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ABSTRAQT .

'| This National Science Foundation (NSF) bulletln
sumnarizes the NSF program of energy manpower studies that assessed
*he 1mpact of past energy developmentsand ¥uture options for
scientific and technical nanpouer. This document summarizes the

*u+1llza+1on of scientific‘personnel in energy-related activities in
prlvate industry in 1975 and shortages of technical personnel for
enargybre;auod activities “in private industry. Also, projected ‘needs
for 501ence and engineering personnel in energy-related activities =«
are summarlzed Graphs gnd charts are used to illustrate the
dlSCUSSlODS. Highlights of the report -include: (1) Numbérs of
baccalaureate degrees in mining, chemical, and petroleum engineering
have increased in response to job market denand (2) Projected’

equltements for scientists and engineers for 1985 ‘in -energy
production are approximately 220,000; and (3) The energy production -

*sector will not, according to projectlons, make greater proportionate
dnmands on the supply of manpower as time passes, (MR)
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Current and Futuré .
Utilization of Scientific
and Technical Personnel in,
Energy-Related Actlvmés

Introduction )
‘ »

.

Current interest in scnentmc and techaical ersonnLl
for energy-related dctl\mu arises from natjonal
recognition of the need to decrease reliance on
imported energy supplies. This need was brought

-forcibly to the forefront withethe Arab oil embargo of

October 1973 ' & .

-

- ‘)
The Projecwindependence report! foresaw substan-

" tial domestie-energy *development and some concern

has been expressed that the necessary research and
development. contruction, and-operatipn of such a
program might possibly strainavailable scientific and
technical personnel resources .

Consequently, the National Science Foundation

" undertook a program of energy manpower studicswto

assess the 1mpact of past energy developments and
tuture options on scientific and technical manpower

M i
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« Impact Highlights

® . Since 1972 there has been a trend in tightening of
the anmgt tor personnel 1n energy-re lated
activities In early 1977 there was evidence of

~ .
Podery Focres Adman®toaton Progor dadipendonce Blucprone Toa' Task Tore
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signtficant shortages of mining. chemical, rand
petroleum engineers However, since {975 the
“numbers of baccalaureate degrees in these fields
have grown substantially, indicating that students
aré responding fo the increased opportungies for
employment

N
. N

e Forany one ot three assumed energy -use scena ros
for 1985, projected requirerpents for scientists and
gngineers (n energy production are approximately
identical. 220,000 This 1s<because decreases in
em plm ment stemming fromanassumed legser Use
®1 traditional cnergy sources are CountLrbdldnud
by requirements for research and devepment in
new technologies and the construction and
operation of new domestic energy components

e Regardless of the scenanos selected. projections

indicate that an annual 3-percent growth rate 1n g )

employmentof scientists and engineers 1s hikely to
be needed to meet the requirements of the
economy Compared to the base vear 1974, the
propottion af scientists and engmeer's mvolved in
energy produtfion. 13 percent, would not change
significangly Thus. the energy production sector
will not make greater proportionate demands on
the supply-of manpower ay time passes

»

.

Destriptive Highlights T,
» -

e In°1975, 16 pereent of all scientists and engineers

" and 15 percent of the technicians in priaite
Jindustry were employed in energyv-related ac-
tivities. 1T percent of all* R&ID scientists and
engineers were engaged 1n energy-related work

* (Brepared in the Manpower Utilization Studies Group. Diviston of Science Resources Studied §
d . o
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Te The largest activity in terms of erﬁploymeﬁt was, |
energy distribution and storage. accounting for 2
percent of the 186,000 scientists and engineers in
* * energy-related activitiey 1n private industry

e  Bytype of energy in which scientists and engineers
were 1involved, e'lectnc power was the largest (37
percent of energy-related employment) foowed
"by petroleum (31 percent)

RS

e Engineers comprised” 82 percent of the total
scientists and engmeers inenergy-related activities
.In private mduslry

¢ Utilization of Scientific Personnel in Energy-
Related Activities in Private Industry, 1975

In March 1975 a;ample survey of establishments in
the private industry sector provided information on
] .the utilization of 1.200.000 scigntists and engineers and
i about I million science and engineering technicians.
About 70 percent of total scientistsand engineers in the,

United States are employed in private industry

‘

The datd show that of [hg 850:000 engineers in’
private industry, 18 percent jvere emploved In energy-
relfted activities, 3s well a$f10 percent of the 330,000

- scientists. and 15 percent'$# the technicians (chart 1)

4
» Of all eﬁergv related activities, distribution and
5 . utihization were the two largest: Utihization 15 deﬁned N
as those activitres spectflca'lly directed at Conser\atlon,
improved efﬁclency or mproved environmental
o conditions n energy end-yse (chart 2).

. * - (R}
With regard to energy-related researchand develop~
ment.}) percent of the scientists and engtneers in

Y
- . .

k' CHARTY. Total scipntists, oogineers, and tochmicians
e employed in private industry in‘engrgy-related and
oo nonsnargy-mlated activities: 1975 o
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energy- related acuvures were’ employed in research
and development. These personnel comprlsed i,
percent of all R&D scientists and engineers i the
private industry sector.

Most scientists and engineers are wnvolved with the
traditional forms of energy Thus. tyo out of every
three were concerned with either electric power'or




. ’ .
some  aspect Sf petroleum  Only 2 percent were
engaged 1n work on solarenergy. and o1l shale or tar
sand*chart- 3) .
The énergy field s relatively @lenccn‘n;__ intensive,
Fhus, of those scientists and engineers 1n energy . ¥2
percent werg ¢ cdgincers  The largest  engineering
specialtiey are mechanical and electrical Asonemould
eapect. physical scientists made up the bulk of the
scientist gmub (Charg 4)2

Shortages of Teéchnical Personnel for Energy-
Related Activities in Private Industry

In order tq assess the job-market situation for
pessonnel inenergy-related  activities, several in-
dicators were examined ‘

It s difficult to obtain and interpret direct evidence

"
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ducted for NSF by'the Unnversity of Hhnors.* focused
on expected obyeetive behavior by firms af the hirms
had difficulties 1n' obtaining adequate numbers of
scientific and technical personnel g -

. Q n ’

A wide range of labor-market - indicators was
¢xamined for the period 1972 through 1975 Detailéd
occupational data were collected on salaries. quits,

related imdustries  This stud\ concluded that the
variety of measures employéd Lonslstcntl\ sho\mq no
evidence of any seriotis shortages of scientists and

engineers in late 1975 ‘.

Faeancws, hires, otfers. dnd employment in energy-

However. while no criueal Shortyges were noted.
there was an apparent trend 1n the tightening of the job
market tor some specialties. specifically petroleum,

~mining. metallurgical and materials, chemical. and

nuclear engineers ' :

ot shortage  Consequently. a 1975 sunvey  of ‘
emplovers imvolved 1n crlcrg_\-rclatcd activities, con- O L R T N T MR DTS A SIS N o,
- " Sctaa e gnd Fuoare Regquirenpongs glene g b Cope b G U ST o
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CHART 4. Scientists and engineers omployed in pnvate industry in energy-related activities by oowpatnon 1975
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lo update thls information, and to determine 1if
emploverd view” the supply demand situation” as
. serious. 30 of the largest employers of energy-refated
sérence dnd engineering personnel representing the
mejor cncrg\ produ&Uoﬂ*mduslrlcs were interviewed
during March 1977 ¢ On an occupation by occupdtmn
basis, the f()llomng cmcrged

lhmughout the qoal indastry there 1s @ need
for. but a serious shortage ¢f. new'reeipients
ot bachelor's and master’s degrees in mining
engineering, ;

D

The market 15 also- very tight tor chemical
. engineers atsth®bachefor's and master's level,
4 serious shortage exists at the Ph Dr level

. .
3 there 15 4 serous shortage of gpetroleum

enginéers at all degree levels

Available data for staring wage offery to Collegt:
graduates reinforce these Conclusmns with petrodeum
and mining. and chemloa},engmcers reecenving the
my{m current salary otfers among all disciphines.’

A final piece ot evidertee fegarding shortagcs relates )

to the immigration of scientists and engingers
Regulations requirg such entrants to have a job otfer
that the Department of Labor has certified as being
‘ unfillable by a’dothestically available qualified person.

In 1975 and 1976 a total of 9.100 natural serentists
and engineers aBpliedfor entr?™o the United$tates for
the purpose of accepting a job offer in their field A
relatively high proportion of immigrant applicants in
the short-supply occupations in energy-related ac-
tivities \\crcﬁrdntcd warket certification On the other
» hand. only 26 percént of the applicants 1n the other
engineering  and natural scienee specialties  were
granted worker certification ({:hart 5)

Thiswas a somstatntic nls ahd sample nterviewad by Div wor of Seone RLH’IJI\LI
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In sflmmdr) based on the available job-market
indicators and employers Judgment fis to the situation,
energy-related industries seem to hale serious dif-
ficulties 1n obtaining mining enginecrs kelow the Ph D .
level, petraleum erfgineers at all degree levels, and
chemical engingers  at thc PhD. level with the ¢
pdl‘lltuldr skills required b\ those 1nd\)strtes

Compdrmg 1975 with 1978 projected Buchelor's
. degrees provides a rough mdncatm@ of whether
students. have responded to the increased dernand o’f
the market in these fields (chart 6) Total engineering
_bachelor's 1n 1978 are projected to be 25 percent higher
than 1n 1973 ()n the other hand. tor the short-supply
‘ ﬁdds pntrolcum engineering degrees are 167 percent
grcater mlhmg 100 percent greater, and chémical 68,
percent greater Therefore, the market appearsto b
responding to the tightness 1n the case of petroleum;
mining. imd chemical ‘cnglncering

. ‘
Prqjecting , Reqyirements for, Scientists and .
Engingers in Energy-Related Activities

+

& In order to assess the long-fange requirenrents for
scientists “and engincers 1n energy-related activines, -
NSt supported a study which has dcwlopcd a
f»orccastlng svétem The work drew on. retined, and
integrated a number of manpower and energy models
developed inrecent years The system was destgned by
the Center for Advanced Qomput‘m()n at the Unnver-
Sjt of IlHinow e

A
The first projections of 1985 scientist and cnymcr
. rcqunrcmcnts from thxs system ncorporate the latest
alternage encrgy scenarios spnuﬁcd by ERDA ™ The
three energy scenarios examined are called Free
Imports, Liuted Imports, and Linted Imports
Svathévics They imply different final dcn')a'r]d‘and
téchnology patterns ' ,

[]

Free Imports assumes that encrgy Consumpllon n ]
the United -States increases from 1973 by -about 36
percent 1n 1985, Domestlc eriergy  production 1n-
creases. but the gm\x,th of imports of o1l and gas are
substantial ‘This scenario assumes.a real price increase
of o1l between 1973 and 1985 of about 100 percent. and
assumes current energy cfficiency levels . .

. . \
Limited Imports assumes that enerty usage 1in-
“creases by 15 percent and a price increase of abbut 1507

Eob oy v ! / .
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. CHART 6. Inuemof 1978 baccalalireate degrees in the natural sciences and ongmring :
eompmd wrth those for 1975 by ulected floid
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percent Domestic coal produrction increases substan-

tially more than n Free Imports, fuclear power grows
substantially more, and oil imports are much lower

Limited. Imports Symhetlcs uses the same major
assumptions as the Limiled Imports one exceptthat o1l
prices increase by about 200 percent, and energy use by
19 percent In addition, it assumes a ‘program of
developing synthetic orl and .gas which involves
substantial investment ip Constructrongms The two
Lwmited Imports scenarios assume substantial 1m-
provement in ehergy utilization technology and
prbeess efficiencies over current levels.

The overall national level and pattern of outputs of
goods and servrces used were derived by the Bureau of
Labor Statistics from analyses of consumption and
productronptudres The Bureau model has as its major
assumptlons a drop in unemployment from nearly 8

-
by input-output analysis® produced estimates of

energy-related scientists and engineers ;
t

The ﬁndmgs of the study show that the range of

. requirements in private industry for all scientists and

percent 1976 to 4 perceng by'1985, a 3 8-percefit -

anneal growth in gross national product (GN’P) anda
peacetime economy. In the. Lwrited Imports cases for
1985, total GNP 15 assumed ta be 1/5 percent lower
than in the Free Imports case, and thereare substantial
differences 1n ‘oytput patterns.assocjated with the
different  scengrios: The Uhiversity  of “"lllinots,

researchers dtveloped profected manpower to output

coefﬁcrents for the energy. yndustry’ sectors from a

direct industry survey. Subsequentapplication of these

coefﬁclents applled ta the proJected outputs, derived

N . . o

Q ) .
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engineers and those in energy-related activities under

‘the thrée scenarios is very small. For Free Imports.

projected requrrements for prnivate mdustry total
employment 1s +4,650,000 natural sscientists and
engineers, abou-the samge as for the Linured Imports
cases. The same proportion of the projected. scigntists ‘
and engineers will be employed in energy productron
under the three scenanos—l3 mercent. .

While the lack of significant differences between
scenario$ may seem surprising, several important and
related factors must be kept in mind. The SC}THOS .
that incbrporate development of new ddmestic
capabrlrtresalso assrfﬁleareductronmlmports withthe .
nét éffect being a lower level of energy wse. The
diminished use of energy reduces not only the total
demand for scientists and engineers because of lower
economic actrvny, kist also thbsé involved .1n energy. .
.Thus, the" addmmal manpower requirements to
construct and operaté nuclear power plants, expand
coal use and synthetics use and to dgresearch on new '

3
) L .

0 . .
1he input-output matrix consists of ponenergy coefficients pm;:u:d by the Burcaof °
1 Statighes and :ncrg\ industry coefficients dc\clopcd h) the ¢ enter for Ad\szd
E)
( ompuldlmn
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' technologies are just about sufficient to offset TABLE 1 —TOTAL ESTIMATED SCIENTISTS AND ENGINEERS
manpower reduetions Trom the dechines in nonnuclear IN PRIVATE INDUSTRY BY ENERGY INVOLVEMENT, 1974
electric power production. 1n petroleum extraction and , AND PROJECTED 1985 FOR A FREE IMPORTS SCENARIO
v N . . y * Numbers in th
.. refimng’ 1 natural -gas praoduction. and -other ANumbers 1 thousands) - '
e economicscutbacks resulting from reduced energy use. o .
a R - Total emplovment Encegy -related cmplosment
Regardless 8] which of the three scenarios 1s Ouupation T Thaem apeum o
® - assumed, the projections indieate a likelihood foran ~ Besp W S e’ 9IS o '
annual 3- nt growth Ttate in employment of * 'otl nituralsentus i
p“q gr p 0 and cagineers 12007 teso X 160 o owt
scientists ahg engineers to'meet the requirements of the . TR e T
.o Crontists 200 250 Ry W W 17
{ ~ economy between 1974 and 1985 (table 1). Comp¥fed . | opmen top w0 e w0
to the-base year 1974, the proportion of scientists and : v Ao —
englneers ln\'OIYed in energy prOdUClror‘l Under lhe NOTE \hm}lutc numberd are tounded Porcant nicreases are bascd on unruu‘mkd dite
- assumed scenarios does not change sigmficantly— SOURCE Center for Advanced Computation Uancrat o Hiinuss
F
. about 13 percent of total private employment. .Thus, - - .. "‘
. the production of energy wih—mot—make greater - ! . . .
proportionate ?emands on the supply of manpower as [ considering these projections. it must bé realized .
, time passes? - ) that the numbers of scientists and engineers in.1985 .
‘ forecast in these scenarios are not predictions but are *
: .- . meant to show what might occur under the many
* Whether or nat the futur. \u}\pho!w!ml\nand;ngtmu\mp\ﬂmulahmug\ related a&SUmp[lOnb dleUSSCd The C\Cnlual GV\’P‘ energy ‘
’ apetdlties wiil be equal to 1 cxcess @ short of reguitemente under the W inogtndud . * ‘
pould depead on the future supply of sacatists and engineess iteroveupatonal mob.is leCh}‘OlOg)h fUCl prices and €nergy ])cogram ado pled by [
‘ and othor tactors redating to the dytimnes of the job marke for soontines and cogineers [he country may Va[}'l Subslantlallv from the assump- .
Fhose Tactors wilt be anatozadin d fortheoming NSE supportad study bfithe 1 naeraty of . - i - R
Ltinore . : - tions embodied 1n these projections .
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Fhe data tor 1975 pn\a!clnduxux‘urylmmcm»\crupm\cdlmm ddta tor techmicans can be tound e the reports referenced 1n
" dosample survey reprosenting al, establishments of the industry tootnotes 2and 3 Information as to the rehabilty of the cstimuates
seethr The 1978 data aft not stricthy comparable to the 1974 energy - sampling procedures, and metBodologics can dbvo be toung i these
manpowct datua shoswn as the base vogr tor the 1988 projctions sinee reports A hnuted number of these reporgs will be avaibable fhom the
~ .
the 1973 data are dcmg‘d from a moded which relates estimated Division ot Saence Resources Studies, Nagronal Suence Folnda-
manpower redattonships to onergy dutputs The 1975 data 1n tion Washimgton, P C 20850 i
addition to the produttion activities i Yida s energarated an . : .
peonndd mvobed i conservatiop on\onmental concerns o '
improvad utihzation monergt end-use hoyeydr, the 1974 estimates DIRO cann industiies aduded o ghe 19T dan e Stndard | dusts
and 1983 progctions do notindlude persons Yithe fattes activities In Comvtomon e SIC T Coade Pettoleam SHC D Nurany G [ ogaids SIC 290
addition, thd 1974 estimates relate onhy 1o industries mvolved in the P Lo Rotmung amd Rolined SIC 392 Gay Poodeft o o 0 D 0 hotoe SIC 194
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‘ vty SH x n o Coin i Mg SN =10 nd G b d Seny t
. andard crror of the estimate tor the 16 000 energy-redated ? vend G B b iy Lot o , \q\
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