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W
ide-spread use of pollution-free, inexhaustible solar

energy to heat and cool buildings and
provide hot w

ater
could significantly reduce the dependence of the U

nited
States on im

ported fuels. T
he potential contribution to

national security, econom
ic strength and environm

ental
protection led the N

ational Science Foundation (N
SF) R

A
N

N
- R

esearch
A

pplied to N
ational N

eeds to undertake a pro-
gram

 to assess the feasibility and practical m
erits. T

he
initial step (Phase 0) in this nrogram

 is a study of the
technical, econom

ic, societal, legal and environm
ental

factor; and it:A
entification of barrier problem

s and potential
solutions.

study a:so include_ definition and plails for
proof-of-concept-experim

ents.

T
his study w

as perfonned by the G
eneral E

lectric C
om

pany
for the N

ational Science Foundation. Som
e of its m

ajor
result-

t. .

H
eating and cooling w

ith solar energy can replace
large qvantities of fuel. T

he attendnpt reduction
in pollution w

ill attain an, ever-increasing signifi-
cance as total energy com

m
ent:ion ircreases.

T
he industrial base and public acceptance requir-

ed for achieving these beneficial results m
ust be

developed
t, period of tim

e w
idi a

inritd
rogratr. 1..volvii.g both the public and private

sectors.

T
r, use solar energy for w

idespread heating and
cooling in the future requires that w

e begin tti
develop the tools, the techniques, and the iigais-
tries today.

E
arly Proof-of-C

oncept E
xperim

ents are a exectIont
starting place for a num

ber of reasons. T
hey w

ill
provide:

FO
R

E
W

O
R

D

E
arly design and operational experience.

A
ctual perform

ance and cost data for a variety
of clim

ate zones and building types.
C

om
parative perform

ance data on solar energy
system

 concepts and equipm
ent.

Identification of the problem
 areas and solutions

for the next generation of equipm
ent.

E
ducation tools for the building industry.

A
fter the Proof-of-C

oncept E
xperim

ents, the next
Phase should be w

ide utilization on governm
ental

buildings - both new
 buildings and retrofit.

T
his

w
ill achieve:

A
n initial m

arket to establish industrial incentive
to supply the products and services.
D

istinct, m
easurable savings of conventional fuel

supplies.
Innovations and im

provem
ents based on these

applications.

W
e have tim

e on our side now
 - solar energy

utilization w
on't happen overnight - w

e can m
ake

an orderly start and m
ove progressively to higher

levels of applications.

T
he G

eneral E
lectric C

om
pany, in cooperation w

ith N
SF,

has recently designed, installed and is currently operating
a m

ajor experim
ental installation at the G

rover C
leveland

Junior H
igh School in B

oston. W
e strongly encourage the

im
plem

entation of the rem
aining phases of the N

SF proof
of concept plan. T

he C
om

pany stands ready to provide
system

 design and integration support as w
ell as the re-

quiree spezialized solar energy equipm
ent as needed for

the prog.
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B
A

C
K

G
R

O
U

N
D

Studies on Solar H
ealing and C

ooling of B
uildings (SH

A
C

O
B

)
w

ere initiated in Septem
ber 1973 under the direction of the

R
esearch A

pplied to N
ational N

eeds (R
A

N
N

) branch of the
N

ational Science Foundation (N
SF) to provide baseline in-

form
ation for the w

idespread application of solar energy.
T

he poterm
ial application is dependent upon m

any factors -
costs, system

s perform
ance, clim

atic variation, societal,
legal. and environm

ental aspects are representative of these.

T
he solution of such varied, interrelated problem

s requires
a system

atic, m
ulti-disciplinary approach. Such an ap-

proach w
as structured by N

SF. It involves participation by
governm

ent, universities, and industry. T
he objective of

the initial phases of this program
 are to set the stage for

w
idespread utilization b'

*ablishm
ent of the basic feasi-

bility (Phase 0) and the L
.

gin (Phase 1)
and im

plem
enta-

tion (Phase 2) of Proof-of-C
oncept E

xperim
ents (PO

C
E

).

O
ne m

ajor objective of Phase 0 is the establishm
ent of an

overall experim
ental program

 plan to provide visible evi-
dence of the practicality of heating and cooling buildings
w

ith solar energy w
ithin the socio-econom

ic environm
ent

of the U
nited States.

K
E

N
.' ST

U
D

Y
 E

L
E

M
E

N
T

S

In order to fulfill the study objectives, the elem
ents show

n
in T

able 1 w
ere addressed. T

he referenci tim
e fram

e for
this study is from

 the present through the end of the century.

ST
U

D
Y

B
A

S
IS

 A
N

D
 A

P
P

R
O

A
C

H

E
m

phasis has been placed in deriving a realistic technology
base. Potential com

ponent and system
 im

provem
ents w

ill
im

prove the cost-effectiveness of future system
s and pro-

vide increased acceleration to w
idescale usage. H

ow
ever,

it w
as not the intent of this study to couple the utilization

of solar energy w
ith technology "breakthroughs" that m

ay
or m

ay not occur. T
he conclusions reached here should

be both conservative and achievable.

E
ach of the elem

ents in T
able 1 w

ere quantified, w
here

possible, and studied in sufficient detail to draw
 generic

com
parisons and recom

m
endations and/or provide input

data for other elem
ents. E

xisting inform
ation has been

used and applied or extrapolated to provide the data base for
this study.

ST
U

D
Y

 T
E

A
M

 A
N

D
 M

E
T

H
O

D
O

L
O

G
Y

T
he G

eneral E
lectric Space D

ivision conducted the study
and w

as supported by T
E

M
PO

 (G
E

 C
enter for A

dvanced
Studies) and the C

orporate M
arket R

esearch organization.
O

ther C
om

pany com
ponents, such as the C

orporate R
e-

search and D
evelopm

ent C
enter, C

entral A
ir C

onditioning
D

epartm
ent, and the Plastics D

epartm
ent w

ere consulted
on m

any issues.

M
ajor roles w

ere played by the U
niversity of Pennsylvania

and the B
allinger C

om
pany.

T
he team

 organization is show
n in Figure 1.

T
he study w

as organized into ten interrelated tasks as
show

n in Figure 2. T
asks 1, 2, 3, and 5 produced the

00



technical evaluation of alternate solar system
s based,

w
here applicable, on the econom

ic, dem
ographic, and

environm
ental data produced in T

ask 4. D
efinition and

planning of proof-of-concept experim
ents (PO

L
E

) w
ere

accom
plished in T

asks 6, 8, and 9. Possible special
projects w

hich w
ere, in effect, early PO

C
E

's w
ere studied

in T
ask 7. Im

plem
entation and com

m
unication plans to

accelerate acceptance of solar energy, w
here it is appli-

cable, w
ere developed under T

ask 10.

SC
E

N
A

R
IO

 PR
O

JE
C

T
IO

N
S

A
 com

m
on starting point for any study is a statem

ent
of

the assum
ptions. T

his project is concerned
w

ith a tim
e

fram
e of at least 25 years, from

 now
 until A

D
 2000.

A
S

P
IU

M
p-

tions on the expected or projected state
of society over this

period w
ill constitute a baseline scenario.

T
his scenario,

significant elem
ents of w

hich are
show

n in Figure 3,
postulates no m

ajor w
ars or depressions during

the period to
A

D
 2000, although it is hard to find a

tw
enty-five year period

in the country's history for w
hich

these postulates are true.
If these happen, the alternative scenarios

they produce are so
varied that no reasonable "surprise-fry)" scenario can

in-
clude them

.

A
ll dollar values used in this study are given in

term
s of 1970

dollars.

A
 sound starting place for econom

ic
assum

ptions about the
period to A

D
 2000 is a projection a the

future population
and the future productivity per w

ork r.
W

hile other factors
enter, these are the tw

o m
ost

im
portant determ

inants of the
quantitative econom

ic grow
th.

4

ST
U

D
Y

 B
A

SIS
A

N
D

 A
P

P
R

O
A

C
H

 (C
O

N
T

I

In the baseline scenario, the population of the U
nited

States
w

ill grow
 from

 205 m
illion in 1970 to 264 m

illion in 2000;
an average grow

th rate of 0.85 percent. T
his corresponds

to the B
ureau of the C

ensus projection know
n as Series E

(B
ureau of C

ensus, 1972).

T
he baseline projection G

N
P in A

D
 2000 w

ill be $2400
billion com

pared to $977 billion in 1970. T
his is consider-

ably low
er than m

any estim
ates m

ade w
ithin the past few

years.

E
conom

ic indicators derive from
 the total labor force and

estim
ates of the production per w

orker and the unem
ploy-

m
ent rate.

T
he G

N
P is divided into categories called "K

inds of Pur-
chases." Personal consum

ption and governm
ent expendi-

tures w
ill grow

 m
ost rapidly. N

et exports m
ay vary

w
ide-

ly from
 year to year.

T
he "kinds of outputs" w

hich these purchases
buy are cate-

gorized as industries. G
overnm

ent w
ill grow

 the fastest at
an average rate of 3.7 percent.

B
oth contract construction

and services w
ill grow

 faster than the 3 percent rate for
G

N
P. M

anufacturing, agriculture and m
ining w

ill grow
slow

er than the G
N

P. T
hese rates sym

bolize the state of
-.-ciety: w

ell beyond the agriculture stage, and passing
rapid4 from

 the industrial stage to a post-industrial era.

A
lternate high and low

 scenarios have been considered to
provide the range of uncertainty. T

he high and low
 esti-

m
ates of total population in A

D
 2000 are 300 m

illion
and

251 m
illion. T

he high estim
ate of G

N
P in A

D
 2000 is 3400
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Figure 3. E
conom

ic and E
nergy Scenarios

T
he potential for application of solar energy system

s for heating and
cooling w

ill be strongly influenced by the price and availability of other
energy sources and i,y the rate of new

 building construction.
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billion and assum
es are average grow

th in productivity
(dollars of G

N
P per w

orker) of 2.75 percent,
w

hile base-
line assum

es average grow
th of 1.5 percent.

O
ne of the m

ajor considerations affecting econom
ic viability

of solar energy system
s is the price of the fuel w

hose con-
sum

ption is saved. Figure 3 presents
the projected retail

fuel prices for various energy sources.

For dollar energy assessm
ents, the retail fuel price at the

residence or com
m

ercial level is the m
ost significant. T

he
projection for retail prices of fuel into the future is highly
speculative since it involves balancing m

any contradicting

S
T

U
D

Y
 B

A
S

IS
 A

N
D

 A
P

P
R

O
A

C
H

 (C
O

N
T

)

factors. T
he fuel price projections w

ere arrived at by a
detailed exam

ination of the interaction of supply and dem
and,

based on historical precedents and projections of technolog-
ical, econom

ic and political developm
ents.

T
he units are expressed in term

s of A
w

l energy content and
in 1970 dollars. T

he solid curves are the baseline values
used to assess solar system

s cost effectiveness.

Fuel shortage in the face of increasing dem
and, coupled

w
ith uncertainty of future supplies, is another driving force

to develop alternate energy supplies. A
s show

n in Figure 3,
a significant gap exists betw

een readily
available supplies

and the grow
ing needs of the country.
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T
he basic elem

ents of a solar heating/cooling system
 are

depicted in Figure 4. G
enerally, the system

 m
ay be con-

sidered as one w
hich incorporates solar energy equipm

ent
w

ith conventional H
eating, V

entilating, and A
ir C

ondition-
ing (H

V
A

C
) com

ponents. A
 description of the various sub-

system
s follow

s.
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Figure 4. E
lem

ents of SH
A

C
O

B
 System

s

T
he heart of the system

 is the solar collector. T
hese are being designed

and tested. but the industrial base to provide econom
ic. reliable equipm

ent
does not exist today. A

chievem
ent of nuvritm

un m
aw

 savings on a cost-
effective basis also requires specially designed air audition* w

ith im
-

proved characteristics.
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T
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H
E

A
T

 C
O

L
L

E
C

T
O

R
 SU

B
SY

ST
E

M
 (H

C
S) consists of the solar

energy heat collection unit such as flat plate solar collectors,
w

ater encapsulation devices, or therm
al panes. T

his is the
heart of the system

., and accounts for approxim
ately half

the cost. D
evelopm

ent of m
ore efficient, less expensive

collectors w
ill 'le a conthadng need for solar energy to

reach its full potential.

T
H

E
R

M
A

L
 E

N
E

R
G

Y
 ST

O
R

A
G

E
 SU

B
SY

ST
E

M
 (T

E
S) provides

for the storage of solar energy during periods
of surplus of sun-.

shine for use at night or on cloudly days. Storage m
ethods

include sensible and latent heat transfer (hot or cold) com
-

ponents, including com
binations and/or com

posites of the
tw

o. H
ere again this specialized solar energy equipm

ent
requires im

provem
ents - prim

arily for reducing costs of
large installations.

E
N

V
IR

O
N

M
E

N
T

A
L

 C
O

N
D

IT
IO

N
IN

G
 SU

B
SY

ST
E

M
 (E

C
S) -

A
ll ancillary com

ponents and equipm
ent required to convert

and distribute energy to condition the space air w
ithin the

building.
It includes all circulating pum

ps, valves, con-
densers, cooling equipm

ent, controls, etc., and supple-
m

entary equipm
ent required to condition the space air by

gas, oil, or electrical energy.

E
N

E
R

G
Y

 M
A

N
A

G
E

M
E

N
T

 A
N

D
 C

O
N

T
R

O
L

 SU
B

SY
ST

E
M

(E
M

C
S) provides the necessary control system

 logic and
com

ponents necessary to sense and activate system
 controls.

T
E

C
H

N
IC

A
L

 E
V

A
L

U
A

T
IO

N
S

T
he functional requirem

ents for heating and cooling system
s

are prim
arily influenced by clim

ate and type of building.
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W
hile local variations in clim

ate occur everw
here, the

U
nited States, excluding A

laska and H
aw

aii, m
ay be divided

into tw
elve clim

atological regions as show
n in Figure 5.
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F
igure .5. C

lim
atic R

egions in the U
nited S

tates

In this study each region is designated by a city w
here clim

ate is
representative of the region. B

road areas of the country are therefore
covered by each city designator.

B
uilding types are extrem

ely varied, but they can be cate-
gorized for purposes of estim

ating heating and cooling loads.
For this study all buildings w

hich are candidates for
solar

energy installations are divided into
eighteen categories as

show
n In T

able 2.

In addition to the clim
ate and building com

binations, there
are m

any alternate solar energy system
concepts for heat-

8

T
able 2. B

uilding C
ategories

1. R
E

SID
E

N
C

E
. O

N
E

 &
 2 FA

M
IL

Y
2. R

E
SID

E
N

C
E

. M
U

L
T

IPL
E

 H
IG

H
 R

ISE
3. R

E
SID

E
N

C
E

. M
U

L
T

IPL
E

 L
O

W
 R

ISE
4. H

O
T

E
L

 M
O

T
E

L
. H

IG
H

 R
ISE

S. H
O

T
E

L
 M

O
T

E
L

. L
O

W
 R

ISE
6. O

FFIC
E

 W
IL

D
IN

G
. H

IG
H

 R
ISE

7. O
FFIC

E
 W

IL
D

IN
G

. L
O

W
 R

ISE
S. W

A
R

E
H

O
U

SE
9 IN

D
U

ST
R

IA
L

.. L
IG

H
T

 PR
O

C
E

SS L
O

A
D

IN
D

U
ST

R
IA

L
. H

E
A

V
Y

 PR
O

C
E

SS L
O

A
D

II. SIN
G

L
E

 ST
O

R
Y

 E
D

U
C

A
T

IO
N

A
L

12. C
O

L
L

E
G

E
 U

N
IV

E
R

SIT
Y

3. A
U

D
IT

O
R

IU
M

S
14. H

E
A

L
T

H
 C

A
R

E
. C

L
IN

IC
IS H

O
SPIT

A
L

16, PFT
A

II M
E

R
C

H
A

N
D

ISE
 M

A
L

L
17. R

E
T

A
IL

. IN
D

IV
ID

U
A

L
 ST

O
R

E
18. M

O
B

IL
E

 H
O

M
E

S

ing and cooling. T
he technical discussions in V

olum
e 2

and the A
ppendices to this report cover a large variety of

such system
s, m

any of w
hich appear to be feasible. T

he
m

ain thrust of the technical/cost evaluation w
as to:

Identify those solar system
 designs w

ith the great-
est potential for life cycle cost savings.

E
stim

ate the annual energy savings w
hich w

ould
accrue from

 the application of each selected solar
system

.

C
apital and operating costs w

ere derived through analysis
of H

V
A

C
 design, installation and m

aintenance practices,
standard com

ponent prices, historical cost trend data,
estim

ated costs for specialized solar equipm
ent, and fuel

projections.

T
he life cycle cost for such system

s studied considered
such factors as:

C
ontponent, integration

and installation
costs.

A
ppropriate building types and clim

ate areas.



Y
ear of installation, useful life, capital and

operating costs.

Interest rates and tax savings on capitalization.

T
his approach presents all costs on a com

parable basis
w

ithout the additional uncertainty of superim
posed infla-

tionary effects. C
ost sensitivity analyses w

ere m
ade by

varying the baselines for such significant factors as fuel
and solar collector costs, interest rates, and capitaliza-
tion periods.
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A
 typical cost sum

m
ary sheet is show

n in Figure 6. T
his

detailed level of hi.' ) cycle costing, as com
pared to apply-

ing generalized em
pirical factors, is considered to m

eet
the study objectives w

ith m
ore definitive data than has

been available in previous studies exam
ined.

T
he solar collectors represent a m

ajor elem
ent in system

cost (typically around 50 percent). Since they are not
currently available com

m
ercially, their prices w

ere
estim

ated on the basis of projected designs produced in a
plant w

ith a capacity of approxim
ately one m

illion 4 ft. x
8 ft. panels per year.

It w
as assum

ed they w
ould be sold,

distributed, and installed like other m
ajor IIV

A
C

 com
-

ponents w
hich have a sale price to the final purchaser be-

tw
een 2.4 and 2.7 tim

es the base m
anufacturing cost.

O
n the above basis, user costs are projected to be $4.70/ft2

for single-w
indow

 units and $ 5, 80 /f
for double w

indow
s.

T
hese estim

ates are in 1974 dollars, but the cost-effective-
ness com

puter calculations adjusted them
 to be consistent

for all cases considered. T
hese estim

ates are considered
realistic for the initial period of significant com

m
ercial

application. It is highly probable that they dill be reduced
if a continued R

&
D

 program
 for reducing collector costs

is adopted.
t
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C
ost E

stim
ates for each system

 concept w
ere prepared O

r various
building types and clim

ate regions. V
alues less than 1.0 in the last

colum
n indicate that lifecvcle costs for the specific solar system

concept being analyzed are less than for conventional electrical

system
s.
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C
ollector perform

ance is based on analyses
w

hich have not
yet been verified experim

entally - particularly for large arrays.
T

he tentative conclusions are that double-w
indow

 collectors
are m

ore cost effective in
northern clim

ates and that single-
w

indow
 collectors are m

ore cost effective
for southern clim

ates.
T

hese conclusions could be changed, how
ever,

w
hen adequate

data - such as that w
hich w

ill com
e

from
 the Proof-of-C

oncept
E

xperim
ents - is available.

W
ith the com

plex m
atrix of solar system

s,
building types, and

clim
ate zones, it w

ould be hazardous to
draw

 oversim
plified

conclusions regarding preferred system
s -

especially w
ith the

varied state of technical developm
ent of

such com
ponents as

solar collectors and air conditioning
equipm

ent designed for
use w

ith solar system
s.

N
evertheless, certain conclusions

can be reached at this tim
e.

Four system
s w

ere found to be
especially w

orthy of further
evaluation, developm

ent and dem
onstration:

H
eating w

ith liquid-to-air heat exchangers
coupled

w
ith absorption air conditioners

m
odified for solar

operation. Figure 7 is a schem
atic

diagram
 of this

concept.

H
eating w

ith liquid -to -air heat exchangers coupled
w

ith conventional vapor com
pression air

conditioners.

H
eat pum

ps assisted by
solar energy in the heating

m
ode and operated either

conventionally or in an
off-peak m

anner ("stored cold") for
cooling.

10

H
eating w

ith liquid-to-air heat exchangers and cool-
ing w

ith vapor com
pression air conditioners driven

by R
ankine cycle engines designed for operation w

ith
solar energy.

U
nder certain conditions, each of these system

s can be cost
effective on a life-cycle basis. It is im

portant to note further
that even w

hen cost effectiveness is m
arginal, substantial

energy could be saved. For instance an
im

portant design
variable considered is the ratio of solar collector area to
roof area. It is generally true that energy savings increase
as this ratio increases. H

ow
ever,

this is not necessarily true
of cost effectiveness, since the added collector cost m

ay exceed
the value of the fuel saved at projected prices. T

he relative
value of these com

peting standards could be influenced by
G

overnm
ent policy actions. T

he quantitative data for evalua-
ting these alternatives is presented in detail in the report.

T
he evaluation of each building type in each clim

ate area
w

ith
the various solar system

s yielded a ratio of life cycle cost
w

ith solar to conventional system
s for each com

bination.
W

hen

this ratio is 1.15 or less, the solar system
 is assum

ed to
be cost effective. T

his practice w
as adopted to m

ake som
e

allow
ance for im

provem
ents in perform

ance and cost as
R

&
D

 progresses. It w
as also assum

ed that the dom
inant

trend for future conventional system
s w

ill be all electrical.
T

his assum
ption is valid for the long range projections of

interest.

C
ost effectiveness of solar cooling system

s w
as based on

perform
ance characteristics calculated for present air con-

1E
4
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Figure 7. T
ypical Solar H

eating and C
ooling System

 Schem
atic

O
ne specific type of solar heating and cooling system

 is show
n. h

utilizes a direct heat exchanger for heating and an absorption air
conditioner for cooling T

he coupling of the various subsystem
s is

illustrated. M
any other com

binations m
ay be em

ployed
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ditioner designs. O
n that basis cooling plays only a sm

all
role in determ

ining the m
onitory savings of solar energy

system
s. O

ne m
ajor conclusion of the study is that cost

effective solar air conditioning depends upon the developm
ent

of equipm
ent optim

ized for this purpose, rather than current
equipm

ent designed to use conventional energy resources.

T
he issue of installing solar system

s on existing buildings
w

as exam
ined for a num

ber of building types. A
esthetic and

structural requirem
ents tend to m

ake these costs both higher
and m

ore variable. For those generic types w
hich can be

m
odified satisfactorily in other respects, the costs w

ere

found to be so m
uch higher that they w

ould not be cost effec-
tive. T

here are, of course, m
any individual buildings

fortuitously adaptable, but their num
ber is sm

all com
pared

to the m
ajor m

arket in new
 construction.

l' the tw
o tables w

hich follow
, sum

m
ary data is given

for the num
ber of buildings and total energy savings

possible in the year 2000, if SH
A

C
O

B
 system

s w
ere in-

stalled in all suitable buildings. T
his num

ber of build-
ings is referred to as the "capture potential" and repre-
sents the ultim

ate m
arket.

C
apture Potential A

D
2000

N
um

bers of B
uildings

In T
housands

C
lim

ate A
rea

T
otal

W
ash.. D

.C
.

B
oston

M
adison

B
ism

arck
L

os A
ngeles

Phoenix
Ft. W

orth
O

m
aha

C
harleston

R
esiden(e. O

ne &
 T

oo Fam
ily

4,133
8.237

3,075
1.371

3,656
540

1.846
1.308

3.190
27.346

R
esidence. M

ultiple L
ow

 R
ise

444
1.383

302
124

475
39

146
1:.9i

239
3,278

M
A

W
/ M

tel. L
ow

 R
ise

10
31.

10
5

12
5

7
4

8
92

O
ffice G

uddiege. L
ow

 R
ise

118
332

165
64

96
21

46
52

107
1001

W
arehouse

69
221

82
214

60
II

29
23

47
570

Industrial. L
ight Process L

ind
59

17m
75

3e4
162

10
24

31
36

713

E
duoition, Single Story

9
:7

s
1

13
1

5
4

10
81

C
ollege I 'elver/0y

2
5

2
1

4
1

:i
i

4
23

A
uditorium

s
54

1.25
41

16
73

is
24

21
43

408

R
etail. M

erchandise Stall
2

6
2

1
3

-
2

1
3

20

R
etail. individual Store

222
622

197
m

l
233

34
95

70
159

1.713

M
obile H

om
es

7151
714

173
265

519
224

234
226

669
3.4m

T
otal

5676
1194

1131
1998

5306
891

2441
1867

1515
39.113
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C
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E
nergy Saved in D

am
ara of C

fga Joules

B
uilding T

ypes

C
lim

ate A
reas

W
ashington
D

. C
.

B
oston

M
adison

B
ism

arck
L

os A
ngeles

M
eads

Port W
orth

O
m

aha
C

harleston
T

otal.

R
esidence

O
ne and T

w
o Fam

ily
244

527
191

144
201

25
110

76
179

1697

M
ultiple L

ow
 R

ise
23

80
16

6
12

1
5

6
7

156

H
otel 'M

otel, L
ow

 R
ise

28
77

19
17

8
6

5
8

5
173

O
f

B
uildings. L

ew
 R

ise
42

111
40

15
15

2
7

13
15

260

W
arehouse

97
260

71
56

81
7

19
26

40
657

Industrial, L
ight Process L

ead
L

W
452

104
36

157
8

29
36

43
1001

E
ducation, Single Story

15
41

12
5

12
1

3
6

8
103

C
ollege/U

niversity
2

7
2

1
1

1
1

1
2

18

A
uditorium

s
16

39
11

8
10

1
4

5
7

101

R
etailM

erchandise M
all

H
29

9
8

2
1

3
4

4
68

Individual Store
121

315
99

40
42

5
28

37
30

717

M
obile H

om
es

17
23

15
14

15
5

7
6

16
120

T
otal

749
1961

589
350

556
63

221
221

358
5071
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A
n assessm

ent of the capture potential and m
arket penetra-

tion for solar heating and cooling by building type and cli-
m

ate area has been projected through the year 2000. T
his

assessm
ent includes forecasts of energy savings attributable

to solar heating/cooling installations.

C
apture potential, the num

ber of buildings that could be eq-
uipped effectively w

ith solar system
s, is less than the total

num
ber of occupied buildings.

T
his is attributable to con-

siderations involving clim
ate areas, building types, siting,

viability of solar cooling system
s, retrofit vs. new

 installa-
tions, and econom

ic viability.

T
he projections for num

bers of buildings of each type to be
constructed in each clim

ate region w
ere based on detailed

ecom
onic and dem

ographic forecasts.
For this purpose the

U
nited States w

as divided into 171 B
usiness E

conom
ic A

reas
(B

E
A

), and individual forecasts w
ere m

ade for each. O
f the

60 m
illion buildings to be constructed in the U

nited States in
the next 5 years, approxim

ately 40 m
illion w

ere found to be
viable, cost effective, candidates for solar system

s.

T
he num

ber of buildings suitable for solar energy system
s

from
 1975 to 2000 is indicated in Figure 8-A

.
If all these

buildings w
ere so equipped, the yearly equivalent electric

pow
er savings w

ould be approxim
ately 1500

billion kilow
att-

hours (Figure 8-B
) by the end of the centuryequivalent to

the total electrical generating capacity of the U
nited States

14

in 1970.
A

lso, as indicated by a com
parison of Figures 8-C

and 8- D
 the annual value of the solar savings of fuel w

ould,
by that tim

e, exceed the annual additional outlay for the solar
system

s.

T
he annual costs in Figure 8-D

 are the increm
ent attributed

to the solar system
s.

In m
any building types, substantial

savings in roofing m
aterial can be m

ade by substitution of
solar collectors.

Since this factor is taken into account, the
cost of the solar equipm

ent itself is higher.

W
hile the capture potential represents an ultim

ate goal, its
achievem

ent by the 2000 is lim
ited by a num

ber of factors.
C

h.

A
s show

n in Figure 8-I) the annual cost of installing solar
equipm

ent in that tim
e period w

ould be of the order of 400
billion dollars.

T
his estim

ate is high because it does not
account for all the potential cost reductions w

hich
could be

obtained by future R
 &

 D
. T

he total, how
ever, is still m

uch
larger than the m

arket w
hich can realistically be served in the

tim
e period considered.

Factors lim
iting penetration of the

potential m
arket include com

m
itm

ent of risk capital, dev-
elopm

ent and em
placem

ent of m
anufacturing capacity, train-

ing personnel and overcom
ing public inertia to new

 products.

A
 m

ajor conclusion of this study is that the grow
th of the m

ar-
ket for solar energy system

s during the 1980's can be im
-

pacted m
ore by early industrial participation than by the

availability of cost-effective applications.
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E
ach new

 technology, as it is introduced into the m
arket, en-

counters its ow
n im

pedim
ents. N

ot all of these can be fore-
cast--such as prem

ature sale of unreliable equipm
ent creat-

ing a negative public im
age. T

he projected m
arket penetra-

tion, sum
m

arized in Figure 9, is based on historical data
for a variety of sim

ilar industries, augm
ented by estim

ated
effects of governm

ent policies designed to stim
ulate the use

of solar energy.
Policy alternatives w

ere explored in depth
in the study. T

he m
ajor ones considered m

ost likely to be
effective include:

Proof-of-concept experim
ents to provide im

proved
design tools, operating experience, equipm

ent and
visibility to early decision m

akers.

A
n early introduction of installations on governm

ent
buildingsnew

 and retrofit--w
hich w

ill provide an
initial m

arke. to speed the developm
ent of the indus-

trial base for equipm
ent, distribution and service.

E
conom

ic incentives, such as loan guarantees and
interest incentives, to private purchasers to tip
their decision balance in favor of the favorable solar
system

 life-cycle costs.

16

E
stablishing the requisite legal safeguards (such as

"sun rights") and m
inim

izing zoning restrictions.

C
ontinued sponsorship of R

 &
 D

 to assure that eco-
nom

ic, reliable equipm
ent and system

s w
ill be avail-

able as required.

T
he projections sum

m
arized in Figure 9 result from

 the
baseline scenario for fuel costs, solar equipm

ent costs and
other factors

H
igher fuel costs, reduced per unit solar eq-

uipm
ent costs, and higher efficiency w

ould yield higher m
ar-

ket penetration and fuel savings.

T
he projections indicate adoption of solar heating and cool-

ing at an accelerating rate as w
e enter the tw

enty-first cen-
tury. T

he in-depth detailed analyses w
ere m

ade only to the
year 2000, but less exhaustive analysis for the subsequent
period indicates a far greater im

pact by 2020.
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T
ice im

plem
entation of SH

A
 C

O
B

 at the rate projected by the
m

arket penetration w
ill have an im

pact on the environm
ent,

econom
y, industry, utilities, governm

ent policy, law
, and

society.

E
N

V
IR

O
N

M
E

N
T

T
he prim

ary environm
ental effects of SH

A
C

O
B

 are the re-
duced conventional fuels required, the consequent reduction
in land use and pollution associated w

ith the conventional
energy production and the increased consum

ption of m
aterials

used in m
anufacturing solar energy collectors and com

po-
nents. T

he energy savings in A
D

 2000 represent 20 electric
generating plants, each w

ith a capacity of 1000 m
egaw

atts
operating at 90 percent load factor. T

he pollution im
pacts

are im
pressive: 390 m

illion kilogram
s (430 thousand tons)

of air em
issions, 105 m

illion kilogram
s (115 thousand tons)

of w
ater discharges, and 18 billion kilogram

s (20 m
illion tons)

of solid w
aste avoided; and 1 m

illion curies in air and w
ater

discharge plus 670 m
illion curies of solid w

aste not generated.
C

onsum
ption of m

aterial resources in the m
anufacture of

solar energy collectors is significant but not excessive.
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T
he prim

ary econom
ic im

pact is the increased capital in-
vestm

ent requirem
ent it im

poses on the cost of buildings.
T

he developm
ent of a 10 billion dollar a year solar collector

and com
ponent industry by A

D
 2000 w

ould contribute to
ec-

onom
ic grow

th through construction of new
 factories, increas-

ed em
ploym

ent in m
anufacture and installation and

an im
-

proved trade balance the to reduced dependence on fuel im
-

ports. T
he im

pact on conventional energy utilities resulting
from

 decreased sales coupled w
ith the necessity of serving

a grow
ing num

ber of custom
ers is difficult to quantify. T

he
m

arket penetration of SH
A

 C
O

B
 could have an effect on land

values.
L

and w
ith good southern exposure in high insola-

don regions w
ould be enhanced in value.

U
T

IL
IT

IE
S

SH
A

C
O

B
 system

s are m
ost effective in providing energy at

the tim
e of day w

hen the electric utilities experience their
peak load. T

he forecast of off loading of only tw
o percent

of the energy dem
and by A

D
 2000 indicates that on a national

scale the im
pact w

ill be relatively sm
all.



PO
L

IC
Y

 A
N

D
 L

E
G

A
L

B
ecause of the long period w

hich m
ust elapse before SH

A
C

O
B

can m
ake a significant im

pact on the U
. S. energy picture,

the eventual effect of SH
A

C
O

B
 as a non-polluting source is

its m
ost im

portant characteristic. T
he forcing function for

SH
A

C
O

B
 is environm

ental policy rather than energy policy.
Solar energy w

ill look m
ore tow

ard political m
echanism

s
than tow

ard m
arket m

echanism
s. T

he technology w
ill not

b.) im
plem

ented prim
arily in response to "consum

er soverei-
gnty" but because it m

ay be prescribed for use by governm
ent

and in buildings that are in part federally financed.
Federal

laboratories such as the N
ational B

ureau of Standards w
ill

have an increased role in setting standards for SH
A

C
O

B
 sys-

tem
s and Federal regulatory agencies w

ill m
onitor conform

ity
to their use.
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C
hanges in law

 m
ay be necessary to treat solar radiation as a

com
m

on property resource.
L

egislative action to resolve
questions of sun rights and the authority of local goverm

nents
to engage in three dim

ensional zoning w
ill be necessary.

SO
C

IA
L

T
he new

ly em
ergent social ethic oriented tow

ard quality of
life rather than quantity of goods m

ay becom
e a fundam

ental
tenet of society by A

D
 2000.

C
ontinued m

ovem
ent of the pop-

ulation to the South and Southw
est w

ill facilitate introduction of uel
novel architectural form

s adapted to use of SH
A

C
O

B
 tecluiolo-

C
SI

gy. T
he use of solar energy w

ould tend to change the use of
vegetation as an aid to interior com

fort conditioning.



A
chieving the projected potential for solar energy requires a

num
ber of early initiatives. A

m
ong the m

ost im
portant are

a series of proof-of-concept experim
ents to assess true via-

bility and acquire the data needed for further m
ajor com

m
it-

m
ents. T

hese experim
ents should be em

placed in locations
representative of the clim

ate region of the U
nited States. T

hey
should also cover a representative spectrum

 of building types
and solar energy system

 concepts.

Final selection of the specifics of individual sites and system
s

m
ust aw

ait the program
 im

plem
entation phase. A

 detailed an-
alysis w

as m
ade in the study, how

ever, to establish c riterla,
determ

ine locations (clim
ate areas and building types). num

ber
and type of experim

ents, w
ork flow

 schedules, and m
anage-

m
ent structure.

T
he m

ost im
portant criteria in selection of specific experi-

m
ents are:R

epresentativeness of projected national energy con-
sum

ption patterns and the degree to w
hich the data

can be generalized, considering both current and ex-
pected future designs.

A
bility to provide a substantial portion of the healing

and/or cooling load (at least 30%
).

A
bility to obtain perform

ance, reliability, coat and
operating data.

V
isibility of the installation to decision m

akers in such
areas as architecture, building and equipm

ent spec-
ification, building financing and public policy.
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D
egree to w

hich consum
ing public aw

areness of solar
energy w

ill be enhanced.

T
he first tw

o criteria apply to selection of clim
ate areas,

building types and experim
ent category (heating, cooling, or

both). T
he acquisition of the data to assess these factors

w
as discussed in the sections on system

s evaluation and
capture potential. A

n analysis of those data led to the
recom

m
endation of 82 experim

ents as show
n in T

able 5.

T
able 5. PrnololC

oncept E
xperim

ent R
ecom

m
endations

82 experim
ents are recom

m
ended to assess viability and lay the basis

for expanded com
m

itm
ents. T

hey include heating and cooling in each
clim

ate area on those buildings having the largest im
pact on national

energy consum
ption.
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A
n overlapping tw

o-phase program
 w

as studied for im
ple-

m
enting this recom

m
endation. U

nder
this plan all installa-

tions w
ould be in place w

ithin 24 m
onths of program

 initiation
as show

n in Figure 10. Site selections experim
ent designs

and other activities preceding construction w
ould be com

-
pleted in 7 m

onths for early experim
ents, and in 15

m
onths

for the entire array.
In general, retrofit and heating-only

experim
ents w

ould be in the early group. N
ew

construction
and cooling w

ould follow
. T

he construction periods w
ould

vary from
 a few

m
onths for som

e retrofit heating units to
approxim

ately a year for som
e new

 buildings.

A
chieving m

axim
um

 benefit from
 this program

w
ill require

careful and skilled m
anagem

ent. T
he report outlines a

m
anagem

ent plan based on prim
e contractor handling

blocks

m
olvm
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M
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Figure la Program
 Schedule

ear m
ire.

T
he 111.1C

f: installations can be com
pleted in tw

o .11V
111. M

any of the
experim

ents ayll yield valuable data m
uch earlier.
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of experim
ents ,

Figure 11, (2 8 w
as

used as the basis) and
utilizing the services

of architect/engineers w
ho, in turn,

w
ould em

ploy general contractors.

In each ease. the responsible building official ("landlord")
w

ould be involved during selection, installation and opera-
tion.

A
 program

 system
s engineering and integration activity is

necessary to assure consistency
in data acquisition, analysis

and interpretation.

Such a program
, properly executed and evaluated, w

ould be
a springboard for the broader applications of solar energy.
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Figure I I. Program
 O

rgcnization M
odel

U
nder N

SF direction. a prim
e contractor w

ould m
anage a block of

proo[of-am
eept experim

ents. em
ploying the services of architect/

engineers and general contractors. T
his begins building a base of

know
ledgeable organizatim

u in the solar energy field



T
he purpose of these plans is to recom

m
end an orderly route

by w
hich SH

A
C

O
B

 can progress from
 its present status

of
com

ponent experim
ents and lim

ited installations into
w

ide-
spread utilization. T

he study has indicated that technical
feasibility and econom

ic viability are both achievable, but not
instantaneously nor easily. B

ecause of a national need to
conserve conventional energy sources,

it is appropriate that
the federal governm

ent provide for the seeding
of SH

A
C

O
B

 via
installation in governm

ent buildings and sponsorship
of related

R
&

D
 program

s.

A
 schedule of distinct steps to im

plem
ent the

utilization of
solar heating and cooling is show

n in Figure
12.
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Figure 12. Prelim
inary U

tilization Plan
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C
om

m
encing w

ith the Proof-of-C
oncept-E

xperim
ent, is the

preparation of a tim
e-phase com

m
unications plan. T

his
plan

is geared to dissem
inate inform

ation, at all stages of the
project, to appropriate key actors in the selection of heating
and cooling system

s and to the general public. A
 federal

clearinghouse for data on all aspects of solar heating and
cooling should be established.

A
n im

p: ,41.nt elem
ent is the opening of a real m

arket for
SH

A
C

08 equipm
ent. T

his w
ill encourage industry to perform

the product engineering and to put into place the tooling,
facilities, and people to fabricate, install, and m

aintain solar
equipm

ent. A
 com

m
itm

ent by the governm
ent to install

solar
equipm

ent on a significant num
ber of buildings over the next

is.
ten years could provide the basis for pri

sector installa-
tion in the 1980's. A

 suggested schedule of application through
1985 is show

n in T
able 6.

T
able 6 N
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ber of B

uildings for Solar Installations
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T
he adoption of this type of program

 w
ill help to insure

the
developm

ent of the reliable, cost-effective hardw
are so

im
portant to the w

idespread use of solar energy
for heating

and cooling.



B
y the end of the century the projected capture poten-

tial for cost effective solar energy installations is
approxim

ately 40 m
illion buildings.

If all w
ere solar

equipped, the annual energy savings w
ould exceed 1500

B
illion K

ilow
att-hours.

C
ost effective capture potential is dom

inated by new
 con-

struction.

M
arket penetration w

ill be lim
ited prim

arily by the
developm

ent of the industrial base. W
ith im

plem
entation

of effective governm
ent policies, it w

ill be established by
the m

id-eighties and grow
 rapidly thereafter reaching

annual energy savings of the order of 150 B
illion K

ilow
att-

hours by 2000.
Its grow

th rate in that tim
e period w

ill
yield a far greater im

pact by 2020.

T
he realization of the projected m

arket penetration by
2000 w

ould

-
R

educe annual air em
issions by over 430 thousand

tons.
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M
A

JO
R

 S
T

U
D

Y
 C

O
N

C
LU

S
IO

N
S

-
A

void about 20 m
illion tons of solid w

aste annually.

R
educe radioactive air and w

ater discharge by over
I m

illion curies and solid w
aste by over 670 m

illion
curies.

Introduction of cost effective solar air conditioning equip-
m

ent w
ould substantially increase the projected capture

potential and m
arket penetration in term

s of energy savings.

T
he m

ost im
portant govern, .ent policies needed to stim

ulate
solar heating and cooling are in the follow

ing areas:

Proof-of-concept experim
ent im

plem
entation.

E
arly introduction of solar system

s on governm
ent

buildings (new
 and retrofit).

E
conom

ic incentives to encourage a life-cycle approach
to IIV

A
C

 system
s.

L
egal safeguards and m

inim
izing zoning restrictions.

Sponsorship of R
&

 D
 for econom

ic, reliable equip-
m

ent - especially for cooling.
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