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Chapter VII

The Impact of Solar Energy on U.S. Foreign
Policy, Labor, and Environmental Quality

BACKGROUND

Extensive use of solar energy throughout the world would relieve some
of the international stress which results from competition over diminishing
energy resources. Solar energy is one of the few energy resources reliably
available throughout the world and, to the extent that it can be developed in
lieu of conventional energy sources, it can reduce the uncertainties and trade
imbalances which have resulted from energy imports.

Moreover,  solar energy technology can be implemented without the
technical infrastructure and cadres of skil led engineers required to imple-
ment most other energy strategies— in developing countries solar energy
may provide a technique for converting low-cost labor into low-cost energy.
While it is difficult to anticipate how fast solar energy will be introduced into
the world energy market, it appears that solar energy’s impact is likely to be
quite small in the next few decades unless accelerated programs for develop-
ing this industry are undertaken.

It is likely that solar energy will grow more rapidly abroad than it does in
the United States, since U.S. energy prices are relatively low, U.S. domestic
energy supplies are relatively large, and U.S. labor costs are relatively high.
However, U.S. policy in solar energy will probably play a critical role in in-
f luencing the development of  th is technology throughout the world:  the
United States now probably leads the world in the qual i ty of  i ts solar
engineering. The United States can influence util ization of solar energy in
developing countries through its economic assistance programs and a major
U.S. commitment to the use of solar energy for its own use would give a
prestige to the field which may attract worldwide emulation. The history of
the past two decades clearly indicates that these three effects resulted in a
rapid transfer abroad of U.S. interest i n fission reactors.

The eventual need to develop renewable
sources of energy is beyond serious conten-
tion, although there is disagreement about
the urgency involved. There are two parts of
the prob lem:  near- term deplet ion of  low-
cost oiI and gas reserves, and the depletion
of all fossil and uranium resources over the
long term.

Many recent studies have indicated that
world demand for oiI and gas may exceed
supplies by the middIe of the 1980’s, 2 I n the

past two decades most of the developed na-
tions of the world and the industrialized sec-
t ions of developing nations have become
heavily dependent on the convenience and
low cost of petroleum and natural gas, and
consumpt ion r a t e s  h a v e  b e c o m e  a s t r o -
nomical.

A shortage of indigenous supplies of these
fuels has required many nations to import
them and in many cases, dependence on
these imports is heavy. This dependence i s

l ikely to increase during the next decade
because of the shortage of acceptable alter-
natives, and the high costs and long con-
st ruct ion t imes needed to  conver t  to  the
al ternat ives which become avai lab le .  The
uncer ta in t ies assoc iated wi th  impor t ing a

199
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l a rge  f r ac t i on  o f  a  c r i t i ca l  ma te r i a l  a re
amplified by the fact that world resources of
petroleum are inequitably distributed. The
OPEC cartel, for example, controls 68 per-
cent of known world reserves of o i 1, and its
Middle Eastern members alone control 55
percent of known reserves.

Coal and other fuels can be substituted
for oil and gas even though the use of these
energy sources is not as convenient as liquid

‘ ()//  ,)nd (;,]J /o(/rn,q/, De(- 29, 1‘)75

Area

Africa
Asia (less U. S. S. R.)
Europe (less U S S. R.)
U.S.S.R.
North America
South America
Oceania

Total

fuels. The use of coal resources may be
l imi ted by env i ronmenta l  prob lems,  t rans-
p o r t a t i o n  c o s t s , a n d  o t h e r  d i f f i c u l t i e s .
Figure VI l- l  indicates that if world energy
consumption grows at its current rate, pro-
ven world reserves wiII be entirely consum-
ed by 2015, If the entire world consumed
energy at U.S. consumption rates, world
reserves would be depleted by the end of
this century, It is, of course, unlikely that
production or consumption rates wil l  con-
tinue to grow exponentialIy and new energy
sources, such as fusion, may be available to

Figure VI I-1 .—World Energy Supply and Demand
Measured World Recoverable Energy Reserves, 1974

Solid
fuels

361.7
2.608.7
2,581,5
3,325.5
5,070.9
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14.457.9

I Quadrillion  Btu]
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oil
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57.1
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Natural
gas

201.7
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577.9
380.6
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Oil shale
and

tar sands

81.4
8702
117.0
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9,111.0
23.7

9.2

10,3515

Uranium
(nonbreeder) 2

1981
3.1

46.4
Unknown

422.7
11,9
99.1

781.3

Total

1,369.5
6,1260
2,955,6
4,376.0

15,286,2
4575
602.4

’31 ,1732

‘ Accordlrw  to the U S De~artment  of the Interior Bureau of Mines  North Amer)can  tar sands and shale 011 reserves may be severely
overstate: Development of most of these reserves IS not econom  IC at present

‘ Enerqy  content using breeders 60-100 t)mes as great Thortum  resources neglected

SOURCE World Energy Conference Survey of Energy Resources New York 1974
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provide essentially inexhaustible supplies of
energy in the next 20 years, but it is difficult
to  take great  comfor t  f rom the avai lab le
statistics.

World supplies of fuels other than oil and
gas are also inequitably distributed Figure
VI l-- i  indicates that nearly half of known
world energy resources are located In North
America (although the share would be re-
duced somewhat  I f  o i l  sha le  assets  are
overstated) The United States, U S S R , and
Eastern Europe control 73 percent of the
k n o w n  w o r l d  r e s e r v e s  o f  c o a l  4  .

There can be I i t t le  doubt  that  growing
uncer ta in t ies  about  energy suppl ies  wi l l
have an Important Impact on international
political stability during the next decade in-
tens ive ef for ts  wi l l  be made to  develop
domestic resources and to ensure the securi-
ty and reliabllity of foreign supplies The lat-
ter objective, however, would appear to be
Increasingly diff icult to achieve The effort
to assure supplies and the vast transfers of
assets between nations which occur in the
process, can create economic dislocatlons
in developed n a t i o n s  a n d  f r u s t r a t e  t h e
aspirations of less developed nations This,
In turn, could lead to restructuring of world
alIiances There has been specuIation, for
example, that democratic institutions (in na-
tions such as Italy) may collapse under the
weight of accelerating Inflation and reces-
sion traceable, at least in part, to energy
costs Dr Henry Kissinger has warned that:

Not since the 1930’s has the economic
system of the world faced such a test. The
disruptions of the 011 price rises, the threat
of global InfIatlon, the cycle of contraction
of exports and protectionist restrictions, the
massive shift In the world’s financial f lows
and the I ike ly  concent ra t ion  o f  invested
surplus 011 revenue In a few countries, al I
threaten to smother the once-proud dreams
of universal progress with stagnation and
despair

The sense of insecurity attached to im-
porting energy resources is magnified by the
fact  that  in  most  cases supply  l ines for

4 Wilson, p 171

2,{ - ‘i *.? I ) - 14

energy are very long and thus potential ly
very vulnerable No nation can be comfort-
able if a commodity on which Its economy
depends comes from so uncertain a source
Moreover, in any situation where a state or a
group of states greatly dependent on Im-
ports can assemble a substantial mil i tary
ca pa b i I i t y, a  d i s r u p t i o n , o r  t h r e a t e n e d
disruption, of those supplies carries with It a
h i g h  r i s k  o f  I n t e r n a t i o n a l  v i o l e n c e  It I S

noteworthy that the U S response to the em-
bargo of  1973-74 inc luded th in ly  ve i led
threats of military action

A n o t h e r  p o t e n t i a l  s o u r c e  o f  e n e r g y -
related confl ict concerns nuclear prolifera-
t ion The global spread of civi l ian nuclear
energy has been accompanied by a decline
in the number of technological, economic,
a n d  t i m e  b a r r i e r s  t o  a c q u i r i n g  n u c l e a r
weapons An increasing number of countries
are already capable of producing their own
nuc lear  arms The consequences o f  p ro-
liferation are subject to debate, but they are
unlikely to be positive from the perspective
of U S or global interests. A strong argu-
ment  can be made that  pro l i fera t ion wi l l
jeopardize regional and global stabil i ty, in-
crease the Iikelihood of nuclear war, exacer-
bate the threat of nuclear-armed, nonstate
terrorism, and greatly complicate U S. rela-
tions with new (potential or actual) nuclear
weapons states. Because securlty concerns
are a  key incent ive  to  acqu i r ing nuc lear
weapons,  the probabi l i ty  o f  pro l I ferat ion
will tend to be greatest in regions with the
highest potential for international confl ict

In the past, the United States placed ma-
j o r  e m p h a s i s  o n  a i d i n g  n u c l e a r  e n e r g y
development programs around the world In
recent  years , t h i s  p r o g r a m h a s  b e e n
tempered by a concern about proliferation,
resu I t i ng in e f f o r t s  t o  t i g h t e n export
agreements, t o  p r o h i b i t  t h e  e x p o r t  o f
f a c i l i t i e s  f o r  r e p r o c e s s i n g  p l u t o n i u m  o r
enriching u ran i u m, and t o  d i s c o u r a g e
foreign transfers of such technology.

The United States, however, is in a weak
position if it attempts to discourage the de-
v e l o p m e n t  o f  n u c l e a r  p o w e r  i n  n a t i o n s
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where attract ive alternatives are not
ava i I able.

DEVELOPING NATIONS

Less developed nations are likely to be
most vulnerable to energy shortages and a
steep increase in energy prices. They will be
less able to compete for scarce resources
and less able to bear the additional financial
burdens. (It could be argued that less devel-
oped nations wilI fare better than developed
nations, since the less developed a nation is,
the easier it will be to return to noncommer-
cial fuels such as dung and wood ) Plans for
develop ing an ind igenous indust r ia l  base
and modernizing agricultural methods have
al ready been d isrupted by h igher  energy
pr ices.  Many i r r igat ion systems in  South
Asia, for example, stand idle because the
fuels to operate them cannot be obtained.

The economic assistance programs of the
developed nations are partly responsible for
the dilemma. These programs have in many
cases attempted to promote the develop-
ment of an industrial infrastructure which is
as heav i ly  dependent  on scarce energy
resources as U.S. industries.

The re la t ive ly  smal l  ons i te  so lar  tech-
nologies examined in this report should be
particuIarly attractive to developing nations
for a variety of reasons:

●

●

These nat ions typ ica l ly  have not  in -
v e s t e d  i n  a n  e x t e n s i v e  n e t w o r k  o f
transmission and distribution facil i t ies
(equipment which frequently costs as
m u c h  a s t h e  g e n e r a t i n g stat ions
themselves); onsite technologies could
p r o v i d e  p o w e r  t o  d i s p e r s e d  s i t e s
w i t h o u t t h e  e x p e n s e a n d  d e l a y
assoc ia ted wi th  bu i ld ing such equ ip-
ment.

Onsite equipment does not require an
enormous investment  o f  capi ta l  in  a
s ing le  pro ject , thereby reducing the
o v e r a l l  r i s k  o f  t h e  i n v e s t m e n t  a n d
avoiding expensive capita I-carrying
charges during construction.

●

●

●

panded flexibly and proportionately to
meet growing requirements for energy.
Large facil i t ies produce sudden large
increments in capacity which are dif-
f i c u l t  t o  m a n a g e This  prob lem f re-
quently results in prolonged periods of
expensive overcapacity

Some of these advantages would be re-
duced or eliminated if it were necessary to
construct a centralized uti i l ty large enough
to meet all energy requirements of the area
under the assumption that solar equipment
might supply no energy during some period
of peak demands There are a number of
ways of eliminating the need for centralized
backup power in developing countries:

●

●

●

The fac i l i t ies  requi r ing energy could
s i m ply be shut down when energy was
not avaiIable — this would reduce labor
productivity but would not be as signifi-
cant in a Iocation where Iabor was rela-
tively inexpensive

Many solar applications, such as water
pump i n g, will need no backup in re-
mote areas since storage is very inex-
pensive

SmalI emergency generating equipment
could be maintained to provide backup
power when solar energy fails. Energy
f rom d iesel  generators  is  commonly
used in remote villages and is very ex-
pensive, but the costs would be more
manageable if  the devices were only
operated a few days each year
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Solar energy should also be attractive to
the less developed countries on grounds of
broad social utilitv

As a relatively labor-intensive means of
p o w e r  g e n e r a t i o n  ( b o t h  i n  t e r m s  o f
manufacture of components and instal-
lation), solar energy should help alle-
viate the endemic high unemployment
a n d  u n d e r e m p l o y m e n t t h a t  p l a g u e
most developing countrles

Vil lage sit ing of solar facil i t ies would
help raise rural l iving standards This
could, in turn, have the effect of reduc-
ing the rate of migration to urban areas
in search of employment which is often
available only in urban areas because
only urban areas have adequate sup-
plies of energy

Solar  energy f a c i l i t i e s  c a n  b e  c o n -
structed utilizing a variety of materials,

which may be   
locally available.

D e v e l o p i n g  s o l a r  e n e r g y  w o u l d  n o t
c o m m i t  t h o s e  c o u n t r i e s  t o  f o r m s  o f
energy production that they may not be
able to sustain because of fuel short-
ages or the lack of secure funds for
operating costs

Solar energy may well become econom-
ica l ly  a t t ract ive in  develop ing nat ions In
many applicat[ons significantly before it
does so in the United States for a number of
reasons Most  deve lop ing nat ions are  lo -
cated in areas where sunlight is plentiful
(see f igure VI I -Z) ;  labor  costs–which f re-
quently represent a substantial fraction of
the total costs of a solar energy installa-
t ion — are relatively low; and the cost of
competing energy — when it is available— is
f r e q u e n t l y  v e r y h igh.  Table  VI  I -1  sum-
m a r izes the prices charged ror ectricity in

m a n y  n a t i o n s  a r o u n d  t h e  w o r I d .  T h e  i n -

formation IS difficult to Interpret since many
governments subsidize the selling price (For
reference, the fuel prices alone contribute
over  3¢/kWh to  the cost  o f  e lect r ic i ty  I f
petroleum is Imported at world 011 prices )
The table does show, however, that energy
prices in many parts of the world are several

IMPLICATIONS FOR U.S. POLICY
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Figure VII-2– Worldwide Availability of Sunlight Resources

Daily Radiation for June

Daily Radiation for December

SOURCE John A Duffle  and Willlam  A Beckman, So/ar  Energy Thermal Processes, John Wiley& Sons, New York, 1974, pp 35,37
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Table VII-I . —Electricity Prices in Developing Nations

Electricity prices
(cents / k Whr)

Capital city Urban,
Country Residence Commerce Industry noncapital Remote Comments

Bureau: Asia

Philippines . 1.6-4.7 2.2-4.7 2.8-3.2 3.8-16 Remote: Regional national
grid, 3.8; Private small
COOPS, 16

Pakistan . . . 2.2-2.5

I n d o n e s i a 7

S r i  L a n k a . 4-2

Nepal . . . . . . . 2-4

2.2-4.2 .4-1.5

.510

Bangladesh. 1.1-1,9

India. . . . . . . . 2.8

Afghanis tan 1.7-6.6

Subsidized

Different rates for Hydro,
Diesel, Gas

3-4Korea . . . . . . . 4.6-11

Thailand* . . . .70-5

5.6-7

● BAHT/kWhr

Bureau: Near East

Yemen . . . . . 13.3

Israel . . . 4.3

Egypt . . . . . . 1.4-2.4

4.6-6.6
1-2.4 1.0 Subsidized (e. g., fuel 011

supplied at 1 /6 world price)

Syria . . . . . . 5
Morocco . . . 5.5-13

Portugal . . . . 3

Sudan . . . . . . 8.6

12.5
44

Bureau: Latin America

Ecuador, . . . . 1.5-3.8

25/month
for 25 watt

bulb

Haiti . . . . . . 5.5-7.3

1-2.5 3-4

4.4-4.7
Colombia . . . 1-1.2

Costa Rica . 4.4-5.3

Guatemala . 4.4-6.4

4.7-6

Peru . . . . . . . . 1.9

Guyana . . . . . 19-21.9 29.9 27 Bauxite manufacturer gets
subsidized rate of 10
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Table Vll-1.—continued

Electricity prices
(cents/kWhr)

Capital city Urban,
Country Residence Commerce Industry noncapital Remote Comments

Dem. Rep. ● .

Brazil . . . . . . .

Nicaragua . . .

Panama . . . . .

Uruguay. . . . .

Paraguay . . . .

Chile* . . . . . .

Bureau: Africa

Benin . . . . .
Burundi . . . . .

Nigeria. . . . .

Cameroon . . .

Tanzania . . .

Liberia . . . . . .

Niger . . . . . . .

Senegal . . . . .

Chad . . . . . . .

Kenya ., . . . .

Sierra Leone .

Upper Volta.

Mauritania. . .

Ethiopia. . . . .

2-6

5.6

.87-11.3

6-10

4-5

5-8

.68-1

13

5

3-6

19

3-13

6.5-8

10-19

7-24

14-26

2.8

9

16-26

17

5-7.5

2-3

13

5

3-6

19

12-27

6.5-8

10-19

11-25

14-26

11.2 -15.8

9

5-7.5

2-3

6-8

13
5

3-6
—

7-1o

5.5-7

● in RD ($RD?)

6.9 3.7 plus 23% Fed. Tax

should low residence be 8.7?

uniform in country

uniform in country

6-8

CH $1.4

13

5 Two cities: one hydro, one
(smaller) diesel. Plans for
smal l  hydro for  3  towns
(GEIL)

4-7

23

Heavy Industry, 1-3

Complicated billing

Average for Mission
Residences, 12.5

7-14

Average for Embassy
housing, 2

6-14.2

9

16-26

5-1o 10-12

8*

SOURCE Mew for lnt~rnal(onal o~v~lw~~nt  response to telegram requests for Information Summer 1977

related tensions lead to conflict (even if we attempts to improve relations with the Third
were not directly involved in the confl ict), Wor ld .
and it has already been eroded by our grow-

As the world’s largest consumer and im-
ing re l iance on f rag i Ie  supply  routes for
energy supplies critical to our economy.

p o r t e r  o f  e n e r g y  a n d  t h e  a c k n o w l e d g e d
leader  in  most  energy technolog ies,  the

Short of open warfare, competit ion over United States wil l  necessari ly be the focus
energy supplies could place a serious stress o f  i n t e r n a t i o n a l  t e n s i o n s  g e n e r a t e d  b y
on tradit ional U.S. all iances and disrupt its energy issues. Washington’s relations with
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other industrialized countries (many of them
U.S. allies) have already been strained by ef-
forts to impose controls on nuclear exports
and by a compet i t ive scramble,  fo l lowing
the 1973-74 embargo,  to  obta in  re l iab le
sources of oil imports. With the emergence
of the United States as a major importer,
petroleum has become a potentially serious
s o u r c e  o f  d i v i s i o n  w i t h i n  t h e  A t l a n t i c
Alliance, and with Japan. By contrast, Soviet
capabil i t ies to export oi l  and uranium have
augmented the U.S.S.R.’s hold over its
clients in Eastern Europe.

I ts  weal th  and power  have long made
America the representative and symbol of
the industrial ized state in the eyes of less
developed countries. Thus, inevitably, the
Unitd States has been the focus of Third
World resentment, a condit ion exacerbated
by the scale of U.S. energy consumption in
an increas ing ly  shor tage-consc ious wor ld
and by recent American efforts to constrain
nuclear exports.

A danger exists that energy problems may
serve to reinflame some of the anxieties and
ambi t ions which former ly  dominated re la-
t i o n s  b e t w e e n  t h e  C o m m u n i s t  a n d  n o n -
Communist nations. For example, there has
been fear that the U.S.S.R. may successfully
exploit the Arab-Israeli dispute to obtain in-
f l u e n c e  o v e r  t h e  d i s p o s i t i o n  o f  M i d d l e
Eastern o i l ,  upon which most  o f  the in-
dustrial ized countries of the world are so
dependent. Rising energy costs, in conjunc-
t ion wi th  populat ion,  food,  and resource
pressures, may also frustrate the develop-
ment hopes of many Third World countries,
thereby s t rengthen ing the hand o f  Com-
munist movements in those countries and
consequently placing new strains on U. S.-
Chinese relations,

Problems have also been created by the
current administration’s attempts to control
the proliferation of nuclear weapons tech-
n o l o g y  b y  d i s c o u r a g i n g  n o n - n u c l e a r
weapons s ta tes f rom acqui r ing advanced
nuclear energy equipment such as uranium
enrichment and reprocessing systems. Ef-
forts in this area have been rebuffed for a

number of reasons, but two problems clear-
ly are large factors:

●

●

It

The failure of the United States to be
able to offer any logical alternatives to
the proposed nuclear development pro-
grams, and

The implication that advanced nuclear
systems are reserved for advanced na-
t ions,  par t icu lar ly  those wi th  nuc lear
weapons capabi l i t ies ,  whi le  o ther  na-
tions are relegated to “second-choice”
energy alternatives not seriously con-
sidered by the United States for its own
use.

is clear that accelerated development
of solar energy and other renewable energy
resources throughout the world wilI not be
able to play a large role in the diff icult ies
discussed here in the near future. But the
development of a reliable energy source, ap-
plicable in a variety of countries, operating
largely independence of foreign supplies of
resources or  technology,  would cer ta in ly
move things in the right direction.

Solar energy offers a particularly promis-
ing avenue for improving U.S. relations with
the Third World — an area in which Washing-
ton has not been notably successful in re-
cent years— because it is peculiarly adapt-
able to the needs of the developing coun-
tries. Solar energy is particularly attractive
in this regard because it offers a means of
d i rect ly  contr ibut in g to  improved wel l -bein g

at  the v i l lage leve l .  Amer icans have not
been adept at providing technology suited
to the rural conditions, low-skill levels, and
plentiful labor supplies which characterize
the living conditions of much of the world’s
popula t ion.

Development  o f  a  set  o f  so lar  energy
systems which were genuinely useful to the
Thi rd Wor ld  would prov ide an oppor tun i ty
for the United States to demonstrate its con-
cern for the aspirations of developing na-
tions and to reinforce its global reputation
for technological leadership and innovation.

The Uni ted States is  in  a  pos i t ion to
assume leadership in the development of
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solar energy  resources  for a variety of
reasons.

In the first place, the United States leads
the world in solar energy technologies. The
U.S. Federal budget in solar energy is prob-
ably larger than the combined solar budgets
of the rest of the world. Soviet efforts in
solar energy are virtualIy nonexistent.

Secondly, the United States is in a posi-
tion to supply capital to developing nations

either directly or through international lend-
ing institutions such as the World Bank or
the Export-Import Bank.

Finally, a major U.S. commitment to the
development of solar energy resources both
for its own use and in its economic
assistance policy, would have a subtle but
powerful effect on the attitudes of other na-
tions toward this technology.

FOREIGN TRADE IN SOLAR TECHNOLOGIES

BACKGROUND

If solar energy can, in fact, provide a com-
petit ive source of energy in many parts of
the world, the potential for U.S. exporters
should be substantial. There have not been
any systematic surveys undertaken of the ex-
t en t  o f  t h i s  ma rke t ,  e i t he r  by  t he  U .S .
Government  or  by  U.S.  so lar  indust r ies .
Some observers are convinced that there is a
potential market of many hundreds of mil-
l i o n  d o l l a r s  i n  a n n u a l  s a l e s  t o  u n d e r -
developed nations alone, and see no reason
why the Uni ted States cannot  capture a
large fraction of that market.

Other  ana lys ts  are  more conservat ive .
They note  the l imi ted capabi l i ty  o f  poor
countries to f inance imports, and the fact
that much solar energy hardware is so sim-
ple as to be unprotectable by patent. More-
over, low labor costs in developing countries
and the expense of transporting bulky solar
equ ipment  suggest  that  many less  deve l -
oped countr ies wi l l  f ind so lar  energy an
ideal import-substitution Industry. I t is not
difficult to imagine a nation like Singapore,
which has qu ick ly  mastered a  var ie ty  o f
medium-level technologies, developing the
capabil i t ies to fabricate some solar equip-
ment. If this assessment is correct, the U.S.
export market may be l imited to relatively
h igh technology so lar  components ,  e .g . ,
so lar  ce l ls ,  e lec t r ica l  cont ro ls ,  and heat
engines.

More detail is available on photovoltaics
than in  o ther  areas o f  so lar  technology.
About 113 kW of photovoltaic devices were
sold in non-Communist nations outside the
United States in 1976 (a market of approx-
imately $2 mil l ion) and a recent study has
forecast  that  sa les could  reach about  88
MW ($44 million) by 1986.7 This is still much
too small to attract major industrial interest.

These projections will remain speculative
until an overseas solar marketing survey is
conducted to look at the energy needs of
developing countries, the kinds of special-
ized so lar  technology that  would  be re-
q u i r e d  t o  m e e t  t h o s e  n e e d s ,  a n d  t h e
capabi l i ty  o f  the develop ing countr ies to
pay for imports or to manufacture their own
equipment , T h i s  i n f o r m a t i o n  w o u l d  b e
analyzed in  the context  o f  ex is t ing U.S.
technology,  and would ind icate both how
extensive the market for off-the-shelf solar
hardware is, and how existing technology
could be adapted to provide the specialized
equipment needed by other countries.

T h e  d e v e l o p m e n t  o f  a  f o r e i g n  m a r k e t
w o u l d also substant ia l ly b e n e f i t  t h e
domest ic  so lar  energy equ ipment  market ,
since the addit ional overseas demand for

~ Characterization of the Present Worldw/de
Photovo/taics  Power Systems Market, the BDM and
Solarex  Corporations (Draft report, May 1977).
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solar faciIities would result in larger produc-
tion runs and more research, This should
reduce domestic prices and accelerate im-
provements  made in  dev ices so ld  in  the
United States, yielding the United States a
long-term advantage, even if developing na-
tions began to produce their own systems in
a decade or  so I t  is  l ike ly  that  fore ign
m a n u f a c t u r e r s  w o u l d  s o m e t i m e s  r e q u i r e
U.S. assistance, for example, uti l ize U.S.,
patents or Iicenses for solar devices,

Est imates of  a  large potent ia l  fore ign
market for solar energy are supported by re-
cent studies conducted by the Department
of State. One study, published in November
1 9 7 6 ,  i n d i c a t e d  a  s u b s t a n t i a l  p o t e n t i a l
market for solar technologies in eight oil-
producing nations [Algeria, Indonesia, Iran,
I raq,  Mexico,  Niger ia ,  Saudi  Arabia,  and
Venezuela) The study showed that although
al I eight countries preferred manufacturing
solar equipment themselves rather than im-
por t ing i t ,  none was making a  suf f ic ient
commitment  to  so lar  research to  produce
equipment  which could compete wi th  the
smal l  so lar  e lec t r ic -generat ing equipment
a n d  d e s a l i n i z a t i o n  p r o c e s s e s  b e i n g
d e v e l o p e d  i n  t h e  U n i t e d  S t a t e s .  S t a t e
Department studies have also indicated that
a smal ler  but  s ign i f icant  market  for  so lar
devices exists in other oi l-producing coun-
t r ies and in  underdeveloped o i l - impor t ing
nations, This last group of countries, ac-
cording to surveys, was anxious to develop
al I types of non petroleum energy sources
and wil l ing to devote a substantial amount
of their capital if such sources have become
economicalIy and technicalIy feasible. a

Some i nd u st r i a I i z ed count r i es w i l l
develop their own solar energy industries
and, as a result, wilI not constitute a signifi-
cant market for U.S exports The exception
m a y  b e  c e r t a i n high-technology compo-
e n t s .

8 Mdrtln Prochnik,  Of flcc of Nuclear Energy and
Energy Pot ICI(JS, Department of State,  private com-
mun I( at Ion, Mdrch 1977

FOREIGN COMPETITION IN
SOLAR TECHNOLOGIES

Signif icant solar technologies have been
developed in a number of other countries.
Japan, Israel, and Australia produce more
energy f rom the Sun each year  than the
United States, primariIy because they have
used s imple hot-water  and space-heat ing
d e v i c e s  f o r  d e c a d e s France,  Germany,
Japan, and perhaps Israel selI more solar
equipment abroad a n n u a I I y  than the U nited
s t a t e s

There are several reasons for this. First,
conventional energy in the United States has
been, for the most part, plentiful and inex-
p e n s i v e ;  c o n s e q u e n t l y ,  t h i s  N a t i o n  h a s
delayed emphasis on solar heating and hot
w a t e r  ( e x c e p t i n  F l o r i d a  a n d  s o u t h e r n
Cal i fo rn ia  dur ing the 1940’s  and 1950’s)
while countries such as Japan, Israel, and
Australia have been installing such devices
for  decades,  Second,  the Uni ted States
spends propor t ionate ly  more for  research
than other  count r ies  wi th  so lar  budgets ,
most of which stress currently marketable
technologies. Private industry in most other
countries has been more deeply involved in
solar technology than has its U.S. counter-
pa r t ,  and  i t  i s  p r i va te  i ndus t r y ,  no t  t he
Government, that usually determines an ex-
po r t  ma rke t .  F i na l l y ,  t he  Un i t ed  S ta tes
spreads i ts  f inanc ia l  resources among a
broad range of  so lar  technolog ies;  many
o t h e r  c o u n t r i e s  s t r e s s  f u n d i n g  o f  f e w e r
special ized projects, which leads to more
rapid marketing of resuIts.

[n the past year, France has doubled its
solar budget to almost $10 million per year,
putting special emphasis on developing 300
kW, 800 kW, and 3.5 MW solar electric sys-
tems. West Germany, which spends about $6
mill ion per year, also increased its funding
f o r  s o l a r  e n e r g y  s u b s t a n t i a l l y  J a p a n  i s
spending about $5 mil l ion per year in its
government -sponsored Pro jec t  Sunsh ine.
Israel has boosted its solar commitment to
about $2 mill ion. I ran has extended its solar
program, opening a 1 00-person solar in-
stitute, Saudi Arabia has created a similar
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center, although smaller, staffed by about
20 technologists. The Common Market has
dec ided to  bu i ld  a  1  MW cent ra l  thermal
power station, probably in Italy, and Spain is

in the process of locating a site for a solar
research institute with help from the United
States and several European countries.

THE IMPACT OF SOLAR
ENERGY ON AMERICAN LABOR

Onsi te  so lar  technology appears to  be
m o r e  l a b o r - i n t e n s i v e  t h a n  c o n t e m p o r a r y
techniques for supplying energy; thus, in the
short term, the introduction of solar energy
devices might create jobs in trades now suf-
fer ing f r om  se r i ous unemployment .  I  n
genera l ,  the new jobs wi l l  be d is t r ibuted
widely across the country and wilI not re-
quire laborers to Iive in remote or temporary
const ruct ion s i tes  because most  workers
should be able to find jobs in areas close to
their homes. Work on solar equipment, for
the most part, should necessitate only sim-
ple retraining programs, although there may
be shortages both of engineers and archi-
tects qualif ied to design solar equipment,
and of operators trained in maintenance of
some of the larger and more sophisticated
solar devices which have been proposed.

Assess ing the long- term impl icat ion o f
t e c h n o l o g i c a l  d e v e l o p m e n t  o n  t h e  w o r k
force, however, cannot be reliably under-
t a k e n w i t h con temporary e c o n o m i c
methods. Long-term labor impacts wil l  de-
pend on forecasts  of  fu ture growth rates
both in  the economy and in  U.S.  energy
consumption — subjects about which there
i s  g r e a t confusion a n d  d i s a g r e e m e n t .
A l though making economic pro ject ions is
hampered by imprecise methodology, i t  is
possible at this point to outline some of the
critical issues which concern the effects of
solar energy development on labor.

MANPOWER REQUIREMENTS

One of the most critical issues in
e v a l u a t i n g  t h e  i m p a c t  o f  a  n e w  e n e r g y
technology on labor, and one of the most

d i f f icu l t  to  deal  wi th  re l iab ly ,  is  how the
technology wiII affect overalI manpower re-
quirements in the energy industry. Tables
VI I-2 and VI I-3 compare the manpower re-
q u i r e m e n t s  o f  a  c o n v e n t i o n a l  c o a l - f i r e d
generat ing system wi th  the manpower  re-
quired to construct and to operate each of
two kinds of solar devices capable of pro-
ducing equivalent amounts of energy. Only
first order effects have been considered, and
the estimates made about solar devices are
necessarily speculative. One overalI conclu-
sion seems inescapable, however: a large
fraction of the value of solar equipment is
attributable to direct labor costs.

The high labor intensity of solar equip-
ment is not surprising, Most devices can be
c o n s t r u c t e d  f r o m  r e l a t i v e l y  i n e x p e n s i v e
mater ia l ,  and the smal l  equ ipment  exam-
i n e d  h e r e  w o u l d  n o t  r e q u i r e  e x t e n s i v e
capi ta l -car ry ing charges dur ing const ruc-
t i o n .  F a c t o r i e s  f o r  m a s s  p r o d u c t i o n  o f
photovo l ta ic  dev ices,  heat  engines,  and
other components of solar technologies will
probably employ sophisticated and expen-
sive equipment which wil l  reduce labor in
these industries, Much of the work of install-
ing solar equipment wiII continue to require
direct onsite labor.

Table VI I-2 lists all labor requirements for
construction at the plant site, to build the
800 MWe turbine generator in a factory, to
operate the generating faciIity at an average
of 60 per-cent of f u I I capacity for a period of
30 years, to buiId and operate a coal mine
large enough to support the plant, to trans-
port the 2.5 m i I I ion tons of coal per year
needed to operate the pIant, and to con-
s t r u c t  a n d  m a i n t a i n  a  t r a n s m i s s i o n  a n d
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Table VII-2. —Labor Requirements for a Conventional
800 MWe Coal Plant

(in units of man hours per megawatt year)

. .
Operating

Construction and
maintenance

—

800 MWe coal plant. ... 330 380

coal strip mine using
western coal . . . 20 360

coal preparation plant. 3 290
coal transportation — 340

e l e c t r i c  t r a n s m i s s i o n 40 5

e l e c t r l c  d l s t r i b u t ! o n 190 310

steel & concrete pro-
duction 10

turbine/generator
m a n u f a c t u r i n g .  .  . 170 0

Total . . . . . . . . . . . . . . . . 763 1685
—

Assumptions: — 800 MWe coal plant operating at
peak capacitv for 30 years:

Total

710

380

293
340

45

500

10

170

2348

60 percent

— western’ coal’ strip mine with 525-miIe train line;
— all data based on Bechtel data with the ex-

ception of the turbine generator manufacture.
It was assumed that the turbine/generator cost
of $150/kW of which 25 percent was labor and
that this labor was paid at an average rate of
$10/hr;

— calculations divide the sum of construction
manpower and 30 year operating manpower re-
quirements by the total number of megawatt
years of energy produced by the plant.

Table VII-3 presents an estimate of the
labor required to build and maintain a flat-
plate solar water heating system and a small
t rack ing photovo l ta ic  sys tem in  A lbuquer-
que, N. Mex. The hot water system requires
1.5 to 2.5 times more labor than the conven-
tional coal-fired generating facility and even
more if the utility must maintain a substan-
tial faciIity for providing backup power. The
range shown for the solar devices reflects

the range of labor requirements provided by
c o l l e c t o r  m a n u f a c t u r e r s  c o n t a c t e d .  I t  I S

probable that the labor requirements of a
mature solar industry wil l  be close to the
lower end of the range shown.



Table VII-3. — Labor Requirements of Two Types of Distributed
Solar Energy Systems

(in man hours per megawatt year)

1. Solar hot water heaters
( 8 m2  f l a t  p l a t e )  . ,
— manufacture collector
—install collector. . . . .
—routine O&M . . . . . . .

Total for hot water system ●

Total for hot water system
i n c l u d i n g  b a c k u p

Il. Tracking silicon
photovoltalc system:

a. Electrlc only (50 m2)
— manufacture colIector

and cells . . . . . . . . . .
— install collector. . . . .
—operate system. . . . . .

Operating &
Construction maintenance Total

800-2500
1200

—

o
0

1200

800-2500
1200
1200

2000-3700

2340-4040

2600-3300
1800-4600

.

1200

—

—
—

6800

3200-4900

3540-5240

2600-3300
1800-4600

6800

Total for tracking photo-
voltaic system . . . . . . 4400-7900

Total for tracking photo-
voltaic system including
backup 4740-8240

b. Electric
+ 0.29-Thermal
(Including backup). . . . . 2240-3740

c. Electric + Thermal
(Including backup). . . . . 1130-1750

6800

—

3000

1240

11200-14700

11540-15040

5240-6740

2370-2990

Assumptions: — 20 year system life;
— installation includes 75 feet of piping costing 0.11

MH/ft to Install;
— flat plates installed for 1.3 MH/m and tracking col-

Iector installed for 1.3-3.33 MH/m2;
— cells assumed to be 18 percent efficient, optical effi-

ciency 80 percent.
— labor for providing backup power is assumed to be

50% of the construction labor shown in table Vll-2—
(e. g., 340 man-hours/ MW-year)

— flat plates assumed to provide 930 kWh/m 2- y r
(Albuquerque);
cells provide 320 kWh/m 2-yr electric and 1450
kWh/m2-yr thermal for PV system (Albuquerque);
O&M labor for PV system assumed to be 0.25
hrs/m2-yr (see table Xl-7);

— flat plate manufacturing labor based on data from
several collector manufacturers;

— concentrator manufacturing labor assumed to be .024
MH/lb of collector for PV concentrator given in table
VII-7 (with concrete and sand excluded) with the labor
to produce the raw materials added;
.024 MH/lb IS approximate labor Input for automobile
manufacturing based on employment and production
for 1973 given in 1976 Sfatisfica/ Abstract of the
United States, U.S. Dept. of Commerce, Bureau of
the Census, pp. 369, 791.
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Some collector designs (e. g., plastic col-
lectors)  wi l l  a lmost  cer ta in ly  requi re less
manufacturing labor but they wil l  probably
r e q u i r e  m o r e  m a i n t e n a n c e  l a b o r ,  w h i l e
other designs which require less material
(e .g. ,  tubular  des igns)  may requi re more
manufacturing labor than simple f lat-plate
systems.

The labor requirements per unit of solar
energy delivered would be higher in areas of
the country which do not receive as much
sunsh ine as  A lbuquerque s ince each un i t
area of colIector wouId produce less output.

I t  s h o u l d  a l s o  b e  n o t e d  t h a t  o n s i t e
systems which re ly  on u t i I i ty  sys tems for
b a c k u p  w o u l d  p r o b a b l y  n o t  r e d u c e  t h e
labor requirements for transmission and dis-
tribution systems significantly. This is impor-
tant since a large fraction of the labor re-
qui red by convent ional  u t i l i t ies  is  due to
these energy distribution systems. A shift
toward decentraIized solar energy systems
couId, therefore resuI t  in  repIac ing cen-
tralized facil i t ies with solar units requiring
greater amounts of labor while leaving the
labor-intensive distribution systems intact.

SOME QUALITATIVE IMPACTS

While the analysis of the overall labor re-
quirements of solar energy is very primitive,
it is possible to be somewhat more confi-
dent about some qualitative aspects of solar
energy’s impact on the work force.

Geographic Distribution

Employment in installation and operation
of solar equipment can be expected to be
distributed over a large part of the country.
Init ial installations of solar equipment are
likely to occur in places with high insola-
tion — the South and Southwest, Locations
with relatively low levels of sunlight, such as
the Northeast, however, tend to have high
energy pr ices,  Thus,  whi le  low inso lat ion
levels make solar energy in the North expen-
sive, competing energy sources are also ex-
pensive, so the net economic competit ive-
ness of solar devices may be as high in the
N o r t h  a s  i n  m o r e  f a v o r a b l e  c l i m a t e s ,
Employment  in  ins ta l l ing so lar  energy is ,
therefore, likely to be as geographically dis-
persed as the building industry.

One thing about solar employment seems
clear— none of the small solar devices con-
sidered in this report wilI require the major
dislocation of a work force, or the establish-
ment of temporary work camps as may be
required for construction of a pipeline, an
offshore drilIing operation, or a large central
generating facility in a remote location. The
relatively small solar devices analyzed here
wil l  provide employment in close proximity
to where workers presently Iive, and there-
fore wil l  avoid the social disruptions asso-
c i a t e d  w i t h  l a r g e  i n f l u x e s  o f  t e m p o r a r y
workers.

U n l i k e  m o s t  m a j o r  m a n u f a c t u r i ng

facil i t ies, solar manufacturing at present is
spread across the country in l i teralIy hun-
dreds o f  smal l  companies.  The fu ture  o f
these businesses, however, is very uncertain.
If the demand for solar equipment increases
substantially, the field may be dominated by
a  s m a l l  n u m b e r  o f  l a r g e  m a n u f a c t u r i ng

f irms, much as the manufacturing of con-
vent ional  heat in g and cooling equipment is
dominated by a small number of firms.

On the other hand, solar devices may be
des igned for  spec ia l  c l imates and suf f i -
ciently site-specific for manufacturing to re-
main geographica l ly  d ispersed,  much as
facil i t ies for manufacturing modular homes
are today. It seems clear that because of the
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sophisticated t e c h n o l o g y  e m p l o y e d ,  t h e
manufactur ing o f  c o m p o n e n t s  s u c h  a s
photovo l ta ic  dev ices,  heat  engines,  and
concentrat ing devices will occur in a
relatively small number of facilities.

Stability of Labor Demand Associated
With Solar Equipment

I f  a  major  demand deve lops for  so lar
energy, it is I ikely that employment in the
area will be as stable as work in any typical
bu i ld ing t rade; t h e  s o l a r  e q u i p m e n t  w i l l
simply add jobs at each construction site. If
a  ma jo r  r e t r o f i t  ma rke t  deve lops ,  t he re
could also be major employment opportu-
n i t ies  in  th is  area;  main tenance of  so lar
equipment will also provide a stable source
of jobs.

Skill Levels Required

Most of the employment directly created
by a shift to solar energy will be in installa-
t ion of the equipment by the conventional
building trades, and in the creation of new
m a n u f a c t u r i n g  i n d u s t r i e s .  T h e  s k i l l s  r e -
quired for installation of the equipment wil l
be very similar to those required for conven-
tional construction projects, although some
brief training programs wil l  undoubtedly be
desi rable to  fami l iar ize workers wi th  the
new equipment and its installation. Most of
the work wi l l  be in  f raming roofs,  lay ing
foot ings,  p lumbing co l lectors  and s torage
tanks, excavating trenches and pits for pipe-
runs and s torage tanks,  ins ta l l ing  sheet
metal ducting, insulating pipes and tanks,
and install ing electronic control units. The
work will be nearly identical to the installa-
t ion of  sophis t icated a i r -condi t ion ing and
heating systems in conventional buildings.

Larger solar installations, such as those
serv ing groups o f  bu i ld ings and large in-
dust r ia l  operat ions, are Iikely to require
supervisors, managers, draftsmen, designers,
and engineers in roughly the same propor-
tion as these skills are required in the con-
struction of conventional power-generating
facil i t ies. In fact, since many large onsite
solar facilities are Iikely to be supplemental

to conventional boilers and generators, the
solar equipment would simply add work in
these areas at each installation, There may
be a shortage of engineers with adequate
knowledge in areas critical to onsite power
in general and solar devices in particular,

Designing a reliable and eff icient onsite
device for a large installation (such as an
apartment or industry) requires experience
with other types of equipment not now con-
v e n t i o n a l l y  u s e d  i n  u t i l i t i e s  o r  b u i l d i n g

Employment  oppor tun i t ies  in  manufac-
turing are more difficult to define, since the
pattern of growth in the industry is presently
unpredic tab le .  Work oppor tun i t ies  wi l l  in -
clude glazing, metal extrusion, component
assembly, and chemical processing (for pho-
toelectric devices, selective surface forma-
tion, storage systems, etc.). It is difficult to
anticipate whether the employment wil l  be
created in a large number of dispersed fabri-
cating facilities, in large central plants, or in
both.

The skills required to maintain the type of
simple solar equipment instal led on homes
and  sma l l  apa r tmen t s  w i l l  be  s im i l a r  t o
those requi red for  convent ional  appl iance
m a i n t e n a n c e  o f  u t i l i t y  g a s  a n d  e l e c t r i c
power equipment. Most of the personnel in
these profess ions wi l l  requ i re  addi t iona l
spec ia l ized t ra in ing in  so lar  technology.
There is a serious shortage of persons with
the skil ls needed to operate intermediate-
sized solar or conventional onsite energy
equipment .  Owners of  smal l  to ta l  energy
s y s t e m s  r e p o r t  d i f f i c u l t y  i n  f i n d i n g  a n d
hold ing persons t ra ined in  operat ion and
maintenance of engines and heat recovery
units, energy control switching, and other
associated equipment. Maintenance of a so-
ph is t ica ted co l lec tor  system wi l l  p resent
s imi lar  prob lems.  Many now employed in
t h e  o p e r a t i o n o f  t o t a l  e n e r g y  s y s t e m s
learned the requisite skil ls from the U.S.
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military services. Such training appears dif-
ficult to obtain in private industry.

Tables VI I-4 and VI I-5 demonstrate jobs
which must now be done to support conven-
t ional  e lect r ic  generat ing equipment .  The
impact of solar equipment on jobs wil l  de-
pend on the extent to which solar devices
displace fuel consumption (replacing jobs in
mining with jobs in solar technologies), the
extent to which the technology would cut
the demand for  peak generat ing capac i ty
(replacing jobs in constructing and maintain-
ing generating equipment with jobs in solar
technologies), and the extent to which the
n e e d  f o r  t r a n s m i s s i o n and  d i s t r i bu t i on
equipment wouId be reduced.

These effects are l isted in the order of
the i r  l i ke l ihood.  I t  is  most  probable that

solar technology would init ial ly affect only
fuel uti l ization, and would affect transmis-
sion and distribution requirements only in
an extreme case where all or much of local
energy needs are met with solar equipment
It should not be assumed that an increase in
solar uti l ization would necessari ly replace
any of the employment indicated in tables
VI I-4 and VI I-5, The expected increase in
U.S. and worldwide coal demand is likely to
b e  s o  l a r g e  t h a t  e m p l o y m e n t  i n  m i n i n g
would be unaffected by an expected pene-
t ra t ion of  so lar  energy in to  the market ,
Several observations can be made on the
basis of the tables, however:

Ž SmalI solar installations are Iikely to
employ more blue collar workers than

Table VIl-4.—Skills Required for Constructing a Coal-Fired Electric Generating Plant
and Operating the System Over a 30-Year Period

1. Skills Required for Plant Construction (as a percentage of the 3,576 man-years required to
construct the plant and the transmission and distribution network) —

Coal-Fired Electric Transmission and
Generating Plant Distribution Facilities Total

Non-manual construction
work . .

Manual construction work .

Total construction work . . .,

9% 13% 22%
(63°/0 engineers and 25%
draftsmen and designers) 25% draftsmen and designers)

49% 29% 760/0
(variety of trades) (mostly electricians)
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Table VI I-5.— Detailed Breakdown of Skills Required for Conventional Electric System*
(man-years per 800 MWe coal-fired plant and associated distribution

and fuel facilities)

Annual
Opera-

I i
I

1110
31 186

1110
217

218 254
67 83

472
150

I I 33 I ,

523

6
6
3

1997

271
1148
240

3656

6
6
3

1474

60
1087

240

2861

240
450

1781

4

8

12

269

109
18

396

843

I
12
12

8

20

60

81

36

16

8032

10893

“ Based on Information In Manpower, Mater/a/s and Cap/ta/  Costs  /or .Energy  Re/a(ed  Fac~/~fles,  John K Hogle,  et al , Bechtel  Corp for Brookhaven National
Laboratory Associated Unlvers(l(es,  Inc , Contract No 354617S, April 1976

professional employees. Solar installa-
t ions on ind iv idual  bu i ld ings typ ica l ly
r e q u i r e  o n e  s u p e r v i s o r  f o r  e a c h  1 0
workmen, 9 while the ratio for the con-
v e n t i o n a l  c o a l  e q u i p m e n t  s h o w n  i n

table VI I-4 is closer to 1 to 3, The larger
industrial and community solar systems
w o u l d ,  h o w e v e r ,  r e q u i r e  m u c h  m o r e
professional work.

Nearly 50 percent of the jobs
assoc ia ted wi th  operat ing and main-
taining conventional equipment is asso-
ciated with coal mining and transporta-

q FEA  Project /ncjependence  T a s k  F o r c e  L a b o r
Report
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t ion.  Jobs in  these sectors  could  be
r e p l a c e d  w i t h  j o b s in repair and
maintenance of onsite equipment.

About 40 percent of the work required
to build a conventional electric system
and 30 percent of the work required to
maintain it is associated with distribu-
tion equipment, which is unlikely to be
affected by solar technology.

Working Conditions

Expansion of  the so lar  energy indust ry
should not raise serious health or occupa-
t ional  hazards,  but  some of  the poss ib le
problems are discussed below. The manu-
f a c t u r e  o f  s o m e p h o t o v o l t a i c  d e v i c e s
employs cadmium and arsenic compounds
which couId present  hazards to  workers
a s s e m b l i n g  t h e s e  u n i t s .  M a n u f a c t u r e  o f
plexiglass a n d  o t h e r  p l a s t i c s u s e d  i n
photovoltaic devices can also involve han-
dling potential ly harmful chemicals. These
manufacturing hazards are not unique, how-
ever, because these compounds are widely
used in other industries. Some steam-fitting
jobs will involve high-pressure steam lines,
and some proposed thermal storage meth-
ods wil l  require very hot oiIs, possibly ex-
plosive or toxic. These issues deserve serious
attention before such instalIations become
common place. Devices us ing hazardous
material may only be employed in larger,
more centra l ized so lar  fac i l i t ies  and are
unl ike ly  to  be found in  ons i te  res ident ia l
systems. Replacing jobs in coal mining for
those in  so lar  e q u i p m e n t  m a i n t e n a n c e ,
however, would probably result in overall
improved working condit ions.

Organized Labor

o r g a n i z e d  l a b o r  i s  e n t h u s i a s t i c  a b o u t
solar energy’s potential for creating jobs.
Like many other construction trade unions,
the sheet metal workers (SMWIA) have been
hard hit by unemployment: the SMWIA has
a national unemployment rate of 30 percent
to 35 percent, with unemployment reaching
50 percent to 60 percent in some areas of

the North and Northeast ‘‘) These are regions
where energy prices have risen very rapidIy
in recent years. I t is possible that sizable
near-term markets for solar equipment can
be found in these areas in spite of their
re ativeIy unfavorabIe cIimates.

I n 1970, the plumbers and pipefitters had
a nationwide unemployment rate similar to
that of the sheet metal workers. A potential
labor problem associated with implementa-
tion of solar technology is the question of
which union will subsume the categories of
newly created jobs.  Unt i l  recent ly  there
have been few solar installations so that few
u n ions have staked out terri toritoriaI prerog-
atives. For the most part, the solar energy
field is still wide open to jurisdictional com-
petit ion. The situation can be expected to
change as more work in the area becomes
available. An arrangement has already been
negotiated between t h e  S h e e t  M e t a l
W o r k e r s  a n d  t h e  U n i t e d  A s s o c i a t i o n  o f
P lumbers and Pipef i t ters  which ca l ls  for
joint crews in the installation of hot air col-
lectors using l iquid storage systems, Juris-
dictional disputes could be a serious prob-
lem in other areas, however, unless al I issues
can be settled as amicably as this one has
apparently been.

Generally, union officials feel that an up-
surge of solar construction and instalIation
would rad ica l ly  a l ter  the number,  not  the
types of jobs available to union members.
Firms that now produce heating, ventilating,
and a i r -cond i t ion ing equ ipment— many o f
t h e m  a l r e a d y  a c t i v e  i n  s o l a r  c o l l e c t o r
construct ion — would  s imply  expand the i r
operations. A n y  n e w  f i r m s  e s t a b l i s h e d
would be unionized in conventional ways.

While labor has occasionally resisted the
in t roduct ion of  new technolog ies in to  the
building industry, this resistance has always
been d i rec ted a t  technolog ies  w h i c h  r e d u c e

jobs on each building site or which trans-
ferred employment from one building trade
to another. The

‘” 1~ M( Monlgle,
1977

disputes associated with the

Siilhl’ I A, prlv,~te  t ommu n I( ,~t Ion,

28-842  0 -15
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int roduct ion of  p last ic  p lumbing,  prehung
doors, and metal studs all resulted from one
of these effects. Solar equipment would add
work at each site without displacing work in
other areas, It is, therefore, difficult to imag-
ine any group with a motive to resist its en-
try into the market.

LONG-TERM IMPACTS

The overall impact of generating a sub-
stantial fraction of U.S. energy from small
solar devices is hard to assess, since current
economic theory has no satisfactory method
for such analysis. None of the major price
equil ibrium models used to determine the
future of U.S. energy supply and demand
adequately treat employment issues; most
make the overwhelming ly  s imple  assump-
tion that there will be full employment dur-
ing the entire period analyzed. As a result,
many of these models tend to ignore the in-
f luence of alternative energy strategies on
unemployment ,  The d i f f icu l t ies  o f  pred ic t -
ing economic impacts are magnified by the
lack of information necessary to translate a
workable theory or model into useful policy.

In the absence of an a d e q u a t e
methodology, the most critical questions in-
volving the impact of solar technologies on
the work force cannot be answered with cer-
tainty. An example of one difficulty can be
seen in the problems associated with inter-
preting the implications of labor intensity. If
rapid rates of growth are expected in both
the U.S. economy in general and the energy
p r o d u c t i o n  s e c t o r  i n  p a r t i c u l a r ,  a n d  i f
unemployment is expected to be very low as
a  r e s u l t ,  a n y  s h i f t  t o  a  l a b o r - i n t e n s i v e
technology l ike solar energy could prevent
wages f rom keeping pace wi th  growth in
other sections of the economy, An industry
with high labor intensity requires more man-
power for the same output than industries
wi th low labor  in tensi ty .  As a resul t ,  the
average wage paid per worker must be lower
for the labor-intensive process. If growth is

not expected to be suff icient to eliminate
unemployment , labor- in tensive industr ies
wiII be beneficial to both labor and society
by productively employing a larger fraction
of the work force.

Other questions which must be addressed
incIude:

1.

2,

3.

4.

5.

To what extent would the energy pro-
duced by solar equipment displace im-
ports, nuclear, or indigenous fuel sup-
plies? To what extent will solar energy
f u l f i l l  e n e r g y  n e e d s  t h a t  m i g h t  n o t
otherwise be met? ( I f  so lar  energy
fiI led such needs, employment could
grow i  n  areas o f  the  economy not
otherwise possIble.)

T o  w h a t  e x t e n t  w i l l  s o l a r  e n e r g y
sources be able to reduce the need for
ins ta l I ing addi t iona l  e lect r ic  gener-
ating facil i t ies as well as reduce the
demand for fuel?

If imports are reduced, and funds in-
vested instead in U, S. solar industries,
how much direct and indirect employ-
ment  would be created? How much
wouId employment be reduced in in-
dustries now benefiting from the ex-
por t  market  s t imulated by our  pur-
chase of foreign fuels?

What kinds of growth rates can be ex-
pected i n energy sources other than
solar energy? W i I I this growth rate
b e  c o n s t r a i n e d  b y  a  s h o r t a g e  o f
capital, resources, and demand, or by
a shor tage of  cr i t ica l  sk i l ls? Would
s o l a r  e n e r g y  c o m p e t e  d i r e c t l y  f o r
scarce resources or would it be able to
tap other capital or labor supplies?

What kind of work force dislocations
could be expected in a shift from one
energy source to another? Would new
skills not now available in the building
trades be demanded? What kinds of
transient unemployment could be ex-
pected?
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NET ENERGY USE OF SOLAR EQUIPMENT

Clearly solar energy devices cannot pro-
v ide a usefu l  cont r ibut ion to  the wor ld ’s
energy problems if more energy is used to
construct the devices than can be extracted
usefully from them. A brief examination of
this question indicates that solar equipment
can clearly be a net producer of energy. Un-
f o r t u n a t e l y ,  n o  s t r a i g h t f o r w a r d  m e t h o -
dology has been developed for computing
the to ta l  amount  o f  energy consumed in
manufacturing, instalI ing, and operating a
p iece o f  mechanica l  equ ipment .  Two d i f -
ferent techniques will be used here: 1 ) com-
p u t i n g  t h e  p r i m a r y  e n e r g y  r e q u i r e d  t o
manufacture the materials used in the solar
collectors and conversion devices, and 2)
computing the energy used by assuming that
the energy used per unit investment in solar
e q u i p m e n t  i s  t h e  s a m e  a s  t h e  n a t i o n a l
average energy use per unit of investment.
The results of both approaches are shown in
table VI I-6

PRIMARY ENERGY REQUIREMENTS

Energy requirements of silicon cells could
p r o b a b l y  b e  r e d u c e d  b e l o w  t h e  l o w e s t
number shown in the table if a technique is
developed for manufacturing thin cells from
amorphous silicon material. The amorphous
cells may require as little as 1 percent of the
si l icon required i n  c o n t e m p o r a r y  c e l l s .
SiIicon celIs now require an energy consum-
ing crystal growing process and the resuIting
crystals must be sl iced into wafers. Both
processes waste a considerable amount of
s i I icon,

It should also be possible to reduce the
amount of energy required in the manufac-
ture of many other of the products shown in
table VI  I -8  i f  c lose at tent ion is  paid to
energy conservation. The energy content of
U.S. steel, for example, has declined by 25
percent since 1947, and the Germans use
about 68 percent as much energy as the
United States uses to manufacture stee].11
T h e  A l u m i n u m Company o f  A m e r i c a
(ALCOA) has apparently developed a smelt-
ing process capable of nearly halving the
energy used to manufacture alum inure. 2 I t
can be seen from table VI 1-6, however, that
acceptable “energy-payback” t imes can be
achieved even if the materials are manufac-
tured using 1970 U.S. technology.

It must be remembered that the energy
content of the solar devices shown does not
include any of the energy required in fac-
tor ies which assemble the co l lectors ,  the
trucks which deliver the materials to the fac-
tory  and the co l lectors  to  the insta l la t ion
s i t e ,  t h e  f o o d  c o n s u m e d  b y  i n s t a l l a t i o n
workers, or a number of other “secondary”
sources of consumption,

‘‘ M H Ross and R H Wllllams, Energy  and
Economic  Growth,  printed by the )olnt E conom[c
Committee In Achlevlng the Goals of the Employment
Act of 1946— Thirteenth Anniversary Review, Volume
2, Energy Paper No 2, Aug 31,1971 (91-592), p 7

‘ 2  J C Meyers,  e t  a l  ,  E n e r g y  ConSUr-nptIOn in
Manufacturing, report prepared by the Conference
Board for the Energy Policy Project of the Ford Foun-
dation, Ball lnger,  Cambridge, Mass , 1974
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Table VI I-6 .—Energy Payback Relations for Onsite Solar Conversion Systems
in Albuquerque

(See Tables VI I-7 & 8 for Assumptions)

Stirling Concentrating Flat plate Flat plate Pond thermal
engine in photovoltaic photovoltaic thermal colIector
tracking system array colIector

dish (100x)

1. energy required to
manufacture one square
meter of collecting
s y s t e m  ( k W h / m 2

2. energy produced
by the s stem annually

2

(kWh/m/year)

—thermal . . . . . . . . . . .
—electrical + . . . .
(primary energy)
equivalent)

3. payback time com-
puted from (1) and (2)
above (in months)

—payback from ther-
mal energy . . . . . .

—payback from elec-
tric energy . . . . . . . . .

—payback from total
energy . . . . . . . .

4. allowed cost of sys-
tem (in $/m2) for a 1-
year energy payback
time assuming that
solar devices use the
same energy input per
dollar of initial cost as
the U.S. average of new
investments
—thermal . . . . . . . . . . .
— e l e c t r i c a l

450

1050
2069

425*-525 301 ● -8844 185-320 16-250

1440 —
1100 1000

5.1 4.4 (3.5)* —

2.6 5.7 (4.6)* 106 (3.6)*

1.7 2.5 (2.0)’

930
—

400-800
—

2.4-4.1 0.5-3.8

— —

2.4-4.1 0.5-3.8

88 120 77 33-66
172 291 83 (700$/kW) o —

—total . . . . . . . . . . . . . . 260 411 83 77 33-66

● Assumes advanced manufacturing techniques.
+ Average efficiency of electric generation and transmission distribution assumed to be 290/..

NOTES: It IS assumed that the engine  used IS 32% efftclent  and that the optical  systems In the concentrators are 807.  efflctent  Flat.
plate slllcon cell arrays are assumed to be 120/.  efflclent and concentrator cells are 20!/.  efflclent (See volume 11, chapter IV
for detailed assumptions )

ENERGY USE PER DOLLAR OF GNP

One technique for  count ing a l l  o f  the
energy which might  enter  a  so lar  energy
system f rom secondary  sources is  to  ex-
amine the average consumption of energy in
the United States per unit of GNP. 3 An ex-
amination of the incremental change in
energy consumption per incremental change
in GNP over the past 20 years shows that in

the United States about 12 kWh were con-
sumed for each added dollar of GNP. The
average kWh consumed per dollar of GNP
has averaged 9-10 during the past few years.
(All quantities in 1976 dollars.) The link be-
tween GNP and energy consumption is the

‘ ‘ Technique suggested by Dr R D Huntoon, Presi-
dent, MEMO, Silver  Spring, Md.
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Table Vll-7.– Materials Required in Solar Energy Devices (kg/m 2)

Concentrator Concentrator Flat plate Flat plate Pond (thermal)
+ stirling + silicon s i I icon (thermal only) only

engine photovoltaic photovoltaic

Steel . . . 30 27 0-3 4-8 0

Glass . . . 16 16 6 6-12 0

C o n c r e t e 79 79 0 0 0-40

Sand . . . . . . 115 115 0 0 0

Polyurethane 0.3 0.3 0 0 0.6-6

Copper . . . . 0.4 0.4 0 4-8 0
Silicon cells . 0 0.0024 ’-0.007 0.24 ’-0.71 o 0

“Using advanced manufacturing techmques (not using amorphous slllcon)

Energy Content
S O U R C E S  C o n c e n t r a t o r  d a t a  f r o m  H{ldebrandt, A F , and L. L Vant-Hull, ““Power  with Hel iostat  s , ”

Science 197 (1977). p 1139

SIIIcon  data from L P Hunt ( Dow Cormng  Corp I Total Energy Use in the Production of SI I Icon Solar Cells from Raw
Materials to F(n [shed Product The Conference Record  of /he 72fh  /EEE Photovo/ta/c  S’pec/a//sfs  Conference— 7976
Baton Rouge La Nuvember  1976 p 349
Other CO I Iector  data from man ufaclurers

Table Vll-8.— Primary Energy Required to Produce Component Materials
for Solar and Conventional Power Systems

Total
energy
require- Source of input Energy (in percent)

ment Fuel
(kWh/kg) Coal Oil Gas Electr lc i ty byproducts

Polyvinyl chloride
resin, . 22 9.1 19.4 55,6 23,4 (7.5)

Portland cement
— w e t  p r o c e s s 2.1 30.4 13.7 39.9 16.0 —

—dry process. . . 1.9 42.6 8.0 32.4 17.0 —

Copper . . . . . . . 30 10.1 13.5 38.4 38.0 —

Steel ... ., 5.1 81.1 6.6 13.5 8.4 (9.6)

Glass containers . . 4.8 35.8 7.3 48.8 14.5 (6.4)

Silicon . . . . . 12400- – – – ~100 —
1050

SOURCES The Data Base T h e  P o t e n t i a l  f o r  E n e r g y  C o n v e r s i o n  In Nine  Selected
Industries, FEA, June 1974, p 20

Silicon data from Hunt, L P

subject of consider-able contention 4 but it is
c I ear that the ratio is to some extent the
function of the society West Germany and
Sweden, for example, consume about two-
thirds as much energy per unit of GNP as

does the Uni ted Sta tes ,  a l though an ex-
am i nation of recent Swedish data seems to
indicate that since the late 1960’s the in-
crementa l  amount  o f  energy consumpt ion
p e r  i n c r e m e n t a l  a m o u n t  o f  G N P  i n  t h a t
country has been close to that of the United
States. The statistics cited in the previous
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section at least indicate that it is possible to
sh i f t  energy consumpt ion f rom the manu-
facture of primary materials to other areas
of  the  economy— areas where energy con-
sumption per unit of value may not be as
great.

T h e  a l l o w a b l e  c o s t  f o r  s o l a r  e n e r g y
s y s t e m s  c a p a b l e  o f  “ p a y i n g  b a c k ”  t h e
energy invested in them in one year (assum-
ing the current  U.S.  ra t io  o f  incrementa l
energy to  incrementa l  GNP) is  shown in
table VI i-6.

Since the allowed costs computed in this
may correspond to costs which can prob-
ab ly  be ach ieved wi th  so lar  dev ices,  the
results of this method are roughly consistent
wi th  the prev ious method;  both ind icat ing
that net energy should not present a barrier
to the use of solar energy. (It should be
n o t i c e d  t h a t  i f  i t  i s  a s s u m e d  t h a t  s o l a r
manufacturing is more energy intensive than
an average process in the economy by some
ratio R. then a solar system with a cost equal
to the allowed cost shown in the table would
requi re  R years to pay back the energy it
contain s.)

THE IMPACT OF ONSITE ENERGY ON THE ENVIRONMENT

While solar energy equipment is not free
of adverse environmental effects, providing
e n e r g y  f r o m  s u n l i g h t  w i l l  h a v e  a  m u c h
smaller environmental impact than conven-
tional sources providing equivalent amounts
of energy. The primary environmental effect
of utilizing onsite solar energy will be reduc-
tion of the potential adverse environmental
effects associated w i th other energy
sources.

The negat ive  env i ronmenta l  e f fec ts  o f
so lar  energy dev ices s tem pr imar i ly  f rom
two sources:  (1)  land use requirements,
which could compete with other, more at-
t r a c t i v e  u s e s  o f  l a n d ,  e s p e c i a l l y  n e a r
populated areas, and (2) emissions asso-
ciated with the mining and manufacture of
the mater ials used to  manufacture  so lar
equ ipment ( m a n u f a c t u r e d  s t e e l ,  g l a s s ,
alum inure, etc.). In general, solar devices
manufactured us ing convent iona l  energy
sources, create more pollutants while they
are being manufactured than an equivalent
conventional plant (primari ly because solar
equipment requires a greater capital invest-
ment per unit of output) but this assymetry
is  outweighed by the fac t  that  the so lar
devices produce much less pollution during
the i r  operat ional  l i fe t imes.  The net  emis-
sions associated with solar devices are much
smal ler  than those o f  convent iona l  fue l -
burning plants.

Solar  energy dev ices can change the
amount of energy absorbed by the Earth’s
surface, and could have some small effect
on the local thermal balance. The effect,
however, would typically be no greater than
the change in  loca l  c l imate produced by
c o v e r i n g  l a n d  w i t h  e q u i v a l e n t  a r e a s  o f
highways, buildings, or parking lots.

In  addi t ion to  these pr imary ef fects ,  a
number of the specif ic storage and energy

t i o n s  o f  t h i s  s t u d y  w o u l d l  h a v e  a d v e r s e

e n v i r o n m e n t a l  e f f e c t s  b e c a u s e  o f  n o i s e ,

l o c a l  h e a t  a n d  o t h e r  m i n o r  e m i s s i o n s ,  a n d

u s e  o f  t o x i c  c h e m i c a l s .  T h e s e  e f f e c t s  a r e

d iscussed in  the chapers  about  ind iv idua l
technologies.

DIRECT ENVIRONMENTAL EFFECTS

Emissions Associated With Operating
Energy Equipment

The primary direct impact of solar energy
o n  t h e  l o c a l  e n v i r o n m e n t  w i l l  b e  t h e
e l iminat ion o f  adverse env i ronmenta l  e f -
fects attributable to the burning of conven-
tional fossil fuels. The damage done to the
e n v i r o n m e n t  b y  c o n v e n t i o n a l  e n e r g y
sources is well known, although the magni-
tude of the long-term health and climatic ef-
fects  is  s t i l l  be ing determined.  The large
number of ways in which producing electric
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energy from a coal-f i red steam plant, for ex-
ample,  can adverse ly  a f fec t  the env i ron-
ment are suggested below:

Str ip mining requi red to harvest  the
coal resources can permanently change
loca l  topgraphy, a l ter  s t ream beds,
d isrupt  or  contaminate ground water ,
and produce large amounts of rubble,
no i se, and dust in m i n i ng areas.
R e c l a m a t i o n  c a n  b e  d i f f i c u l t ,  p a r -
ticularly in areas where water shortages
exist. Underground mines have fewer
external effects, but can create safety
and health problems for miners

Processing the coal can produce large
amounts of solid waste and cause toxic
chemica ls  to  be re leased in to  loca l
water.

Transporting coal can require the use
of trains which burn oiI or use electri-
city from some fossil source In some
cases new rail Iines will be required.

Burning coal produces large amounts
of airborne particuIates, sulphur and
n i r o g e n compounds, hydrocarbons,

carbon monox ide,  and a  var ie ty  o f  
o t h e r  a  i  r  c o n t a m i n a n t s I n  a d d i t i o n ,

large amounts  o f  so l id  waste  are  pro-
d u c e d  e i t h e r  a s  c o a l  ash or  a s  b y -
products  o f  removing chemica ls  f rom
the smokestacks of the plants

Once generated, the electricity must be
t ranspor ted a long extens ive networks
of  t ransmiss ion and d is t r ibut ion l ines

Several recent studies have also indicated
that continued large-scale consumption of
fossil  fuels could release so much carbon
diox ide in to  the atmosphere that  the gas
wouId create aII green house” effect, raising
the average temperature of the Earth’s at-
mosphere by as much as 6 “C (11 “F) i n 100 to
200 years.15 The impact of such a cl imate

change on agricultural production and the
polar caps is difficult to predict. In addition,
the effect of using solar energy to replace
gas,  o i l ,  o r  wood home space and water
heating would be to reduce the thermal and
chemica l  po l lu t ion assoc ia ted wi th  these
means.

Negative environmental effects can also
be expected f rom other  convent iona l  ap-
proaches to electric generators. Electricity
provided from nuclear fission devices would
avoid many of the environmental impacts
assoc ia ted wi th  the consumpt ion o f  coa l ,
but the nuclear process produces thermal
pollution and radioactive wastes with long
l i fe t imes.  Hydroelect r ic  fac i l i t ies e l iminate
most of the negative impacts of other elec-
tric sources, but can have a major impact on
land use because of the need to flood land
areas. Natural gas has fewer adverse en-
v i ronmenta l i m pacts, b u t  r e s e r v e s  a r e
drastically depleted,

A comprehens ive descr ip t ion o f  a l l  en-
vironmental impacts of conventional energy
sources is beyond the scope of the present
study, but a brief comparison of the impact
on air and water quality by solar and con-
ventional energy sources is shown on table
VlI-9). As a standard of comparison, table
VI I-9 also shows the energy needed by a
typical single family detached residence in
Omaha, Nebr., for 1 year (The exact charac-

volume 11, chapter IV. It can be seen that
use of natural gas is the environmentally
prefer red approach of  prov id ing heat  and
hot water to the house Even the solar total

A home which burns synthetic gas would
be responsible for considerably more air and
water poIlution than a home supplied with



224 . Solar Technology to Today's Energy Needs

Table Vll-9.—Ernissions  Associated With the Energy Requirements of a Single Family House in Omaha, Nebr.

160-330 140-480

130-260 110-390

100-210 90-300

80-160 70240

60-120 50-180

50-100 40-150

9

7

5

4

3

3

(1 3-1 20)
13-120

(27-320)
(1 3-1 20)
50-440

50-510

40-400

35-320

27-250

20-190

20-160

NOTES — coal gass(flcatlon  from unit fixed bed h[gh BTU plan! (see Synthellc  Fuels Commerc(al(zatlon  Program OP clt 1
net conversion eff(ctency  of elecfrlc  qenerat(on assumed to be O 29 and coal assumed to have 12000 BI u I b— coal plant uses f Iue gas scrubber

S O U R C E  The numbers on this chafl  are based In parl on Information prov(ded  by K R Smlfh John Weyanl and John Holdren Fvd/ud/IcIr?  of
Corven/oo,)  Powe/ Syslerns Un,v of Cal at Berkeley July 1975. p 119

processed to  produce the synthet ic  gas.
Emission levels in this case, however, are
st i I I  be low those assoc iated wi th  burn ing
coal directly for use in electric heating.

As the table shows, any of the coal-based
processes for producing residential energy
result in the release of large amounts of
emissions into the environment, For exam-
ple, the house heated with baseboard heat-

ing units releases 160 to 330 Ibs. of nitrogen
oxides, 140 to 480 Ibs. of sulphur oxides, 9
Ibs. of hydrocarbons, 50 to 630 Ibs. of par-
t iculate, and nearly 2 tons of solid waste
per year. (These amounts include all direct
emissions associated with mining, process-
ing, transporting, and burning coal at gener-
ating sites. ) The solar devices reduce these
releases in direct proportion to the amount
they reduce electricity consumption.
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The ana lys is  has  on ly  cons idered en-
vironmental impacts result ing directly from
the burning of fossil fuels in mining, trans-
port, or  generat ing processes assoc ia ted
wi th  the product ion and t ransmiss ion o f
energy A number  o f  processes ind i rect ly
connected to the construction and opera-
tion of both conventional and solar equip-
ment could also have adverse environmen-
tal effects — mining and refining materials
used t o  f a b r i c a t e  g e n e r a t i n g  d e v i c e s ,
transport equipment, and other energy pro-
duct ion apparatus . A l l  o f  t hese  requ i r e
energy, and the production of the energy
resuI ts  in  env i ronmenta l  damage. These
secondary impacts are extremely clifficuIt to
analyze quantitat ively because an accurate
assessment  would requi re  a  model  broad
enough to encompass the entire economy. If
solar energy or other energy equipment in-
creases the demand for steel, it is not clear
whether the indirect environ mental effects
can be computed simply by calculating the
energy required to construct this steel and
the damage charged to the account of the
energy source responsible, i.e., solar, since
the use of steel for energy equipment might
reduce the use of steel for other types of
equipment. Alternatively, the production of
addi t iona l  energy could  increase demand
f o r  g o o d s in the e c o n o m y  a n d  i n  t u r n
stimulate energy consumption, thus increas-
ing environmental damage by other sources.

Emissions Associated With the Manufacture
of Solar Energy Equipment

Since so lar  energy equipment  typ ica l ly
has a higher init ial cost than conventional
systems, it is not surprising to find that
larger amounts of pollution are associated
with their manufacture (assuming that the
solar devices are constructed using energy
derived from conventional energy sources).
An est imate of  the emiss ions assoc ia ted
wi th  the manufacture  o f  var ious types o f
solar energy devices capable of producing
the same annual energy output can be ob-
t a i n e d  b y  c o m b i n i n g  t h e  i n f o r m a t i o n  i n
tables VI I-7 and VI I-8 in the previous section
with the estimates of emissions associated
with different energy sources shown in table

VI I-10. Table VI I-11 presents the results of
this analysis by indicating the number of
months that several types of solar energy
systems would have to operate before the
e m i s s i o n s  a s s o c i a t e d  w i t h  p r o v i d i n g  a n
amount of energy equivalent to the energy
der ived f rom the so lar  dev ice equals  the
amount  o f  emiss ions assoc ia ted wi th  the
manufacture of the solar device. (The con-
ventional system used for comparison is a
coal-fired electric generator. ) The resuIts are
roughly equivalent to the “energy-payback”
times computed previously.

T h e  t a b l e s  s h o w  o n c e  a g a i n  t h e  i m -
portance of reducing the energy consumed
in manufactur ing s i I icon photovol ta ic
devices used without concentrators.

PROBLEMS ASSOCIATED WITH
ONSITE FOSSIL BACKUP

Solar energy systems which rely on onsite
combust ion of  fossil fuels as backup for
solar space heating and air-condit ioning or
electric-generating equipment would have a
direct impact on air and water quality since
emissions would be released whenever the
b a c k u p  s y s t e m s  w e r e  used.  The  to ta l
amount of gaseous and solid polIutants pro-
duced by such onsite backup might be no
larger than the amounts produced by large
centra l ized generat ing p l a n t s  p r o v i d i n g
equivalent backup services Emissions from
the onsite combustion would generally be
re leased much c loser  to  popuIated areas
and, as a result, pollutants could have a
greater impact on health.

ONSITE SOLAR ENERGY SYSTEMS
AND LAND USE

The collectors employed in many of the
onsite solar energy devices discussed in this
paper can be either conveniently located on
the roofs of serviced buildings or gracefully
integrated into the surrounding landscape.
In a number of situations this wil l  be im-
possib le ,  and co l lector  f ie lds wi l l  requi re
and area which could probably be put to
other purposes. The result ing competit ion
for land wil l  be particularly serious for on-
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Table Vll-10.—Primary Emissions Associated With Energy Resources Available for
Residential, Commercial, and Industrial Consumers

(pounds per thousand kWh of heating value reaching consumption site)

S02 NOX

1. Resident ial  systems
— N a t u r a l  g a s  . nil 0.3
—Oil (0.2%` sulphur) . . . . 0.75 0.3
—Electricity (from a ., 2.8- 3.3-

coal-fired baseload 9.6 6.6
generating plant) ●

—Synthetic gas ., . . . . 0.22- 0.75-
1.0 1.73

Il. Commercial and industrial
systems

—Natural gas nil 0.34
–Oil . . . . . . . . . . 0.75 1.71
—Coal  (western-stoker) 3.07 1.88
— C o a l  ( h i g h  s u l p h u r )  4 . 1 0 1.71

Partic- Waste
CO HC ulates Solids Reference

—

0.7
0.10
0.14-

0.6

70.10
1.4

0.68
1,71
0,20
2,39

0.03 nil
0.06 0.10
0.11- 1,1-
0.19 10.2

0.063 - 0.49-
0.126 5,78

0.03 nil
0.68 0.34
0.06 16.0
0.06 0.20

nil (1)
nil (1)

431- (2)
533

106- (1)
1 9 9  ( 3 ) , ( 4 ) ,

nil (1)
nil (1)

28.3 (1)
123.9 (1)

“Assumes a Ilme-scrub&r, flue-gas, desulfunzatlon system.

SOURCES: 1 Evaluation of the Feaslblllty  for Widespread Introduction of Coal  Into  the Res{dentla[  and commercial
.% CtOrS,  Voiume 1, prepared by the EXXON Research  and Engineering company  for the Center fOr
Environmental Qualltv Draft report, dated April 1977, p. 8

2- Evaluation of Conventional Power Systems, prepared by the Energy and Resources Program of
the Unwerslty of California at Berkeley. July 1975, P 1 1 9

3 Kirk R Smith, John Weyant and John f-foldren ” Evaluation of Conventional Power Systems, Unlverslty
of Call fornw at Berkeley, July 1975, P 136

4 Synthetic Fuels Commerclallzatlon Program Draft Environmental Statement, Synfuels Interagency
Task Force on Synthetic Fuels, Volume IV, December 1975, PP IV-12 and IV-40

Table VIl-11 .–” Payback Time” for the Emissions Associated With the Manufacture of
Solar Energy Systems

(expressed as the number of months the system must operate to
displace energy which, if generated in a coal-burning electric
generating facility equipped with a scrubber, would equal the
emissions associated with the manufacture of the solar device)*

Solar Energy System

Pond Flat-plate Flat-plate Concentra-
mission Type

Concentrator with
(thermal (thermal (silicon ing photo- high efficiency heat

only) (only) photovoltaic) voltaic with engine.
siIicon cells
(electric only electric only thermal only

1. S0 2 . . . . . . . .03-1.4 0.6-1.1 3.3-106 6.1 2.9 1,1

2. NOX . . . . . . . . .05-1,8 0.6-1.3 3.4-106 6.0 2.8 1.1

3. co . . . . . . . . . . 0.5-15 3.7-7.5 5.1-109 26 14 5.1

4. Hydrocarbons. 0.3-8.0 2.0-4.1 3.9-109 15 7.6 2.9

5. Particulate. . . .08-4.4 1,7-3.4 3.7-108 24 13 5.0

6. Waste solids . . .02-0.6 0.3-0.6 3.2-106 2.5 0.9 0.3

‘These t(mes  assume that emlsslons  associated vwfh eleclrlc generation are the medan of the values given In table Vll 10
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site solar systems where the required Iand is
close to populated areas. The land clearing
required for collector fields under these cir-
cumstances and the denia l  o f  a l ternat ive
uses of open land close to Iiving areas con-
stitute by far the largest negative impacts of
this type of onsite solar technology. Conven-
tional energy sources also require substan-
tial land areas for mining, and for generating
and transmitting power, but much less land
is required per unit of energy produced and
the land, for the most part, is remote from
densely populated areas.

The land use issues cannot be dealt with
in general terms, The eventual outcome of
each case wilI depend on the skill and imag-
ination of architects and planners as welI as
the tastes and values of the individuals and
communities served by solar equipment.

Negat ive impacts  of  co l lector  f ie lds on
land use wil l  be evaluated in three
areas:

● building orientation and Iandscapi

● communi ty  design

Ž the environmental effects of colI
fields.

main

ng

ector

The fo l lowing d iscuss ion wi l l  po in t  out
some of  the ant ic ipated problems in  th is
field, and outline some possible techniques
for resolving difficuIties.

Land Use Impacts Associated With Building
Orientation and Landscaping

The environmental impacts of solar ener-

gy devices can be reduced in most cases by
placing as many collectors as possible on
the roofs or walls of buildings. (The impact
on building design and appearance and the
amount of area available for different types
of architecture will be discussed in the next
section. ) In many cases, however, it will be
impossible to find enough area on buiIdings
f o r  a n  e f f i c i e n t  s o l a r  s y s t e m Existing
buildings may be shadowed during the day
or may have sloping roofs which are not
properly oriented for eff icient solar collec-
t i o n  A  d e t a i l e d  s t u d y  o f  t h e  n u m b e r  o f
buiIdings In different regions having proper

solar orientations would be extremely valu-
able in assessing the potential market for
re t ro f i t t ing ex is t ing s t ructures wi th  so lar
equ ipment .

Orienting new buildings to maximize op-
portuni t ies f o r  c o l l e c t i o n  o f  a v a i l a b l e
sunlight can create problems. I n most new
communities the orientation and placement
of buildings is dictated by the location of
sewers,  water  I ines,  e lect r ic  mains,  loca l
topography,  main access roads,  e tc .  The
direction of the Sun is rarely a considera-
t i on .  P rope r  o r i en ta t i on  o f  bu i l d i ngs  f o r
solar energy purposes could increase the
cost of houses in the community; for exam-
ple ,  serv ices for  prov id ing ut i l i t ies  might
have to cover greater distances, driveways
might have to be extended to permit cars to
enter garages or carports which were not
fac ing the s t reet ,  e tc .  These,  and other
aspects  o f  communi ty  des ign,  wouId  pro-
mote energy conservation which inevitably
wi l l  become more impor tant  to  buyers as
the price of energy increases (see f igure
VII-3).

In some situations a building constructed
to take maximum advantage of the Sun will
not supply enough roof or wall area for the
required collectors. The site itself may be
shadowed during the day, or basic require-
ments of  the bui ld ing may l imi t  avai lab le
alternatives. I n a highrise buiIding, for exam-
ple, the roof area wil l  not be adequate for
more than a simple solar hot water system,
but more area can be obtained for solar col-
lector  i f  the south- fac ing wal l  is  par t ia l ly
covered by co l lectors  (ver t ica l  co l lectors
gather 50 to 75 percent of the energy which
would have been prov ided by co l lec tors
with the same surface area oriented at an
optimum angle on the roof).

Since the combination of roof and wall
areas may not  adequate ly  prov ide more
than a smal l  f rac t ion of  the e n e r g y  r e -

qui rements  o f  some bu i ld ings,  add i t iona l
colIectors must then be placed in arrays on
the ground It may be preferable to locate
t h e s e  a d d i t i o n a l  c o l l e c t o r s  c l o s e  t o  t h e
bu i ld ings served by the so lar  equ ipment ,
since this wouId maximize alternatives for
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Figure VII-3–A Small Housing Development Using Solar-Heating Devices

SOURCE Mother Earth News, No 45, May-June 1977, p IWO

multiple use of the collector areas and
minimize the cost of transporting the energy
produced by the collectors.

Many proposed multiple land uses would
coordinate collector fields with other land
uses. For example, solar collectors could
shade the upper level of parking lots (as
shown in figure VI 1-4), or in other cases the
colIectors couId shade patios or play-
grounds. Lawn or shrubs can be grown under
the collectors as figure VI I-5 shows.

Wide spacing of collectors, or the place-
ment  o f  co l lec tors  on po les over  park ing
lots ,  wi l l  increase the pr ice and poss ib ly
r e d u c e  t h e  e f f i c i e n c y  o f  t h e  c o l l e c t o r
system. These ef fects  must  be carefu l ly
weighed against the advantages of reducing
the system’s land-use impacts. There is room
for much creative work in this area which
wilI require a judicious mixture of engineer-
i n g ,  l a n d s c a p i n g ,  a n d  b u i l d i n g  d e s i g n
concepts.

Solar Collectors and Community Design

To design a new residential community or
commercial area for the maximum use of
so lar  energy is  eas ier  than to  implement
s o l a r  c o l l e c t i o n  i n  i n d i v i d u a l  s i t u a t i o n s
since, for example, plans can be made to
orient buildings properly, height restrictions
can be used to minimize shading, and areas
c a n  b e  s e t  a s i d e  f o r  c o l l e c t o r  f i e l d s  t o

reduce their disruptive effect on the com-
m u n i t y  a n d  m a x i m i z e  t h e  l i k e l i h o o d  o f
multiple land use. A variety of community
designs maximizing the use of solar energy
are possible, but problems are associated
with each.

If it is not physically possible or
economically desirable to locate collectors
c l o s e  t o  b u i l d i n g  s i t e s ,  t h e  q u e s t i o n  o f
locating suff icient collector areas arises. I t
must be determined, for example, whether
the system should be located in a remote
area, generating only electricity, or whether
the system should be located closer to the
community or industry served, and gener-
ating thermal energy as well. Remote loca-
tion of the solar energy systems would per-
mi t  the use of  less expens ive land,  and
would avoid the problems associated with
competing for scarce open areas close to
populat ion centers  but  i t  would increase
t r a n s m i s s i o n  c o s t s  a n d  p o s s i b l y  r e d u c e
design fIexibility (see chapter IV).

Another possibi l i ty applicable especially
in new developments, would be to central-
ize the co l lector  f ie ld  and d is t r ibute the
communi ty  around i t .  Mul t ip le  land uses
would be encouraged by al lowing central-
ized parking or some recreational areas to
be combined wi th  co l lector  f ie lds but  the
reduction in the density of the community
could result in added expense for other ur-
ban services (roads, utilities, etc.).
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Figure VII-4– Tracking Collectors Mounted Over a Parking Lot

T h e  p r o h i b i t i v e  e x p e n s e  o r  s i m p l e
unavai lab i I i ty  o f  land c lose to  populat ion
centers will be major constraints on the use
of onsite solar facilities in or near existing
communities. If solar collector fields are to
be integrated into population centers, fac-
tors such as population patterns, the size
and location of trees, the types of buildings
found in the area, etc., must be considered.

The use o f  so lar  energy in  ind iv idua l
buildings can be encouraged by intel l igent
c o m m u n i t y  p l a n n i n g , I n  t h e  c o m p u t e r -
modeled res ident ia l  communi ty  o f  30,000

400,000 to 600,000 square meters of a area

highways. If all of these areas were covered
with s i I icon photovoltaic devices and if ade-
quate storage were available a continuous
output of 17 to 28 MW i n Omaha, Nebr, and
23 to 37 MW in Albuquerque, N Mex , could
be provided. While this wouId not be ade-
quate for al l  of the community’s needs, it

wouId greatIy reduce the land requirred for

ground-mounted colIector arrays.

It may be very difficult to design a solar
community in a heavily forested area and
trees in existing neighborhoods may present
prohibitive problems for some sites. A great
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Figure VII-5 .—Vegetation Growing Under Arrays of Solar Collectors

Photo by John Furbet

a) Professor Francia’s Solar Steam Generating Plant, Genoa, Italy.

b) Flat-Plate Collectors at University della Calabria, Cosenza, Italy.
SOURCE G Franc!a,  Unlverslty  of Genoa, Italy
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deal of thought will have to be given to this
issue i n some parts of the country and there
may be no easy solution

THE ADVERSE ENVIRONMENTAL
EFFECTS OF COLLECTOR FIELDS

If land must be cleared exclusively for use
as coIIector fields, the effect o n the IocaI en-
vironment could be very great I m pacts in-
clude the loss of existing buiIdings, the
destruction of ecosystems, and the noise,
dust, and disruption of the clearing activity.
If the land were originally forested, the fun-
damental ecology of the region would be af-
fected While it is possible for vegetation to
grow under collector f ields, so that some
low plants and smalI animals could continue
to Inhabit the area, the mixture of species
would no doubt be very different from those
which wouId have inhabited the region had
it remained undisturbed Moreover the ac-
cess roads required to maintain the collec-
tors would disturb any new species which
d i d  i n h a b i t  t h e  a r e a .  I f  t h e  l a n d  w e r e
originally grassland or desert, however, the
impact of the solar devices might be less,
although it in no way could be considered
negligible. Some change could be expected

in local temperatures simply because the ab-
sorptivity of the region would be changed
by the presence of the collectors. The ef-
fects caused by solar arrays, however, are no
different from the changes which would oc-
cur from other types of development (e. g.,
with a parking lot or with a farm field). Any
harm to a relatively undisturbed natural en-
v i r o n m e n t  in  the immediate vicini ty  of
populated areas must be considered to be
particularly serious, because such areas are
rapidly disappearing.

LAND USED BY CONVENTIONAL
GENERATING SYSTEMS

A conventional coal-fired electrical gener-
ating system requires land for mining, train
lines to transport the coal, land for the gen-
erat ing fac i l i ty ,  and land for  t ransmiss ion
and distribution of power.

Table VI 1-12 indicates the amount of land
which would be requi red for  s t r ip-min ing
c o a l  a n d  f o r  t r a n s m i t t i n g  p o w e r . Each
square meter  of  s t r ip-mined land in  the
Eastern United States yields enough coal to
provide about 2,000 kWh of electric energy.
A silicon photovoltaic array placed over the
same square meter would need to o p e r a t e

Table VII-12. —Land Required for Strip-Mining Coal

Eastern strip mines Western strip mines

1974 1985 1974 1985

Acres/year mined . . . . 57,348 69,704 7,140 16,330

kWh/m 2 . . . . . . . . . . . . 2,150 2,144 5,744 10,627

Years of solar opera-
tion to provide equi-
valent power in the
same land area:

Albuquerque . . . . . . . . . 14 14 38 69

Omaha. . . . . . . . . . 22 22 60 111

Assumptions: —

—

—
—

29 percent efficiency of generating and transmitting
electrlcity
Silicon photovoltaic cells on non-tracking racks
spaced to avoid shading (land coverage ratio = 52
percent in Albuquerque and 43 percent in Omaha),
12,000 Btu / lb coal
Coal production statistics based on OTA forecasts.
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between 14 and 22 years  to  prov ide an
equivalent amount of energy. In the West,
w h e r e  t h i c k e r  c o a l  s e a m s  a r e  f o u n d ,  a
square meter  o f  s t r ip  mine could prov ide
between 6,000 and 10,000 kWh of power and
a colIector would need to operate 40 to 100
years in  the same reg ion to  prov ide an
equivalent amount of power.

Long distance electric transmission also
requires a considerable amount of land. The
Electric Power Research Institute estimates,
for example, that by 1990 electric transmis-
sion Iines will require a right-of-way of 2. I x
10 10 m 2 (about 220 billion ft2). ” If this area
were covered with 10-percent efficient solar
cells, about 4 x 1012 kWh (1 3.6 Quads) of
electricity would be produced annually, It is
possible to use the rights-of-way of transmis-
sion Iines for purposes other than transmis-
sion — multiple land use is also possible with
the solar equipment but somewhat more dif-
f i cult and expensive to undertake.

Another interesting point of reference for
the land use impact of solar equipment is
the land covered by surfaced roads in the
United States. There were about 5.9 x 1 01 0

m 2 of  such roads in  the Uni ted States in
1975.17 Covering these surfaces with 10-
percent efficient cells would produce 11.4 x
1 012  k W h  a n n u a l l y  o r  3 9  Q u a d s .  U n i t e d
States electricity consumption in 1976 was 2
x 10’ 2 kWh or 6.8 Quads.

The direct comparisons of solar and con-
vent iona l  land use cannot  be conc lus ive ,
T h e s e  c o m p a r i s o n s  d o  n o t  a c c o u n t  f o r
either the quality of the land impacted by
the two types of systems or the fact that the
impacts of onsite solar facil i t ies are typi-
cally closer to populated areas than coal
mines or larger transmission facilities. Land-
use impacts in populated areas are generalIy
more regulated by local zoning laws and by
the publ ic  op in ion assoc ia ted wi th  h igh ly
v is ib le  local  act iv i t ies,  whi Ie  act iv i t ies in
remote areas are genera l ly  exempt  f rom
reguIation.

IMPACT ON BUILDING DESIGNS

BACKGROUND

Unlike conventional heating and cooling
equipment ,  so lar  co l Iec tors  mounted out -
side of the building can be highly visible.
Concern about the appearance of solar in-
stalIations and the effect of this appearance
on the resale value of the property to which
it is attached, may be a significant barrier to
the near- term commerc ia l izat ion of  ons i te
solar energy equipment. In a recent survey
of lending institutions, 43 percent of the of-
f i c i a l s  i n t e r v i e w e d  s t a t e d  t h a t  c o n c e r n
about  the “bu lk iness or  unusua l  appear-
ance” of solar devices would be of some

“ EPRI Technical Assessment Guide, August 1977.

‘ 7 Federal Highway Administration, Department of
Highways, 1974. (Calculation assumes average sur-
faced road width is 40 feet )

concern to them in evaluating a loan appli-
cation for solar energy and 19 percent stated
that this would be a “primary concern.’” 8

The diff iculty is traceable in part to the
lack of examples of equipment on standard
types of housing and to the fact that most
publicized devices are either highly experi-
mental (without great attention being paid
to appearance) or are installed on expensive,
custom-built homes. With some care, even
b u i l d i n g s  w h i c h  a r e  o p t i m i z e d  f o r  s o l a r
energy by having large roof areas with steep
s lopes,  large south- fac ing windows,  th ick
wal ls ,  and other  spec ia l  features,  can be
made attractive.

18 Regional and Urban Planning Implementation
Inc , financing the So/ar  Home: Understanding and /rn-
proving Mortgage Market Receptivity to Energy Con-
servation and Housing Innovation, June 1976, p. 83
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i n t e g r a t i n g  a c t i v e  a n d  p a s s i v e  s o l a r
energy systems into building design will re-
quire some imaginative architecture and the
results will depend on regional tastes. It is
poss ib le  to  des ign convent iona l  bu i ld ings
with solar energy devices with a minimal im-
pact on building appearance (see f igures
VI I-6 and VI 1-7). Collector colors can be
matched to root colors.

The  f eas ib i l i t y  o f  r e t r o f i t t i ng  ex i s t i ng
h o m e s  w i t h  c o l l e c t o r s
f i g u r e s  w i l l  d e p e n d  o n
Shading by improper ly
other  bu i ld ings present

a s  s h o w n  i n  t h e
loca l  cond i t ions.

p laced t rees and
the most  ser ious

problems, and improper roof orientation or
slopes could impair system efficiencies.

The roofs of standard buildings are not
designed to optimize the efficiency of solar
equipment. Roof pitches may be wrong, the
roof area may be too small, the framing of
the roof may be insufficient to support a
collector, and the orientation of the struc-
ture may be incorrect. Table V I 1-13 indicates
the roof areas available in standard building
designs, and the areas which can be provid-
ed with roof slopes at more optimum angles
f o r  s o l a r  c o l l e c t i o n .  A  n u m b e r  o f  i m a g -
inative designs have been developed durin g

Figure VII-6– Techniques for Integrating Solar Collectors
Into Conventional Designs for Single Family Residences

SOURCE Solar Dwelling Design  Concepts op clt pp 79.83, 89

28-84’2 () - 16
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Figure VII-7– Techniques for Integrating Solar Collectors Into
Conventional Designs for Townhouses and Low Rise Apartments

the past

SOURCE Solar Dwelling  Design Concepts op clt pp 91-93

few years  wh ich  c a n  p r o v i d e  l a r g e
collector areas at proper orientations. Two
such designs are illustrated in figures VI I-8
and VI I-9.

The less attractive collector systems, such
as tracking colIectors and rack-mounted flat
p la te  co l lec tors , c a n  b e  s h i e l d e d  f r o m
ground view with simple screens around the
building perimeter, but in some installations
it wilI be clifficult to mask the systems com-
pletely. (See figure VI I-10). Screens would
add to  the cost ,  but  would  probably  in -
crease the reliability of tracking systems by
also serving as wind screens. As society has
apparent ly  become accustomed to  bu i ld -
ings wi th  a l l  manner  o f  gadget ry  on roof
tops (vents, antennas, and air-condit ioning

coo l ing towers), it would be difficult to
argue that the addition of solar devices
would seriously degrade the appearance of
buildings.

Wall collectors provide another means of
increas ing the co l lec tor  area.  Large,  ta l l
buildings, such as high-rise apartment build-
ings, are particularly well suited to wall col-
lectors. Wall collectors generate about 7 5

percent of the energy that the same collec-
tor area wouId generate if t i l ted ( i n  O m a h a ,

Nebr. ), so their use may be economical in

may not aIter the appearance of some types
of buiIdings, e.g. , glass-waIled off ices, o r
apartments (see figure V I 1-11 )
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Table VII-13 .—Potential Areas for Collectors on Typical Buildings*
(in square meters)

Albuquerque Boston Ft. Worth Omaha

Shopping Center
Bui lding Roof

Horizontal roof area .
Slanted racks on hori-

zontal roof . . . .

Parking Lot
Land area, . . . . . . .
Slanted racks above

cars . , . .

196-Unit high rise

Building Roof

Horizontal roof area . .
Slanted racks on hori-

zontal roof . . .
500/0 of southern wall.

Parking Lot
Land area. . . . . . . . . . .
Slanted racks above

cars . . . . . . .

36-U nit low rise

Building Roof
Horizontal roof area .
Slanted racks on hori-
zontal roof . . . .

Parking Lot
Land area. . . . . . . . .
Slanted racks above

cars . .

8-Unit townhouse
Building Roof

Horizontal roof area .,
Roof slope at latitude
Typ ica l  roo f  s lope
Slanted racks on hori-
z o n t a l  r o o f

Parking Lot

Land area, . . . . . . .,
Slanted racks above

c a r s

Single family house

Building Roof
Horizontal roof area
Roof slope at latitude
Typical roof slope .
Slanted racks on hori-
zontal root. . . . . .

Carport

Horizontal roof area .,
Roof slope at latitude
Slanted racks on hori-
zontal roof . .

28,800

15,261

90,000

47,691

1,883

998
1,500

7,840

4,154

1,270

674

1,440

763

620
756
327

328

320

170

83
101

44

44

28
34

15

28,800

12,171

90,000

38,034

1,883

796
1,500

7,840

3,313

1,270

537

1,440

609

620
837
327

262

320

135

83
112

44

35

28
38

12

28,800

16,520

90,000

51,624

1,883

1,080
1,500

7,840

4,497

1,270

729

1,440

826

620
731
327

356

320

184

83
98
44

48

28
33

16

28,800

12,626

90,000

39,456

1,883

826
1,500

7,840

3,437

1,270

557

1,440

631

620
824
327

620

320

140

83
111

44

36

28
37

12

“See volume 11,  chapter IV for a detatled  description of the bulldlngs
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Figure VI I-8.—A Residential Building With Optimized Solar Roof Pitch and Orientation

ROOF PITCH AND ORIENTATION

Table VI 1-14 indicates how the energy col-
lected by f lat-plate collectors varies as a
function of the angle of the roof and orien-
tation of the building. It indicates the “use-
ful” output of thermal collectors (e.g., the
output which is actually applied to heating
space and water), the total thermal output
(which includes thermal energy which must
be discarded because the storage is filled),
and the electric output which could be pro-
vided by a flat-plate silicon photovoltaic a r -
ray. In all three cases, the direct output is
shown and the results are normalized for
comparison with the optimum roof design.

PHOTO: Reprinted  from Popu/ar  Science with permission 1976 Times  Mirror Magazines, Inc

The useful thermal output for heating and
hot  water  is  opt imized when the roof  in
Omaha is sloped at an angle of 560 (which is
150 greater than the latitude), and the col-
Iector is oriented due south. If the collector
faces south but is t i l ted at an angle more
typical of residential roofs (a drop of 4 feet
in a run of 12 feet) the performance would
be reduced by 18 percent or, equivalently,
the amount of collector area required for an
e q u i v a l e n t  o u t p u t  w o u l d  n e e d  t o  b e  i n -
creased by 22 percent. If the house with a
collector t i l ted at the latitude angle (4 I 0,
were oriented due west instead of south, the
energy received would be reduced by 11 per-
cent .  I f  both ef fects  were combined in  a
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Figure VII-9. —A Commercial Building Designed To Optimize Roof Pitch and Orientation

‘ ‘worst possible house for solar ci lIection, ”
and a house with a standard “4/12“ slope
were facing due west, the energy received
per unit collector area would be reduced 3 9
percent or the required collector area would
be Increased by 64 percent. [Even a house
with a collector on a horizontal roof would
receive more energy. ) A number of other
combinations of roof pitches and building
orientations are shown for comparison.

T h e  o u t p u t  o f  p h o t o v o l t a i c  d e v i c e s  i s
much less sensltive to the roof orientation, A
south-facing roof t i l ted at the “4/12“ slope
wouId receive 98 percent of the energy re-
ceived by a house tiIted at an optimum

PHOTO Courtesy of J Bayless,  President, Solaron  Corporation, 1976

This analysis indicates that a large frac-
t ion o f  ex is t ing bu i ld ings cou ld  be re t ro-
fitted with solar systems without either a
m a j o r  s a c r i f i c e  i n  s y s t e m  e f f i c i e n c y  o r
alterations in the roof l ines. It also means
that architects have considerable latitude in
designing solar structures; deviating from
optimum orientations wil l  increase the cost
of collector systems, but designers may feel
that this added cost is justified if it allows a
more attractive buiIding plan, if it improves
the orientation of the building with respect
to scenery, or if it reduces the overall con-
struction cost of the buiIding.

SPACE FOR STORAGE

Storage Tanks

The size of required heat storage tanks
varies with the type of storage sought: over-
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tor 

night storage, backup capacity for 2 or 3
days to allow for cloudy weather, or season-
al storage. For overnight heating and hot
water needs (assuming an average house in
Omaha on a typical winter day), a 500 to
1,000 gallon water tank is sufficient, For 2 to
3 days storage, that capacity would have to
be doubled or  t r ip led;  seasonal  s torage
would require a 50,000 gal Ion tank,

For the 196-unit apartment building (again
using the needs on a typical winter day in
Omaha), overnight storage would require a

25,000 to 50,000 gallon tank; 2 or 3 day
storage capaci ty  would be twice or  three
times that, and seasonal storage would re-
quire a 3 to 6 m i I I ion gaIIon tank

All but the smallest of these tanks would
probably be buried close to building sites,
thus minimizing land and building space re-
quirements. In the case of new housing, i t
might  be more pract ica l  to  bury the tank
directly under the basement of the house,
creating a sort of sub-basement. On most
sites, there should be adequate space for
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Figure VI I-1 1 .—Use of Collectors on the
Vertical Wall of a High Rise Hotel

I

I

I

SOURCE The Radlsson  Hotel Comoratlon  St Paul Mlnn  expected opera-
tional  date September 1978

even the largest tanks The huge tanks re-
quired for seasonaI storage i n apartments,
for  example,  could be bur ied in  an area
covering less than half the area of the apart-
ment’s parking lot.

A number of  s torage media other  than
water are avaiIable: oiIs, salt cornpounds,
organics, and concentrated solutions. The
alternate f luids have the advantage of re-
quiring less volume and hence less storage
s p a c e< but the disadvantage of greater ex-
pense, f lammabil i ty, or the requirement of
separate speciaIly constructed tanks must
be considered Since the tank is buried, its
s ize  IS not  an aesthet ic  fac tor ,  and water
tanks are probably the most practical for the

r e s i d e n t i a l  a n d  c o m m e r c i a l  a p p l i c a t i o n s  d i s -

cussed here.

Electrical Storage Devices

Advanced collector systems may produce
electrical energy for a residential or com-
mercial buiIding as welI as thermal energy,
and onsite storage of electrical energy in
batteries may be a necessary component of
such systems.

The space required by the batteries is, by
itself, not a major concern. Lead-acid bat-
teries require about 1 cubic foot of space

cubic feet of space, most Iikely in the base-
ment of the home (less than a 3-toot cube). A
bank of batteries with this capacity would
be dangerous, par t icu lar ly  in  res ident ia l
uses where children are present, and should
be stored in a locked room or cage of some
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Table VI.14.—Thermal and Electric Outputs of Flat-Plate Collectors in Omaha,
Nebr., as a Function of Tilt Angles (with respect to horizontal)

and Orientation (with respect to south)

Orientation

South

Tilt = Lat + 15° 590 .91 410 1.00

South

Tilt = Lat 643 .99 399 .97 226 .99

South

Tilt = Lat -10° 647 1.00 378 .92 228 1.00

South

Tilt = Lat -23°
(4/12 roof slope) 613 .95 335 .82 224 .98

Tilt = Lat 598 .92 364 .89 216 .95

Tilt = Lat -23°

(4/12 roof slope) 470 .73 249 .61 195 .86

Horizontal 502 .78 260 .63 205 .90

S. Vertical 326 .50 324 .79 127 .56

W. Vertical 169 .26 158 .39 112 .49

14.6

13.6

11.9

13.2

8.1

8.7

6.3

5.0

21.3

22.6

23.7

21.3

23.1

24.0

13.8

13.0

Assumptions: —

—

—

—

thermal output computed assuming a tubular flat plate (operating
characteristics of the collector assumed in the analysis are
shown in volume II chapter IV).
useful output of the collector was computed assuming that a
heating and hot water system with 40 m2 of collectors is used in
connection with 1,000 gal of hot water storage and serves the
typical single family house whose characteristics are outlined in
volume II, chapter IV. Electric resistance heating and electric
hot water heaters were assumed to provide needed backup.
the photovoltaic system analyzed was a passively cooled silicon
system with a cell efficiency of 0.14 at 28° C and a heat removal
factor (Ke) of 0,025 kW/m2 - “C .
the results are integrated over a full year.

SOURCE: Prepared by OTA.
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sort. The 196-unit apartment building would
need a I most 3,000 kWh of electrical storage
for one day’s needs (about a 15-foot cube).

In addititon to the security needed for a
large array of high-yield batteries, the sys-
tem should be vented to protect against the
bui ldup of  potent ia l ly  exp los ive hydrogen
and the toxicity of other gases which are by-
products of lead-acid battery use (see chap-

OTHER BUILDING IMPACTS

Onsite energy systems wil l  undoubtedly
requi re more in ter ior  bu i ld ing space than
conventional heating and cooling systems.
Even the simplest hot water systems require
space for pumps, controls, and larger hot

water tanks. More complex heating systems
will require larger tanks as well as additional
pumps, controlled valves, and heat exchang-
ers. While the tanks can
the building, space will
suppor t ing equ ipment .
space needs wiII be minimal.

b e
be
In

b u r i e d  o u t s i d e
required for the
most cases the

More complex systems using heat engines
would  requ i re  substant ia l ly  more space,
either in the building or in sheds close to the
building served, A solar heat engine large
enough to operate an air-condit ioning sys-
tem, for example, would be approximately
as large as the a i r -condi t ioner  which i t
operates An engine providing electricity as
w e l I  a s  a i r - c o n d i t i o n i n g  w o u I d  b e  e v e n
larger. Space requirements within buildings
could present serious diff icult ies in these
cases.


