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EMPLOYMENT ‘FROM SOLAR ENERGY:
A BRIGHT BUT PARTLY ZLOUDY FUTURE

K. K. Smeltzer
with
Dv J. Santini
Energy and :Environmental Systeas Division
Argonne National Laboratory
Argonne IL 60439

ABSTRACT

The current state o{ knowledge about employment impacts oi solar versus
conventional technologies is used to make quantitative and qualitative
comparisons of these impacts across techiologies. For purposes of

quantitative comparison, employment requirements are standardized to

employee effort per unit energy per year of operation. These current
quantitative employment.estimates. show solar technology induced employ-
ment: to generally be greater than for conventional technologies. The
qualitative discussion focuses on the relative size and spatial distri-
bution of the various technologies, concluding that the effects of so-
lar are more positive than for conventional facilities because of
smaller size, dispersed locations, and gradual implemantaticn.

INTRODUCTION

Increased employment has been postulated as one of the significant sec-
ondary benefits of r shift from conventional to solar energy use. Re-
cent estimates of the potential scale of this benefit support such a
claim, though they must be conaidorod tentative and almost speculative
at this point £n time.

For solar: heating and cooling of buildings (SHACOB) systems, which in-
clude hot water heating, active heating, active hesting and cooling,
and passive heating and coolin. systems, labor estirvates are based on
limited experience with' modest numbers of systems. For solar systems
vhich generate electricity, only wind systems have any real employment
history; central thermsl, photovoltntc. and ocean thermal systems' la-
bor requirements are based alfiost vholly on engineering estimates and
extrapolations from relatad taduotrtoo. By contrast, conventional en-
ergy systems (coal electric, nuclear, oil electric, sas electric, and
coal sining) have & considerable body of actual employment experience
on which to base astimates of labor requirements. While a comparison

Prooeatod at the First Anwval Communiiy- Renevable Energy Systems Conference,
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of employment_ from systems with such widely varying <agrees of reliable
data is somevhat uncomfortable, it is the only alternative availabdle if
we wishk to examine relative labor intensities today. The saalyses to
date yield overvhelming support for the contention that solar, espe-
cially SHACOB systeme, will require more labor resonrces thln conven-
tional energy source..

In addition to the relative magnitude of labor required by different
energy aystens, the issues of location, duration, and occupstion of the
labor required are also important and heretofore have been largely ig-
nored. While also somevhat speculative, analyses of these issues
points toward significent and positive benefits of solar energy rela-
tive to plaaned conventional electric energy sources.

While the :mployment effects of energy alternatives are complex, they
can.be classified as eithir quantitative or quilitative effects. The
importance of each of thuse effects varies with the types of systems
being compared, the proposed location of the system, the 3cale of the
geographic area of concern, cnd the particular issue of interest to the
analyst. This paper compares both the quintitative and qualitative em-
ployment effects of solar and conventional systems and presents an ana-
lytical framework for determining such effects.

Findings have been based on three principal sources of informaticn:

1. Technology characterizations of the Technology Assessment of Sclar
Energy (TASE) program from work currently in progress at Argonne
and the other Dept. of Energy national laboratories [1] ,

2. Published estimates of the labor requirements of solar energy fror

" the Mitre Corporation, the U.S. Dept. of Energy, and several other
sources [2 to 5], and

3. Previous work at Argonne on the employment impacts of conventional
energy systems [6 and 7].

*®

METHODS

Quantitative Employment Effects

In order to estimate the total employment effect of a shift from con-
ventional to solar onotgy sour~es, the following types of employment
effects must be considered:

1. Direct Employment required for:

A. Construction and/or installation
B. Operation and maintenance (O&M)

Iz

A datailed descripcion of the sethodology, data manipulations, data
sources and shortcomings, and sdditional infoimation are to be de-
o:::::d in a forthcoming Argonne National Laboratory Technical Memo-
4




C. TFuel supply
D. Direct system. manufacturing and/or assembly
E. Energy transmission and/or distribution (TiD)

2. Indirect or Secondary Employment required to support direct employ-
ment in sectors such as:
A. Rav materials mining and processing
B. Indirect or componiei.t parts manufacturing
C. Business services such as communications, transportation,
financing, ressarch, legal, etc.
D. Retail services for vage earners and stockholiders

It should be emphasized that cthese effects repeat themselves as ex-
penditures and money recyclc through the economy. They are gener-
ally estimated using either employment multipliers (ratios of total
employment to.-direct employment) -or by usinrg input-output trans-
action tables.

3. Dispiacement Employment, especially for solar, where it may dis-
place diract and indirect employment Zrom conventional energy
sources. Displaced energy employment is important but very diffi-
cult to estimate. It depends on the:

type of energv displaced
~ 4impact on: scity constructed
1. el use
~0&M, T&D
back-up system requiremercs for solar, and the
= 4ndirect effects of any direct employment decreases

Analysis of thes: effects is a complex and situation-specific
endeavor.

4. Emplcyment effects from money available to be spent on other con-
sumer or investment items if solar enersy costs less (Respending
Effects or money no longer available {f solar costs more (Substi-
tution | ffects). This increase or decrease in availsble or dis-
posable ncome will have employment impacts when spent. Deterai-
nstion of these employment impacts requires macroecconomic modeling
with detailed !nformation about:

the real - ~nomic cost of alternatives

the econc: sectors impacted

the labor tensities of sectors

the timin; of expenditure shifts

the state »f the economy

Estimates of labor requirements for construction/installation, opera-
tion and maintenance, and fuel supply are first presented dbased or ref-
erences 1, 2 and 7. MNext total direct, indirect, and combined direct
and indirect effects are analysed bssed on-data from references 2, 3
and 4. Net national energy employment including displacement effects
are presented from reference 3. Respending or sudstitution effects are
not presented, though Rodberg {5] has found them to be even greater in
magnitude than direct and indirect combined.
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. » Qualitative Bwployment Effects

The qualitstive employment effects of energy alternatives vary with:
~ BMelative facility oize

Pesk number of employees required.

Type and duration of jobs 4

Expected locstions of facilities

> Populstion shifts induced

Community socisl structure

LI g B )

Where dats is available [6, 7] to. compare SHACOB, Solsr Electric, and
Conventionsl Electric facilities on these characteristics, it (s pre-
sented. Otherwise, the issue is aimply discussed based on current ob-
servations and expectations.

FINDINGS
Quantitative Employment Effects

Table 1 presents the basic quantitative dats on construction/installs-
tion, operation, maintenance and rfuel supply for the systems studied,
including conversion to normalized employment per 10’2 Btu delivered per
year: TFigures 1 and 2 demonstrate the range of employment requirements
estimated for the different system types and also the impact which con-
tinuous operation, maintensnce, and fuel supply requirements csn have on
employment. ‘The range is greatest for SHACOB technologies, with passive
‘systems requiring moderate amounts .of additional construction labor and
slmost no operating and msintenance lsbor. The relatively high range of
construction/installation labor intensities of SHACOB and solar electric
systems can be been in Figure 1. Figure 2 shows the effect of adding
aperation, maintenance, and .fuel supply requirements.. The yesrly clean-
ing end meintensnce of active hot water systems (153 Emp. yrs./10'?
Stu~yr) may be excessive. OUther saferences do not shov such s disparity

between active ho: watér and hesting systems. Cosl sining, both strip
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TABLE 1. CONSTRUCTION/INSTALLATION, OPERATION, MAINTENANCE, AND FUEL SUPPLY

Cone-Inntall
X oL m,
Construction/Iastallation ot Standard Systems Anrmal Annuel Puel Supply|
- — - Pesk Oreration Poel ap. Yre/
Systems/ Sep. Yrs/ Yes. of tnp. Yes/ fapley. & Mainten Supply 10?
. up. ¥ 102 io'? System-  10'7 Beu-Ye/ | Eotimstes [ Bup. Yrs/\ [ Bep. Yra/ Sew-¥e/ -
Re/Te/oyet.  Syst.®  Be-te Bew-ve Lite System Life | Per Syston®. (10°7 sew-ve.) (10'7 see-ve
- -
103" 016 33,333 [ 2 “ - 133 - 19
. 3x M _pgs 13,385 900 20 as - s - ”*
Mttve Nt b - .
et 0 =10' 12 11,78 un F ) “ - 52 < 1%
Sesstve Testing and
e % 1% oas 13,192 583 20 29 - 2 - n
Soler Klautric Syetons- )
| ww )
Omitsel Wiad wWitorsge 2.6 x 39" 367 5 as % 7 <347 21 - P'Y
hornsl wesetugs 1.3 =38 1y 0687 733 » 23 <t “w - Py
" Phsssveltate
- S41tesn Crystal .837 % 310’ 1133 t.1es 1354 . 43 g1073 10 - ss
- s Pl J7 % 10't 1908 1.287 317 0 ” <1930 10 - 7
= Conventrater 007 2107 a3y s 2601 » ) <1784 10 - ”
_Gssen Thesmat {8} 2.9 =10" M 348 2 4 & 211% 12¢ - 9%
-‘“ﬂb’lmru -
5
’ gd' - 000 M0 ~ S3sp  14.33 * 10'7 4022 .0897 20 ] ] 149 10 3-18 M-
doop 1433 18 4022 0897 280 » ’ 1499 10 ! ®
| weadesr” - 1300 W 12,75 = 108 2000 .0%07 h 1} » 12 2000 4 ? 10+
‘o™ . 7.3 = 10" 1900 a3 o) » s ” 12 ' e
: - . mw 7.3 =10 1128 133 ne » t 2 ’ 1 1

.m fossow of .6 socumnd.
*eopocicy foitor of .5 aseeand.

*2ott oten of conettuction oumloynent (or nnler electri: techmelogies are net avatlible sad have therelere
beot ssouned te be 2/) of ietel direct employarnt, the andal velue for SRACOR techaologice,

.'nl.r slectric entinstes adopted (rem (B) with spr.ulstion on sdjvetment of future sotimstes.
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(8M) and deep (DM) causes the peak of the conventional range o move
up substantially with respect to solar electric.

Table 2 presents the total direct and indivect employment estimates
for the sames technologies as before, however, only solar electric es-
timates are based on the same rcfr;cacc {2] as in Tabdle 1. Rote also
that the 'nits (Employee-Eours/10°° Btu-Yr) are different but com-
parable. Tables 1 and 2 have been checked and are reasonably con-
sistent Figure 3 shows the ranges for total direct emplovment, in-
cluding direct msnufacturing/assembly and transmission/distr .bution.
SHACOB and solar electric systems are comparable and somewhat higher
than conventional electric systems. Whea indirect employment is con-
sidered in Figure 4, the higher multipliers assumed for SHACOB systems
(apparently based on higher material cost components of these systems)
result in significantly higher indirect employment. Figure 5 shows
the combined effects of direct an’ indirect employment.

Figure 6 shows the Domestic Policy Review of Solar Energy [4] figures
for net employment under three different national scenurios, each pro-
viding the same amount of end-use energy but with increasing shares of
solar technologies. The numbers are cumulative totals for 1978-2000,
and include displacement effects, both direct and indirect, as solar
contributes more energy and conventional sources contribute less. As
can be seen in the future, -otal employment increases with increasing
contributions from solar. i.:is demonstrates that the increared employ-
ment from solar more than counterbalances the decreased employment from
conventional sources.

Qualitative Employment Effects

Table 3 presents information on the average size of planne. energy fa-
cilities, the peak .jumber of emplovees required to build c¢r operate the
facility, and the number of counties in the nation in which that type

of facility 4s planned to be constructed. These estimates are based on
actusl electric utility plans [6) and historical employment requirements
(7). Except for photovoltaic solar electric systems, conventional
electric snergy facilities cause several orders of magnitude higher peak
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TABLE 2. DIRECT, INDIRECT, AND COMBINED CMPLOYMENT ESTIMATES

Systen Type L: Joyee Bours por 10% Beu Output per Year
ect 8 Multfplfor o Indirece iDirect & Indirqct
suacos (3) , (4 ’
Active Bot \oter .83 1.0 .82 8.4
“ctive Boatisg 4.23 2.0 8.4t 12.69
Active Besting and Cooltng 9% 2.0 9.88 pUR H
Possive-Besting ond Cooling | 3.70 | 1.3 EE XTI o
Soler Rleceric Systess (2]
Costrel Vias 0.6-1.0{ 1.9 .9-1.9 1.3-2.%
™era:l 2.12 0.% 2.0 412
Photoveltsic 2.4+8.3] 0.98 1.3-).9 3.7-9.8
Ocoss Thermsl 1.5-2.6] 0.8 0.9-1.6 2.425.2
Convestivnal Lisctric nm.-l!)' '
011 3.6% 0.6 1.0 2.6
Cosl = Lov Stu Ces) 1.9% 0.? 1.3 3.3
Righ Sty Cosl 1.68 0.7 1.1 1,88
Wuclest - NI 2.9 0.3 1.4 X T

e 1.3 1.2 1.68 3.0

TABLE 3. SOLAR-SYSTEMS COMPARED TO PLANNED
ELECTRIC FACILITIES AND COAL MINING (1, 2, 6, 7)

x

: Pesk Enploywent
Aversge Bisze fequired for %o, of
Average Sise Pleot Countigs
SRACOS <1 ) 3.009
Seler Blaceric 100 347-1,930 100-1,000
e i by Xt
Cosl Rloeeric
Coal Nisisg 302090 90-1,390% "
Wuelear Sleceric 2,003 3,37 1

TSSO e por nillden t0us par year seovmed tar 3,777 ailliten tons per
yoar ‘average. |[?

00 Bosed o0 the sntrenss of 26368 e0p1eyees per afllien tens per yeor
for strdp ained is Wyesing to deep Bines fa Ueah. {7)




eaployment requirements at the sites of the facilities due to tholr
larger size. 1In-addition, their larger size means that fever aress
will experience caploylggt from these sourcea. SHACOB-and soler elec-
‘tric technologies, on the other hand, are much more widely dispersed
and of smaller size. i

Many of the coal facilities and a number of the ruclear facilities are
planned for relatively isolated rural counties with low assimilative
capacities (low populaticas, low-population densities, low numbers of
available workers, and located at a distance from metrolopitan areas).
Large new facilitiec (see peak ewployment column in Table 1) in this
type of county can cause significant boom-town effects as construction
workers and their families migrate to the work site for a period of
several yesrs. As can be seen by Figure 7, low aud extra-low
assimilative capacity counties receive a disproportionate share of new
facilities (when compared to share of population). Figure 8 shows
that, when receiving an average size conventional facility, these
counties can experience significant population shifts into the county,
scmetimes more than doublinz the population.

The location, duration, and type of jobs required by SHACOB technologies
are much wore benign in their impact on localities. 1In fact, there
appear to be no significant drawbacks of these jobs. They will gener-
ally be:

increasing steadily over time

similar to construction and servicing jobs

associated with smaller businesses

where people (job seekers) already are because they are:
¢ correlated with consumption, and

* not in isolated areas

To the extent ‘that SHACOB (and solar electric to a lesser degree) dis-
places conventional facilities, adverse impacts of conventional energy
developments will be diminished. Solar energy may:

decrease population and employment shifts

lower government costs for servicing such shifts
lower need for impact assistance aid

increase community stability

offer long-term local jobs

120
POPULATION W=-NATION $ POPULATION 100
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COAL NiNG |- PHASE n LOW AREAS
’

¢ 0 4 6 » IMm x;e:!f'hi'ntIUCL!ll

FIG. 7. %.0F TOTAL PLANNED CAPACITY FIG. 8. PREDICTED PEAK POPULATION
IN LOW-AND X-LOW ASSIMILATIVE GROWTH DUE TO AVERAGE
CAPACITY AREAS [6) FACILITIES (6]
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CONCLUSIONS

Current-quantitative esploynent estimates show employment from solar
technologies to be substantially Yighez then conventional electric
facilities on a Btu-delivered basis. Dopending on the eolar technolo-
gies considered, Construction/Inatallation esploymant has been asti-
sated to be from 1°to 11 times that of convsational electric scurces.
Total Direct employment ia from 1/2 to 4 times, Indirect employment is
1 to 10 times, ond Total -Combined Ewployment is 1 to S timas that of
conventional energy source. MNet total employment in the energy sectors

for the nation under solar scemarioa has teen estismated to be higher es
vell.

Qualitative employment effects of solar are generally msuch more positive

than conventional energy facilities due to their small size, Aispersed
locations, and sradual implementation.

11




.~

1.

2.

7'

Techaology Assessment of Solar Energy. (TASE), Technology
Characterisation Deta Worksheets, unpublished data, DOE
Rational Lsboratories.

Mitre Corporation, Metrek Division, Systems Descriptions and
Enginesring Costa for Sclar-Related Technologies, Vols. 1, 3,
_’. mtt‘ ””tt ml"‘i;. kmn. Va. 'y June 1977-

Isployment Impacts Task Force, Labor Impacts of Solar Energy
Development, Domestic Policy Review of Solar linersy, Advanced
Energy Cyatems Policy Division, USDOE, Septesver 21, 1978.

Schachter, Meg, Creating Jobs Through Energy Policy, USDOE report,
DOE/PE-0013, USGPO Washingtonm, D.C., July 1979.

Rodberg, Leonard S., Employmant lapact of the Solar Transition,
U.S. Congress, Joint Economic Cosmittee, April 6, 1979.

Santini, Danilo J., South, David W., and Stenehjem, Erik J.,
Evicance of Future Increases in the Impact of Conventional
Zlectric Facilities on Rural Communities, Argonne National

Laboratory Technical Memorandum ANL/EES-TM-52, Argonne, IL.,

May 1979.

Santini, D. J., Stenchjem, E. J., and Meguire ?., Bathods of
Eliminating Potential Socioeconomic Constraints to Near-Term

Coal Energy Development, Argonne National Laboratory Technical
Memorandum ANL7£ES-TM-67. Argonne, 1IL., April 1978.
Mitre Corporation, Environmen:al Data for Energy Technology

Policy Analysis, Vol. 1: Summary, prepared for USDOE,
HCP/EV-6119/1, January, 1979.




