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Current and Future
Utilization of Scientific
and Technical Personnel in
Energy-Related Activitis

Introduction,

Current interest in scientific and technical personnel
for energy-related activities arises from national
recognition of the need to decrease reliance on
imported energy, supplies. This need was brought

-fincibly to the forefront IA ifh the Arab oil embargo of
October 1973

The Projectelndependence repottl'foresaw substan-
tial domestic-energy 'development and some concern
has been ekpressed that the necessary research and
development. contruction, and. operation of such a
program might possibly strainovailable scientific and
technical personnel resources

Crisequently. the National Science Foundation
undertook a program of energy manpower studiesto
assess the impact of past energy developments and
future options on scientific and technical manpower

Impact Highlights

Since (1972 there has been a trend in tightening of
the pib-ciai4(.1.et for personnel in energy-related
actiYities In early 1977 there was evidence of
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significant shortages of mining, chemical. 'and
petroleum engineers However, since 1975 the
numbers of baccalaureate degrees in these ields
hate grown substantially. indicating that students
are responding to th,e increased opportunities for
employment
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For any one of three assumed energy-use scenarios-
for 1985. kojected reqUirernents for scientists and
engineers in energy production are approximately
identical. 220,000 This is4ecause decreases in
employ ment stemming from an assumed lesser use
151 traditional energy sources are counterbalanced
by revire'ments for research and dekelt.pment in
new technologies and the construction and
operation of new domestic energy components

Regardless of the scenarios selected. projections
indicate that an annual 3-percent growth rate )

employment_of scientists and engineers is likely to
be needed to meet the requirements of the
economy Compared to the base year _1974, the

' OrbRot-lion of scientists and engineers iny olvecl. in
energy produMon.I3 percent, would not change
significantly 'Illus. the energy production sector
will not make greater proportionate demands on
the supply. of rnanpoWer time passes

Destriptive Highlights

In '1975, 16 percent of all scientists and engineers
and 15 percent of the technicians in priite
industry were employed in energy-related ac-

%

twines. If percent Of all' R&D scientists and
engineers were engaged in energy- related wiirk

(Prepared in the Manponei'l tilustion Studio:. Group, Domon of Science ftemiurce% Studies

2



,

.

The largest activity in terms of eitployment Was

energy distribution atIcl storage. accounting for 25'
percent of the 186,000 scientists and engineers in
energy-related activ Itie prtvate industry

By type of energy in which scientists and engineers
were.involved, electric power was the largest (37/
percent of energy - related employment) followed
by petroleum (31 percent)

Engineers comprised' 82 percent of the total
scientists and engineers in energy-related activities

iin private industry

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

In March 1975 a sample survey of establishments in
the private industry sector provided Information on

.the utilization of 1.200.000 scientist*, and engineers and
about I million science and engineering technician.
About 70 percent of total scientistsand engineers in th\%
United States are employed in private industry

The data show that of 850:000 engineers in
private induStry, 18 percent ere employ41 in energy-
relited activities, as well a 10 percent orthe 330,000
scientists. and 15 percents the, technicians (chart 1)

Of all energy-related activities, distribution and
unit/anon were the two largest; Utilization is defined
as those activities specifically directed at conservation.,

improved efficiency or improved environmental
cimditions in energy end-use (chart 2).

,

With regard to energy .related research and develop=,
ment.") percent of the scientists and engtneers

-40

CHART 1. Total scientists, engineers. and technicians
employed in private industry irf enprgy-reiated and

noilenergy-related activities: 1975
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energy-related activities were employed in research
and development. These personnel comprised I I

percent of all R&D scientists and engineers in the
private industry sector.

Most scientists and engineers are involved with the
traditional forms of energy Thus. to out of every
three were concerned with either electric poweror

3



a
some aspect of petroleum Only 2 percent were
engaged in work on solar-energy, and oil shale or tar
sandilkchart 3) .

I he cnerg),, field is relatixel titgineering intensixe.
I hus, ot those scientists and engineers in energy, 82

1 percent wery engineers The largest engineering
specialtiq are mechanical and electrical As one_would
expect. phsical scientists made up the bulk of the
scientist group (Char; 4) 2.

Shortages of Technical Personnel for Energy-
Related Activities in Private industry

In order tit assess the job-market situation for
personnel in energy- related acto, Ines. several
dieators were examined.,

It N diftkult to obtain and interpret direct evidence
ut shortages Consequently, a 1975 surrey of
employers involved in energy-related actiuties, con-

l' 1, . I -1,nt sod I', r, r,\ ,1',, , \1,, 2, ,
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ducted for NSF by the liniersitty of Illinois,' tocusdl
on expected objetti've .behavor-b), firms it the firms
had difficulties in obtaining adequate numbers of
scientific and technical' personnel

A wide wrige of labor-market ' indieatort was
txamilri'ed for the period 1972 through 1975 Detaile.d
occupatiOnal data were collected or salaries, quits,
acericies, hires, otters. dnd employment in energy -

related industries This study ciinclutied that the
variety of measures employk eonsistentl showed no
evidence of any, serious shortages ot scientists and
engineers in late ?175 .4,

However. while no critical shortages were noted.
there was an apparent trend in the tightening of the job
market for some specialties. .specificall petroleum.

-mining. metallurgical and materials, chemical, and
nuclear engineers c
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CHART 4. Scientists and engineers employed in private inthistry in energy-related activities by occupation: 1975

TOTAL. MAO.
Mathematical
scientism 1%

Computer
saentists 3%

tile:gm:its 1%
Sociatscientists 1%

Other

Materials/metals/ceramic 2%
Nuclear 3%
Industrial 3%

1116 r Mining/petroleum/geological

:

SOURCE Notional Stinne Foundation
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I o Update this infprmation, and -to determine if
employer' view' the supply demand situation as
serious, 30 of the largest employers of energy related
science and engineering personnel, representing the
major energy productiowindustrie), were interviewed
during March 1977 ' On an occupation by occupation
basis, the following emerged

I) Diroughout the coal ind,Ustry there is a need
for, but a serious shortage (of, new recipients
of bachelor's and master's degrees in mining
engineering,

2) i he market is also- very tight For chemical
engineer; atuh#bachefOr's and master's level,
a serious shortage exists at tae Ph L level

3) Ifiere is ti serious. shortage of4petroltum
engineers at all degree levels

s ailable data for 'starting wage often) to college
graduates reinforce these conclusions, with petro.leum
and ,mining. and cheniie;i1,sngineers receiving the
higeest current salary offers among all disciplines.5

A final piece of CA idertce regarding shortages relates
to the immigration of scientists and engineers
Regulations TeqUir. such entrants to have a Job offer
that the DiPartment of Labor has certified as being
unfillable by a'clottestically available qualified person.

In 1975 and 1976 a total of 9.100 natural scientists
and engineers atipliecifor entry'ito the United4tiates 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-
tivrtties werelranted workec certification On the other
hand. only 26 peree-nt (if the applicants in the other
engineering and natural scienco specialties were
granted worker certificati'on (chart 5)

Its,. A., ill, aid I),
i,ri it s.'") .idtt
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In summary, based on the available rob-market
indicatOrs and emplOyers..tudgment as to the situation,
energy-related industries seem to hale serious dif-
ficultiesin obtaining minkng engineers llelov. the Ph D
level, petroJeum engineers at all degree levels, and
chemical engineers at the Ph D. level with the
particular skills required by those ind.itries

,Comparing 1971 with 1978 protecled (B'achelor's
degr&s provides a rough indicatu of whether
students. have responded to ttie increased dertand of
tIlb market in these fields (chart 6) total engineering

.bachelor's in 1978 are protectcd to be 25 percent higher
than in 1975 On the other hand. for the short-supply
fields. petroleum engineering degrees are 167 percent
greater:' mihing 100 percent greater. and chemical 68,
percent greater Therefore, the market appears to bi
responding to the tightness in the case of petroleum,
mining, and chemical engineering

Projecting , Requirements far, Scientists and
Enginyeis in Energy-Rtlated Activities

,, In order to assess the long-gang requirements for
scientists 'and engineers in energy'-related
NSF supported a .study which has developed, a
forecasting sy;teni The work drew on, refined, and
integrated a number of manpower and energy models
developed in recent' years The sy stem was designed by
the Center for Advanced Computation at the Univer-,
sit). of Nino's('

he first projections of 1985 scientist and Ngineere
requirements from this system incorporate the latest
alternate energy scenarios specified by E RDA he

three energy scenarios examined are called Free
Imports, Limited Imports, and Limited. Imports
SIntlie'M.s They imply different final demand and
technology patterns

Free imports assumes that energy consumption in
the United Atates increases from 1973 -about 36
percent in 1985. .Domestic energy production in-
creases, but the growth of imports of oil and gas are
substantial "I his scenario assumes,a real price increase
of oil between 1973 and 1985 of about 100 percent. and
assumes current energy efficiency levels it

limited Imports ,assumes that -enemy usage in-
creases by 15 percent and a price increase o.f abbot 150'

rq, //
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CHART 6. Increase of 1978 baccalaureate degrees in the natural sciences.iind engineeHlig
compared with those for 1975 by- selected field j

Total

\ Engineering

Petroleuni

Mining

Metallurgical/
materials

*Chemical

fluclear

Natural sciences

Geophysics

Metallurgy

(Pewit)
20 48 18 Is

I

MUM
r Ir

I

a ,

a
f.

'No clangs.
SOURCE' National Science Foundation and National Canter for Education Statistics

percent Domestic coal production increases substan-
tially InorC than in Free Imports. duclear power grows
substantially more, arid- oil imports are much lower,

Limited imports Synthetics uses the same major
assumptions as the Limited Imports one except that oil
prices Increase by about 200 percent, aid energy use by
19 percent In addition, it assumes a 'program of
developing synthetic oil and ,gas which involves
substantial investmerot ip constructionigsts. The two
Limited Imports scenario's assume substantial im-
provemen in energy utilization technology and
prbcess efficiencies over current levels.

The overall national level and pattern of outputs of
goods and Services used were derived by the Bureau of
Lab'or Statistics from analyses of consumption and
productionftudies. The Bureau model has as its major
assumptions a drop in unemproyment from nearly 8
percent In 1976 to 4 percent by' 1985, a 3 8- perceift
anneal growth in gross national product (GNP), and a
peacetime economy. In the. Limited IMports cases for
1985, total GNP is assumed to be 1/5 percent lower
than in the Free Imports case, and there are substantial
dAerences in 'output patterms :associated with the
different scenarios: The Uhiversity
researchers developed projected manpower to output
coefficients for the energy. ,industry' sectors from a
direct industry survey. Subsequent application of these:,
coefficients applied to the projected outputs,.derived

1\ 5
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.
by sinput- output analysis," produced estimates of
energy-related scientists and f /

The findings of the study, -show that the range of
requirements in private induMry for all scientistsand
engineers and those in energy-related activities under
'the three scenarios is very small. For Frees Imports.
projected requirements for private industry total
employment is .4,650,000 natural %scientists and
engineers, aboothe same as for the Limited Imports
cases. The same proportion of the projected, sciantists
and engineers will be employed in energy production,
under the three scenarios-13 potent.

While the lack of significant differences between
scenarios may seem surprising;several important and
related factors must be kept in mind. The sc norIn ms
that incorporate development of new d estic
capabilities,also a%the a reduction in iniports with the
net effect being a lower level of ,energy use, The
diminished use of energy reduces not only the to I

demand for scientists and engineers because of lo
y

el-

economic activity, bet also thlbse involved,in energy.
Thus, the' additional manpower requirements to
construct and operate nuclear power plants, expand
coal use and synthetics use and to dg research on new

ih, input-output matrix crinsistt of eonenergs coeffictents prinexteci hi, the Iturcallot
r Stallitic And energs-inclustrs coefficients dCselopied by the( enter for Adsanced

( onputatton

1.1
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technologies are just about sufficient to offset
manpower reductions tom the declines in nonnuclear
electric power production, in petroleum extraction and

,

.re lining, Hi natural gas production. and' -other
economiccutbacks resulting from reduced energy use.

Regardless Of which of the three scenarios Is

assOmed,the projections indicate'a likelihood for an
annual 3 -pint growth rate in employment of
scientists atIl engineers to meet thv requirements of the
economy between 1974 and 1985 (table I). Comptred
to the-base year 1974, the proportion of scientists and
engineers molved in energy product on under the
assumed 'scenarios does not change significantly

. about 13 percent of total private employment. Thus,
the production of energy. greater
proportionate ii-emands on the supply of manpower as
time passes 9

`.
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be c,,uat to tn e aces, 4, hort rtquIrt-mtnt,undLr the ,s n rnnyrnd td

rould depend on the (mutt suppls ,1 and tnginLtr, ro,.upat.onal n1,01.1,
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TABLE 1 TOTAL ESTIMATED SCIENTISTS AND ENGINEERS
IN PRIVATE INDUSTRY BY ENERGY INVOLVEMENT, 1974
AND PROJECTED 1985/OR A FREE IMPORTS SCEN.ARIO

'Numbers in thousandsi

Occupation

Iota. Lmplosment F.nt.rin-rt lattd Lmpl,,,,,nt

I PercentPL,ent
'group 19'4 19) ,nt.r.a.t.. pr. Ives ItIllla,

11,tal n mural ski-rats!.
and cnginters I 2011 I h50 lyc 160 220 : 19

Sc ...Mists 200 250 10 10 -U) 17

I ngulttr. i00, 1400 19 110 1,01 40

I I Nbsol-ute numherZ dne r-undtd art hastd on unr,ond!d d rG

k( F (enter lor Ntharned oMputation I nistrsit o' 1111n,,,

e considering these projections. it 'must be realized
that the numbers *of scientists and engineers in 1,985
forecast in these scenarios are not predictions but are
meant to show what might occur under the many
assumptions discussed The et entual GNP, energy
technology, fuel prices and energ),,A3-cogram adopted by
the country may vasy,s4bstantially from the assump-
tions embodied in these projections

-
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Technical Notes

I he data for 1915 prieate industreraplo% mein v.ereiterRed front
.1 ',Mirk ,ureee representing .01,4stahlishmerus of the industr%

Om I he 19'c data arC not ,trieth tomparahle to the 19'4 energ\
rnanpiiecci data ,hour as the base %NI for the 1985 prinettions since
the 19'3 data are derived from a thodi. I which relates estitnitted
manpoecer relationships' to energ utpuh I hc! 1925 data in
addition to the production ado. ale'. In littdct cnerp%-related am.
personnel inciiked m tonseraticip en tionmental eoneerm of
impro unbutton energC end-the ho Mr, the 1974 estimate.
and 19", proieetiuns do norinelude persons tthe titter attic sties In
addition, thh! 19-4 estimates relate 'ink to in istries imolced in the
pr,ki t of ,rit.ruA arid mat, suppliers to those
inchiNtii,. chile the 19-5 data represent all-n, sines I he R.lato..

eindaid .11T,T the c.tinmte for the It(, energy- related
suits and cn'triinecr, 19-5 is 4 percent C, t, di.riihit more

i1,1 einp1ii\inent R&D epplocme t cmplo trent
,Ind tcpii r,t ..tici e% -re lated atticite %cit iintraiable

dAta for tee humans Call he lound it the reports referenced in
footnotes and 3 Information as to the reltahihtl of the estimates
samplinti procedures, tnd mearodologiCs can also he toun31 in these
report. \ limited number of these reports will he ac affable fkorn the
f)reision of '8tiente Room ees Studies, \ ational `.erenee Foimda-
tion a.hington, C 20550
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