on matters
involving both sclence%\:nd engmeermg.

@

5. Serves the nation in other re spécts in connection with significant
problems in engineering and \technology. - ' -

6. Recogn1zes in an approprlate manner Outst-andmg contributions to’
the 'nation by leading engineers, i g

" . ’
\ - -

0

The study was supported by funds provided by the National Academy
of Sciences and National Academy of Engmeermg.
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SUMMARY B o , . | o A

’ '8 ! ¢
Suddenly and -dramatically, in October 1973, when the Arab oil em-

" bargo was imposed, the United States became aware of its dependence on »
foreign fuel to maintain its productive capacity, .employment base, poht1ca1 -
autonomy, stratégic security, and living standard During the subseqyent ‘ . e

_ five months of the oil shortage, the complex of’ problems, issues, reso‘urces, . .
- “and habits connected with the Nation's energy supply, distribution, and use ‘ o

: was a fundamental concern’of the government, the industty, and, indeed, N )
the whole American, society. In.this context, the National Acadeﬁgy of Engi-

neering appointed a Task Force ofi'Energy to prov1de an “Minformed, reasoned, 1
and prompt assessment of the technological range of actions that would have

-+ to be taken if the United States chose to become as independent as possible N

of foreign sources of energy in, say, a decade .-~ that is, by 1985. -~ = = )

~N This report presents the analysis, findings, and conclusions of the : L,
T .
[}

/7

ask Force The Task Force concludes that, by any standard, the &ch1eve-
ent of energy self - sufficiency in one decade would requrre enormous
but as sumes the undesirability of a wartime "crash' program with &
its imp dtions of government direction and intervention. "Basically, it .
would be necegsary to reduce-the consumption of energy voluntarily, by .
‘means of increased efficiencies and reduced wastefulness, and to develop '
the fuel resources avaijlable in the Unrw"(:rth the best technology now
‘available. S1mu1tarfeously, a major pr ™m would need to be pursued in o Ca
reséarch ahd development on advanced techn1ques in energy product1on and “
conservation for the future. . : A o _
Central to this report are the roles of government, industry, and , >
the pubh’c in advancihg a comprehensive energy program in the next decade. ’ .
-The Task Force recognizes that achieving this goal would require a seﬁ-res
of intermingled political and socjal decmrons“‘by the American communlty
The fundamental decm;ons toward that end should be made th1s year.

T, Ce ) .
3‘ - & S »
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- mand foriendrgy in the U 1ted States .could surge to-the equ1valent of 58 mil-
* lion barrels of oil per day (MBPD) by l985--mor than 55 percent greater

J

. sources becomé[product ve, the need for oil imports ¢ould diminish.

LAV THe gap betweer?the domest1c su‘pply capabyh es and the demand, ~ .

' brought into large-scale.production;, : ©F . . i

SupplX and Demand On‘-the basm of recent histgrical trends the de= e s

" than 19737 consumption of 37. 2.MBPD. However if major- 1n1t1at1ves are Tag
undertaken to cofiserve the use of energy, the demand by 1985 could posmbly ]
.be reduced %\some 49 to 50-MBPD which wouldvst1ll requ1re a. s1gn1f1cant oo

increase in enet%gy supply dur1ng the next decade. 4 ’
.In 1973, domgstic sources supplied the equivaleht of 30. 6 ‘MBPD of

the energy .consume The rest carpe from 1mports of crude oil and hatural
gas.' Projection§ made by industry experts in 1972 and in the pre-embargo’
months ¢f 1973 indicated that domestic supplies, could rise to about 40 MBPD
by ]\9ﬁS based on the ‘then pro;ecte;large scale ?rogram This study finds
sthat if ap'p.ropnate amd timely actions are taken, domesti production could

é further increased to abqut 49 MBPD in 1985." If this happens, the

ation's ‘energy. demant(s/f in 1,985 could e satisfied by domestic energy' sup—-‘
ply sources, 8O long as mgmﬁcant cdnservatl measures are taken by all

“t . o Ce 1t

-

consumers. ° - : -
even with extensive conservatmn., ‘cannot be closed qui lx 01141mports w1ll S
probably have to rise to a level of 8 to 9MBPD by 1977 or 1978 in ordér to .

meet the overall demand by th1s period. Thereafter, 'as new domestic LTy N

It may hot be possible or &en desirable to cease.importation alto-‘

gether! even by 1985.§ This study forecadts that maximum probable domestic 4
roduction’ Qf liquid hydroca\rbons from alil sougces, could be abdut 13.°6 MBPD e
//Zy 1985-+still £argshort ‘of the 1973 consumption of 16,2 MBPD. Thereford?

unleps maJor ‘0il conservatmn practices are 1mplement'ed including convert-
ing some présent usés of oil'tq more readily availahle forms of energy, oil . - N
will continue to be 1mported + at least until coal-based synthet1c fuels can be T
. Conseryation Potentials: Increasqs in the price of energy, résulting X - R
frem .inexorably higher costs.of dé%elopment productﬁm supplies, labor, SU ’
and capital, will provide a compelhng 1ncent1vt§ for the voluntary conserva-
“tion of energy and will help promote the replacement of inefficient machines -
and methods with more efficient ones. Timely and intensi public informa- ‘ .
tion campaigns as well as economic and social 1ncent1ves l::ﬁﬂd gu1de biisiness,

industry, government, and 1nd1v1dual consuipers to ‘reducertheir’ energy ) -
demands by the equivalent of % to 9 MBPD belbwl the h1stor1cal extrapolatwns ! o
for 1985, the Task Force est1mates o . o . e

- o ' L .- -
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* of oil and gas

. What Ls more, env'

[
-

Areas where major savxngs are considered possible include: 1ncreased
adoption of small cars with less power equipment, improvement in the effi-
ciency 9-3; lndustr\al products and processes, better insulation and more effi- )
cient heat1ng and cooling systems m residential and commerclal uses, and,
eventually; expanded and more effective public-transit systems.

While most energy cdnservation can be achieved through the normal

L

 working of economic forces, government leadership will be the key to metho-

dical conservahorrthrough such actions as encouraging the labeling of effi-
ciencies and 'life- cycle” costs' stresBing such considerations in its own
purchases and programs, an nsidering jefficiency irqprovements in allocat-
ing grants and financial assistancé\t portation systems.

Oil and Gas Prospects: In 1973, more 'than 75 percent of the Nation's
energy was supplied Yy oil and gas, of which about 23 percent was imported.
With this dependence on imported energy, the oil embargo and price i\n:
creases for imported oil came as a rude shock to the U, S. economic,»poli-
tical, and social structure. | ‘ - ' N e

The 1973 domes'tlc oil and gas production of 22 MBPD cannot be main-
“tained or increased without prod1glous application of present technologies

- and the development of new technologies. Over the years, l)produc‘»\lng fields

wane-and new fields musg#fe discovered and brought into production. Field
production is ultimately limifed by geologic conditions, and, even with such
techniques as pumping and floodlng, about two-thirds of the oil cannot be

" extracted economlcally Some gas fields have formations of such low per-

meabllxty that economic yields cannot be atta1ned by c;onvent1ona1 pract1ces.
\nmental concerns have inhibited the production of oil

from offshore sites. ;

. If oil and gas pru!'esk, regulated only by a free market reach. levels
at or bglow the expected world prices, the Task Force believes that suffi-
cient c¥ 1tal can be attracted-to increase productiqgn of these fuels“from -
domest1 sources including Alaska and the Outer Continental Shelf, to as
MBPD by 1985. To achieve th1s about $18.0 billion* would’be

- .

‘needed.

~»~In addjtion to ekplorat1on and development of new fields, major flows

ould be expected from increasing production in‘existing fields

sécbndary and ary recovery techmques and developlng fractur1ng meth-

.-

- *All caplgal requirements are in '73-'74 dollars, and only reflect d1rect

*eosts for facilities in place dur1ng this 1974-1985 per1od,~ assocla.ted 1nfra- o
structure -and fn}ancmg costs are not included.

t
U . - e Bl : . ‘ *
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sidered margmally economic. By advanc1ng and applying poe
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Shale Oil Prospects: Shale deposits -are now estimated to contain-
some 1, 800 billion barrels of oil. However, only about 6 percent of the
- shale is accessible in thick enough strata and with high enough oil content
(30 gals pergon) to be of cothmercial interest today. There also are diffi-
culties associated with the extraction of oil from the shale. If above-ground
retorting methods are used, large amounts of rock would be mined, treated,
and discarded as tailings. Techniques to reclaim tailing areas in ways-that -
are énvironmentally sound are presently unknown or uncertain., Another \
ﬁrlous complication is that deposlts are located in arid and semi-arid areas . \
d sizeable qu{tltles of water are required for the processing and reclama-
tion. - ' ' :

The Task Force believesd that these linritations will keep the rate of
productlon of shale oil relatively Yow until 1985 and perhaps for longer. It
,estlmarj,s/that shale oil production by 1985 will not exceed 0.5 MBPD despite
an investment of between $3 Willion and $5 billion. To achieve even this pro-
duction will require that larger tracts be prov1ded for leasing than are pre--~
sently permitted, thgt environmentally acceptable methods-for d1spos1ng of
tailings be determined, poss1b1y with governme’nt ass1stance ang that suffi-
cient water be available. :

‘Coal. Supply Prospects:- Recoverable coal reserves in the Un1tet’ States

" are _capable of supplyihg many energy needs for centuries. This study con-
cludes that the 1973 coal production rate of 600 million tons per year (MTPY)
' could‘be doubled to at least 1,260 MTPY by 1985. -Of this, about 700 MTPY
could be consumed in direct firing for generating elegtricity, 310 MTPY could

be used for producing synthetic gas and oil and the balance for industrial 1‘1ses
and export. About $21- bllhonwof additional capital investment would be re-

“quited by 1985 to Jnaintain eastern surface mining at about 1973 levels, to
increase eastern underground outpgt to what its capacity was in 1940, and to
expand western surface mining to an annual rate of 560 MTPY. . :

Thes\e produgtion goals would require that federal coal-beatTing.lands -
in the West be made available for 1mmed1fte leasing, that interim and longer-
term mine operating.regulations be reviewed and accepted, that environmen-
tal requ1rements for reclamation and f&w.unng coal be determined and
clarified, All this would help ‘create a stable and lasting producer-user re-
latlonsh‘ip % Coal, competlng against other fuel sources, would also have-to
reach a price level that would attract the investment capital needed for more
productlon a0 .

There are serious barrlers to increased coal productlon pr1nc1pa11y
transport More unit-trains, new slurry and gas pipelines, and enlarged
capacities for the Nation's. 1n1and waterway systems woul®be needed to
transport as much as 660 MTPY of additional coal. B

Moreover, capital would be needed to finance the conversion of coal
to synthetic fuels. The technology for transforming coal to méthane, or
synthetic natural gas, is ready 'for commercial app11cat1on, the Task

. L

N .
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‘Force believes. -Bysl985 there could be as many as 20 _syngas plants produc-
ing an aggregate of 5 billion cubic feet per day, the energy equivalent of 0.8 -

: MBPD of oil. The production of methanol is technologxcally similar to meth-

ane productxon, and the roduction potential is largely dependent on the

. de{reloprnent of a market : nd on the pricing of competitive liquid fuels._ Under

the crrcumstances, the Ta k- Force estimates that production gf an equxvalent
of 0.3 MBPD is likely by 1 The market potential for medium-Btu‘'gas,
\pmncxpally for poWer generatxon, will also determine the desired produa\on
* level; about 0.3 MBPD is foreseen for 1985. o ‘ :
Liquefaction ‘of coal infp a synthetic crude oil, or syncrude, is poten-
tlaﬁly the most important technplogy to be exploited. However, the present
processes are.costly and would\lead to syn rude prices well above the likely
-world price lewvels of oil in thé future. To davelop commercially useful
alternate processes, -an aggressive R&D progham would be unperatrve The
costs and risks, associated with sych developme ts would probably requrre
substantial government fund1ng in wddition to private capital. Although the
lead time needed to develop and deploy production\plants make it unlikely
that syncrude production will exceed ab{)\ut 0.3 MBPD by 1985, the Task
Force believes that the longer term importance. of liquefaction as a jor .
source of lxqurd fuels suggests that an early demonstration of econom[‘,cal

processes be’ ngen a higlhr national prxorxty :

The aggregate capital’ requrrements for the productlon of synthetic
fuels from coal at the projected 1985 levels will vary, Hepending on the
presently uncertain development costs to axchxeve commercial-scale opera-
tions. A range from $16 billion to $22 billign is considered likely. This sum

. would be in addition to the $21 billion of estimated cap1tal needed to extract

and transport coal for all purposes.
: Electricity Prospects:. Electr1cal power generation has been increas- -
ing at about 7 percent per year recently, -about double the overall rate of-in-
crease inenergy consumption. From an energy standpoint, a continuation
of this trend to electrification is desirable because of the wide.range of fu‘els ; . ’

that can be used. In 1973 coal generated 44 percent of the ‘electricity, oil -
and gas about 37 percent and hydropower accqunted for most of the remainder.

, Wrth only 25 stations on-line at, the start of 1974, nuclear powered electricity

has been a small part of the Nation's present energy supply.

The total 1973 generating capacity was 435 Gigawaits electric (Gwe)--
a Gigawatt equals million Kilowatts. . By 1985 this capacity could be more

. than doubled to about 980 Gwe. The implication for the Nation's total fuel: A z.

mix is s1gn1f1cant coal and nucléar energy could reduce the need for oil and ¢
gas. The Task Force estimates that coal-fired electricity plants could

account for 220 Gwe of the increased capacity ‘and nuclear fission plants for oo
an addrtronal 300 Gwe. These increases, together with a modest increase in
the use of hydropower and geothermal generafing stations, would prov1de the
estimated gr(ilth in electr1cal capac1ty Although the capacity of 011 &nd . -
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gas-fired plants would remain about constant, it i/ntxcl,pated that they would
be utilized prxncxpally for intermittent cycling and peakxng generation, and
thus their fuel consumption would actually decline.

The expansion of generating capacity to the projected level, together
- with concurrent expansion of transmissgion and distribution networks, would o
involve high costs., Capital investmepnt of more than $300 billion is likely to \‘\
be needed. It-would not be possible to raise this capital and achieve this ’
expansion, the Task Force observes, without séveral important actiong. The
expansion of coal-fired plants, or the reconversion of oil or gas plants back"
to coal, for example, will depend largely upon the resolutxon of sulfur dioxide
(SOZ) emission standards. The Task Force belxeves that although reliable
and éffective SO, scrubbers do.not now exist, these can bée developed in a
- few years. In the interim périod, environmental regulatxons could be put in
effect to permit the’ controlled intermittent operation of coal-fired generat-
ing Btations during the overhaul of malfunctioning scrubbers.” As' it.is now, - L e
regulations require t}&e whole plant to shut down when scSubbers are not an
working propérly. Alternatxvely, in some locations, . consideration could be
. given to use of high stacks for SOz dispersion and to switehing to alternate
"7 low-sulfur fuels during 'unfavorable meteorologica condxtxons. )

+ An increase in the size and number of previously, projegted nuclear
power plants would® seem to. be .possible, the Task Force statels, if the admin-
istrative procedures that have lengthened their lead times from drawingboard
to on-line output to 9 to:10 ye,ars-\could be reduced to 6 to'7. years, which was
the time-frame only 5 years ago,” Such actions as consolxdatxng public
hearings, approving generic des‘lgns for duplicate construction, preselecting
* and approvxng new sites, and reducing retrofnttxng during construction would
reduce the lead time. The Task Force is confident that the present state of
the art in nuclear plant technology warrants such changes thhout redumng
safety. . . o e T

Other decisions would alsq be needed to pgovxde direction and stability
for the efforts needed to acquire and enrich uranmm fuels in order to expand
the Nation's nuclear generat«{ng capacity. In addition’ to. opemrrg federal lands A
for ¢ mxnmg, , the government would have to resolve uranium impo¥rt policies
‘and encourage electrical utilities to enter into long term contracts for
uranium supplies. Removing or reducing the classification of enrichment -
information, resolving the plutonium recycling dilemma, "and restructurxng
the government/commercial interfaces on enriching plants are some of the
principal actions that would be needed -soon to ensure sufficient nuclear fuel
capacity. Capital requirements for nuclear mxnmg an“tl enrichment could
range from $11 billion to $14 billion, + -

. Program Constramts The Task Force recogn1zes factoﬁ:s that could

seriously restrict any major program of the dimensions that would be re-
quxred to approach energy self-suff:,c1ency. R :

-

X




o Capital: Private capital requirements for production facilities are
estimated at $500 billion to $600 billion. This sum does not include working
capital, dividends, debt service, and other financial obligations. Nor are
goverqfhent R&D and production facilities (e.g., uranium enrichment opéra/f‘-
tions) included in this estimate. , v

o Water: A serious concern for'prodticing oil from shale or syn- ;
thetic fuels.from coal in the quantities considered possible by 1985 is the ’/’
availability of water. It is also essential for .rehabilitating land after surface

_mining and for cooliné, electrical power plants. - In the West particu.larly"",’ )

- the limited availability of'water as' well as_the issue of riparian rights would

have to‘b,e exarmined c\‘arefullyn ‘on arcase-by-case basis. ' /r/
o. Envitonment: While energy is essential to the quality of life;
v its produg}ibn disrupts the _erivironment in many ways. Methods nee / to be
.found to reéoncile energy with the environment. Land reclamation after coal.

. - !and shale mining; protective measures associated with oil extraction; and

"« effectivéstechniques for sulfur removal either at the coal mine or the power
plant are only a few problems that require solutions. The Task Force recog-

nizes the importance of protecting the natural environment and gsafeguarding
human health and believes that these concerns can be dealt with by appro-
priate technology and realistic standards. o

. o Manpoi{ver:"‘ An estimated 1.4 million pe’ople_are engageq in energy-
related activities today. To run the programs presented in this report would
~require several hundred thousand more.. Substantial increases would be
needed in ‘enginéering, in con*struction tra:des, and in mining, transportation,
and technical and managerial work. The Task Force notes with considerable
anxiety the drop in student enrollment in engineering curricula during the -
past four years. It Will be important to reverse this trend as soon as pos-

L sible. In addition, .engineering manpower shortages may be alleviated in
part by transferring engineers from fields outside the energy industry, by
special training programs, and by careful organization of engin-eering assign-

« ments. . ) ,
Program Responsibilities: Federal departments and agencies now
 deal with energy policies and programs in a variety of disparate wayss Al-
though the Federal Energy Administration recently has been established, the
Administration and the Congress are still considering creation of a special
energy R&D agency and/or a department of energy and natural resources. In
its engineering view of the energy problem, the Task Force,édid.not address
. Corganizationél questions, although it recognized that the government yvould
have to assume r-esponsibility for the following: o ,

/
i

¢

[

 , 0 <Collettion, development, evaluation, and publicati'on of

» . projections for energy demands and supplies; o
: " o+ Development of national energy policies for consideration
i by the Executive Department. 'and the Congress, and'coor-

- dination of policy developmenf with other fedgral, state, “and
- . ! T

L ; & .

t




. local government agencies as well as.in the energy mdus\\ues;
o o Preparation of strategies for assuring adequate energy sup>
plies at reasonable costs and minimum impact on the environ-
ment;

o Development and 1mp1ementatlon of programs for conserving
energy and measures for increasing efficiencies in energy
utilization; - .
o Collection and’ pubhcatlon of data on resource requirements
and availability for sueh critical areas as engineering,
scientific, and construction manpower, equipment and' manu--
facturing capabilities, and basic materials availability;
o Organization of allocation and rationing programs such as
‘ manpower, equipment, and resources as well as of ener§y
-+ supplies, if pecessary; - S
" o Identification and assistance in.removing 1nst1tutlona1 road-
blocks in the production and use of energy resources; .
o Development and application of financial incentives where .
clearly required, 1nc1udmg development and overall surveil-
lance of joint government- -industry partnerships in programs
yi requiring public support; :
d Examination and resolution of critical environmental prob-
lems such as water supply, land use, and air quality;
Development and coordination of 1nternat10na1 programs in
energy areas;
Support of R&D when the r1sks are tooléreat for pr1vate
investors; . s v
. o Coordination of . prograr‘ns for long-range and bas1c resear@h
n energy areas;
o Rrovisjon for dissemination of information and advice to the
. .general .public and special groups, .. -

Once a poht*cally defined and-economically practical set of natlonal
obJectwes and policies are established, the various’ segments of the energy"
industry should be 'able to accelerate and expand their efforts to prov; de v
more energy supphts in the needed forms. Industry would have man d1ff1-
cult tasks to carry out in a timely, .cost- ef.fect1ve, and beneficial manner. . -
These include, but are not Iimited to, tlfé\follow1ng: . s '

\
o Expansron of en"ergy facrhti\Es requ1res very large amounts
d

of money from internal fundk, equity funding (stock), and

bonds\or loans; such funds can be obtained if the industries -
have stable and .adequate revenue to cover their costs, repay
| the loans or bonds, and provide the stockholders with an ‘
.. adequate return, , ¢ N S oo




o, Rapid and detailed planning would be carried out in response
" to new ObJECtIVeS and goals,as well as within any new energy °
supply- demancj situation. ' : :
o Once detailed, Rlans are evolved and critical problems identi- '
°fied, the varigus orgamzatmns--along with their managers : ’
and key persohnel--have to be reorganized and redirected as
necessary to undertake the various tasks on an urgent basis. -
Whether these are new exploration programs, new mines,
new oil refineries, construttion of facilities, operation of
new mines or plants, manufacturing of new equipment or
% provision of development support the mdustnal structure -
will be the same, but substantial changes would surely’
evolve and experienced planners and managers would most
~ likely be “at a premium.
o0 There will surely be a critical shortage of many types of
manpower, particularly engineers and skilled construction
workers; major programs will be needed to make more .
efficient and effective use of ava11ab1e manpower, to utilize
less skilled manpower where praéticable, and to train more
. personnel as rapidly as possible.
L, o Full conmderat‘gon would have to be given to possible efnv1r5n-
mental effects and to reasonable cost/benefit decisions for
1ndustr1a1 programs ,posing.problems to the environment; ,
close cooperation with government should allow quicker B
v _ decisions if industry does an adequate job of considering
the issues. Similar consideration would be due in safety .
and health as well. : ' .
o Many energy progra'ms would require substantial support
\ . in terms of development, and effort would need to be
) diverted from other research and deyelopment act1v1t1es to -
o provide such support.
> 0 Industry would have to establish and maintain cred1b111ty with
the public as well as with the governrnent for understanding
and cooperation to be real and effective. - :
N T | | . ,
Beﬂmd 1985: Achieving the complete range of programs described in
thls report by 1985 is not considered by the Task Force to be of high probabil-
ity.'” Even if it is accomplished, the United States would be buying time. For
beydnd 1985 looms an ominous prospect of even greater demands for energy
from ever-increasing and ever-rising expectations at home and abroad.
_Upleas inngvative ways are developed for conserving and using energy and
‘subs‘tantiall new sources and lnew technologies are found for increasing’energy
- o . -
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supplies ‘the strategles presented by the Task Force would only postpone a

grim future of energy scajcity. -
This report shows what can be done with today's technology If the

United States is to have options beyond 1985, a well-planned, wide- rangmg
program of research and development is essent1a1

-
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Chapter 1 T e Y
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INTRODUCTION _ - . :
s “ N . . X h
y AN
? \

. PURPOSE AND SCOPE .-
- R :
The United States, with its lafrge resoux;bes of coal, oil, gas, uranium,
. .. supplies ‘until fecently. Although the country became a net importer of.energy
about 1950, the quantities were small until about 1958. Since then, energy
imports, mainly oil, have grown at rates of 7 t8 10 percent per year, By
comparison, during the same period energy consumption has grown meore
than 4 1/4 percent per year and domestic energy production at about 3 3/4
percent per year. During the past few years, however, domestic energy
_ 'production has grown at a slower rate, less than 1 percent per year, as gas .
° and oil have reached peak production rates; and a variety of factors have
limited the use of } oal, . : '

-

The recent-embargo on oil irnports into the United States from some
Middle East and North African production areas and the large, sudden in-
crease in essentially all imported oil ‘prices have raised serious and urgént v

".quesgions of national energy policy. These include the feasjbility and de‘zsira-

= ility’ of reducing or eliminating oil imports--becoming self-sufficient in
Jnergy- -along with questions as to the means of accomplishing such objec-

~” fives, the time required, and the costs;-in mo‘ney."resources, ‘sgcial and
economic changes, effects on the envirdnment, etc. - ‘ .
'This report addresses essential questions related to the reduction or
elimination Pf energy imports; but it ‘does not seek to answer all of the
questions outlined above or those that ar'e,k%ece,ssary to determine national |
energy policy. The report seeks to proyide an appraisal on a practical
erigineéring and judgmental basis on theifollowing matters: .

. | ~ ; 1 ~1935~ ? : 21 B
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and water power, has been largely self-sufficient with respect to its energy ..
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o The: magmtude of domestxc energy supplies and demands between now
and 1985 in the United Sta es. ; C ’

o Realistic possible programs-and estimated productmn achlevements ‘
in each of the significant energy areas, along w1th the 1mp1ement1ng acti«ons
‘that would be required by government and industry, the schedules, costs,
risks, resource requlrements (men money, materials, water, etc.), and.
other constraints. ’ : '

0 An assessment of the potential total production (or decreased de-
mand) if all programs identified were carried out s1mu1taneous1y, along with
an evaluatlon of the possibilities and costs of such’' an ovenall prog'ram in
terms of available resources and other constraints. )

o .Important factors to be considered in the 1mp1ementat1on of those
portions of the program identified that might be consldered des1r.ab}e as a
matter of national pohcy , ‘ - A

v,
»

Smce in the judgment of the Task Force the next decade is the most
critical period for reducing or eliminating imports, the study was confined
to the time period between the present and 1985. During this per1od
research and development would be unlikely to produce new sources of

" energyon a large scale, and time factors would limit increases of supply
. to expanding domestic productmn from known sources.

A further basic consideration was that, while it was assumed that
production programs, if carlrled out, would be 1mp1emented aggressively
both by government and industry with a real sense of urgency and high
pPriority on resources, it was also assumed that they would be done without
the type of government structure, directives, and direct fmanmal support
characterisfic of a wartime economy. i

A further ohjective was to »1dent1fy to the extent possible those spe- '
cific actions that should be taken now, in 1974, if it is desired to initiate .
or expand the various energy programs that could have significant impact
before 1985. ! )

No attempt is made to pass judgrrient on whether energy self-suffici-
ency is a wise policy, degirable, or. even feasible. This report d®es not ~
consider questions of social inequities or changes, "economic d1slocat10ns,
etc., that may arise from costs of energy programs or fa11ures to achieve -

' spec1f1c energy production godls. It does not consider the issues of accept-
able thanges in 11v1ng standards, life styles, or what can be accepted * 1n

<\ - :
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' : v ) o ’
. term$ of changes in the environment. These are important ‘questiens that
must be considered, along with others related to national security, the
mternatmnal monetary system, etc., in arriving at a national energy policy.
., This report does not-deal with long-range R&D efforts that can have

RS

. a s1gn1flcant effect only beyond the next 10 to 15 yetrs. Such efforts, how - ~\
ever; will be essential to the longer- -term’ sat1sfactlon of U.S.. energy
requ1rements , .. v )

APPROACH - | s C —
an v : , e

- pnMany. excellent stud1es on national energy have y’rov1ded background
_ » data for this analysis. These reference studies are listed in Appendix D, and-
. their forecasts are summarized in:Appendix C." Few of these address the real-
life constraints now exper1enced by}mdustry and government in attemptmg any
energy expansion pro_)ect

UNITS . - - .
,. . ’ N ?' ” ) . “: - ‘
The reader is cautioned that energy units and conversidn factors among
the reference documents vary wi ely. The units and conversion factors used
, in this report will be found in Appendix B. ‘ \ - .
' Abbreviatiofds used in this report différ from tho8e in some of the

energy industry., For s1m§1m1ty, a sgt of terms was adopted with the non-

technical reader in mind, - LT .
S ABBREVIATIONS USED i -~
A N . . : . .
Abbreviation- > Term )
Kwe Kllowatts electrical N .
Mwe ° Megawatts electrical, or thousands of Kwe '
Gwe Gigawatts electrical, or thousands of Mwg
Kwh ' K1lowatt hours R ,
.. MBPD v Millions of barrels of oil equivalent per day \*‘
- MTPY ° _ Millions of tons per year (of solids, e.g., coal) .
'BCFD e - Billions of cubicfeet per day-(of gas) N
v, TCFY ‘ Tr11110ns of culﬁc]feet per year (of"gas) b .
I3 4[ . ) «
x«"f‘ﬁ >

It should al'so be noted that, Jn this repo "demand" is defined a®s being
the sum of domestic’ consumptlon plus expdrts plus any change in inventory
(usua‘lly small or assumed to be zero) and is thus €qual to domestic produc-
tion plus 1m;>orts The use of these terms varies wmﬁaly 1n the energy ;
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. industry and in the llterature. . Y A
Y Unless otherwise-noted, all Te erences to costs are in terms of con- b
stant 1973- 1974, dollars inflation effg cts are not expl1c1tly treated in this: ‘o N ‘4‘ y
study. - L e ey \ e
] . A
N ‘ L "
LOGIC A ! v ‘ ) o
- : o ' . , o - ‘e
o Chapter 2 describes the 6verall ‘djmensions of(enexgy supply and de- -~ .
‘mand in-an attempt to define the s ignifi ance and magnitudé of the problem .

over the next decade.
The next, five ch/apters of this re’port d1v1de thé . demand and- supply into
dividual topics and discuss present status as well as the changes that are ws <
/Zasmble in the nexf 10 to 12 years, Pdtentially benef1c1al éovernment éc-
tions that could be taken in each area are outlmed as' well as schedule, . .
‘cost, resource ‘requirements, and others, ; . ' L
~In Chapter 8 judgments on possible product1on levels are totaled and B
. exammatmn is made of secondary constraints, such as y

v « 1
4

r ‘o -

ro ‘o Time and Schedules » o *Wa‘t,er' : v A .
i .0 - Costs and E‘mancmg . 0 Manufacturing B : N
R ‘o Environment . o Manpower ° .
e ' "o Technology , <y, ’ '

In Chapter 9 institutional arrangements are discussed, and Chapter 10
lpresents the concluslons. . . ‘ .

CRITERIA

The Task Force decided that only programs and technologjes that
could make significant energy contributions before 1985 would be included . ‘
“in this analysis. Technologies and programs were ineluded only if they met | 1 ]
-the followingjcriteria: =~ . . ) . )

o A new synthetic fuel process or other energy source must
appear capable of achieving at least 0.3 MBPD productlon by 1985,

o Processes must be already developed or far enough developed
to provide the basis of production by 1985, . -

o The technology or process must not rely on speculat1ve,
“as opposed to reasonabl,y assured R&D success.’

o Development of the tecl'f'onology or 'process must not mvolve
"an unreasonable financial risk to private enterprise. - .

o The technology must be' w1th1.n the limits of available - )
resources in manpower, facilities, water,( and cap1tal

a.,
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. i
Solar Electric. Power

Fusion Power
’

Fast Breeders.

Tidal Power
Wind Power

v

These cr iteria- exclude the .,fo llowmg te chnolog1e H

, Hydrogen Fuels&
“Nonmdustr‘ial Electr
Automobiles
Power from. Ocean’

ical

3

Temperétur e Differ ences

o

Although not trej,t”ed in th1s analys1s, the Task Force beheves that -

)

-

several of these are¢.important for the long term. and that appropnate R&D
efforts should proceed vrgorously on them now. ,

A
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Chapter 2 . . .
_‘ .» ‘ oL N :‘K , \‘
THE PROBiEM“ - N < . N ’
M |\~ " > Y vo' "I.. k
N : N Sono . <
- . :' Lo - . N 1. ® )“ i , :y ‘w,. ; .;
» * 4 .T ‘a L' O I - ' © . w
S L - & N . B ¢ !
& BACKGROUND/- Y v e R T T R Cre k)
._» ¢ . . SN R
Incréasing demand for-en ergy and decr;easmg or constant domest1c, - I s
product1on of oildand gas have led the United States to impopt incredsifg: a A
.amounts of oil. Up until three ygars ago,_th{se 1mports were 1argqe1y from Lo L
vy
ganada and South Amer1ca e ; o : St
In 1970 U. S.~ energy demand 8 oeéluivalgnt to‘ 33, 2 millio’n barrels o a

- per day (MBPD) ,Of oil. 1 Energy Ppre¢ uction from domest1c sources was L
equ1va1ent to-29.3 M,BPD S1nce 1970+the. domesﬁc supphes have only in- - ., . !
~ creased to 30.6 MBPD but, by-l‘ﬁB energy demands rose to 37.2 MBPD. 2 '
The additional supphes came. a]fmost %»otally fro m oil amported from th e Mid- . )
" -‘ dle East and North" Afr1ca R V¥ : X ~ 1) e
1 - Energy consumption has b hg:in other countfies also Th1s T o
.has led to 1nCreas12g/zv‘or‘ldw1de c t1t1on foi' ene¥gy supphes, part1cu- Seoos "
By, 12 1ar1y environmentally attractivefnes g 91‘%’ as low-sulfur oil and liquefied: ™" o
W?natura.l gas. Japan is largely ‘dependemnt ont 1mported oil, ceal; and gas. T
Tthnlted Kingdom and Eurgpe 1m-port more than half of the1r energy re- LN
.+ . quirements, largely from the M1dd1e&East and Africa. Although world .- L.
‘R) / energy%&oroductwe capacity has been 1n‘creas1ng,. demand has grown ata - N v’
/ ‘higher'rate and spare. _capacity Pas become quite small, One result of these' =~ - . :
Y pressures is that worldw1de prices f oil.hdve 1ncreased substant ally ‘dur- -
* ing the past years. even before the 011‘ embargo of - 1973 and the ) b%quent e T
price 1ncrease - : S N N,
'v q Inpreased oil pr1ces and 1ncreased dependency upon 1mports raise - - -
s issues of re11ab1hty of supply and balance of trade. They also strain the
| 1nternat1ona1 monetary systeml P S .
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Another problem is . a growing dependenc&on foreign refineries. Crude A
_oil impports for years limited to 10 percent of domiestic production, but
residual oil imp rts were not limited. In this circumstance’, new '"topping"
refineries were fhuilt oytside the United States to produce large amounts. of
residual oil, whiich could be 1mparted freely. More recently, relaxation of
import controlsjhas spurred construction of domiestic refineries; but it will’
take time beforé¢ these are in operation. ‘Also,’ if domestic crude production
can be increasefl, additional domestic refmer es will be needed, posing =
i,,‘environmental 1tmg problems, :

Another concern is that the productlo rates in the major oil- sdpplying_ L

countrles max not keep up with projected global requxrements for. 011': Pro-

Exportmg countrxes having large oil reserves may not W1sh to expand the1r
facilities' since gxelr mcorhe from ofil al;/eady exceeds their domestic needs.
They may well wmh to extend their oil productlon over a longer per1od of

time. v : R . /" ’,ﬁ- e , . '“;J

RECENT EVENT’S N e L
# . - S ) A ’ s
. The reéent embargo on oil 1mports and the oil prxce mcreases have
forced atteétlon on U, S, energy dependence. :

\ Shortfails irf energy supply resulting from the oxl embargo have caysed
mconvenlence and spot shortages. An extended or resurhed emib o might
lead to more seripus economic consequences. World market oﬂfmes seem
likely to remain high, and long- -term economic ramxfxcatxons seem ipevxtable,

An obvious response to this situation is to increase emphasm on reduc- -

_ing AOme stic énergy demands and increasing domestic energy supplies: .
* This response is apparent in nearly every major oil- consum\mg country
today. For the United States, the questlon is: How much and by when? '

°

HISTORICAL SUPPLY- DEMAND TRENDS

Many fOrecasts of this Nation's energy supply.and demand trends have
been made for the remainder of this century. A number of these are sum-
marxzed in Append1x C. A review of these projections, which were based

on historical trends predicated on the continuation -of low-cost e.nergy availa-

bility, suggests demand rates of 45 to 50 MBPD in 1980 .and 54 to 60 MBPD
in 1985 as probable ranges of. dOmestxc demand. The  Task Force studied
these demand projections-and, from them. synthesized what mlght ‘be re-
garded as a most probable forecast for.general.scoping purposés. This is
set forth as the '""Previously Projected Demand'" curve in \Figufe'l. V '

(. . . . »
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“includipg modifications in world trade and ‘alliances. S o
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Several estimates hav=e been made of the reduction infdemand due to
- higher energy prices and emergence of an energy conservation '"ethic.'" For
purposes of analysis, the Task Force used a median deviation from the

Xtoncal demand curve based on'these other studies. (See, for example,
the pro_]ectlons ‘taken from The Nat1on 8 Energl Future, the report sent to
Pres1dent leon by Dixy Lee Ray, cha1rman of the Atom1c Energy Comm1s-
"gion.) ° J / : ‘

The' hergy supply from domestic sources is illustrated by the bar

‘graph at thle-left side of Figure 1. It shows that domestic energy product1on

- for 197//as a‘pproximately as follows

S

1973 DOME\S\1\§ENERGY SUF’}?‘LY2 '

*

Source

Crude oil and natural gas liquids
Natural gas '

Coal and lignite

Hydroelectric
Nuclear

‘o v Total

N /

¥ Various estimates have been made of domestic supply under economic.
- conditions predicted-up until mjd-1973 (Appendix C). A rough median of

‘these is, as shown on Figure 1, about 40 MBPD in 1985, an 1r1creaPe of about - -

- 10 MBPD over 1973 domestic production levels.

L

FUTURE OUTLOOK o T o : /

The Task Force concluded that the future supphes and demands could
- most easily be understood if energy were assessed relative to supply and
demand in 1973. ‘

 Domestic engrgy supply was 30. 6 MBPD in 1973. These domestic

" sources of energyfs if not expanded or supplemented with additional sources, - ’

would produce, i the Judgment of the Task,Force, only about 20 MBPD in
1985. Thus, e programs envisaged by industry in early 1973 or before to
achieve about 40 MBPD by 1985 contemplated a total increaseson.the order
‘of 20 MBPD in the 1nterven1ngjgwg_-:_i‘lal:geaand,costly effort.

. Under these circumstances, it was contemplated prlor to the oil em-
bargo that the difference between dermhand and supply, about ISMBPD w%‘uld
be made up by imports. The r1sks, as well as the costs ($30 bi 11on per

AN
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concern.
As ummg maJor initiatives to reduce demand-by 1985 to.a net of 51
MBPD, /the net increase in supply from present domestic production levels
to appfoach zero. imports “would need to be about 20 MBPD. The '"new" pro-
dlictidén would have to yield-abbut 30 MBPD, which equals the' entire domestic
enefgy output in 1973. Needless to say, increasing the domestic production
by/such a factor (and decreasing cOnsumption by 7 MBPD as well) in order
ach1eve zero imports would be a monumental endeavor whether done by
985 ot later. . : . i
While these figures are 1mprec1se they mdlcate the magnitude of the
energy problem. They also indicate the scope of the programs requ1red to
prov1de adequate, reliable, and reasonably economic domestic sources of
- energy for.the. United States in the years just ahead. In 10 years domestic -
supplie s must double. v - - ;
The supply-demand picture can be’ conmdered to be made up of the
followmg compongnts: - . . ~ -

A e

o Reductions in consumptmn through improved eff1c1ency
and conservation practices.”
‘ b o Base production fromrexisting domestic sources —
declining in the case of oil, gas, and coal. -
’ o Enhanced production from existing domestic sources.
o _Productlon from new or undeveloped domestlc sources. '
o Imports Imports from foreign sources. ‘
o Actual shortfalls, resulting in ratidning or allocation
~~toef'orc-ib1y reduce consumption to available supply. . - .

1

'

analysis. If we are to avoid shortages but still wish to reduce imports //
quickly, emphasis must be placed principally on enhanced production (e.
secondary and tertiary oil recovery) and .consumer -use reduction. New
sources of energy will become %vaﬂable only in later years.
-Some further implications can be drawn. If imports are are restgred .soon
to the mid-1973 level, the supply would seem to be margmally a;l;éuate for
. several years as long as projected decreases in demand can be mplemented.
"'Ho\wever, shortidges will appear scon thereafter if 1mports are not expanded

years before domestic production will increase to the rate at which demand, -
as modified by conservation, is expected to increasge. Therefore, it would
appear that significant oil importation levels will indeed be necessary in the
short term, even if a major effort toward mcre:\ed self - suff1c1enc.y is
launched now. If adequate imports are not available, the econom1c conse-
quences of prolonged shortages will be serlous. _ "\‘\ - : '

"These d1v131ons are arbltrary bdt useful in the context of the present’ /

or déme¥tic supplies increased in the intervening time. It will be several L ‘
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Considerable effort must be extended toward early significant demand
reduction through both technology improvements and conservation practices:.

»  To the extent that this effort cannot reduce demand and -to the extent that . S
' the Nation does not wish to (ely upon imported energy, our domestic ‘sup- .
" plies must be increased. _ _ 2 )
-These pOSSlbllltleS are discussed in the next few chapter 8. .
‘ _ . . : I3
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s The Task Force cons1dered two categor1eqb;\f conservat1on measures © .
‘that could reduce the é(nergy projections for 19 ’
The first category and earliest means for redugung energy demand has
beén referred to ag the ''conservation ethic'' — avoiding waste and "doing '
w1tmless. Y It 1ncludes voluntary conservation of fuel usage and governmentalL»
fuel allocations that have beep the mechamsms employed dur1ng the 1mpos1t1on e
of the oil embargo. ‘ .o _ L
Price increases are also expected to stimulate voluntary conservation. o A
A number of estimates of demand elasticity with price have been made by T
others based on economic theory, Differences exist in the. elast1c1ty pro-
jected in these estimates and in the social arnd ,political consequences of
=sudden/pr1ce increases: But they cqgncur that adJustment in price, thetra- ,
ditional method of equating demand and supply, will prove effectz.ve in energy
~ conservation over the long run, .
, In the past, energy surplus and low prices’ created a tendency\Qa be waste-
" ful. In such a cl1mate, consumption was effectively encouraged by promo-
tional efforts of primary energy oducgnL and by the offerings of manu-
facturers of energy-ﬂ::yﬁ:yv}e/s. The increased prices already-
realized for energy and prospects of further rise'in the next decade
should be effect1ve in reduc1ng these causes for unnecessary energy '
consumpt1on. ) : LT . ‘
.o Inthis analysis, conservat1on potent1als were not based on demand " -
. elast1c1ty prOJect1ons. Rather, they reflect estimates of the changes in S~
- demand and use that are techndlog1ca‘lly and econom:.cally acluevable bef

about 1985, ) , . d/ - v
. The second category for conserv1ng energy 1nvolves some e a ed cap1tal .. ‘4”
,)1nvestment a.nd/or employment of new technology on the part of users. Such - ( -

e N




'measures can be stimulated by higher energy prices or by expected 11m1tat1ons
" to availability and cont1nu1ty of desired energy forms., -

- The cost of energy over the useful life of a device Kas often been 1gnored
by buxlders, contractors, and oWners in favor of convenience and low initial
cost. Future choices of epergy supply and energy-consuming. equ1pment will |
undoubtedly consider life-cycle energy costs, but the Task ?c/e recdgnizes
that this 1nv91ves rather substantial 1nst1tut1ona1 changes and in itself will

i«o\bably be slow to evolve. e
New nstruction of industrial, cotr{mero1a1 res1dent1al and trans=-
X ac111t1es can, of course, be the 1mmed1ate beneficiaries of more
fit energy-conserving techn y and investment. But the*pace of new
‘ construct1o sually aﬂages percent to 6 percent per yeaf of the existing. -~
fa ihty base. At this pace, even“d decade of expansion 1 make/'ti/)m'ft/ed re-
~ \_ddction on \the energy demands proJected for these pyrposes.”
"\ N A 1arger opportunity. 1s represented by convetrsion of existing fac111t1es
to lower-cost or more energy-efficient\forms, Such retrofitting may become
. attractive ih some areas where availability of energy may be Jeopard1zed or”
where prices are s1gn1f1cant1y higher tharr alternate fuels. But the Task
Force concluded that’ re(\d£1tt1ng of existing c1.ht1es would proceed at -even
a slower pace than c\nvers1on of new facr11t1es tomore efficient energy forms, .~
- although it would be spurred by progzxess in the latter. '
. Accord1ng1y, .the effe from this second category will be slow in
coming, but once«1mp1emented will be cont1nu1ng. The effects from the
- "doing with less' category are 1mmed1ate, but they may not persist with time
because of the i ividual constraints r\eqmred to make them succeed.:

At this point,, the Task Force has 11tt1e data on wh1ch to base conser-

vation trends., Hav1ng the two conse i

were derived by
_ beheved achleyalSle in the areas of supply and usage. . :

- In this connection, it was noted that a th1rd form of conservation shoul
be emphasized. It is tHe reduction of oil and gas usage throug subst1tut1on
of more abundant 1nd1genous resources like coal or nuclear fuel While such:
substitution for oil and gas resources does not reduce demand, 1t\dQes serve
the objective of energy self-sufflclency. Many examples in the .second conser-
vation category will serve this obJectwe as well, , A - .

The above categqQries of'energy conservat1on portend a complex var1ety
of. physical changes that w11fprobab1y occur in each consumption sector and
use area and that will reduce demand for 1985 below. the levels projected
ear11er. .This phys1ca1 response of the market is the subJect of this chapter.

s

PRESENT ENERGY SUPPLY AND DEMAND o B

<» As a basis for\evaluatmg the potentials for the above categor1es of energy

‘conservation, the Task Force exam1ned present patterns.of energy supply '
and demand by use aréa and by consumption sector.

-




. The approximate 1973 consumption of energy, according to the major
areas ,of use, was: o : .

ESTIMATED 1973 U.,S,. ENERGY-—USL:'PATTERNa

Percentage of

. ' ’ National Equwalent
Use Area Use , ' MB PD
Transportation . 25 ' 8. 82

Space heating / : 18 o _ 6.39.
Process steam K : ’ 16 . ‘ 5. 7:5‘/“’ 4
Direct heat ' 11 ‘ - 3.87T

Electric drive — o , 2.7 ’ .

8

™S+«.  Lighting . '5 ' 1.97
‘ Water heating ! 4 o o 1.44
/ Feedstocks 4 ) S 1.29

Air conditioning ' 3 - Lo -
. Refrigeration 2 _ 0.69
Cooking . ) ' . . o1 0.35
Electrolytic processes 1 0. 45
T Other' . ~ 2 _0.84
~ ,_Total : 100 . 35,68

"~ . 2Developed by extrapolating 1960-1968 relative trend data by use-area? and
applying to total estimated energy consumption in 1973, 2 The difference
between.this energy consumption and the energy demand in Chapter 2
(37.2 MBPD) is accounted for by exports and changes in stocks.

Transportation uses more energy than any other s1ng1e area., Itis

uniqu ely dependent on oil as‘the dnly fu‘el system presently suited to the .

mobility of the U.S. life style. It is the area for the greatest efficiency im- v

provement as will be reviewed in the next section, ,

Other major opportunities for reducing waste and 1mprov1ng energy

"efficiency lie in energy supply for the following:

. ‘ . 973 Estimated Percent of ;

- S ~ ,//f Total EnergygUSe L 5
Space heating . . Pl - 18 ‘ o

Process steam o o 16 ] : ' -
Direct heat - . S 1 ' B
Water heating : N 4 . "
Lighting ' Ll 5 Sl
Total Opportunity . T~ ; . 54 ' L




LI .

These areas also inclufle major opportunities for poteptial electricity
substitution. Together with the present all-electric use areas, they indicate
that more than 60 percent of the energy system expansion in the future could,
Af 1t wefe a matter,of national policy and resource support, be accomplished
by ‘electrification, usmg coal and nuclear fuels to re11eve the dependence on

. 0il and gas, : : , ,

' Much pub11c1ty has- been g1ven to the hm1ted eff1c1ency of electric con- -
\Ve\'smn from fossil fuels, creat1qg the 1mpress1on that direct use of these .

At the point of use, electnc power approaches 100

efficiency from fuelvrto useful output is in

for direct use of fossil fuels

Good

-

fuels is highly efficient.
percent efficiency; and overall i
the range of 30-35 percent. Th:feff1c1enc1e
depends on the application and op how well the equipment is" maintained.
industrial process steam generators can be in the range of 65 70 percent
efficiency. : : :

Well-maintained space heatmg systems are in the same range. On the
. other hand, automobile efficiency in a typical urban operating pattern can be

~as low as 10 percent with stéady highway efficiencies running up to twice that

1eve1. Fossil-fueled water heaters are intermediate.

Another useful way to explore potentials for energy conservation is to

examine the energy consumption mix according to use sectors. This infor- k
~mation for 1973 is illustrated in the following table: '
1973 US ENERGY CONSUMPTIO < \ ' ’
W o : MBPD Q
o . X |
Sector ., ibcella= : ;
Residential . ' ) ous Un- Total
_ and — K Transpor=- " ‘Electric counted Con-
Fuel. Commercial Industrial tation Generation sunption
. Coal ' 0,17 2,10 — 4,11 — . 6.38
Qil 3.32 2,86 8. 47 ©1.62 0,12 16.39
Gas 3.78 5.11 0Y38 -— 1,85 - 11.12
Hydro C—— 0. 02 — 1.37 , — 1.39
Nuclear — N\ * — — 0,40 — 0. 40
‘Total \\g‘ - : S
Primary 7.27 09 8.85 9.35% 0.12 35,68
Electric . Ny ~ )
Usage - 1.69 1.25 0.01 _  6.40° — e ]
Total ™. 8.96 11,34 . 8. 86 "~ 6.40 0.12 35 68 . )

a0f the 9 '35 primary energy input, 6.

-’ 2.951s d;stnbuted to the use sector

\(kbecame e at1on losses and the \
.
Be TN T °

+ From this table, it is noted that oil used for tranSportatmn accounts for

about one-half of the total 6il,consumption.

About 20 Dercent of the total ¢

\

.energy consumption by the res1dent1a1/e’ommer_c1a1 sectors,

Py
.35

mostly space

>
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heat as 1llustrated in the table on p. 26, is shared about equally by oil and
gas. Of the 1ndustr1a1 heating requirements, one-half is met by.gas and- one-
quarter by oil. Coal’ supplies almost half of the energy used to generate . '
electricity, while oil and gas supply 37 percent. While power geheration, .
spacé heating, ‘and industrial heat have the greatest potential for interfuel
- substitution, this is not true at present for transportation. Electrification of
‘mass transit and spec1ahzed vehicles (suc}r as delivery trucks and urban -
‘vehicles) should be growing rapidly by 1985, but it is not expected to enhance
interfuel substitution significantly by that- time. ‘ _ .
. - . » . C ! - ; . . ‘
ENERGY SAVINGS ]E-S\Y,CONSERKATION : o - |
-« . . Lo ! - ! |
Exper1ence with conservation measures in mdustry suggests that
average energy savmgs of some 10 percent can be achieved without hmlting
output. © These savmgs are appro:nmately two=-thirds for facilities’ utilization
and one-thJ.rd for process-utilization. Examples include more efﬁc1ent
utilization of space heating and coolmg, avoiding leaks and waste, task level |
lighting, and avo1d1ng partial loading of equipment o runmng equ1pment not
in use. These savings can amount to 1.5 MBPD by €985 and energy osts
now prov1de a stimulus for doing so. i
, Transportatmn, as mentioned in the prevmus section, is a maj or area—
for ene"rgy conservation, including judicious use of the automobile, Cq
tinuing the 55 mph speed limits, even rodest increases in trip reduction L
 (travel and pooling of shopping trip#) and car poolmg, éan, save about -1 MBPD, '
_Increases in airplane load factor, already begun, can save another 0.3 MBPD,
Finally, the resldent1a1/commerc1a1 sector prov1des many oppor-
tunities for conservation, dependmg greatly on the attitude 'of individual users. .,
About 1 MBPD can be saved in home ‘and commercial energy by the sum of
actions such as raising temperatures as little as 2° in the winter, by weather _
stripping to avoid leaks, and by ‘use~of . window shades and turning off un- I .
" heeded lights and applianceg. Government studfes indicate that the 2° thérno* T

- sta::;fe/valone 'would save 0.6 MBPD by 1980, 6,7 A public information

program-for wide d19{em1nat1on of voluntary pract1ces that w111 reduce demand
should be very effect1ve in this area. : ‘ :

. 'Y ' o "
nost obvious and s1gmf1cant reductions in consumptlon . o

_ could be brought bout by the increased-use of small automo'b11es. Fuel con~. o
“sumption is 3 directly propoz}:onal ton eight. Some 500 gallons of -,
gasoline eqyh is saved'in pr,oduchon o& 000 lb car. compared with a

¥ larity., In the  °
1973-mddel year, !for example, the 1ndustry produchon capacity was about -
3.5 million small cars. In 1974-1975, automobxle makers report that-they '
vwill be able to produce about 5 m1111on, about half of the ant1c1pated total '

e
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productifon.‘ Even such sharp changes in trendg;- however, cannot stronglyr i
a:ﬁect fite] deand from one year to the nex’c. The average hfe of an automo-=

1arge cars waquld be e1at1ve1y slow. I
_With the expected growth in car populatmn, fuel demand would increase
“in absolute terms. Although some improvem ent mwfuel economy (miles/
~ gallon) can be expected f\r\om better eng des1gn, muqh of fhis improvement
would be lost with the expanded use of jexhaust pollution control devices. ,
Nevertheless, with the anticipated sh1ft to a larger'fraction of smaller cars, .
- there could be a sub\ tantial reduction in consumption below that expected
were energy supphes to remain ample. A change in our present autornob11e ,
mix from the current 30:70 ratio of small to-large cars to about a 50:50 ratio
by 1985 would save at 1973 mileage about 1.5 MBPD.. .Together with oppor-_
tunities for 1mproved eng1nes (for example, diesel strat1f1e¢fcharge) and e
other energy-saving features, the total sav1ng in 1985 automobiles can’ eas11}r
reach 2 MBPD, -Incidentally, attamment of 'an average of 20 versus the
present 13. 6 would alone yigld 2 MBPD, ImproveMk eff1c1encx
~will add another savings of U. 4 MBRD. - Significant gains are poss1b1e ih -
intercity passenger and freight movmg’?;mpment procedures, conta1ner1za-
. t1on.' “These can amount to.0.7 MBPD. e ' ' ]
Investment in better insulation for home" and comme rc1a1 buildings ‘\1‘«3;,7\
wauld save about 1.1 MBPD, because space heating and cooling is a major
" area of energy use. Higher efficiencies can be obta1ned in equipment for
home ,and commercial use amounting to 0.4 MBPD. Examples are con-
version of one-third of incandescent lamps to fluorescent; improved air con-
ditioning, heat pumps, and h/atmg systems and more efficient appliances. - ,
) Improve/ment in 1ndq£tr1a1 pfocessés can save another 1 MBPD., A
majortarea would be the expanded use of the basic oxygen process for making
steel and 1mprovements in aluminum- ref1mng processes. The FEO foresees
the Btu's consumed per product in manufacturing dropping 2 percent per year
between now and 1985, compared with 1 percent per year over the past five

years. . ; e
, ESTIMATED DEMAND REDUCTION : S

- ~ 3
: . .

-

Considering the above, ‘the Task Force estimates that a rea11st1c target
3 for reduction of demand is about 8 to'9 MBPD by 1985.* This target can be
compared with savings projected by the Shell Oil Company of 3.3 MBPD by
1980 and 8.5 MBPD by 1990.° -An 111ustrat1ve breakdown -of the Task Force s
‘ target ra.nge is shown in the follow1ng table ‘ S

&

@
ﬂ'

‘;‘ qe—One member of the Task Force believes that »on the bas1s of. studies per-
: formed at the Cal Tech Environmental Quality Laboratory, the reduct1on in .
demand could be as high as 12 MBPD by 1985. o .

>
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Category - N N\ - > MBPD.
. By COnservatmn %‘ \\ :‘ . \ S L . -
o Industrial conservatién measures : e : 1.5 o
PR Transportation L A o - ce
v . Lower speeds, car poqhng / ST T 1.0 .‘/
Airplane load factors N ' C 0.3 .
: Spa.ce hea.t1ng efficiency - - : : : 1.0
AN - : . / .
By Use of Enejy-savug E’\meent /« e ' B ‘
Smaller, more efficient cars - ‘ 2.0 ,
Other tranSportatmn sa;:g ‘ . ' . . o ‘1."'1’{./
Better building insulation standards . - J BT PO | N ’
A . -~ Residential and commerc1a.1 equ1pment < : o, 0.4 :
‘ Industrial process efficiency : o o - 0, »
“ ._Total conservation potentials ' . : T w94 7’ . '
“Less lsmrcent for pa.rt1a.1 overla.p B ) . 8.0

™ f . T e
. "

. To achieve the above,-uthe phy_sma.l requii‘ements would sbe the following: L ) / -
"/ ' - a I
o Convert the automobile population from its present 30; 79 ratio of
' small to ‘large cars to at least an average of 50:50 by 1985, This will require
g the production of 75 million lightweight automobiles in the next 10 yea.rs.
\ o Expa.nd mass transportation facilities in/large cities, . ”\i
-0 Ensurethat construction of 20 m1111on requ1red hou81ng units ha.ve : -
substantially improved insulation, ,
o Make industrial processes 10 perce‘”'

.average.

less energy-intensive, on the
/

energy space hea.t1ng like hea.t pumps.

)

: N .
Beyond this is the reduced dependence on oil through greater use of

coal and nuclear fuel squrces. In 10 years the pr )ssure on petroleum fuel
~+ ‘can be reduced substanti ly, provided ba.r/ners to'direct use of coal and

nuclear fuel for e1ectr1C1ty are removed., | S
' ‘ ¢ ~ . o . -
\POSSIBLE GOVERNMENT ACTIONS o : B ‘ PR
\ a1 e ‘ : v Lo L» T

Ma.ny of the results above can be a.ch1eved through\thq normal worlung

of the-Nation's e¢onomic_ system. However," government can play an. ,
’1mportaht contributing role through the following actions; indeed, govern- ’ ‘
’ ment leadersh1p ma.y be the key. to effect1ve conserva.tmn achievements. . o J o

\
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- Life-cycle Costing. GoVer/nye‘n!;_pgrchasing policy, such as on auto-' P
mobiles, could take\lj\f\e%(.éogfb; including energy and appropriate time L
~ values for mopey, into-accolnt, instead of only lowest initial cost. - Similarly,

‘regzlzﬁor_fs/slﬁch as FHA housing/nsulation requirements could embody such. "

“life- ypl'e/‘,eﬁe‘rgy costs. \The FHA-financing basis could be expanded to
~inc ude\,,/ as acceptable appraisal it {hs, storm windows and doors, ext ra ‘
~ insulation, heat pumps, etc. 7 ' ‘ . B |
Transportation Systeins. In grants and financial assistance to t
" tation systems, preference could be given to those plans that appea
energy. efficient and can use more abundant domestic fuels. For instance,
‘coal and nuclear power can.be used to power electrified railroads and
transit systems. R fo ~
A Informa.tion/‘lf’roggam. Government could/continue to encourage volun-
‘tary actions tg'conserve energy. Specific suggestions on how to save energy
or substitute more abundant energy forms for oil and gas could be widely
, dipsemindted. The public must be made aware of the long-term nature of
~ our current energy problem, the econémic and p'alitiéal-implications of not
regaining our oil and gas self-sufficiency, and the need t7 adapt to higher
energy costs in the future, | : B e
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.INTRODUCTION AND OVERVIEW .

A, .

- Coal aﬁd 11gn1te are under-ut111zed fuels havmg a 11r41ted substitution
. ‘capab111ty for 0il and'gas and the potential for bemg converted to oil and gas.
. Tl}e-need for increased ut111zatlon<ﬁof dome stic coal res‘ervds has been c1ted ‘
any studies. ' oL P L
 Recoverable coal resources in the Umted States oan provide decades
and poss1b1y centurieg, of fuel andh.ydrocarbon supphes; to ‘help meet energy
demands The technologies for.mining, washing; transportmg, and‘burmng,-a
coal are well known.. Coal can be converted into electr1c1ty. heat, gas, and
. eventually 17to heavy liquid and lighter d1st111ates to serve essent1a11y all of
the energy-consuming ?narkets - I ;o
. On the other hand, the productlon and use of coal mvolves.potenﬁal
‘environmental problems arising fromasurface rp‘nmng, air po lution caused
by d1re‘ct burning, and health and safety risks-in underground mining. The ge -
problems affect the costs and availability of coal. Trade-off are involved,
which need to be evaluated carefully if this domestlc ey)érgy resource is to
- Re utilized at mcr\eased leviels ip'the future, , ~i
v THEre are, several separable fgcets to jy,he coal ut111zat1on program;,
These subprograms — c\ I mining, coal transportatlon, ‘and co’al-based {

synthetics — are d1scusse@. Coal- blgcgmg power stat1ons are,&dls-
& L

»

-

cussel\n Chapter 5, . o
. . O _
'COAL Mi ING . : i \d .

o “ ,_o'°‘>"t:-
\ Background \ v( ’ /\ :

i Relat1ve°to other fuels, coal has been declmmg in 1rn‘portance in the -

Umted States. This s1t41atlon has been caused in'part by in erfuel c0mpet1-




» ties concerning the future cost of competitive energy f

.

tion from abundant supphes of low cost gas and oil. -The result has been a
climate’ unfavorable to large 1nvestment Mine ‘output declined by almost
200 million tons per year (TPY) from its peak product1on in the mid-1940's
until mechanization, partlcularly in surface mmlng, arrested the dec11ne in

the 1960's ‘ P '

Other forces.also hegan ‘affecting the marketabﬂﬁy and costs of coal.
Envxronmental constraints appeared in the form of air quality regulatlons,
and new strip mining regulations were promulgated More stringent mine
safety and health.laws and persistent labor problems.increased coal mine
operating costs and decreaded product1v1ty

- The pattex;n of product1on and consumpt1on in 1973 is shOWn in the fol-

lowmg table Do \

1973 ESTIMATED COAL FLOWS s

. Output o N ’ Con‘sumption
Sources - (MTPY) Markets : (MTPY)
Eastern underyround 300 Power generation 370
. Easterp sufface . 240 ~ Coking . , . 90
Western surface * - 60 |  All other 80
Total  ~ © . 600 \ Total Consumption ’540-

. -

" 60

B ‘ \ Exports L

-

G o

" Today, .coal still faces significant constraints on growth. Uncertain-
ms, particularly/
imported crude oil, havg made ‘some® consumers reluctant to-sign long-term
purchase contracts and have discouraged opening of some new mines. Un-.°
certainties about proposed new surface mining and r storation regulations
have held up new mining operations, particularly irp/the West, from where -
most of the future increase in protluctlon/must apparently come. The ’

" gcarcity of water in the West and environmental oncerns*about regiona(

effects of surfacg’mining afg inhibiting factors../ In addition, there are coal
‘mining labor pybblems, inclifling a current shdrtage of underground miners
.and mining epgineers, m&mg rap1d expansigh of production more. difficult.

Finally, number of old mines abandbned’because of depletlon of their

(ad

resgerves/and because of nﬁw safety nequlr €éments will cont1nue to grow.

¢ ‘ ' i .
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Estimated Production Ihcreases
T : .
De spite all of these problems, the Task Force felt that given sufflc1ent
incentives, \it is w1th1n the capability of the coal industry to expand mine pro-
duction by about 660 MTPY in the next 11 years along,the lines suggested in
the fo'llowmg table; s

ESTIMATED 1985 COAL FLOWS

PROPUCTION f FORM -

1974-1985 . 1985 1985 '
. o Additions Production SN Input

"~ Source (MTPY) (MTPY) . " Fuel (MTPY)

- Mine depletion - (200) - L '
e Eastern underground 280 480 Coal solids ~ 950
Eastern surface - 60 220, ) o '
Western surface 520 : 560 . Synthetics 310
Total 660 1,260 .Total - ° 1,260

*

_ Histoy/ic mine depletion and replacement rates suggest that about one-
third of the existing capacity (200 MTPY) will be replaced by 1985 with new
mines 1n about the same proportion to the current type of production. The
-added éw productlon is expected to come largely from western ‘surface
m1nes- and eastern underground mines. Eastern surface m1n1ng should ex-
perience a slight decline because of lack of new surface reserves ‘and legal
restr1ct1ons on mining steep slopes. . Eastern underground mining ‘need only -

/'expand by about 60 percent if western surface mine product1on could be in-
creased tenfold. The Task Force judged these to be rather realistic goals
‘under the proper conditions. The logic behind this judgment is that western

B
-

coals are in thick horizontal seams near the surface and are generally low

in sulfur. Furthermore, western coals are of the nmoncaking variety, rela- /
_tively low in cost and, therefore, the most suitable for current synthetic « ¢/ .

fuel processes. Surface mining yields the highest productivity per man- ' / ‘

hour, important in a labor-scarce industry; and economic recovery of a
greater percentage of the available coal is h1gher in the West than in either /. ;
‘surface or underground mines in the East, giving western mines an economi
advantage. : -y . : '

The reasonableness of the ant1C1pated growth in western coal produc-

expansion of western m1n1ng is already on order and shquld be in-place

K}
¢
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‘within 5 to 6 years. 8 The additional equipment to achieve the desired growth
* should be forthcoming with proper incentives <
The magnitude of the projected increase in coal productlon can be . 3
R grasped betf‘er if the numbers are translated into p}}yslcal facilities to be .
added Listed “pelow are the kinds of actions that would be needed to achieve
the ‘estimated 19’85 production levels. s

- T

.Develop 140 new 2-MTPY eastern underground mines.

-

)
o Develop 30 new 2-MTPY eastern sufface mines. - .
o Develop 100 new 5-MTPY western surface mines. ' L,
o Recruit and-train 80, 000 hew eastern coal miners. - '
o .Recruit and train 45,000 new western coal miners. °T s
7 o Manufacture 140 new 100-cubic-yard shovels and draglines. .. - | '
)

Manufacture 2, 400 continuo'us mining machines.

: Stated another way, on the average ‘one new deep mine and one new <
' surface mine rhust be brought into production every month for 10 years. - In )
‘contrast, only 13 mines of greater than 2-MTPY production were opened in - .
the 10 years from 1960 to 1969. In 1971, there were only 25 mines operating '

that were larger than 2 MTPY and only 3 of these exceeded 5 MTPY. '

The industrial capacity to manufacture large (80-100 cubic yards)

power shovels is a potent1a1 bottleneck in the development of surface ‘mines.

There are only two’ manufacturers and both are currently-quoting deliveries

in the first quarter of 1979. Today's total industry capacity has bgen esti-

mated at about one shovel per mdnth "which would have to be expanded if

these goals are to be met. s

/ It is worthy to note that the estimat/ed 1985 production of 480 MTPY for

eastern underground mining is approximately the same as it was in 1940.

' To increase the coal mining capacity from its current level of about ' : o
600 MTPY to a level of 1,260 MTPY would require large capital éxpenditures ' ‘
by the industr ‘In terms of 1974 dollars, the expansion cost would be on the g

/order of $21 bi{lon To provide such capital, cash flows would need to in- . o
crease and the market outlbok would need to be stable and promising for a
substantial time period, say 30 years. It is probable that average coal costs
need to rise by $4 to $6 per ton in order to permit, recovery of these capital ‘
costs . /

- Government Actions '

°
’ .

‘ Any program to ‘expand the domestic coal mining 1ndustry rapidly would
require the following steps to be taken now:

o Market forces. If private capital is to be used, the energy market

would need to set a coal price that 19 sufficient to encourage needed invest- .
ments in new coal mines. : e
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o Stability. The financial risk of sudden changes in government
treatment of competitive energy sources could be reduced by developing _
and adhering toa long-term U.S. emergy policy. Mine-operators should .
be expected to assume gconomic and technological risks; but, if tlgey are
to be encouraged to incfease mine production to feed new power plants and
synthetic fuel plants, they need early definition and stability in laws and
regulations. Examples include sulfur dioxide emission standards (short-
term variances will not lead to new mining capacity), surfdcé:-mining res-
toration standards, and oil import policy.

"o Western federal lands. Federal coal-bearing lands’ ‘would need
to be opened for leasing in 1974, with no 1mpa1rment involving surface
" ownership or lease The lead times for equipment and. materials are
long.. and lands need to Be made available in time to allow orderly develop- .
ment. Mechanized surface mining of western noncaking, low-sulfur coals
using block-and- cut methods for mlnxmum environmental problems perhaps
offers the fastest way of 1ncreas1ng domestxc coal,production.

o Mine-operating reiulatxons Trade-offs of standards and criteria
for degign and operation of mines would have to be made to meet short- term
nationd\ demand. Some relaxation of desired air and land quahty may have
to be considered now, with corresponding ‘timetable's for improvements:

. later in the 1970's and 1980's to achieve the Nation's long-term environ-

-mental goals. 'Uncertainties brought about by pending changes or retro-
" active changes on projects underway serve to delay expansxon programs
" and discourage new projects. “

' COAL TR ANSPORT ATION

Background . . o
. About one-half of all coal currently moves by rail, often in unit trains
of 10, 000 tons or so, and usually over distances of less than 500 m11es
Flows per track often reach 2- -3 MTPY.. ~ :
In addition to rail movements, another 20 per cent of the coal moves
from mine to market via inland waterways, sometimes in dual-mode sys-
tems with both rail and barge movements. The transportaQon pattern for

coa.l in' 1973 was approxlmately as shown below .

1973 ESTIMATED LONG DISTANCE COAL MOVEMENTS’

Transport Mode MTPY

_ Railroad 400
Inland waterway . 150
Slurry p_if')eline 5
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Coal from eastern mines will continue to miove to markets by rail and
barge, and‘eastern mine-mouth power plants will continue to send out energy
by high-vpltage transmission systems. HOWever, the problem of moving

western coal to markets 1, 000 miles or more away is a formidable one. For

distances more than about 500 miles, costs fd‘i' hauling coal overland tend to
‘increase linearly with d1stance, T A ® ;

To be sure, much of the coal produced in western mines will move by
train, train-barge, and train-barge-train systems to major consumers.
However, trackBeds need frequent repair and upkeep, and exjsting railroad
- trackage has a practical saturation point. Beyond this?point, new expensive

signaling and dispatching systems will need to be added to existing rights of

way, or new lines will be needed to absorb the increase in coal haulage from -

' these western mines. It does not seem likely that railroads and barge sys-
tems alone can accommodate these. poss1ble coal flows from the West. Be-
cause of these factors, it is likely that pipeline systems will be a strongly
growing competitor to rail systems. Such pipelined will .occur in three sep-
arate forms: slurry, gas, and liquid. Present estimates o&as1f1cat1on
costs range from $1.25 to $1. 50 per million Btu, excluding the cost-of coal
and transportation to markEt Theése costs should be. compared with less
than.60¢ per millio 'Btu delivered costs for slurry pipeline or ‘rail-delivered
coal to the Mldwes market. Thérefore, gasification is not even remotely

’ _econom1cal for ‘ er generatioff. Its application will be for domestic use
. P?, g

through existing gxtensive natuﬁal gas d1st’r1but1on networks.. Currently, no
developed procegs exlsts for economical/coal l1quefactlo|4 and so syncrude
pipelines are ngt as yet in contention for western coal / The regmaining pipe-
11ne alternative is coal slurx/ylng / -

Coal sl rry pipelines are an attractive way to stxpplement the §rowing
transportatipn needs for western coal. One 280-milée-long coal slurry pipe-
line capabld of moving 5 MTPY has been operating Z
Southwestern United States, and a new 25-MTPY line nearly 1, 000 miles long
1s currently under design. In intermodal competition for energy movements,

of water), escalatlon sens1t1v1ty, waterway availabilit
ity that will determine the mix of train- -barge syste y

Transportation of electrical power by extra-
/1on becomes subject to instabilities at great dis

and, system flexibil-
s versus pipelines.
1gh-voltage ac transmis-
nces. High- voltage dc

systems are economical over, long distances, but ac-dc conyer sion costs are

high and no major system exists as yet over 500 kv in the Un1ted States.
Figure 2 shows a comparison of the alternative practical modes of
coal energy transportation to eastern electric-power markets from western
coal mine. : -
Shortages of locomot1ves, gondola cars, and hopper cars are apparent
.even how; and in many cases power plant or mine owners wﬂl probably want
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FIGURE 2 COST COMPARISONS OF ALTERNATIVE MODES OF\‘COAL
ENERGY TRANSMISSION (for 1, OO-milqyt_ransport distahces)
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. to purchase-their own rolling stock. Safety and environmental problems will
probably increase as traffic increases on mainline tra e. » All new over-

land transportation systems will need additional rights-of-way, riew facilities,
" new crews, and new rolling stock. ' - )

.

" Achievable Gapacity Increases . . .
e i e | " - ,
The Task Forte judged that the trangportation system would be able to
' meet the requirements of a 660-MTPY mine output increase by these multiple
" approaches, "It should be noted that, of this total increment, only 400 MTPY
is the increase in coal to be de'livereq in so6lid forms; the balagce in growth
is to be utilized for synthetics near the mine. It was judged that most of. the
new mine production capacity in the East probably would be served by unit:
train and inland waterway systems, even though both of these capabilities
would need to be expanded substantially. ' e —
In the West, , slurry pipelines were judged likely to make significan o \
inroads on train-bé;:e systems for ne% haulage capacity beyond the maxi- ‘
mum that could be handled by the existing rail systems. This cohclusion is
founded on the automated, continuous, hidden nature of Ripelines; their multi- . -
ple land-use ‘capability; the ir'. ability to operate one-way without empty re~
turns; and their rgl'at‘iye economics. Environmental acceptability was judged
tobe greater with pipelines thap with other forms of surface traffic. In some.

western situations, the operation of slurry pipelines may be limited by avail- 4
able water supplies. . - ¢ \ ' - )
. i - . . .
- ’ . ESTIMATED®&985 COAL PRANSPORTATION
- . - T985 Total _ |
, - Transportation (MTI?Y) . o o
. Eastern rail and barge systerns \650 . ' )
' Western rail and barge systems \ foo , / ‘
Western coal slurry pipelines 100
. Syngas pipeline (after conversion * 100
) loss) ) ! ’

.

A comparison of these estimates with the 1973 transportation pattern
shows that the Nation's rail-barge codl haulage capacity would need to in-
S crease by 300 MTPY or about 50 percent and piNine capacity would have
_ to increase by about 200 MTPY by 1985. = . T R .
 *\ This estimated mix of coal transportation systems can be better
~i\5-\%§,1ized by considering their physical m\eaning’s.’ Using rough aVerages, '« -
such an increase in haulage capability, could involve: Y : '

' .
- [
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, o Construction of 60 new 2-MTPY eastern ra11 barge _ A

systems of 100 to 500 miles each. - ' ' .
o Construction of 70 new 3-MTPY we stern rail- barge

systems of 1,000 to 1,200 milés each. . '
o. Construction of 4 new 25 MTPY slurry p1pe11nes of ' N

1,000 miles each.

v o Construct1on of 2 new 2. 5 BCFD gas p1pe11nes Qf .

1,000 miles each. o o . . -t
o . Manufacture of 8, 000 railroad locomot1ve units. ¥
o Manufacture of 150,000 gondolé and hopper cars.

each of 100- -ton capac1ty

P

. There-is currently a temporary shortage of open top hqpper cars

1969. Although average car capacity increase from 60 tons per car in 1960
“to 72 tons pper car in 1969, the aggregate capac1ty de>1ned This s1tuatlon\

creatéd a severe shortage of this type rail car. and regulted in de11ver1es
, being currently at nearly two years.

[

- Possible Government Actions

, Expans1on of the transportat1on system to carry 800- MTPY more coal

over the next 12 years could be enhanced if the following actlons were taken
in 1974:

o Railroads. Financial- ass1stance would probably be needed to
1mprove mainline trackage and signaling systems Assistance in he1p1ng .
\ prov1de grade- separated h1ghway crossings couId be of material benefit

to affected communities.

N o Waterways A program could be undertaken to help ensure
" that inland waterway systems have sufficient capac1ty to absopb a large
potential increase in coal movements
o Rights-of-Way. Rights of eminent domaln could be established
and exercised to ensure that industry will be able to obtain rights-of-way
| for railroads and pipelines expeditiously. he pos sibility of using inter -
‘ state highway system r1ght -of-way for energy transport by rail ‘and pipe- -
11ne could be cons1dered _ Co :

@

-+ s COAL-BASED SYNTHETIC FUELS ; ‘ ‘ “ v

° ' Background

L1qu1d fuel was commerc1a11y produced from coal in Germany between
. | _)v‘t L
40
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1930 and 1945. The most recent Plant built for liquefaction is in South
* Africa and has been operating: sucvcé\ssfully for more than 15 years. v
The process technology in Germany and R&D activities in the United
States have been extensively;v, treated in}gtﬁel; 'studies. The. Task Force
. attempted to estimat what level of-truly comrper,cial production of synthetic .
coal-based fuels could be achieved witHin 10 to 12 years if adequate incent- .
ives existed. Only .techﬁ@}ogyf that is ready or nearly ready for commercial
application-and is econotfiically acceptable is considered in this report.=%
. Economics are difficult’ to.define sharply, but coal-based synthetics
probably will h2ve impo‘rtance as future price setters. " On one hand, com-
mercial production of coal-based synthetic gases or liquids'q-would set a
- ceiling on the value of imports or even marginal wells at home’; but undue
ha,sté toward synthetics could cause, prematuré‘ommbrcial production, which
could lead to unnecessarily high costs for synthetics, with the result of in- S e
viting others to raise natural fuel prices’by reason of an incomplete techno.l- ' .
ogy- . T i ‘ ST ¢ . , . '
e ., Indeveloping a synthetic fuel industry, prudence|is a major requisite.- - _
Under no conditions could it be built up fast enough to relieve supply prob- AN
lems in the 1970's or in the early 1980"s. ' However;, it/will'be important in
. “  the late 1980's and beyond.. The cost of investing too }}eavjly now in an im-
) mature tecchnology could be burdensome later. Cautious optimism is desir- '
able. ' ' ' ' -

+ . 3 Py

-

Gasification of Coal ‘ :

3 : . N
. . ~ 8
High-Btu Gas. Gasification»is'the key processing step for conversion , "
, ‘of coal to synthetics. Two, possibly three, procésses of German origin are . .

- . available for immediate commercial application. In addition, there are
* ' five d}' six differ"erit gasifiers under development in the United States by
- .\govei'nme'nt and industry. However, no U.S. p‘roces's can be con-
sidered for wide:scale commercial use until it has been demonstrated at
nearly full.scale; this cannot be accomplished in less than 4 to 5 years,

N e Furthermore, the extens-igg studies undertaken by others suggest that

etéonomic improvement of these new processes over the present Lurgi pro-

o cess probably cannot exceed 10-15 percent, assuming that all forecast im-

. rovements are ach_iev‘ed,u which must remain doﬁbtful. The Task Force, _
therefore, assumed that full-scale methane-from=-coal planté based on the
Lurgi process and perhaps other s can contribute to the energy supply in a
,meaningfulfway by 1985. - . ) . ® v , .
M Medium-Btu Gas. ‘In addition to high-Btu gas, -there may be -another

. market currently served by natural gas, where a leaner gé.s might be:

acceptable. Such lean gas.can, vary from §00;Btﬁ/CF mixtures of CO and -

H, only, to 500-Btu/ CF mixtures with additions of methane. These "are the '

raw' gases available from any of the demonstrated gasification processes,

including Lurgi, Koppers, and Winkler:
L o 4l S ‘
. . . . - ‘ ’ . - ’ g_/
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This lean gas\market could include power plants now fired by oil or

—

gas and not convertible to solid coal It is possible to convert these un1ts, /

and.many industrial plants, to such medium-Btu coal-based gas and to re-

"move sulfur from the gases before or after burning. But there are economic

problems in piping medium-Btu gas over any but short distances., There is
also a loss/:(n thermal efficigncy for gasification compared to d1rect foal
burning. For the even lower heat1ng value, producer gas (175 Btu/CF), a key
concern in conversion from oil/gas to coal firing is the 30-35 percent boiler
derat1ng Assomated with the use of this lean fuel that results from the ‘addi-
tion of n1trogen to the gas. The merits of diverting natural gas from power
plants by myedium-Btu syngas versus direct manufatture of high- Btu' syngas
are speculatwe - If medium or low-Btu gas finds a market, it will probably

be in firing néw combined-cycle power plants or in converting exastmg oll/gas

power plants in the southern and southwestern parts of the country

X
A »

N . g
’ S .

'équefaction f Coal S - . .

W1th vast reserves of coal in the United States and with the gr\eat de-

smand for l1qu1d fuels, one of the most nmportant questmns needing an answer

S

is that concerning prospects for conversion of céal to liquid fuels.
« . ‘'The Task Force considered this question and concluded that while
there could be.a number of demonstration plants each producmg perhaps 20

to 40 thousand barrels per day of oil from coal by 1985, ‘there is no rational . .

way by which substantjally larger amounts of production can be achieved by.
that date. Even this magnitude of production would require an’intensive
development program. By the early 1990's, the results of such a program
could be commerc;al production of oil from coal on a scale of millionsrof .

barrels per day.- If this is to be achieved, it is of great 1mportance te beg1n '

promptly The reasons for this timescale are both technological and eco-
nomic. .. s o
' Because coal liquefaction has often been advanced as a method for
making large amounts of gasoline and heating oils, a deta1led analysis is
provided to establish an informed perspective. o« ' o
" The two alternate routes to liquid fuels from coal, hydrdgenat1on and
. gas synthe51s, arefwell described in the literature.. Both were large-scale
-opergtions in Germany between 1930 and 1945. Most of these plants were. .
based on the hydrogenation concept, because it is the inherently more effi-
cient system. : - N
These technolog1es as. they ex1st 'foday would produce synthet1cs only

. at price levels well abovée those expected to represent future world price

levels for oil. However, there is a good probability that, given an adequate
effort. new R&D programs in the United States could yield lowered synthetic.
liquid fuel costs. It could thus.be damaging-to a viable synthetics industry

~to proceed to 1arge -scale’ coal l1quefact1on based on currently ava1lable ‘

1
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It should be recognized, fyrthermore, that for the last 30 years the .

. preferred German system, direct hydr'ogenatio}:\khas not been used; no
" plants have been built and none 6perated. It is quite doubtful that adeq’uatga_”
. knowhow still exigts o r‘esurqrect this technology without literally reinvent-
ing many of the technological details needed to build and operate a full-scale
coal ﬁydrogeﬁ:ﬁfén plant even of the 1940's design. - '

The. situation is different for the Fischer-Tropsch gas synth'e‘sis pro--
cess. (A very up-to-date Fis'cher.-T;jopsch\liquidf-frogn-coal plant has been -
built in South Africa and is operating today. While i't:"'is a small plant of
7, OQ_O BPD capacity, this technology is available now. The production costs
are quite high, however. o N . - - .
~ ' Even though the gas synthesis process has now undergone significant -

improvements pver the World War II Gerfnani'te-ch}nology. it reméins the con-
‘ clugion of th‘e"Ta.sk Fo?ce.,that the desirable process fer a U.S. liquefaction
industry should be an improwved technology for direct hydrogenation of '
coal. ' - _ / ’ ‘ : } ;
. ,Sevéralvavenue-s toward such improvements are known and have beer
explored for a good many years. However, these new concepts have not -
been pursued to the,;'point where comrhercial plants can be built. ' The very
- costly prototype or '.d'emo_nstra»J\:’ion phase of these new systems has not bee
"undertaken, because the prevailihg pricés of crude f)etrolgum do not-provide
an econgmic incentive. - t S - e

New Technology. Hydrogenation'as a route to liquid fuels from coal
' can be practiced in & varliety of configurations; however, one key ingredient |
remains the same for all, i.e., hydrogen. Hydrogen s produced from water
- and coal or coal residues by gasification. This step<an be safely based on - ‘
the existing-gasification technology. o .. . =

All hydrogenation systems involve the addition of hydrogen”to a coal
" substance at high pressure. German operations tsed between 3, 500 and
10, 000 psi. New processes are <e.xpe‘<‘:ted to utilize between 2,000 and 3,500
" psi, representing a major advance in technology. o : T v

However} even at the lower pressures, this is a very demanding pro-
cessing step in terms of special equipment and metallargy; and it was the
- German conclusian,. therefore, that wherever possible the' coal should fir st
undergo a feed preparation step to produce an optimum feed for the hydrogena-
" tion system. This included carbonization or extraction (even ultra cl,ea‘nhing'
of coal) to reduce the serious erosion and corfoéibp problems resulting. from
the introdudtion and removal of ash.and unreactive .coal in the costly hydro-
genation reactor. . ' o wr o '

This choice of proce gsing sequence must still be made, ‘a_nd the alter.-
native new 8ystems proposedfor 'd/e\';eloprpent can "coh{r_enien\tly ‘be grouped
into (1) those treating coal directly with hydrogen at high pressure and in- -
theapresence of .effective catalysts, and (2) those where coal is first pro-

2 A

-céssedito yield tar or extract fog subsequent hydrocracking of the raw_“-l..iq'ubid’

. '
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under-the more extreme comd1t10ns . o h ]
Alternative systems have been proposed for these feed pr&;aratmn ) '
nd for the manner 1n£~h1ch the h1gh-pressurse catalyt1c hydrogenatlon
is condjcted. * - .
- Product Quahty Another dimension of ¢he problem relatesv to the “
_ - 'quality of the liquid fuel that is sought. Hydrogenatlon. in/ contrast to the
' v Fischer- Tropsch synthesis, read1ly petmits a wide choice in the charaécter -
1st1cs of the final product H&ﬁdrogenatmn 1s,very flexible, and the R&D pro- . o
gram should cover this dimension. I
For certa1n coals and for certain. local air pollut1on regulations, it may
be- poss1ble to, limit hydrogenatmn to a single, noncatalytic step, albeit still _
sat h1gh pressure.~ This may yield a reasonable low-sulfur, low ash, solid . ’
(' < “fuel ‘(400° F m—elt1ng point) that can serve part of the market. For most ' '
i -*appllcatm’n's-_a ‘more extensive treatment ‘will be required, since many
power plantxs}e}oca d’'in urban areas ‘where less than 0.3 percent sulfur
fuel is mandatory.
‘ \ Finally, it is- 1‘
s, sirable U. S/coal reserVes from the market which encqp,rages con-. »
“veryn/df coal into more easily transpo ed forms near the mines. . N
R&D Needed,/ From the fotregoing, the Task Force concluded that a
desirable R&D program would require alternative process developments in o
> - owrder totest these conceptg on a scdle adequate to obtain 1nformat1on on the
' economic v1ab1l1ty and performance of each sysfem. )
Most of the# e alternatives have been tested on laboratory scale (less
" than 1 TPD), and/ some have been or are about to be tested in units ranging
0 from 5 to 75 TPD. It is poss1ble. therefore, to move Boon into thg proto- -
o type plant phase where the final- technological development short of full com-, . »
“mercial-scale operation can be completed.
- e ~ The processing of solids differs fundamentally from that of liquids in
_ that operationg.are far more difficult to define preC1sely. and this results
// % in a much more difficult extrapolat1on problem. .This is particularly true
. of coals, which have a wide range of'physical and chemical characteristics.
- Where a well-explored and under stood chemical process is involved, it is,
poss1ble to move directly from a laboratory test unit to full commerc1al
plant This is simply not practical when handling coal.
C e Coal hydrogenat1on involves a large number of difficult té‘—hnlcal prob-
lems in mater1als handl1ng, catalys1s, and solid-liquid 'separation that can
only be’ def1ned and reésolved in equipment- simulating the final commercial
system. These problems differ significantly among the various hydrogena- o
tion concepts. Thus a series of prototype plants would be requ1red

e

s

portant to consider the large d1stance of the most-de- .

, -~

i : “condz/tmns for an operable system in equipment that can be scaled up to com- .
? _ mer¢ial gizd with minimum r%sk a factor of two to four would be acceptab!
S Most of t :new cOal l1quefac/t1on processes being developed in the United

N
« '
i
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States are faced W1th t};}ame general problems The seVerity of each prob-
lem and the importa f its solution-toward-achieving overall technical and
econom1d success wifl vary among processes. The general problems include:
v ,‘ Yoo . , o
- .0 Developmg pract1ca1 ways tq m’troduce coa1 intg
’ shigh-pressure systeim, : s : i . ) a
E o Maintaining solvent balance/to assure that eno gh good o / g
quality solvent is generated té glurry the coal feed. o , it
-0 Defining the reactor system and the scale-up parameters j
for design of.an operable and eff1c1ent commercial réactor train. I v
o, Def1n1ng construction materials that Will retain /the1r '

-

. 1ntegr19y in a4 hostile atmosphere under ‘severe temperatures - L

.
LI v

and pressures. : —
. o Defining equipment to reduce pressures from 3,000 <),
h psi to “much lower levels. ¢

o, Defining equipment to achieve satisfactory sohds .
'separation from ljquids and gas at h1gh temperature.

o Establishing ways to maintain catalyst activity. |

o Defining and solving environmental problems.-

AN o \
~

Each of these elements must'be te'sted in-a fully integrated facility to i

) establish the effett of interactions and to test the effects of process changes \

' - The, cheapest, easiest, and quickest way to achieve 1ntegrated operatlon is - )
in 2 prototype plant rather than in'a commerc1a1 un1t The basic advantages

are: . ‘ ) o

]

3

' o Changes to méhz the plant operable can be ,Lmade"i'nfcﬁ"ewrja’p)idly' Y
and at lower cost becalr§e smaller equipment is used. : -

o More alternatives can be tested because their total 1mpact N
on cost and schedule is‘less. * '

o The prototype p1ant can be des1gned to process and test more
than one coal. : :

) o The failure to recognize a potent1a1 enV1ronmenta1 problem ‘
in the prototype plant has a less severe effect on the shrround1ngs ) T
© ' because of the relatively small size of the fac111ty "
. . ;

Not the least advantage of having a series of parallel prototype plants .
of' 1ntermed1ate size (300 to 1,000 TPD) is the ab111ty to operate thesﬁzplarﬁts
on a variety of coals that will respond in- different ways to each process. If
the plants are too large, it may be impossible tg, cover the great variety of
U.S. coals in the test program simply for economic reasons. rA )

Finally, regardmg the appsopnate size of the prototype p1ants, : _he -

i

1argest of the German hydrogenation reactors processed around 500 TPD, o -

»

. ‘s
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s I .

. © 45




ot _ ,V_,_.,-Q : A . LI . .
o, S

which is a e'g“rnall figure compared to the proJected needs fo{r synthet1c 11qu1ds
Current ¥nited Sf:ates development hopes to reach 2,000-3, 000-TPD
reactors at 1&ast in the fir st generation of commercial liquefaction,units
'EV¥'én in these sizes, multiple process trains will’be required. - - *
. The proposed pPrototype.plants seem to fall somewhere ‘hetweeh the
 demonstrated G&¥man capacity and pos s1b1y two to_thhee, times that rate. .
This appears prudent to the Task Force. Sat1sfactory esults at that-scale
will permit. a safe xtrapolat1on to the full commerci 1 s1ze% in tthe range
from2 :1to5: f.udependmg on the proce 8s; in fact, certa1n‘othe§ crucial
“'items of equ1pmevnt (heaters; pumps, exchanger 8) would reduire no extra-
polation at all, %since mu1t1p1e un1ts would imevitably be needed. - N ,
' Program/CosU Each prototype 11quefact1on project would cost between
$75 and $125 million. It is }1ke1y that eaeh project would require substantial

'g\overnment support in addition to private’ cap1ta1 In tlﬁls regard, "the Task ,

%

Force urges that government sponsorsh1p be deS1gned to encourage th e

' estabhshment of poss1b1e Proprietary positions in ‘terms. of patents and know-

“how for p‘yrlvate industry involved in the: effort ‘The gxpertise requ1red for: .«

succe§'sful conduct of. such a program is s1mp1y not to be found anywhere
except in the private énergy industry; and ‘in order to maintain a compet1t1ve
spirit and draw the best technical talent to this program, some reward for «
guccess must be available to those who commit themselvés to these projects.
The Task Forcé believes apgropriate arrangements can be made to take -
advantage of pr1vate enterprfse expertise and still safeguard. ‘public, interest.

Conclusion. The T‘aﬁ Force beheves that an aggressive liquefaction -
'development ‘Program should be a-major cornerstone of the lon&-range _supply
of liquid fuels,. even though the 4otal volume forec\ast for production by 1985
ig qQuite small relative togother feels. : \* \ sl

Methanol.. The production of methanol is a spec1a1 d‘ase of 11quefact1on,\
~-similar to the Fischer-Tropsch pProcess and fo the productlonf'of synthet1c —

methane The cost qf this fuel dehvered to con“Sumers will prébably falls -

close to that.of coal-based methane ‘becduse of methano‘l's low transportation
cost. Methanol'is produced now but is not generally used as fuel; and la .
scale application in transportation, for example would need té'be prece%ﬁ
by additional major use tests in the United States. Other Currently feasible’

uses are as fuel for peak-load gas turbines and as”replacem“?ent of fuel oils . ", ¢

or, low -pressure gas for industrial and home heating. =~ -

’ .
Production of methanol from coal is as well or better demonstrated than

) productloh of methane, The ‘Task Force, therefore, estimates that some
methanol could be included in. the range of g:o/d‘based syn’thetlc fuels by 1985
© although the market outlook is quite uncertam. ' T -

&

‘This then 111ustra,tes the position of synthetlc fuels from coal: s

! . Q 'r" . . ~ A . ‘w ’
. - y

.,”~ o ‘Methane from coal is reaﬂ-y'for\lmmedla\te commerc1aLa‘ 11catlon.
o Methanol is almo st a8 ready, bu\t commei'lcal scale uses o take

4
»
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f IOWer tra sport cqsts are yet t.q be deyeIOped
Ll,quefa.ctto processes using hydrogena/,hqb are not

ready fo prese t use, but R&D started 1mmed1 tely and generously
fu.r’gl uld lead to large-scale use starting'in, he late 1980's.
.Coal pro esémg for power pla Jgse/. including gasification, .
liquef cte'on;, stack~g 8 scrubbing, and md Hed combustion, will find
commyer cial use due to the varteq requ,ireme/its of the power industry

(See Chapter 5). '~ . X ‘ SN

. o . ,/j g '
Estimated New Production - I .
e /
= In view of the lard® captta.l requirements and the high element of risk
involved with all synthetic fuels from coal, the Task Force concluded that the
estimated maximum production in the next 10 to 12 years m1ght mclude the

fo llowmg fac111t1e s:

T~
o Constructtbn of 20 :new 250-million CFD methane-from-coal plants.
o ‘Construction of 8 new 40, '000-BPD methanol-from-coal plants.
o Construction of 10 new 30 000-BPD coal hquefactton plants. .

~ The proposed pfogram is summarized in the followmg table. The
Task Force felt that this would be an ambltlox?rogram mvolving some
$16 billion to’ $22 b11110n of capltal expenditures. :

ESTIMATED 1985 COAL- BASED SYNTHETIC FUELS

(Based on Western Coal) . . .
- . . - . . : v
. o . InpuE==t K Progduction __
A ‘ K .+« (MTPY of Coal) (MBPD) .
‘At Mine , * - S, } .
G High-Btu gas -~ - 150 0.8 |
. Methanol, <~ ' 60 0.3 . "
Syngrude . : ‘ 50- 0.3 ’ ,
" Total j . 260 1.4 -
e \ . . -

Qa‘ = - - 1 ! il . -
Medium-=Btu : «, 50~ 0.3 \
gas o » { ' ‘

aB_‘a.sed dnuse of 8, SQO,‘Btu/Ib”vvestern coal. ° - 7
& ‘ 47 PO \ =
'fz 5 5 ¢
4 ~ ‘»




Possible Government Acfions R

7
u

If a domest1c coal-based synthetic fuels industry is desuable, it
would be enhanced by the followmg government actions: )

‘o Approval of Gasiﬁcation'ProJects. The government could
assist companies who have annbunced methane:from-coal plants in
achieving prompt approvals for constructlon. ‘ ‘

o Sponsor Liquefaction Plants. Because of the hlgh risks in-
volved in extrapolation of this technology, partially government-financed,
competitive parallel demonstratlon projects céuld be undertaken. based on
logical industrial program. plans.

o Allow Proprietary Patent Positiotts«. If the best technical and
‘managerial talent is to be attracted to the creation of a vigorously com-
petitive synthetic fuel industry, proprletary data, patent rights, and
.know-how should be safeguarded. . “

On the last point above, it is recognized that the government may be
involved financially, particularly in the creation of coal liquefaction plants.
If privately developed processes, as well as background data and know
are not protected, then industry will pot be in a position to recover prévious
expenses., If foreground process assistance by the government threaténs
background data and know-how, industry having such process experience .
will not want to part1c1pate. Furthermore, wide dis¥emination of fore-
ground and background rights and data seems inconsistent with establish-

ing a vigorous, competitive industry, : - .

The extent of government financial support could be reduced, pro- .

' vided there is a willingness to so interpret the antitrust laws as to encour-

~ age cooperative R&D activities and thereby spread the risk, while preserv-
- ing competition during the production phase. '

ow, - .
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Chapter 5

ELECTRICAL POWER GENERATION

INTRODUCTION AND dVE'Rv'IEw. \

_ Electrical power generatxon is such an 1mportant converter of primary

' ‘. energy that it is appropriate to smgle it out for special discussion.’ Electric

power generation has been increasing at a rate of almost 7 percent per year, .
whereas the rate of increase for all forms of energy in the United Stateg is

about 4 percent per year. In1973, power plants consumed the followmg por-
tions of the U S. prxrna\ry energy resources.

~

» ~ '
) ~. LU

POWER PLANT PRIMARY ENERGY CQNSUMPTION 1973

Percent Con umed in

Resource ' Electricity Generati\gn ‘
Coél’2 ) . 64
Uranium ’ . 90 \\
: : Hydro and geothermal - 100 N
Oil andjas2 o 13

Some existing power plants have a substantial capability for primary
fuel substitution, -and there are several fuel choices for new generating units.
Such fuel substitution can help place more of the Nation's energy use on abun--
dant domestic fuels -2 that is, nuclear, coal, and renewable resources,
The overall power generatlon picture will be dxscussed in several ' , -
N ,

.sections as follows‘ , . T e

< ) o .Coal-Fired' Power Stations
| s 0 Nuclear Rower Stations




»

‘Nuclear Fuels

Renewable Resources
Oil/Gas-Fired Power Stations
Transmission and Storage .

!

‘ Because there is no substantial capacxty to store elbctncxty, supply -
demand relationships are measured in essenhally instantaneots terms.
"Energy consumption(Kwh) and peak capability (installed and available kw) are
separate subjects, and both are important. Daily, weekly, and seasonal
variations in load affect both of these and require that some power genera-
tion units be predominantly steady-state (base-load), while other units vary
with load swings” (cycling), and yet others are started up solely to meet short-
term peak demands (peaking). . :
Typical domestic variations in weekly electricity demand are shown ‘
“in Figure 3. In addition, there are wide variations in the hourly load and
substantial changes in seasonal loads. For instance, in some parts of the
country, because of air cgndxtlomng, the summer peak load is 40 percent
greater than the winter peak.

©
v

FIGURE 3 U.S, TYPICAL WEEKLY ELECTRICITY DEMAND
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The capacity required’ to satisfy such peak loads is greater .than the
base load, and any steps to make demand more umform would make the over-
all generating system more economical. :

- Utility economics govern the allocation of plant types to these various
services. Loading of the grid usually occurs by scheduling the largest and
lowest-operating-cost genera.tmg units to serve the base-load energy require-
ments first and then adding smaller, less efficient units as required to meet
the peak loads of variable duration. Plydroelectrm power, despite minimal
operating costs, is utilized more and more for pea ting in many areas, because
- guch capacity can be added economically even though overall generation.is’ '
limited by fixed water storage. :

For peaking plants, high fuel cost is much less lmportant than low
‘«capltal cost; while in base-loaded plants, low operatmg cost is the n’nportant
parametersr ther than low capital cost. - - :

Of the 1 stalled capacity today, large coal- f1red ‘power "stations are _
predommantly basé-loaded, as are nuclear units. Oil- and gas-fired plants i
may serve as base- load sources in some parts of the country but moré typi-
cally would serve a cyclx\ng‘functmn. Older coal-fired plants in some seetors
of the country also serve the cycling function. In some areas, gas turbines-
plus hydro units provide the,peaking functions. A o

COAL-FIRED POWER PLANTS
v}

Because demands.on Qrude oil and gas are to be dlmmxshed one
major way is to stress nuclear," hydro, geothermal and coal resources for
our electrical power generation. - .

While coal-fired units have supplied both base- load and cycling func--
tions; part1cularly in northeastern utility systems, modern coal-fired units
have tended to become more inflexible; and the largest units today provide
mainly base-load power. '‘Growing particulate, sulfur, and nitrogen oxide
stack gas emission controls have caused losses in both flexibility and avail-

“ability. High degrees of superheat, high pressures, extreme water treatment,
many stages of feedwater heating, cooling towers, precipitators, and now

SOz removal process equipment all have combined to ‘make the modern coal- *
fired station a complex process plant. ,

Some years ago, the promise of low fuel costs and the clean air as-
peéts of nuclear plants began to attract attention from the electric utilities.

 In addition; the utilities foresaw a potential freedom from the month- to-month

dependence on continued flow of coal from the mines and over the railroads.
With strengthened environmental standards in the offing, new coal-fired plants
began to suffer from seridus inroads made by new nuclear plant orders and .
accelerating conversions to oil and gas f1r1ng :

As regulatory and equ1pment del1very delays began plagumg the: rruclear

~ construction program and the opposltxon to burnmg hxgh -ash, high- sulfur\coal
. :

R
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Aered momentum, more orders went for oil-fired statlons to fill the gap
/bemg rapidly created. The cr1ppl1ng black-out in the Northeast in 1965 led

to increased gr1d system interconnections, and the rising sumx‘ner peak loads

in later years led to greater numbers of gas turbine peaking units. All of

these factors increased the moves toward gas and oil firing, until natural gas
producers began to refuse to.renew or make long-term gas contracts and until

- the ll<nation Orga‘mzatlon of Pétroleum Exportmg Countries (OPEC) began

serious oil price increases. Predictably, the recent oil embargo has turned
many utilities back toward coal firing and, because of air pollution regulations,
toward western low-sulfur coals. : o

- . _ | 11
197_3 ESTIMATED COAL-FIRED POWER STATIONS
. . . o\

- Type. LR . Gwe Installed
- As bn‘llt ‘ea'stern coal ' 163 -
S As bullt western coal K 10 '
. Conversions to oxl firing (30)
- _143

R emammg coal -
S A : i

@
E5Y ¥

Since the'mid- l960's, a number of coal f1red stations have been con-
verted to oil firing. These changes occurred at first because of economics,
but accelerated later because of stack gas emission standards regarding sul-
fur. Some 400 units amounting to about 30 Gwe have been converted to oil in

. the past 10 years, and about 20 percent of these have either sold off their coal

storage pile land, built additional units on the land, and/or removed coal and
"ash-handling equipment. The result is that these latter converslons are
essentlally irreversible now.
- In addition, there are ex1st1ng units that, although they still have
multiple fuel-burning capability, ‘cannot obtain approval to revert to coal
firing because of environmental regulations. Because the law requires use
of the '"best possible techQnologj?, " there has occasionally been a refusal to
allow coal burning of any sort, mcludmg low-sulfur coal, even though the sul--
fur content may be nearly the .same as that of the oil currently bemg burned
The result is that oil that c0uld be d1verted to other liquid petroleum uses
continues to be burned.
One example is Consolidated Ed1son, s Ravenswood plant Unit No. 3,
. providing 1,000 Mwe in New York City, which formerly used 0.9 percent

. - sulfur-coal (equwalent to perhaps.l. 25 percent sulfur oil) and in the winter

of 1973-1974 burned up to 1. 5 petcent sulfur residual fuel oil part of the time.
The city and Federal env1ronmental agencies refused a request to cohvert back
to coal. This decision, aimed at a marginal reduction in SO emission, re-

sult_ed in an additional fuel cost of about $100 million per year and also diverted. .

- N - . -
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almost 1 1/2 million gallqps per day of liquid-hydrocarbons from other purposes.
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The Task Force takes no position regarding the merits of this »partiCula'r de:
‘cision but ddes want to stress that when trade-offs are involved, including
health risks and other environmental effects, these trade-offs should be quan— -
tified and made, known in terms the public can understand. ‘ :

. Rapid éxpansion in installation of new coal-fired stations w111 be hin-
d'e@ by some of- thz same problems that n\}clear units encounter, namely,
lack of water codling, lack of approved sites, 'and restrictions on environmen-
tal emigsions. Even in entirely rural areas and in well~ventilated air basins,
coal-fired power plants are. required to employ the same emission control
standards and SO removal processes that urban power stations are being re- | .
quired to use. The réliability of SO2 removal units has not been demonstrated\
but air pollut\{on control authorities have heen reluctant to grant waivers or,
variances for" even short periods of time, reg%rdless of meteorolog1ca1 condi-
tions prevailing at the time. . Thus, an entife major power plant may have to
be shut down because of fa11ure of-ancillary equipment.

o ’\Because of this, the electric utilities have been reluctant.to become-
dependent on SOz removal process equipment, which is not only expensive but
algo threatens the entire plant and system because of p0551b1e forced shutdowns.
A great deal more effort must be applied to achieve a reliable system for use
on coal-fired units. One way to increase the momentum toward this goolj,v‘ uld

.

tain a plant on-line in case of SO2 equipment failures and to sponsor comrsider-
. "ably more effort toward develop1ng reliable operating pro"cess equipment and
regeneratwe units ingtead of throw- -away processes. As oil prices increase,
coal, even with SO2 scrubbing equipment, will become more attractive:

Although SO2 scrubbing systems have not yet shown demonstrated
reliability -on a commercial scale, it seems likely that practical processes can
be achieved. Their importance can hardly be overestimated, since the current
limits on SO2 emifsions provide a major stumbling block to wider use of coal
for power. Stack gas scrubbing is expected to be more economical than the
use of low-sulfur oil or synthetic fuels and would permit the desired substitu-
tion of coal for oil and gas to proceed more rapidly., It is one of the few things
that can be done to improve domestic energy utilization without causing ser1-
ous environmental problems. AdJustment of the rate structure to cover the
cost of SO2 scrubbing might{help accelerate the development and use of such
systems. - -

Another approach to controlling SO2 emissions could be the intermit-
tent control’of stack gas emissions. Burning of h1gher -sulfur coal would be
permitted only during periods when atmo spheric conditions dilute the concen-
trations of SO2 below the primary air quality’standards. Although the effec-
tiveness of this technique is controversial, it is a possible solution under
certain favorable atmospheric c1rcumstances and should be examined as to
meteorological environmental consequences. v

?
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Yet another approach to controlling SOz emission is the use of fluidized

'bed combustion in Which a material, such as limestone, is used as a bed mate-

rial. "The béd is kept Tluidized by the combustion air and by the flue gas result- -

'ing from the combustion of the coal. The limestone is calcined to lime, which

reacts with the SOz and oxygen in the flue gas to form calcium-sulfur eompounds.

When used on a once-through basis, high limestone feed rates are reéﬁn’ed if

SO, removal of 90 percent or more is to be achieved. Some méthod of regen-’

eration of the calcium-sulfur compounds back to.lime is desirable in order to

reduce the solid waste disposal burden created by the high limestone feed rate.
While considerable technology already exists on fluidized bed combus-

'txon, d,emonstration of this technology for steam boiler application is just

getting underway A 30 Mwe atmosphenc pressure unit is presently under

~ construction and larger units are be1ng designed. In contrast to some of the

50, stack gas removal processes, fluldlzed bed cémbustion can only be used .

in new boiler installations. This important limitation, coupled with its early

stage of deve10pment‘ would probably limit the lmpact of fluidized bed com-’

bustion“to the period well after 1980. / .

Estimated Installed Capacity‘

-

After study of the problems fac1ng the coal mining, coal transportation,
and power-generating industries, the Task Force concluded that coal-fired- power
plant additions by 1985 could amOunt to 180 Gwe, for a total installed capacity
of 330 Gwe. " Included in this total are 20 Gwe of oil conversions. that could be
reconverted to coal firing in the next few yea{s if suitable variances or regu-
lations can be administered to encoquage this.. v

Some conversion of thé oil- and gas-f1red units across the Southern
United States to intermediate-Btu gas made from coal could also be considered.
Economics dictate that such coal be |delivered to the consuming area and then
converted to gas. The market forces that would influence such conversions

~are unavailability of natural gas, low-sulfur crude oil, or low-sulfur residual ' °

oils. The price of medium-Btu gas will not be low. Also, the use of gas from
coal is lesh efficient thermally than the direct burning of coal. =~ -

i On the other hand, power costs for cycling and peaklng plants are not
overly,s,enéltive to fuel costs. This is one method of shifting more-burdens
onto coa!l at a cost less than that of converting coal to high-Btu pipeline quali-
ty gasl | The Task Force estimated that a probable 1985 installed capacity for
such’medium-Btu conversiond mlght’ be 20 Gwe and further observed that the :
technology is available now at.commercial scale to effect such'conversions. |
Some power unit derating may be involyed. '

il
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ESTIMATED 1985 INSTALL D COAL-BASE;b PLANTS

1985 Gwe -~ 1974-1985,

: Installed Additions
Coal/lignite-fired steam 310 +167
Oil reconversions . | .20 .+ 20
Medium-Btu gas conversions 20 ' + 20

Total ' 350. +207

'The magnitude of this expansion would be about $60 billion in new
facilities and conversions by 1985; In physi’cal terms, this would mean:
o Reconvertlng 5 oil conversion units per month for 4 years.
o Designing, construct1ng, and bringing on- ~line 2 new 700 Mwe
coal-fired units per month for 10 years. '
o Designing and manufacturing 24 new 700 Mwe turb1ne generators
every year for 10 years. ’
o Designing and erecting 180 new 2.5- MTPY coal-fired furnaces.
" o Purchasing and developing 50 new plant sites.
o Designing, constructing, and starting up 10 new medium-Btu
‘gas conversion plants to supply 50 ex1st1ng gas-fired units of 400 Mwe
each.

«

-~

: These requirements are within present industry capabilities. " The
conventional steam tirbine-generator business is a mature industry and no
" shortage of.capacity is expected in this area. In 1972, the industry shipped
" a total of nearly 28,°000 Mwe of turbine generators. Based on 1973 backlogs,
more than half the 1ndustry capacity is estimated to be in units of 800 Mwe
and larger. 12 The same conditions generally apply to the fossil fuel steam
supply industry..

. Possible Government Actions

*If expansion of coal-fired power generating capacity is desifeﬂ, it
' coild be enhanced by the following government actions:”
o Establish Variances. Air pollution agencies could establish
a policy providing that under favorable weather conditions variances on '
stack emissions could be given where SO, removal process equ1pment
reliability problems are encountered. .
. o Improve SO, Scrubbers. The government could help accelerate
process design and reliability improvements in SO2 scrubbers by carrying
out additional competitive parallel design~ supply—test programs with a
number of industrial teams. f
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‘o Intermittent Control. Regulatmns could be adopted to provide

! / / (on a long- term basis in order to prov1de stability for coal supply and plant

investments) that h1gh sulfur fuels, particularly coal, would be burned as /
long as the ambient conditions at ground level, as continuously monitored,
did not exceed specified limits. If these were exceeded because of meteoro-
hlogical or other conditions, then the plant would be requlred to switch to low- .
sulfur fuels, reduce output, or shut down. Such plants would usually be
designed with high stacks and other provisions for ‘diluting the stack. output
and reducing ground-level concentrations of SOp. Such provisions would re-

, qulre considerition of the hazards from sulfate production that might affect
areas at a great distance from the power plant rather than t’he immediate

-" ——surroundings. -

NUCLEAR POWER STATIONS - ) ’

< ___ After more than 30 years of research, de\felopment and large-scale
demonstr’?/ons, nuclear power plants are now being utilized on a rapidly )
increasing scale hy electric utilities in the United States, Almost all nuclear
units are so-called light-water reactors, ‘although gas-cooled reactors are

receiving increasing attention, v ' o
‘ Backgrou : T : ,

i . 7.
Until about 18 months ago, Atomic Energy Commission (AEC) and in-
dustry projections of installed npglear plant capacity were about 150 Gwe by -
1980 and about 300 Gwe by 1985. In early 1973, the Atomic Industrial Forum
completed a study that indicated that 150 Gwe could be achieved by 1980 and 365
Gwe could be achieved by 1985 if positive action were taken on certam licensing
and other issues. 4 , . _
Little effective action was taken on these recommendations and, as a
result, ‘the estimates for both 1980 and 1985 have again been revised downward. }
New AEC forecasts project that’under ™nost likely conditions only about 100 Gwe
of nucle?r power will be in operation by the end of 1980, and only about 250 Gwe
by 1985.7" .In terms of time, these sllppages correspond to about 2 years by
1980 and about 1 year by 1985. :
Just 5 years ago, about 6 years were requxred from mceptxon to on-lin@
' power generation for nuclear units. Presently, lead times for new ‘nuclear
units have increased to 9 to 10 years. It should be possible to reduce these
lead times once again to about 6 or 7 years, despite problems in obtaining
equ1pment and material in a timely manner. Present orders do, of course,
reflect current perceptions of lead times by the electric utilities. Expressed
in terms of relative fos 911 fuel displacement petent1a1 the 50 Gwe forecast

i
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difference in 1980 is equivalent to about 1.4 MBPD. Thus, this nuclear 1ant’

slippage is quite serious indeed. \ o
. ' , , : ‘ : . - 16

o NUCLEAR POWER STATIONS AT END OF 1973 o
Status P : . Gwe
Units with operating licenses - . . 25
Awaiting operatlng licenses = , " 30
'Constructq.on permits granted . 23
and under construction ‘ '. o
Construction permits pending - 60 '
and under design ) o e
Announced, but applications not yet f11ed 50 |
Planned but not announced \ - ' ca. 20

R | * Total o ~ 208 .
‘ R ' s

: : . %
It seems cleak that any pohcy seeking to minimize dependence on
1rnports and to conserve fossil fuels must consider assigning a high priority , ,
to the acceleration of the installation of nuclear plants. As a condition for
this acceleration, nuclear power plants as now designed, .built, and operated «
would have to)e recognized as adequately safe, environmentally desirable, .
and strategically necessary. Such recognition would eliminate the current cl
practice of redeciding orreconfirming that same conclusion several times over
- for 'each individual project. - .
l One of the serious problems of the nuclear power “industry is the AEC
""‘Z licensing process. This procedure involves filing an application for a con-

ruction permit. Each application must be accompanied by a Preliminary
Safety Analysis Rep yrt (PSAR) and an Environmental Impact Statement (EIS).
These take about 3 years to prepare for a plant on a new site. The PSAR is -
" reviewed both by the AEC licensing staff and the Advisory Committee on Re- -
actor Safeguards (ACRS). When these and the.environmental réviews are
completed -- it usually takes about 2 years -- a public hearing is held at which "
\)he findings of these reviews are presented : and intervenors are given an oppor-
tunity to challenge the findings. ’ ~ :
'The construction permit, when issued, allows the physlcal construction
of the plant to proceed; and, when the plant is completed, essentially the entire
process must again be repeated with submittal of a Final Safety Analysis Re-
"\ " port (FSAR). Once again, public hearings are held before an operating license
is granted Even then, the license may not grant permission to operate at full
pawer; and AEC inspection procedures after operation has started tend to make~ I
_AVallable for power operation a higher percentage of the time than )

v

-

seems.reagonably necessary.
These procedures had their origins in the early days of rap1d1y devel-
oping and changing/nuclear technology; and, while commercial nuclear power .
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_capacity at the end of 1985 will be no more than 150° Gwe, baped not simply on .
- delays caused by protracted hearings but on an assessment* f the sheer mag-

experience and know-h w has matured to a maJor md‘ustr today, the 11cens1ng:
process has not matured with it. v

For example, ‘under current procedures there are multiple reviews of
designs already reviewed and previously -approved. Many design changes must
be applied to plants already under construction or even alre dy in operation.
These changes usually have their origins in licensing procee ings on other
projects. This practice, called ''ratcheting,' is disruptive; and many people
in the industry feel that it is c0unterproduct1ve to safety, as e11 as the sched-
‘ules, costs, and public benef1ts ’

' Many people in the industry believe that reviews in det 11 by the AEC
staff and the ACRS are counterproductive and wasteful of limited engineering
manpower when applied to duplicate plants, twin units, or plants conaisting of
‘units, modules, or systems a1ready rev1ewed and 11censed by th AE{C
/

Estimated Capacity Increases ;

If the licensing problem can be ameliorated by more efficient procedures,
the Task Force believes that about 125 Gwe'might-realistically be expected to
be operat1ng by the end of 1980. “While the 365 Gwe postulated by the'AlF no
longer appears likely, it is believed that a deterinined effort could ead to 325-
Gwe being in operation by the end of 1985. " This would d1sp1ace the equwalent
of about 8 MBPD of oil by 1985. : : °

ESTIMATED 1985 ‘NUCLEAR POWER CAPACITY

| 1974-1985 " 1985 | .
AN ' Additions, , Capacity, _
-~ Type Gwe - = Gwel, RN
"Light water reactors  +280 305 \ '
+ 20+ .20+
Nil© - Nil

Gas-cooled reactors

Breeder reactors-’

Total +300 325

* o

N

. Expressed in average physical fac111ty terms, the add1t1on of 300 Gwe

of nuclear power by 1985 could involve: ;

”

i

One member of the Task Force believes: that the maxu'nurn 1nsta11ed nuclear

nitude of the task.

“ ' . s

o
¥ ) \ N ’
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o Design. and construction of an average of two.to three new nuclear ‘
units per month for the next 10 years. : a
o Fabrication and dellvery of an average of 30 reactor pressure V/essels

10 years.
o Recru1ting and tra1nﬁ1g of 30 to 40 thousand plant opérators

-~ .struction of those units already. be1ng manufactured and constru ted. About

© 138 Gwe are already in the “'pipeline'’ up to the 11cens1ng stage. The estimated
installation of 125 Gwe by 1980 would be enhanced, 'if the following actions were .
taken by the governn}‘ent- : &

o Approve Géneric Designs . Construction permits,/could be granted
on demonstration that a proposed plant is a duPllcate of on previously °
licensed or that it cohsists of systems or modules prev10usly licensed -- with e
verification of details later. N

o Reduce Retrofitting. More mature judgment and 1ncreased senior
attention to des1én changes on licensed plants durmg construction could ameli-
orate this disruptive practice.. .

_ o Separate Antitrust Matters. Antitrust cpnsi erations could 'bej
separated from safety and environment réviews and treated separately.

o Grant Operating Permits. Operating permits could be granted
upon cert1f1cat1on that the plant has been Built and tested. in accordance with

‘the construction permit without a new public hearing. .-

o Accept State and Locally Approved ‘Sites. . Sltes that have been
reviewed and approved by a. sta'te or local agency regarding environmental
meact could be certified W1thout ﬁnrther review, prov1ded that the basic

.« requirements of the Natlonal‘ Env1npnmental Protectlon Act (NEPA) have been
satisfied, : ‘ s .

In.order to achieve 325 Gwe in operation by the end of 1985, . it would .
be necessary to initiate an average of 25 new 1, ZOO-.Mwe units each year during”
the next 4 years and have these licensed and built together with those now
undérway. This is less than’the rate of new orders during the past 2 years, ..
‘The Task Force believes that this is.feasible if the governmene gives particu-
la&r attention to reduc1ng the time per1ods required for preconstrucgion agtivi-
ties. Government actions, in addition to those already cited, that would enhance
this would include: :

/

.




' T~ © Preapprove Sites. Special boards or some comparable mechanxsm
could be established to reviéw proposed sxtes, assess environmental impact,
. hold publie héarifigs ‘on ?It'éwré‘f"te'd"’ﬁsu"es':% ﬁender an approval- disapproval
decision within a reasonable tune, perhaps 6 to 9 months. o # .
o Reduce Unnecessary Environmental Report Efforts. A’'more effi- .
cient review process could be achieved by reducing the volume of environmental
data requxred eliminating '""baseline'' data delays, reducxng duplic¢ation of ‘
" information, adopting/ uniform criteria, accepting generic reports, and_elujnina-.
ting muitxple envir ental reports. & . _ - s
‘ "o A pt ‘Standard Generic. DesxggProcedures. The government could.
develop, baged on odular ener1c designs for equipment and plants, a stan-
/ g€ Pro cedure that would prov;lde for "'standards and cr1ter1a for .
systems, arrangements, and materials. ’
Reduce ACRS Reviews. The ACRS could be limited to revxewxng .
fls, major modifications or special problems, broad problems of

defxnxtxo u and consxderatxon of new types of reactors and equxpment. T

l

" on J.mpor,tant 1tems could reduce the demands on trained personnel, shorten
schedules, and lower costs without lowerxng quality of the product.

»
- - 1

A final poxnt should be made here. If the licensing period for nuclear
plants was suddenly shortened by alleviating some or all of the constraints .
just discussed, we would be faced with an even greater manpower shortage
than exists now, both in the field and in design offices. To‘balleviate field
manpower problems, more rational quality assurance and qua.ht}r control
requxrements are ngeded and the frequent practice of retrofitting should be
‘reduced. - Tp help stretch engineering manpower, it would be advantageous to
reduce ur\necessar}r detail in regulatory questions as well as to reduce required
desxgn changes. If these steps are not taken, it is doubtful that available man-
power would be capable of handling the work that ‘would be thrust pn the industry.

“
1

NUCLEAR FUELS = | T a

- v o - ' . \'"
Rapid growth of nuclear power.involves many,;questions relating to v

nuclear fuel <+the provision of adequate supplies of fuel, usually as low-gnrich-
ment uranium dioxide clad in zirconium, and disposition of spent fuel, usually
involving storage "and transport to a reprocessing plant where the uranium,
plutonium, and radxoactwe wastes are separated. In addition, there are ques-
tions not only with' respect to storage and disposal of radioactive wastes, but
also with safeguards agaxnst theft of fissionable or highly radioactive materials.

-~ ;o
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Uraniurri Mining and Mill{ng

It has taken an average of about 8 years from the time uranium explora-
tion is initiated until substantial production is achieved from new mines and
~ .mills. The variations from this average can be substantial due to uncertain-
ties of exploration., There are fgw reasons to believe that this average can
be shortened significantly in the future, dnd it may be lengthened if exploration
ip less successful. Domestic uranium concentrate (U30g) production reached
l7 §00 tons, per year (TPY) in'1960, but declined to about 13, 000 TPY in 1973.

-1973 ESTIMATED URANIUM MINING AND MILLII}Q'

e

. L o Item ' ' - TPY 3'308 (
- 1973 production output , 13,000 .' "\\
Standby capacity - _ - 5, 000 ' \

N 18,000 B N

b3

-. % Total capgcitf

- . A

The quantities of uranium neede in the.futurer depend not only on the
rate of increase in operating nuclear powtr stations but also on'the amount of
fissionable U232 remaining in the uranium\ailings after enrichment. It also
depends on whetl'iej:g or not plugomum recovebed is used for enrichment in place
of some of the U ; : ‘

" While the concentration of U235 in enrichment Blant tailings is largely
~an economic questxon, the use of plutoniurn for cormmercial enrichment is
currently prohibited by the AEC, ‘which'is examining'the licensing questions »
invelved in using plutonium- enriched fuel. The AEC has promised to resolve
these by the end of 1974. This is extremely important, be se an inability to
count on plutonium recycle would increase future requirements \
and u¥anium enrichment by as much as 30 percent over the figures es

°

above. e s . L
. Although the situation is changing rapidly,-the rate of uranium explora-., ”
" tion has been very low, largely becau e of the depressed market This has %

uranium which, . taken with the long payout combined with high interest rates,
have made speculative p g-an unattractive gamble. Imports of uranium
into the United States for use domestically have been prohibited, but with the
proviso that imports would be allowed when: a ''viable" domestic uranium
minmg industry has been established. Reécently, the AEC proposed to relax

" import controls on thenb}‘sis of a graduated scale ranging from 10 percent for
© any one customer in 1977to 100 percent :in'1984. While this proposed action
. removes 'some uncertainties, many segments of the uranium mining industry

" feel'that it is still unsatisfactory and raises further. doubts .about the stability

and outlook for domestic uranxm/nhg. ! v

El




‘that from 50 to 100 uranium mines of 1,000 TPY or less must be opened in’- ~.

‘expansion of domestxc uranium mining, government actions that would enhance
i thxs could inqlude . :

. requ1rements to a greater extent than being done today. One way to do this is
to require, that a utility shall have committed itself to' purchase fuel for-some
: reasonabl%erxod of time as a condition of receiving a construction permit. ’

could nge added incentive te the uranium mining industry in the near future.

The irr\portation of uranium would not be consistent with a concept of
self-sufficiency. There are serious questions as .to the amount of uranium
that may be aviailable for import, because nuclear power.is growing rapidly in

the rest’of the world --at a rate about equal to-that in the United States.

With 325 Gwe in operation at the end of 1985, uranium requirements
in 1985 would'be about 80, 000 tons, assuming use of plutonium gecrycle
' Production would need to be more than quadrupled by 1985 over the -

maximum ever achieved in the United States. In physical terms, this means

These mines and the associated exploration and development
programs,  alon ith the associated mills, would involve an investment of
about $5-billion. Neverthelesa, the Task Force judged that produc)&ion of /
about 75, 000 to 85,000 TPY of domestic uranium could be achieved.
If it is desired to provide adequa!

thenext 10 years.

uranium supplies-and encourage

» P

o Resolve Plutonium Recycle. Resolution of pluton1um recycle

licensing quest(s')ns would be needed-within 1974. 7 .-
'~ o Resole Imports of Uranium. Resolutxon of the x.mport issue

would be needed at an early date to provide the basis for large new invest-
ments in exploration, mine development and mil® ¢ constructibn by the mining
companies and to instill confidence in thexr customers that adequate uranium
supplies will be available. -~ " . - .S

‘o Make Government Lands Available. Many attractive uranium explora-
tion and production areas are on publfc lands; and access to.these under approp-
riate conditions, including reqtoratxon could be 1mportant in expanding the s,
uran1um resource base. : . '

‘o, Efcourage Long-Term Uranium Contracts Electric utility customera
for uranium fuel could be encouraged to enter into long-term contracts for their

& e

enrichment operationa is questionable. Under condjtions o otential future

~ o Maintain the Stéckpile The wisdom of ""working off'' the present S
stockpile of uranxum, currently about 50, 000 tons, as aiga\rteof AEC contract-
uranium shortfalls, it would'seem prudent to maxntam this as a Neserve, which

*'At,least one member of the Task.Force feels that the success of uranium\
) exploratlon efforts may be the limiting factor in achxevxng nuclear power

goals.. T ‘ -0 , 5 - : )
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i Uranium Enric@ent . ,

/
/
{

{ . The enrichment of uranium from the 0. 71 percent /natural 0235 content
to the roughly, 3 percent needed in light-water reactors requires large and
- expensive facilities that, if based on the diffusion process used to date, also
require large-amounts of electric power. The investments required and the
.- amounts of power needed are very large for each single project, requiring
.-on) ha order of $2 bi‘llion each and power supplies of about 2, 500 Mwe
for a ‘9 million SWU' per year gaseous diffusion enrichment plant. - The future ;
eq iirements for. uranium enrichment capacity depend on the growth rate of
_ e domestic nuclear power, industry and are also affected by plutonium recycle
». - and the tailings concentratiwon A lower tailings concentration uses less urani-
um, but requires more separative work. ' R
‘ \ | Another important factor in predicting enrichment demand, is that the ,
United States has been ‘contracting for and supplying substantial enrichment * :
services overseas., However, plans are underway to build large enriching ' '
. facilities in France\ the United Kingdom, Holland, and perhaps in other
v . countries; and the USSR is now offering enrichment services on a significant
scale and at attractive prices. :
. The AEC is presently the sole supplier of enriched uranium thhin the
United States and operates three enrichment plants with anpresent capacity of
. about 17 million SWU per year, which thh new, improved equipment but no
" " ne i power supplies is being expanded to about 23 million SWU per year by
' 198 A further expansion called the Cascade Upgrading Program (CUP) to
‘ “}:\ulion SWU per year is: scheduled for comPéetion in 1983 and will require
additional power supplies of about 1,300 Mwe. While a large part of the
added pgwer will be needed by 1980, the AEC does not have firm contracts for
this power supply as yet. To the extent that power, uranium, and operating
funds are available, the AEC is also engaged in.a preproduction program to
v stockpile enriched uranium for future use.
’ This overall situation is extraordinarily complex and has been covered *
in Atomic Industrial Forum (AIF) reports and Joint 'Committee on Atomic
Energy (JCAE) hearings at great length While the AEC has recently main-
tained that ‘new enrichment capacity nnght not be needed in the United States
before 1984 or even 13926-\ the consensus of industry appears to be that prudent
planning today must afticipate a large block of new enrichment capacity coming _
into operati\n in 1982 or 1983 at the latest, with additional large units added ‘
- every 18 months or-2 years for many years thereafter.
- g «"f Wilith estimated lead times of 7 to 9 years for design and construction,
. t is clear that initiation of plant expansion by entirely new facilities must get .
nderway very soon to alleviate the rising uncertainties in his critical area. '

L)

-’FAn SWU.is a separative work unit, not a physical quantity ' It defines the
size of an enrichment plant. °
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It appeats that industry would be able'to provide these neW\iacilities, but only
if some pubstantial issues are resolved in addition to the uncertainties dis-
" cussed above\. Some of these issues are: N
~ o The h}gssiﬁed status of ‘key enrichment technology, particularly
that concerning new processes such as the gas centrifuge and the laser.
o The erntry qof private 1ndustry into the uranium enrichment market
which 1s presently monopolized by a government agency. »
» o A reluctance by electric utilities to consider long-term take-or-pay
centracts, which arises frorrei\numerous unce.rtainties, including the lack of
access to cladgsified uranium enrichment technology, under such contracts the
utilities would share the financial risks. ' 4
‘ o While overseas contracts can be important in establishmg financing
for new domestic enrichment plants, there are problems for such major long-
term purchasers/investors arising from the classification of information and
limitations on any significant foreign part1c1pat10n\{pt might\ constitute what
the 1954 Atomic Energy Act (Section 104 Paragrap ) refers\to as ''control"
without further definition. 1 \ ‘
" o The difficulties in ach1ev1ng a 1982 or 1983 startup are many in the
face of late resolution of these. broad issyes; 9- to 10 -year lead times for new
nuclear power supplies, 6- to 7-year lead times for 'new coal-fired power
supplies, which might not be controlling; and access to classified data granted
less than 1 year ago. to companies interested in building enrichment plants.
A
) Nevertheless, the Task Force believes that U S. @dustry can build
the new enriching capacity by ‘the time that it is needed using either the
diffusien p ocgss or ‘theXntrifuge -process or perhaps a mixture of both..
There are,| however, a number of actions that.could be taken by the government
to enhance the achievement of this end.- These would include the following:

o Reduce Classification. Enrichment data could be downgr‘aded and
declassifie‘d .perhaps converting most to a "proprietary" classification and
- making it available to qualified companies under proper safeguards. .

o Reaolve Supplies of Power. Resolution of uncertainties with respect
to the power supplies for the CUR would'be needed since this block of capacity
represents a significant difference in the time new additional capacity is ’
required. ’

o Resolve Plutonium Recycle Resolution of the plutohium recycle
question would be needed, since an inability to utilize recovered plutonium
would advance by 15 months the date by which new enrichment capacity would
be needed. 1% : !

aE/-Early Resolutions of Minmg Questions “Uranium availability and
i

separative work demand are inversely related. A shortfall of uranium would

“increase se ative work capacity requirements substartially and vice versa.
P y y
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o Utilization of Government Enriching Capacity. Resolution of owner-
ship questions relating to existing AEC plants and to marketing in.competition
with new industrial plants would be needed. The AEC proposes to sell out
1ts capacity first and then leave the market to industry, If it was to
stop contracting earlier, it would greatly facilitate the entry of industry, and
the uncontracted capac1t)r could provide a contingency supply capacity.

o.Resolve Foreign Involvement The allowable role of foreign pur-
chasers should be better defined, since théy will be supporting plant financing
through long-term contracts; and some may wish not only to have inputs to
pertinent data but also into the management of companies with whom they have
major contracts. -

.. 0 Allow Access to Foreign Process Data. Domestic compames should
have access not only to U.S. enrichment data buttalso to foreign data through -
AEC and/or industrial agreements so that they w111\ﬁave an deq\uate basis for
business decisions, including data on all potentlally competitive processes.
THls is now inhibited by AEC regulations (10 CFR, Part 25) even on an un-
classified basm \

The management of radigactive wastes, including storage and disposal,
does not appear to be a seridus constraint on the growtﬁ of the industry ’While
radioactive wastes are hazardous and inust be stored for \long .periods of t1me,
large amounts have been handled safely for long permds and new storage
methods are béing developed that should improve on the past record

‘ Long-term (100-year) interim and retrievable storage now being devel-
oped by the AEC will permit storing wastes produced through the year 2000

on a desert tragt of 100 to 2, 300 acres, depending on the concept selected, and
at a cost of less\than 0.5 pe\\cent of the cost of producing the related power.
Permanent d1spoéal in geologic formations appears feasible and attractive but
still needs adequate demonstration. Providing the basic facts and information
to the public in an u\nderstandable and credible form should de much to allevi-
ate unwarranted concerns over this matter. Su‘n1larly, the safety of transport
of irradiated nuclear fuel has been very high, and the conditions are even better
for. radipactive wastes that are allowed to cool for several years and then ‘con-
verted to solid forrmn. Again, the action needed appears to be that of communi-

Ll

Waste st posal

. -

kY

-

”’\cat'mg. this to the public in an understandable form.

~—.

“Safeg uards
One area of increasing public concern, and one that involves some
thoughtful trade-offs, is that of '"safeguards.' This is the problem of prevent-
ing the theft of fissionable or highly rad1oact1ve material for the purpose of
making a bomb or’ for other nefarious purposes. The problem is primarily
associated w h reprocessing facilities ‘and those fuel fabrication facilities

using hrghly enrlched uranium or plutonium. Fuel in power plants is of low
N
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enrichment clad in zirconium,’ amd usually in large heavy assemblies, and not
of the type that might be attractive. Irradiated fuel is highly radioactive as
well as being in heavy, cm\ble, discrete pienes shipped in containers weigh-p_ "
ing many tons.

.- Much thought has been g1ven o\tis problem and many procedures de-
vised for improving safeguards or de ing losses and diversions. However,
the simple fact remains that even a level of safeguards so. expensive.that
nuclear power would be precluded still could not absolutely guarantee that-
~ some diversion could not occur. Thus, .society must make a difficult choice --
forego nuclear powgr or accept a small but real risk The question is inter-

national in scope and applies to breeder and probably fusion reactors as well.

RENEWAB;,.E RESOURCES

q; o
%

0

There is currently about 54 Gwe of mstalled hydroelectric power
generatihg ‘capacity in the United States. 20’ Development of some additiénal
_hydroelectric sites that previously have been marginal will undoubtedly be
done, and the 1985 installed capacity could reach 75 Gwe. This total probable . =
increase is insignificant in the overall program necessary to satisfy the Nation's
new energy requirements.

) It is likely that watershed developrnent will occur for a different reason,
namely, to supply necessary water for coal- based synthetic fuels production,
for slurry. pipelines, for surface coal.mine restoration, and for shale oil
production and restoratlon. Water consumed in such activities cannot be used:
for hydroelectric purposes. : -

' There are other renewable resources, however. Cveothermal power has
been exploited for a long time, but it has never made a large contribution to the
“total energy supply. There are many small installations around the world -- in_
New Zealand, Italy, California, and elsewhere, All of these are near-surface -
installationsassociated with very limited volcanic areas or heat rigers in the
earth's crust. The steam is formed by natural groundwaters and usually is
laden with a variety of corrosive materials such as sulfur and salts.

Another type of geothermal power is the sorcalled "dry-rock" type,
where waters from the surface are injected to contact hot rack in deep wells
to form steam. This latter type of geotherrnal energy is being suggested as
a potential major source of electric power and heat. The development of this
technology to levgls ‘of significance before 1985 is difficult to-envision.

This is not to. say that development of geothermal energy. should not
proceed The Task Force believes that a logical, orderly program should be
carried out in those areas where geothermal power is practical and economi-
cal. Some have suggested a 1985 goal of perhaps 7 Gwe. 10 This would be a ,
very large expansion over the lnstalled geotherrnal capacity today, and it is
difficult to see it being accornplished However, even if done, it would be

extrernely small in relation to the Nation's power needs, being the equivalent
of about .2 M%PD ‘ :

©
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~OIL- AND GAS-FIRED STATIONS
There are many oil- and gas-fired units in 'base-load operation in some
_areas of the Nation. While jt might be desirable to\decrease natural gas use
for this purpose, oil-fired units must be utilized for many years to come,
particularly in cycling and peaking service. However, the lower the load fac-
tqr, the less fuel“’these plants consume. The function of oil- and gas-flred '
plants in the future probably should be to prov1de cyclmg ‘and peaking capabil-
ity, not base-load energy.

It is not practical to convert ex1st§,‘ng oil- and gas -fired units to coal,
since they have no provisions for coal storage, coal and ash handling, preci-
pitators, or SO remov%l equipment. Furthermore, the furnaces are too

-~ small for handling pulverized coal, and the plants would have to be derated. @, .
v Gas-fired units could possibly be converted to'burn medium-Btu gas .
from coal, as discussed previously. However, the cost o\f manufacturing and
transporting such gas is economically unattractive compar\ed with natural gas,
if such gas is reasonably available. The alternative is to felegate natural-gas-
fired units more and more only to providing peaking capacity. )

It therefore remains for nuclear and coal-fired units\to supply the bulk -
of new base-load power. Economic forces will increasingly qhvert available
liquid and gas energy sources to markets where they do not ¢ ompete. with low- '
cost nuclear and coal-fired electricity. Howeve#, SO, regulat\Lons m1ght- can--

_tinue to hamper the transition'tdé goal.
L8 y ]

OIL- AND.GAS-FIRED PLANTS

~

3

‘ ) 19732 1974-1985 1985
Type o Gwe ~ Additions, Gwe  Gwe
Conversions from coal 30 -20 " 10 o
Oil/gas-fired team 145 ,\‘ -25 120
Gas turbines & internal 38 . +12 . 50 - L
- - _combustion a

Total T 213 - =33 180 -
2Estimated from Reéferences 11 and 20. "

A's can be ilalplied _frpm'the-table above, the Task Force believes that
reconversions to coal probably will occur and’that about 50 Gwe of natural-
. gas-firing capacity could be diverted to oil- or coal-based medium-Btu gas.

-

TRANSMISSION. -~
* S :

v .

g L " Generation of electrical power requires a concurrent capability ~tfor
. .delivery to consuming markets, which are predominantly concentrated in urban
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enters. In the current’ proven gtate of the art, power transmxss1on is accom-
lished over maximum main transmission lines at voltages up to 765 kv. - Be-
cause of system imstabilities, di ficulties are often encountered at long dis-
tah ces. While 1, 100-kv svstems for htqher flows have been developed, no
major network.yet exists using such voltages. A 500-kv dc technology now

ts that is capable, of transmlsslon for! loncg distances well beyond 700 miles,
rease as solid-state technology

exi
Ac-dc conversioncosts are great but will de

imprioves. vt ‘ RN

’ The principal problems !at face the transmisgion industry are system
stability, corona discharges, and obtaining rights-of-way for overhead lines.
There is also a growing problemiin the divergence of the summer and winter
system peaks, particularly in Fezeral Power Commission (EPC) Regions 4
and 5. If this divergence continues unabated, excess pgeneration, transm1ssxon,
and distribution facilities will have to be installed solely to meet the sumrmer
air condlklonlng peak; and either électricity costs in general wil ise because
of the unu\sed capacity at other times, or the true costs of summer “air condition-
ing will have to be recognized. S

The Task Force concluded

be instrumental-in meeting trans

that the following government action: )}Q\ 1d -

[

.'1ssxon needs:. .

systems to, achxeve stability and d1‘ ers1ty ‘ :

STORAGE

Since high-voltage, alternatﬁng current electricity cannot be stored
it must be converted to othe&forms before storage. Present schemes take
several forms, including water stor age, compressed air storage, and
batteries. Briefly, the two maJor nechanical schemes absorb excess electri-
city during off-peak hours by pump1 g working fluids to a higher energy state
(elevation, pressure) and returning e ledtrtcal energy to the grid durmg peak
demand hours, usually morning and & evening. £

Pumped-storage schemes ar\ energy absorbers and capacity producers.
Therefore, while they fulfill a vital function to base-lpaded units on the system,
they are in fact energy-consuming units. For this reason, they are important
and valuable adjuncts principally to coal-fired and nuclear-generating unxts.
“About Gwe of pumped storage unit§ could be expected by 1985.

’ If the estimated nuclear.and cpal-fired power plant programs described’
earlier are achieved, a total of about| 500 Gwe of essentially base-loaded
capacxty will be installed out of a tota] of roughly 1, 000 Gwe in 1985. Unless
something dramatic occurs in consurn\ r demand to improve ‘overall load
factors, this base-load capacity would be too much. Hence, of the total 330
Gwe of coal- f1red capac1ty, about 130 Gwe: is expected to be relegated to

° . . ’ R . 2
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‘cyclic load. In addition, about 45 Gwe of pumped-storage undits could be used
plus perhaps ancother 50 Gwe cycling capability from the nuclea( plants that
came on-line in the 1970 5%1975 period. Since there is about 8 !Gwe of pumped-
storage capability today,” this estimate represents the addition of an average .
of 18 new 200-Mw?® pumped-storage systems every year for 10 years. .

OVERALL GENERATING CAPACITY (Gwe)

— - ‘ 1973 1985

Nuclear -’ ~ 21, - 325%
Coal (solids) , 1437 330
Oil/gas Ca7sR 130
Gas turbine & internal ' ‘
combustion 38 ' 50

Medium-Btu syngas -- v 20
'Hydra - ~ 54 : 75
Geothermal : Nil 7
Pu}np'ed stoggev _ 8 ' 45

Total : 439 7 982

"BAt end of year; average for year, 250 Gwe. -

EEstim‘ated split. Total fossil-fired steam was 318 Gwe. 20

-0
o

WATER ' . ' - ﬂ T
, Thermal power plants require substantial-amounts of water for cooling
" purposes. Whilethere are environmental effects from warming the cooling
water, the principal one is the evaporation of about 5 lb of water for each )
.Kwh produced. This consumption is about the same, whether the cooling is
once-through, cooling towers, ponds, etc. It would not, of course, apply for
‘air cooling. The power production considered feasible in 1985 would result
~ in the consumption of about 7 million acre-feet per year of water or about 27
gallons per day per person. This compares with overall freshwater consump- .
tion for 1970 estimated at 98 million acre-feet per year or 425 gallons per day
. per person, ) 3 . ,
The demands on freshwater supplies can be reduced by use. of seawater
r pawer plants located in coasta)l areas. Various coastal protection mgasures
ny states are, however, making such siting and use of seawater almost
jsible. ' _ , Lo S ;
The use of cooling towers reduces the efficiency of power plants, which
ncreases their cost per unit of capacity but also increases the amount
of fuel required to produce a given amount of power. Air cooling has been -
used in various areas on relatively small plants and might become used more *

b *
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widely in the Wnited States, although costs are high and the impact on fuel
consumption is also high due to the large reduction in plant efficiency.

) Typical effects on efficiency and fuel use are about 1-3 percent for
wet cooling towers and 10-15 percent for air cooling, as compared with once-
through water cooling. ;L

As the efficiency of water cooled power plants decreases, the amount -
of water consumed (evaporated) is increased since more reject heat must
be disposed of. For example, a reduction in efficiency of a nuclear plant
from 32-30 percent would increase the amount of cooling water needed
by 10 percent. S 1
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SHALE OIL
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" INTRODUCTION AND OVERVIEW .

[} w .
. The large oil-bearing shale ‘déposits in the Green River formation of
Colorado, ‘Wyoming, and:Utah have been estimated to contain some 1, 800 _

- | billion barrels of oil -~ more than four times the crude oil in place discov- ' .

ered to date’in the United States. However, only about 6 percent of the de- o

posits are accessible and are in seams 30 or more feet thick containing more

than 30 gallons ‘of oil per ton of rock. Only such very.rich deposits and out-
croppin%s are of current commer cial interest-in-the $6 to $8 per bbl price '
range. ! o v ' '

Recovery of oil from shale is a very 61d art that has never been carried
out on a large commercial scale in the United States. Iﬁn_work' performed by
industry and the Bureau of Mines over the past gseveral years, shale-oil min-
ing technology for the richer seams hag been developed; and mining costs are
reasonably well eﬁgtabl"}shed. Environmental restoration costs may not be so

. well established. Vo ‘ ' ' - v

Recovery of shale oil (kerogen) from the rock in which it occurs and : -

- conversion to a syntheti\c crude low in nitrogen and suitable for transporta-

tion as a 'liquid have beégl,deménstrated in pilot plants. From the results of
" these pilot plants and based on announced industrial plans, .the Task Force
judged that surface reto:-\tjng processes probably have reached a point where
commercial scale-up ca.n{begin,. Surface retorting means mining-the oil- -

' bearing rock, bringing itto the surface, retorting it to extract the oil, and’
disposing 6f the spent shale. Mining of shale for corhmer cial purposes must
necessarily be on a huge scale. .Even the achievement of 1 MBPD of syncrude,

. while not larg¢ in terms of the overa.QII demand of oil and total en‘e'r.gy', would |

require the mining of rock at the rate of over 500 MTPY. This is almost

' equal in tonnage to the entire 1973 production of the whole U.S. coal mining
i:ndustry,{s/although, not in volume vb'ecaus'e of greater rock density. Shale

- must be handled twice, further compounding the problem. The excavation -
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and dis’ﬁosal of such quantities of rock present technical and environmeﬁtal
problems of great magmtude . p

The tailings from even one 0. 1-MBPD plant will accumulate at the rate
of 40 to 50 acre-feet per day. Since the volume of the retorted ta111ngs iso
considerably greater than that of the mined rock, little more than half of this
can be returned to the mine. While there is space for such tailings in reniote
canyons near the deposits, rainfall leaching could affect the quality of w ter .
runoff in rivers downslope unless preventive measures are taken or restora-
tion is done. - Because no great amount of spent shale has yet been aceumu-
lated, the total range of problemis, including replanting, stabilizing, an
leaching, is not well defined. This .issue is of such importance that continued
lack of answers could delay or jeopardize the early availability of oil froam
these domestic resources. ‘

Recently, prehmmary studies-have been conducted on in gitu retorting
of shale, that.is, extracting the 0il underground. Only a much smaller quan-
tity of rock is mined and brought to the surface to create a cavity. Tbas
work may prove attractive but has not yet progressed to a point where it|is
possible to pass judgment on its feasibility. The Task Force believes that to
- delay construcfion of commercial size above-ground retorting plants on the

basis of such speculative alternative’ prospects would serve only to elimi ate _

shale oil from any beneficial contribution in the pre-1985 period.

A major problem associated with shale oil development is water availa-

bility. While' some major studies by others have assumed that excess water
was available in the Colorado River watershed, the Task Force understat}ds
that such water may already be overcommitted for other uses and that supply
is not likely to improve. Undoubtedly,' some agricultuxalswatersrights can
be purchased, but these would probably be only a small fraction of the needs
of a}ngmflcant commercial shale oil industry. Indeed, the Task Force bez °
lieyés that one ultimate limitation on shale oil production will be water avyail-
abim unless major amounts of water are brought in from elsewhere.

\ The size and location of tracts currently available to prwate operators
18 also a problem. About 80 percent of all shale reserves lie within federal
lapds, “and the government currently restricts leaseholdmgs to about 5,000
acres. Such tracts are too amall to give assurance of an adequate 20-30-
year supply of shale, and many tracts have reserves inadequate to suppo,rt
even a single commercial plant. Development conditions requiring many
companies to build their own prototype plants are inefficient and wastefull
The size of contiguous tracts needs to be tripled.or even quadrupled to pro- -
vide reasonable incentives for efficient commercial development.

' ] . . 1

: ESTIMATED PRODUCTION CAPABILITY - -

» -
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Two new mdustrléksemxcommermal plants have already been announ ced
to be"on line by 1979, conslderable interest has attended the recent’




Colorado lease sales, as the bids in the hundreds of millions of dollars will
attest: Utah and Wyoming tracts are being leased. -Despite this activity,
the lead times and the serious problems facing the mdustry forcethe Task -
.Force to conclude that the maximum target production rate by 1985 cannot,
realistically exceed 0.5 MBPD. Even this target is an extremely large under-" ,
taking, involving the capital expenditure, of some $3 billion to $5-billion in a . o
: nevrl and unfamiliar technology: - ' |
Expressed m physical terms th1s developrnent could, mea.n
o Brmgmg into productmn 50 new 5 MTPY sha.le mines a.nd retortmg
' plants. . . , .
o’ La.ymg, sta.b111zmg, and restoring 5 square mlles of ta.111ngs 40 feet °
deep kach.year.
Constructmg 10 new 50 OOOTBPD upgradmg pla.nts a.nd product1on
//

p1pe1 nes.

S ” Developing a.nd conveying 80, 000" acre- feet per yea.r t/’e:new water
Llpfl)/s/m a water-scarce area. = _ - , ) : Z/@/ )
- o . % -
The problems involving scale- up of the so handling ystem//gor such

unfamiliar material defy reasonable foreca.stmg a.nd sugge‘@ that plogeer
plants be built soon for experience. A progra.m of this maghnitude, however,

would mean that, on the average, five major shale mines wquld néed o-ceme" ‘ }’
into production every year for 10 years. S ' '@(@ i
8, . X . 74 . L
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POSSIBLE GOVERNMENT ACTIONS - - _ %@
- . : N ' 8 7 : . o

o v * ; &
~ If it is desired to establish a viable major shale oil indystry, -it could be% oo

enhanced by the following government actions: %
. ) ~
: ' o o ’ 2
o Develop Acceptable Tailings Disposal Methods. THhe government %
could sponsor intensive studies regarding the énvironmental problems- of %} ‘
. large tailing heaps and sponsor field tests dealinig with c;ffi_cient rapid ‘%

—

restoration methods and leach prevenmon

o Make Federal Lands Available. Larger tracts of pLerha.pL 15, 000 %"@ -
, contlguous acres each could be made available for 1ea.s1ng t?/prawde in.. /‘V?
centwes to industry. S A R %
o Détermine Wafer Availability. The Bureau of Reclamation: éould : %
-sponsor water availability studies, including alternatives for developing = . %%
new sources of water needed for shale oil production a.n;i T storatmn. I 1
. The bureau could assist f1rms in obtaining a.lloca.tlons and 1ghts to such ’
wa.ter -
/ b e T
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INTRODUCTION AND OVERVIEW ¥ E i
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In the first 40 years of the 20th century, the United States gradually; turned
from coal to oil.and gas ag its.primary energy sources. In the period of eco-
nomic growth following World War Ii, the surge in private automobiles, the

growth of diesel truck and airline traffic, the conversion of the railroads from .

coal to diesel power, and the.rapid growth in oil- and gas-fired electrical
generatmg capacity all contributed to a decline’ in coal productlon and an ac-
celeration in growth of oil and gas consumption: The dommant position of
oil and gas in today's economly is illustrated in the follow1ng°’tab1e

@

1978 U.S. ENERGY DEMAND (INCLUDES ES(PORTS)2

Fuel/Reésource - MBPD 0Oil Equiv.

“Nuclear and hydro, - . L8 - o
Coal and lignite- . ,.. 6.8 ] o
Oil and gas T ; 2\8 6 .

Total , a "3‘:&.2' '
|

Sy

These facts are important because they reflect the extent to which the
U.S. consuming markets havé embraced o\il and gas in installed facilities.

Iy
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- the last few years, largely from the Middle East

5] “ l/
! .'I
’ l ,
/, 1973 OIL AND GAS DEMANDs?’ 22+ 23
) . Flows : Total
Fuel : Resourcg,‘ (MBPD) (MBPD)
Petroleum -~ Lands : 8.3° I3.2
-liquids’ - Continental shelveb 1.8
: Imports 3.1 A
\3}1 products - Imports ° . ‘ 3°0 ¢ N 3.0
Natural gas Lands S 9.4 12. 4
: L Continental shelves - 2.5
e ' Imports A 0.5 ’
- Total . 28.6 ) 28.6 -
\—-' - . ‘ ' 1 -
Imports LR - st \

Until recently, most of the oil and gas used| in the United States ¢ame
from domestic sources, with small but significant imports from the rest of
the Western Hemisphere. However, the combination qf a leveling in domes-
tic production and a burgeoning demand led to a rapid mcrease in 1mports in

A variety of estimates have been made of future import requirém’ents,‘
and most of these indicafe that unless substantial|additional effort is put into
development of domestic sources, imports will grow to 10 MBPD and beyond
within a few years. This oil will almost certainl come from the Mlddle
East, ,where the world's spare cdpacity, whatever| it may be, -is hkely ‘to be
concentrated. The Task Force believes that the ited States has: the re-
sources and the technology to reverse this importation trend and to reda@ce '
imports by 1985 to a practical mmxrnum that will be consisfent with' national
* policy if it is desired to do so. It is believed that guch a practical mlmmum*
would include some imports for the:foreseeable future for reasons of eco-ig

} .

nomics, world trade and resource conservation, | , .
Qil St@rage ' ‘ .

- Storage, of several months supply of either 1mpo\rted or domestic crude
has been advocate_d to minimize problems caused by \mterruptlon of imports..
It has been‘advocated that existing fields be taken off| production to serve as ,
emergency sources. of oil. However, production frotj‘n oil fields' is limited by

the percolatlon of the 011 from the surroundmg matzix and cannot exceed a

‘./ - s v . \ _.‘
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fraction of 1 percent of the total volume per(r \nth, a slow rate set by nature;
and, hence, shut-in oil fields cannot.make a&;bstantial impact in r'eplacing im.
ports for short-term emergencies, . :

It is true that oil can be extragted and then stored in salt domes and in
. tanks in sufficient quantities so that it could be withdrawn at a fast enough
rate to meet temporary shortages In Europe, storage of several months'
supply of crude il and oil products is commonly required. However, such
storage is very expensive and 1nev1tably increases the qost of products sold

to the consumer. - v, : e
Whlle some increase in the amount of natlonW1de oil storage could be
achleved and may be des1rable realistically it is not a long-term solution.
Exporting countries, whlch can afford to forego revenues from the United
States because of the demands from other nations, could withhold ‘productg
from the Unlted States for years. ™~
Reserves 9 - g \i\
Crude reseryves are. defined as oil that-is reasbnably certain of being pro._
duced in the future from established reservplrs based on geological and en-
gineering data under existing egonomic and ‘operating condltxons Domestic
reservoirs of oil discovered to date orx.gmally contamed\approxlmately 430
billion barrels of crude oil, But only about 140'billion barrels were classi-
fied-as recoverable by conventional methods 24 Of this amount, about 100
bllhon barrels have béen produced, leavmg approxlmate.ly 40 billion, barrels
as current reserves The principal existing resexves in the United States
are foi.md in the major basins of East.and West Texas, thé Los Angeles area
of’ Ca—hforma, the Gulf Coast of Louisiana, and the North Slope of Alaska.
Additional substantial amounts of oil will ugdoubtedly be disgovered.in - "
‘. areas where considerable drilling has already taken place, particularly with
yn‘xﬁ’roved price incentives for exploratory ventures, However, it is believed
that most of the frrajor ' fields in mature exploration areas have already been
“found and that additional fields will be smaller in size and more dlfflcult to
dlscgver ‘o, L. -

o For- th1s rea,son lncreased attention has been focused on: new areas or
sediments that havé not been Jyet explored Some of these are deep forma-
tions that have heretofore been too expensive or difficult to drill, such as the -
very deep gas-bearmg formatlons in Oklahoma Others are those whose geo-
loglcal potential and underground conflgurat;on have not been well understood,
such as the Jurassic trend in Alabama and the panhandle of Florida. But by
far the most mterestmg, and felieved to be highly prospective, are the Alas-’
kan North Slope and the offshore areas of the East Coast and the Gulf of Alas-
ka. The offshore areas. in partlcular are known to have large volumes of sedi-

. ments of the type'whlch are normally cohducxve to the formation and retention
of J’xydrocarbons The actual emstence of petroleum reserves in these sedi-
ments can only be prdved by drlllmg operations, and the presence or absence.
of these reserves will be crucxal 1n any efforts to increase domestic produc-

) tlon by 1985, ' o

.
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Production Rate
Qoduction rates are controlled by state regulatory agencies. In the
P

'

past)\ production was prorated to match supply and demand, with no signifi-
cant price movement. In the face of rising demand and limited domestic sup-
plies, production rates were raised to the Maximum Efficient Rate (MER).
The MER depends on a number of factors, such as reservoir size and quality,.
well spacing and depth, dnd oil characteristics; but the basic objective is to
permit the field to be produced as rapidly and fairly as possible without-dam-
aging the reservoir and reducing its ultimate yield.
' The question of possible reservoir damage at high production rates is a
difficult one because of problems -in scaling laboratory models to field condi-
tions. Similarly, field tests are not favored, because, if damage is done, it
is oftan irreparable. As a result, state agencies tend to be on the conserva-
tfive side in setting MERs, and it is possible that some fields could be pro-
duced faster without appreciable reservoir damage This will add to current
production but, of course, will not add to ultimate reserves and is therefore
not a long-term solution.
Declines in Production "
A typical petroleur&o well or field exhibits high production in the initial ~ ~
few years followed by progressively declining production during the remainder
of its life, which is usually on the order of a very few decadeq. The rela-
tively rapid decline is due to a number of natural forces, some of which ¢an v
be partially alleviated. : ’
'Eventually, however, physical diminution in the ampunt ‘of oil and gas
left, plus changes in the relative permeability of the formation to oil or gas
caused by fluid migration, reduce the amount of petroleum that can be pro-
- duced. At some point, the cost to operate a well and maintain its production
. ¢ facilities will approximate the value of the liquids or gas producéd. So-called
"stripper'' wells are extraordinarily sensitive to economic conditions and im=
provements in technology. Profits from such production are-tsually low be-
cause of high producing costs. Yet these wells produce truly incremental ) s
domesti¢ qil as opposed to simple acceleration of production. It is for this e
reason that separate regulations and economic incentives are sometimes ap-
. plied to stripper production. Such wells can séldom be restored to economic
production after they have been permanently shut down, and regulatory agen-
cies tend to extend favorable treatment to them.
Most predictions for total U.S. domestic production in 1985 forecast o
. that even with vigorous efforts and enhanced retovery the decline of oil and
o gas production from existing producing fields will be more than 50 percent \\e
- below current levels. Most increases in produ;:tion must come’ ‘from new
¢fields not yet developed :
& Seconda_y and ”I‘ertiarxaecovery . »
Reinjection of water or.gas in' order to arrest the normal decline in sub-
™. surface pressure is commonly done, and such procedures are referred to as
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""secondary recovery.' These metheds slow the decline in productron mim-
mize wasteful bypassing of pockets of oil and gas, improve the economics,
and hence promote greater ultimate product‘ron. ‘ '

More advanced methods of recoyery, call -“tertlary recovery, " haxfe )
been under development for some years in the laboratory; and these have St
been studied in the field in a limited number of small tests. The most prom- ‘
ising techniques include" steam in situ combustion, carbon dioxide, miscible
f1$o ding agents, and surfactants. Individual oil fields will demand specially
tailored methods that are co patrbl ith the unique characteristics of the
formation and its contained fluids:.. T ese advanced methods can undoubtedly
be developed 'during the next decade ~~~~~

. There are a number qf drffrcqltxes 1
is the fact that a large number of foyalty owne
treated equitably, and agneements for un trzati
all are difficult to formulate. o g . , ,

A more serrous problem is the devel ment|and demonstration of im- v
proved tertiary’ recovery technology. Substantigl scale-up of laboratory : /
techniqués is needed’in a number of large f e% ests to.give assurance that
the technology is undersood before widespreadjcommercial appllcatlon is

“‘atqm st be overcome,~ however One
s and oper%tors must be
of fiﬁﬁlg for the benefit of

undertaken., The payoff would be the ability to xha:t more of the approxi-
tnately 290 billion barrels of oil remaining in the gr und where 500, 000 wells
“‘and their collecting lines already exlst , o )
Uneconomic Fields -, b o R
A large number of hydrocarbon- bearmg formations are known that are
-currently uneconomic to produce. Princxpal reasons involve ohe or a com-
bination of the,followmg The formations are too low in perme”abrllty. the
. productive strata are too thin, the value of fluids ultimately recovered from
- a given well does not exceed the cost of ‘the well, ‘and the uproductron of un-
wanted fluids such as water make the producmgﬁoperatron too eXpens ive..
Of particular interest are some known sands that.are 1mpermeable but v
* .are also extensive and contain hyndreds of trillion cubic feet of gas. At pres-
ent, the revenuesg from a well drilled to such formations often do not exceed
the cost to dr{:nd stimulate production to a hrgh level, much less ield an
.acceptable retuin on 1nvestmen,ts. However, -possible srgmfrcant improve - N o
ments in technology and economic 1ncentwes offer the prospect of substan- . Co
tial increases in domestic gas productlon under the- proper cvlrcumstances.
Shut-In or Underproduced Fields U \
There are a number of very large oil fields currently not producmg that
¢ould add substantially to'the current U.S. supply. Elk Hills, a naval petro-
leum reserve located in Callforma, has wellg and production facilities al-
' ready installed but not operating. ‘Prudhoe Bay in Alaska and the offshore
Santa-Ypez-field in California are two maJor.reserves wh&se productron as
~been delaye?)by env1ronmental ‘¢oncerns,




A number of major fields now producling at maximum allowable rates
1d physically produce more if the MERs were raxsed East Texas and
Yates are the two most prominent.
Leas1ng of Government Lands, 3
Discovery and exploration of new oil] and gas fields depend on tract avail-
ability so that drilling can occur. Since/the lead times for .exploring and de-
veloping span many years, major tractg need to be opened for exploration
soon if there'is to be_ significant production before 1985. Except for the North
\ Slope of -Alaska, these major areas ard almost exclusively found offshore.
While.some '"high-grading'"*has been achieved by the federal system/of
_ soliciting nominations for. tracts gffer¢d in the past the nominating areas
within the tracts are limited. R%cent]y, another procedure was proposed to
rank unleased acreage by order of prpobable production potentiat and to offer
the hlghest potential areas for lease first. Men, materials, and dr1111ng rigs
all are in limited supply and could bd concentrated in-areas havmg the hlghest.}
probability of success by this changd. - o 7// N
Related Facilities and Equipment . " e f
Acceleration of production from of shore areas is pOs 1b1e only if ade-
quate equipment in sufficient quantity is‘available. A key item/is the very o
' limited number of ocean-going drill rigs capable of drilling in more than 150 <~
, feet of water, Lead time for construction of suﬂ:lgs is fairly lo "and their
availability could be o of the limiting factors in cce1erat1ng oﬁaoreppro-

duction. Clear signals will have to be given if drillidg companies'are to in-
4+ ' vest in this equipment prior to actual grantmg of offshore leases, /

Refineries are normal and)\e:{sentlal parts of the process of Zehverlng
m

petroleum energy to the consu Adequate domestic ref1nmg apacity ex-
isted for decades unti]l just recently, when the certau;, decline’ in/demestic
' production and the. uncertaln prospects of being able to 1mport s/hfflmint crude
under existing government regulations led ref1ners to delay expansioris and
‘new constructions. The'delay was also abetted in some cases by environ-:
mental concerns. .The I‘ask Force believes ffat these environ ental'con-
cerns can be overcome with careful planning-and that the econohic 1ncent1ves
are such that, in the absence of . suppressive government pohéxes, adequate
ref1n1ng capacity can and will be bullt to handle. any increasef gl domestic
‘production of -oil. Coe . . '

Pipelines are recognized as an 1nexpens1ve efficient and potenf?'ally
environmentally sound method of moving both hquld and gaseous hydrocafbons
. However, the trans-Alaska pipeline has already bzen delayed cons1de.rab1y, *
A gas pipeline from ‘Alaska will undoubtedly receive careful scrutm.y, and new
p1pe11nes will have to dernonstrate that’ they are env1fonmenta11y safe as well
as economxcally viable. With careful attention to such matters, pipelines "

f',_:a ghould continue to be useful movers of, petroleum energy and should be avail-
able with the capacity sufficient to, handle any anticipated i creases in.domess®, .
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Declines in Production from Existing Fields

-+ mulative impact over*a decade is substantial, owever. Based 6n reasonable

. tertia¥ recovery effxcxency, 0a.nd l,t LS taken”for gran

in e preced1ng

, - crude, the-incentives would stxmulate in ustry to accelerate pr

The normal decline in production rate from il and gas fields is known
with reasonable accuracy. Existing fields, which™a 1973 produced 10.1
MBPD of oil and 67 BCFD of gas, are expected to dexline by 6 MBPD ‘of oil
and 39.4 BCFD of gas by 1985. The production rate dedrease would be much
greater but for the expected application of secondary recd¥ery operations,

~which will account for 'well over half of production from kno fields'in 1985,

Tertiary {ecov“éry from existing fields is normally expected tonamount to about .

0.5 MBPD the end of the next ecade. 7 . g -
Production fr New Fields ‘ ) .
New fields' ‘wﬁ‘lvsontlnue to be fou\d\a d brought lnto productlon as an ordi-

nary and usual part of\bk\e petroléum industry's operations in the years ahead. -
Increases in production arexnecessarxly incremiental and slow in developing .. -
because of the nature of the Hr’lllxng and-producing operation; lmmedxate‘result“s :
from a changed economic or regulatogy climate cannot be expected. The cu-

assumptlons about the future, the Task Force estxmate,s that production from
new{ields will amount to 5.5 MBPRD of oil and 36. 6 CFD of gas, not quxte ‘
ffsettm\g declines from known fields'. \ﬁ\,
The asﬂhr‘;:tlons on whith these forecasts’ rest basxc‘ally mvolve continu-

-

ation of recent trends. For example, the price of domestic oil is assumed to
be near but somewhat below its free marftet level ln much of the next decade,

"\ ‘with price controls or other restrictions in at least the initial years. The - .

'rxce, of gas is assumed to rise, substantlally but not.to reach parity on energy
content with ceal or oil because of &xtended price ¢ontrols. Contipued environ-
mental pressures are vi ualized, ‘but long delays on major.projects such as '
that e;:perxeneell by the tra -Alaska p1pe11ne are not antloxpated Specifically,
by 1985. the North Slope of Alasl@ ig"assumed to produce BPD of oil and
3 BCFD of gas ‘An accelerated leasﬁing program foruoffshoxre government -
land is assumed but not in"the amounts or\s\quenc;e that will max1 Tiee 1985
productjon. No_ technologlcal breakthroughs are\ xpected in drilling costs™e
that d1scover1es of

.their downward trends '
Accelerated Pro\ductxon and Leasl\g\ “

S

f domestic oxl and gas were tb closely approach pr1ce parxs

[by 19
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forts, and substantxal productxon increagses ¢o ld be achleVe
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In such an economic climate, lncreased cash flow ‘and 1mproved pros-’
pects for profitable discoveries would cause exploxatlon efforts to be substan- N
tially expanded The drilling of outpost and devel,ppment wells in mature pro-
ducmg areas would be strongly stimulated. » .

s Wells that were ‘not drilled because of marginal economics would be-at-

" tractive with hxgher oil and gas prices to offset higher dr lllng. and operating _
costs. Production from known but presently noncomma/mal reservoirs (e. g., 0
tight or thin formations) would become feasible. Workover of wells to in- _
crease rates of production would be stimulated, although this would not change &

~ reserves or eventual productlon However, it would accelerate production in
the decade ahead. Abandonment of stripper wells would be delayed as a re-.

‘sult of reducing the lowest rate at which production is economlcally feasible. .
Also, more secondary recovery projects would be initiated, thereby increas-
ing recoverable reserves and accelerating prbduction. :

. The number. of individual investment opportgnltles investment criteria,
and investment decision-makers that will determine actual responses with
price ipcteases is so large and poorly defined that confident prediction is most
- difficult. All.who have studied the relationship agree that increased economic : .
1ncent1ves would bring forth additional supply over a sufficiently long period

- of time, although-there is less agreement concerning the exact level. f‘urther

" the uselof ecohomic. 1ncent1ves to stimulate the above activities appears to.be
by far the most effective method. ‘ : e .

A second key step in accelerating productlon is to make available more
federal acreage in areas having the highest geological pote‘n/t_lal There are
in the United States a mumber of highly promising petroleum provinces that y :
have-not béen definitively explored because of their unavallablllty If these 4
‘Yareas are’ ‘to make a cortribution to the,petroleum supply by 1985, action must .
"'be taken soon. " In hostile offshore environments, the time from granting of a o
lease to the first-significant production may be on the order of 7 to 10 years. v

* Even_in areas close to estalmh?d*suppl;gbases development of production

- may requlre 2 to 3 years after a lease is gran __Of course, extensive geo- .-
Floglcal and geophysxcal work is requlred before le:—isxng H-increased domes-

- ‘tic oil and gas productlbn\s desxred the new areas should be made.available

~"*for 1ndustfy leasing as soon as posslble with the prospectwe tracts havmg
- the hlghest potential being offered first.’ . :

With these qualifications, and assuming adequate incentives supplled by
free operation of the energy market. and available federal acreage it is esti-

. mated that productlon could be 1ncreased an additional 2 MBPD -of oil and an-

“ other 14 BCFD (2.5 MBPD oil equwalent) of natural gas by 19/ ’
"Additional Known Fields T,

.

Capabléields that are presently 'l'estrlcted could be” "brought th pro- L.
duction. The Elk Hills field, for example, could-almost immediately produce T
0.16 MBPD of oil, if mﬁking this naval petroleum reserve available to meet . 9
the Nation's current energy ne}&s 1svacceptable national policy. The or1g1nal '
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rationale for setting such reserves aside may no longer be germane. Other
naval petraoleum reserves, such as the NPR-4 gn the North Slope of Alaska%
could'be sold or leased for production, if conditions warranted such a step.
However, no foreoast of possible production fromn these.is included in this
1"~_ana1ysxs _ -

' There are a few large fields (e g. » Yates, East Texas) where production
could be increased above present rates. Under the present regulatory sys-
tem,  changes cannot be made by the federal government and no increases.
have been assumed for these fields.

Prudhoe Bay and Santa Yhez (Santa Barbara Channel) are two large fields
where development has been delayed for »env1r6nmenta1 reasons. It is assumed
that these two fields will be producing substantial amaqunts by 1980. Failure

to bring them into production would substantially increase€ supply/dem,a,nd
problems or levels of imports required. . ’
Tertiary Oil. Recovery Methods \‘ -,

" U.S. oil reservoirs discovered to date orlgmally contained approximately
430 billion barrels of oil. Primary recovery-operations and conventjonal wa-
ter and gas injection secondary recovery operations have already recovered

' or will recover about 140 billion barrels from these reservoirs, leaving some
290 billion barrels ‘that cannot be produced by conventiohal methods. 24 ;‘.f,

Several processes have been under development for achieving higher re-
covery than is possible with conven\glonal production methods. Thgse: en-
hanced recovery processes for the most part have not been economically at-
tractive to date. They do offer potential for affording worthwhile volumes of
additional oil production by the early 1980's if economic and technological
problems can be resolved. Different processes appear most promising for
certain types of fields. Additional laboratory work and a substantial number
of large gcale field tests are needed to complete development of the tech@nol-
ogy Different field tegts should proceed simultaneously, not sequentlaily,
companies developing the technology should be permiitted to cooperate, free
of antitrist restraints. . T

If a program of government, assisted field: tests is underta en to over-“
come obstacles and imple ent enhanced oil recovery applicatidns, it appears
possible that these applxcatlons may yield 0 5 MBPD by 1980 and 1.3 BPD\ ‘
by 1985. . These volumes represent increments of 0. 2 MBPD. in 1980 and 0. 8.

“MBPD in 1985 over what can be éxpected without the program. -
‘Gas Prdéduction from Low Permeability Sands = \

The National Gas Survey estimated that 600 TCF of gas was in glace ine

tlght sand reSe’rvoxrs in the Green River, ‘Piceance, and Umta;basms of ‘the
v Rocky Mountain area, 25 and the Gulf Univefsity Re earch‘ Consortmm esti-
mated that an additional 62 CF was.in place in tight sand- reserv01rs in
other bagins. 24 If 10 percent of the gas in plac‘:j in tight sand reservoirs, -
could be recovered at 10 billion cubic feet per v ell, 12, 000 wells: woq}d be
needex. At a. conservatwe % million per well, the investment required is
$24 billion.- o | N
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‘ Government assistance will be needed in achieving fair market gas values,
" completing development of nuclear and possibly hydraulic fracturing technology,
. overcoming environmental problems, and assuring availability of materials

in order to accomplish’large-scale development of the tight sand gas reser-
voirs by the-early 1980%s. If such an effort is made to develop the tight sand
’gas'nreservoirs’, it isypossible that production levels of 2 BCF per day by 1980
"and 3 BCF per day bk1985 could be attained. ) S
. Total Production : ) )

A summary of the production that could be achievable’by 1985 is shown -
below. The top two rows of incremental production figures represent the an-
‘ticipated production under the assumptions described on%page 80. The re-
smaining portion of this table shows the incremental production, beyond 1973, B
\»vhichf-the Task Force jydged to be realistically possible under the y/ore fa-
L/orable conditions outlined in this report. g o

*

k]
%

TIMATED POSSIBLE OIL/GAS PRODUCTION ,, -

0 Gas =~ . Qil -~ Total . e
- — ~ MBPD ' (MBPD) (MBPD) - .
Sourée BCFD Equiv. > . Equiv.
] : . ' .
'1973 'Production . 67.0- -+ 11.9 . 10. 1 22.0 BRI
| ‘ - N . o
De}'clines in 19’73 fields' (39.4) \ ( 6.0) (13.0)
Production from new .- ' ’ : '
" fields " . . 36.6 . 5.5 12,0 = T
‘Accelerated production - :
 and leasing o 13,8

. Additional l}nown fields 0,1 , N

Accelerated tertfary oil \\ STy T
recovery methods 0.4 ‘(Pla ¥

Gas production from low- ’,

permeability sands * ~ .3.0 0.5
Subtotal: Incremental A - ‘
. _productfon by 1985 . 14.5 . 2.6
.' Grand Total . 81,5 14,5
’ \\\ “}, )
—_— I P
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The magnitude of such oil and ges expansion can be visualized by illus -

trating the activities associated with those- expansion efforts:

e R

{_ OIL/GAS'SUPPORTING ACTIVITIES o

| . ¢ |
. | ‘ RE 1985 .
Offshore employees2® . 49,000 165, 000
Total employees (excluding r(afmerles)27 * 265, 000" 330, 000
- "<,Q ) . - ¢
Mobile offshore drilling rigs o A50>< : 180 |
- Platform drilling rigs S, 40 570 ‘
Number of platforms in place -/ 2,000 7 '3,700
‘ : e Ap' “.‘\‘ ‘ .l ’:Q‘
Tubular goods (MTPY) LS 2.8
-Pipeline goods (MTPY) S 1.9 2.4.
Platform steel (MTPY) A ol 0.3 1.9
Other steel (MTPY) ' -’ : 1‘;{,_{ 0.4 0.4
Tot\l\steel requlred (MTPY)ZB 29 - %N 4 7.5
/ 30 : - |
Wells drllled _per year ) 30, 000 - 58,000
Average depth M\wellBo o - 5,040 - 5,400

&

s

4\- . - - )
e - o ]

(o o . L 6 *
. - N N -

N K \‘\‘\. » : @ .
POSSIBLE GOVERNMENT A“CTIONS B . .
If it is des1red to increasé domest1c oil and gas productlon govgnment /

" actions that could enhance this mcluﬁe

- o New leases. New leases could bevmade available offshore and o\
federgl lands in quant1t1es that 1ndustry can absorb and in order of geologic )

"y

. promise.

o. -Known f1el'ds /Elk Hllls and other naval petroleum reserves could
be leased and productl n’initiated.
. o Lowgpermeagjhty;gas reserves. The government could encourage
evaluation of nuclear slimulation of tight gas sands by continuing to makeé ex- ‘
plosives available and possibly sharing some of the demonstration costs.
Hydrofracturing methods may also need assistapce if private efforts. falter
o) Tertiary recovery techniques. The government could extend finan-
cial support to field testing of new techniques for recovermg oil from de- ‘
pleted or nearly depleted fields. . e
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' Chapter 8

. N _
OVERALL CONSIDERATIONS

L 4
&

o ) . : : v
- The previous chapters dealt with the decreases in demand and the in-
creases in damestic energy production in individual energy areas that }night ’
. realistic'ally‘_tl’),. b,rou{gl‘kt\ about in the next 11 years. It has been assumedthat .
despite the urgency, government and industry will operate in their traditional
" peacetime roles and that a wartime ''crash'' effort will not be necegsary. In
each area, estimates have been made of the magnitu&ey of .the energy’produc-
tion that might be achieved, along with id‘entificat“icm.)g)f some of the problems,
barriers, and possible solutions. Tle magnitude of each progra,.m/%vas as-
sessed, but no attempt was made to assess overall costs or feasibility in
terms of a total program in which parallel effort would be underway in sev -
eral or all of the areas at once. This chapter seeks to evaluate the overall
impact of the various programs. Together, they represent all of the pos-
sible apprb\éhes’ for making signﬁicant changes in energy supplyq-’-defriancg'-
before 1985, , : ’ o _ |
i The .desirability of carr{ring out the total program is beyond the scope
of this study." It involves questibns of costs and benefits, not only from the
economic but also from the soctetal and political points of view, However, -
the description of this total program sheds some light on the maximum
effort that.may be feasible by 1985. It provides further insight into some of .
the problems that will need to be resolved in arriving at’"a national energy -

/

policy. ' ‘ : : AR

It was necessary to limit the consideration to €ssentially one date (1985)

%ep the scope of the study withif the practical limits of the
axd so this report should be considered an estimate of what

#¢ould be accomplished by that time.. It was not possible within this likited
: / study to prepare detailed schedules of supply and demand throughout the
" decade., - / : .

R
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PROJECTED DOMESTIC SUPPLIES .

A ~
|

The following table summarizes the separate projections made in Chap‘-!
ters 4 to 7 of potential U.S. ene "ﬁy proiiuction in 1985, These&_proje'ctio»ns “I
were derived individually for each primary energy industry,’ They reflect |
the Task Force's judgment of what is reasonably possible withwexisting tech- |
nical capab111t1es, existing natural resources, early access to new natural
resources, removyal of administrative and regulatory 1mped1ments, and ef-
ficient operation of the Nation" 8 economic system by providing mcentwes to
_attain the desired end results, - '
7 o The Task Force cautions that these separate prOJectlons represent an
B ' upper limit to what is believed re onably attainable. They neither reflect
B production targets, nqr do they u?ply necessarily a satisfactory mix of
energy forms for supgying projected consumption demands. The Task Force
N'acknowledges that more rapid expansions of some energy forms may be pos-
sible through '"crash" programs but with attendant h1gh costghy poor risks, ¢ ®
-+ and wasteful mefftctenctes... : S

-

POTENTIAL 1985 U.S.- ENERGY PRODUCTION (MBPD)

.

Resource - Energy Form ‘ Productioh - -Totals
Coal: . Coal'solids | 0 10,0 7 1LT
¢ ' Pipeline quality SNG. ) 0.8
Methanol ’ ‘ 0.3
- Synthetic crude 0.3
Medium-Btu ° T e 0.3
= ‘\ . "
Nuclear: Uranium’-\Plutdn:ium o . 8.3 . 8a. 3 -y

v . “ T
@ . '

Renewable: Hydroelectric

1.5 1.7 ¢
Geothermal“and all other , ° 0.2 /

e /5

- Oil: * Crude oil— accelerated pro- 1.9 ’ 12: 5 '
‘ ' “duction and leasing '
‘ , - "Crude oil — additional.known 0.2
° . ° s ‘ . fields « N

© , . szmde oil — accelerated ter- 0.8
e ' tiary recovery. '
" Crude oil—decline in 1973 (6..0) , L :
fields =~ . S
Crude 0il— productlon £rom ' 5.5 N : B
new fields. e B
Crude oil~— 1933 p’roductlon ©11.8 R

. . . .
. . - " . o I . . . ¢
@ . .. '
. - o L -
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. POTENTIAL 1985 U.S. ENERGY PRODUCTION (MBPD) L continued,

t

«

Resource Ene?gy Form ' . Production Totals\
Shale: Syntheti¢ crude - 0.5, 0.5
‘ . o v o
Gas: ° Natural s-\—abcelerated\ . 2.5 14.5
production and leasing ! i
) Natpral gas— low permea\bﬂ- 0.
: ity sand <
- Natural Gas— declme i 1‘973 (7'. 0
fields | .. 1 | ' *
\ I " Natural gag— productio fl\\om 6.
\ . new field ;k \ : " ,
l Natural gas\— 1973 prod c< . 1L /«\L v

ot

Vo .
\ TO AL/ l 49.2

i

N ; 1
i . | <
W

b ) ' » ‘\,,

oleum 11qu1ds, ahd 15 6 MBP of gages m addition to
: nucl ar, hydroelectric, and geothermal

BN

o£\c pital Ln
.| Gomipe)

ransition to higher production levels,

economy and d1sruptive relocations
Dy this approach, _

taneous expansion of the various in-

orce-believes-‘th;t its 1985 estimates

dividual e er\
EOJ reflec éd !

eat 1.a8 d1

he follow

byl 985 *dr,an
9/ge tion.

se th/a/oF rredurmztlh
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competitive interactions that_ are
ortagés and bottlenecks might be °

; r1zes the prOJected U.S. energy demand

m] es made in| Chapters 2°and 3. The histor-
ese ts a continuation of the patterns of energy
19{)0's and reflects the former ava11ab111ty of

o

table !
n the es

-
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Future demand is expected to fall below this historical projection as a con-

' sequence of increased energy costs. ‘The table expresses a projectionof -
demand resultmg from an assumed oil pr1ce in terms of 1974 dollars of $7

to $8 per barrel through 1985, "~

. - . 4 X
N " ESTIMATED 1985 ENERGY DEMAND:; (MBPD)

-

- Prev1ous1y pro_]ected dem nd (Chapter 2) 58 ‘ N
Lé‘ss savings frorh comservatlon and ' Co M B
improved efficiency (Chapter.3) . " 849
& o . E . ’
W - * . - i R s
'  Net demand Ve a9-s0
o -‘.u - ) . . o . N “’ ‘ )
i S T P S T : .
. As noted in Chapter 3, there are two basic categorte\s of conservatlon B
measures. The, first s the '"do-with- Iess" type, which 1nc1udes such vol- R

untary and involuntary actions as réduded driving speeds, lower thermostat - 1
settings in winter, use of public transport in place of personal cars, and re-
“duction of light bulb wattage. The second category of conservation involves N
"some added capital investment and/or use of new ‘technology by the consumer '
_ in view of the ‘hlgher cost and reduced ava1tab111ty of certain energy forms. .
, Copservation of this second type includes greater production of small auto-
mob11es more efficient energy utilization +in mdustryv, more efficient space d_
heatmg, air copghitioning, and water heating in the re's,ldent1a1 and commer- o .
cial sectors; and cohstructmn of more extenswe mass transportatlon systems . -
and greater ugé of car pools. To obtain more efficiency, more\ttentmn -
must be placed on® Q‘e lifetime costs of industrial and consumer goods, using
energy. \ ' \ _
* The effects of th\hecond category would be slow in commg, li%nce ,g.
implemented they would be“more or less permanent On the other/ d,
the effects of ‘the ""do-with-lesg' category, while immediate,” may not per-
sist with ttmle At this point, the Task Force has little data on which to . y
_base ‘conservation trends for eithe category. In all likelihood, the result-
mg effects from any,of the’ above ard dependent on both types of conserva- e -
t1on and are strongly- mterrelated B s d on present events and best judg-
ment, the Task Force believes a reduc1;1 nof 8to 9 MBPD might be

achieved from all conservation measures by 1985 . L - v
. 4

One member of the Task Force beheves'that on the basis of studies per- -
formed at'the Env1ronment,a1 Quality Laboratory of the California Institute S
of Technologyl the reduct1on in dema.nd/could be as high as 12 MBPD by 1985. et
’ N e " "gg \ : : 4 s

-~ . : )
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BAL,,ANCE OF SUPPLY AND DEMAND q : ,
- , . 7 :

Task Force estimates of potential supply are compared with the-esti-
mate of demand as reduced by conservation in Fxgure 4. While a summation
of the possible results from all of the programs discussed in prevxous chap-
ters gives a total that would indicate the’ possibility of reducing”imports to_ a
low level by about 1985 or possibly eliminating them, such a conclusion must
be viewed with cautiorr and is likely to be miisleading for the following rea~ -
sons: ’ )

' o It is unlikely that all portions of all of the potential
programs will be considered desirable in terms of cost, ,
environmental effects, etc. . ' -

.0 It is unlikely thaf al“I ‘of those, programs judged
fegsible and dcslrable Would be started {Ynmedlately (1974)
as assumed, ¥ -

o It is unlike ly that all of the programs Lmtxated would

be carrled out successfully in terms of results, schedules, etc.

"Some of the effects of the ""conservation ethic' would
probably disappear if the prospects for continuing adequate énergy
supplies improved. * ‘ '

o The requirements for carrying out allof the potential
programs slmultaneously may place unacc‘eptable strains on capxtal
manpower,; water, materials, and the envirormment.

a ~

4

[t must also be stressed that a11 of the estimates used have a very low
degree of precision, This mcludcs the postulated increase in demand in-
¢luding likely reductions bccause of conscrvatlon mcentwes ‘and increased
prices, as well as the possxble increases in supply for each of the types of
energy covered. - . : .

W};u[‘e no attcmpt has been made at any sort of mathematical analysls,
t is fclt that the total by 1985 may be no more accuirate than * 10 percent,

g)the mdwtdua’l items -may be 15 percent in error by that time, .Thus, it
is clear that tie cstimates must be treated as "order of magnitude!* at this
stagc N

Even if the programs could all be accomplished successfully and there
- Was a surplus of énergy prodiced in the United States\, it mxght not be in the
for™s most suitable for use, which would require 1mport of energy in some
forms and provide an opportunity for coal exports.

These contingencies and imprecisions ,must certainly be taken into
account in arriving at deClSlOD’S’RS\tO what i5 a prudent program to be ini-
tiated m 1974, ‘ . ‘ : ‘

A consideration of thesge potent1a1 rates of productlon by the end of
1985 reéveals that the lxquxd hydrocarbon,puroductxon, mcludmg shale, of

o . » g9 SN S
. T o
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«hydrocarbons or switching present uses to other sources of

- * " o

about 13,6 MBPD i3 signifivantly lower than the liguid hydrocarbon consump—b
tion in 1973, about ln.2 MBPD. " Since the unrestrained preference for energy
in the form of liguid fucls would surely increase over this peniod, the follow-
ing points are significant:
.
| ‘

o lmports of a few MBPD. of 0il will probably still be ,
required in 1985 even if the programs outlmcd are pursued =

{ . ! . -
] :
and are generally successful, P

hl

‘

‘o EHighest priority conbxdcrat"ton. should be given to
those possible programs for reducing consumption of liquid

energy, especially coal and nuclear energy. In particular,
the programs deserving 6f maximum attention appear to be:
_Reduction of-liquid fuel usés by autos,
trucks, buses, and aircraft. /. .
. —Maximum use of coal and m/)/clealr power - ’ g
’ productiord with minimum use of oil (or gas) ;
in existing power generating s/tat1ons. - ‘
-Conver sion of industrial’heating to coal ) .
instead of oil where feamblé ’ % o =°. )
.. y m v
o Highest priority consideration shodld be given to
possible programs for increasing the productlon of 11qu1d
. fuels, with the follow1ng the mo st important: :

*

- Increasgd exp ?rahon, development, )
. and production of’ 011 (and gas) from do- ' .
mestic resources. ‘ ;
R - Use of oil shale to the extent podsible ; s - .
in view of environmental and water con- )
straints, . »
- Rapid development of coal 1j uefact1on
for possible large- sgale use in the latter ’
1980's if Mecessary. ' : e

»

] .
~o To the extent that suhstitutions cannot be made for
oil (and gas), and that either imports or additional domestic
production are needed instead, the requ1rements for use of .

coal or nuclea}‘ power will be reduced. Thus 1 MBPD of oil

fron} either s¢urce would reduce the requirements for coal.

by about 100/MTPY or the req\nred nuclear capaclty by
36 Gvs{e. . //
. // -
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Even if the liguid fuel demand gould be balanced to niafch the domestic
liquid fuel supply, some level of importation may well be desirable, if and
when consistent with foreign policy and national sccurity. Reasons for meonks

might include domestic resource conservation, world trade balance, and cco-\\,

nomics. From'an economic viewpoint, it would scem desirable to keep do-
mestic fuel prices from becoming too insulated from world nmrket prices.

- ’ A e
¢ . o \

LEAD TIMES

. - . \ . -

One of the most difficult problc%&]s that must be faced ih such a domes-

tic expansion program is the very siz able lead times required to accomplish
significant plant installations. Typically, new plant Jead times (go-ahead to

beneficial operation) being experienced today are as_follows:

pera 1ng exp y M OWE

ro TYPICAL 1973 OVERALL PROJECT TIMES
s . (from go-ahead to production) -

4 4

Type of Facility . ' Yeaxs

Coal-fired power plant . A 5=
Surface coal mine . _ L i 2
+Underground cpal mine ' 3
Uranium exploration and mine ° 7
‘Nuclear power_plant ' ' . ' 9-
- Hydroelectric dam . 5
~Produce oil and gas from new fields 3
1

Praduce.oil and gas from old fields

- S a
. . *
’ & . . . \ . s

Material and equipment lead times are a major fa in schedules, °
Most equipment usually is not purchased until plant der?gtrf\?s well underway,
approvals oktained, and sites acquired. Vendors then/must order materials
from suppliers and fit the equipment orders into the manu.facturmg backlog .
schedule. Suppliers, in turn, must order the raw materlals fromthe pri-
mary mills to meet tl‘ievdemgn specifications. . .
i Prior to the imposition of the oil embargo, material and equipment
lead times were already long and were becommg longer in most cases as
new plant orders increased during 1972-1973. - Since last November, the.
steel mills supplying sheet, tubular products, and rolled shapes have been
supplying distributors on an allocation basis. - The result is that lead times
have extended considerably because of market instabilities. and shortages of’
raw materials, Indeed, if steel production- capamty is mot’ expanded rapidly,
beginning immediately, the goals outhned in ‘this report could probably not
be attaméd
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Procurement lead time is defined a§_ \t*hae time from the daté of plac'mg
a purchase order, together with essential information to enable manufactur-

ers to proceed with their equipment engineering and manufacturing, to the
date when the completed product is ready for shipment to the construction
site, The time required for approval of vendor drawings and transmission -
of these to the plant engineer -constructor is included, - -

To these lead times must be added the time.required for vendors to pre-
pare quotations in response to inquiries from the engi_neer constructor. .
These typically run from 2 to 8 weeks. Time to perform-an engineering and 3 *
commercial analysis of bids received also must be allowed in order to form /
the basis of selection of award,* and thése will run anywhere from 2 to 12/ '/
weeks, depending on the magnitude, the complex1ty, and the necessary Ap-
provals., In addition, more time must be added to allow for transpor thA to
the site, Followmg all of this, ‘the installation or ‘erection times mu’st be
~ added plus testing, checkout, and start-up. g

| All of this procuremgent process must be preceded by the verali plant

systems design engineering, equipment specification writingy and material

requisition preparation. For nuclear equipment, there is sually another 25

"to 50 weeks added. following placement of purchase ordefs to allow for formal

review of procedures, drawings, AEC review, and/;rpprovals before the
equipment supplier's engineering can be complete’d Furthermore, an addi-
tional 3 to 4 weeks for obtaining bids must b/a.llowed for procurement of :
eqmpment from Canada, Japan Austy,/ﬁlurope, and the Umted Kingdom. e

-

INTERIM SUPPLY AND DEMAND

In prev10u'§ sect1ons, enérgy supply and demand were diseussed in

terms of 1973 and 1985,

-~

y ‘solutions to our energy problems must atso - ,
give careful consideratiph to the interim trends im both supply and demand.

It has been noted thatif takes time to develop and build new production
facilities. Many seduential time steps are necessary from a go-ahead de-

¢ision to actual production, With the excephon of the electrical power

sector, domestié energy facifities have not expanded during the past few

“years. The n/a/hon is now attempting to bring about an upward trend in the -
supply area/but it W111 take time to overcome the mertla. .

Beca(’se of these t1me factors, the qualitative supply demand trends

" for the qu;e will be similar to those shown in Figure 5. The shape bf the
domesti¢/energy supply curve appears certain to remain flaf{?or the next ' -
several/years, rising steeply only when the major new sources of energy

" are brought into production.. S o~

) ’On the other hand, the demand curve will tend to increase linearly, if

‘not éxponentially, and theé reductions- resulting from a combmahon of the o
'"cgnservation ethiel and higher prices are likely to be constanf or perhaps ‘

p oport;mnal to thel\t\c}ta‘l demand. The effe ct-on demand from technical
i provements, smaller cars, etc., will tend to mcrease more rap1d1y/,

4 N |
93 - ’.




. . d
/ © - v

v

FIGURE 5 QUALITATIVE SUPPLY/DEMAND TRENDS
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in later years and’ converge on the increased domestic 'supplies,

While it is not possible to quantlfy these trénds with any prec1s1on on
the basis of information now availably, it would appear that near-term im-
ports will need to rise to a-level of 8 to 9 MBPD by 1977-1978 to meet the .
overall demand in this time period,

Followmg’ this peak, it should be possible to gradually reduce imports
to the few MBPD that may be neetled to satlsfy liquid hydrocarbon demands
§n excess of domestic production capabilities.' ~ .

More study of this interim period is desirable; but it appears that
planning, at least as visualized now, must be based on imports increasing
to a level above mid-1973 levels durlng the l97% 1980 pelrlod.

N ‘ : , ' . .
CAPITAL REQUIREMENTS '

s

"Capital Demand : .o b - .00 .
BL g .

The capital requirements of the energy industry are increasing«faster
»" than the growth in the consumption of energy and, in turn, faster than the -
growth in the domestic economy. The capital requirements of tbe energy
industry are also growing faster than the nation's _savings, The decade of"
the 1960's saw a declining capital requirement per unit of energy output,
particularly as Mlddle East oil was developed and as technological advances
resulted in economies of 8cale, especially in electrical generation.
There are,three basijc reasons for the 1ncreased capital demand by
the energy 1nd1.‘1stry « M '
: Y _ :
" The demand for energy has been increasing at a . T,
rate greater than the increase in overall economic activity
as . measured by GNP. N T
o More distant and difficult energy resources are ,
being developed Oil and gas wells are being drilled .
deepe% and in more remote areas, the Arctic and offshore
areas are be1ng developed and higher capital cost nuclear °
power plants are being substltuted for fossil fuel pewer
+ plants. e l,
* o Finally, inflation increases the cost of all goods '
and materials necessary for the development of energy
resoQrces, ) ) -

r

eration. Inflation will increase capltal Tequirements, but it algo will¥in-

) crease-incomb: s, and therefore savings—up to a point. Beyond.a certain
rate of inflation, savings will begin to d1m1n1sh Until this point is reached,
" however, increases in capital requu' ments resulting from inflation will be

E ) s
)
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The impact of inflation on energy development merits careful ¢onsid~ -
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matched by in-creas‘e“s in saqinéé available for investment. Therefore, the
difficulty of raising capital should not be significantly increased. by inflation,
unless inflation gets out of hand. Special circumstances in the erdergy in-
dustry must be recoE‘hized, however; for example, individual cdmpanies may
not_be able t%kee‘p pace with funding requirements by increasing prices.

¢ In considering each sector of the energy industry some of the primary
considerations affe¢tingfthe capital requirements shyuld be noted, though:it
should be recognized that all sectors of the éhe;gy ifdustry are interrelated. K
Thus,, a/de'clineJ in output of one source of energy will be made up, at least
.in part, by an increase in the output of an alternate source: Capital require-
ments would shift accordingly, These requirements+dre summarized in the

following table. = .
* . “GUESSTIMATED" U.S. PRODUCTION FACILITY
- CAPITAL REQUIREMENTS (billion $)
: (1974-1985 Incremental Production) ; / '
g @ B p ; . .
) . Oil and gas . ) 160-200 '
’ Uranium' & L 11-14
, Coal S _ \ g
/ v Solid - . 18-24
Synthetics . 16-22, '
i Shale &il L “ 3.5 . .
Powet supply . « . ’ .
RN Nuclear gemeration : 9\%‘-110 b .
‘ o ) Fossil + renewable generation  60-70 ° '
: Transmilission + distributionr 1352165
\ | ' - _ ) ¥ R .
Total (Rounded) - 490-610 _— .
B, ‘ .

T — 4 ., o

The above capital reguirer{ee:tls represent the amount of investment
(in 1973-1974 dollars) necessary*fo providé facilities and do not include

N "' money required for 'working‘ capital, dividend, debt service, or other

financial needs., Government R&D programs and production facilities

(eyg., uranium enrichment) are also not iﬁfc.luded.‘

L3 /’

Oil and Gas ‘ S -g

'

@

At pr.esent the major sourcesgpf energy in the United States are . +
pétroleum and-natural gas. Having’ veached this pd;}iron of preeminencge
within the last decade, these will likely continue as the major energy

sources at least to 1985, The deéemand for@oil probably .will increase pro-
-vided that adequate supplies are avatlable, .It will take major a ounts of

..
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capi-tal investment to reverse the present dowhtrend of domestic production.
In petroleum production, capital reqmrements per unit of output de-
cllned during the 1960's as lower cost Middle East resources were developed.

The capital required to bring’néw areas of production on-stream will be sig-

‘nifiddntly higher., In the United States, where capital requirements have. .

rece¥ly averaged about $100, 000 per well, expenditures per well will reach
into the millions of dollars for North Sdpe development. In offshore work,
platforms for oil producmg W1ll cost tens of millions of dollars ‘each.
Despite these increasing productlon costs, the'drilling rate must be in-
creasod at least.in proportion to our increasing rate of consumption. Addi-
tiohally, downstream facilities, such as pipelines and refineries, ‘will in-
.crease intcCapital cost per unit of output. Pipelines and shipping and other

.. modes of transportatLon increase in cost as the €nvironment becomes more .

hostile and the distanceg become lohger. Refinery capital costs increase as
"environmental regulatlons become more stringent, -

+ As with 011 increased domestic production“facilities for natural gas
will require increasmg capital expenditures. Capital investment will in-
crease as more distant and difficult resources are developed, requiring in-
‘creased capital expenditure in transmission and distribution facilities "

A review of all the facilities necessary to supply our oil and gas needs
between 1974 and 1985 indicates-that the capital requirements would be on
therorder of $200 billion. This represents an average annual expendlture
rate almost thtee times greater than in 1970, . j

o ;3* ) » . [ l : ¢
« Uranium ' - x ¥ '
' —Ianium 7 . ' —1

Nuclear power generat1on represents the fastest grow1nggsupp],y of |
energy, with the result that the capital requlredmfor uranium.extraction and
processmg, while relatwely modest, will show the greatest growth rate.
Currently, nuclear ‘energy ts.bdsed on use of artificially enriched uranlum;
.and it does not appear likely that other sources of nuclear energy (e.g.),
breeders,. fusion) will: .be COmmerclally d€veloped until well after 1985,

The current f1nanc1ng requirements ‘for the uranium industry are sub-
stantial enough., Uranium mihing and¢tnilling fac1llt1es§ mostly developed
for'defense-purposes, will soon have to be greatly expanded to meet the
demand for nuclear power., Uranium enrichment, currently a government
monopoly under the AEC, will have to be greatly expanded to meet ' civilian -
needs. Uranium enrichment is likely to emerge as an.entirely new.private
industry with a capitalization of at least $5 billion by 1985, where no such
private industry exists today. ' Fuel fabrication and reprocessing facilities
also will be required. i .

Ssudh developments in the past have not made large demands on private
.capital markets, but between 1974 and 1985, some $13 billion could be re-

"

=

quired by the nuclear 1ndustry, not 1nclud1ng cost of the nuclear power plants. .

-
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.ever, when the projected increas®, in coal demand of about 660 million tons U

-~

’ ' vo

Coal is America's most abundant fueufesource and the least capital-
intensive. With the increasing d1ff1cu1ty of obtaining petroleum and gas sup-
plies; development of coal will be receiving increased attention. Estlrpates
of $10 or even $20 per ton per year to develop a new mine seem small. How-

is congidered, which is about equal to current production, together with the
assoc1ated transportation facilities, the estimated capital to be 1nvested in
the development of coal resources between 1974 and 1985 would be about
$23 billion,.or mor'e than $2 billion per year. This repreeents about five
times the $430 million ihvested in 1970. i} )

To this point only the capital requirements for production and-trans-
portation of solid washed “‘toal have been considered. To these must bé added
the requirements for the anticipated coal-based synthetics industry, ah in-
vestment eo\mparable»to that required for coal producti_on and transportation.

’

- ©

“ . .

" Electric Utility ’

t ~

C0nsum-ptlon of electricity has grown hlstorlcally at about 7 percent
per year, or about 3 m1111on kilowatts in electric- generatlng capaeity per o
year. Even if thé growth rate declmes somewhat in response to 'conserva— '
tion measures and the mcreasmg cost of energy, the capacity increases
necesgsary to meet our demand,s~ witll be largé. Currently, the capital re- '

quired to develop a kilowatt of capaajty ranges from $200 to $500, depending

on the type of facility, location, and other factorg. -Ipcluding the capital re-"
quired for transmission and'distribufion, an esti?nated $350 billion will be
will bg needed by the electric utility industry between now and 1985, This
represen;‘{aé\ annual rate of expenditure of over $30 billion, more thab\
triple. the $10 billion invested in 1970.

Y
Total

P ' o 1

The total, capital requlrements for the more readlly 1dent1f1ab1’e por-

tions of the expansion of domestic energy 1ndustry facilities are in the range
of $490 to $610 billion as shown in the table on'page 96. ‘To this, must be

added the costs of the not so readily identifiable infrastructure (e.g., rail-

!

‘roads, storage facilities, étc. jythat is still-an essentgal part of the energy _

industry. The cost of this mfrastructure might add up to;20 percent to ‘l:he
costs given in the above table. The overall total costs of\t‘l-re suggested pro- :
gram' therefore could approach $700 billion. This cost cove¥s only the
facilities to be in place,between %ow and the end'of 1985. While the totif ~
includes the cap1ta1 requirements for.facjliti€'s already underway and I:¥ely
financed; it does not include the _capital fo: fac111t1es that must be 1n1t1ated




. ~ )

before 1985 but’ wh1ch would not come into us%ntﬂ after. 1985. Therefore, Hat e
" ‘the actual capital requirements during this perlod could be s1gn1f1cant1y
greater 'than those indfcated, .
The figure of $700 billion works out to be an average annual. expend1— L,
ture on the order of $60 billion. For a perspect1ve this rate tan be com-
pared with the total investment in industrial plant and equipment in 1970,
for all purpoée£ of about $100 billion; to the total r.et funds raised in the N
money and capital markets this past year of $211 b1111on and to the sum of
’ "personal savings and retaihed corporate earnings in 1972 of about $80 bil-
+ ¢ lion. While the financial requirement of $60 billion per year is large, with
adequate revenues the energy industry should be able to attract the neces- N
sary capitalvraesourcécs-for the additional energy facilitie’s.
i , ) ) R
WATER . : ,
- . | : ‘ : .
There has bee&‘mcreasing concern over water use, particularly in the
Western United States. Typical of this concern is the newly enacted leglsla-
tion in the State of Montana, which imposes a 3-year moratorium on water
allocations out of the Yellowstone River’basin. ‘There can be no doubt that §
a careful assessment must be made for all water use in areas wherejthe .
usable supply is likely to be fully allqcated in the future. Such an assess-
ment does not automatically preclude new development of energy resources.
- It may, hqwever, require some ‘trade- offs among potentially competing uses
of potable surface waters. x
" . One source of water not in, use at the present t1me, but Wwhich may be v .
developed to support energy programs, is non-potable subterranean watér.
Indeed, one of the development challenges existing in the oil- shale - rich
' Piceance Basin of Colorado is the:presence of saline water aqulfers that lie . 5 i
in and above the 0il shale beds. This water could supply part of the ""pro-
' cess. water'' needs of an oil shale extraction project. Using current desalini-
* zation technology, fresh water could be produced from these saline waters
at a relatively high cost of about $200 per acre-foot. Unless the nonpotable
water’s can be exploited in this way, certain areas may be precluded from
energy conver‘s1on activities, ' - ‘
‘A 1973 study entitled ""Rehabilitation Potent1a1 of Western Coal Lands"
. by the Nafional Research Council of NAS/NAE 31 found that water may 1n- \ - *
. deed be-a limiting factor in the exploitation of western coal in certain areas.
The followmg summary is quoted from that report: . o e

14
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The shortage’of water is a.,ma'_jor factor i.n planning ‘for future

development of coal. i'eserves in the American West, Although o
a we conclude that enough water is available for mining and re- .-. . .
v habilitation @t most sites, not enough water exists for large- - >t
" scale conversion of{coal to other energy forms (e. g., gasifica- - -

e . . . . a b)Q" "‘//
y " - . - ~ I ) o \




tion or steam electrlc power).’ The potent1a1 env1ronmenta1~ ) S
and social aspects of the use of this water for large scale ,‘ P R
energy convergion projects would exce’ed by far the. antici- ’ '
o pated tmpact of nnnmg alone. Wie recommend that alternative o
locattons be con51dered for energy conversion facilities-and- - = . ' -
v that adequate -evaluations be made of the options (including re- N .
1ab1htatton) forﬁthe various local uses of the a%atlabie water. - )

T Y ¢

Therefote, water use pIannmg will be essential for the ;ﬁoductzon of .
# oil from shale or gas from coal. The mining operations should, in general - o
R we,dbewf‘aa&lbl&,mand«—sha»le»eerwmmﬁMMeede‘e‘“ddye' EESEHtIATY ‘b”“"'"s TEETTT T
. because of the great bulk of rock involved, il \ ' T et
0_ Wlth respect to coal, water for conversion to gas may te avallable in '
some locations, and in other places it,may .be posstbl"e to Purchase existing o
water rights because of the higher economic advantage of thf§ use. How- » -
_ever, tmphcattons for the eXLsttpg social and\qconomtc structyre, which is -
based 1arge1y on irrigation, must be con51dered In ‘many instances, mmed i
coal. will need to be ﬁnpped in solid &r slurry form for conversmn at sites
here water is miore abundant,: . . : ’ ’ y
Midwlestern and easfern states also have substah’ual coal reserves, ,
| ~ although generaldy of higher gost per Btu than westérn coal, Many of thesé€ Q .. ¥
midwéstern and eastegn locations jave ample water avatlable for conver- )
¢ | sion, but they haqye the problem of egally assuring water ava11ab111ty for - S
consumptive use under their, prevaiting riparian laws. It is generally be- )
~  lieved that these states will need to enact water permit 1aw§, thant can give ' ‘e
- assurance of watex availability. . ‘
In sumimary, t¢he Task Force congludes that overall water avatla]?lhty, o b
while a“serious «concern, shotld not det r 'the development of oil from shale °
or gas from coal in the production amounts forecas@as being p0551b1e by
1985. In the West lt may be necessary to employ alternative process cool- < e
ing .methods, and; in many instances, it may be necessary to emrt the ~
coal to eastern locations where water is. avallable. Within this Qver‘all as-
sessment, site investigations will need to be conducteﬁd on a case-«by-case . . ,

basis. . SO S . \ ) -
- @ ~ * .
¢ . . . .

_ MANPOWER : : - .

LY * N : n
. . .
. .

e

The Task Force was unable to fmd any carefully prepared manpower ,

- estimates relating specifically to the energy mdustrles. The’1973 data are , o

based on Bureau of Labor Sfatistics information and, 1n some cases, in- - ' N

clude unpublished Bureau adjustment. The projections are baged on Task

Force estimates of possible increases by supply sector and pro_]ected trende

) in productivity, THe-purpose of the data., however, is not tb produce ﬁre- - /d .~

cise estimates of manpower retuirements, but rather to hlghllght areas # :

where shortages are hkely“to ocgur, .. . ) o Y

£
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. w’rn‘g\uwg,y Further incredse in pfoduct1v1ty is not likely since most added
-production will be from de.eper wells, a greater proportion of offshore wells . *

' N . C .
.‘,z!-r?ﬂl . LY
. .

N \ e
R ) R . D s

There are three areas of likely shortages. Within the enerr"’g'y indus- )
tries, it is likely that only coal-mingrs might be in short supply d"ur"'mg the -
‘period. In the other operating industries, productivity trends appear likely
to keep tHe lincreases ‘in requiremeﬁt"s within reasonable bounds., Other areas
where serious shortages are likely to occur are in allclasses of engineering
personnel and all classes-of skilled constructlon craftsmen. The following
parts of this section will cover each of these areas - '

The estimates for operatmg industries are summarxzed in the follow-
mg table: ' . . \»

ESTIMATED TOTAL OPERATING MANPOWER REQUIREMENTS

¥ ' . ‘ LI
] 4 a . M
. ‘ S 1973 - ) 1985 » .Additions
Industry L. Population - Populatxon 1974 1985
Oil and gas . - 456,000 495,000 A 39, 000
'‘Coal mining L - 165,000 290,000 . . 125,000 :
. Powdr generatxon "o 710, 000 755,000 45,000
Shale.and synthetics = 1o, OOO 10,000 :
Energy tranSportat1 76,000 ’ 86,000 ™ *&“ 10, 000
S — _"r\ ' , S —
= Total (primary only) = ‘<= 1,407,000 - 1|, 636,‘000 ! : 239, 000
) A "‘Njn.ﬂ',\“'é{?» . - -"‘_ ’ . e .
— : -
@
) I‘Fi coal annual output per man mcreased fré 2 230 tons in 1960 to-  °
,140 in 1970, and thenmdec&med to 3, 420 in 1973. Assuming an increase

in producthty to 4,000 Th 1985, e‘anlOyment would increase to 290 000 if
the Task Eprce gqal of 11.7 MBPD equivalent is met in 1985. This figure
"is hkely to be high "if western s‘urface ‘coal operations result in much higher
than the 4, OOO tons per man level of productivity and if mine mechanization
.-offsets=thé lower productivity that has accompanxed recent Occupatxonal
Safety and Health Act rulings. ,

In oil and gas there are two ‘Jategorx s, ¢rude production and petroleum
R}'oducts manufacturing,. ““‘Produ/céthy increases have been quite sharp in
,both categories. From:1960 to 1973, productivity increased by more than .
50 percent in ‘crude production., ? ¥ This increase was due mainly to larger- ’
scale production facilities, autSrated process control,, and improved tech-.

et

in deepé ater, and will involve increased environmental protection measa
ures. For the estimated 27 MBPP of oil and equivalents, the Task Force

_projects that 330, 000 employees»{mll be required by 1985, FoTr petroleum

products manufacturmg, produqt1v1ty gams havd been even more favorable

- »
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and, based on Bureau of Labor Statistics and Féder'al Reserve Board figures,
increased by almost 90 percent in the 1960 to 1973 period. As.with crude-

" oil and gas production, the future does not offer further significant produc-
tivity gains., The Task Force estimate for petroleum products manufacturmg
1985 is about 165,000 employees. - - : :

Employmentr in the electric gas, and steam utility industries has re-
mained essentlally constant, incfeasing at less than 1/2 percent per year
in the face of an approx1mate 7 percent increase in output. Assuming that
this tren continues, employment should increase slightly _from 710,000 to
755, 000"by 1985. C ' ’

N . { ‘
‘Engineers
O . e
The ability to expand the energy industries will depend heavily on: the
numbers qualifications, and capabilities of engineers, de51gners,- technl-
cians, and project mandgers. Qualified eggineers are in short supply now,
' andgthe situation Wlll worsen in the years a 2T1ead The followmg table sum-
marize's the mcrease in requrrements expected in the operating industries
as well as thre engineering-construction industry by 1980. The year 1980

was selected because most of the engmeermg activity would have to be under- .’

way by 1980, if the fac1htles d‘lﬂscussed in this report are to be in operation
by 1985, The estimates 1nd1cate that a 40 percenj increase will be re-
quired by 1980, THese estimates were derived by applying ratios of-engi-
neers to the total.employee population for each of the operating industries,
For 1980, the- ratios,were projected by the Bureau qf Labor Statistics and
were based on a continuatiod of the trend toward a greater percentage of
engineers in the employee populatron It ‘should be em"phaglzed that these
are rough. estimates and only mdlcate t\wn requlrements K
- % ¢
ESTH\%ATED ENGINEERING MANPOWER IN ENERGY INDUSTRY

. ' (Total lncludmg Construction) .
« : ‘ B

"y — .
=

, 1973 , 71980
Discipline . Population Population S
: : : T
S Civil » 15,640 , 24, 350
Mechanical - 17,320 26,350
Electrical , . 26,“110( . : 34, 940 .
Mining : © 717,920 ‘ 9,830
Chemical ’ ' 7,410 - ‘ 9,240 )
5 Total (Primary only) 74, 400 104,700 ;
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. l The 0utlook for“the supply of engmeers must be tempered by the fact

hat enrollment in engineering schools is not keeping up with Lndustry re-
Mmrements. The class entering college in 1972 va's the smallest in 20
years. . l :

The sltuatlon may be improved-by transfers of engineers érom flelds
outside the energy industries. - The engineers employed by the energy in-
dustries are less than 10 percent of total U. S, engineering employment, ~
-All engineerirg curricula contain the fundamentals of physical sciences and
applications of engineering methods to ‘specific problems. Even though an
engineer was graduated in civil or mechanical eng1neer1ng, a special-train-
ing program of hot more than 6 months would pr{p“““}'e him to undertake
petroleum or mining engineering work., With engineers in short supply now
and no relief in sight, special training and reorganization of engineering
‘assignments would be needed to' accomplish the design engineering work re-,
quired in the next few: _years to achieve the on-line capacitiés estimated for
1985, The alternative is simply not being able to achieve such levels.

r < ) .’

_ Construction Craftsmen

- . A A \

The ?following table includes-a set 6f estimates of the skilled copstruc-
tion workers required in the ""industrial'' construction areas. Industrial con-
struction for this purpose includes sgch fac111t1es as oil'refineries, metal-
lurglcal process plants, syngas and liquid natural gas (LNG) ‘facllltles,

. major plpelmes, and similar projects. Common to these industrial facili~
° ties is the émployment of a simlilar mix of construction craftsmen such as
pipefitters, welders, electrlclans, and b01lermakers. The estimates indi-
‘cate thaf requirements for these craftsmen may more than double in the
! next 12 years. While these numbers may bé high, they 1nd1cate that the
increasing. requmrements will be a serious problem, even if the esttmate is
off»by as much as 20 percent '

I“

. .
EST‘IMATE OoF S;(ILLED CONSTRUCTION WORKERS REQUIRED

.

'

‘Trade 1973 1985 Additions

L . W g te
Electricians’ 26, 000 65,000 . 39,000
Pipefitters .~ 4], 000 91,000 50,000
Boilermaker g ' 19,000 * 22,000 ~ ‘3,000
Laborers ~ 53,000 - -139,000 86,000
Operating engineers’ 10, 000 24,000 « Y14, 000
N R

* Total L 14000 341,000 192,000
.‘ -

~




The seriousness of the problem is underscored by the slow increade in
the membership of building trade uniohs of the AFL-CIO, the major sourlce
of skilled craftsmen for'the industrial construction sector. The data in the
‘followmg table were released by the AFL CIO in October 1973. They indi-
cate ‘that even in the fastest growing unlon, electr ical workers, the mcrease
is less than 3 percent per year. compounded annually, These flgures include -
- draftsmen in construction areas other than the industrial category, and they- ’
include a large number of craftsmen in manufacturmg industries such as.
electrical manufacturing and pipe fabrication. The workers in the '"indus-
trial'' construction category constitute less than 10 percent, of the total in
. the specified crafts. There is some interchangeability between these occu- 3
’ patlons and industrial constructlon but it probably.would be insufficient to
: prévtde more than minor relief to the anticipated shortage, :

[

- N T v

at

BUILDING TRADES MEMBERSHIP

. - - -
b - : D z * .
1965 - 1973, Percent increase

Y T g V.v . - T « NI : - '

- ‘ - . < - .
Boilermakers ] -108,000°"F 115,000 ° 6.5 .

* Electrical workers . 616, 000. © 179,000 * 26 8
Ironworkers 132,000 - 160,000 - Y21 ' ”
‘Laborers 403, 000 475,000 - D W A
Pipefitters and plumbers - 217,000 228,000 . 5 . o 0
Operating engineers . 270,000 300, 0060 11/

Total - | ' 1,746,000 2,117,000 .. 21
v\k - ’ g

« ?
Numbers of workers and training are only part of thte problem of wdrk-
er availability, Mobiliﬁy of labor, particularly in the* constru\:tion trades,
has been lessening in recent years. The required incentives for people to N
relocate will undoubtedly mc:"bease with resultant increases in cost. -
Two final points, perhaps should be made. Fll‘St no dlSSUSSlon of

been a serious decline in building construction labor produétivity in Tecent -
years, and this has been the topic of many discussions on unien work rules.
Some method of reversing such trends must be found. .

The second point is that this country is dependent on energy and pro-
ductive machines to maintain competitive status in world markets and to
provide jobs for anm expanding labor force. To continue to supply the in-

+ dustrial-economy with its energy nedds, the energy industry must be.able
, ' » >,
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éo attract @ large share of the most talented people from our universities.
Current enrollment statistics indicate a trend away from the disciplines
most needed ‘in the energy industries. Whatever theg cause of this situa-
tion,” steps nmust be tal\en to provide these people with greater per sonal
satisfaction from a career in these industries, and an understanding of the ‘
great benefits to all pf society that such careers provide. -

The Task Force believes that cr1t1ca1 shortages can'be avoided if
programs by educators and mclustry are begun now with appropriate govern-
ment ass1stamcc. . These programs should include elements along the fol-

- 40Wing lines: -

0 In‘&rease mcchanlzatlon of underground coal ,mines so |
as to upgrade the quahty of jobs from unskilled and semiskilled
to skilled work. '
0 Increase the enrollment of students in engineering N
schools. A variety of.programs must be developed for the . .
motivation and guidance of students into the eﬂglpeermg pro- -
fession. '
~ o [Establish programs.to retrain and transfer engineers
from oc(upatxons where demandt is decllnmg to occupatlons in
the energy industries. .
o Work with the"building trades to increase member s’mp
in apprentice programs and shorten the apprentice time peI‘lOd
Programs such as this have been very successful when estabhshed ,
by the Umtcd Association of Plu:}wbers and Plpef1tte<rs's’and industry . -
groups. 9 Cto . N
o Providg training programs for craftsmen in‘manufactur- [ -
ing industries and nonindustrial corLstructlon to upgrade thelr skills -
for industrial gonstruction work, : . -

3 . ., : ~ * ] . ‘
ENVIRONMENT . o n ;

A Se s

t
-

) E\:tractioni'of domestic energy resources and conversion to useful

forms will have implic tlons for the envirgnment. These cap be damaging
and disruptive if care 12 not taken. Environmental impact must be gon-
sidered in choosing-dmong alternative methods. for attaining the Nation's

‘ energy goals.K In many ingtances, no alternatives may be.available to
avoid some deleterious effects, and difficult priority decisions will have to

be made. For the most part, however, the Task Force believes that with ‘ -

diligent care, a healthy env1ron¢nent ctan be as sured at a cost the Nation

»

can afford. . . -\N ,

In surface. mining of coal, land reclamatlon is a growing environ-
mental conéern., Similar concerns apply to the recovery of oil from shaie
by surface retortlng methods, E‘(panded offshore dr1111ng for 011 and gas -

\ nL: P s e ! l w .‘ " N - n;.
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and ocean-bottom pipelihes may bring problems of oil leaks. ~ Such risks must
be considered along with those of the continued use of supertankers for the

- importation of oil, Nuclear power plants pose problems of safety and waste

a

disposal, and these must be dealt wittr, R .

. . i
. Atmospheric Sulfur Dioxide:and Rarticulates " (\_5,) -
. ’ * , . . ) 1‘9\
Recent improvements in urban air quality have resulted from' the in-
creased use bf cleaner burning fuels. Construction of a sighificant number
‘of new coal- burnmg power plants could reverge this trgnd unles's adequate

low-sulfur coal is. used or unless reliable stack gas SOZ removal equipment

-

- is employed. .

Control of particulates by p&‘ec1p1tators is an estabhshed technology.
By contrast, stack gas desulfurxzatx,on has not been demonstrated to be rex
liable on a commercial scale. .-There do not appear to be any basic scientific

© _or engineering barriers to ultlma,te success, and the Task Forée believes

~\

i

&

that reliable processes could ‘be available within a few years, given adequate
support and \demonstratlon testing. In the meantime, temporary variances
or changes in regulations could be made for locations where the public
health is’not endangered. '

Automobile Emisgions ) &

-

Automobile emlsSiOHS are controlled by the pr0V1510nS of the Clean'Air
Act of 1970. Control of emissions involves efther the use of expensive cata-
ytic converters or a, 10 to 15 pgrcent direct fuel consumption penalty. "The
removal of lead from gasoline presently ‘involves additional consumptlon
penalties. .

There is a belief today. in some quarters that the Clean A1r Alct should
be amended to reflect the new cost-benefit mformatlon that has been devel-
oped in th? past ¢ years. The Task Fforce takes no position on this difficult
policy questlon .However,sfhe sions of the law'as it now-.stands seems
likely to mcrease the consumptxon of'liquid fuéls. It is clear; nevertheless,
that an increasing percentage of smaller, lightweight, low-horsepower cars

will have a major béneficial impact on both energy demand levels and atmos-

pheric pollution levels,. '

Studles now being carrigd out indicate that the be st likely course may
be to hold automobile exhaust emission standards at values of 0.4 gram per
mile for hydrocarbons, approximately 5 to 6 grams per mile for’ carlion
monoxide, and no less than 1.5 grams per mile for nitrogen oxides.
would appear that these standards can be met by 1976 without 51gn1f1cant
penalties on fuel economy. . % : '

' A combination of market for&®s and federaNeglslatlon could drive the
U.S. auto industry toward smaller, lighter, and more ‘efficient vehicles.
Thus, a combined auto emi‘ssioh/fuel economy strategy-is considered an

4 : o 106 . .

" : B
. :
A .




L
4"
« .
- - K
N

esgential part of-any overall énergy program over the next 10 years.
. i . -
Land Reclamation .. ’

As discussed in Chapter 4, coal and its synthettc gases and liquids
probaH‘ly will play an increasingly important role in providing our hydro-
carbon needs in the 1980's and beyond. This raises the difficult ‘environ-
mental issue of coal mine land reclamation, and the problem of the dlsposal
of solid and hquld residual products, such as sulfur, from gasrfxcatxon and

’ 11quefactxon plants. %\

Experlence in West Germany has demonstrated that in temperate clim-
ates top soil can be removed, set aside and preserved, and later restored. .
In a project Sear Cologne, treated sewage is pumped into the land after this '
operation to provide nutrients, As a result, the soil is richer than it was
before the strip mining operation began. . ‘

i Knowledge of desert ecology is still rudimentary, ‘Considerable re-

« - search and development is required: before we can fully understand the extent

'.'.i}";? to which reclamation in arid chmates, such as the Southwestern United States,

is possible and the proper methods for its conduct." .
The costs of land reclamatlon are also difficultto estimate at the pres-

ent time, 'The Task Force believes that mtensd’ted efforts are needed to im- .

prove understanding of land reclamation technlques and costs. A study of ‘ =

actual.experiences to Qate with various procedures is a first requirement.

a

Offshore Oil and Gas , ) \ . T
Environmental concerns have ‘been expressed regardmg offshore pe-
troleum operations on the East Coast, production from offshore Santa Bar-
bara, and leasing.of tracts in the Gulf of Mexico. Concern usually focuses L
on the effects of major well blowouts, but some attention has been given as
well to minor repetitive discharges from operatlons. .
Since 1948, some 18, 000 offshore wells have been dr111ed in the United,
States, of which/3 have released large quantities of petroleum liquids into
the ocean. Only one, -the Santa Barbara accident, resulted in severe pollu-
tion é)i the shores. That was of a temporary nature ‘Emd the area is recoverx
ing. The U.S. Geolog1ca1 Survey and other ‘government agencies recentlyh‘ _
established stringent equlpment and operating regulatlons. As a result;_the
environmental hazards of offshore oil dr111mg have been reduced, although
‘'some leakage risk remains, : : _
One factor that is sometimes overlooked is the trade-off between off- ‘
.shore drilling for oil and the importatian of oil by tankers. The env1ron- '
mental dangers of oil spillage from supertanker operations l‘pust be matched .
against the risks in offshore oil drilling and undersea p1pe11nes. e S
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Nuclear

-

>

d
Most of the environmental aspects of nuclear power have been treated

in considerable detail in Chapter 5. However, some further points are perti-
nent. . ' . )

Rl

Emergency Core (Gdoling. The adequacy of emergency core cool-

\ing systems to perform under all conditions remains questionable to. some.
Recently revised AEC criteria should do much-to reduce the possibility of a
loss-of-coolant accident, Continued R&D efforts should-“increase pubhc con-
fidence in such systems. R ?

. Seismic Effects. 'The adequacy of seismic des1gn and construc-
tign criteria has also been questloned by some., Efforts to improve tpe state
of'the art in this regard should be intensified. Siting of nuclear plants near
or adjacent to long- activé faults should always be approached with great cau-
tion. ‘ :

Sabotage. Add1t10na1 standards development is needed to further
reduce the possibility of nuclear reacto¥ damage by willful acts, ™, - “
Safeguards. Development of additional security measures, can,,
further reducg the opportumty for diversion of plutonium and enriched urani-"
um materials. Co -
' Long- 'I}rm Radioactive Waste StorJe. \Temporar storage’

fac111t1es for radipdctive wastes can be builf, but there is stfﬁ‘{o fully satis- ‘

factory method for permanent, disposal. ' Salt formatiohs in the Southwestern
United States are promlsing, ‘however. '

cedures for centralized siting approvals. Similar actions by other states

.,,h-fI‘he Tas Force beheves that adequate'ssolutlons have been estabhshed

portatlon of clear fuel and radioactive wastes, uran1um mihing and proces--

sing; fuel fab ication; and intermediate-term storage 3t high-leyel radio-=

active wastes, pend1ng an agreement on the best disposal techn1que. .
One nPajor difference in viewpoint exists, however. Whereas Chapter 5

ﬁrges that all public hearings be aBbandoned in the operating permiit proceed-

ings, at least one member of the Task Force believes that in some cases

‘Public hearings should be continued to dgal with identified but unresolved

i b S

lssues,, _ & P B
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The objective of thig study was to examine production capabilities, not
technological ix;movations. This does not mean that developments in Sup%t-

¢ @
Low

@ermdnt Oregon, and Washington have .estabhshed pxz(,\:v :
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ing technology do not need to continue qr that major R&D Programs should
not be undertaken in the next 12 years: -
On the contrary, these efforts are extremely important and mykt be
.undertaken not only to create the near-term productlon facilities, bit also
‘to achieve more economical processes and new energy technologies’ or, the .
longer term. Many supporting programs. involving metallurgy, saf ty, pro- /
cess technology improvements, restoratlon transmission, equipment re-
liability, and many more areas will be absolutely v1tal for attammg lower
costs, . “ . < )
~In add1t1on, R&D programs for tlue long termpmust be carried on vigor-
ously by both industry and government. "Sooner or later, we must reduce
burmng of fossil fuels, and thg basic R&D .toward that end must be s‘tarted
now. Breeder reactors will be needed to assure continued nuclear energy
resource availability; coal liquefaction will be needed to .assure hydrocarbon
fuels for our-transportation systems; and geothermal, solar and fusion re- |
sources need to be developed to assure clean energy supplies for the next
century. The Task Force believes that the quality of life in an mcreasmgly PR
- high-technology world hinges on the development of new energy sources. and '
therefore, recommends an aggressive R&D program in this area. - .
The Task Force has not endeavored to suggest relative pr1or1t1es amdng : -
the various long-range R&D efforts or to assert any specific level of priori- <~
‘ties for long term vs short-term and mid-term. However, there may be
. conflioting demands, partlcularly for funds;-for scientific, engineering,
A\ management, and possibly construction manpower; and for some eqmpment
» and materials. Consideration will surely have to be given to reducing the
k' ‘rate of effort on some long-range programs or less impo rtant programs in
order to~ deal\ with the short- range situation, wh&h, if not resolved, could v

" restrict our ability as a Nafion to deal with the long-range objectives,

- q -
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- that could significantly increase our d8mestic ene’rgywsufpplies.

B OVERVIEW OF MARKET AND ROLES

[

Chapter 9 o ~ o e

IMPLEMENTATION : . ' o, ) . ’"

i .
¢ N } "

‘

"This chapter summarizes the framework and assumptions- in this report

'regqrding government and industrial actions that could encourage the. maxi-

rthum beneficial expansion of domestic energy production. ‘These actions are
intended to be illustrative; the Task Force neither recommends tiem speci-
fically nor judges that they are best or uniquely suited for reducing dependence
on imports. The Task Force does believe that they are examples of actions
. The Task .
Force also believes that past policies and postures by government andsindus-
‘try are not adequate to cope with the energy supply and demand problems
dur1ng the next decade and ‘beyond. A e RTINS J

¢

The Epergy Market

Our domestic.'levels of energy supplies and consumption reflect the *
market decisions of*many individuals and institutions. : In turn, these deci-
sions result from many separate perspectives of opportunities-and risks,« o
needs and availabilities, and the impacts of future governmental policies. )
Although these dec1smns and perspectives are generally well intentioned, as-
measured by consistency with the institutions' own objectives and respons1- "
bilities, their interactions have led to the present ‘situation.

If present energy levels are judged to*be unsatxsfactory, but free, in-
,dividual market choices are considered worthy of bemg{preserved then it
would follow that market perspectlves need to be red1rected> This process
has already begun, ,and the underlymg economic 1ncent1ves ar’e discussed in
the following sect10n. . ' : ] N

% -

B -~
.»y
-3

110

iis”




"_y

" ~

“ Left to themselves, economic iffcentives and redirected market per-
spectwes would create a new equilibrium of supply and consumption. It ddes °
not necessarily follow that this net equlhbrmm would be entirely consistent
with national goals for ‘reduced demands and imports. Thus, if energy self-
suff1c1ency is a goal of public policy, then the government must consider hdw
it can’ effectwely act to realize that goal. It ¢could limit itself to traditional
types of actlons for which it is well qualified by experience. Alternatively,
it ¢ould take op new types of actions, with the added burdens of(]évelopmg
competence in these new areas of responsibility. :

The Task Force assumes that the Nation'would prefer to avoid dew
governmental responsibilities whenever there is a reasonable expectat1on
that they are unnecessary to the goal. Consequently, the Task Force ¢ assump-
tions empha51ze traditional roles and respon51b1_11t1es . . 4

- ¢ . .

Tradition_al Roles

w
Governments at federal, state, and local levels provid{ the overall
framework for the energ‘& markg\t. This structure is manife ed*f:ﬁrough
laws, regulationgs, l'i'censingj procedures, procurement practfsls,_and
taxation policies.” Government has traditionally left to private enterprise the
. tasks of exploring, producing, transportukg converting, and marketing most
of the energy forms in the United States. Although many federal agencies
,support energy R&D activities relating to the respective agency '‘missions,

pr1vate funds have provided for most of the .energy -R&D in thls country in the //

past In the fossil fuel field, in partfcular, the great
results have come from private effoxts.

. In the present situation indust™ has the bulk{of resourceé, the ex-
perienced personnel, the technical knowledge, and the facilities for 1mp1e-

menting most programs for increasing the supply of energy Gogernment e,
can provide needed support by clearing ‘'roadblocks'' to increased elr;er}/’ N A
Centives .

" production and by fostering a favorable chmate e to ensure adequate ince
to the investor and adequate safeguard‘s e consumer and the public. ;| -

E_CONOMI’C INCENTIVES

1

!

Economlc 1ncent1ves are the drwmg forc¢’/that operate the mdustm{
_system in the United States. Government actions should, allow the economic
" incentives to operate fully to producecthe de51red results, whlle preventing

or reducing inequities where these may arise. This is, at best, a difficult -

and imperfect process.) ' . e o, - Co.
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- As more costly processgs are utilized, as lower.grades of resources

are developed, and as provisions are made to protect th environment, the
_costs of added energy sources are increased. When the/high cost of borrow1ng -
money and the rap1d 1ncr‘eases in construct1on and operhting costs are taken

into account, the gosts of energy must increase, particularly for new sources.’
The 1nvestor im bonds or common stock who justifies his investment by anti-
cipated returns, Vperhaps in several years, will only d¢’so if it is a feason-
;biz/gamble -¢ and the more the gamble the higher the returnﬁhe will .
expect .

A facet of the problem can be 1llustrated by the ca],culat1on that the
opportunity to receive $100 in 20 years is worth spend1ng no more than $17. 84
today. That is, today's investment of $17. 84 at a prime rate of 9 percent
(and-almost 100 percent certainty of repayment) yields $100 after 20 ‘years.

It is difficult to justify long-range, higher- r1sk investments that prom1se no
greater returns than atr investment With less risk and paying the minimum
'prime rate. This is true whether the subject is prospecting for minerals,;
developing oil and gas fields, or developing a new'chemical process. Ex-
pected returns on energy investments must be competitive’with alternat1ve
investments in order to attract adequate financing. '

Increased prices for 1mported oil and natural gas in the foreseeable ‘e.:
future make it reasonable to seek to reduce irhports by substituting domestic .
resources if the€y can be developed and produced at no more than the cost of '
imported sources, which todaya#e-of the order of $9 to $10 per barrel of oil. -
These seem unlikely to dro’p‘/below $§ or $9 per barrel (in'1974 dollars) and
may inc reaser' The development and production of energy with costs above
these levels -- as may be the case, for example, for oil from coal -- will
require government financial assistance in some form, unless it is considered
desirable to alldw energy prices'for at least a substantial fraction of all"
energy sources to rise to higher levels for'national security reasons. This .’
would probably be very-expensive indeed and would causé problems of soc1a1
equlty . . .

- Marginal cost theory, while of general application, does not, of codrse,
fold in an imperfect market such as actually exists; does hot take into dccount
the diversity of geographical areas and:pos51b1l1t1es for substitution; and is
'generally very much’ affect’ed and d]mstprted by governmental regulations and
pr1ce controls, as well as taxation patterns. Nevertheless, it does prov1de
a reasonably valid general picture of the effect and nature of economic 1ncen-
‘tives and the manner in which they apply in energy supply and demand in the'
United States. : : -

. While higher pr1ces will have a direct effect on most energy develop-
ment and production activities in terms of prov1d1ng revenues to justify.thei
added costs in a fairly direct manner, the effect on the consumer is consider-

ably diluted. The effect of increased energy costs.on the eonsumer should not
N ? . I - .
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be as great-as thaft of increased prites on the producer. While the 1ncreased -
costs of-new production are present, the consurger pays a mixture of old and
new costs For e(xample,, the costs of transport, conversion, and distribu~
tion gre often a large part of the total costs. They are, however, ‘relatively .
constant an generally a mixture of old and new actual-'costs. Further, they
are . large proportlon of the total costs. In addition, “the ‘consumer may
- have some optiens as to 1nterchangeab1l1ty of fuels and/or of suppliers, which
give him more flexibility. > v N
. ) The ‘recent high bids for oil shale dev opmental tracts and the.unex- .
pected increase in sales of smaller cars .are good examples pf ways in which
economic incentives are already operating to the benefit of the energy situa-
tion. "On'the other hand, there seems to be no way in which research such
as that on nuclear fusion or fastz.-breeder reactors is likely to be carried out
unless supported to a very large extent by governmeént funding. As ‘noted,
¢oal liquefaction;  which could begin to be available on a large-scale commer-
@ cial basis in 10 to 12 years, if developed aggress1vely if the meantime, seems
an 1ntermed1ate case deserv1ng of, speC1al study. ., i

.
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ILLUSTRATIONS OF GOVERNMENT ACTIONS * ) .

major obstacles to industrial iritiatives and encourage long-term develop- o,
ments that exceed the privafte sector s prudent risk. - Govérnmental ass1stance
could take many different forms, some of which are illustrated by the fol-_

. The Task Férce beli:;ytgo/vernmental attion could overcome

low1ng These illustrations are only exalqple s, It should be gorne in mihd
that government actions can bring’ unanticipated problems as. well as ben,ef1ts

“and that many actions are difficult or Jimpossible to revex/se » .
. ) ’ T

=

T o Rernove Constraints. The governmeﬂt could remove or alleviatg o
s d1smcent1ves to domestic energy development that result from existihg kaws
" and regulat1ons Eﬁample The government could deregulate the wellhead v
pr1ce of natural gas so that gas prices could seek parity with other fuels.
", o Reduce Risk. The government could accept or share the risk w1th
private firms in special situations involving the development of new tech-
nology that appears attractive-over the long ran but in which an unsuccessful
“  result could mean bankruptcy for the firm and disaster for the employees,*
the investors, the community. Example: The first firm to demonstrate
the feaS1b111ty of a new technology is ,not necessarily able, - even under the
best of circumstances, to re¢over the R&D costs incurred in deriving that
. technology. /A firm that is ''second in the market’' has the advantage of
knowmg that the technological,” economic,. and marketing problems\re\ M
solvable. . X - :\ :
) S_pport Development The government could support the develop- A
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‘ment in gOvernment un1vers1ty, or private facilities of long range energy .
technolog1es that, while potent1ally of general eganomic and social benefit, are
not acceptable cotfirrercial -risks in the near-térm because of unc%rtamtﬂas '
of success, foreseeable costs exceeding prOJected market prices,/or the
long t1me involved in successful development ‘Ekxample- The goVernment
_might support effort in coal l1quefact1on because of the high development
cost, long period requlred ang the.estimated p1‘oduct1on costs, 'Whlch,
wh1‘le perhaps acceptable and necessary in 15 ygars or .so to provide adequate
oil*supplies, maqy be h1gher than o1l~costs ,foreseeable now \ =
"o Com mpile Data. \The government could comp1le data on the/p@nt
status and- future pro_]ect1ons of energy supphe and consuniption tohelp @
decision makexrs Lnterpret the consequehces of alternative policies and act¥ns,
& o Disseminate Information. The government ‘codld provide 1nformat1on
‘to consumers regarding the relative: costs and benefits of energy- consum1ng
devices. Example: The Environmental Protectidn Agency action 1n pub-

.

litizing the relat1vel gas consumpt1on of automoblles allows thé new car N
purchaser to estimate the fuel consumpt1on of a prospectlve purchase and
to make trade-,offs with other desired features. o
.o Establish Standards. The government could promulgate standards
aimed at protecting the public sa.fety or welfare in those situations where
" an informed market Aoes fiot operate. Exar&gle A 4Building standards
Spemfy the minimum 1rfsulatxon for ‘reS1dent1al and commercial burld1ngs
Most. consumers cinnot readily Judge the adequacy of 1nsulat10n in buildings. '
Exa ple B: Air quality standard& are designed to 1nsure that a1r Jpollu-
tion does not endanger human health. Ru is- Q.(free good “n commeon
ownersh1p, and not subject to market Operat1or§Sl SRR o RN
) o Taxes. 'I‘he government establ1she54,corporate L‘ncome and variousw
other taxes, dutlés fees, etc. and through these can prov1de incentives
as well as disincerdtives to producers converters, transporters and cone-
sumers -of energy, whether from domest1c or foreign sources. Special tax
benefits f@-r some segments of the energy, industry may, whefi passed on to
the.consu.mer stimulate overconsumptlon of one form of energy. Other '
.tax considerations may lead to accelerating or decelaraung the search for M
and deve10pment of energy- rescuraes ¥ While the impact of taxat1on pQliey

on jndustry and indastrial deve"lopments 1s profound in the end {t is c‘ge -
consumer who'is most affected by these taxes and who 1nvthe altimate analy- )
sis, pays them one»way or another “ P '
o Manage Resourees i/.The government s\responS1b1l1ty 1ncludes mz;n/-
f

agement and conservation of public lands and resources for the benefits

both present and futurelgenerations. Th1s rhanagement reSponS1b1l1ty 1mpl1es
. choices between making available federil fuel bearing la or oil and g\a
- sites for pr1vate deVel-op?nent versu/s alternat1ve uses the samedqesource\s.'
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. FEDERAL GOV/EfRNMENT ORGANIZATION .

SRR 'Congresst in response to proposals by the Adm1n1strat1on and others, '
is consxder1ng /the establishment of a permanent central orgamzatlon in the = \
federalgovernnunw U)dealwrﬂrenergy Resources, recovery, conversion, . (
transport, and ut1l11,at1on Su,ch a central organ1zatron‘r‘espec1@lly if at a
h1gh level, would make it easieT to attract and hold the outstand1ng leader- ol

. ship and éxpertise required for the difficult tasks involved in implementing
the federal energy role and would provide recognition of the 1mportance of
energy'issues to the Administration and the Congress. : ,

> The Task Ferce concludes that a hlgh-leveR*Fderalenergy organ1za-
tion is des;rablelnm .does not regommend any specific organ1zahonalstruc- ‘ BN
ture, sincle such structures are best evaluated by'the.Adrn1n1strat1on and . ;
by Congress. , - '
The Task Force oﬁers severalobservanonS\dfthefunchons of such an I
organization or organ1zat1ons that,would be consistent with the governmental )
role and actions discussed in earlier sections: o
R o Collection, developnaent evaluat1on;“and publication of projections
of' energy demands and supplies. v
o Developnunn of national energy pohc1esfor conS1derahon by the

Execuhve‘Deparhnentandthe Congress, and coordination ofpohcy'develop-

mert with other federal, , state, and local- government agencies as well as

he energy1ndusmues ' ‘

o lDeveLopnaent of gtrategies for assurlng adequate energ;\qupl1es at |

ble costs'with minimum impact on the environment. \.,

evelopment and implementation of plans for conserving energy

i and measur 8, fQr increasing efficiency of energy utilization.

lementation.of allocation and rat1on1ng programs if requlred

Planning and direct assistance in rennov1ng institutional roadblock

ing apd using energy resources. , > ' ’ ’

evelopment and publication of data on resource requirements,
availability, and crnlcal; reas for overall energy progranas and specific
segments, including eiygm ering; sc1ent1f1c,,arnd construction manpower,
equipment, and ma afactu ing capabilities; materials, etc. Assistance with"
provision.of esseptial resgources to h1gnqpr10r1ty energy projects.

o Develggment and application of financial incentives where clearly
reduired i uding development and overall surveillance ofJonn:governnaent-

p'z‘g!iams in areas requiring gover}mment financial support. . ,

Coordination, assustance and resolution of critical problems in

are of environment’ effects water supply and allocation, land use, etc.
o} Development and coord1nat1on of international programs in energy .

/areas S e I i ‘

e o $upport of research and development where the risk is too great for - .-

) rivate 1nve‘s ors. , Lo 1 2 3 '
N ' . . 4
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o Coordination Of programs for 1ong-range and basm research in

energy areas y- - . : . .
v o ’rovxsmn for mfo rmatlomdlssemxnatlon and advice to the general ¢
public nd special groups

¢ 4

In the Energy area, there are many long-range and some short-range
research and development activities that.-can be carried out by Auniversi‘t‘ies /
and'gdvernment agencies, but those institutions are quite inappropriate for /
a la¥ge-class of research and develapment problems that belong properly in
industry only. Such problems~are thc{' that are so closely related to. the /
peeds of prospective suppliers and users as to benefit from close associa- {
tion, shroughout their active pursuit, with industry; or those practlcal prob-‘ o
lems in whlch industry has sgecial competence; or problems involving '
pilot- plant research and deve?iopment in 'which industrial know-how, scheduhng,
and'mtergroup cooperation are of special value. These are best carried out

.in'a commercial, real-world environment. Academic and basic research,

s
/

carried out in universities or government agencies, is of importance in .
‘providing supplementaldor backup data, but guldance of pro;ects to commer-
cial fruition is most often the province of industry. .

Developments such as coal liquefaction: and fast breeder reactors are
examples of those that must be closely tied ®¥¥ndustrial requirements and
capabilities.

Development ac.,t1v1t1es are enhanced by strong interactions with the
‘regulating agencies (FPC, AEC, EPA, etc.). They can gssist the central
energy organizatiQn to attain its gbjective of assuring ad{quate supplies of"

; energy in the forms required at reasonable prices and with proper safeguards|,
for the environment. ) '

.

INDUSTRIAL ACTIONS , ‘ |

W1th a well- deflned and stable set of national objectives '‘and policies,
‘arrangements for 1‘emov1ng or alleviating roadblocks, mechanisms for
speedy resolution,of e;n\qronrhental or other similar issues, and d focal *
point’in the federa l/government for assistance, 1nformat10n and/actions,
‘the various segménts of the energy industries should be able to z{ccelerat‘e
\and expand effdrts to provide add€d energy Supphes in the need¢d forms and,
where desnvéd initiate new projects, Thé d>r1v1ng force will t?e largely"
~.economicy “and the government will continue to play its traditipnal role; but
hopeft}lﬁy, mutual understanding of the objectives and problems -- along wAith
coo/gdi-nation and cooperation -- will result in the energy sup{p\l‘ies (and re-

“.duttion in demand) judged to.be needed by the nation. A common sense of
~national purpose and urgency, rather than one of dlssensmn and conflict, is

‘essential. ' C e .




, In this context, 'rndu-stry will have many demanding tasks to carny out
in a rapid, efféctive, and ecoromical mannér. Among them are the following:.
)’ 4 - - . .

[
-~

o Finamcing.. Expansion of engrgy facilities will require very large
amounts of money from internal funds, equi‘t.y funding (stock), and bonds or
loans. These funds can be obtained if the industries have stable and adequate
revenue to cover their costs, repay their loans or bonds, and provide the

-

o Planning. In all segments and at all levels,. industr Wilf have to
carry out rapid and detailed planning in response to new glbjectives and goals
and within any new frameworks evolved in response -to,/_t\; energy supply-
demand situation. = - . ’ - ,

o Ma’.nagerﬁent. Once ‘detailed plans are evolved and critical problems !

. are identified, the\various organization® -- along with their managers and
key persennel -- wil} have to be reorganized and redirected as. necessary'to .,
undertake she various tasksion a ‘urgent basis, whether these ,ane,n,ew ex-
ploration programs, new m.ir\ssy new oil refineries, donstruction of facilities,»
-operation of new mines grplahds, manufacturing of new equipment, or the
" providing ofdevelopment

stockholders with adequate return. Co b) .

ufport. - The industrial structure would probably
be ghe«game, but substantial reorganization and change would surely evolve '
and experienced planners and managers would likely be at a_premium. ]
o Manpower. ‘In addition to managers and planners, there will robably
be a critical shortage of many types of manpower, particularly engifders and
! skilled construction workers. Major pI} grams would be needed to make more
. efficient and effective use of available n%anpower,’ to utilize less ekilled man- .
power where practicable, and to train more personnel as.rapidly as p;ossible. )
o Environmeént. Full c‘onsi'derati&m will have to'be given to environ -
mental effects and at arriving.at reasonable cost/benefit decisions for indus-
trial programs having an impact on the environmenti Close cooperation with
\vgovernment should allow quicker decisions if industry has done an adequate
"job of considering the issues. Similar consideration would be true in safety
. areas, land use qugstions, etc. ¢ ' ' 1 '

o Development. Many energy progra.ms}l witl re:quire"substantial support,
in terms of development, and effort'may need to be diverted from other re- .
search and development activities:to provide such support, o b
o Public Information. Industry must establish and mé.in‘tain credibility

with the public (as well as with the government) in order for the- g'overnmenth-
industry cooperation to be possible and effective. :




Chapter 10 ) & :

CONCLUSIONS

* LY
.

- It is important to recogn1ze that there is a real and 1ncrea51ng gap
.betwéen the present energy production and essentially all projections of '
future energy requirements’ in“the United States for the next decade and :
beyond. This gap is now expected to 'be closed by large-imports of 011 and *
gas It does not really matter whether this situation is called an energy

Merisis't or an energy ''problem." The 1mportant point is that it is real and

will not go away if simply endured or ignored.

The S1tuat1oln will only be alleviated or corrected to the extent deS1red
by sensible, cooperatrve lactions in the public and private sectors. While
economic and®market forces are acting even now-to produce additional sup-
plies and reduce demand, these alone are not 11ke1y to be suff1C1ent to meet
our national objectives, art1cu1ar1y if the time factors are taken into acceunt,
All alternatives, except simply ''doing \y1th less, ' take an apprec1ab1e time
to become effective. B

The opt1ons that are available to increase domestic supplies and reduce
demand are not numerous. The important ones have been included in this D e
report. There are no other solutions that are likely to appear suddenly. ' »
Research and development is not likely to generate new energy sources that
can be applied on a large scale in the time period under consideration, and
certainly should n6t be counted on. .

All of th€ solutions have certain costs, not only in money, but also in
manpower, materials, equipment, water, and othér resources as well as
in various environmental effects. There may also be short- and long-term
economic and social implications. Policy judgments on the overall desir-

* ability of the various programs are beyond the scope of this report. However,f\
it must be strgssed that any pohcy to substant1a11y improve the domestic
supply/dergand situation in the years ahead will requi e the ut111zat1on to a
greater or lesser extent, of many, o\r indeed, all of the programs described
in this report

. N . 5 \
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Providing additional domestic energy supplies: during the next decade
or so does not require the solution of significant technical problems, but
will, in some cases, call for substantial development support. The inter-

N

.

relationship between government and private institutions is the major pgoblem.

The government must establish a well-defined national energy policy and’
carry out its licensing and regulatory actions so as to attraet’ large sums of
private capital for investment in the programs while, at thé same time,
protecting the public interest. ‘ . ”

Early and positive decisions” and actions are required. This report out-
lines some of the decisions and actions that need to be considered. The
ability of the United States to find realistic and workable solutions wil]f”"ilw.,...
determine the time and cost of establishing whatever level of energy supplies
is deemed desirable with the least overall economic, enVironmental ..i&d —

social complications. More specifiodly —
‘ -~

‘o Domestic energy demands -- despite conservation incentives higher
" energy prices, technological changes such as smaller. cars, and more ef-

ficient industrial processes -~ will continue to 1nc1ease_stea.d11y for the fore-
seéable future. ‘ '

‘

.

o Domesti® energy.supplies, growing at a rate less than that of demand,

have in recent years essenti\aliy reached a plateau and only provide about 85
percent of the:current demand, the “balance coming from .irdcreasing impOrts
of~011 and some gas. : .

o 'Projections ‘of demestic .su@ply and dema‘gd made. before the fall of
1973 predicted the need:for large and. 1ncrea51ng imports of oil and _gas with ’
attendant problems of potential supply 1nterruptions higher costs, increasinyg -
effects on balance of payments, and questions of worldwide productive capa-
city for oil. The oil import embargo inlate 1973 and.the concurrent sharp |
increase in oil prices by essentially all of the oil- exporting nations has pro-
duced a substantial change in U.5. and worldwide thinking and leads to.+
further consideration of means for redacing energy demands in the Unite,d
_States and increasing domestic energy production.

o While domestic energy production cannot be increased abruptly, in
time it can be expanded over the present levels or those previously projected
,for'1985. Production levels of about 49 MBPD by 1985 seem feasible in con-
" trast to pro;ectlons of about 40 MBPD made in mid-1973 and actual 1973
levels. of about 30 MBPD However, the costs will be high, and such a pro-
gram will strain U.S. resources and will place considerable stress on til\e\
environment. v ] ' .
BERPS Decreases in demand due to the development of a '"conservation
ethic' and the direct effect of higher prices could be significant. It is dif-
ficult to predict the size of effech or the length 6f time over which these
effects may persist. Decreases in demand due to such measures as small

cars; better 1nSulation in homes, buildings, and industry; improved industrial

8
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processes; and more efficient-space heating and coollﬁng wlll~probably\ have a-
larger effect, but cannot reduce demand significantly for 8 to 10 years.
o It is believed that increases in Jomestic production could be achieved
by about 1985, if desired, which would bring do;nﬂepk supply into, rough
balance with reduced demand without resort to. crash"‘approach. However, .
it would be Hecessary to initiaté urgent work on essentially all practical
measures for increasing production of otl, gas, coal, and nuclear energy
1mmed1ately Such a program would require high priorities and close
cooperation by government and industry. ' .
o At the same time, ptograms forrreduc1ng demand would also have

.to receive urgent, large“scale and continuing attentlon and’ pub11c1ty by ~-

T

program would require exte\ns1ve use of eng1neer1ng and s¢

government and induastry. . :
o ‘Despite such domest1c programs for decreasing demand and increasing

domestic production, imports of ‘0il and gas will psobably have to increase ‘V
over the next several years to levels higher ‘than the 1973 peak before they can
decrease in later years. . : . -

.. o Attainment of minimum net imports by about 1985 would require not
only tlgat the prog‘rams'ﬁbe started,promptly with full and continued support
but also that they be successfully finished on schedule There is little or
ne provision for contingencies in. the estimates. SNSEEEEN ' .

o Domestic eaergy supply increases must he brought about by industry,
largely stimulated. 'y econom1c incentives, but with the close cooperation of
government to fac111tate the most rapid and orderly implementation of new °
projects. ’ ' 0 -

o Direct government financial assistance may be needed in some cases
where prevailing price levels:do not appear adequate to justify longer-range
developments and ‘ar technological risks and where it would be undesirable
to let marginal pr1ces increase tg.the levels requ1 red. Coal liquefaction and
oil shale may be in this category. —

o The cost of such a total program, 1nc1ud1ng a)l resources, may not _
be acceptable or feas1bkle. For example, the investriient would need to -,
average about twice the present annual®rate over the next 12 years. This
ientific manpower,
ent: The

construction workers water’ supphes materials, and equi
environmental 1mpact may als\o be a limiting factor. '

.0 Zero energy imports may not be desirable from an i ternatlonal
point of view.

-0 Successful achmvement of thes’e programs would produce less volume
of oil than is now consum\e\d ifi the United States, and this may not be adequate .
despite all efforts to increase: the use of coal and nuclear energy. Thus, some (
imports of 011 would probably be needed even thou<gh a net energy balance is
achieved -- perhaps allowing the United States to trade coal for oil. +This’
situation would probably continue until coal 11quefact1on on a larg_Qe -scale is

- a reality, that is, well beyond 1985 .

LI . - ! A
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o Ar pid achievement of zero imports would require a wartime, '
government-tirected approach with serious economic and personal dlsloca—
tions, 'as well as w1th€ubstant1a1 interim imports of oil, but for a more - -

limited period. Higher energy prices would also result. ' ‘., .
o Worldwide resources of 011 and gas are §imited. Long- range:- research
on new energy sources for the longer term is e€ssential and must reteive "~
‘ strong support now. Important areas are breeders, fusion, solar energy,
/" and systems for utilizing electric energy for transport (hydrogen, storage
' batteries, etc. )e Some choices may have to be made between development -
work in support of the production programs and longer-range R&D because
of the limited supply of. scientists and engineers. ~
", .o More detailed studies need to be made ith’respect to a number of
-areas disciussed in this study. These include the\following:~
' - A more detailed examination of the supply and demand situa-
.tion in the period between now and 1985, essentially on a yéar-by-"
-year basis.

. ' amination of energy supphes and demands especially fo{'ﬁ .o
011 on‘a worldwide basis, to evaluate actual po’SSlblllileS for import
of oil into the Unites States in the 1985 timé period, as well as - -

possible: pr1ces for such imported oil.
- A more detdiled examination of the methods of reducmg demand
_ by various economic and technical means.
- AN \-\More detailed ewaluations of the resource requlrements and g '
avalrab'htle involved in large- sc\ale energy programs, including
scie nt1f1 eig@)neerlrrg, and construction manpower; raw materials;
equipment gupply and manufacturing capabilities; water supplies;
and local and\general environmental effécts and trade- offs, "
- Examination in more detail of the development support required
for the pr'ograms outlined. . , T S
- - Development of a sound basis for government 1ndustry JOlnt
. efforts in such progtams jas coal liquefaction, tertl,ary ‘oil recovery,. -
\. or anyareas judged to re,/;ulre significant government £3“(rix‘ancra1 '
. .assistance. N - ot ‘
- o The energy program described herein is a major national endeavor
involving both government and industry. To sticceed, it must be conducted-
_in an open manner in order to. receive the necessary public understanding
~and support. _ . ~ : - o,

- ¥ .

a

Beyond 1985: Achiéving the complete range of programs descr1bed in
“this report by 1985 is not considered by the Task Force to be of high proba-—
-bility, Even if it is accomplished, the United States would be buylng time, .
Fox beyond 1985~ looms an ominous prospect of even greater demands for
energv° from ever-increasing and ever: r1sn’1g expectat1ons at home and abroad,

I
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Unless innovative|wayp are developed for conserving and using energy and
substantial iew sdurces and new technologies are found for increasing energy

supplies,, ﬁhe‘ strategies presented by the Task Fo

grim future of energy scarcity.

!
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rce would only postpone a
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C : . Appendix B

©° . UNITS AND CONVERSION FACTORS
e TR ,;
An effoht has been made to make the units used throughout this re- .
port"‘inte'rnall‘y_ onsistent and related as closely as po§7sjb1e tg similar terms
’ " used in other reports. There are, however, -difficulties in achieving such
consistency since energy is treated in so many ways and with so many dif-
f/‘erent units. For example, the following three clas sifications have been
jased in the references, as discussed below.
Energy./ Absolute energy quantities are generally expressed in
" -  terms of British Themnfrts (Btu) per year. Many years agd, a unit
called the Q was defined as 1018 Btu, and the practica_l unit is the milli-Q ‘ o ‘
4 (mQ), or 1015Bu. S . - . -
v " In th1s report, the cornmonly used unit of energy is millions of bar- ’ ' /
. rels per day of .crude oil or oil’ equwa;%nt (MBPD). This is useful since. .
many other meports use this/same unit, which is the basic unit used in the
oil 1ndustry .+« Oné barrel of|/oil is defined as hav1ng 5,800,000 .Btu. = - A
- While this appears rather straightforward, it must be recog)uzed '
that in the United States energy values are usually the higher or gross s
heating value of fuels, while in E.ur%pe such values are ysually based on the
* lower or net heatmg values. The difference is on the prder of 10 percent
for gas and 5 percent for oil and coal. - ‘ .
jnother compl{catmn is that some form’s of energy are transformed
into total energy at arb1trary conversion, rates—for example, hydreelectric
wd power. Although this erergy in falling water’is converted to electrical . ‘
L efiergy with an actual efficiency of 90 to 95 percent, it is sometimes pre- . #
sented as having been produced by fossil- fueled generating plan‘ts having a
Sy lowgefﬁmency“ since it'would replace that quant1ty of fossil fuels. .Ina,
- few studies, the direct energy equivalent was used instead of this assumed e
‘required substitution. , ' ~
. Physical. Nominal phys1ca1 q @"nti’ties may be used. Where such
units are used in th1s _report, they are ased on the following convérsions:

3

o o

-

»

T

o 5 800 000 Btu per barrel of oil | ) I ) S
"o ;1,030 Btu per standard cubic’ foot (SCE) of natural gas ’




. 4 .
8 v
o’ 24,400, 000 Btu per short ton of eastern coal (12 200 Btu
per pound) . ‘
‘o 17,000,000 Btu per short'ton of western coal (8 500 Btu

per pound)

! .
Actual physical quantities of material produced, shipped, or conx
verted may differ appreciably from the nominal values specified above .due
to the variations in hedt content of the various forms of even the same type

of fuel. o

For example, residual fuel oil used in power plants genera(l)ly has a
heatmg value of about 6.3 MBtu/barrel + Thus for a nominal 1 MBPD, the
actual volume of residual fuel oil'would be 920,000 BPD. -

. On the’ other hand, some western 11gmte coals have a heatmg value -
of perhaps 6, 500 Btu/1b as sh1pped and 1..0 BMPD of-oil equivalent i such
cdal would be 163 MTPY of actual coal shlpped instead of 125 MTPY o?
nominal western coal. ' .

- In the same way, the physical vo@xme of low- and 1ntermed1ate Btu
gas produced from coal may be sevéral times the nominal amounts deduced
from the MBPD oil equivalent, sfncé these gases may have heating values
of 150 to 500 Btu/SCF rather:than the nominal value of 1,030 Btu/SCF that
is representative of natural gas and high-Btu "p1pe11ne quality' synthetic
natural gas (SNG). ~ o .

Units Used in this Report. As noted above, somewhat arb1trary
conversion factors must be used in equatmg the energy input of electric

.n

generating plants to the total energy input based on the’ production of elec-
tricity. A nominal heat rate of 9, 600 Btu per - net kwh of electricity pro-
duced has been used in this report in conbertmg nonfossil power.generation
energy ‘output to equivalent oil-fired power generatjon energy input. This
same nominal heat rate has been used for calculating thj energy input to

/
/

all-forms of fosgil-fired power, plants.

;

"

. There are a great variety of alternative termmologles and abbrevi-
_ations wh1ch have gyown up in the separate sectors of the energy ;ndustry
In an effort to simplify these to the least compllcated terms for ‘the non-
technical reader, we have’ addpted some terms which are not the r;‘ct)rmal
ones used .in the respectiye industry sector. . . Y
~ In this report the following terms are used: b

A




o

"Trillion CFY

cubic feef per year

A
‘ o R .
y ” T i
~ ' ‘ AN i
: 3 & ‘
v ] ) "i, ' , \}&
ABBREVIATIONS USED N ’
N e ; . . e ‘ ‘ : - L .
Term . ' 'JAbbreviétion Equivalent g
Kilowatt : Kwe 107 watts electrical
Megawatt Mwe ' 10® watts electrical 3
‘Gigawatt Gwe 109 watts électrical . -
K1lowatt hour Kwh, 103 watthours electrical
. ) % - g '
Million BPD MBPD :-106 barrels per day oil  ~—~ - \ .
Million TPY MTPY- ) 108 tgns per year solids . . o
Billion CFD BCFD 107 cubic fee per day ~ R
TCFY 1012 /\/. .

In summary, the followmg are the key convet sion factors used in __
this report to obtam the oil equivalent expres/ed in million barrels pe"r R -

/

-~

——

day (MBPD). . o
¢ > T !
| [ _
To Obtain Divide N .| By C
. S Y € K .
\ . o ¢ ) 15 @
Btu per year 2.12 x 10 @t
, S mQ's 2.12 ~ )
"MBPD _ 'MTPY of Eastern Coal -86. 8 {
 Oil Equivalent . MTPY of Western Coal 125 -
- BCFD of Nafural Gas "5. 63 -
. . TCng of Natural Gas 2.06 Lo ]
Joules per year r2.23 %
- | T :
& -
B ) . ‘ 3’3, N - 2 ’4
a . © i ‘ . 7 ‘ VAN
- b, ; , :
'~ ° l\ Aﬁ;.
T L. o | , - .
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) . ~ Appenpdix C - .
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This appendix contains a compilation of selected "demand or con-
sumption'' forecasts and selected'supply" forecasts for the years 1980
© . and 1985, In all '"demand pr consumption'' cases, the quant1t1es hown are
in terms of 5. 8-mMlion- Btu barrels of oil. In all "supply' cases, the

? units shown are .the: energy equivalents of the units used by the forecaster.
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Appendix lglz\fiﬂund or Consumption. MBPDY . , ,
-
L PR e 1972, a2 1972, 1973, 1973, Enargy
LTy J 1972, NPC - Anociated Depfgent  Stanford  Counail on Policy Office X \
. N 1972, NPC  Intermédiate 1972, NIC Universities, of the “\R“ewuch v Environmental 1972, {Dixy Los Ray ange
* Encrgy. Soutce Low Level'®  “Leye'® Nigh Level'®  Inc Interior' v stitute®  Quality®? Shell OI**  Report) High  Low
AN FOSSHL FUELS ) ' '
Petroleum N 2419 250 320 25.49 . 3.0 242
< “oal o 10.20 ° 1063 12 10.15 10,6 72
Gas . ¥ 12.55 14.05 14.0 13.61 14,) 126
Tolal fossil fuels 4694 49.68 $12 49.25 $3.2 469
Y . \ | mnd
‘OTHER " .
Nuclear, Hydro,
Ceothermal 818 7.96 14 9.16 143 8.0
. '
4 GRAND TOTAL 32 590 , 61.3 55.12 . 5113 67.5 5H.41 62,0 57.0 .67 53.2
b
Demand (D) or ' 1Y
Conwmption (C) ’ - 7 A N ‘.
Type Projection » D D o ¢ D7 ct . C c
N “The difference between denvand and consumption s U.S. exporty, which ln 1973 amounted to approximately | MBPD. Demand "shso refiects changes In U.S. energy inventory,
which are usually unall. < . . -
a ¥
L d
. ) . g <
« v N .
. .
Appendix C 1980 D¥mand or Consumption -MBPD? A
o ] 2 . . -
“ . \ . w - 1973, 1972, 1973, 1973, Energy .
; N . 1972, NPC - ' Department Stanford  Councit on Policy Office R .
1972, NPC - Entermediate 1972, NPC- 1473, of the Ressarch Environmental l97?, (Dixy Lee Ray ange
Energy Source Low Level'®  Level'® High Level'®  Bochtel interior’ Instiote®  Quality®” ", Shell OU**  Report)? High Low
FOSSIL FUELS ’ | ’
Petroleum ) . 24.0 209 27.0 20.31 . // 7.0 20.3
Coal 3 8.5 199 1.0 7.09 4 /,"" 8.5 7.0
Gas N 9.7 13.36 13.0 13.46 13.5 9.7
Total fossil fuels 42.2 4225 47.0 40.86 - 470 409
N OTHER .
Nucleat, My_dro. Ly - N N .
Geothermal 4.8 5.31 6.45 496 6.5 48
GRAND TOTAL 452 454 497~ 47.0 47.53 53.45 45.82 495.0 470 53.8 45.2
.
Demand (D) or \
Consumption {C) .
“Type Projection [ D ‘o D c D? 1 c c .
“The difference bytween. demand and consumption is U.S. exports, which In 1973 amounted to approximately ! MBPD. Dernand also refiects changes in U.S, ené) inventory,

which are usually small,
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