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ABSTRACT

The TERRASTAR report presents the results of a systems approach study
on the Application of Solar Energy to the Energy Crisis. The report was
completed in 11 weeks by 20 senior faculty from universities throughout
the United States. These faculty represented a variety of disciplines in
the engineering, 1ife, physical, and social sciences.

The application of solar energy to the energy crisis of the 70's and
beyond is discussed in the context of energy consumption in the U.S.,
energy resources in the U.S., and the state-of-the-art of solar enerqy
applications. Solar energy application concepts, such as solar farms (a
term used to describe vast fields of concentrators collecting solar energy
for the generation of steam to drive power turbines), an orbiting solar
power station, and the conversion of solar energy into solar power for
heating and cooling of individual buildings on the earth, are discussed.

The report emphasizes the application of solar energy to the heating
and cooling of buildings since this application seems to be more promising
in the near term as far as research and development are concerned. The
importance of initiating research and development on all solar application
concepts is stressed as an important step in pursuing the use of solar
energy. Immediate steps leading to the application of solar energy to
heating and cooling of buildings are outlined to insure appreciable energy
displacement through the use of solar energy by the year 2020.

The report is divided into four parts. The first part presents the
energy overview and discusses energy consumption and energy resources.
Three scenarios for projected energy consumption through the year 2020 are
discussed. One scenario following through on the current exponential
projection of energy consumption through the year 2020 discusses the :
implications of energy consumption increasing from about 70 Quads in 1972
to 377 Quads by the year 2020. Scenario two, which calls for drastic
constraints on energy consumption and supply, discusses the implications
of these constraints on limiting the total increase in energy consumption
and supply to 98 Quads by the year 2020. Scenario three, the recommended
goal for the U.S., discusses the rationality of pursuing a consumption and
supply curve which reaches a level of 148 Quads by the year 2020. As
indicated, the implications of each of these scenarios are discussed and
related to energy resources in the U.S. and the World. In particular, the
implications of foreign oil imports are discussed in relation to the
consumption and supply projections.

Part II of the report discusses solar energy systems for buildings and
power generation. The various components for solar energy systems are
examined. Solar heating and cooling in buildings is presented in terms of
the componcnts required for space cooling and heating and the problems
associated with solar power systems are presented.

Part III discusses strategies for and the impact of solar energy
utilization. A National energy policy is examined, the potential for solar
energy is presented, the impacts for solar energy utilization are discussed,
and the market potential for solar heating and cooling in buildings is
examined on a national and regional basis. Finally, Part III presents a
suggested strategy for solar heating and cooling in buildings.

X1



Figure A-1 on the following page presents this overall strategy. It
consists of a feasibility study, research and development on equipment and
components for solar heating and cooling in buildings, the development of
a design procedure for solar heating and cooling in buildings, the collection
and analysis of data such as solar insolation data and climatic data, an
optimization study of building types by region, and development of optimum
equipment for particular buildings and particular regions. The description
of this optimized equipment by regional areas would then lead to the
manufacturing and marketing and, finally, installation of solar power
equipment as indicated in Figure A-1.

Concomitant with the development of equipment and design procedures are
incentives for the adoption of solar heating and cooling equipment. These
incentives can take many forms such as tax breaks for private homeowners or
building contractors to subsidies for R&D and equipment development which
would encourage the free enterprise system to assume the responsibility
for developing the solar power systems domestic market, as well as the
export market. It is important to note that there is a need for professionals
and technicians trained in solar power systems to support the solar power

heating and cooling equipment market and the availability of these profession-
als could be a part of the incentive program.

Finally, the report presents conclusions and recommendations germane to
the terrestrial application of solar technology and research. The reader
should note that the SI system of units is not employed in the text. The
choice of the British system of units was made to coincide with present
practice in the power industry. The last appendix presents conversion
tables to convert values from the British system to the SI system.
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PREFACE

1973 MSFC-AUBURN Systems Design Experience

The application of solar energy to the energy crisis
constituted the broad problem statement for the training exercise for
the 1973 MSFC-Auburn Engineering Systems Design Summer Faculty Fellowship
Program. The group, consistent with the program intent, narrowed the project
to evaluate the potential, and develop strategies for implementing the

heating and cooling of buildings by use of solar energy.

The basic systems approach as employed is illustrated in
Figure 1. As is seen, any problem is viewed as consisting of an objec-
tive, requirements to satisfy the objective, and constraints and criteria
which are controls that must be considered when trading-off approaches
to the requirements in order to arrive at a plan or means of satisfying
the objective. The four steps of the systems approach, (1) translation,
(2) analysis, (3) trade-off, and (4) synthesis, seem obvious until the
probiem becomes complex and one has difficulty in identifying an objec-
tive, requirements, constraints, and criteria. These terms are defined
as follows:

Translation - determining a common language (or terminology)
for the statement of the problem objective and the criteria and constraints
that are acceptable to, and understandabie by, all participants.

Analysis - determining as many alternative approaches as
possible to solve the problem as a whole or to solve portions of the
problem,

Trade-0Off Study - applying selection criteria and constraints
to choose the combination of alternatives to meet the objective.

Synthesis - a combination of the analysis and trade-off
phases to achieve a "best" solution to the problem statement that was
structured during the translation phase.

Other terms used in the approach are defined as:

Objective - the function of the system or the strategy that
must be achieved, performed, or accomplished.

Requirement - a partial need (stated in the most generic form)
to satisfy tae objective. A requirement may be itself an objective for
a subsystem study.

Alternative - one of many ways to satisfy or implement a
requirement.

xxii
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Criterion - a measure of the desired performance of the
system or strategy to meet the objective.

Constraint - an upper or lower limit on the system or
strategy.

The systems approach as described above was used by the faculty
fellows as an outline to guide their efforts during the evolution of
the TERRASTAR project. The diagrams for the study are displayed herein
to provide a background for the reader.

First,the faculty fellows organized themselves into four task
teams and elected task group leaders and a project Teader. This
process of electing leaders was conducted three times during the course
of the program to give as many participants as possible the opportunity
to serve in a leadership role. The task group organization is seen in
Figure 2.

The diagramatic display of the systems approach used is seen
in Figures 3 through 11. Figure 3 shows the overall systems approach
diagram for the group. A number of sub-systems studies are nested
within the system study of Figure 3. In fact, increasing definition of
a problem system study and the requirements of a sub-system are in
turn objectives for sub-sub-system studies and so on. This nesting
concept is illustrated in Figure 4 through 12. Each requirement in
Figure 3 is the objective of a sub-system approach study as diagramed
in Figures 4 through 7. The reguirements of the objective shown in
Figure 7 are objectives for sub-subsystem studies shown in Figures 8 and
9.” This nesting of systems studies within systems studies is further
seen as the requirements of Figure 9 are seen as sub-sub-subsystems
studies in Figures 10, 11, and 12.

The constraints and criteria, constituting the controls for
trade-off of the study, as depicted in Figure 3, are an important,
yet often misunderstood,aspect of the systems approach methodology. In
general, the constraints are the bounds on a system or strategy and
the criteria are the measures of system performance. The TERRASTAR
project controls were separated into two generic areas: operational
and functional controls. Operational controls are invariant and are
composed of those physical limitations inherent in every finite project
effort. Examples of such items are the Timitation of time, personnel
capabilities, library resources, budget, etc. Each task group of the
groject was controlled by these same limitations over the project

uration,

The functional controls indicated in Table I are the constraints
and criteria imposed upon the efforts of the TERRASTAR design group. Some
of these controls are invariant and others are established by the
system planners.

The approach as discussed herein is presented to set the

xxiv
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report in the proper context. Hopefully, the report is a contribution
to the literature but its main function was to serve as a teaching
device for the 1973 NASA-ASEE Engineering Systems Design Summer Faculty
Fellowship Program.

Table 1
CONTROLS FOR THE DESIGN PROJECT

1. Operational/Administrative Controls
a) Program funding

b) Time allowed for program
¢) Number of participants
d) Other factors

2. Functional/System Controls
a) Beneficial impacts will result from the
design group study in regard to high visibility,
implementation feasibility and wide spectrum
of audience coverage.

b} The general application areas of solar energy
will be addressed to establish a frame of
reference for the project.

¢) The main thrust of the project will be toward
the application of solar energy in the United
States, although reference to the world context
will be noted.

d) The area of heating and cooling in buildings
will be the focal point to indicate both the
specific and broad implications of the use of
solar energy.

e) Specific illustrative examples will be used to
indicate the potential of solar energy utilization.

f) Effort will be directed toward the formation of
a national energy policy.

g) Social, cultural, economic, political, environmental,
educational and technical interactions will be
evaluated.
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INTRODUCTION

In the beginning God created the Heaven and the
Earth. And the Earth was without form, and votid,
and darkness was upon the face of the deep.—~-~-
—————— And God made two great lights; the greater
to rule the day and the lesser the night-—--———-
And God saw that it was good---

Genesis T

In this the first book of the 01d Testament,man's dependence upon
the sun is described in a very clear manner. It remained for modern
geology, however, to define in a c¢learer fashion how much work the sun
had done on the Earth prior to the coming of man.

The sun through the hydrological cycle and photosynthesis had

Placed large amounts of hydrocarbons in the form of oil, coal and gas in
storage near the surface of the Earth. Early man, however, relied to a
very small degree on these fossil fuels and instead used the sun directly
to light his path, warm his body, and help grow his crops. He was there-
fore directly dependent upon the sun and as a result his lifestyle and
culture were patterned about the sun and the seasons determined by the sun.
¥§ny iar]{ civilizations worshiped the sun and some offered human sacri-

ice to it.

Modern man, however, has,through his technology and utilization of
fossil fuels, decreased his direct dependence upon the sun. Man now can
¢create his own light and heat as well as power his industries through the
burning of fossil fuels.

Given this freedom from direct dependence on the sun, why try
in 1973 to find methods of utilizing the sun as a prime energy source?
The reasons for this shift in attitude are many but are primarily: the
rapid depletion of fossil fuel resources, an incipient energy crisis,
some unanswered questions about nuclear energy and its safety, and a heavy
reliance upon imported oil and gas with a resulting balance of payments
deficit. It is anticipated that when advanced technology is applied
to the utilization of this readily available source of energy 1t will
ultimately provide the world with an ample supply of energy to sustain
modern society.

It may come as a surprise to the reader that solar energy has been
a subject of study for about 90 years and actually powered electrical
plants in Egypt in 1913, has heated homes in many areas of the world, has
heated water and been used to distill water for entire islands near Greece.
More exotic research has been directed toward the use of solar cells to
supply electrical power to most of the nation’s space vehicles. Given
this past research effort the question may well be asked, "Why hasn't
solar energy been widely utilized?" The prime reason is that it was being
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developed in a period of very low fuel costs and thus could not compete
in the energy marketplace. Additional reasons are that there hasn't
been a concentrated, coordinated RAD effort, and that many of the con-
cepts preceeded the necessary materials development.

The changing scene in the supply and cost of fuels has sparked
interest in solar energy on the part of the federal government. This
interest was focused in the recent solar energy panel sponsored by NSF-
NASA and its publication "Solar Energy as a National Energy Resource."
It is in this changing energy environment that TERRASTAR was researched
and prepared by an interdisciplinary group of 20 college faculty members
under the auspices of NASA-ASEE.

The TERRASTAR report is presented to show the role that solar
energy could play in the future energy picture of the United States. The
report defines that role by analysis of the total energy consumption and
supply sectors, and projections of how they will change in the future.

The competing fuel resources are presented to illustrate how solar energy
measures up in terms of quantity, reliability and location. A description
then follows of all solar energy systems and applications that have been
proposed, utilized or researched to show the large range of applications
possible. The final part of the report discusses the strategies required
to gain acceptance of solar energy as a resource and what impacts, both
positive and negative, would result from its utilization. A key part of
the strateqgy is the formulation of a national energy policy which would
set the stage for optimum utilization of all of our natural resources.
Finally, the TERRASTAR report concentrates on the solar heating and
cooling of buildings and envelops a strategy for the acceptance of this
specific concept. This concept was chosen by the group and it is their
opinion that this is the concept which is furtherest along in its devel-
opment and is the first application of solar energy utilization that

will be offered to the American people. The TERRASTAR report closes with
a section of conclusions and recommendations which summarizes the findings

of the authors.
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PART | ENERGY OVERVIEW

In order to give the reader an overview of the energy situation
in which the nation stands, the energy consumption history of the United
States is presented along with a projection to the year 2020. Then, three
possible scenarios of future energy consumption are given along with supply
constraints. Each scenario defines the "energy crisis" in a different way,
in magnitude and duration. The end use of energy is considered along with
possible changes in end use. Finally, a survey of all energy resources is
presented.
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CHAPTER 1. ENERGY CONSUMPTION - PAST,
PRESENT, FUTURE

The energy consumption Ristory of the United States and the
changes which could take place in our consumption characteristics in the
next 50 years have been studied and are presented herein.

1-1. HISTORY OF TOTAL ENERGY CONSUMPTION

The United States has often been criticized as being "power
hungry"; with only 6 percent of the world's population, we are presently
using 33 percent of the worid's energy. Figure 1-1, which represents
energy consumption in the period 1900-1970, suggests several distinct
periods of growth, as follows:

Period Average Annual Increase
1900 - 1920 0.51 x 1019 Btu/year
1920 - 1930 0.25 x 10}? Btu/year
1930 - 1935 -0.70 x 10_Y Btu/year
1935 - 1945 1.24 x 101° Btu/year
1945 - 1950 0.71 x 1015 Btu/year
1950 - 1965 1.30 x 1013 Btu/year
1965 - 1970 _3.00 x 1015 Btu/year

The effect of a war, economic depressions, and postwar transi-
tion periods on energy consumption are apparent in this 1ist. Also, the
changing nature of war (i.e., more energy intensive) can be seen by com-
paring the periods 1915-1920, 1940-1945, 1950-1951 and 1265-1970 which
approximately covers WWI, WWII, The Korean Conflict and the Vietnam War
(maioq]u.s. involvement). The energy growth rates for these periods are
as follows:

WWI - 1915 - 1920 0.58 x 1012 Btu/year
WWII - 1940 - 1945 1.52 x 10}5 Btu/year
Korean War - 1950 -~ 195] 2,78 x 1015 Btu/year
Vietnam - 1965 - 1970 3.00 x 10!° Btu/year

A1l postwar periods show a definite decrease in the rate of
energy growth. This casts some doubt on most current projections, which
assume an increasing rate of growth for the current post Vietnam War
peripd, even though the latest statistics show only a 2.3% increase for
1971 as compared to the 6% increase in 1968.

When viewed in broader perspective, Figure 1-1 reveals three
diitinct periods of growth. From 1900-1920, growth occurred at 0.5 x
1015 Btu/year; 1920-1935 was a no-growth period; and 1935-1965 shows a
growth rate of 1.2 x 1015 Btu/year. Many projections of future energy

/~/~a



15

TOTAL ENERGY CONSUMPTION IN BTU X 10

1-2

TOTAL ENERGY
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FIGURE 1-1

TOTAL ENERGY CONSUMPTION BY SUPPLY VS. YEAR
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needs are based on the Vietnam War growth rate for 1965-1970 of 3.0 x 10192
Btu/year (a maximum of 3.5 in 1968), even though this i{s twice that of any
previous period in our history, excluding the Korean War.

1-2. SOURCES OF ENERGY

Figure 1-1 also indicates the primary energy sources that man
has utilized from 1900 to 1970. The consumption of petroleum products
(9as and 0i1) was virtually non-existent in 1900 but by 1970 accounted
for approximately 76 percent of our energy supply. In 1970, wood had
virtually disappeared as a source of energy while nuclear power, which was
in its infancy, amounted to only 0.2 percent of the total. Other minor
sources utilized by man in certain regions are tidal, geothermal and, to
a very limited degree, solar.

1-3. ENERGY PROJECTIONS

The forecasting of future energy consumption is at best an
inexact science. The evaluation of such forecasts is also very difficult.
The staff of the Committee on Interior and Insular Affairs of the United
States Senate noted with regard to major available energy studies that
“... the underlying assumptions were so thoroughly concealed that the
projections of supply and demand could not be reliably normalized among
the reports considered."

In order to better define our energy demands for the next 50
years, various governmental agencies have commissioned studies to corre-
late existing projections. The reports of the three main studies are
described below:

o The U.S. Energy Problem - by the Intertechnology Corp. for
NSF-RANN -- November 1972.

This report surveyed 56 separate projections and
with curve fitting techniques developed a total "energy-
time equation":

Er = (65.5739 x 1015) x (1.02806) (Year - 1970)py,/vear

This continues the exponential growth curve of the past 30
or more years. The forecasts surveyed in this study were
made in the early-to-mid 1960's. Many of them projected
trends only to 1980, and just three of them to the year
2020.

o A Review and Comparison of Selected U.S. Energy Forecasts
by Pacitic Northwest Laboratories of Battelle Memorial
Institute - December 1969.
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This report surveved 19 forecasts selected by the
Energy Policy Staff of the Office of Science Technology. The
selected forecasts were made between 1960 and 1968. The study
is very complete in analyzing the assumqtions made by each
forecaster, as well as identifying the limitations of each.
However, it did not recommend any specific projection.

o Federal Power Commission Study - 1971.

This study surveyed eleven forecasts selected by the
Senate Committee on Interior and Insular Affairs, following
the same approach as the Battelle study. The forecasts
analyzed by the FPC were made in 1970 or 1971. This study
did not recommend a specific projection.

Several other projections have been made since late 1971 and are
shown along with the previously mentioned forecasts in Table 1-1.

Virtually all of the forecasts analyzed are extrapolations of the
post World War II experience of the United States and are based upon a
common set of assumptions as follows:

o The Gross National Product will increase at 3 to 5 percent
per year.

o Population will increase at 1 to 1.6 percent per year.

o Fuel costs will remain at their current level relative to
other fuels and to prices in general.

o Fuels will be available in sufficient quantity to meet demand.
o Nuclear energy will increase.

o The cold war will continue.

The forecasts also implicitly make the following assumptions:

o The demand for energy will be inelastic ( increases in price
have little effect on demand).

o National awareness of potential energy crisis will not
change consumption habits.

These assumptions accurately reflect the national experience of
the past 30 years, and if past conditions were to remain unchanged over
the next 50 years, the forecasts based upon them would be acceptable.
However, as Lewis Mumford has said, "Trend is not destiny." As a nation
we have the opportunity and the responsibility to modify these trends.
Strong currents of change are already discernable today in natijonal thought
and circumstances. The inclusion of these changes which are occurring or



Table 1-1. TOTAL ENERGY CONSUMPTION IN UNITS OF 1015 BTU

PROJECTOR 1970 | 1975 | 1980 | 1985 {1990 | 1995 ] 2000 | 2005 | 2010 } 2015 . 2020
U.S. Energy to the Year 2000
Dept. of Interior Dec., 1972 | 68.98| 80.26| 96.02 [116.63{136.0 [60.0 |191.9
U.S. Energy Outlook,
National Petro. Counc., 1972 |67.83] 83.48}102.6 [124.9 200.0
The U.S. Energy Problem,
InterTechnology Corp. 65.571 75.30] 86.48 | 99.31 [115.0 [130.05 149.0 [172.0 [200.0 P27.0 |264.0
Nov. 1972
The 1970 National Power
Survey, FPC Dec. 1971 68.80] 82.51] 98.94 [118.65 [142.29
The National Energy Outlook
Shell 0i1, March 1973 68.80| 82.4 |100.00 [118.10 [143.5
Outlook for Energy in the
U.5. to 1985, Chase Man- 69.82 | 87.0 [108.43 [134.88
hattan Bank, June 1972
"Energy, Economic Growth and .
the Environment." RFF 68.80 | 81.97 1 95.14 114.92 {134.7 [162.35 ﬁQ0.0I
April, 1971.
Assessment of Energy Tech.
AET-8, 1972, Assoc. Univ, 17.0 177.0 300.0
Inc. Upton N.Y. (Brookhaven)
Battelle Northwest Survey NA 73.00 1 85.93 1118.1 135.2
December 1969 (Range) 79.60 | 97.82 ]19.6 174.0
Intertechnology Corp. Study NA 63.00 473.00 10.0 [102.0 105.0 155.0
for NSF-RANN (Range) Nov 1972 88.0 §05.00 {130.0 [140.0 187.0 P10.0
Projection Based Upon Popu- |69.0 |79.7 |82.4 |85.8 {88.8 §91.2 | 93.1 {99.8 [96.4 1{97.3 | 98.3
lation and per capita energy 80.2 196.6 {119.2 206.0 377.2
Proj. (Range)

G-1
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beginning to occur in the mid-1970's leads to a new projection of energy

consumption.

The assumptions upon which the energy consumption projection
planned growth curve contained in this report is based are as follows:

o

U.S. population growth will follow the Census Bureau Series
E projection of an annual rate of growth of 0.6 percent

[1-11.*

The Gross National Product will continue to rise at 3
percent.

Fuel costs will increase at rapid rates relative to other
commodities. (President Nixon expects_energy prices to
double by 1985 [1-2]). Reference [1-3] suggests that the
cost of electricity will increase by 50 percent and the cost
of fossil fuels may increase by 100 percent in the next
several decades; the Federal Power Commission [1-4] estimates
a 19 percent increase in the cost of electricity.

Energy demand will be price-elastic in the long run and
increasingly elastic as prices rise. (This assumption is
being accepted by more and more decision-makers and is a
significant deviation from the conventional assumption of
the past.) [1-5, 1-6, 1-71.

Petroleum products, oil and gas, will be in short supply
despite increasing prices.

Energy conservation will be stressed by government, industry,
and educational institutions.

The federal government wi1l adopt a national energy policy
which will tend to optimize the utilization of our national
resources.,

The thaw in the cold war will continue and expenditures on
defense as a percent of the national budget, will decrease.
(The Defense Department currently (1971) utilizes 7.7 percent
of the U.S. petroleum products and 3.2 percent of the total
U.S. energy consumption [1-8]. These are direct Department
of Defense usage rates and do not include the energy utilized
to manufacture weapons.)

This set of assumptions differs greatly from that adopted by
most forecasters of the 1960's. However, it is believed to be more in
keeping with the transitional phase that the country is going through
with respect to energy utilization.

* References are at the end of each Chapter.
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In order to place the forecast of total energy consumption in
better perspectiye, curyes A and B are shown in Figure ¥~2 as extensions

of Figure 1-1. Curye “A" represents a lower bound on projected energy
consumption and is arriyed at by mu]t&plying the projected 1975 per

capita energy consumption (371.4 x 10% Btu/year/capita) by the Series F
(lower bound{ population projections of the Bureau of the Census given in
Table 1-2. Curve "B" represents an upper bound and is arrived at by
multiplying the projected per capita energyconsumption of the Department

of Interior [1-95 by Series C (upger bound) population projection [1-1]

of the Bureau of the Census from Table 1-2. The energy values thus obtain-
ed are shown in the bottom row of Table 1-1 and in Table 1-3.

Table 1-2. U.S. POPULATION PROJECTIONS! (103 PEGPLE)

Year Series C Series D Series E Series F
19502 0 eeememcmmccecee——- 152,300-= - - cc e
19602 0 mmmmemmmmcemmme--a 180, 700=cmcwmmwmccccm e mccm————n
19702 mmmmmmmmmmmmmmmmn 204,879 ~mm-ememmceaneam e m——————
19722 e 208,837--~-m-mccmmcmecmmemccaaaoa
1975 215,872 215,324 213,925 213,378
1980 230,955 228,676 224,132 221,848
1985 248,711 243,935 235,701 230,913
1990 266,238 258,692 246,639 239,084
1995 282,766 272,211 256,015 245,591
2000 300,406 285,969 264,430 250, 686
2005 321,025 301,397 273,053 255,209
2010 344,094 318,156 281,968 259,332
2015 367,977 335,028 290,432 262,631
2020 392,030 351,368 297,746 264,564

ly. S. Bureau of the Census, Series P-25, No. 493, December 1972,
2Actual

Curve "C" on Figure 1-2, can be considered to be a target or a
"planned growth curve". It is based upon a qualitative decision that
assumptions C through G will exert sufficient downward pressure on the
growth of per cagita annual energy consumption so that ft will increase
only to 500 x 10°® Btu by the year 2000. Analysis of Figure 1-3 shows
that large per capita increases have only occurred during wartime. _The
annual per capita consumption was almost constant at about 130 x 10
Btu from 1910-1940 ang relatively constant around 225 x 106 Btu from
1943-1955 at 248 x 10° Btu for 1956 to 1961. Figure 1-4 indicates
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Table 1-3. ENERGY PROJECTION SCENARIOS (1015 Btu)

Scenario 11 Scenario 22 Scenario 33
Year "Upper Bound" "Lower Bound" "Mid_Course"
19714 69.0 69.0 69.0
1975 80.2 79.7 79.7
1980 96.6 82.4 93.0
1985 119.2 85.8 106.0
1990 88.8 118.0
1995 91.2 126.0
2000 206.0 93.1 132.2
2005 94.8 136.5
2010 96.4 141.0
2015 97.5 145.2
2020 377.2 98.3 148.8

1. Using highest Bureau of Census projecgion (Series C, Dec., 1972)
and projected per capita consumption.

2. Using lowest Bureau of Census projection (Series F Dec., 197@)
and constant per capita consumption of 371.4 x 106 Btu/person
from year 1975 onward.

3. Using an intermediate Bureau of Census projection (Series E6
Dec., 1972% and constant per capita consumption of 500 x 10
Btu/person® from year 2000 onward.

4, Actual

5. Includes fuel and non-fuel uses of fossil energy.
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that even in these constant per capita consgmptjon periods,the_total )
energy consumption increased due to population increases. It is only in
the war decades that growth has occurred due to large per capita consump-

tion growths.

It should be emphasized that the 500 x 106 Btu per capita figure
used in Scenario 3 is an increase of 50% over the 1971 figure.

The total energy consumption curve of this Scenaric from 1900 to
2020 follows very closely the classic LOGISTIC of the Belgian mathemati-
cian Verhulst, which predicts 197? as the point of maximum slope. llsing
an annual consumption of 79.7 (10 5 Btu) in 1975 (building from zero at
1900), his curve would predict a maximum value of 159.4 Quads in the year
2020. The so-called logistic curve describes the manner in which nature
1imits animal population, and therefore is perhaps a guide to rational
behavior for man. It is also interesting to note that with its present
rate of increase, the United States is heading toward a zero population
growth (ZPG) at approximately the year 2040 which is about the same year
that we could reach a status of approximately zero energy growth (ZEG).

The figures in Table 1-3 show that the severity of the
"Energy Crisis" depends significantly on which consumption curve the
United States follows in the future. To place each projection in better
perspective, a complete scenario for each of the three projections is
presented below.

The assumptions common to all scenarios are:

o Commercial fusion reactors will have no significant
effect on energy supply before the year 2020.

o Breeder reactors will be available commercially by the
year 1990.

o No major wars with direct U.S. involvement will occur
before the year 2020.

o The federal government will relax its restrictions on the
price of natural gas in interstate commerce.

o Foreign ol and gas will be available, sometimes inter-
mittantly, but the price will increase considerably as
our demand increases.

* o As the price of a fuel increases, relative to alternative
fuels, its supply will become more elastic {the supply
will increaseg, because the increased price will make
exploration and productjon more attractive.



o The usage of domestic oil and gas which is recoverable
at today's prices will be decreased to 10 x 1015 Btu/year
by the year 2020 to conserve the remaining reserves for
non-fuel uses (plastics, pharmaceuticals, asphalt, syn-
thetic rubber, etc.) This policy would insure at least
a 100 year reserve of domestic oil and gas for non-fuel
uses beyond the year 2020.

o Hydropower $gnnot economically be made to supply more
than 6 x 10'9 Btu/year by 2020.

°© Regardless of how much projected energy demand is reduced
by the year 2020, R&D effort must be exerted toward the
utilization of a variety of energy resources, including:

a; 0i1 from shale

b) Coal gasification and liquification (coal is now
plentiful)

c) Secondary and tertiary oil and gas recovery

d} Solar power

Even if these sources are not absolutely required by the
year 2020, as in Scenario 2, emergencies may occur that
could require such backup technology. This backup also
may be required if the breeder reactor is delayed in
development. Solar energy must be developed for two main
reasons: (1) fossil fuels are finite, and (2) fusion

may not be technically feasible for many years after
2020.

Scenario 1: Upper Bound on Consumption.

This scenario represented in Figure 1-5 and Table 1-4 assumes
in addition to the above, that the projected consumption (gross total
inputs) can be supplied through the year 2000 with the same allocation of
energy sources as assumed by DOI [1-9], supplemented by gecthermal and
solar power and Tess-readily obtainable domestic oil.

Each energy source is projected to satisfy as much of the
consumption as it possibly might, consistent with interactive system
considerations of technology, politics, society, economics, and the
environment. Thus: A further discussion of the assumptions used to
allocate the energy sources follows:

o Hydropower will be pushed to its 1imit - 6 Quad.
° Geothermal power will be used to supply roughly half of

that proposed in Table C-6, Appendix C in the "Intensive
R&D Effort" column,
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Table 1-4 SCENARIO 1 (UPPER BOUND) CONSUMPTION AND
SUPPLY PROJECTIONS (1015 BTY)

Energy Source 1971 1975 1980 1985 2000
Domestic
Coa 12.6 13.8 15.4 19.5 25.9 .
Higher Grade (i1 22.6 221 23.8 22.6 19.2 .
Lower Grade 071 - - - 1.0 5.0 .0
Synthetic (coal) 01} - - - 1.0 2.0 .0
Natural Gas 21.8 22.6 23.0 22.5 22.9 .0
Synthetic (coal) Gas - - .7 2.0 5.5 .0
Nuclear Power .4 2.6 6.7 11.8 49,2 .0
Hydropower 2.8 3.6 4.0 4.3 6.0 .0
Geothermal Power - - .5 2.0 5.0 .0
Solar Power - - - 2 6.0 .0
Subtotal 60.2 64.7 74.1 86.9 |146.7 .0
Foreign Imports
0i1 and Gas 8.8 15.5 22.5 32.3 £9.3
Total 69.0 80.2 96.6 {119.2 |?206.0
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Direct use of coal will be increased four-fold by 2020.
Although pollution abatement devices will be well-developed
long before 2020, they will still be expensive to buy and
use and, hence, will discourage the use of coal to some
degree. Strip mining legislation will hinder the mining

of coal which will also discourage the use of coal.

The use of presently recoverable (lower priced) domestic
0il will be decreased to 10 Quads by 2020.

Higher priced oil (off-shore, secondary recoverable,

shale oil, etc.) will have to be used. Off-shore oil will
not be developed as fast as technology would allow because
of environmental pressures. Processes for commercially
extracting oil from shale will become more economically
viable because of technological advances and rising fuel
prices.

The production of 10 Quads of oil from coal will be commer-
cially feasible by 2020.

The use of domestic natural gas will be decreased to 10
Quads by 2020.

Commercially obtaining 10 Quads of gas from coal will be
economically feasible by 2020.

To obtain 49.2 Quads of nuclear power {1200 gigawatts
output) by year 2000 and 100 Quads (2500 gigawatt) by
2020 would require a major federal and societal effort,
but it can be done. (Of course, building plants at this
rapid rate increases the chances of a nuclear accident.)

Solar power {which will be discussed in considerable
detail in Chapter 8), although having potential for
supplying more than 40 Quads of energy by the year

2020 as projected by the NSF/NASA panel [1-11], is limited
in its growth because it has to compete for the limited
R&D and capital investment funds available. Nuclear
power and coal research having a greater impetus and an
existing bureaucracy (AEC and Office of Coal Research)
give them a greater advantage in obtaining governmental
funds and private capital than does the fledging solar
power "industry".

Imports of gas and oi] will have to increase from 8.8
Quads in 1971 to 121.2 Quads by 2020.



follows:

The probable impacts on the U.S. of Scenario 1 would be as

An energy crisis {and related crises) would truly occur.

A major federal program in terms of legisiation, R&D
funding, taxation, financing, incentives, etc. would have
to be developed to insure that this level of consumption
could be supplied.

Because of the large, crash R&D effort required to attain
the levels of energy required from each source and because
of the limited R& funds available, non-energy R&D efforts
would have to be curtailed.

Investment capital would become extremely difficult to
obtain. The Federal Reserve would have to relax deposit
requirements and decrease interest rates. The federal
government might have to establish priorities relative to
who gets the available funds. The prospect of capital
rationing will exist.

Well over a trillion dollars in capital will be required
to build just the nuclear plants projected prior to year
2020. To obtain this amount of money, utility rates will
have to be revised to make the earnings of these companies
much more attractive to investors than they presently are.

The extremely Targe trade deficit incurred from importing
large and ever-increasing amounts of oil and gas will
cause the nation to be on the verge of international
bankruptcy by 2020,

Most non-fuel exports from other nations will be too
expensive for U.S. consumption because of the extreme
devaluation of the U.S. dollar. Our exports will not keep
up with our GNP because, although our goods will be compe-
titive in foreign markets, these other nations will have
advanced their products to the point where our products
are less attractive.

The amount of natural resources required merely to
construct and fuel new energy plants would severely de-
plete many of the already limited U.S. reserves.

The manufacturing capability of many U.S. industries
(mining, steel, aluminium, copper, glass, fabrication,
and construction) will have to be increased greatly to
provide the materials for these plants.
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o The pollution standards for burning fossil fuels will have
to be relaxed initially until anti-pollution devices can
be developed and installed. Also nuclear waste storage
will become an increasingly touchy problem and will
probably not be resolved before 2020.

o The large quantity of imported oil and gas required will
necessitate the building of a large fleet of super-tankers
and several deep-water ports at a tremendous expense.
Roughly 550 super-tankers (250,000 DWT each) will have to
be built by the year 2000 [1-12], and twice that many by
2020. We have none now and we cannot rely on foreign
tankers solely, from an economic, reliability and defense
point of view, to handlie this load in the future.

This 7ist of impacts could be expanded, but it should be clear
by now the insanity of proposing to maintain the present per capita con-
sumption growth rate. While this rate of increase could be maintained for
some time, it must eventually decline because of the impacts described
above.

Scenario 2: Lower Bound on Consumption.

Under this scenario, the projected energy consumption is
supplied by the energy resources as allocated in Figure 1-6 and Table
1-5. This allocation is assumed to be as forced as in Scenario 1 but
to have less deleterious economic, societal and environmental effects.

A more detailed discussion of the assumptions used in this
scenario are as follows:

o Hydropower is not pushed to its 1imit, as in Scenario 1,
but is leveled off to 5 Quads by the year 2000.

o Geothermal power is kept at the lower level of development
as shown in Table C-6, Appendix C.

o Direct coal use is expanded slowly to double its present
value by 2020.

o Presently recoverable (lower priced) oil use is eventually
decreased to 10 Quads by 2020.

o Although not needed in this scenario, some higher priced
0il (off-shore, shale oil, etc.) is used to advance the
required technology.

o Coal liquification, although not essential, is also
available through advances in technology.
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Table 1-5 SCENARIO 2 (LOWER BOUND) CONSUMPTION AND
SUPPLY PROJECTIONS (1015 BTU)

Energy Source 1971 1975 1980 1985 2000 2020
Domestic
Coal 12.6 13.8 15.0 16.2 19.9 23.0
Higher Grade 011 22.6 22.1 20.8 19.5 15.5 10.0
Lower Grade 01l - - - - 1.0 3.0
Synthetic (coal) 011 - - .5 1.0 2.5 5.0
Natural Gas 21.8 22.6 21.2 19.8 15.6 10.0
Synthetic (coal} Gas - - .5 1.0 2.5 5.0
Nuclear Power iy 2.6 6.7 10.0 15.1 23.0
Hydropower 2.8 3.6 4.0 4.3 5.0 5.0
Geothermal Power - - .3 .b 2.5 5.0
Solar Power - - - .1 3.0 8.0
Subtotal 60.2 64.7 69.0 72.5 82.6 97.0
Foreign Imports
011 and Gas 8.8 15.0 13.4 13.3 10.5 1.3
Total 69.0 79.7 g2.4 85.8 93.1 98.3
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Natural gas usage will be decreased to 10 Quads by 2020.
Coal gasification, again, not needed, but available.
Nuclear power plants will be built at a fairly slow rate,
23 Quads (560 gigawatts} by the year 2020. However,
through 1985 our nuciear power expansion has been more or
less committed.

Solar energy will make a small contribution of 8 Quads.

Imports will double by 1975 but will eventually taper off
to 1.3 Quads by 2020.

The probable impacts of the above consumption/supply assump-
tions are as follows:

(=]

No energy crisis would exist in the Tong run. The present-
ly impending oil and gas import problem will grow somewhat
worse by 1975 and then taper off by 2020 when 1.3 Quads
must be obtained from imports. (The present oil and gas
problem could be managed by a modest, crash, governmental
conservation program).

This scenario may be no less forced than Scenario 1, but
its effects are much less drastic. This scenario would
require considerable control in two areas:

a) Population: to assure that we follow the lower
population curve, a moderately increased birth
control program would be required. More stringent
immigration policies could force this now.

b) Per Capita Consumption: to keep this constant at
371.4 x 106 Btu/year would require strong federal
control - probably fuel rationing.

Fixed per capita consumption at the 371.4 x 108 Btu/year
could put a serious damper on GNP and industrial growth -
possibly even effect large scale, emergency defense
efforts. The increase in the rise of our standards of
living could be retarded somewhat.

Considerable conservation of energy (decreased usage and
increased efficiency) would be essential to assure growth
in many areas.

The trade deficit in oil and gas would not be overly
burdensome and could be managed during its short duration.
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Nuclear power will be installed slowly encugh so that
sufficient time is available to solve the waste storage
problems.

The R&D required to perfect shale oil extraction, coal
gasification, and liquification, geothermal power and
solar power will be done at a "leisurely" rate, as
compared to Scenario 1, and will not require a major
crash R&D effort. Present federal R&D funding levels
could support our needs.

The level of imports will require only a small investment
in super-tankers and one or two deep-water ports.

Manufacturing industries and natural resources will not
be pushed to meet this demand.

Pollution levels thus produced can easily be controlled.

Scepario 3: Rational Mid-Course Consumption - Planned Growth.

The allocation of the supply sources in this scenario, shown
in Figure 1-7 and Table 1-6, is entirely feasible and will have a stabili-
zing effect on society and the environment. An interactive systems
approach {considering technology, economics, politics, society and the
environment) was used to make the allocations of energy sources. These,
briefly, are as follows:

[+]

Hydropower will not be developed to its ultimate Timit,
but will level off at 5 Quads by the year 2020.

Geothermal power will increase only to the lower level of
output as shown in Table C-6, Appendix C.

Direct coal use will be expanded to slightly less than
three times its 1971 usage, its highest rate of growth
occurring between 1985 and 2000.

The usage of presently recoverable (1ower cost) o0il will
decrease to 10 Quads by 2020.

Extraction of the more costly oil (off-shore, shale,
secondary recovery, etc.) will increase to 8 Quads.

Coal liquefication R& will be prodded tc produce 8 Quads
by 2020.

Natural gas usage will decrease eventually to 10 Quads

Coal gasification will provide 8.5 Quads by 2020.
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Table 1-6 SCENARIO 3 (MID-COURSE} CONSUMPTION AND SUPPLY
PROJECTIONS (1015 BTU)

Energy Source 1971 1975 1980 1985 2000 2020
Domestic
Coal 12.6 13.8 15.4 17.9 30.2 35.0
Higher Grade 0il 22.6 22.1 23.8 22.1 16.9 10.0
Lower Grade 0il - - - 1.0 4.0 8.0
Synthetic (coal) 0il - - - 1.3 5.1 8.0
Natural Gas 21.8 22.6 23.0 21.4 16.5 10.0
Synthetic (coal) Gas - - i 2.0 5.4 8.5
Nuclear Power .4 2.6 6.7 10.9 25.5 35.0
Hydropower 2.8 3.6 4.0 4.3 5.0 5.0
Geothermal Power - - 3 .6 2.5 5.0
Solar Power - - - .1 3.5 20.0
Subtotal 60.2 64.7 73.9 8T.6 | 114.6 | 144.5
Foreign Imports
0i1 and Gas 8.8 15.0 19.1 24.7 17.6 4.3
Total 69.0 79.7 93.0 | 100.0 | 132.2 | 148.8
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Nuciear power capability will be moderately increased to
25.5 Quads by the year 2000 {only 52% of that projected
by DOI [1-9]) and to 35 quads by 2020.

Solar power will be slowly increased to 3.5 Quads by 2000
and then fairly rapidly increased to 20 Quads by 2020,
as R&D efforts bear fruit.

Imports of oil and gas will triple by 1985, but will then
decline to 4.3 Quads by the year 2020.

probable impacts of Scenario 3 are as follows:

Since per capita consumption increases to 500 x 108
Btu/year (a 50% increase over the 1971 figure) by the
year 2000:

a) High energy users could at least maintain their usage
{(saturation is almost reached by many in this group
now) and low energy users would be able to increase
their usage - a redistribution would not be necessary
as there would be in Scenario 2.

b) Industrial growth would not be stifled. However,
improved conservation of energy would be advantageous
to the industries themselves.

The moderate amount of R&D funding and capital investment
which would be required would not necessitate a major,
national crash energy program with its associated legisla-
tion, funding, taxation, etc. as Scenario 1.

However, the federal government would be required to
moderately increase its efforts in the areas of R&D
funding, particularly in the areas of coal gasification
and liquification, nuclear power {breeder and fusion)
and solar power.

The rate of expansion in the use of all energy sources
can be managed without any crash programs in industry -
industry can grow naturally at this rate with proper
planning.

This scenario's occurence does not depend on any major
tecnnical breakthroughs, since all processes are now
technically feasible and will only require moderate
government funding to become economically feasible.
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Our material resources, fuels and construction materials
would not be overly taxed. Nevertheless, increased
conservation should be encouraged.

The oil and gas import requirements will grow worse until
1985. Because of the built-in momentum of U.S. energy
growth, only drastic governmental intervention with
consequent disruption of the economy, could prevent this
use of imports. They will start to decline after 1985
when increased coal and nuclear power will be made avail-
able through the results of present R&D efforts.

Up through the year 2000, the U.S. should build super-
tankers and deep-water ports at a modest rate, using
foreign tankers to handle most of the needs until then.
Then, by the year 2020, when the import needs are small,
the U.S. will have a more than adequate fleet of its own
to handle the normal needs and contingencies. (if, on
the contrary, the U.S. builds as large a fleet as con-
templated in Scenario 1 and advocated by some spokesmen,
it would have, by the year 2020, a mammouth fleet of
white elephants.)

Expanding energy usage at this moderate rate will allow
pollution-abatement devices to be perfected and economized
without resorting to an expensive crash program as is
required in Scenario 1.

Based upon consideration of these three scenarios, it is the
opinion of this group that a national energy policy for the United States
be drafted which promotes a rational, conservation oriented, utilization
of energy such as described in Scenario 3.
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CHAPTER 2. ENERGY AND RESOURCE CONSUMPTION

Having established that the demand for energy in the U.S. will
continue to rise for many years in the future, a look at the ways that this
demanded energy is used will help in determining the way or ways in which it
must be provided, and perhaps also provide some insight into what must be
done to insure that maximum benefit from the use of this energy is obtained.

Information on this subject is limited in both quantity and quality
and as a result any study of end-use consumption is at best subject to various
errors of approximation. Notable among recent literature resources is the com-
prehensive study performed by the Office of Science and Technology which focuses
on developments in energy consumption between 1960 and 1970[1] .  Basic "raw"
information is reported in various sources. Examples are: U.S. Bureau of the
Census, Statistical Abstracts of the U.S. and the U.S. Bureau of Mines energy
consumption data.

For simplification of discussion the following various end-use sec-
tors of energy in the U.S. will be considered:

o Industrial (including manufacturing)
°© Residential
o Commercial {including institutions)

o Transportation

2-1. TOTAL ENERGY END USE BY SECTOR

Fuel quantities and electric power consumption are here characterized
by a common unit of energy, the British Thermal Unit (Btu). In the case of
electric power, the Btu equivalent is the heating value of the fossil fuel
supplied to the electric generating station. The figures therefore include
generation, conversion and distribution Tosses as well as the energy supplied
to the consumer.

The most recent analysis of total energy consumption in the U.S. is
for the year 1968. The breakdown sector is: [2-1]

Consumption Growth Rate Percent of
{Quads) (Percent) Total
Residential 11.6 4.8 19.2
Industrial 25.0 3.9 41.2
Commercial 8.8 5.4 14.4
Transportation 15.2 4,1 25.2

A=/
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Of the more than 100 identifiable uses of energy, only a few appli-
cations collectively account for a significant proportion of total energy
consumption. Listed below are the significant end uses: [2-1]

End Use ‘ Percentage of Total
Transportation (fuel; excludes Tubricants) 24.9
Space heating (residential, commercial) 17.9
Process steam (industrial) 16.7
Direct heat (industrial) 11.5
Raw materials, feedstocks 7.9
Electric drive (industrial) 5.5
Water heating (residential, commercial) 4.0
Air conditioning {residential, commercial) 2.5
Refrigeration (residential, commercial) 2.2
Lighting {residential, commercial) 1.5
Cooking (residential, commercial) 1.3
Electrolytic processes (industrial) 1.2
Other (individual uses less than one percent) 2.9
Total 100.0

It is most significant to note that the first 5 categories account
for over three-fourths %78.9 percent) of the total energy consumption.

Industrial/Manufacturing End Use of Energy. Industrial use of energy accounts

for 41.2 percent or 25 quads of the total energy consumption in the United States.
Analysis of patterns of end-use consumption is based on the Standard Industrial
Classification. The industrial sector is divided into 20 major end use groups.
Six groups in this classification account for two-thirds of the industrial con-
sumption of energy: [2-1]

Industrial Group Percent of Total

Primary metal

Chemicals and allied products
Petroleum refining

Food processing

—_— ) -
R —=OMN
WMRoWWw oM

Paper

Stone, clay, glass, concrete .
Sub total 67.7

A1l other industries 32.3
Total 100.0

Residential End Use of Energy. The residential sector accounts for 19.2
percent or 11.6 quads of the total energy consumption in the United States.
Figure 2-1 indicates the distribution to the various end-uses. The rela-
tive percentage of various end uses is:
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End Use Percent of Total
Space heating 57.5
Water heating 14.9
Cooking 5.5
Refrigeration 6.0
Air Conditioning 3.7
Television 3.0
Clothes Drying 1.7
Food Freezing 1.9
Other 5.8

Total 100.0%

Commercial/Institutional End Use of Energy. The Commercial/Institutional
sector 15 an agglomeration of various unrelated activities: wholesale and
retail trade, hotels, health services, schools, museums, art galleries and
all government institutions.

Consumption of energy in this sector accounts for 14.4 percent or
8.8 quad of the total U.5. energy consumption. As in the residential sector,
a major reason for the increased commercial share of energy is due to the
growing use of electricity and its associated conversion losses.

Again, as in the residential sector, space heating, water heating
and space cooling (air conditioning) accounts for between 2/3 and 3/4 of the
energy use in the sector. The "other" category includes such items as lighting,
mechanical drive (computers, escalators, office machinery, etc.) and perhaps
electric heat. The relative amount in each category is:

End Use Percent of Total
Space heating 47.7
Asphalt and road oils 1.2
Space cooling 12.
Water heating 7.5
Refrigeration 7.6
Cooking 1.6
Other 11.7
100.0

Transportation End Use of Energy. The transportation sector accounts for
15.2 quad or 25.1 percent of total U.S. energy consumption. The relative
quad importance of individual fuels is shown in the following:
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Fuel Percent of Total
Coal nil
Natural gas 4
L. P. G. 1
Jet fuels 13
Gasoline 68
Distillate fuel 8
Residual fuel 5
Lubricants 1
Electricity nit

Total 100%

Energy End Use for Creature Comfort. Since the time man discovered that fire
would warm his cave he has worked toward maintaining his 1iving and working
habitat at a "comfortable" Tevel at all times. Included in the "comfortable"
level is bathing and laundering in water at other than "stream temperature".
Although space cooling is at present a small part of the energy used for
internal environmental control, statistics show that it is growing at a very
rapid rate.

Space Heating. Space heating for residential, commercial, and
industrial sectors is the largest single end use of energy. The total is
close to 20 percent, with a growth rate of 4 percent per year which approx-
imates that for all energy growth.

Water Heating. Water heating accounts for 4 percent of total energy
consumption. Water heating is growing at 5.2 percent per year in the residential
sector and 2.3 percent per year in the commercial sector.

Space Cooling. Air conditioning, or space cooling, amounts to 2.5
percent of the total energy demand but the growth rate is 10.2 percent per year.

Sector End Use Predictions. When one looks at energy consumption statistics

for the year 1970 it is seen that usage is approximately divided equally between
residential and commercial, industrial. transportation and electricity producing
utilities[2-1]. As the total energy consumption curve follows its predicted rise,
residential consumption total volume stays relatively uniform, industrial decrea-
ses somewhat but transportation and electrical generation usage increases greatly.
Figure 2-2 shows the predicted pattern while the following tabulation shows the
differences in the 30 year span:[2-1, 2-3]

End Use Sector 1970 Percentage 2000 Percentage

Residential and 20.4 12.2
Commercial

Industrial 31.7 9.0

Transportation 24.0 36.0

Electrical 23.9 42.8

Generation
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It must be kept in mind that although the electrical generating
utilities appear to be using a larger and larger segment of energy producing
resources, the energy they transform is used mainly by the Residential,
Commercial and Industrial consumers. Therefore it is unfair to label the
electrical generating utilities as "the bad guys" because everyone is using
the energy they produce.

2-2. OTHER DEMANDS FOR CURRENT ENERGY

The energy consumption and demand sectors of the U.S. have
been divided into the categories: residential and commercial, trans-
portation, industrial and electrical generation (utilities). A1l sectors
except electrical generation utilize varying amounts of fossil fuel re-
sources for non-energy purposes. Listed below are the three identifiable
non-energy use sectors of the U.S. with the end uses identified.

Residential and Commercial

Asphalt
Road 0il

Industrial

Special Napthas

Lubricants

Waxes

Petroleum Coke

Petrochemical Feedstock Qfftake

Transportation

Lubricants
Waxes

The highest percentage of non-energy use by sector is industrial
with 71.3%. The household and commercial sector uses 28.4% and transportation
about 0.3%. From the industrial sector, the "petrochemical feedstock off-take"
is the major raw material input for the manufacture of products that play an
important role in our present Tife-style. Among these products are plastics,
building materials, fertilizers, cosmetics, and medicines (drugs). New tech-
nologies can undoubtedly satisfy man's energy demands after our fossil fuels
are gone, but the raw material for these petrochemical products will be ob-
tained only at a greatly increased, perhaps prohibitive, cost. Table 2-1 is
a summary of the projected fossil fuel demands for non-energy uses, and the
percentage of the total fossil fuel used for non-energy purposes, from Dupree
and West [2-2]. Their underlying assumptions are:

o The population growth rate will be one percent. This is the mid-

point of the D and E series (Chapter 1) estimated by the Bureau of
Census.

o Industrial production will increase at a rate of five percent
annually until 1980, and at 4.4 percent thereafter.



Table 2-1. PROJECTED NON-ENERGY CONSUMPTION OF FOSSIL RESOURCES [2-2]

Bitumious Coal Petroleum Natural Gas Total
and Lignite

Non % of Non % of Non % of Totalf{Non % of Total}% of
Year Energy | Total Energy] Total Energy | Natural Energy | Fossil Total

Use(b) f Coal Use(b)f Petroleum | Use(b) | Gas use(b) | Fuels Energy(C
1973 (a) 0.14 1.1 3.4 10.5 0.69 2.9 4.30 6.0 5.7
1975 0.15 1.1 3.80 10.8 0.70 2.8 4.65 6.3 5.8
1980 0.20 1.2 4.46 10.6 0.75 2.8 5.41 6.3 5.6
1985 0.33 1.5 4.85 9.6 0.80 2.8 6.35 6.3 5.4
2000 1.40 4.5 8.44 171.8 0.90 2.6 10.74 7.8 5.6

(a) Extraplolated from 1971 data and projected 1975 data

(b) 1015 Btu Equivalent

(¢c) Total energy used by U.S., all sources

8-¢
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Conclusion.
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The supply of fossil fuels will be limited by vari9u§ fagtors.
The forecast takes into consideration all supply limitations for
fuels. It is, therefore, a forecast of consumption rather than

demand.

The only major change in energy technology between now and 1985
will be the development of commercial techniques for coal gasi-
fication and liquefaction and control of sulfur oxide emissions.
Only evolutionary increases in the efficiency of utilization of
energy were assumed. The major technological change expected
between 1985 and 2000 is the commercial introduction of the breeder
reactor.

The present slow trend toward a more service-oriented economy will
continue. The impact on energy consumption is considered minimal.

The only conclusion that can be arrived at from the preceeding

documentation is that the U.S. as a nation uses an enormous amount of energy
in its lifestyle. Both emphasize the fact that all possible sources of energy
must be utilized and that the efficiency of transformation, distribution and
utilization must be taken tc the highest possible value. There are many ways
of generating energy that the U.S. could utilize. Some of these are practical
and some are not. But, whether or not the production method is "practical"
depends on the degree of necessity.
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CHAPTER 3. ENERGY RESOURCES

The previous chapter has drawn attention to the importance of
the preservation of fossil resources for non-energy uses in maintaining
our present standard of living. Of more growing concern is the inherent
danger in the continuing exponential growth in energy demands consuming
our non-renewable fossil resources. When considering the desir-
ability of efforts to reduce the growth rate of our energy consumption,
a major point is the adequacy of our resource base - both domestic and
foreign - for supplying our requirements.

3-1, FOSSIL FUELS - DOMESTIC

The determination of the quantity of fossil fuel resources for
energy is not a simpie one, since most of these materials lie hidden in
the earth. Adding to the complexity of the problem is the fact that the
amounts recoverable are constantly changing as the advance of technology
permits recovery of energy materials that were once too low grade or too
inaccessible to mine, and utilization of materials that were not previous-
ly conceived as economical sources of energy.

The concept that supplies of usable fossil fuel resources are
extended by the advance of technology provides three conclusions pertin-
ent to preparation of resource estimates: (1) Even though resource
estimates are prepared, they can never represent a final inventory of the
amount of the resource in question, but are at best a quotation refiect-
ing the status of knowledge of resources at the time the estimates are
made; (2) 1in making and interpreting estimates of fossil fuel resources,
it is necessary to differentiate between deposits that are known and
closely appraised and those that are either not closely appraised or are
not as yet discovered but are believed to exist on the basis of geologi-
cal evidence; (3) it is necessary to distinquish between deposits that
are minable or recoverable at present costs and those that cannot be mined
now but might be recovered under more favorable economic or technological
conditions.

In Table 3-1,Perry's classification[3-1] is used to tabulate
fossil fuel resources nf the United States. Natural gas Tiquids and oilip
bituminous rocks represent a small percentage of our total fossil fuel
resources. Shale oil will represent a large energy influx only when its
extraction becomes economically competitive with that of petroleum.
Therefore, only petroleum, natural gas, and coal are covered in this synopsis
of the domestic fossil fuel resources in detail.

< -1
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Table 3-1. ESTIMATES OF U. S. FOSSIL FUEL RESOURCES {3-1]

(Quads, 1015 Btu)

Known Undiscovered Known Undiscovered
Fuel Recoverable | Recoverable [Marginal or Marginal or Total
Submarginal | Submarginal
Coal 4,600 -—- 29,000 55,000 38,600
Petroleum 280 1,160 230 1,710 3,380
Natural Gas 280 1,210 -—-- 880 2,370
Natural Gas 30 140 -—- 280 450
Liquids
0i1 in
Bi tuminous 10 --- --- 60 70
Rocks
Shate 0il 290 - 11,600 23,200 34,090
Total 5,490 2,510 40,830 81,130 128,960
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coal. The goals for research relating to coal can be stated simply as:
the development of technologies to (1) mine and process coal without un-
acceptable effects to the environment and {2) conyert coal to clean
gaseous and liquid fuels.

Synthetic Fuels from Coal. The manufacture of synthetic gas or oil from

coal is a new process as far as commercial production is concerned. The
commercialization of this process, along with the soaring use of coal by
the electric utilities, can greatly effect the quantity of coal reserves.

Coal Gasification [3-4]. One of the most important goals relative to
coal research and development for the next few years is the gasification
of coal to help reduce the short fall between anticipated demand and
limited domestic supplies of natural gas. Two prospects appear promising,
if the requisite technologies can be quickly developed and demonstrated:

o The manufacture of gas from coal which can be a replace-
ment for natural gas in terms of energy content - the
so-called "high" Btu gas.

o The manufacture of gas that contains less energy - "Tow"
Btu gas - that would be suitable as fuel for steam.
Electric power plants or industrial users located in
the vicinity of "lTow" Btu gas could reduce the demand on
natural gas, conserving the latter for residential and
commercial uses.

Coal Gasification State-of-the-Art:

o Principal responsibility for R and D: U.S. Department of
the Interior and American Gas Association.

o Approximate funding:

Current rate: 30 million dollars per year, {20 million
doliars federal, 10 million dollars industry).

Future: 30 million dollars per year for next four (4)
years, approximately 175 million dollars in succeeding

4-year period.
o Current state of development: Pilot plant stage.
o Next objective: Build and operate demonstration plant(s).

o Major problems: Development of optimized process{es) and
scale-up.

o Import to energy crisis:



The development of a commercial capability to gasify coal
will have a significant impact on the energy economy of

the U.S. in that it will allow the increased utilization

of a plentiful resource (coal} in an environmentally accept-
able fashion.

Coal Liquefaction [3-5]. In general,cocal liquefaction is not receiv-
ing the amount of emphasis in research and development that is placed on
coal gasification. The following status on the state-of-the art rein-
forces this statement:

o Principle responsibility for R and D: U.S. Department of
the Interior.

o Approximate funding: Current rate: 10 million dollars per
year. Future rate: 10 million dollars per year.

o Current state of development: Pilot plant.

o Next objective: Operate present and planned plants together
and analyze data needed to achieve commercialization.

o Major problems: Materials handling and equipment problems
and process simplification to achieve lower unit costs.

o Import to energy picture.

The development of a commercial coal liquefaction capability
would allow increased utilization of our coal resources and avoid "most"
of the environmental problems associated with the direct combustion of coal.
Viable coal liquefaction technology could have considerable effect on
future U.S. liquid fuels import policy.

In summarizing, various scenarios on resource dep]etion esti-
mates for the fossil fuels of the United States are given in Table 3-2,
These scenarios were constructed by the Cornell Workshop on Energy and
the Environment [3-5]. Four basic cases for each of the models of growth
in demand (an extrapolated growth mode! - EGM - which assumes past
exponential growth in demand for natural gas, petroleum, and electricity
continues at 6.2%, 3.9%, and 6.1% per year, respectively; and a reduced
growth model - RGM - which assumes that growth in total demand for gas,
petroleum, and electricity drops to 3%, 3%, and 4% per year, respectively.)

The four cases are:

°© Neither imports nor synthetic fuels are available - all
demands must be met by domestic supplies;

o Imports are not available but synthetic fuels production
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begins phasing into the supply picture in 1980, and
grows until it meets ali of the annual incremental demand
for petroleum and gas by 2000,

o Synthetic fuels are not available but imports increase
according to the National Petroleum Council estimates
until they supply 60 percent of domestic demands, and
remain at 60 percent thereafter; and

o Both synthetic fuels and imports are available as previously
described.

Table 3-2. RESOURCE DEPLETION ESTIMATES FOR VARIOUS SCENARIOS [3-6]

Year in Which A11 Ultimately Recoverabie
Resources are_Dep]eted
Fuel and . . .
Case Description Low Estimate High Estimate
EGM (o] rav (O] Eon RGM
Natural Gas
No imports, no synthetic fuel (c) 1989 1991 2000 2007
No imports, synthetic fuel 1990 1992 2008 2016
Imports, no synthetic fuel 1993 1997 2010 2025
Imports, synthetic fuel 1996 2000 2037 2050+
Petroleum
No imports, no synthetic fuel 1988 1988 2011 2014
No imports, synthetic fuel 1989 1989 2027 2030
Imports, no synthetic fuel 2001 2003 2031 2038
Impqrts, synthetic fuel 2006 2008 2050+ 2050+
Coal
No synthetic fuel 2050+ 2050+ 2050+ 2050+
Synthetic fuel 2032 2050+ i__ 2044 __J44?050+

{a) extrapolated growth model
(b) reduced growth model
(c) synthetic fuels from coal gasification and liquefaction
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Thus, the outlook for fossil fuel supply is not very bright if
we assume that a continuing exponential growth in demand must be met.
However, the introduction of new technologies using totally different
energy sources such as the utilization of solar energy, geothermal energy,
hydrogen-based sources, ocean thermal gradients, etc., are desirable
candidates. Not only are these sources more desirable environmentally
than current energy sources, but in addition, they do not depend on scarce
resources such as the fossil fuels.

3-2. FOSSIL FUELS - IMPORTED

The three major fossil fuels that will be imported to meet
current and future energy demands are natural gas, liquified natural gas,
and petroleum (crude and natural gas liquids). Presently, we are import-
ing 4 percent of our natural gas, primarily from Canada and Mexico, and
26 percent of our petroleum supply from Canada, Venezuela, and the Middle
Eastern countries. Recently, supplies of Liquified Natural Gas (LNG) have
been imported from Canada and Algeria [3-6]. Experts generally agree that
imports will increase markedly over the next decade [3-7]. For instance,
the National Petroleum Council [3-2] projects United States petroleum and
natural gas imports at 60 percent and 30 percent, respectively, of domes-
tic consumption in 1985. Using the data from the Department of Interior,
Table 3-3 was constructed in order to project the percentage of fossil fuel
imports to the year 2000.

Table 3-3. PROJECTED IMPORTATION OF FOSSIL
FUELS TO THE UNITED STATES [3-8]

l__ Year I

Fossil Fuel 1971 1975 § 1980 1985| 2000
% % % % %
Natural Gas 4 8 11.2 §13.6 ] 19.3
Liquified Natural Gas 0 2.2 3.3 5.7 8.9
Petroleum {Crude pTlus 26 36.9 143.0 |53.4 |70.3
natural gas liquids} (a) (a)
Total Percentage of Fossil] 16.6 [|28.1 [32.1 }40.7 |55.3
Fuels to be Imported (a) (a)
=

(a) From imports, synthetic fuels (coal gasification and
liquefaction) and cil shales
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Although Liquified Natural Gas has not previously been imported
for energy consumption, many companies in the energy business consider it
to be a rich energy source of the future[3-6]. James A. Akins [3-6] of the
State Department has indicated that dozens of companies are presently
negotiating with anyone around the world who has surplus gas to sell
or even a chance of finding any. The transport of 1iquid natural gas will
coincidently bring an extra benefit, in that the fleet of tankers necessary
to transport the fuel under cryogenic conditions will be built in the
United States [3-6]. The construction of these ships will revive America's
shipyards, regenerate the Merchant Marine, and provide many jobs for the
U.S. labor force. Most jmportant,it is thought that these new untapped
reserves of gas around the world will postpone the physical shortage of
gas indefinitely into the future. For example, the Soviet Union has ten-
tatively agreed to furnish the United States 10 percent of the gas supply
which represents 3 percent of the current total energy supply.

It should be pointed out that these import requirements of
fossil fuels are variable in that the United States will depend on foreign
countries, primarily, the Middle Eastern countries, for the supply. There-
fore, the consumption projections may "demand" these necessary supplies
of fossil fuels, but it ultimately will depend on the United States
international policies and the necessary capital to purchase the supply.

3-3. NUCLEAR ENERGY

Nuclear energy for electrical generation is becoming a very
important fraction of our energy inventory. It seems capable of handling
any short term energy requirements and with proper developments it might
become a relatively long term answer to our energy needs.

There are two types of nuclear reactions which can provide
energy:

o Fission--Heavy nuclei split (either spontaneously via their
radioactivity or by neutron-induced reactions) to yield
energetic fission products and neutrons.

o Fusion--Light nuclei are forced together (at high tempera-
tures) to form a heavier nucleus with the release of energy.
The first uncontrolled demonstrations of these reactions
occurred in 1945 {atom bomb) and 1952 (hydrogen bomb).

Today controlled nuclear fission is of great economic impor-
tance in the generation of electrical power--and portends to
become the dominant energy supply in that area by the year
2000, while the technical feasibility of controlled fusion
reactions has yet to be demonstrated. Should certain nega-
tive environmental impacts of nuclear energy be overcome
(e.g., Tong-term storage of highly radioactive wastes, the
release of radioactivity to the biosphere in rare accidents,
and black-market uses of plutonium), the impressive poten-
tial of nucliear energy resources--1,200 years' supp1{ at
economically acceptabie prices for fission power at the
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anticipated usage rate in the year 2000 [3-9] and approximately
5 million years' supply for fusion power [3-10] -- indicates
that the twenty-first century may well be the "“century of
nuclear energy."

The next three figures 3-4, 3-5, and 3-6,describe graphically
the capabilities of nuclear energy to handle our demands. The "most
1ikely" projection of Figure 3-4 is used to estimate the requirements
shown in figure 3-5. The next Figure, 3-6, illustrates projected costs
for nuclear fuel as compared to the cost of steam coal. The effort the
U.S. is making to tackle our energy needs is best iliustrated in Table 3-4.

Table 3-4, FEDERAL ENERGY R&D FUNDING [14]
($ millions)

Years
Funding
Process 1969 1970 1971 1972 1973 Agency
Fission
LMFBR (a) 132.5 144.3 167.91 236.6] 259.9} AEC
=== TVA

Other Civilian
Nuclear Power | 144.6 109.1 7.7 90.7 94.8] AEC

Fusion
Magnetic Con-
finement 29.7 34.3 32.3 33.2 40.31 AEC
Laser-Pellet 2.1 3.2 9.3 14.0 25.1 AEC
Total Funding 361.0 362.2) 405.21 524.7) 621.6

3-4. GEOTHERMAL ENERGY

The internal heat of the Earth is due to primeval heat, the
decay of radioactive materials and frictional forces within the mantle.
Geothermal energy is a consequence of this natural heat flowing from the
interior through the Earth's crust to the environment.

Thermal energy ultimately reaches the surface by conduction
through rock layers, and by convection in volcanoes and hot springs.
According to Hubbert {1971) the flow of heat by conduction from the
interior of the earth to the surface amounts to 0.063 watt per square
meter on a_world-wide average, with the total heat flow for the globe
to 32 x 1012 watts. By convection, the rate of heat flow via volcanoes
and hot springs is estimated to be about .3 x 1012 watts.
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However, usable geothermal power is obtained only from reliable
high temperature concentrations of the heat flow. Thus the potential of
geothermal energy as a power source for man lies in the heat store at
varying depths beneath the surface, in natural underground reservoirs of
steam, hot water, and hot rock.

This heat store results from the action of large bodies of
molten rock (magma) that have been pushed up into the earth's crust by
great pressures in the mantle. The magma heats the rocks in the crust
near the surface, which then heats groundwater in porous or fractured
rocks to temperatures in the range of 500° F. This water may be trapped
beneath relatively impermeable rock at depths of 2-3 kilometers and kept
as a liquid by high pressure. Under certain conditions the hot water can
escape through fissured rock toward the earth's surface where it begins
to boil and a portion of it converts to steam. Geothermal energy can then

be tapped by wells driven through the impermeable rock capping these
reservoirs.

A1l three sources of recoverable geothermal energy-steam, hot
water, and hot rock are being considered for utilization. Utilization
of geothermal energy is in a primitive level of development and only gross
estimates of its potential can be given:

o STEAM. Steam may be recovered by tapping two different
types of fields: Dry Field -- characterized by low pressures
and relatively high temperatures (natural steam at geysers
is at 355°F and 100 psi); Wet Field -- superheated water,
above its boiling point at atmospheric pressure, in the range
of 180-370°C (when tapped, flashes to steam and water at
lower temperature and pressure).

o HOT WATER. These are fields of lesser heat content
consisting of water at temperatures below the boiling point
(at atmospheric pressure); known as a "low-temperature"
field, there are large pockets of water in the range
of 50° to 82° C.

o HOT ROCK. Underground water systems not in contact with
these near-surface heat deposits (magna chambers that never
erupted to the surface) heat range may be 300° - 700° C
at depths between 2000 - 7000 meters.

3-5 TIDAL ENERGY

The source of tidal energy is the combined kinetic and poten-
tial energy of the earth-moon-sun system. Tidal power is derived from the
oscillatory flow of water in the filling and emptying of partially en-
closed coastal basins during the twice-daily rise and fall of the sea.

The energy available from this action has been estimated at 3 x 1012
watts [3-10] on a world-wide basis.
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Ocean tidal ranges, the height between high and low tides, vary
throughout the world. The greatest tidal ranges exceed 15 meters and
occur at the head of the Bay of Fundy off the eastern coast of Canada.
The movement of oceanic tides within 200 miles of the coast of the United
States represents a theoretical power supply of magnitude on the order
of 1011 watts. However, only a small part of this corresponds to tidal
energy in ba¥s and estuaries where it could be harnessed, probably not
more than 1010 watts. These values were obtained by rough estimation
of the underlying physical quantities and are corroborated within an
order of magnitude by Hubbert [3-10].
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Fed by its own internal nuclear furnace, our sun radiates
energy outward in all directions in space. At the earth's distance away ,
this flux of energy amounts to just over 1350 watts per square meter
(430 Btu per hour per square foot) on any surface which faces the sun
outside of the atmosphere [3-15]. At the ground some of this energy is
absorbed or scattered from the incoming beam as it travels down through
the earth's atmosphere. The amount lost depends on the length of the
path in the atmosphere and on how much water vapor and dust are present.
The minimum path length occurs for the point on earth where the sun is
directly overhead. At such a location, if the sky is clear, the flux of
energy remaining in the incoming beam is about 1100 watts per square meter
(350 Btu per hour per square foot) of level surface. If the sun is some
distance from the zenith, directly overhead, the energy flux on Tevel
ground is smaller because of the greater path length and the loss in the
atmosphere and also because the energy traveling down within a given beam
or column spreads over a larger area of ground if the beam is slanting.
So there is less incident energy per unit level area. This means that,
even if the sky is perfectly clear, the solar energy available per unit
area in the United States is greatest in the south and least in the north.
Other climatic factors, particularly clouds, combine to make the average
annual irradiance greatest in the southwest (Arizona, New Mexico, south-
ern California, and western Texas), somewhat less in the southeast, and
least near the Great Lakes, in the northeast, and in far northwest, as
shown in qggure 3-7. The average annual total for the entire U.S. is
4,500x 10 Btu or 510,000 Btu per square foot. This means the amount
of solar energy falling on the roof of a typical house in the U.S. is
several times the amount needed to heat and cool it. The variation with
locality and season is indicated in Table 3-5 which gives mean values in
Btu per square foot per day. The data is based on the Climatic Atlas of
the United States [3-16].

Table 3-5. MEAN DAILY SOLAR IRRADIANCE (Btu per sq. foot per day)

Area December June Entire Year
Arizona 1,000 2,600 1,900
New England 400 1,600 1,100
Entire U.S. 700 2,200 1,400

Day to day variation can be quite large. A study based on
actual data found that the mean of the daily irradiance for three cities
in the southeast, during the fourteen year period from 1950 to 1963, varied
from 330 to 1130 Btu per square foot per day in December and from 1700
to 2500 Btu per square foot per day in June [3-17].
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Direct and Diffuse Components. Solar engineering calculations generally
require more detailed information about the solar radiation than Just

the mean daily irradiance. One consideration which is often important is
the direction from which the radiation comes.

The position of the sun, at any given location, is easily calcu-
lated for any specified date and hour by using standard astronomical tables
and formulas which are easily incorporated into computers.

However, because of atmospheric scattering, radiant energy comes
from all parts of the daytime sky. The total irradiance on a horizontal
surface, measured on a regular basis at many weather stations, is the sum
of this "diffuse" component and the “direct" radiation which comes from
the direction of the sun. The relative magnitudes of these components
vary, depending upon the condition of the sky and the height of the sun.
On a cloudy day nearly all the irradiance will be diffuse {up to 690 watt
per square meter or 220 Btu per hour per square foot) whereas on a clear
day the diffuse component will probably be less than 10% of the total,
though this varies widely, depending on atmospheric clarity. A possible
range from 7 to 140 watts per square meter has been suggested [3-18].

In general, more diffuse radiation comes from some parts of the
sky than from others and the engineer may need to also take this into
account, although the variation is relatively small if the sky is clear.
In particular, the performance of solar "concentrators”, such as lenses or
mirrors, depends on the detailed directional character of the "circumsolar
radiation" which comes from the sky near the sun. The determination of
sky brightness distribution has been approached by theoretical calculation
[3-19, 20, 21] and some experimental observations have been made, but more
work is needed for solar energy applications.

Time Variation. The most obvious variation of solar radiation with time
is the 24-hour cycle due to the rotation of the earth. The radiation
intensity, which is essentially zero at night, increases rapidly at first
as the sun rises in the sky and then more slowly, reaching its maximum
value at or near solar noon, when the sun is at its highest point, due
south of the observer. Passing clouds can cause large and rapid changes.
For accurate prediction of system performance, the solar engineer needs

to have the data on an hourly basis. Obviously, it is impossible to
predict sky conditions for specific days far in the future, so he uses
"typical" conditions obtained from weather records. To obtain the typical
hourly variation, however, the weather and insolation data must have been
recorded hourly. Normal weather conditions may vary greatly with the
season of the year, of course, so what the designer probably needs for his
calculations is a "typical year". The proper establishment of typical
year weather data requires guidance from weather experts [3-23].

Apart from weather, the dominant annual variation of solar
insolation is due to the changing declination of the sun, which changes the
height of the sun's path across the sky. The maximum elevation of the sun

o
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above the horizon, at solar noon, is (90° - L + D), where L is the lati-
tude of the place and D is the sun's declination, which varies from minus
23.5° on December 21 to plus 23.5° on June 21. For example, in Washington,
D.C., latitude 39°, the sun's maximum elevation on December 21 is (90 -

39 - 23.5) = 27.5°, and on June 21, it is (90 - 39 + 23.5) = 74.5°. (This
formula is for latitudes north of the equator.) The points at which the
sun rises and sets also vary with season. During northern spring and
summer, for example, the sun shines somewhat on the north side of vertical
structures during part of the morning and part of the afternoon each day.

Spectral Distribution. A prism reveals that sunlight consists of a range
of colors, which correspond to various wavelengths of light. These
include wavelengths which are shorter than those of visible light (ultra-
violet light) and also longer (infrared radiation). The "spectral distri-
bution” is the way in which the energy of the light is apportioned among
the various wavelengths of this spectrum. One reason it is important is
because surfaces, paints, and coatings may absorb, reflect, and emit
energy differently in different parts of the spectrum. To capture solar
energy for conversion into heat, it is advantageous to have a surface
which strongly absorbs radiation at those wavelengths where the solar
radiation is greatest (the visible and near-infrared) and which has a Tow
emissivity at long infrared wavelengths, to reduce its tendency to re-
radiate the absorbed energy. The problem of making such surfaces is an
important part of solar engineering technology.

Man's knowledge of the solar spectrum at the earth's surface is
largely based on experiments carried out by C. G. Abbot of the Smithsonian

Institute in the first third of the century. The existing data were
correlated in a classic paper by Parry Moon in 1940. More recent data

on the solar spectrum above the atmosphere have been obtained in high-
altitude experiments [3-24] and corresponding modifications in Moon's sea-
level values are easily made because, in effect, his data gives the trans-
mittance of the atmosphere at various wavelengths. His 1940 paper still
remains the standard reference for the spectrum below the atmosphere.

3-7 SOLAR INSOLATION DATA COLLECTION

The National Climatic Center at Asheville, North Carolina,
currently collects and processes insolation data from some 86 stations
located throughout the United States, shown in Figure 3-8. Sixty of
these are operated by the U.S. Weather Service; the remainder are
"cooperative" stations. All stations record the "hemispheric solar
radiation", which is the total irradiance, direct and diffuse, upon a
horizontal surface. Nineteen stations, all of them Weather Service
Stations, record this data hourly. None of these are located west of
Kansas except at Albuquerque and E1 Paso. The other stations supply daily
totals only. However, the National Climatic Center expects that hourly -
data will be available from all 60 of the Weather Service stations with
the installation of new automatic recording equipment which is to be
complieted by the end of 1976.
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Four stations also record separately the radiation received
through a tube which has a small circular field of view, of angular
diameter 5.7°, centered on the position of the sun. This is called the
“normal incidence" radiation and represents the direct component of the
irradiance. Its value at solar noon and at solar hour at angles of 60,
70.7, 75.7, and 78.7 degrees on either side of solar noon are tabulated
and published. These stations are at Madison, Wisconsin; Omaha, Nebraska;
Albuquerque, New Mexico; and Tucson, Arizona.

Accumulated daily and hourly hemispheric radiation data can be
purchased on magnetic tape from the National Climatic Center. Unfortu-
nately, data accuracy has been brought into question by the discovery
that observed long-term decreases in the measured radiation values were
caused, at least in part, by gradual deterioration of the absorptive
coating on the sensitive elements of the observing instruments (pyrano-
meters}. Consequently, regular publication of the data in the periodical
“Climatic Data: National Summary" has been discontinued. The National
Climatic Center is in the process of determining appropriate corrections.

Data System Study. Our present solar jnsolation measurement system, as
described above, supplies much useful data, but more is needed for the
accurate solar engineering design calculations which are required in order
to determine the potential of solar energy utilization on a national scale.
Presently available data is not adequate even for standard heating and
cooling load calculations. A recent engineering design manual states,
"Because of limited availability of solar radiation data, it is sugges ted
that solar radiation be estimated by applying the cloud cover modifier
(which is based on simple weather data) to the cloudless day radiation
(calculated theoretically)" [3-25].

If a long lead time is acceptable, the data for a particular
site might conceivably be obtained by setting up observing instruments
right there for a year or more, a period which may or may not reveal the
typical and extreme conditions which are Tikely to occur. Alternatively,
a nationwide network of closely-spaced observing stations could be built.
Very likely, the optimum solution lies somewhere between these two
approaches, with the ideal number of regular network stations increasing
as solar energy utilization becomes more widespread.

How much data should be taken? Accurate engineering calculations
generally require data values at hourly intervals. Also, they may require
knowledge of both the "direct" and the "diffuse" radiation, which are now
observed regularly at only four stations in the U. S. But data acquisition
is not free, so it is important to determine how much is really needed.

Such questions suggest a thorough systems study. The specifica-
tions for such a study can be put into the generalized systems approach
format (Preface Fig.1), as follows:

-
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The objective is to design an optimum solar insclation data
collection system for the United States.

The Tentative requirements are:

o Determine what solar data is desired by solar design
engineers.

° Determine the incremental value of incremental increases of
detail and precision in the data, in terms of the probable
future cost effectiveness of the systems designed.

o Determine the probable degree of future predictibility of
climatic factors as they affect solar engineering design.
(Climatic unpredictability tends to limit the value of
detail and precision in past solar data.)

o Determine the rate of variation of solar insolation data with
geographic location throughout the country, or in selected
regions of greatest potential utilization, to determine how
closely-spaced the observing stations must be.

° Identify and characterize present data collection facilities,
instruments and procedures.

o Estimate the feasibility and cost of new facilities and
instruments,

Such a study would provide a rational basis for designing a
cost-effective solar data collection systenm.

3-8 INDIRECT SOLAR ENERGY

Solar radiation incident on the earth gives rise to the hydrolo-
gical cycle, the winds, and large temperature differences between the deep
and surface waters of the tropical oceans. Fach of these is an energy
resource.

Hydropower. Some twenty-three percent of the solar radiation received by
the earth goes into the evaporation of water. This water subsequently
returns to the earth's surface as precipitation. That which falls on
Tand above sea level has gravitational potential energy which can be
extracted by water wheels or turbines as the water flows back to the sea.
Generally it is used to generate electrical power.

The inventoEied hydroelectric resources of the 38 contiguous
states total 146 x 107 watts [3-26], with another 20 x 10° watts in
Alaska and 0.8 x 107 watts in Hawaii [3-27].
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Installed capacijty was 52 x 109 watts in 1970 [3-28] and is
expected to reach 82 x 109 watts by 1990 [3-29]. Large increases beyond
that seem unlikely, because the remaining sites are in general smaller
and less economic than those already developed and also because further
development will increasingly conflict with environmental concerns; for
example, as embodied in the Wild and Scenic Rivers Act of 1970 [3-26].

The figures given exclude pumped-storage, which is a way of storing energy
and is not an energy resource.

The energy obtained from hydroelectric plants is less than the
jnstalled generating capacity because the latter is never fully utilized
throughout the year. The energy actually generated determines the "load
utilization factor", which was 0.55 for hydroelectric plants, overall, in
1971 [3-30]. Assuming the same valge for 1970, the energy generat?d
during that year. yas E59 of 52 x 10° watt-years, which is 2.5 x 1011 kw-
hrs or 0.86 x 101 Btu (0.86 Quads). However, because of thermal losses,
fu?]-burning plants would have had to consume fuel equivalent to 2.6 x
1015 Btu (2.6 Quads) to produce the same amount of electrical energy,
using the 1971 input-output ratio of 10,500 Btu per kw-hr. It is expected
that the load factor will gradually decrease, as new sites are developed,
to 0.45 in 1985 and 0.40 in 2000, while the thermal efficiency of fuel-
burning plants is expected to increase, decreasing the input-output ratio
to 8500 Btu per kw-hrs in 2000 [3-30]. Using the estimated load factor
and fuel-burning plant efficiency for the year 2000, and neglecting all
economic and environmental limitations, the fuel equiva1en¥ of the ulti-
mate hydroelectric capacity of 146 x 109 watts is 4.4 x 10 > Btu (4.4
Quads) per year. If Alaska and Hawaii are 1Ec]uded, the total is 167 x
102 watts, with fuel equivalent of 5.0 x 10'° Btu per year.

Wind Power. Aeolian energy shares many of the advantages and disadvan-
tages of its parent, primary solar energy. It is widely available, inex-
haustible, clean, and free. It is also discontinuous and variable, and
low density. Like hydroelectric power, it is high grade mechanical energy
which can be used directly (as for pumping water) or transformed into
electrical power, without the large losses associated with thermal to
mechanical energy conversion.

Potential. Estimates of the maximum power obtainable from wind vary
widely. One author suggests for t?e entire world 0.1 x 1012 watts, which
is the power generated from 8 x 10 5 Btu (? Quads) of fuel per year, and
for the U. S. power equivalent to 0.8 x 1015 Btu (0.8 Quads) of fuel per
year [3-31]. He estimates that one-tenth of these amounts could be real-
iz?g by the year 2000. The Interdepartment Energy Study Group gave 20 X
1012watts(1600 Quads) of fuel per year, for the ultimate world potential
[3-32]. The set of assumptions underlying these two contrasting estimates
are no doubt different. It may be that the smaller estimate is based on
only wind over land, whereas the larger one includes wind over the oceans.
Installations which tap the moderate-to-strong winds which prevail over
large areas off the eastern coast of the United States are recommended by
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Dr. W. E. Heronemus of the University of Massachusetts [3-33]. He
envisions wind turbines on either floating platforms or towers producing
electrical power which would be used to generate hydrogen by electrolysis
of water. It is hoped that hydrogen will prove to be a convenient medium
for storing, transporting and distributing energy. He estimates that such
an off-shore windpower system for New England could produce 159 billion
(0.159 x 1012) kilowatt-hours of electricity in 1990 at 2.5 cents per
kilowatt-hour, and that there is enough wind energy 3vai1ab1e to double
that capacity by 2000 to some 300 billion_ (0.3 x 1012) kilowatt-hours.
Steam plants would require about 2.5 x 1015 Bty per year of fossil fuel
to generate that amount of electricity, at the then-anticipated rate of
8.5 Btu per watt-hour.

Other large regions of relatively strong winds of interest for
the United States occur in the Great Plains and the Aleutian Islands. Dr.
Heronemus suggests that among our natural energy processes having the
greatest promise, the use of wind power follows immediately after the use
of primary solar energy for climate control and water heating.

Data Collection. Proper siting of a windpower machine on land requires
year-long observation of winds at different possible Tocations and heights
above the ground. The average wind speed can vary significantly from
place to place, depending upon Tocal topography. Careful siting is impor-
tant because the windpower available is proportional to the cube of wind
speed. This means for example, that wind at 25 miles per hour can yield
nearly twice as much power as it can at 20 miles per hour. One investiga-
tor has said that it is not necessary to know the wind speed on an hourly
basis in order to evaluate a site's suitability, but that the average over
a full year is sufficient. This can be obtained using a simple counter
attached to a rotating anemometer to give the total run of the wind. This
average annual wind speed can be translated into the output power obtain-
able from a machine of given design with the help of standard curves
[3-34]. However, today's automatic data collection and processing techni-
ques may make it feasible to obtain the increased information and preci-
sion available from hourly data. Pernaps it may eventually be possible

to compute the behavior of the wind at any proposed site and height within
a given region from detailed topographic data for the vicinity. Informa-
tion as to vegetation, especially trees, would have to be included. The
question of wind data collection and processing demands thorough study
before large-scale utilization of wind power on land can be achieved.

Knowledge of the maximum wind speeds that may occur is necessary,
since the machine must be designed to stand up to these. Other climatic
factors must also be considered, since the machine is inevitably exposed
to all weather. Maintenance will be essential. The operation of a 1.2
megawatt wind-driven generator in Vermont which produced electricity econo-
mically for four years in the 1940's was terminated due to fatigue failure
of the stainless steel blade root [3-35]. Enhancement of reliability
through design, by regular inspection, and possibly by systematic renewal
of critical parts, may become standard practice.
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Ocean Thermal Gradients. Of the 81,000 x 1012 watts [3-36] of incident
colar radiation absorbed by earth surfaces, more than 70% falls on the
oceans. However, the most significant portion of incoming solar energy
intercepts the region of the globe lying between the Tropic of Cancer
and the Tropic of Capicorn, and it is here that 90% of incoming solar
radiation reaches the oceans. Thus most of the solar energy received by
the earth goes into heating sea water.

The effect of the rotation of the earth's poles on ocean currents
is to circulate cold water from the direction of the poles along the ocean
floor toward the tropics; while water warmed in the tropics becomes a
separate current flowing back toward the poles. Within the tropics, the
cold water provides a nearly infinite heat sink at about 5° C at a depth
as shallow as 1000 m [3-27]. The ocean surface collects heat from the sun
and within the tropics stays almost constantly at 25° C because of the
equilibrium between heat gained from solar radiation and the heat lost by
evaporation.

To extract power from these thermal gradients, say 5° to 25° C,
the two currents must be in close proximity to each other. There are
many places within a few miles of land in and near tropical waters such as
the Caribbean Sea and the Gulf Stream (e.g., the Straits of Florida,
between the coastline and Little Bahama Bank, about 25 km. from Miami),
where ocean currents of vast magnitude run within 600 to 900 meters of
each other. It is estimated that the Gulf Steam by itself carries north-
ward heat sufficient to generate over 75 times the total power production
of the U.S. [3-38]. To derive the same amount of energy from 1 kilogram
of seawater flowing through an ocean power plant with a thermal gradient
of 20° C, a hydroelectric plant would have to possess a pressure differen-
tial corresponding to 93 feet of elevation.

According to Heronemus [3-39] recent studies suggest that the
ocean thermal differences process would be highly competitive with central
plants whose costs are now in the neighborhood of $200 - $400/kw installed
[3-39]. This suggests that at current cost figures, solar sea power isS
not only economically feasible, but it is possible that it may make
advanced reactors, such as the AEC's LMFBR, economically obsolete before
their development is complete if a significant investment is made now in
developing solar sea power technology [3-40].

3-9 RENEWABLE CLEAN RESOURCES

An additional consideration of the utilization of solar energy
involves the processes of hydrogen generation and bioconversion of 1iving
organic material and waste materials of organic origin into direct heat
energy or fuels. Although these processes are considered to provide a
clean energy source, it should be pointed out that this is not always true
with respect to the combustion of organic materials, however, the combustion
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of organic materials is cleaner than that of the fossil fuels, such as
coal, which are presently used as a major source of energy.

Hydrogen Generation. Hydrogen can be generated by electrolysis, thermal
cracking, thermal chemical dissociation, and photolysis [3-21, 42, 43,
44]. Thermal cracking of water into hydrogen and oxygen requires tem-
peratures of 2,500°C to 3,000°C; however, there are many unsolved and
unforeseen technical problems associated with this process, such as the
containment of high temperature 1liquids and high pressure gasses and the
separation of the hydrogen and oxygen once the water is cracked.

Hydrogen Generation by Electrolysis. Hydrogen and oxygen can be
simply generated by electrolysis, a process whereby a direct current is
passed through water. The efficiency of converting electrical energy into
hydrogen energy varies around 70%. A problem associated with electrolysis
is the lost efficiency in converting heat into electricity. The conver-
sion efficiency for this is approximately 30% which gives an overall effi-
ciency of about 20%, thus it would be desirable to directly convert the
heat energy into hydrogen.

Hydrogen Generation by Thermal-Chemical Dissociation. Hydrogen can
be generated in multi-step, thermal-chemical, water decomposition process~
es [3-41, 42]. These techniques hold promise since they operate at a much
Tower temperature than thermal cracking, e.g., the maximum temperature of
the MARK-1 process is 750°C [3-41]; however, much work needs to be done
before an efficient, practical process becomes available which operates
economically over the solar collector temperature ranges.

Photolysis. Photolysis is the splitting of water by light via a
photosensitizer molecule. In green plants this process is a major bio-
chemical reaction in photosynthesis for Tiberating oxygen and incorpora-
ting hydrogen into organic molecules (qlucose). It has been suggested
that methods be introduced into this reaction which will trap the hydrogen
by various acceptor materials and utilize it as an energy source. Previous
research on such systems was carried out during the zenith of space
‘research in order to obtain a self-substaining environmental system.

Other possibilities for utilizing exogenous photosensitizers
have been suggested such as Cerium (Ce*4) in a collector system on
buildings [3-45]. This would produce hydrogen for operating heating and
cooling requirements plus electricity.

Conclusions. Even though hydrogen generation by electrolysis, thermal-
chemical dissociation, and photolysis is inefficient, improvement in the
overall work cycle can be made by making use of the waste heat, after the
generation of electricity, for space heating, space cooling, water heating
and/or in thermal storage (Figure 3-9).

Hydrogen storage can be used to augment a thermal storage system
or it can constitute the only energy storage. Consideration must be based
on cost (both capital and operation), size, and safety. It may not be
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practical for the individual home, but it may be practical for a multi-
dwelling application or for large buildings. For further detailed evalua-
tion of hydrogen generation, the reader is encouraged to read the report
by the Houston/Rice University Systems Design Group [3-46].

Bioconversion. There are several methods for the conversion of organic
materials into fuel or heat energy. The more important ones are discussed
in the foliowing sections.

Combustion of Organic Materials Directly into Thermal Energy. The
methodoTogy for accomplishing the direct combustion of organic materials
requires large amounts of land-grown and water-grown vegetation. Through
advanced management practices and development of better solar conversion
efficiency rates within these combustion plants, a renewable supply of
energy resource can be made available. Also, through similar techniques,
solid waste materials from agriculture, animals, industries and urban
areas could represent a-large energy source in certain areas. It should
be emphasized that these schemes could be incorporated into present
research efforts involved with maintaining the quality of the environment.
For example, the Corps of Engineers is spending large sums of money for
aquatic weed control, including water hyacinths. These plants could
represent a potential energy supply by crop harvesting, thus protecting
the environment from excessive use of herbicides.

Organic materials that can be converted directly into thermal
energy can also be converted to more concentrated fuels by a number of
biological or chemical processes. Four of these methods are briefly dis-
cussed in the following paragraphs.

Fermentation - Bioconversion of Organic Materials to Methane. Most
organic materials in the presence of some moisture and in the absence of
oxygen are subject to natural fermentation in which a large percentage of
carbon content in the material is converted into a mixture of 50% to 70%
methane and carbon dioxide.

Pyrolysis. Pyrolysis is a process of destructive distillation
carried out in an unoxygenated closed system. Pyrolysis has for a Tong
time been used commercially for producing organic by-products such as
methanol, acetic acid, turpentine, and residual charcoal. This process
would seem to integrate into a total system of re-cycling of materials
from waste material into usable fuels, therefore helping to eliminate
the problems associated with Tand fills, open burning, transportation to
ocean areas, etc.

Chemical Reduction. Organic materials, when subjected to elevated
temperatures and pressures in the presence of H20, carbon monoxide, and a
chemical catalyst, are partially converted into oil.

Enzymatic Reduction. Closely related to the conversion of organic
materials to gaseous fuel by the fermentation process is the conversion
of suitable materials to valuable pure products, chemical raw materials
or clean fuels by enzymatic action.
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The choice of the conversion method is dependent upon the physi-
cal nature of the material to be processed. For example, fresh harvested
plants contain a high water content and can be converted to a concentrated
storage fuel by a biological process that operates in an aqueous medium.
However, in other cases where the materials to be processed are dry, a
direct combustion technique or pyrolysis would be more advantageous.

In conclusion it is recommended that research and development
efforts relative to bioconversion techniques be continued with special
attention given to the integration of these various processes into methods
for recycling and using solid waste materials or helping to maintain the
quality of the environment.

3-10. CONCLUSION

In this chapter it has been shown that there are many more ways
to provide energy or generate heat energy than is normally considered.
And even if considered for use, many would be discarded because they are
not “economically practical®. But, it must be remembered that the phrase
"economically feasible" is only relative. If people are "freezing to
death" and food stuffs are spoiling from lack of refrigeration then the
costliness of a process to produce the necessary heat or energy to main-
tain a "normal" life is not really important.

In TERRASTAR the Design Group chose to Took into the application
of solar energy to help alleviate the "impending" energy crisis by consi-
dering how solar energy could be utilized to heat and cool buildings and
looking into the problems involved in the utilization of solar energy by
our society.
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PART Ii. SOLAR ENERGY SYSTEMS

Part II focuses on the technology of components and systems for
the utilization of solar energy. Only systems which rely on technological
collection of sunlight are considered. Systems involving natural collection
were discussed briefly in Chapter 3. Components which are somewhat unique
to the utilization of solar energy are discussed along with storage tech-
niques which are often required for solar energy systems.

The application of solar energy to the heating and cooling in
buildings is reviewed in detail. This is followed by a brief review of
proposals for systems to generate electricity for solar energy.

The treatment contained herein is not intended to be exhaustive

but is primarily to acquaint the reader with the broad spectrum of possible
concepts for utilization of solar energy with technological collection.

4/
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CHAPTER 4. COMPONENTS FOR SOLAR ENERGY

A requirement for the direct technological utilization of solar
energy is a device for capturing and absorbing the available sunlight.
These devices are commonly termed collectors. Because of the highly
variable nature of sunlight, a facility for storing the collected energy
is often essential. A device for direct conversion of 1ight into electri-
ci%y, which depends for operation on incident sunlight,is the photovoltaic
cell.

These components for solar energy systems are considered in this
chapter.

4-1 COLLECTORS

Flat plate type collectors are appropriate for relatively low
temperature applications. If higher temperatures are required, concen-
trating or focusing type collectors must be employed. In either case, the
use of spectrally selective surfaces may, under some conditions, improve
the operation of the collector. In this section, flat plate and concen-
trating collectors, as well as the use of selective surfaces, are briefly
considered.

The flat plate collector typically consists of a surface which is a very
good absorber of solar radiation and a means of removal of the absorbed
energy for usage elsewhere. The method of heat removal is normally by
increasing the temperature of some heat transfer fluid (usually air or
water) which either flows over or through the absorbing surface. The
surface is made as diffuse as possible so that the collector does not
require tracking of the sun. A major difficulty is the large area for
heat transfer which gives rise to large losses of the collected energy and,
therefore, lowers collector efficiency. To limit these losses, the back
of the collector is well insulated. The losses from the upper surface are
then suppressed by placing one or more transparent surfaces above the
absorbing surface (3/4'or less apart). The transparent surfaces help
minimize the convective losses [4-1]. By using materials (low iron~-
content glass),which are transparent to the major portion of the solar
energy (visible) and opaque to the infrared (heat), most of the solar
energy reaches the absorber. Since the energy emitted by the absorber is
at longer wavelengths (infrared), for which the covers are opaque, the
effect is to minimize the outward heat losses (Greenhouse effect). The
basic design and evaluation of flat plate collectors was presented in a
pioneering paper by Hottel and Woertz [4-2] in 1942,

The flat plate collector has been the subject of extensive
research in an effort to further minimize these heat transfer losses. The

Y) o
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collectors presently are capable.of raising the temperature of the heat
transfer fluid to approximately 100°F-150°F above the ambient temperature
with reasonable efficiences. However, the efficiency decreases as the
collector fluid temperature rises. A common method of raising the collec-
tor fluid temperature is by increasing the number of transparent cover
plates. Whillier [4-3] gives the following table as a guide to the
selection of the number of cover plates.

Collector Temperature Number of
Above Ambient " Covers
-10°F to 10°F none

10°F to 60°F 1
60°F to 100°F 2
100°F to 150°F 3

It is important to note that these values are only guidelines and will
vary with the materials and configuration of the collector. Tybout and
L6f [4-4] found that the use of two covers is economically best for
heating in most of the U.S.

The flat plate is widely recognized as a very promising method
of collecting solar energy for space heating purposes. However, its
usage in cooling has been limited by the relatively low temperature
achieved by the collector fluid. Further attempts to increase this tem-
perature with reasonable collector efficiencies have included the usage
of selective coatings on the absorber surface, low reflectance coatings
[4-5] on the transparent cover plates, better insulating materials
around the back of the collector and the usage of honeycomb material to
suppress convection [4-6]. The usage of selective absorber coating
which is a good absorber of the shortwave radiation and a poor emitter of
the infrared has results similar to the greenhouse effect mentioned
eariier. Many investigators have worked in this area with very good
results and NASA Marshall [4-7] has proposed an interesting flat plate
collector design using this type of coating. Drawbacks of selective
coatings are their instability (particulariy at high temperatures) and
their high cost. As mentioned earlier, the flat plate collector enjoys
the advantage of not requiring tracking to follow the sun. Usage of a
tracking device is in general undesirable because of cost and the very
probable maintenance problems. However, to utilize the collector under
optimum conditions requires that it be oriented in a certain manner. For
heating in the Northern Hemisphere, it should be oriented at latitude
plus 15° above horizontal, for cooling at latitude minus 8°, and for a
combination of heating and cooling the optimum orientation seems to be
at an angle equal to the latitude above the horizontal [4-4]. With the
usage of good insulating materials and selective absorber coatings the
conductive and radiative losses can be minimized to the point that con-
vective heat losses are dominant.
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Several investigators have suggested the use of honeycomb mater-
ials to suppress convective losses and as pointed out by Tabor [4-6],the
desirable honeycomb material would be very thin with the properties of
glass. However, Charters and Peterson [4-8] have shown analytically that
the usage of honeycomb type materials for convective suppressors will
only work for horizontal flat plates. This would render the addition of
honeycomb type materials useless for most applications.

Tabor [4-9] suggested that in Tong rainless periods, the trans-
mission through a tilted glass can drop by half in a few weeks if it is
not cleaned. This would seem to be a serious drawback for flat plate
collectors since any large scale application would require rather
exhaustive maintenance to keep the surfaces clean. However, Whillier
[4-3] reports that collector covers that to the eye appear to be extremely
dirty after weeks of operation in rainless weather in a highly industrial-
ized area have been found to transmit only 4 percent less than when clean.
He suggests that a 2% loss in transmission due to dirt is a reasonable
assumption. Clearly more work should be done to explain this discrepency.

The design of the absorber plate itself is well understood and
documented in the literature [4-1, 3].

Studies of flat plate collectors with selective absorbers and
plastic (Tedlar) covers have also been proposed. These systems offer the
advantage of being light weight with the potential for achieving higher
collector temperatures. The cost of using this sort of scheme, and the
long term effect of the weathering of the collectors have not been deter-
mined,

Perhaps the greatest hurdle for immediate solar energy utiliza-
tion is the cost of the flat plate Eollector. Current estimates for the
colTector costs range from $1.50/ft¢ to $10/ft2 with $4 being a reasonable
average value for a collector using conventional technology. Addition of
the above mentioned heat transfer suppression techniques would tend to
increase this cost. Tybout and L&f E4-4] estimate the $4/ft¢ can be
reduced to $2/ftZ with large-scale production.

Concentrating Collectors are used when temperatures higher than those
obtainable by a flat plate collector are desired. Concentrators must
follow the sun (i.e., be heliostats) and their heat absorbers are usually
placed in evacuated pyrex enclosures. The efficiency of collectors can be
increased by means of selective coatings such as thin films of aluminum
dioxide and molybdenum, but, unfortunately many of these coatings become
unstable at the high temperatures attained. The absorber's absorptivity
can also be increased by corrugating the surface. Careful design assures
that the pumping energy of the absorbing fluid and positioning energy of
the heliostat are minimal.

Concentrators can be reflectors, refractors, or mixtures of
reflectors and refractors (e.q., the Schmidt telescope). The great mass



4-4

of refractors {lenses) with the possible exception of fresnel lenses
are disadvantageous and only reflectors will be considered here. These
consist of a shaped glass or metal surface with a highly reflective

aluminum coating.

In contrast to optical telescopes which specialize in a point
focus, solar reflectors can have several focus geometries:

o A point focus for high temperature
o A line focus for medium temperature
o A ring focus for medium temperature

In addition to focus geometry, the reflector shape is an impor-
tant concentrator attribute. The long evacuated glass cylinder, with
part of its surface reflecting 1ight onto a line absorber, can be stacked
in a planar array and yields slightly higher temperatures than a fiat
plate collector. The glass cylinder is a stronger structure than glass
plate.

The conical collector consistsof a truncated circular cone witha
90° apex angle; its cylindrical absorber is mounted at the cone's axis.
By replacing the circular cross-section with a hexagonal cross-section and
a mosiac of the hexagon, a wider area can be achieved.

Parabolic cylinders and circular paraboloids produce Tine and
point focus geometries,respectively. By orientating the cylindrical
collector axis in an east-west direction, the collector only needs to
track the sun seasonally. A ring focus is achieved by rotating a parabola
so that its focus is circular. The torus is a simple example of a ring
focusing reflector shape.

A cylindrical concentrator's positioning is dictated by heat
absorber material phases. Horizontal placement dictates that only the
fluid phase can exist in the absorber. If a mixture of fluid and vapor
is the goal, as in steam generation, then the cylindrical concentrator
axis should be aligned in a more vertical position. If rotary joints
cannot be avoided in the heat absorber, then these joints must be leak-
proof. High costs and the need for tracking are the major drawbacks of
concentrating collectors; the ability to attain high temperatures is
their great advantage.

With proper modifications and accessories, medium temperature
solar concentrators can be applied to water heating, space heating, steam
generation, absorptive refrigeration, cooking, water and atcchol distilla-
tion, and thermal storage. Photovoltaics and storage batteries are
possible for electrical generation but their high cost at present precludes
utilization in all but very specialized appiications.

High temperature concentrators are primarily used as solar
furnaces to melt materials with a minimum of crucible contamination.
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Another apﬁ1ication suggested in the past has been to large turbo-generator
or magnetonydrodynamic power stations.

Selective Coatings. Selective coatings are one method of improving the
performance of solar collectors. For photovoltaic devices, a coating
that will reduce the reflectance in the visible wavelengths and increase
the infrared reflectance would be quite beneficial. This type of coating
would provide more optical energy for transformation into electricity and,
by reflecting the infrared (heat) energy, the photocell could operate at
lTower temperatures, where it is more efficient [4-10].

For thermal collectors, the addition of selective coatings to
the absorber surface would allow the collector to operate at higher
temperatures and more efficiently [4-5]. The selective coating for this
application would be a good absorber of the solar radiation {beTow 2
microns) and a poor emitter of infrared radiation where the absorber is
emitting [4-11]. This is commonly termed a high =/¢ ratio, where =« is
the solar absorptance and ¢ is the thermal emittance of the absorber sur-
face. However, it is important to note that a high «/¢ ratio is not enough
to insure that a surface is a good solar absorber. Many polished metals
have «</¢ ratios which would appear promising but their solar absorptivity,
*, s so small as to render them poor materials for use as a solar
absorber [4-9]. The most important thermal characteristic when radiation
is the dominant mode of the selective surface is that the solar absorp-
tance = be Targe (as near one as possible).

Many selective coatings become unstable at high temperatures,
which prevents their usage in focusing collectors. 1In addition, since
solar and absorber spectral distribution curves overlap more for higher
temperatures, the advantage gained for focusing collectors may be more
limited. Edwards [4-12] has made a rather complete study of solar selec-
tive surfaces.

4-2 ENERGY STORAGE

Almost any attempt to utilize solar energy will require the
storage of the energy collected due to the intermittancy of the sunlight
available. Energy storage can take the form of chemical storage, thermal
storage or mechanical storage. The choice of storage form depends
largely upon the form of the energy to be stored, the eventua] usage of
the stored energy and the economics of the various systems,

Thermal Storage methods generally fall into the categories of raising the
temperature of inert substances (sensible heat) and reversible chemical

or physico-chemical reaction. Many proposed solar heating systems collect
the energy in thermal form and eventually utilize the energy in the
thermal form. For these types of systems the storage of energy in the
thermal form has the advantage of eliminating the loss that would be
incurred through conversion to some other form. Since the success of

any thermal storage system is dependent upon the ability to maintain the
thermal energy within some container, good insulating materials, small
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surface-area-per-volume containers, and minimal temperature differences
between storage materials and surroundings are of major concern. Unfor-
tunately these factors are not independent and when coupled with economic
considerations the choice of the "best" storage sysiem for a given set
of physical conditions is difficult to determine.

Obviously, the time or period over which the heat is to be
stored influences greatly the storage design. For certain locations it
has been suggested that solar energy should be collected in the summer
months and stored for use in the winter (Jong-term), other areas would
seem to only need storage from daytime to use at night (short-term
storage). In a recent study [4-4] of solar house heating it has been
shown that the only system which presently makes sense economically is
the partially solar heated house with one-or two-day storage. When the
ultimate goal of the system is cooling (building A/C}, the choice of
storing at a high temperature or lower temperature is available. The
materials available, estimated heat loss and economics again are prime
considerations.

One of the more promising methods of storing thermal energy is
in the form of sensible heat. House heating units have used this approach
by raising the temperature of water or rocks which are kept in insulated
containers. Water has the advantage of being cheap, plentiful and having
a high specific heat. However, water is limited to a temperature range
of 0°C to 100°C (32°F to 212°F) to avoid freezing or boiling. Freezing is
easily overcome by addition of antifreeze, but the possibility of boiling
causes concern since expensive pressurized containers would be required.
Perhaps this "boiling off" problem could be handled by venting the steam
to the atmosphere and adding cold water with a level-control valve. Water
seems to be a good candidate for the flat plate collectors where the
temperatures are between 0°C and 100°C {32°F and 212°F).

Rocks have also been used in the same manner, with air being the
energy vehicle between the collector and the storage material. They are
also inexpensive and readily available but have a much lower specific
heat than water {about 0.2 to 1.0 Btu per pound per degree F). However,

a recent study [4-13] has shown that the absorption of water as air flows
over the rocks can increase efficiency by about 25%. But, for a specific
amount of heat storage the volume of rocks necessary will be considerably
larger than a volume of water. In using rock for thermal energy storage
one must optimize between a small size for maximum mass and heat transfer
and a large size for minimum blower energy use. More information is needed
to determine the optimum sizing of rock for usage in thermal storage. The
most important physical characteristic tor a sensible heat storage
material is high heat capacity per unit volume (specific heat). In this
regard, metals would be good candidates for sensible heat storage were it
not for cost. Tybout and Lof [4-4] estimate the cost of water storage at
$0.05/1b of water.
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A1l sensible heat candidates require a large volume. Using
materials which undergo physico-chemical change can greatly reduce the
storage volume required. In addition, by using materials which change
phase at the temperatures of interest, the required storage temperature
can be held at a lower value which reduces the heat losses. Low cost
salt-hydrates have been used in storage for house heating. Major draw-
backs of these materials are the 1imited rate at which heat may be removed
and subcooling of the salts. If subcooling occurs, the material does not
part with its stored heat and nucleation agents must be added to promote
crystalijization [4-14]. The rate of crystallization is slow and this
regulates the rate at which heat can be removed. Another problem which
occurs is the settiing of the crystals which prevents reversibility.
Foams and muds have been and are being studied to prevent this settling.
Cost is also a definite problem in many phase-changing materials. The
complex crystaliization mechanism of salts results in large variations in
the amount of heat able to be stored and released. Paraffins are being
studied for low temperature storage. Problems that have been found are
container compatibility and the air entrapment in the solidifying wax
causing high insulating characteristics, therefore, poor heat transfer.
Paraffins are inherently poor conductors and upon heat removal, an insula-
ting film forms on the heat collection surfaces. Many phase change
materials cost as much or more than the entire storage system for water
or rock used for thermal energy storage.

Numerous other storage schemes have been suggested in the liter-
ature. Soiid-solid transitions have been discussed but not utilized.
Also, heats of reaction for certain reversible chemical reactions have been
suggested as a possible storage technique. Heats of vaporization are
quite high for many substances. A major problem that occurs is the
increased volume due to vapor formation. One scheme which seems promising
utilizes a hot and cold container but the hardware costs would seem
prohibitive [4-16].

Another volume reduction technique suggestion is the use of heat
of absorption in desiccant materials which absorb water from an air-water
vapor mixture which flows through the bed [4-13]. This type of system
would seem to have the most promise where drying is an important part of
the operation. Currently, materials for this type of storage system
are too expensive to make it competitive.

Photochemical reactions of substances [4-17] have been studied
as a means of energy storage. In this scheme the photochemical reactions
absorb the solar energy incident upon the substance and the products can
be combined Tater under controlled conditions to release heat. More
study is needed in this area before it can be a viable energy storage
system as the efficiency is low.

Chemical Storage. There are many ways of chemically storing energy
[4-18, 19]. Several methods that may be effectively used with solar
energy are presented here.
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Hydrogen may become a universal fuel in the decades ahead
[4-20]. It can be effectively stored both in the form of a gas and in
the form of a liquid, or it can be stored in solids.

Hydrogen stored as a gas at low pressure is not practical for
small scale applications since it requires large storage areas; however,
for large scale uses it could be stored in large abandoned mines as
natural gas is now stored. Bacon, when discussing hydrogen storage for
use with fuel cells [4-21], suggests storing hydrogen in steel pipes at
a pressure of 100 atmospheres.

Storing hydrogen in a liquid form takes much Tess space, how-
ever, it requires very cold temperatures and extensive insulation.

A solution to the liquid hydrogen problem is to convert the
hydrogen to ammonia, a fuel with definite possibilities for use in the
future [4-22, 23].

Finally, hydrogen can be stored in solids either through
adsorption as with palladium, an expensive metal, where one volume will
hold up to 800 volumes of hydrogen under pressure and then will release
the hydrogen under ambient conditions, or in the form of reversibly
hydrogenated organic or inorganic compounds (e.g., hydrides) [4-24].

As stated by Danjels, “The storage of hydrogen for operating
fuel cells or engines is a problem deserving considerable research effort
[4-25]."

Storage batteries can be characterized by cost, life, specific power
and specific energy. The obvious need for better methods of energy
storage for eventual electrical usage has generated a keen interest in
the development of cheaper and better performing batteries. Hottel and
Howard [4-26] recently summarized the status of storage battery develop-
ment and the following listing summarizes their findings.

(1) Commercially Available Batteries:

o The lead-acid (automotive) battery is moderately ?riced,
reliable, efficient, and rugged. It has a lifeo
200 cycles and an energy capacity of 15 watt-hrs/1b at
Tow output. Traction batteries have a longer 1ife and
lower storage capacity.

o Lead-cobalt batteries have a somewhat increased energy
delivery.

o The Nickel-Iron (Edison Cell) battery has a long life

(3000 cycles) but lower power output than lead-acid
batteries.



4-9

o The Nickel-Cadmium has an excellent 1ife and a reasonable
energy density. Unfortunately it is expensive and uses
materials which are in limited supply.

° The Silver-Zinc battery looks promising with a specific
energy deliver of 60-80 watt-hr/1b and costs less than
Tead-acid batteries.

° Organic-Electrolyte are being considered. They have high,
specific energy but the power is not high. Life is a problem.

° Several other suggested batteries look promising but must
operate at elevated temperatures. These include sodium-
sulfur which operates from 250°C to 350°C and Fused Salt
which operates from 600°C to 700°C. The high temperature,
of course,causes other problems.

Fuel Cells are an exciting prospect for energy conversion in the
future. Electrochemical fuel cells do not function like regular batteries,
rather,they use a continuous input of reacting materials to replace the
material used in the process [4-27, 28, 29]. Fuel cell efficiency is not
limited by the Carnot cycle that 1imits thermal processes. Efficiencies
of 50, 60, and 70 percent have been reported.

Most fuel cells operate with gas, necessitating the use of cata-
Tytic electrode surfaces which have, in some cases, operational lifetimes
of less than a year. These catalysts are usually rare metals which make
the use of these cells for large scale systems impractical. Fuel cells
can have a significant effect on energy conversion and storage. Signifi-
cant experimental research is being carried out on fuel cells [4-30, 31].
For example, waste organic matter is oxidized by electrolytic ions in
acid solutions and then a fuel cell is run by the ions.

Mechanical Storage of energy for a short time period by means of fly-
wheels has been utilized to store small amounts of energy for many years;
however, with the development of composite materials able to withstand
higher stresses, the possibility of storing large amounts of energy in this
matter seems worthy of study. Storage of gases under pressure with later
utilization of the gas as a fluid under pressure to run turbines, etc.

is also quite feasible, with the economics being the controlling factor.
A third type of energy storage included in this classification is pumped
storage. The storage of energy by pumping water to an elevated reservoir
is an_old and well understood procedure which is gaining in application
[4-26]. A1l of these processes have potential for storage of large
amounts of energy and should be considered in regards to the form of the
energy available when storage is required and to the economics; however,
their immediate application for storage in solar energy utilization
schemes does not seem to be promising.
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4-3, PHOTOVOLTALCS

Certain semiconductors when exposed to sunlight convert the
energy of the impinging photons (Tight quanta) directly into electricity
by a process calied the photovoltaic ef?ect. Neither moving parts nor
high temperatures are required. Absorption of light by the semiconductor
generates free electrical charges which can be collected on contacts
applied to its surfaces. These special semiconductors, known technically

as photovoltaic devices, are commonly referred to as solar cells.

The most commonly utilized type of solar cell is the silicon
single crystal p-n junction cell. It is the only type which is readily
available on the commercial market at the present time. The reliability
of these cells has led to their utilization in over 600 U.S. and some
400 Soviet spacecraft as the primary source of electrical power. They are
also used in small independent packaged power systems in applications such
as remote sensing devices, transistor radios, ocean buo 1ights, microwave
repeater stations, highway emergency call systems [4-325 and lighthouse
power equipment [4-33].

With such a well established technology for space and small
scale specialized terrestrial applications, why isn't it used on a wider
scale for supplying terrestrial electrical power needs? The answer is
that the present cost of the cells is prohibitively high.

According to Loferski [4-34], the current cost of silicon
cell arrays as determined by the market for space applications is $7,000/
m? ($650/ft2). The principle cause of the high cost of silicon cells is
the necessity of making single crystals. While it is possible that cost
reduction by a factor of 100 might be attained by making currently con-
ceivable changes in the manufacturing process, it is not clear at present
whether silicon systems based on current concepts can ever reach competi-
tive cost levels. Work in progress includes a study of techniques utili-
zing thin film polycrystalline silicone [4-35].

The cadium sulfide cell is a polycrystalline film (10 micro-
meters) of CdS on which a film (0.1 micro-meters) of cupric sulfide is
grown. According to Boer [4-36], DuPont recently estimated_that large
areas of this cell could be made for costs of about $5.00/m2. However
the current level of understanding of the photovoltaic effect in this
system is not good enough to lead to the controlled fabrication of reli-
able long-Tlived cells from CdS.

A possible alternative cost reduction technique is the use of
concentrated sunlight on photovoitaic cells at high concentration ratios.
However, as concentration ratios increase, passive cooling is not suffi-
cient to keep cell operating temperatures low enough to maintain reason-
able efficiencies. At high concentration ratios, active cooling must be
provided. It is possible that additional costs of concentration, track-
ing and cooling may be less than the additional cost of cells required
if concentration is not employed. This would result in a reduced
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instailed cost per watt without reduction in cell cost per watt. Even
with reduced cell costs, concentration may be advantageous from a cost
standpoint and should not be overlooked as a viable option. Schaffer
and Becﬁman [4-37] designed and tested a photovoltaic power system with
a 36 cm® cell area operating on a concentrated solar flux of 25 watts/
cmé {a concentration of almost 300) which produced 40 watts of electrical
power. A closed loop water cooling system utilizing pin fins on the
backs of the cells required 5 watts for pumping the coolant. The
system was not optimized and the cell would be correspondingly improved.
Russian workers have developed and tested several systems for pumping
water in remote areas, which utilize water-cooled cells [4-38, 39, 40].

Glaser [4-41] mentions organic semiconductor compounds on
which research is continuing because there does not appear to be a theoret-
ical 1limit for energy-conversion efficiency. However, the present
efficiency of such compounds is about 0.05%, indicating that substantial
progress still remains to be made.

Bailey [4-42] has proposed the possibility of creating high
efficiency solar-electricity converters utilizing wave-like properties
of radiation interacting with absorber-converter elements. The proposal
is based on the possibility of extending concepts of power absorbing
antennas and converters to the visible light range. However, the concept
has not yet been demonstrated in the laboratory for the visible light
range.

Further research and development are required before it can
be ascertained whether the cost Tevel required for large-scale photo-
voltaic solar enmergy conversion will be economically feasible.
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CHAPTER 5. SOLAR HEATING AND COOLING
IN BUILDINGS

The dilute and intermittent nature of solar energy has served
to inhibit its utilization in many applications. One case where
dilution is not as significant a deterrent is in the heating and cooling
of buildings. Enough solar energy strikes the roof of the average
home each year to provide nearly ten times its annual heating requirement
[5-1]. Additional advantages of solar energy for heating and cooling in
buildings are its widespread availability and easy conversion to thermal
form. Sunshine is available in differing amounts everywhere in the world
and the easiest method of capturing it is by absorption in the form of
thermal energy (heat). Therefore, it is Togical to utilize it directly
in the heating and cooling of buildings and avoid losses that would
occur by conversion to some other form. It may be emphasized that of
the total energy consumed annually in the U. S., about 25% is used for
heating and cooling in buildings.

It is generally agreed that of all the possible widespread
uses of solar energy, this application has the highest probability of success
in the near term. Although there are significant uncertainties associa-
ted with some technological and economic aspects, they do not loom as
large as those associated with other potentially significant applications,
such as electrical power generation. It may, however, be noted that solar
electrical power generation at the building site, or at a centralized
station is an excellent long term prospect. Approximately 25 experimental
solar heated structures have been built in various parts of the world.

Figure 5-1 is a diagram illustrating in general form the func-
tional relationships of the required components for solar heating and
cooling in a building and Figure 5-2 is a schematic diagram of a
specific example. The collection and storage required to take care of
the maximum possible heating/cooling load conditions is far too expensive
to be practical, and a supplemental energy source must be provided.
However, the supplemental energy source must be capable of supplying the
full heating or cooling requirements of the building at the time when
the demand is the greatest. The thermal energy available from the collector
or storage units can be used directly for space and water heating or to
operate a heat actuated cooling unit. As with space heating and cooling
with conventional energy sources, various pumps, controls and facilities
for circulating air from the heating and cooling units to the conditioned
space are required,

Figure 5-3 illustrates a systems approach to achieving the ob-
Jective of identifying and evaluating systems for space heating and cool-
ing of buildings, including water heating. There are numerous alterna-
tives for satisfying the various requirements.

S5-I
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The major decisions to be made in terms of collection are
whether to use a flat plate or a concentrating type, and whether or not
a spectrally selective absorbing surface should be employed. These
alternatives are reviewed in Section 4-1.

The solar energy may be collected as thermal energy or trans-
formed at the collector to electricity (e.g., photovoltaics), or both.

Transport of energy from the collector may be as thermal enerqy
via a circulating fluid or as electricity, depending on the transformation
occuring at the collector. If thermal energy is transported from the
collector, it may be used as thermal energy, or transformed to mechanical
or electrical energy by an appropriate conversion device.

The basic alternatives for storage depend on the form in which
the energy is supplied and may be classed as thermal, chemical, or
mechanical,. Specific techniques for each of these categories are discussed
in Section 4-2.

The supplementary energy source would ordinarily be electrical
power or fossil fuel (coal, oil, or gas).

Particular space heating, space cooling, and water heating
Processes or devices need to be selected. The alternatives available
and their integration with the collection, transformation, transport,

storage, and supplementary energy source components are not detailed
here but are discussed in the following sections.

Examples of the types of constraints and criteria which may
affect the trade-offs made in identifying candidate systems for a par-
ticular installation might be:

o Available insolation

o Microclimate characteristics

o Building size

o Building function

o System function

a) Space Heating only

b) Space Cooling only

c} Water Heating only

d) Solar electrical power

e) Combined System -- any combination of the above four

o Comfort conditions

a} Temperature control required
b} Humidity control required

o Economically feasible
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The approach to the systems jdentification just outlined
focuses on technological considerations. An overriding c¢riterion for
practical application arises from the need to achieve economic competi-
tiveness. The present chapter concludes with a discussion of the rela-
tionship between the technological and economic considerations essential
to the practical implementation of solar heating and cooling in buildings.

5-1 SPACE COOLING WITH SOLAR ENERGY

Current energy use for air conditioning of buildings is only
a small percentage of the national energy utilization. On a national
Jevel, the energy used for air conditioning of residential structures is
about one-tenth of that for space heating.

Nevertheless, there are several reasons why solar cooling
development and assessment should be examined just as intensively as
solar heating. The demand for cooling is increasing at a greater rate
than that for heating. The relative energy demand for heating and cooling
is also highly regional and in some areas, €.9., the Southwest, more
energy is already used for cooling than for heating purposes.

Cooling applications of solar energy have some inherent
advantages over heating applications. Heating needs tend to be out
of phase with the sun, both on an annual and a diurnal basis. The
cooling load more nearly parallels solar energy supply. Therefore,
energy storage requirements are not as significant a factor in cooling
as in heating. It is likely that solar utilization for combined heating
and cooling systems will be more attractive economically than for systems
which only heat or cool. The additional capital investment required for
combined solar systems as compared to a system which heats only, would
not be as large a proportion of the total expense because cooling
installations are inherently more costly than heating systems.

Finally, the costly summer peak electrical demand which occurs
in many parts of the U. S. could be significantly reduced if solar
cooling could be widely utilized. Even though the energy used for
residential and commercial summer cooling is less than 3% of the total
national annual consumption, it is 42% of the summer total for these
building types.

Alternatives for space cooling processes which may be integrated
into solar energy systems for buildings are listed in Figure 5-4. Brief
descriptions of these processes are outlined in the following paragraphs,
with the exception of architectural control which is outlined in the
next section.

The vapor compression system is the most familiar and commonly
used cooling system. Most residential and automotive space cooling,
and food refrigeration machines in use in the U. S. are of this type.
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The major components are a reciprocating vapor compressor, an evaporator,
a condenser, and an expansion valve as i1lustrated in simplified form in
Figure 5-5a. The most commonly used working fluid is Freon-22. The
reciprocating compressor is usually electricaily driven. However, an
interesting approach employing a solar driven Rankine cycle engine
directly coupled to the compressor shaft has recently been reported(5-2].
In some applications, for example water chillers, the reciprocating
compressor is replaced by a steam jet ejector device for compressing the
refrigerant. Russian workers have investigated a freon ejector solar
cooler intended for use as an air conditioner [5-3].

Absorption systems are less familiar to the general public
since their main applications have been industrially oriented involving
large capacity machines. These systems are heat actuated, depending on
the use of two substances which are dissolved in each other and then
separated. They are the refrigerant (for example, ammonia) and the
absorbant (for example, water). A critical review of literature on the
absorption cooling process has been published by the Institute of Gas
Technology [5-4]. A continuous absorption cycle is illustrated in
simplified form in Figure 5-5b. The dissolved refrigerant is boiled
off from the absorbant in the generator by heat applied from the energy
source. The refrigerant is then condensed giving up heat to the ambient
air or a coolant such as water. After the refrigerant liquid flows
through the expansion valve which drops the temperature and pressure, it
is evaporated by picking up heat from the space to be cooled. The
vaporized refrigerant is then reabsorbed in the liquid absorbant and
pumped back to the generator. The system is similar to the vapor
compression system, except that the reciprocating compressor is replaced
by a generator, absorber, and pump.

Other variations on this process are the open regeneration
system [5-5], the intermittant absorption cycle [5-6,7], and the three
fluid absorption system [5-8]. The intermitiant cycle has been proposed
primarily for the production of ice from solar energy for food preser-
vation. The three fluid system process is most commonly known to the
public as a gas-fired air-conditioner. An additional variation on
absoqption systems is the possible replacement of the liquid absorbant with
a solid.

The thermoelectric cooling system is based on the Peltier
effect in which an electric current flowing across the junctions between
two dissimilar materials (metals or semi-conductors) causes one junction
to cool while the other becomes hotter. It is commonly employed only
in small scale, specialized cooling applications.

Evaporative cooling is a process which is feasible with Tow
humidity air in which the air is contacted with water droplets which
then evaporate. It has been commenly employed in dry climates such as
the Southwestern U. S.

Desicant humidity control involves the use of a hygroscopic
material in either solid (such as silicon gel) or liquid (such as
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triethylene glycol) form which will remove most of the moisture from the
air with which it is intimately contacted. Regeneration of the desiccant
requires application of heat. Cooling of air can also be accomplished

by combining this type eof system with evaporative cooling. Several
papers discussing the use of this technique with solar regeneration

have been published [5-9, 10, 11]. Systems using triethylene glycol

are in industrial and commercial use in relatively large sizes.

Cooling by night-sky radiation is also possible. In dry climates
with Tow sky tempeEatures and clear atmospheres it is possible to radiate
25 to 50 Btu/hr/ft¢ from a surface at ambient temperature [5-12]. Air
or water can be circulated past a large surface exposed to the night sky
and cooled in this way.

0f these techniques, one of the most promising applications
of solar energy to space cooling in the U. S. is the continuous absorption
system. Some experimentation on the coupling of these systems with
solar collectors has been performed [5-8, 13, 14, 15]. Flat plate
collectors are the most convenient to use for these applications, but
difficulty has been encountered in matching the relatively low temperature
achieved by the collectors with the generator temperature required for
smooth system operation [5-8, 13, 14l. Efficiency and smoothness
of operation can be improved if heat rejection is by once through water
cooling or a cooling tower. However, for residential application such
heat rejection techniques may not be feasible, so that air cooling would
have to be employed. One of the systems referenced above [5-14] was
installed in a building which was constructed and tested in Brisbane,
Australia. A number of difficulties in the operation of the system were
encountered. Japanese workers have investigated the use of a parabolic
cylinder concentrating collector coupled with an absorption cooling
system [5-15].

Much of the past investigation has been performed by strong
proponents of solar energy. There has, therefore, been a tendency on
the part of some to overemphasize the favorable aspects of a particular
development while omitting or at least not fully stressing the diffi-
culties involved. Lack of sufficient funding has also hindered some of
the previous investigations.

What is needed is an approach where promising conceptual system
designs appropriate to particular geographical regions are selected
for development. This should be followed by detailed design and testing
of individual components of these systems. Finally, the complete system
should be tested with solar input and under actual or simulated 1oad
conditions. Instrumentation should be complete enough so that performance
of each component as it functions in the total system can be assessed.
In this way the problem areas can be realistically jdentified and
documented so that the state-of-the-art can be advanced.

_ According to Lof [5-16], "research and development needs in
residential solar cooling are system design studies, cooling unit design,
testing of combined solar heating and cooling assemblies, economic



evaluations, component development and improvement, and manufacturing
{industrial) engineering development." He also points out that "major
deterrents to commercial entry into the manufacture and sale of solar
heating systems are insufficient design information, high capital
(initial) costs of the units, and the uncertainty of a profitable
market.” While the last remark was made in reference to solar heating
systems, the same points apply even more strongly to solar cooling
systems and to combined systems. As a specific illustration, it appears
that to date no major manufacturer of absorption cooling equipment

has spent any significant effort on research and development toward
absorption cooling units with input from solar collectors and/or
storage facilities and their integration with supplementary energy
sources.

5-2 SPACE HEATING WITH SOLAR ENERGY

Approximately 25 experimental solar heated structures have
been built in various parts of the world. Various combinations of collector
types, heat storage techniques, heat distribution technigues, and
auxiliary energy supplies have been used.

Alternative space heating processes are indicated in Figure 5.86.
The first alternative (architectural control) is to be distinguished from
those remaining, each of which involve mechanical control systems, A
useful way of comparing these two basically different types of control
systems is presented in the following table:

Characteristics of Two Systems

Architectural Control Systems Mechanical Control Systems

© Basically fixed in nature °© Usually has moving parts
°© Little maintenance required Regular maintenance required
o Reliability easily achieved Reliability an important

[+]

o

constraint
° Low operating energy con- ° High operating energy con-
sumption sumption

o "Passive" control achieved o “Active" control necessary:
shading devices, natural pumps, fans, working
landscaping, building fluids, distribution
orientation, thick walls, systems, storage systems,
natural ventilation valves, monitors, electro-

mechanical controls

The effect of landscaping design and architectural design inclu-
ding use of overhangs and shading devices on the use of energy to heat
and cool buildings is shown graphically in Fig. 5.7. If the building has
areas of glass exposed to direct summer sun, the capacity of the air con-
ditioning system must be increased and operating costs are higher for
summer cooling. If this glass is shaded, either by architectural
devices or by proper location of trees and shrubbery, then the operating
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House designed with no roof overhang
or exterior window shading has higher

summer operating costs.

Passive control of insolation:
requires less energy for cool
Tiving. May require more heating

in winter,
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Deciduous trees shed Teaves in
the winter, allow penetration of
solar energy into house and
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Figure 5-7. ARCHITECTURAL AND LANDSCAPING DESIGN AS AN AID
IN HEATING AND COOLING BUILDINGS
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costs and capacity of equipment can be reduced. It is not always clear to
what quantifiable extent "good" architectural design is responsible

for energy conservation or passive solar utilization, but in a rational
cost-benefit analysis of the application of solar energy to heating

and cooling the inherent characteristics of both systems and their
Tife-cycle costing must be compared. General reference to the study of
architectural control of energy can be found in [5-17, 18, 19]. Two
selected specific examples of application are in [5~20,21].

The second alternative (circulating fluid systems) usually
involves direct hot air distribution to the heated space or circulation
of hot water to radiators or heating panels.

The principle of operation of the vapor compression and vapor
absorption heat pumps is the same as for the corresponding cooling
cycles as described in the previous section (see Figs. 5.%a, b). The
mode of operation, however, must be modified so that the condenser (and
absorber in the case of the absorption cycle) transfers heat to the heated
space and the evaporator picks up heat from the environment.

Selected characteristics of some completed solar heated
buildings are presented in Table 5-1. These buildings all utilize some
type of circulating fluid heating process. More detailed summaries of
these and other completed solar structures may be found in [5-12, 22].
The performance of these experimental systems has been measured with
widely varying degrees of completeness and accuracy. The capabilities
of the various designs have been roughly established. As a result
there is no uncertainty about the technical possibilities of satisfactory
solar space heating systems. The heating systems which have been
designed, while workable, are not fully engineered. The best systems
will need to be selected, the design of the systems needs to be optimized,
and several components of these systems need further development and
engineering.

Concepts which utilize the heat pump principle with solar
input would ordinarily be used only in a combined system where both
space heating and cooling is desired, as discussed in the section 5-4,

5-3. WATER HEATING WITH SOLAR ENERGY

Solar water heaters are commercially manufactured in Australia,
Israel, Japan, USSR, and the United States. The use of solar water
heaters is increasing in Australia, however, it is decreasing at the
present time in Japan and the United States.

The technology of solar water heaters is well developed; further
product engineering and larger scale manufacturing would result in
cost reductions and increased utilization. A complete review of this
application solar energy may be found in [5-23].



Table 5-1 SELECTED CHARACTERISTICS OF SOME COMPLETED SOLAR HEATED BUILDINGS

Building Building Date Collector Transport | Storage (Supplementary Space
Location Type Completed Type from Medium Heat Heating
Collector Source Process
Lexington, Residence 1958 Flat plate, black- Water Water {0il1-fired Warm air
Mass. ened aluminum, furnace circulation
glass covered.
Denver, Residence 1958 Flat plate over- Air Gravel |Gas-fired Warm air
Colorado Tapped glass. furnace circulation
Albuguerque, |Office 1956 Flat plate, black- Water Water |Electrically | Hot water
New Mexico Building ened aluminum, driven circulation
glass covered. heat pump
Princeton, Laboratory| 1959 Flat plate, black- Air Glauber Warm air
New Jersey ened sheet metal Sait - circulation
glass covered.
State College | Residence 1953 Flat plate, black- Air Glauber|Gas-fired Warm air
New Mexico ened steel sheet, Salt furnace circulation
glass covered,
Dover, Residence 1949 Flat plate, black- Air Glauber|Added after Warm air
Mass. ened sheet metal, Salt |two heating circulation
glass covered. seasons

2
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5-4. COMBINED SYSTEMS FOR HEATING AND COOLING WITH SOLAR ENERGY

The same major components can be used to supply hot water,
space heating, and space cooling. Selected characteristics of some
compieted solar heated and cooled buildings are summarized in Table 5.2.
In the strict sense, the cooling processes used in these structures are
not solar cooling, but primarily rely on radiation to the cool night
sky. The air or water so cooled is used to cool the storage medium.
During the day air or water is circulated to the cooled storage medium
and then used to cool the interior space of the building. The first three
buildings in Table 5.2 are discussed by Lof [5-12], including schematic
diagrams of the Tucson, Arizona laboratory system. In the Phoenix test
structure [5-24] water stored in shallow ponds or plastic bags on the
roof serves for both collectinn and storage. In winter, moveable insulation
is then placed over the water volume during the night so that heat collected
and stored during the previous day with the insulation removed is trans-
ferred to the interior of the structure. In summer, the operation is
reversed so that coolness stored during the night by radiation to the sky
causes heat transfer from the interior of the structure to the cooled
water during the following day. Cooling techniques using night sky
radiation work best in hot, dry climates with relatively large diurnal
temperature ‘variations.

Several proposed concepts for integrated systems using heat
pumps are outlined in Table 5.3. Three proposals involve the use of
vapor absorption cycles [5-15, 25, 26]. One suggests a Rankine engine
directly coupled to a vapor compression machine [5-2]. Fig. 5-8 is a
preliminary climate control system schematic diagram showing one possible
approach for integrating the auxiliary equipment with the solar system
equipment [5-25]. The operation of such systems in actual structures
with solar energy input remains to be demonstrated. One residence on which
testing is in the beginning stages involves a combined thermal and
electric system [5-27].

The identification of optimum combined systems is a difficult
task because of the large number of possible schemes for arranging
and interconnecting the various components. For example, selection of the
point at which supplementary energy is added to the system can signifi-
cantly affect the economy of operation. Some work currently in progress
jncludes investigation of this question [5-28]. A number of combined
system schemes are discussed in [5-12].

Since the economic obstacles to solar space heating and cooling
are so fundamentally important, it is critical that the design of the
solar heating and cooling system be carefully optimized with respect to
the cost in order to be as competitive as possible with conventional
systems. Because of the large number of design options and design
variables, optimization for minimum cost is a very complex problem,
Economic aspects of solar heating and cooling in buildings are addressed
in the following section.

5-5 ECONOMICS OF WATER HEATING, SPACE HEATING AND SPACE COOLING WITH
SOLAR ENERGY

The total cost of solar thermal energy for buildings can be



TABLE 5-2. SELECTED CHARACTERISTICS OF SOME COMPLETED BUILDINGS WITH SOLAR HEATING AND COOLING

Building Type Transport Space Space
Location, and Date | Collector from Storage | Supplementary Heating |Cooling
Completed Type Collector | Medium Source Process |Process
Laboratory Flat Plate Water Water Electrically {Hot water {Night sky
Tucson, Arizona green painted driven heat circulationjradiation
1959 copper, ho pump
cover plate
Residence Flat Plate Water Water 0i1-fired Hot air Evaporation,
Washington, D.C. blackened, corrugated & furnace circulation|radiation to
sheet metal, Rocks night sky of
plastic & glass flowing water
covered
Residence Flat Plate Air Rocks None Hot air Evaporation,
Amado, Arizona ~screen type, Provided circulation|radiation
1955 loose weave to night sky
black cloth, of flowing water
glass covered
Small Test Water ponds None Water None Radiation [Night sky
Building over ceiling ponds from radiation
Phoenix, Arizona over ceiling
1967 ceiling panel

L1-§



5-3, SELECTED CHARACTERISTICS OF SEVERAL PROPOSED CONCEPTS FOR SOLAR HEATING AND COOLING IN BUILDINGS

Transport Space Heating
Building Type & Collector from Storage Supplementary and Cooling
Location, Reference Type Collector | Medium Source Processes
Small office Flat Plate Water Water Gas or oil Lithium bromide-water
Building black absorbing fixed furnace, | absorption machine
Lincoln, Mass- surface, two electric vapor | combined with
achusetts [5-25] glass covers compression circulating water
cooler
Residence Flat Plate Water Water Electrical Water - ammonia
Primary design selective coating favored oil, or gas absorption
for Huntsville, on atuminum plate, at this cycle heat
Alabama [5-26) two Tedlar plastic time pump
covers
Residence Flat Plate Air Phase Electric, Heat pump,
Newark, cadmium sulphide Change other (?) possible aug-
Delaware [5-27] solar cells, one Salts mentation by
(under construction)| glass, one plexiglass night sky
cover radiation
“Residence Concentrating Santotherm| not not Lithium bromide -
Feasibility compu- type-parabolic 66 discussed | specified water absorption
tations for cylinder cycle
Tokyo, Japan [5-15]
Heating Cooling Flat Plate not not not Rankine cycle
System ' specified | discussed | discussed engine directly

discussed without
reference 1o
building types [5-2]

coupled to vapor
compression heat

pump

8L-5
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divided for purposes of discussion rather naturally into the costs of
collection (i.e., the collector) and the costs of utilization (i.e.,
storage, pumps, and controls}).

Costs of Collection. A simple calculation can be made which illustrates
the fundamental cost problems which arise in the collection of solar
energy.

The equivalent cost of the heat delivered by a flat plate
collector can be calculated based on the following assumptions:

o The collector can be manufactured for $2 per square foot.
o The collector 1ifetime is 20 years.
o The interest rate on capital is 8 percent.

o The long term daily average heat collection is 700 BTU
per square foot per day.

o All of the heat which is collected can be utilized.

The capital costs can be amortized over the lifetime of the
collector to determine the equivalent cost of heat obtained from the
collector.

Cost of Heat = (Capital Cost) (Capital Recovery Factor)
{Total Heat Collected During Year)

= ($2) (0.102 : 6p
A $0.80/10° Btu.

The basic collector costs of $2/ft2 is an estimate of costs
which may be achievable in mass production. They are optimistic
estimates and will require good design and high volume. Attempts to
reduce the basic collector costs {e.g., by use of plastics instead of
glass) could also result in a reduction in the collector lifetime and
therefore may not reduce the net cost of heat.

It is not easy to reduce the costs of the collector. The
basic materials are already manufactured in large quantities for other
purposes and so the economies of mass production as far as the basic
materials are concerned have already been realized. Of course the
manufacturer of the collectors themselves has never been on a mass
production scale and so economies can be realized there. Another promising
concept for cost reduction is to use the collector as part of the roof
covering or perhaps even a structural part of the building.

The heat cost obtained represents the costs of collection only.
It does not include any of the costs of utilizing this heat. It will be
shown in the following section that these costs can easily increase
the total cost by a factor of two or more.
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It must be reemphasized that this heat cost assumes that all of
the heat collected can be utilized. This implies either that long
term storage of the heat is possible or that the demand for heat is
very uniform over the entire year. This requirement is most nearly
met by hot water for domestic use since demands are quite uniform over
the year., It is not met for space heating alone or space cooling alone
where the amount of heat required may be very seasonal. For example, if
solar heat is required for only 4 months during the year the cost of
useable heat from the collector will effectively be tripled. This
accounts for the desirability of using the solar heat for both heating
and cooling since the heat is more fully utilized.

Heat energy is available from cgal at a cost of $0.50/106 BTU
and from o1l or gas at a cost of $1.80/10° BTU [5-29]. Under these
idealized conditions the cost of solar heat is approaching economic
competitiveness and will become even more competitive as the costs of
the alternate fuels rise.

While somewhat oversimplified this brief analysis outlines
the fundamental economic obstacles which must be overcome if solar
heating and cooling are to be economically competitive.

Costs of Utilization. The most recent and most thorough studies of
total system costs have been performed by Tybout and Lof [5-1, 30].
Using an elaborate computer model they determined the least cost design
for a typical solar house in 8 cities in the United States. Their
results for heating only are summarized in Table 5-4. Their results for
combined heating and cooling are shown in Table 5-5. The comparison of
solar heating and cooling costs with alternate fuels is summarized in
Table 5-6.

The general broad conclusion which can be reached from the
results of this study is that solar heating and cooling is less costly
than electric heating and cooling and is approaching competitiveness
with gas and oil in some areas of the United States.

An interesting insight into typical system costs can be
obtained by examining the total system costs for least cost solar
heating designs. These costs are summarized in Table 5-7. Also shown are
the total additional system costs per square foot of collector. In all
but one of the eight cases the total added cost is close to $4.50 per
square foot of collector. Since the collector cost is $2.00/fte this
means *hat a reasonable estimate might be that the costs of utilization
would be about $2.50 per square foot of collector. Total system costs
are approximately 2 to 2.5 times the collector costs.
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Table 5-4 LEAST COST SOLAR HEAT
(25,000 BTU/DD House)

Location Collector Area Solar Heat gt
(ft2) (%) ($/10° Btu)

Santa Maria

California 261 75 1.10
Albuguergue

New Mexico 261 60 1.60
Phoenix

Arizona 208 72 2.05
Omaha

Nebraska 521 47 2.45
Boston

Massachusetts 347 40 2.50
Charleston

South Carolina 208 55 2.55
Seattle Tacoma

Washington 521 45 2.60
Miami

Florida 52 70 4.05




Table 5-5 LEAST COST SOLAR HEATING AND COOLING
(25,000 BTU/DD House)

Location Collector Area | Combined Heating Cost
and Cooling
(ft2) (% Solar) ($/108 BTU)

Albuquerque

New Mexico 577 63 1.73
Miami

Florida 1150 60 2.13
Charleston

South Carolina 1150 68 2.47
Phoenix

Arizona 1180 33 1.71
Omaha

Nebraska 1150 59 2.48
Boston

Massachusetts 1150 65 3.07
Santa Maria

California 289 52 2.45
Seattle-Tacoma

Washington 577 43 3.79
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Table 5-6 COMPARISON OF SOLAR HEATING AND COOLING COSTS
WITH ALTERNATE FUELS ($/106 Btu)

Location Conventional Fuel Solar Energy
Gas {0i1 |Electricity [ Heating | Cooling | Combined

Albuquergue

New Mexico 0.8942.07 4,62 2.08 3.29 1.73
Miami

Florida 2.8111.73 4.90 - 2.26 2.14
Charleston

South Carolinaj0.96]1.55 4,22 3.34 3.49 2.46
Phoenix

Arizona 0.79{1.60 4.25 2.87 2.05 1.70
Omaha

Nebraska 1.05]1.32 3.24 2.93 5.41 2.49
Boston

Massachusetts |1.73]1.76 5.25 3.02 8,72 3.08
Santa Maria

California 1.4211.62 4.36 1.58 1.46 2.46
Seattle-Tacoma

Washington 1.83]|2.00 2.31 3.14 1.95 3.78




Table 5-7  TOTAL SYSTEM COSTS - LEAST COST SOLAR HEAT
(25,000 Btu/DD House)
Collector | Extra Cost of [ Unit Cost of
Location Area Solar Heating | Collector Area
? System
(ft<) ($) ($/t2)

Santa Marija

California 261 1145 4.40
Albuquerque

New Mexico 261 1145 4,40
Phoenix

Arizona 208 805 4,35
Cmaha

Nebraska 521 2045 3,90
Boston

Massachusetts 347 1430 4.10
Charleston

South Carolina| 208 940 4.75
Seattle-Tacoma

Washington 521 2175 4,20
Miami

Florida 52 535 10.03
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CHAPTER 6. SOLAR POWER GENERATION
AND DISTRIBUTION

Power generation using solar energy could go a long way in help-
ing to meet future energy demands. Solar energy can be successfully con-
verted into thermal energy, electrical energy, and chemical energy. A great
deal of research and development remains to be done on these systems and the
distribution of their energy in order to make such systems practical.

6-1 POWER GENERATION

The generation of power is one of the eventual uses of solar
energy collection. Many systems have been proposed and some already built.
These vary from the centra) power station in the gigawatt scale to frac-
tional kilowatt machines.

Lof and Karaki [6-1] estimated that the cost of electricity from
solar energy might be as Tow as 3.75 centg/kwh if in mass production the flat
plate collectors can be made for $2.00/ft<. Selcak and Ward [6-2] have made
calculations using a computer and presented minimum costs for different
types of collectors. Oman and Bishop [6-3] have studied the generation of
electricity by the use of concentrating collectors and found that a mini-
mum cost was obtained (75¢/kWh) when a 9.80 meter diameter paraboloid was
used with a Stirling Engine. In isolated regions, where power is not
available from a large generating system, Girardier and Masson [6-4] found
that the cost of power from the "sun" was cheaper than the cost of power
obtainable from a diesel plant for shaft Hp under 8 Hp. For the U.S.,
where electric power, in most areas, is available at fractions of 1¢/kWh
at the generating station and about 1¢ to 3¢/kWh to the consumer, it seems
impractical to build solar generating plants except for research purposes
in order to be ready when their need comes. Al] these costs for power are
for daytime generation without storage. According to L&F [6-1] storage
will increase cost of generation by 25 percent.

Lof and Karaki [6-1] analyzed the alternative of concentrators vs.
flat plate collectors and of small installations vs. large installations.
Their analysis shows that there is little economic advantage in going to
the large central station concept because approximately 95 percent of the
cost of the system is for the collector by itself. The problems associated
with the gigantic size of gigawatt solar central stations, due to insulation
and pumping plus the losses through an energy distribution system, overcome
any advantage obtained by using a large and highly efficient turbine. The
real cost of these large systems has not been properly assessed in the lit-
erature. From their analysis it is also seen that flat plate collectors,
while yielding lower Carnot efficiencies, cost much less and are less sensi-
tive to cloud cover than concentrators; thus, even though the collecting
area might be bigger, the important parameter, cost/kWh, might be lower.

An important factor that deserves study is the energy and materials invest-
ment associated with the production of both concentrating and flat plate
collectors. This might be a significant parameter from a conservation

point of view. é;“'/
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Power generation might be more attractive as a substitute to air
conditioning during the summer in those parts of the country where space
cooling is not of great significance. This is because the air conditioning
jmplies an extra cost for an added comfort while the generation of electri-
city constitutes "liquid savings" on the equipment.

Power Generation - Thermal. Solar central power stations will necessarily
require extremely large collector areas due to the dilute nature of solar

energy. These big stations (see figure 6-1) might be used to power elec-

tric generators or to supply process steam in an industrial area. Due to

economics, the collection temperature of solar energy cannot be as high as
the temperatures obtainable from conventional sources of fuel like fossils
and nuclear.

An efficiency idealization, the Carnot efficiency (Ty - T )/Ty.
where TH is the high inlet temperature and T is the low output tempera-
ture, both in degrees Kelvin (Kelvin = Centigrade + 273),should be in mind
at all times. A modern coal burning electrical power station can have an
efficiency of 42 percent which deteriorates with increasing operating time.
An obvious rule of thumb is, "Ty should be very high and T_ should be very
Tow for high Carnot efficiency." Most solar energy proponents have not
given attention to heat rejection.

Because losses occur at every turn in solar energy conversion,
only a fraction of the Carnot efficiency can be attained in practice.
A nominal expected efficiency of 20 percent could be a bench mark for a
thermal, solar energy station.

If power is transmitted in the form of electricity, more losses
occur on conversion and conduction. The reduction of conduction losses by
means of super conductive materials under a cryogenic environment is being
studied [6-5].

Insofar as serious central power generation is concerned, the
idea of solar central power generating stations started with C. G. Abbot,
of the Smithsonian Institution (U.S. Patent No. 2, 247, 830 dated July 1,
1941) who is the originator of a thermal collector mounted in an evacuated
pyrex tube located at the focus of a reflecting parabolic cylinder for solar
energy conversion. This idea is common to many succeeding proposals for
solar energy powered central stations.

A general characteristic of collectors with concentrating ratios
higher than a few times is that they must track the sun; that is, they are
heliostats. Gulf General Atomic (1972) has been working on these and has
devised a fixed reflector with a movable collector configuration in order
to reduce the effort to track the sun.

Many variants have been proposed for the collection and con-
version of solar energy. Three of these proposals are presented as ex-
amples:

o The Meinel proposal
o The Minnesota-Honeywell proposal
o The Hildebrandt proposal
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The Meinel Proposal. The Meinels [6-6, 6-7, 6-8] proposed the

following combination for a central power station.

A seven mile by seven mile square farm of solar concentrating
collectors.

Each concentrator is a linear Fresnel lens which focuses rays
into an Abbot collector.

The thermal tube of each Abbot collector has special optical
coatings.

Liquid sodfum §s pumped through the thermal tube.

The heated 1iquid sodium is pumped into a heat exchanger-
heat storage tank whose medium is molten sodium chloride.

Steam exits from the storage tank and drives a conventional
turbogenerator.

An important feature of the Meinel proposal is the optical
coating of the thermal tube. The gist of their experiments is:

o

Silicon and germanium coatings have the highest efficiency
in converting solar radiation to thermal energy but are
limited to 350° C temperature.

Molybdenum coatings has lower efficiency than the silicon
coatings but can attain temperatures as high as 750° C.

The lifetime of these coatings has not been determined.

A modular cylindrical parabolic reflector with an Abbot
collector is in existence at the University of Arizona as a test and dem-
onstration model.

Minnesota-Honeywell Proposal. The constituent elements of the

University of Minnesota-Honeywell Company proposal [6-9] are:

o

-]

-+ ]

o

o

(-]

A cylindrical parabolic reflector with an Abbot coliector.
A thermal tube consisting of a gravity assisted heat pipe.

Molybdenum and aluminum oxide coating; their coating pre-
existed the Meinel coating.

A heat exchanger as receiver for the thermal energy.
A water-steam storage tank (one hour storage).

Conventional high and low pressure turbines.

The heat pipe walls are stainless steel (Fe, Cr, Ni) and the
heat transfer fluid is water.
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Some of the early results from experimental observations are
presented:

o Stainless steel has shown a Targe thermal inpedance which is
undesirable.

o A 40° C temperature drop has been the lowest observed in the
heat pipe-exchanger system.

o This temperature drop is increased by subsequent hydrogen
formation in the heat pipe as a result of corrosion.

o Aluminum oxide and chromium diffuse into each other and
form a ruby compound which degrades their heat collecting
efficiency.

° Coating lifetime is not considered a problem if the temperature
is kept below 400° C.

Besides the heat pipe, another special feature of this proposal
is a water-steam storage device. Durin? periods of high insolation, steam
is bled prior to the high pressure turbine and introduced at the bottom of a
water tank. The intimate steam and water contact produces a highly efficient
heat exchanger. During low insolation periods, the pressure is reduced in
the storage tank and the vapor is passed from the top of the tank inte the
low-pressure turbine. This system then provides a "constant" power input
to the mechanical system.

., The Hildebrandt Proposal. Hildebrandt, Haas, Jenkins and Colaco
[6-10] proposed utiTizing magnetohydrodynamic (MHD)Generation for large \
scale electrical power generating plants. The main characteristics of their
proposal include:

o A closed cycle MHD generator requires helium gas seeded with
cesium vapor for electrical conduction.

o Thermal energy converts the helium gas to high velocity.

o Subsequent interaction with a strong magnetic field produces
direct current (DC) electrical power.

o 0OC to AC converters supply transmission lines for distribution,

o Storage is accomplished with electrolytic-dialytic cells which
dissociate water into hydrogen and oxygen.

o Fuel cells convert Hy and 0, back to DC electricity.

Magnetohydrodynamic (MHD) generators are based on the same
electro-magnetic induction utilized in a conventional generator [6-11].
The moving conducting wire of a conventional generator is replaced with a
moving stream of gas seeded with metallic ions. '
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MHD generators are lightweight although bulky in volume. They
are well .suited for topping units and quick-start generators for emergency
situations.

The chief advantage of the MHD generator for solar utilization
is its light weight enabling mounting atop a tower which facilitates the
concentration of solar radiation from a mosaic of mirrors distributed at
ground level.

Power Generation using Photovoltaics. Photovoltaics (solar cells) have
many possibie applications where there's a need to generate electricity
[6-12, 6-13]. The operation of photovoltaics was described in 4-3 where
it is also mentioned that their costs must come down considerably before
they can be considered competitive for electrical generation on a wide
scale.

Photovoltaics can be used as a source of electricity in the
house. Boer [6-13] is experimenting with CdS cells where they will be
built into the roof of a house and then used to supply part of the elec-
trical energy used in running the various electrical lights, appliances,
motors, etc.

Photovoltaics can be used for large scale power generation.
Basically they could be classified as terrestrial power plants and space
power plants, although, Cherry [6-14] proposes a "solar rug" where a solar
array and transmission system "floats" 50,000 feet above the surface of
the planet. The main purpose of the "Solar Rug" concept is to supply
electrical energy to supplement the peak daytime power demands.

A large terrestrial central power station could be constructed
using photovoltaics {solar cells) [6-15 - 6-20]. The output of the power
plant could be either electricity or it could be hydrogen generated by
electrolysis. The general form of the power plant might be solar cell
arrays mounted on ground based support mechanisms that track the sun.

The outputs of the arrays would feed either the conversion and distribution
system of the plant or feed an energy storage device.

The main problem with a terrestrial based power plant that uses
solar cells is the same as with the previously mentioned satellite system,
the costs of the solar cells. This then leads to design requirements that
minimize the costs of the cells versus the power output. One obvious result
is that these plants would be better located in areas of maximum solar in-
solation (desolate sunny areas) [6-19]. The land system has a significant
problem in that large storage capabilities are necessary to gvercome the
intermi ttency of solar radiation on the surface of the earth. There are
various sources of projected costs for these types of systems [6-19, 6-20];
however, they all allow for significant reductions in the costs of manu-
facturing of solar cells under mass production. Ralph [6-19] suggests a
CQitdOf 1.00/watt which implies a ccst reduction or an order of 3 to 4 mag-
nitudes.

Extensive research should be done in the areas of photovoltaics,
in reducing costs, increasing efficiency, and in the plant design itself,
including the problem of storage.
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Probably the most ambitious project to utilize photovoltaic cells
is the satellite solar power station concept (see Figure 6-2.) [6-21 - 6-23].
The basic premise of this concept is that the satellite would be placed in
synchronous orbit above the Earth which would allow it to collect solar
energy on an almost continous basis (blackouts would occur when the satellite
is in the Earth's shadow but this happens for very short periods and only
a few days in a year). This scheme would eliminate the problems of storage
common to Earth-bound systems. The collected energy of the station would
be beamed to the Farth using microwaves.

Much of the technology involved in the construction of such
satellite power station exists at this time; however, there are significant
problems with costs and mass production as well as unforeseen technical
probiems in transporting and controlling the satellite that must be solved
before it can be considered technically and economically feasible. The
solar energy to electrical energy conversion is to be accomplished by
using photovoltaic cells. It is stated that the cost of solar cell pro-
duction must be reduced to about $375 per kw [6-16]. This is a reduction
of about 500:1 over current costs. The microwave portion must meet the
design requirements and be able to be mass produced at a cost of about
$133 per kw. Likewise, the ground receiving antenna and rectifier
(Rectenna) must meet the necessary specifications as well as be able to
be mass produced at a cost of about $100 per kw. Finally, a space
shuttle must be developed such that the cost of transporting and assembl-
ing the satellite is in the neighborhood of $506 per kw. Thus, if all
unforeseen technical problems are manageable and all of the preceding
comes true, then the satellite power station concept may become feasible.

The actual development of the satellite power station must wait
until the aforementioned costs are realized and the space shuttle program
is well underway. The space shuttle will need to make an estimated 500
flights in order to transport the station into space and a maintenance
rocket will be required at least once a year.

The desirability of constructing the satellite power station is
very complicated and many questions must be answered before a decision can
be reached. A detailed study must be done on the merits of constructing a
large central solar power station {photovoltaic and thermal) on Earth
rather than in space. It may be possible that the system on Earth may be
cheaper in the long run since a reduction of 500:1 in the costs of solar
cells would also make them more attractive for use on Earth.

6-2 ENERGY DISTRIBUTION

The problem of energy distribution for solar energy systems is
the same as experienced by current energy systems with the same output
(e.qg., electrical, gas, etc.). Thus, this problem is being actively
researched by many people. For jnstance, cryogeni¢ cables [6-5] are
being investigated in order to reduce transmission losses in electrical
distribution networks.

The various forms of chemical energy, as a result of conversions
in solar energy systems, were discussed in section 3-9. Energy in the
chemical form can be distributed in many ways. Hydrogen, as a liquid, can
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Figure 6-2,

SOLAR SATELLITE POWER STATION (SSPS)
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be transported as 1iquid ammonia in tanks, or, as a metal hydride, in
containers (see Section 4-2).

Other chemical energy in the forms mentioned above (e.g., methane
and methanol) can be transported in similar ways.

Another possibility for long-distance transmission might be to
use satellites. Ehricke [6+2, 6-6] has proposed a system that could trans-
mit energy using microwaves and a satellite in synchronous orbit (station-
ary with respect to a point on Earth). The basic operation of the system
is to first transmit energy, via microwaves, from an earthbound power
generation system (solar power plant, nuclear power plant, etc.) to the
satellite where the energy is passively reflected to an earth receiving
station where the microwaves are converted into the desired energy form.
The objective of this concept is to transmit energy from a power plant
to a distant usage area with as 1ittle loss of energy as possible. Thus,
large electrical generating facilities could be built in remote areas
rather than near the usage area which is the current practice. This means
that solar power plants could be built in the desert where they are most
efficient and nuclear facilities could be built far from populated areas.
Another advantage might be that energy could be bought from and sold
to other countries.

The feasibility of such a system depends on several important
factors. Three of these would be the development of a space shuttle,
technological advances in the research and development of the components,
and the results of cost and energy conservation tradeoff with competitive
Earth systems.
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PART Ill. STRATEGIES FOR, AND THE IMPACT OF,
SOLAR ENERGY UTILIZATION

This part of TERRASTAR presents the framework of a strategy for
the eventual acceptance of solar energy by the American people. A
national energy policy is presented to create a balanced total energy
supply and consumption situation which includes solar energy as a com-
petitive energy resource, The potential of solar energy is presented to
indicate the magnitude of the solar energy contribution to the energy
market. The impacts of implementing solar energy into American society
are presented to indicate some of the barriers to the acceptance of
solar energy utilization,

The latter portion of this part considers the concept of solar
heating and cooling in buildings for a further in-depth study. The market
potential on a national and regional basis is presented as a required
input to the strategy for the acceptance of the heating and cooling of
buildings.
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CHAPTER 7. NATIONAL ENERGY POLICY

Until about 1970, few people recognized or acknowledged that the
United States was on the verge on an enmergy crisis. In 1971, the President
of the United States sent to Congress the first energy policy message ever
submitted by a United States president. The results of this message were
mainly to increase the federal funding of R&D programs in energy and to
make available more federally owned energy reserves. Considering the rapid-
1y deteriorating energy situation time has shown that government actions
were too little -too late. It was not until the winters of 1971 and 1972,
when natural gas and fuel oil were scarce, and the summer of 1973 when gas-
oline was in short supply in certain areas, that the general public became
truly aware of the existence of an energy problem. Now that everyone in
the U.S. is aware of the energy problem, a National Energy Policy formu-
lated by the federal government has gained broad-based support.

7-1. BACKGROUND

The President, in his message to Congress on April 18, 1973, out-
Tined his National Energy Policy which included:

1. Increased domestic production of all types of energy

2. Many governmental moves to conserve energy

3. Energy needs should be met at the lowest cost consistent with
security and environmental needs

4. Reduction of regulatory-administrative impediments to the
construction of energy producing facilities (refineries,
nuclear plants)

5. Improve international relations in trade

6. Expand R&D and implementation efforts in all enerqgy areas

7. Coordinate all Federal energy efforts in one office of the

Executive branch

Several bills have been introduced into the 93rd Congress which
propose solutions to portions of the energy problem: Some bills (e,g. H. R,
44) propose that "a study of national fuels and policy" be established.
A bill for the "establishment of a corporation for the development of new
energy sources, and for other purposes" (S. 454) has been submitted. The
most comphrehensive bill appears to be S. 1283 which has elements of all
other bills mentioned above incorporated into it,

The National Petroleum Council has proposed a set of "Major U.S.
Energy Policies." The essence of these policies 1s as follows:

Assure adequate supplies of secure sources of energy
Preserve the environment in the production and use of energy
Promote efficiency and conservation in all energy operations
and uses

Recognize that in all three of the above objectives appro-
priate consideration must be given to the impact of energy
costs in economic welfare and progress

- WPy =
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Obviously, the details of this policy are heavily petroleum oriented.

Philip Sporn, a well known and knowledgeable public utility in-
dustrialist, outlined points that should be considered in the formulation
of a "national energy policy"” in a recent “Conference on Research in the
Electiic Power Industry". Mr. Sporn's bias was toward the rapid devel-
opment of nuclear power.

The Ford Foundation in their Energy Policy Project is now in
the process of making one of the most comprehensive studies of energy
policy problems and options ever undertaken. The results of this study
will not be published until 1974. All of these organizations and indi-
viduals have recommended that there be a National Energy Policy and some
have outiined such a policy in more or less detailed fashion. However,
it has been 2 years since the President's first energy message to Congress
and we still do not have a well defined, comprehensive, integrated, long
range national energy policy. Following is an attempt at suggesting a
National Energy Policy.

7-2. APPROACH TO THE FORMULATION OF A NATIONAL ENERGY POLICY

A National Energy Policy to be effective, must concern itself
with the 3 major areas of the energy problem:

1. Supply of energy

2. Demand for energy (or consumption,which is the gross input
of energy required to satisfy demand)

3. Conservation of energy

Conservation, although effecting demand, is discussed separately because
of its importance.

Most of the previously mentioned proposals for looking at the
national energy problem or for establishing a National Energy Policy have
put much of their emphasis on supply and conservation and have paid only
1ip service to demand reduction. A1l three of these areas will be dis-
cussed in greater detail later in this report.

In Chapter 1 of this report, three possible future energy
scenarios were presented. Two of the scenarios established reasonable
upper and Jower bounds on future consumption and the third scenario pre-
sented a more rational mid-course projection of consumption. Scenario 3
was proposed as a national plan for the consumption and supply of energy;
conservation, although not obvious in the figure displaying the scenario,
js part of the plan.

The rationale for using Scenario 3 as the basis for a National
Energy Policy was discussed in Chapter 1 but will be reiterated and ex-
plained here in terms of consumption, supply, and conservation.

7-3. CONSUMPTION

The control of consumption (demand), other than py consgrvation,
has not been stressed by government to date. In fact, President Nixon,
although stating that "we must explore means to limit future growth in
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energy demand," then stated in his energy message that "there should be

no need for a nation which has always been rich in energy to have to turn

to energy rationing." The National Petroleum Council,in their policy state-
ment, states that, “forced reductions in energy consumption are undesiraple
and should be employed only on an emergency basis." ?heir report states
further that,"the growth in per capita energy consumption during the past
quarter of a century has created new jobs, expanded productivity, increased
living standards, recreational and intellectual pursuits. Wise policies
can provide the basis for continuance of these desirable objectives."

This reluctance to "tamper" with demand, this tendency to equate
progress in most areas to growth in per capita energy consumption, and the
self-given charge of most power companies in the past of expanding capacity
to meet "demand" is part of the cause of our energy problem today. The
Brookhaven and Department of Interior projections (Appendix C) appear to
be typical of the recent approach to projecting energy needs, i.e. project
consumption on the basis of exponential growth (" A Trend is Destiny") and
expand the supply to meet this projection - independent of whether it is eco-
nomically, socially or environmentally wise to do so.

The consumption projection presented in Scenario 3 is believed
to be a rational plan for the growth in energy consumption. To allow
Energy consumption to follow the exponential curve is tantamount to
national suicide! A National Energy Policy must provide for a reasonable
control of energy consumption. This policy must include more than just
simple conservation means for reducing the rate of growth in consumption.

To attain the level of consumption recommended in Scenario 3,
three things must be done

1. Population growth must be controlled
2. Per capita consumption must be regulated
3. Conservation must be used in all areas

Population growth is already coming under control. The 1972 U.S. popula-
tion was slightly under that projected by the Bureau of Census, Series E
Curves, At this rate by the mid~2Ist century, the U.S. should reach zero
population growth (ZPG).

To control per capita consumption, the Federal Government must
Took at GNP, industrial growth, and increased standard of living as things
that should be planned, not just left to happen. With this type of phi-
lTosophy, a total systems model could be developed by the Federal Govern-
ment to assist in planning all aspects of the economy, not just energy
consumption. A1l the variables in this complex problem and their inter-
actions must be considered to the fullest degree possible.

To demonstrate that the rate of growth of per capita consumption
can be reduced without "destroying" the economy, the per capita consumption
for 1971 - 1972 was approximately the same as the previous year due to fuel
shortages and as also indicated in Fig. 1-3 for the period 1920-1940, yet
our GNP and industrial output increased in all of these time periods.
Adjustments would have to be made and conservation used to continue this
stabilized per capita consumption rate, but it does raise some questions as
to the need for controlled per capita consumption growth to maintain pros-

perity.
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The quantity of energy required from each source to supply the
consumption projected in the national energy plan {Scenario 3) is discussed
in detail in Chapter 1. Only the more important supply considerations
will be reiterated and expanded here.

The supply considerations of the national energy plan presented
herein are designed to improve our national energy picture and to minimize
societal, economic and envirommental disruptions. This is accomplished
mainly by:

1. Minimizing our reliance on imports as soon as possible

2. Eliminating the need for any crash R&D or crash implemen-
tation programs in any of the supply areas

3. Preserving our domestic oil and gas reserves for future
non-fuel uses

The particular allocation of supply that was used was determined from a
systems analysis of the technological, political, societal, economic

and envirormental aspects of each of the energy sources and their inter-
actions.

Minimizing reliance on imports contributes to national security,
reduces the international trade deficit, tends to strengthen the economic
position of domestic suppliers of energy and does not require an extremely
expensive program to build deepwater ports for supertankers. Only one
or two ports and a few supertankers need to be built to handle future
import needs. This modest program can save billions of dollars over
that required by exponential growth in energy consumption and its resulting
reliance on Middle East imports.

7-5. RESEARCH AND DEVELOPMENT FUNDING

Even though the proposed national energy plan precludes the need
for a large increase in funds for energy R&D, a moderate increase in R&D
funding is required in all of the energy supply areas for the following
reasons:

1. Too much reliance is being put on nuclear energy to solve
the energy problem in the near future. The technical feas-
jbility and environmental acceptance of the breeder reactor
may require more time than anticipated

o Even 1f the technical ana waste disposal problems of the
breeder are solved, it still may not be desirable from an
economic, societal and, particularly, safety point of view
to institute a crash nuclear building program before the
year 2020

3. In the very long-run solar energy may be the only dependable
source of energy, especially if fusion reactors are not per-
fected

7-6. NON-FUEL USES

The use of oil and, to some degree, gas for non-fuel purposes
(plastics, pharmaceuticals, synthetic rubber, asphalt, etc.) is rapidly
increasing. These products are important as there are not presently avail-
able substitute sources from which these products can be made;
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thus, it is essential that our domestic oil and gas reserves be conserved
for this purpose. Obviously it is not possible to cease the use of domes-
tic oil and gas supplies immediately for fuel purposes. By tapering-off
their use to 10 quads each by year 2020, a substantial supply for non-fuel
uses is maintained. Hopefully, this will provide enough time to find new
reserves and to develop techniques for using coal to manufacture these
petrochemical products.

7-7. CONSERVATION

As a large consumer of energy the United States must be concerned
that this energy be produced efficiently and used wisely. The terms "belt-
tightening" and "leak-plugging" are used by the National Bureau of Standards
as the two methods that must be used to moderate energy demand.

Efficiency of Energy Utilization. The topic "efficiency of energy utili-
zation" is often discussed under the heading, "conservation of energy".

The Tatter terminology has a disadvantage in that it does not really focus
on the major issue. In the thermodynamic sense, there is no energy crisis.
If a crisis exists, it is an entropy crisis. After a given quantity of
energy is used for a certain purpose, that energy still exists. The point
1s that it then often exists in a form that is less useful. This being
the case, we should devote much attention to the "productivity"” associated
with the utilization of energy.

The flow chart of the overall energy system depicted in Figure

7-1 is taken from a recent report which addresses this question from a
fundamental viewpoint. This report states that the “utilization aspect

of the energy flow pattern has received the least attention of all the
elements in energy technology". It points out further that traditionally,
the measures of energy utilization in an energy-using system have been how
much energy the system uses and the costs associated with this energy. At
this level of description no explicit account is taken of (1) the "quality
or grade" of energy, {2) the "match-up" between supply and demand, (3) the
“cascading or reuse" of energy and (4) the "productivity" of this energy.

Recent publications indicate that a much needed emphasis is
finally being directed toward the area of energy utilization. This is
reflected in two recently issued reports, one prepared by the Department
of Commerce and one by the Office of Emergency Preparedness. A study
conducted by Qak Ridge National Laboratory for the NSF-RANN Program exam-
ined in some detail the economics of thermal insulation in residential
construction.

The three major areas offering possibilities for increased effi-
ciency of energy utilization at the point of consumption are buildings,
industrial processes and transportation. The report prepared by the Na-
tional Bureau of Standards emphasizes the buildings area. However, several
important general remarks regarding "leak-plugging" for industrial processes
are included in the following statements:

"As a general rule, individual items of industrial plant equip-
ment, or indeed entire plants, which represent large long-term
capital investment, are designed to use energy on a cost-effec-
tive basis. In some instances, this means that energy losses
have been minimized, but this is not necessarily the case.
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Because of the low costs of energy in the past, it has been often
more economically effective to permit a leak of enerqy than to
plug it.

“The sometimes conflicting estimates produced by knowledgeable
persons indicate that energy conservation through improvement
of efficiency of industrial processes is the terra incognita
of the energy conservation field."

The major uses for energy in buildings are space heating and
cooling (comfort conditioning) and water heating. Economic considerations
for comfort conditioning equipment in buildings are usually governed by
1pitia1 costs. As a result, when combined with the Tow cost of energy,
high energy consumption has often been designed into buildings and equip-
ment in order to reduce initial costs. Some specific areas for consider-
ation in "leak-plugging" related to comfort conditioning are Tisted below
in Table 7-1. It has been stated by Dubin [7-1] that a significant
reduction in energy usage is possible.

TABLE 7-1.

SPECIFIC AREAS OF CONSIDERATION
RELATED TO ENERGY UTILIZATION FOR COMFORT
CONDITIONING IN BUILDINGS

Insulation (walls, ceilings)

<

° Prevent Excessive Ventilation

o Air Infiltration Rates

o Window Areas (size, location, type)
o  Roof Overhangs

o Exterior Surface Finishes

e Building Orientation

¢ Landscaping {trees, ground texture)
¢ Underground Construction

o Usage of ITlumination

o Techniques and Criteria for Sizing Equipment
o Efficiency of Equipment

o Maintenance of Equipment

Hot water heating accounts for about 4 percent of the total
national energy consumption. Once the hot water is used, the energy it
contains is usually wasted as it goes down the drain. Consideration
should be given to recovering some of this low grade energy by using



7-8

heat exchangers for purposes such as preheating of the inlet water to the
hot water heater. However, according to NBS, such techniques may be in
conflict with existing local plumbing codes.

In considering such measures, use of energy in the economy as a
whole should be taken into account. It is useful, therefore, to determine
the energy investment in the materials and products, such as insulation
and heat exchangers, utilized for such purposes. This energy investment
should be compared with the expected energy savings over the life of the
structure. According to NBS, the basic data from which such comparisons
can be made are not now available and should be developed.

It is significant that many of the same considerations involved
in improving the efficiency of present energy utilization in buildings
are also major considerations in the efficient utilization of solar energy
for such purposes. A prime example of this relationship is the emphasis
on increased initial costs relative to fuel costs.

Social Awareness. The first step in effecting a move toward the conser-
vation of energy is making everyone energy conscious, i.e., making every-
one aware that energy is consumed anytime anything is pruduced, processed
or transported. The next step is in making everyone realize any individual
saving, no matter how small, becomes significant when that saving 1is made
by the entire population.

A specific example of social awareness can be offered in which
two city-owned public utility companies (supplying natural gas and electri-
city) had their gas supply cut 30 percent. Over a relatively short time,
by appealing through the mass media, each company effected a fim 12
percent reduction in the amount of energy demanded by their customers.

Education via mass media, bumper stickers, pins, etc., is one
way of informing the public that they must conserve energy. However, this
education, in all probability, will not become completely effective until
the shortage of fossil fuels is transferred to the consumer via increasing

costs of natural gas, gasoline, fuel oil, etc.

Brochures on energy conservation practices have been prepared by
many corporations and utilities such as Montgomery Ward, Dupont, Honeywell,
Consumer Power (Michigan}, Concern, Inc., Owens-Corning Fiberglass and The
Electric Energy Association. Television has been utilized by the petroleum

companies on gasoline conservation and by Alcoa on the small amount of energy
required for recycling as compared to production from raw materials.

A thorough analysis of energy conservation with all of its rami -
fications is presented in Reference 7-2, which was prepared for the U, S.
Senate Committee on Interior and Insular Affairs.

In conclusion, the office of Emergency Preparedness Report [7-3]
estimates that the potential for energy conservation may be as great as
16 percent of the total energy consumption by 1980. This is equivalent to
two-thirds (2/3) of the projected oil imports in 1980. It is therefore
imperative that the National Energy Policy stress conservation so that the
potential energy savings may be realized.
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Following is a summary of the main elements of a national energy policy:

1. In accordance with Preisdent Nixon's energy statements, all
of the Federally controlled energy programs should be
brought under a cabinet level position in the Executive
Branch.

2. Any comprehensive, integrated, long-range national energy
policy must consider and control all three areas: consump-
tion, supply and conservation.

3. A national energy policy must not just concern itself with
energy problems, but must reflect a totally interactive
systems approach in handling the economic, societal, polit-
ical, environmental and technical impacts associated with the
energy problem.

4. Whatever policy is decided upon, it should be long range and
have continuity so that not only the government but also
industrial concerns can make more realistic long range plans.

5. A more realistic balance must be struck between energy needs
and environmental goals. Total impact statements and cost-
benefit analyses must be made and objectively evaluated
whenever a conflict arises.

6. Imports of oil and gas must be reduced as soon as possible
in order to (a) improve the self-sufficiency of our national
defenses, (b) reduce the international trade deficit and (c)
strengthen the domestic suppliers of fuels.

7. Nuclear power should not be implemented at the accelerated
rate contemplated until more of its technical, fabrication
and environmental (waste disposal and safety) problems are
solved. More money should be spent on R&D in this area.

8. Al1 energy prices should be freed to find their natural
level in the market place. This,along with more workable
tax incentives,should increase the exploration and pro-
duction of gas and oil.

9. A moderate increase in Federal R& fundina in all areas of
energy supply is necessary. It is recommended that $60 milTion
per year be spent over the next 5 years on solar R&D, as out-
Tined in Chapter 8. Even though 20 Quads of solar power is
suggested for implementation by 2020, it is suggested that
from an R3D point of view,a goal of 40 Quads should be planned
for now. As the year 2020 approaches, new developments in all
energy areas can then be considered to determine more clearly
the goals for solar energy.

10. Develop off-shore o0il at an accelerated rate only when less
pollution-prone extraction methods are found.
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11. Speed up the development of coal gasification and liquefac-
tion processes. Since more coal will be used in these sec-
ondary processes and directly under Scenario 3, it is essen-
tial that the environment problems associated with strip-
mining be minimized as soon as possible.

12. Recycling efforts for steel, aluminum, paper, cardboard and
plastics should be encouraged. The energy requirements for
recycling are as low as 10 percent of that required for
processing from the raw material.

7-9. LONG-RANGE PLAN

The planning horizon in this study is 47 years - to the year
2020. A realistic plan for controlling consumption and supply during this
period has been suggested in Scenario 3, Chapter 1. The next question is
mehat can be said about what needs to be done about the energy supply after
the year 2020?"

If population is held to the Series E Curve, zero population
growth (ZPG) will be reached sometime in the mid-twenty first century.
At this point the distribution of supply, both relatively and absolutely,
will not differ much from the year 2020, as shown in Chapter 1. One of
the following realistic scenarios will probably exist at that time:

1. Fusion reaction will be technically, environmentally and
economically acceptable.

2. Fusion reaction will not be acceptable, but the breeder
reactor will have become very acceptable on all accounts.

3. Nuclear power will still not be environmentally acceptable.

Under the first scenario above, a new policy for expanded, but controlled,
growth can be formulated with less emphasis placed on all other forms
of energy, except solar which will be developed further.

The second scenario would produce the same effect as the first
scenario except that the allowable increase in growth would be slower -
solar still being developed further.

In the third scenario above, solar energy would have to be expan-
ded to take more of the load from the fossil fuels so that they would not be
completely depleted. In all of these scenarios, solar power would play a
significant role. It has to do so when one considers that all other sources
of energy are very limited,unless fusion power can be harnessed.
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CHAPTER 8  SOLAR ENERGY POTENTIAL

In December of 1972, the NSF/NASA Solar Energy Panel published
their report [8-17] which assessed the potential of solar energy as a
national resource. The state-of-the-art is presented for each of the
eleven concepts presented in that report along with recommendations
for further research and development in these areas.

The sclar experts on this panel suggested an R&D program for
each of these concepts in terms of a schedule and cost. The discussion
and recommendations for each concept were considered independent of
the other concepts. That is, an interactive systems approach was not
used to study these concepts and make the recommendations. Hence, no
phased implementation or R&D plan was suggested for integrating the
R&D effort of all these concepts to produce an optimal impact on the
energy problem. In fact, no priority scheme was even proposed to suggest
which concepts could produce the greatest impact at the lowest cost in
the shortest time,

Table 8-1 and Figure 8-1 show the proposed breakdown of R&D
funding for each concept, by year, along with the total funding
required, assuming that R&D on all eleven concepts start simultaneously.
The total R&D budget would be $3.52 billion over a 15-year period. As
can be seen, the first five years, during which time most of the concepts
are going through their feasibility phase, the R&D budget is fairly lTow -
increasing from $56 million to $91 million/year in the fifth year,

Presented in Table 8-2 and Figure 8-2 are the estimated
energy contributions by period for each of the solar concepts, assuming
that the R&D funding for each project was started in 1973. (A Tinear
fit between data points was made in Figure 8-2 for convenience - in
reality the growth probably would be exponential.) The totals, thus
presented, assume that the effects of each concept are additive, which
may not necessarily be true, If alT solar concepts proved feasible
and were implemented, which is extremely optimistic, the panel estimated
that 137 Quads of energy could be supplied by the year 2020. These
figures were arrived at considering only the technical feasibility and
not the political, economic, social, and environmental feasibility
and impacts,

Solar Power Development

To obtain 137 Quads of energy from solar devices by the year
2020 would require a major national commitment starting now. From
a total systems point of view (considering consumption and all sources
of energy) two questions arise:



Table 8-I.
NSFNASA SOLAR ENERGY PANEL PROPOSED R&D FUNDING SCHEDULE

PROPOSED R&D FUNDING BY YEAR (MILLION DOLLARS)

Salar 1 2 k] 4 5 6 7 8 9 ¢ n 12 1 L] 15

A.  Thermal Energy for Buildiegs
Develapment 9.5 $.%1 951 9.5 9.5 9.
4

9,
Demonstration 4

s
.B] 4.8 4.8

@

K. Photosynthetic Prod. of {irganic
Materfal and Hydrogen

Research 4.75] 4.

Oevelopment 4

Pilot Plant 1.6 3.6 3.6 1.6

®. Combusion of Organic
Materials
Feasibility Study .66 .66 .66
Companent. Development 4. 4. 4. 4. 4,
Pilot Flant 12. 2. 2. 12. 12.
Demonstration Plant ezl ne|nmezfn2n.z

C.* Blaconversion ta Methane
System or Laboratory

Studies 1.8 1.8 1.8 1.8 1.8

Pilat Plant 3.83] 3.03] 23.83] 3.83] 3.83

Demonstration Plant

(LX)
@ o
i

5.8 5.8 5.8 ]

b.* Pymlysis to Liquid Fuels
System or Laboratory

Studies .4 .4 .4 .4 .4

Pilgt Plant 2. 2. 2. 2. z. z.

Demonstration Plant 1. T. 7. 1. 7.

E.* Chemical Reduction to
Liquid Fuels

System or Laboratory

Studies K b .6 B .6

Pilot Plant 3. 3. 1. 3. 1. 3.

Demonstration Plant 8.2 4.2 8.2 8.2 8.2

F.  Thermal Eiectric Conversion
Feasibility and Comp. Oevel. a2al a.20| a.2a] s.28| 4.28) 4.28) 4.28
Pilot Plant 12.3 $14,3 | 14.3 ] 14,3 {143 | 14,3 19.13
Oemgnstration Plant 125. |125. 125. [|125. |125. 25. 125. [J125.

G. Photovoltaic on duildings
Feasibidity Study ) .33 W33
Technology Development - 58| 5.68] 5.68| s.68] s5.68] s.68] s.e] s5.68] s5.e8] 5.68] s.68] sS.68| 5.68] 5.68 5.68
System Definition -
Prototype Testing 1. 1. 1. 1. 1.

M. Photovoltaic Ground Station
Feasibility Study .29 .29 s .28 .29 .25 .29
Technology Development s.68f s.6b| 5.68] s.68) 5.68] 5.68] 5.68| 5.68 568l 5.66] 5.68] 5.681 5.68] S$.68) 5.66
System Definition 1.33} 1.33

7.78

Prototype Testing 7.76] 7.78 7.78] 7.718] 7.78| 18] 7.78] 7.78

o Pralovollait pace skaktlion
Feasibility Study 1. 1.

1.
Technalogy Development 9.33] 9.33 | 9.33] 9.3 L33f 9.33] 9.33] 9.33) 9.33] 9.33
System Definition .5

Prototype Testing ’ en. |sa. |sa. |sn. [en.

~ e

PLEw)
o
~
e
W

J.,  Wind Energy Conversion
Feasibility Study 1.3 k|
Cosponent Development 5.6 & 9.6 9.6 9.6 9.6 9.6 9.6 3.6
Pilot Plant 4. 4, 4. 9, 4.
Demonstration Plant 98, 9E. 98. 98. 98.

K. Ocean Thermal Gradient
Featibility Study .66 .66 66
Component Developnent 8.6 B.6 8.6 8.6 8.6
PH1at Plant n. 1. 1. 1. .
Demcnstration Plant 8. 85, £6. 86. 86

TOTAL 55,89 | 60.49 ]60.49 ]88.41 [91.16]105.59 131.77]351.53]324.43 r24.l3 469.50]437.67 p39.67 1339.67 339.67

* Estimated schedule, since no clear schedule was given. R
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TABLE 8-2. NSF/NASA SOLAR ENERGY APPLICATIONS PROJECTIONS!

Energy Produced? ('IO15 Btu)

System 1985 2000 2020
Thermal Energy for Buildings A7 2.1 10.5
Conversion of Organics to Fuel or Energy
Combustion of Organic Matter - .76 16.0
Bioconversion to Methane .27 3.1 12.3
Pyrolysis to Liquid Fuels - .63 8.0
Chemical Reduction to Liguid Fuels - .63 8.0
Electric Power Generation
Thermal Conversion - .76 8.0
Photovoltaic
Systems on Buildings - .75 10.5
Ground Stations - .76 16.0
Space Stations - .76 16.0
Wind Energy Conversion - .76 16.0
Ocean Thermal Difference - .76 16.0
Total3 .44 11.77 137.30

1. NSF/NASA Solar Energy Panel Report, Dec. 1972.

2. Assuming the R&D effort in ail systems proposed in the report are started now

and all are successful.

3. Assumes that the energy effect of all these systems is additive.
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1) What are the impacts of this large solar commitment on
the political, economic, social, and environmental
aspects of the U. S.?

2) 1Is this much solar energy desired or required, even if
the detrimental impacts of generating it are small?

The impacts of attempting to obtain 137 Quads of solar energy
by the year 2020 would be as foliows:

o The R&D funding of solar energy over the next 15 years
would be at least $3.52 billion or an average of $235
million per year, which is 20 times the present funding
rate (it should be pointed out that the greatest portion
of the R&D money is in demonstration projects which come
toward the end of the concepts development)}. Without
making a supply of new R&D funds available, other energy
R&D programs would have to be cut back drastically.

o The amount of natural resources required to build what is
required here is significant. (In Chapter 5, the amount
of material required to supply just the solar devices for
home heating and cooling is shown to be great,

o The basic metals, glass, and fabrication industries would
have to increase their capacities considerably to produce
what is required over a 47 year period.

Table 8-3 supports the last two impacts just presented as
can be seen, the number of energy plants regquired and the land area
required to produce the projected 137 Quads of energy by 2020 is
overwhelming and would preclude all concepts being implemented. This
1imitation would therefore drop the potential considerably below the
137 Quads level,

The second question above is best answered by considering
the "National Energy Policy" in Chapter 7. Using proper consumption
planning and taking a systems approach to supply, it appears that only
about 20 Quads of solar energy need be supplied by the year 2020. This
amount of energy obviously wiil be much easier to attain than 137

Quads. How much solarenergywill actually be required or desired will

be mainly a function of our ability to control consumption and whether

the ?reeder reactor is technically, economically and environmentally
viable.

Because of the uncertainty of the energy consumption/supply
situation in 2020 a goal of having the capability of producing more
than 20 Quads from solar devices should be established. In Chapter 7,
this goal was set at 40 Quads. To attain this goal as painlessly as
possible by 2020, those solar concepts which show the most promise
should be funded earlier and to a larger extent than those which show



TABLE 8-3 ESTIMATED IMPACT OF SOLAR CONCEPTS'

8-7

1985 2000 2020

Thermal Erergy for Buildings

No. of new homes with thermal 5

collectors (% of total starts) .22x10°(10%)  1.16x106(50%) 2. 28x106(85%)
Phatosynthetic Production of Organic i
Material

Eas;]y coI]ect}b]e organic wastes

{10/ tons/yr.) 5-7 5-8 6-9

Land and water plant forms

(107 tons/yr.)3 20-35 215-360
Combustion of organic matter

No. of 1 G, W. (Gigawatt) electric power

stations (steam) - 19 390
Bioconversion to methane

No. of 1000 ton/day conversion plants 61 692 2770
Pyrolysis to liquid fuels

No. of 2000 ton/day conversion plants - 72 900
Chemical Reduction to 1iquid fuels

No. of 1000 ton/day conversion plants - 143 1800
Electric Thermal Conversion )

Land area required (square miTes) - 185 2000
Photovoltaic Building Systems

No. of new homes with solar collectors? - 1.16x106 2.28x106
Photovoltaic ground stations

Land area required {square miles) - 300 3000
PhotovoTtaic space stations

No. of 10 G.W. space stations - 2 39
Wind Energy Conversion

No. of 100 mw (Megawatt) wind generators - 185 3900
Ocean Thermal Difference

No. of 400 mw ocean stations - 46 975

Derived from information contained in the NSF/NASA Solar Energy Panel Report.

The present, readily available 4-6 x 107 tons/year of human and animal
organic wastes are assumed to grow linearly with population (series E).

This is the amount of material that would have to be grown {over and above that
provided by organic wastes) to supply the next four processes with
enough input energy to produce their projected output.

It is implied in the NSF/NASA report that houses with thermal collectors
from year 2000 will also have photovoltaic panels.
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less promise. Unfortunately, most of these concepts have not been
developed enough to determine a proper priority system for phasing

the R&D effort to get the optimal impact. (The only concept that
presently has "commercial readiness," according to the NSF/NASA report,
is the heating of buildings, and this is not yet economically competitive
with fossil fuels.)

The Federal Government should therefore give initial RaD
funding to each of the 11 concepts (plus the attendant photosynthesis
concept). Each of these projects should be funded to take them at least
through the feasibility stage, as shown in Figure 8-1, This would
require $300 million over a five-year period. At the end of this
time, a decision could be made more intelligently as to the
priority and subsequent funding to be given each concept. Once this
point is reached, then a phased R&D and implementation plan can be
developed.

The energy displacement potential of solar energy therefore
lies between a maximum of 137 Quads for all eleven solar energy concepts
and a probable low bound of 20 Quads which is a very conservative
estimate. This low bound figure of 20 Quads appears to be deceptively
small but when it is put into the perspective that it is over 10% of the total
energy requirement of scenario 3 by the year 2020 it takes on much
greater significance.

It is realized by the authors that many factors other than
technical feasibility will influence the acceptance of solar energy
by the American pecple. It will be these other factors which will
greatly determine the "realistic potential" of solar energy in the
decades to come.
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CHAPTER 9. IMPACTS OF SOLAR ENERGY UTILIZATION

9-1 INTRODUCTION

Recent history serves well to emphasize the necessity of consid-
ering a priori the societal ramifications of any technological innovation,
breakthrough or notable advancement. Examples of recent technological
achievements and their accompanying adverse societal aspects are: the
advent of electronic digital computation and its accompanying “invasion
of privacy" aspect and the development of oral contraceptives and the
associated "juvenile moral influence". A Tong list accounting the history
of the "technology explosion" and related societal consequences could be
developed. Devastating effects or consequences of technological accom-
plishments are depicted by authors such as Toffler [9-1], Kahn [9-2],
and Schwartz [9—33, among a host. They foretell of a future society vic-
timized by the ravishment of technology. On a much Tower dynamic scale,
it can also be pointed out that, in many cases, the benefits of techno-
lTogical advancement to mankind have not been maximized, moreover certain
existing undesirable conditions have been exacerbated.

As a result of first-hand observations of societal disruptions
and of a growing denouncement of "technology for the sake of technology"”,
a keener sensitivity has been developed; an awareness of the importance
of attempting to assess the impact of a new or extended technology on
society currently exits. It is recognized that projected societal impacts
can supply a valuable feedback into a primarily technological system de-
velopment model, and consequently play an important role in providing a
trade-off in the optimum design of the end product. There would be a
substantial prophylatic value in doing no more than identifying the diff-
iculties, or pointing out the inherent associated problems, but identifi-
cation of problem areas alone falls short of providing the maximum possible
societal benefits.

With the widespread realization of the import of technology
assessment has come the logical initial development of a methodology of
technology assessment. A sound approach which has been employed in the
development of a methodology is one which uses retrospective analysis
of recent technological innovations and accompanying societal impacts
[9-4, 9-5]. In these references space exploration and computer-communi-
cations networks, among other technologies, are explored extensively
relative to their unanticipated side effects.

Conceivably, there should exist a quantitative means of relating
the different societal impact areas (political, environmental, psychologi-
cal, social) to each other, as well as to the technology. This would imply
the applicability of a systems approach, with transfer functions and
weighting factors, resulting in a mathematical model which could incorpor-
ate a direct trade-off among conflicting design considerations. However,
there are no quantitative transfer functions relating the various impact
areas, or, if they exist,the methodology of technology assessment is not
sufficiently developed at this point to mathematically quantify impact
area interractions.



g-2

There are methods of sampling and analysis (opinion surveys:
Appendix D , the Delphi method, pairing techniques, etc.) which yield
numerical values relative to certain aspects of societal acceptance of a
new and radically different product or process; but, there exists an in-
finitely large number of considerations which should constitute parameters
in a systems model of societal impact which would have any pretense of
completeness, and which therefore would have an acceptable measure of reli-
ability. Therefore, it is a presently accepted fact that the formulation
of such a mathematical model is unrealistic and that efforts to develop
such a model are impractical.

In line with the state-of-the-art in technology assessment, the
major focus is then placed on identifying probable/possible specific im-
pacts {through such techniques as opinion surveys, brainstorming, scen-
arios, etc.) which may fall within one or all of the designated impact
areas, as the interrelationships graphically illustrated in Figure 9-1.
Resulting specific impacts, which may be common to a number of the desig-
nated impact areas, thus provide interactive relationships between impact
areas. An attempt is then made to determine the magnitude of these im-
pacts, somewhere along the scale: large to small; or perhaps only to the
extent: large or small.

The development of scenarios holds the promise of being a major
contribution to technological planning. The effectiveness of this tech-
nique lies in demanding consideration of the best course of technological
activity in view of a range of future possibilities [9-6]. Two popular
methods of scenario development are: 1) to extend trends, determine
thresholds at which social conditions will halt or alter these trends,
and consider the resulting scenario, and 2) consider five environments
(technical, social, economic, political and ecological) as related to
competitive conditions and internal organizational developments; extreme
and more probable events in each area are then selected from current
literature and speculations of knowledgeable people.

When the foregoing identification and assessment processes are
extended to the point of “acceptable" completion, trade-offs are made and
the results are formulated into policy statements. The assessment of a
technology can encompass one or more of the following results:

1) Identification of unexpected desirable/undesirable conse-
quences

2) Identification of regulatory or other control measures

3) Identification of feasible corrective measures to minimize
negative effects

4) Modification of the technology in order to reduce disben-
efits or to increase benefits

5) Encouragement of the development of a technology into new
areas to exploit anticipated benefits

6} Prevention of the technology from developing
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PSYCHOLOGICAL/SOCIAL

Figure 9-1 MODEL OF IMPACT INTERACTIONS
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In order to test the impact "evaluation criteria", a number of
examples of the application of the technology can be assessed. From this
testing of the impact analysis, new considerations may appear. Thus, the
impact analysis is logically concluded only after a number of iterations.

The foregoing brief discussion of technolegy assessment is a
necessary introduction to a consideration of the impacts of the imple-
mentation of solar energy. In the following sections, solar energy will
be considered as a candidate for assessment in the political, environ-
mental and psychological/social areas based upon the effects of its im-
plementation upon:

1) Industry 7) Health & Safety

2) Government Structure 8) Housing Policy

3) Balance of Trade 9) Maintenance & Labor
4) Lifestyles 10) National Security

5) Resources 11) Architecture & Design

6) Land Use
9-2 POLITICAL

The implementation of solar energy into American society will
most certainly impinge upon the nation's political structure. In fact,
it may well be in the general area of "politics" where future solar energy
utilization will have the most drastic impacts and consequences. A brief
examination of the functional interrelationships between the American
political structure and the energy business system will properly orient
this section.

Industry. Many Americans operate under the fallacious assumption that
public policy is initiated by the American political structure (i.e., the
President, the Congress, governors, state legislators, etc.). Actually,
political actors are more "reflectors" of social change, rather than
initiators of it [9-7]. They respond to the demands and interestis of
private groups and individuals in their public policy determination
decisions [9-8]. This is not to say that politicians are not important
actors in the public policy process, because they certainly are. It is
to say, however, that elected political officials fill intermediate links
while administrators {bureaucrats) fill final links in the policy process.
Much of the philosophy and substance of policy decisions is formulated
well before bills ever reach the floor of the legislature or the desk of
the executive.

So, public policy initiation often begins with the policy de-
mands and requests of citizen interest groups and individual citizens.
But linkages among the policy desires of public constituencies and poli-
tical decision-makers' behavior are, at best, uncertain. MWarren E. Miller
and Donald K. Stokes, for example, have found that only in the issue area
of civil rights does a significant relationship exist between constituency
opinions and congressional voting behavior [9-9]. On an economic welfare
scale, the ralationship was weak, and on the question of American foreign
involvement, it was virtually non-existent. Moreover, the representation-
al relationship is further complicated as the structure of belief systems
among the mass public is diffuse and does not conform to an unidimensional
scale [9-10].
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Thus, the question arises: "if not mass public beliefs, then
what?" In other words, if political actors do not (or perhaps more
appropriately, cannot) base their decision-making behavior upon pubTic
attitudes and demands because of, among other things, their lack of simple
structure, then how can they ever hope to fulfill the requisites of rep-
resentativeness? This introduces the political vote of vested interest
groups.

Vested interest groups, because of their heavy monetary support,
close proximity to political decision-makers, and general level of accept-
ance by decision-makers, provide significant inputs for the policy making
process. While interest groups do not always desire identical policy goals
for the same issue area, they do offer the politician a less complex pic-
ture of the viable alternatives within the area. Moreover, their claims
of representativeness of citizen desires do not fall upon deafness in the
chambers of government.

In the energy area, interest groups can be sub-divided into
several major types:

1. Government owned utility companies (e.g., Tennessee Valley
Authority)

2. Investor-owned utility companies (e.g., Consolidated Edison,
Houston Light and Power Company)

3. Petroleum product companies (e.g., Standard Qil of New
Jersey, Texaco, E1 Paso Natural Gas)

4. Coal producers (e.g. Consolidated Coal Company)

5. Energy producing equipment suppliers (e.g., Westinghouse,
General Electric)

6. Owners of energy producing land areas

7. Government conservation agencies and groups {(e.g., Environ-
mental Protection Agency)

8. Private conservation groups (e.g., Sierra Club)

Additionally, several of these organizations are among the ma-
Jjor financial enterprises in America. According to a 1964 survey of the
300 largest industrial corporations in the United States, for exampie [9-11],

1. Of the 10 corporations with the largest total assets, 7 are
petroleum product companies,

2. Of the 20 corporations with the largest total assets, 7 are
petroleum product companies, 2 are utility companies, and
1 is an energy producing equipment supplier.

3. Of the 50 corporations with the largest total assets, 12
are petroleum product companies, 8 are utility companies,
and 3 are energy producing equipment suppliers



9-6

4. Of the 100 corporations with the largest total assets, 18
are petroleum product companies, 17 are utility companies,
and 4 are energy producing equipment suppliers.

Finally, the five largest corporations (American Telephone and
Telegraph, Standard 0i1 of New Jersey, General Motors, Ford Motors, and
United States Steel) lay claim to greater than 12 percent of all assets
in the United States. While all five of these industrial giants are
certainly involved in the energy picture as either major producers or
consumers, the future of three of the five (Standard 0i1 of New Jersey,
General Motors, and Ford Motors) are directly related to the status of
petroleum products in America. Recent investigations have concluded that
these three corporations have combined revenues which are greater than
the combined revenues of the fifty American States, and the revenues of
General Motors alone during the mid-1960s were 50 times greater than those
of Nevada, eight times greater than those of New York, and nearly 1/5
times those of the Federal Government [9-12].

Hence, any new energy technological application (e.g., solar
energy) will have to consider the dispositions of these vested interests
toward that application. A phasing in/out process should come to an early
appreciation of the extent of political influence which the major energy
related interests can mobolize. An attempt, for example, to develop a
phasing-in scheme which would phase-out or severely limit the operations
of these interests is almost certain to fail politically.

Government Structure. The unique brand of American federalism makes
political and administrative decision-making a complex, intricate and
often frustrating process. According to the popular notion of the Ameri-
can federal structure, political decision-making is visualized as a two-
layer arrangement between Washington, 0.C., and the fifty state capitals.

A more realistic and practical view, however, has been proposed by Morton
Grodzins. Grodzins' "marble cake" theory argues:

“An accurate image is the rainbow or marble cake, characterized
by an inseparable mingling of differently colored ingredients,
the colors appearing in vertical and diagonal strands and un-
expected wherts. As colors are mixed in the marble cake, so
functions are mixed in the American federal system" [9-13].

Thus, the “new federalism" of the twentieth century is essen-
tially a cooperative effort between the national government and the states,
as it normally involves “voluntary compliance” [9-14] and administrative
responsibilities by the state governments, rather than mandatory accept-
ance.

American government and politics, however, practically involves
an additional level of consideration -- the local level (i.e., counties,
municipalities, etc.). But counties and cities have no constitutional
status within the American federal system. They are subordinate both
constitutionally and legally to the state in which they are located. Yet
greater than 70 percent of all Americans reside in urban areas in the
1970s, and most desire some degree of control over the political and ad-
ministrative decisions which affect their daily activities. This is the
paradox of American federalism. Governmental power is at least once
(state government), and usually twice (national government), removed from
the masses of people who, according to democratic theory, govern.
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Hence, any scheme which is realistically geared toward the im-
plementation of new energy sources and technology (e.g., solar energy)
into American society should consider the unique interrelationships of
the American federal structure. It is not enough, for example, to argue
that a solar energy policy must (1) be passed in bill form by the Congress,
(2) be signed into law by the President, and (3) be determined as consti-
tutional by the Supreme Court should it become involved in a Tegal dispute.
A solar energy policy will also require administrative inputs from national,
state, and local bureaucrats. It will involve political inputs from both
state and local political officials.

To a great extent, the nature and direction of state and local
administrative and political inputs into the implementation of a solar
energy policy will be determined by the economic base of the sub-national
area. Especially in those areas where coal production {see Figure 9-2),
petroleum product production (see Figure 9-3), and natural gas production
(see Figure 9-4) are heavy, one should not expect an immediate and strongly
positive acceptance of any plan for wide-spread solar energy implementation
by the state and local political forces. Only until solar energy can be
shown to compiement these energy (fossil fuel) related economies are the
political actors Tikely to endorse and actively support its implementation
and utilization to any considerable degree.

This should not be taken as a statement that solar energy is a
politically unwise and inexpedient concern throughout the American States,
however. To the contrary, as Figure 9-5 demonstrates, almost one-half (24}
of the states have no significant amounts of fossil fuel production within
their boundaries. These political units are heavily dependent upon the
twenty-six fossil fuel producing states and upon foreign imports to satisfy
the energy needs of their citizens and their industries. The political
market for new energy sources within these states should be quite receptive.

Many of these states are within the best areas in the United
States for solar resources. The South Atlantic Coastal States of North
Carolina, South Carolina, Georgia, and Florida and the Western States of
Arizona and Nevada, for examples, are in the non-fossi] fuel producing
category.

Finally, even among some of the twenty-six producing states,
potential political receptivity of solar energy might be expected. As
Figure 9-5 illustrates, only four states (Texas, Louisiana, California,
and West Virginia) had over $1,000,000,000 worth of fossil fuel production
in 1971 and only five more (Oklahoma, Kentucky, Pennsylvania, Wyoming, and
New Mexico) had over $500,000,000 worth. In the remaining seventeen states,
fossil fuel production contributes a much smaller share of the state's econ-
omy. It is in these areas where a well planned scheme of complementary
solar energy utilization may be politically acceptable.

But in the long run, the energy problem involves serious national
considerations. So, much of the motivation behind the development of new
energy resources and technology must come from the national level of gov-
ernment. Already in 1973, for example, an Energy Policy Committee headed
by former Governor John A. Love of Colorado, has been created by President
Richard M. Nixon. The committee has been delegated cabinet level status
and is oriented in theory toward offering alternative solutions to the
“national energy crisis."”
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In Congress, numerous resolutions and bills have recently been
introduced which refer directly to the establishment of a national energy
policy. House Resolution (H.R.} 1894, for example, proposes the estab-
Tishment of a Commission on Fuels and Energy which would have the author-
ity "to recommend programs and policies intended to insure, through
maximum use of indigenous resources, that the United States requirements
for low-cost energy be met, and to reconcile environmental quality require-
ments with future energy needs." [9-15]. Perhaps the most sweeping bill on
the energy matter to be introduced into the Congress to date, however, is
S.70 which calls for the establishment of a Council on Energy Policy. That,
among other things, could have the authority to "coordinate all energy ac-
tivities." [9-16]

Individual congressmen have also been quite vocal lately in their
discussions of the national energy problem. During early July, 1973, a
representative of the Auburn Design Group wrote to all United States Rep-
resentatives, Appendix D . The letter requested that the congressman ex-
press his opinions on the national "energy crisis" and on the possibility
of solar energy being utilized to help solve the crisis. Because of the
time limitations of the Auburn Design Program, only 25 Senators and 29
Representatives had responded to the letter by the termination of the pro-
gram. While the data is restricted because of low response (25.0 percent
for Senators and 12.8 percent for Representatives), it is helpful in that
it identifies potential response trends on the questions of the energy
crisis and solar energy utilization among national political figures.

As Table 9-1 illustrates, one-fourth {25.0 percent) of all con-
gressmen responding to the inquiry had a very favorable attitude toward
the potential for solar energy applications. Representative John N.
"Happy" Camp of Oklahoma, for example, wrote that "solar energy is one of
the more viable alternatives in terms of a major power source." Senator
Lowell Weiker, Jr., of Connecticut substantiated this opinion with his
comment that "solar energy . . . {is) probably the cheapest and most
efficient means of providing new energy sources." Finally, Senator Hubert
H. Humphrey of Minnesota felt "convinced that the current level of invest-
ment in solar energy research and development is totally inadequate."

Almost one/half (47.7 percent) of the congressmen saw solar
energy as a possible but Jong-term alternative to the energy crisis.
Representative Romano L. Mazzoli of Kentucky probably best illustrates
this feeling with the response,"although solar energy may help to provide
an adequate energy source in the future, I have not seen any indications
that it will be able to significantly alleviate the energy crisis of the
present and immediate future." Senator Bill Brock of Tennessee wrote that,
"in all probability its (solar energy) widespread use still remains beyond
the immediate time."

An additional one-fourth (25.0 percent) of the respondents viewed
the energy shortage as a crisis situation, but made no written mention of
the potential for solar energy. Finally, one congressman--John G. Dowen
of Texas--saw no application for solar energy before the turn of the cen-
tury. Moreover, Senator Dowen stated that "The current energy crisis will
be solved by petroleum."



TABLE 9-1

CONGRESSMENS ' RESPONSE ON THE POTENTIAL
FOR SOLAR ENERGY

U.S. Senators U.S. Representatives Total
Response No. | Percent No. | Percent No. | Percent
Very Favorable 8 32.0 3 15.8 11 25.0
Possible But
Long Term 11 44.0 10 52.6 21 47.7
Energy Crisis
Bad, But No
Mention of
Solar Energy 5 20.0 6 31.6 11 25.0
No Potential ] 4.0 0 0.0 1 2.3
25 100.0 19 100.0 44 100.0
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From these responses it appears that political factors at
the national level of government are at least beginning to develop an
awareness of the energy problems facing the United States. A rather wide
spread level of support for solar energy applications among many of these
actors in the future seems at least possible.

Balance of Trade. Certainly, one of the major political and economic cir-
cumstances involved in the current energy crisis is the balance of trade
problem. The United States' portion in the balance of trade picture is
worsened by its continual and increasing dependence upon foreign imports
of petroleum products.

Political power and economic power are tied closely together.
The middle Eastern countries are particularly aware of the relationship.
During 1972, for example, "Arab leaders made no fewer than fifteen
public threats to use oil as a political weapon against their enemies.” [9-17].
In a word, the Arabs have threatened to delete their exports of petroleum
to the United States because of the U.S.'s support of Israel.

A thorough implementation of solar energy resources would indeed
help to alleviate this long-term situation by reducing the Tevel of Ameri-
can dependence upon Middle Eastern petroleum products. This provides an
additional rationale for the utilization of solar energy.

Lifestyles. The political decision-making process ultimately involves

the public. Democratic theory is oriented directly toward the public
selectors of political office holders and as constituencies to be repre-
sented in the public policy making process. Thus, public attitudes and pub-
lic opinion, both of which are strongly associated with the lifestyles of
people [9-18],are crutial considerations for the implementation and appli-
cation of a new energy technology.

During July, 1973, the Harris P61l conducted a nationwide sample
survey of 1,537 households. The survey was designed to ascertain the
public's (1) view of the seriousness of the current energy crisis, and
(2) evaluations of the probable causes and results of the crisis [9-19].

The poll indicated that a substantial proportion (77 percent) "of the
American people take the 'energy crisis' as a 'serious' matter" (Table 9-2).
When asked to evaluate the causes and results of the crisis, a large num-
ber of responses were offered. These are contained in Table 9-3. In a
word, the public expects a sharp rise in the costs of fuel in the future
and a growing dependence upon foreign imports. Almost one-half (40 percent)
also felt that gasoline might have to be rationed before the end of the
summer of 1973. It is also highly significant that 52 percent of the
sample saw American "know-how" as "so good" that the U.S. will be able to
fulfill its future energy demands" without a lot of trouble." Finally, an
additional 49 percent of these interviewed did not believe that the public
will be willing to conserve its use of energy,and greater than two in five
(43 percent) did not feel that the federal government is competent to solve
the current crisis.

As with any potential technological advance, there is apparently
a void of public opinion on the specific question of solar energy. Thus,
it must be created. The public opinion formation process involves five
basic stages: (1) the identification of some problem area by a number of
people, (2) the recognition of the problem area as important by these peo-



TABLE 9-2*

HOW SERIOUS IS THE ENERGY CRISIS?

Number Percent

Response in_Sample of Sample
Very serious 722 47
Only somewhat serious 461 30
Not very serious 246 16
Not sure 108 v
Total 1537 100

*Adapted from the Harris Poll of July, 1973.

ple, {3) the discussion of the problem area, (4) the development of alter-
native solutions and the narrowing of alternatives, and (5) the mobiliza-
tion of the opinion in order to affect the final policy either through
majority vote or by leadership assessment of the public opinion [9-20].

Thus, the creation of favorable public opinion toward solar energy
application and utilization would require a number of actions. First, the
public must be made aware of the energy problem. Second, politicians, the
mass media, social and economic agencies, etc. must make the public aware
of the significance and extent of the energy problem. Third, there should
be a full disclosure of the various factors involved in energy production,
supply, and consumption. Fourth, the various alternatives toward solving
the problem (Alaskan pipeline, nuclear breeder, coal liquification, SSPS,
Meinel central power plant, etc.) must be presented to the public. Fifth,
the advantages and disadvantages of each alternative must be thoroughly
presented. Sixth, should a variety of solar energy be the "best" approach,
it should be identified as such. Seventh, the public must elect political
officials who are aware of the alternative, and after elected, those offi-
cials must implement the alternative as public policy.
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TABLE 9-3 *

THE PUBLIC'S EVALUATION OF THE ENERGY CRISIS

Response

Agree

Disagree
%

Not Sure
%

Reasons why crisis is serious

Cost of gasoline, heating, air
conditioning going to rise
sharply

U.S. running out of oil and
natural gas and will have to
depend on imports

Might have to ration gas before
end of summer

Soon there will be a lot of
brown-outs and power failures

Reasons why crisis is not serious

75

51

49

39

U.S. will find enough energy to
meet our needs

Most people will be willing to
use less air conditioning, less
heating and drive cars less

Federal government will not
allow crisis to take place

Fuel and electricity have
always been cheap in U.S.
and will remain so

52

39

35

25

13

36

33

43

33

49

43

64

12

13

18

18

15

12

22

11

* Adapted from the Harris Poll of July,1973.
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9-3 ENVIRONMENTAL

As man's standard of living rises so do his demands for energy.
When these demands are coupled with an increasing population, the expo-
nential increase in energy demand can outstrip energy availability. This
is shown in Chapters 1 and 2 to be a possibiTity,

Unfortunately, in converting natural resources to the enerqy
forms that are demanded, inherent wastes of energy and material result in
ever pressing pollution problems. These problems make imperitive the
evaluation of the environmental impacts of any program that significantly
disturbs the face of the earth, before the program is implemented.

Resources. Al1 endeavors require an investment of resources. Space ex-
ploration, Columbuys' voyage, elevated modes of living, food production,
etc. have been, or are being, allocated a portion of the resources of
earth and man. The benefits derived in the future from such projects
must be carefully weighed against their costs. Resulting societal bene-
fits may not be entirely material in nature, but may appeal only to the
aesthetic value of man. Inevitably, most projects attain a state where
the return is insufficient to Justify further consumption of resources.

Solar energy utilization does not appear to be of this character.
In regard to man's existence on earth, solar energy is an inexhaustible
supply of energy. Materials and other resources committed to the appli-
cation of solar energy for the use of man are not dedicated to short-lived
processes, such as o1l and natural gas production.

It should be noted that the use of any fuel necessarily requires
the production of associated suitable hardware. The development of such
hardware often has been relatively slow, responding to increasing new and
additional fuel demands or needs. Often scant attention has been given to
secondary consequences of this dedication of materials and resources. For
example, the evolution of a mobile society has spawned corporations devoted
solely to the production of the automobile and its associated components.
The rubber, asphalt, steel, et al, industries all orchestrate for this one
mode of transportation. Societal impacts of these industries: pollution,
energy consumption, jobs, etc., should be accrued to the automobile. Sim-
ilar coordination of industrial efforts and their associated impacts will
probably be necessary to utilize solar energy.

Solar heating and cooling may require investments of rather large
amounts of copper, aluminum, transport fluids, storage materials and hous-
ing insulation. Material commitment to central solar collection facilities
and satellite stations probably will also be quite large. Such commitments
need to be made now if future generations are to have some probability of a
comfortable lifestyle. Finite fossil fuels must not be depleted before
such a commitment is made to use an inexhaustible energy resource - the
sun.

This aspect should prevail in any plan of action or energy man-
agement scheme. Energy problems should be resolved with the primary in-
tent (possibly the only intent) of insuring the continuation of man on
earth. Needless and irresponsible consumption of resources can only lead
to future crisis situations.
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Land Use. Due to the low intensity of power in solar enerqy methods of
collection and storage land use is naturally of major concern. Both
items have a substantial effect on the utilization of solar energy. In
an economic sense, these two factors may be the greatest barrier to the
short-term use of solar energy. As the cost of collectors and storage
systems is decreased by mass production techniques, further consideration
must be given to their integration into society on a physical basis.

The three solar systems commonly proposed are: heating and
cooling, central solar collection facilities and satellite collection
with subsequent transmittal to central stations. These proposals can be
categorized on the basis of the point of interception and collection of
the solar insolation. Heating and cooling applications as applied to in-
dividual dwelling units are by nature dispersed over a wide area. The
question of land use disruptions is not as pressing in heating and cool-
ing applications if skyscraper condominiums are not considered. Central
solar collection facilities (thermal or photovoltaic) and satellite col-
lection and transmission requires the dedication of blocks of land areas
for each installation.

The importance of land utilization is becoming more critical
every day. Significant disruptions already have occurred in this decade
due to the structuring of our transportation requirements around indivi-
dual units -g*the automobile and its requirement of highway systems. The
world has only eight billion arable acres of land with an associated eight
billion acres of potential grazing land [9-21]. Approximately three and
one half billion are presently under cultivation. This restriction of
land for food production places an upper limit on world population. The
maximum population which can be supported has been estimated to be approx-
imately eight billion (2.5 times the 1971 population [9-21]. As the pop-
ulation increases toward this limit, more of the energy resources must be
applied to meeting the caloric requirements (food) of man. Man does not
live by bread alone, but he does not live without it either. Perhaps, it
is in this light that long range projects should be considered.

The aim of most proposed central solar collection facilities is
the production of electrical power. At the present time, the facilities
which convert energy via steam-turbine generators (thermal systems) appear
to be the most likely initial step. This primarily is due to the diffi-
culties and cost in the mass production of photovoltajc units. Electrical
energy requirements have been estimated to be 1880 gigawatts in the year
2000. If this were met so]e1¥ by central solar collection thermal facil-
ities, approximately 4.5 x 10/ acres would be required for the collector
installations based on 37 square miles for a 10 gigawatt plant [9-22].
Earth receivers for microwave transmission from a solar satellite are es-
timated to require 17.33 square miles each [9-23]. In order to supply
the same projected demand in the year 2000, a total of 2.1 x 106 acres
will be required. In addition, this figure does not include the land
commitment to produce the energy and materials for the 2 x 10° shuttle
launches [9-24] which would be necessary to build the required 188 10-
gigawatt satellite stations. Based on the efficiences of collection
and transmission and the proposed satellite collector grea, earth photo-
voltaic installations would necessitate using 2.2 x 10/ acres to meet the
year 2000 projected demand. An 89 percent reduction in from-space-to-earth
insolation was assumed [9-25].
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Other factors also must be considered if electrical power gen-
eration from solar energy is to be successful. New transmission lines
will have to be built if the collector facilities are in locations of the
greatest insolation. These areas, the Southwestern United States, are

considerably displaced from some major population concentrations, e.g.,
the Northeast Corridor.

Unless a cheap innovative means of power transmission is devel-
oped, electrical generation from solar energy may be less than desired.
Shifts of industry and population to regions of greatest insolation, to
minimize transmission losses, may likewise prove not to be acceptable.
The converse alternative, locating the facilities close to population
centers, will require the reallocation of more valuable land and may re-
duce the capacity of the facility due to decreased insolation. Decreases
of insolation may occur not only from variations of geographic locations
on the globe, but also from variations in pellutant levels.

In the future, the balance between societal desires and needs
will become more crucial than today's problems. A proper allotment of the
limited resources of earth will become increasingly more important. This
issue will concern all resources, land, manpower, energy, etc.

Health and Safety. Generally, solar and nucTear energy are accepted to be
the only high potential long-range energy resources. The entire future of
nuclear energy appears to be immersed in a quagmire of serious problems,
any one of which may 1imit the existence of man. The overriding issue is
the release of radicactivity, either on a phased schedule or by some cata-
stophic event. The problem of phased releases boils down to the guestion
of - is low-level radicactivity generally harmful to man? This question
can be phrased from another position - is Tow-level radioactivity generally
beneficial to man? The answer to this issue is not entirely clear at

this time, especially in regard to long-range genetic effects. Historically,
man's use of intensive energy sources has been accompanied by adverse

side effects, e.g., concentrated explosives, nuclear warheads. In Tight

of these issues, a solar oriented society should be pursued as opposed to
the concept of a society based on nuclear power.

In general there appear to be few serious health and safety
problems associated with the use of solar energy in comparison to alter-

nate energy resources., However, it is the intent of this section to indi-
cate possible areas of concern.

Two primary problem areas exist in solar heating and cooling in
buildings: wutilized material effects and degree of concentration effects.
If glass is a major material necessary to the utilization of solar energy,
reflection and breakage factors can not be discounted. If entire build-
ing walls are glassed for heat collection, open areas must be provided to
gain access to the insolation. Correspondingly, such open areas could
possibly prove to be a hinderance to pedestrian and automobile traffic.
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Long duration exposure to the reflected rays of the sun could also lead to
damage of the optic nerve. In addition, the possibility of physical burns
exists when concentrating collectors are utilized. Since concentrating
collectors inherently require less space than flat plate collectors, the
protection or isolation of these devices should prove to be no greater

a problem than the isolation of present day electrical power devices.

In all probability, central solar collection stations can be
sited to minimize the probability of injuries. On the other hand,
additional problems may be incurred with the installation of large solar
collection facilities. Local changes in the microclimate of the stations
may occur. Affects on the local wildlife and other ecosystems also are
possible.

The use of microwaves for transmission of power, either from a
space satellite or ground stations introduces additional problems. Al-
though the projected power density of such energy beams is not considered
to be sufficient for immediate damage, long term exposure effects should
be investigated. Interference with standard communication systems may
become a serious problem, especially in critical applications such as
heart pacemaker devices.

In summary, some health and safety problems probably will occur
with the implementation of solar energy devices. These problems do not
appear to be insurmountabie when viewed in contrast to those associated
with today's conventional fuels. The health hazards resulting from oil,
natural gas and nuclear energies have been recognized and are quite press-
ing. Solar energy has none of the particulate, carbon dioxide or radio-
active waste storage problems of our current energy resources.

9-4 PSYCHOLOGICAL/SOCIAL

In the United States there is a tremendous social awakening;
certain low income and deprived groups are desirous of improving their
living conditions. The lifestyle of these groups is of a quality far
below that which would be expected to be commensurate with the present
stage of development of this nation. Elevation of the standard of living
of a relatively large segment of society concurrent with a decrease in per
capita energy consumption (or at least of zero increase in per capita con-
sumption) appears to be paradoxical. Strong forces are at work to improve
the standard of living of minority groups, and the accomplishments of social
reform are many, demonstrating that strong social forces must be dealt a
hand. Thus a very sensitive and complex social-psychological situation
exists.

It could be suggested that the pursuit of an improved lifestyie
is probably one of the major factors causing a tremendous drain on U.S.
energy reserves. The per capita consumption of energy has increased ex-
ponentially over the past thirty years; however, conservative projections
suggest a short term continued increase in energy consumption with an
eventual leveling off (See Chapter 1). Since a desire to improve the
individual's circumstances exists, there is an insufficient amount of
fossil fuels to adequately provide the necessary energy supply to do this
over a long period of time. Consequently, new or innovative technologies
must be developed which will help alleviate the problems associated with
the availabiltiy of energy resources and the insufficiency of energy which
is needed for future consumption.
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Lifestyles. Solar energy could help alleviate a Tong range energy crisis
and probably simultaneously ameloriate the Tiving conditions of man.
There are probably some societal disruptions associated with phased im-
Plementation of this innovative technology; however, there exists a "real
energy need", i.e., an energy need which will help mitigate the inevita-
ble energy crisis and simultaneously permit social development. Solar
€nergy appears to be a potential energy source which can be employed to
satisfactorily close the future gap between available energy and energy
consumption. Once humanity is sufficiently and properly educated con-
cerning this aspect of solar energy then there will be a minimization of
the difficulty of its implementation. In the past an apparent energy
abundance has markedly changed people's lifestyles; and, since there has
evolved an acquisition of a relatively comfortable lifestyle then there
would result minimum societal disruptions if there is not a radical low-
ering of lifestyle. Radical changes precipitated by new technological
developments strengthen the barriers hindering their acceptance and adop-
tion. Solar heating and cooling of buildings is not necessarily a radical
innovation and probably has more positive societal impacts than negative.
The reaction of people to innovations depends to a degree on a status quo
of the individuals living conditions. Indications are that solar heating
and cooling of buildings is a feasible technological development which
will permit individuals to maintain their present lifestyle and also aid
in supplying sufficient amounts of energy for predicted future consump-
tion.

A number of reasons exist why heating and cooling of buildings
via solar technology has not progressed as rapidly as expected. One
possible reason could be the lack of proper public education to the enor-
mous possibilities of solar energy for the heating and cooling of build-
ings. Societal characteristics have an effect on the rate of phased im-
plementation of solar energy, and there have been cited some cases in which
solar collectors were placed on apartment complexes for water heating.
However, because of improper communication the innovation was not accepted
by the social class involved. Perhaps it is necessary that some exposure
to the feasibility of heating and cooling of buildings via solar energy
be made visible by an example or other high visibility demonstration of
solar energy technology which shows minimum perturbation of societal re-
luctance to change from familiar ways of Tiving to new and energy conserv-
ing ways, therefore, minimizing any radical change in lifestyles.

Health and Safety. There are genuine concerns for a decrease in environ-
mental poliution and for the conservation of energy. The popularity of
these two notions makes energy a "social force" [9-26]. Solar energy is
virtually inexhaustible and as a fuel it is essentially pollution free,
therefore, making it an attractive source of energy. There is a trade-
off between human comfort and the privilege of environmentally clean air.
If solar energy is used on a large scale to heat and cool homes the prob-
lems of storage will have to be solved; furthermore, any inefficiency in
night heating or heating during inclement weather could conceivably result
in some discomfort. In addition, people might not accept the concept of
the ambient room temperature being a little lower than that to which they
are generally accustomed. Indeed this represents a trade-off between fa-
miliar and comfortable 1iving conditions and conservation of fossil fuel
and possibie environmental pollution.
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There can conceivably be concern involving utilization of solar
energy for air conditioning. If ammonia is used in absorption air con-
ditioning, there may be problems associated with leakage which could create
societal fears and opposition to its implementation. In summary, solar
energy implementation has more positive aspects than negative concerning
personal well being if solar energy is to be utilized.

Housing Policy. It is virtually impossible to definitively evaluate ali
social and psychological impacts of solar energy implementation; however,
some impacts can be treated in a qualitative manner. Furthermore, it is
difficult to exhaustively enumerate all the social and psychelogical con-
sequences of phased solar energy implementation, but there are some out-
standing positive and negative societal disruptions resulting from imple-
menting solar energy technology. In the heating and cooling of buildings,
because of the economic status of the majority, there would exist financial
problems accompanying the added cost of solar equipment. The overall tax
assessment of the property would increase; therefore, creating more finan-
cial problems for some already low income and deprived people. In addition,
there would probably be the fear associated with breakage and the upkeep
expense resulting from vandalism. The possibility of vandalism also in-
creases the home insurance rates, again creating financial problems and
added expense for home financing.

Maintenance and Labor. There are minor problems of training service per-
sonnel to be competent in repair of solar equipment for homes, solar farms,
and satellites. Tremendous problems exist in getting to a solar satellite
to make necessary maintenance and repair.

National Security. The solar farm and solar satellite concepts represent
a more difficult phasing problem of solar energy technology. Beside the
environmental problems previously enumerated, there are problems involving
vulnerability to immediate annihilation of the central solar stations.
This creates a problem of national security which could have rather severe
negative psychological consequences associated with it.

Architecture and Design. Any implementation of solar energy should be
reasonably compatible with the overall building design. A&n aesthetically
compatible building utilizing solar collectors for heating and cooling
could have positive psychological impacts resulting in minimum reluctance
to acceptance.

In conclusion, the phased implementation of solar energy in
terms of heating and cooling of buildings, the solar farm concepts, and the
solar satellite concepts certainly involve an interrelationship between
societal impacts and technology. Furthermore, an analysis of societal
problems accompanying solar energy technology development requires a shift
of focus from physical considerations to social considerations.

9-5 SUMMARY

The future comprises an intricate web of interacting events,
some of which are so extreme or bizarre as to be unpredictable or incon-
ceivable through conventional planning [6]. Technology assessment is the
term which is applied to a class of policy studies which systematically
define, explore and evaluate the full range of political, environmental,
psychological/social and other consequences of the introduction of a new



9-23

technology or the expansion of an extant technology. Through a technology
assesment, critical impact fronts and their possible interactions can be
identified. A qualitative evaluation of specific impacts enables input to
be made into an overall systems design model, and societal impact to play
a role in the development of the technology.

An attempt has been made to identify specific impacts and inter-
relations, if they exist, and to evaluate the realtive magnitudes of the
societal impacts of solar energy. The basis for a set of "evaluation
criteria” to which example applications of solar energy technology must be
subjected is thus developed.
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CHAPTER 10. MARKET POTENTIAL FOR SOLAR HEATING
AND COOLING IN BUILDINGS

Before any new technological innovation is accepted by industry
there must be a convincing argument that there is a sufficient market to

make it a profitable venture.

The market potential on both a national and

a regional basis is presented below to indicate the size of the market for

the solar heating and cooling in buildings.

10-1. NATIONAL MARKET POTENTIAL

A summary of the amount of energy used for water heating, space
heating, and space cooling in residential and commercial buildings in the
United States in 1968 [10-1] is shown below in Table 10-1.

Table 10-1. RESIDENTIAL AND COMMERCIAL END USE CONSUMPTION

Sector and End Use Consumption Annual Rate Percent of
(1968) of Growth National Total
in Quads (1960-1968)

Water Heating

Residential 1.736 5.2% 2.9

Commercial 0.653 2.3% 1.1
Space Heating

Residential 6.675 4.1% 11.0

Commercial 4,182 3.8% 5.9
Space Cooling

Residential 0.427 15.6% 0.7

Commercial 1.113 8.6% 1.8

The total energy used for water heating, space heating, and
space cooling in residential and commercial buildings was 14.786 Quads
in 1968, Energy for these purposes accounted for 24.4 percent of the
total energy use in the United States.

1968) was 4.1 percent.

The annual rate of growth (1960-

The total energy used in the United States in 1968 was 60.526
Quads. The annual rate of growth in total energy was 4.3 percent

It is difficult to make projections of the potential for use of
solar energy in buildings with any degree of confidence.
contribute to this uncertainty:

A

Several factors
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o Space cooling currently is only a small fraction of the
total energy consumption, however, it is by far the most
rapidly growing end-use. It is difficult to project the
extent and rate at which space cooling will continue to
grow.

o Building construction growth patterns are uncertain except
in the very short-run. It is also likely that energy avail-
ability problems may influence building pattern growth as
much or more than building growth influences energy avail-
ability.

o Increasing emphasis on energy conservation in buildings,
e.g., new insulation requirements, use of total energy
systems, etc. may have a very significant effect on the
amount of energy which will be used in buildings in the
future.

o Inertia in the building industry makes it difficult to
predict the rate at which the use of solar energy could be
integrated into construction.

Despite all of these difficulties it is of interest to make
some speculative projections. The intent of these rough projections is
to make preliminary evaluation of the potential impact on energy dis-
placement, business volume, and materials requirements. Two separate
gross national projections will be considered. In a later section a

projection based on regional considerations will be discussed.

The assumptions upon which the first two projections will be
made are as follows:

o Solar energy use on a large scale would begin in 1979. This
delay is a result of the complexity of the building industry.

o Solar heating will be used on new construction only since
retro-fitting of old buildings will be very difficult and
expensive. (For example, heat storage tanks are large, roof
orientations may be unsuitable, etc.?. This means that
solar energy can only displace a portion of the annual in-
crease in energy used for these purposes.

o No more than 50 percent of the new construction will be able
to utilize solar heating because of undesirable climate,
unsuitable locations, trees, tall buildings, etc. This
degree of solar utilization would require a maximum effort
to accomplish. It is probably much higher than could be
achieved under all but the most extreme measures.

o For those buildings which utilize solar heat. solar equip-
ment will provide 70 percent of the total heat required, the
rest will be supplied by a conventional system.

o The projected total energy consumption is taken as the AET-8
Brookhaven value of Figure 1-2. The amount of energy which
is used for heating and cooling is assumed to be as indicated
in Table 10-2.



Table 10-2. ENERGY FOR HEATING AND COOLING PROJECTED TO 2020

10-3

Year Total Energy Energy for Heating and Cooling
Con%umption Amo*gt Percent of Total
| (1015 Btu) {1012 Btu) _{®
1968 60.5 13.25 24.4
1979 84 21.0 25
1980 838 22.0 25
1990 127 31.8 25
2000 175 38.5 22
2010 230 46.0 20
2020 300 54.0 18

This projected energy pattern is an attempt to take several

trends into account:

(1) The use of air conditioning will continue to increase at a
high rate for perhaps 20 years and then saturate.

(2) The energy required for heating and cooling of buildings
will gradually decrease because of improved design.

(3) The population growth rate will be decreasing during this

period.

(4) Other ener%r uses will probably grow more rapidly than

heating and cooling.
Two projections will be ¢

maximum effort of implementation.

phased implementation (Table 10-3).

onsidered. The first represents a
The second represents a more gradual

Table 10-3. PERCENT OF NEW CONSTRUCTION UTILIZING

SOLAR HEATING AND COOLING

Time Period

Percent of New Construction Utilizing
Solar Energy for Heating and Cooling

Projection ]

_ Projection 2

1980 - 1989
1990 - 1999
2000 - 2009
2010 - 201¢

10
20
30
40
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Projection 1

Energy Displacement. Using the assumptions given,the amount of
energy which would be displaced by a maximum effort to implement solar
heating and cooling is shown in Table 10-4.

Table 10-4. ENERGY DISPLACEMENT - MAXIMUM EFFORT

Year Cumulative Solar Percent of Total

(1015 Btu) (%)
r=

1979 0 0

1480 0.26 0.3

1950 3.78 3.0

2000 6.12 3.5

2010 8.75 3.8

2020 10.78 3.8

During the first few years of this projection the additional
amount of enerqy displaced annually would be approximately 0.3 x 1015 Btu.
This represents a very significant amount of energy. It is equivalent to
* ‘the annual output of 10 very large {1000 Mwe) electric power stattons

operating at full output 24 hours a day for 365 days a year.

From an overall total energy consumption viewpoint, however,
this annual increment of energy displaced is less than 1/3 of 1 percent
of the total energy consumption. It can be seen from the projected
displacement figures that a very long period of time is required before
a significant impact can be made.

Projection 2

The second projection is a more gradual phased implementation of
solar heating and cooling. The results of this phasing would amount to
approximately half the energy displacement of projection 1 as is shown in
Table 10-5.

Enerqy Displacement.

Table 10-5. ENERGY DISPLACEMENT - GRADUAL PHASING PLAN

Year Cumulative Solar Percent of Total

(1015 Btu) {%)

1979 0 0

1980 0.052 0.06
1990 0.74 0.6
2000 1.68 1.0
2010 3.26 1.4
2020 5.50 1.8
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This projection is a more realistic one; however, it sti1]
répresents a very significant level of effort to implement and the impact
on energy displacement is slower than the first projection.

10-2. REGIONAL MARKET POTENTIAL

The determination of national market potential for the solar
heating and cooling of buildings was of necessity based upon very gross
assumptions. It did not include such things as varying climates, varying
competitive energy sources, and varying patterns of population and
building growths. In order to remove some of these deficiencies the market
potential on a regional basis is determined and the sum of the regional
market potentials is given as the national market potential. The analysis
given herein is primarily for homes, either single family, multi-family,
or mobile. The commercial and industrial potential is not studied in any
significant detail.

Two important indicators of market potential are regional
population and housing projections. A recent Forest Service report {10-2]
documents the growing demands for housing in the United States (Figure 10-1).
Using a model relating population growth, age distribution, and vacant and
replacement units, to household formations, three series of housing demands
are projected to the year 2020. These series (1, 2, and 3) reflect Bureau
of the Census population projections based on fertility rates of 2.78,

2.45, and 2.11, respectively. In the long-run population and income factors
are the most important determinants in household formations and housing
demand.

The regional projections (Figure 10-2) indicate that the South
will reflect the largest growth. By 2020 it will comprise 33% of the
total population and 37% of the total new construction. Next in size
will be the North Central region- 25% of the total population and 24% of
the total new construction. The West, with 20% of the total population,
will account for 22% of the new construction, while the Northeast, with
22% of the total population, will indicate only 17% of the total new
construction.

However, from these projections only "rough” regional estimates
may be inferred. These Census regions need to be further refined by
climatic characteristics. Regional variations of solar availability as
well as heating and cooling requirements will affect the extent of solar
heating and cooling application. In view of these limitations, market
projections by population and housing were redefined based on solar
regions, which were determined from the mean daily solar insolation
(Figure 3-7).

Figure 10-3 which indicates the population growth by solar region
was arrived at by using Bureau of the Census projections on a state-by-state
basis to 1990 [10-3]. The total national Bureau of the Census projected
growth between 1990 and 2020 [10-4] was then broken down into solar regions
by using the same growth percentages which were projected between 1970 and
1990. Figure 10-4 was then constructed by using a household formation
factor similar to that used by the Department of Agriculture [10-2]. The
housing starts by region (e.g., South, West, etc.} were then checked
against the values shown in Figure 10-4 and found to be in reasonable
agreement,
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According to this refinement (Figures 10-3 and 10-4), Region 1,
which includes the states of Arizona, New Mexico and Southern California,
will represent 13% of the total projected population and new residential
construction by 2020. Region 2 will account for 32% of the total. It
is important to noie that this region includes the fast-growing South
(as projected by the Bureau of the Census). Even though Region 4 , which
consists of the Northeast, the Great Lakes, and parts of the Northwest,
shows the greatest potential in terms of population and housing needs
(35% of the total), for climatic reasons it is not as practical for solar
energy applications as are Regions 1 and 2.

To determine the potential regional markets for the solar heating
and cooling of residential buildings it is necessary to assign a percentage
of market capture to each solar region. An approach to a definition of this
regional market potential is indicated in Table 10-6.

Table 10-6. REGIONAL MARKET POTENTIAL - HOUSING 1970-2020

Solar Heated
Housing Starts % Market Capture and Cooled
(Figure 10-4) Housing Units
E_ —
Solar Region 1 7,794,048 50 3,897,024
Solar Region 2 19,180,665 40 7,672,266
Solar Region 3 12,482,655 20 2,486,531
Solar Region 4 21,433,632 10 2,143,363
Total 60,891,000 16,199,184

The total figure of 16,199,184 units is, of course, very approx-
jmate and should only be used as a bench mark number. This approximate
analysis indicates a possible 26 percent of the total new housing built in
the United States between 1970 and 2020 could be solar heated and cooled.
It should be recognized that this analysis has considered only new popu-
lation moving into the regions either by birth or migration, and does not
include any replacement housing for the population currently living in
these solar regions. Over a 50-year period most existing housing would
probably be replaced,which indicates a vast potential market not accounted
for in the previous analysis.

Specific market needs may be inferred from the projections of
the housing demand by types of units (Figure 10-5). One-unit (single
family) construction will increase its share of the total new construction
from 43% in 1971 to 47% by 2020. Multi-unit new construction will continue
to rise. Interestingly, mobile homes will rise from 18% of the total in
;97] ?o 23% by 2020 ?with 35% of the total mobile units located in the
outh).

These sub-markets indicate a further refinement for solar energy
application. There is a need for an analysis and specification of require-
ments for the type of system- heating and cooling process, and for the
function of the system- water heating, space heating, space cooling, and the
combination of these- generated by solar and auxiliary systems. For
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example, multi-unit (single story) construction may prove to be more
practical for solar energy application due to the insulation characteris-
tics of common walls. Mobile home construction may also offer a good
potential. Mass production characteristics of the mobile home industry
may suggest practical/integrated systems.

. There is substantial evidence that commercial development is
closely connected with population growth. It should therefore be possible
to determine the market potential for commercial buildings by using a
similar procedure to that described above.

In summary it can be stated that there is indeed a market
potential for the solar heating and cooling of buildings. This potential
will be even greater if the cost of competitive fuel increases to the
levels projected. Assuming a $3000 per dwelling cost for a combined
solar heating and cooling installation and applying this to 16,000,000
units over the next 50 years, will yield a $48 billion or approximately
$1 billion per year market potential. This does not include possible
applications to commercial or industrial facilities nor does it include
the replacement housing market. It is thus conceivable that the potential
could be as high as $3 - $5 billion per year in the not too distant future.
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CHAPTER 1. STRATEGY FOR SOLAR HEATING
AND COOLING IN BUILDINGS

The basic strategy for the introduction of solar heating
and cooling in buildings (SH/CB) into the economy is shown in
Figure 11-1. The strategy begins with this diagram {Figure 11-1);
there are two phases to the strategy. The first phase consists of
the steps necessary to determine the types of (solar) equipment that
manufacturers would find most promising for market development. The
second phase shows the steps from manufacturing to equipment installation.
The first phase should be funded primarily by the Federal government
and Foundations. The second phase would be the responsibility of
private industry.

The TERRASTAR report constitutes the initiation of a feasibility
study, and it also presents considerations germane to each of the
steps in phases one and two, as is evident by reading the report and
the discussion to follow. The strategy presents a framework for
jdentifying barriers to the implementation of SH/CB, opportunities for
industry, educational institutions, technical and professional
societies, and government to attack and to overcome these barriers
and possible sources of funds to surmount the barriers.

The shorthand notation used in each of the circles to denote
the steps of the strategy is explained, and discussion of each step is,
as follows:

11-1. FEASIBILITY STUDY

The feasibility study was the focal point of the TERRASTAR
effort, and it is, in essence, outlined in the Table of Contents of
this report. Efforts have been devoted to determining the technical,
economic, environmental, sociological, political and strategic
feasibility of solar heating and cooling within the whole solar
energy picture and within the context of the total energy picture.
The output of the feasibility study consists of reccomendations for
each step displayed in the strategy.

11-2. R&D (RESEARCH AND DEVELOPMENT)

There are a number of areas of research and development (R&D)}
pertinent to SH/CB. The R&D referred to in this step is primarily
concerned with solar heating and cooling equipment.

There are many articles in the literature on solar heating and
cooling, and some of these are discussed elsewhere in this report.

/-
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Experiments have been conducted with solar equipment components, and
demonstrations of solar heating and cooling have been made. Solar
heating is currently practical, but probiems remain to be solved if

solar cooling is to become practical. Both solar heating and cooling can
profit from further research. R&D to improve the economics of solar
heating is necessary to promote acceptance of solar heating, and

research on solar cooling is required to prove this concept.

Components and systems for SH/CB were reviewed in Chapters 4
and 5 of this report. The background and current status of this
important area of application were discussed. Some excellent pioneering
work has been performed. This work will serve as a basis upon which to
build the future R&D needed for the advancement of the state-of-the-art.
Figure 11-2 depicts the major R&D areas relating to solar heating and
cooling equipment and their interactions. Examples of specific areas
requiring attention are outlined in the following paragraphs. The
order of presentation is not intended to indicate priorities, nor
should the Tistings be regarded as necessarily complete.

Total System R&D

® Identification of new systems concepts

° Workable system identification and simulation
o System optimization and trade-off studies

o Optimum integration of supplementary systems

o Development of retro-fitting techniques

® Control systems development

o Architectural integration studies

Subsystem and Components R&D

¢ Collectors

Overall design including new concepts

Optimization of specific design concepts
Comparative studies of alternate concepts

Cover plate mounting and sealing techniques
Convection suppression techniques

Selective coatings

Effects of contaminants on cover pilate transmission
Importance of thermal capacitance effects
Prevention and/or effects of loss of coolant
Cost-benefit studies of tracking techniques
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o Storage

Low-temperature phase change materials
Improved nucleation of phase change materials
such as salt-hydrates

Crystal settling prevention techniques

¢ Heat-Actuated Conditioning Systems

Low input temperature operation

Variable input temperature and heat rate operation
Investigation of heat rejection technigues

Cost-efficiency trade-offs

System simulation including off-design-point and
non-steady operation

Working fluids (refrigerants, absorbants), including
compatibility with respect to corrosion and toxicity

Component design improvement directed toward
increased efficiencies

Manufacturing Process -R&D

o Mass production of selective coatings
o Low-cost mass production of cover plates
© Component assembly and quality control

Basic Research

o Anti-reflection coatings

o Selective surface stability

o Dust-repellent surfaces

o New or improved plastic cover materials

o Synthesis of improved phase change storage materials

Of equal importance with the identification of the required
R&D are the approaches pursued in its performance. Research and develop-
ment on subsystems and components should be performed under controlled
or laboratory conditions whenever possible. For example, a new
collector design should be adequately tested in the laboratory. It
is not necessary to incorporate the collector design into a complete
structure for performance testing, as has sometimes been done in past
work. Properties of components of a subsystem under test should be
independently measured, so that subsystem performance predictions
which use these properties as inputs can be meaningfully compared to
subsystem test results. For example, transmission properties of cover
plates and radiation properties of absorbing surfaces used in test
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collectors should be accurately known. Adequate instrumentation
should be employed. For instance, in performance testing of abosrption
cycle cooling systems inlet and outlet temperatures, pressures, and
concentrations of all components should be monitored, if possible,

as well as temperatures of all heat sources and heat sinks. Such
practices have not always been followed in the past, or if they have,
the results have not always been thoroughly documented. This is
probably due, in part at least, to jnadequate funding. Whatever the
cause, incomplete measurements or lack of documentation of all
significant results has made it difficult for other investigators

to build efficiently on prior work. Rectification of this situation
would increase the rate of advancement of the state-of-the-art.

In spite of the fact that the practical application of solar
heating and cooling has not been widespread, the Titerature relevant
to the area is voluminous and covers a rather long time period (at
least one hundred years). Increased funding for R3D will draw workers
into this field who are unacquainted with much of this literature.
Therefore, preparation of literature reviews and annotated bibliographies
of high quality would contribute to the orderly advance of this area
of technology.

A final observation which may be appropriate in this context
is that the high level of technology required for economically
realistic implementation of solar heating and cooling has not been
fully appreciated in the past. This is probably due, in part, to the
fact that almost any handy homeowner can at least attempt to fit his
house with some sort of solar collector for water or perhaps space
heating. This is in contrast to the situation in some other areas of
energy production and utilization, such as nuclear power, and has
undoubtedly caused some engineers and scientists to shy away from the
solar heating and cooling area.

It cannot be overemphasized that solar heating and cooling
R&D deserves the efforts of some of the nation's highly qualified
engineers and scientists.

Demonstrations of SH/CB, in addition to the past and
current efforts cited elsewhere in this report, should be conducted
to evaluate solar equipment and systems R&D.

Demonstrations of SH/CB can serve two purposes. First, they
can provide information on equipment design and performance, and second,
they can serve as an educational device to promote public acceptance
of solar heating and cooling. Demonstrations using buildings are
expensive, however, and should only be initiated as part of a carefully
planned program. Each demonstration should be a thoroughly planned
experiment with definite measurable performance goals. The buildings
should be completely instrumented to measure the performance of the
equipment and the ability of the equipment to maintain design environ-
mental conditions. Care must be taken to insure that these experiments
will yield valid fundamental design and performance information.
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It would be preferable to have a few experimental buildings
which would provide good complete engineering data, rather than many
which do not advance the state-of-the-art of the technology. A1l of
the demonstration building experiments should be coordinated so there
can be a maximum interchange of information. In addition, these
demonstrations should be planned for representative climatic and
insolation regions of the country to provide working data for the
development of a design procedure for SH/CB.

If many design innovations are being made in addition to
solar heating and cooling, it may be difficult to assess the success
or fajlure of the solar equipment. In some such cases it may be
useful to build two identical buildings, one solar heated and cooled and
one conventionally heated and cooled, in order to have a reference
for performance comparison.

It should be reiterated that experiments on basic problems,
such as cooling processes or novel collector designs, should be
conducted as Taboratory experiments whenever possible and not as "solar
building" experiments in order to maximize the knowledge gained for the
amount of time and money spent.

11-3. DESIGN PROCEDURE FOR SOLAR HEATING AND COOLING IN BUILDINGS

The logical step following the establishment of technical
feasibility and R&D is the development of a design procedure for
solar heating and cooling in buildings (SH/CBY. This procedure should
consist of design considerations, design standards, and computer
codes and handbooks to relate design objectives to the considerations
and standards. Furthermore, the procedure should be universally
applicable, in contrast to current design methods for SH/CB which are
limited to the design of a specific building in a specific location.

A design procedure of the scope outlined above does not
currently exist. Computer codes for simulating and calculating the
heating and cooling Toads of standard building designs have been
developed by the National Bureau of Standards {NBS), MIT, ASHRAE, and
Dubin-Minde11-Bloome Associates, Inc. (and others), but they have not
been integrated into a standard design package for SH/CB. The develop-
ment of a complete design procedure for SH/CB is an undertaking of
great complexity requiring extensive systems studies. The intent is not
to tackle the full problem here, but rather to outline an approach
to the analysis required. This first attempt should serve as a blue-
print for recommended future efforts to implement a full design
procedure for SH/CB.

In this section, the following points are considered:
© How the concept area---SH/CB---was selected,

° A suggested methodology for elucidating design consid-
erations (the elements of design).
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o Real-world examples of SH/CB to exercise and test the

methodology, and to point up general problem areas
(impediments) in the design of SH/CB.

o Documentation of the results of these example analyses.

o A schematic extension of design considerations to regional
and national scales,

o Conclusions and some recommendations for future studies
resulting from this brief investigation.

Concept Area Selection. The concept area under consideration is SOLAR
HEATING AND COOLING IN BUILDINGS (SH/CB) - that is, the utilization
of solar energy to provide space heating, space cooling (air conditioning),
and hot water in buildings. The route taken by the Design Group to
select this concept area may be of some interest to the reader.

First, a set of sixteen controls (constraints and criteria)
was determined by Group consensus; see Table 11-1,

TABLE 11-1

CONCEPT AREA CONTROLS

o Proof-of-Concept Demonstration Implementable Within
2-3 Years

o Economically Competitive With Equivalent Standard
Systems

o Minimal Disruption of Environment and Ecology

o Where Possible, Compatible With Existing Energy Systems

o Aesthetically Acceptable

o Functional, Maintainable, Reliable, Durable, and Foolproof
o High Profile (Visibility) and Publically Acessible

o Marketable (Broad Public Acceptability)

o Ppositive Impacts Upon Society

o Components Mass-Producible With Current Technology

o Compatible With Legal Requirements and Political Realities

o Significant Displacement of Depletable Energy Forms,
Ultimately




TABLE 11-1, (Continued) 11-9

o Flexible, Adaptable, and Evolutionary

o Take Into Account Both Public (Government) and Private
(Industry) Sectors

e Minimal Hazards to Users

°© Exemplify the Conservation Ethic

Second, concept areas involving the utilization of solar
energy were considered in the context of these controls, and SH/CB
surfaced as the obvious choice.

Finally, when real-world examples {see following) were chosen
to test the methodology, they were first restricted by these controls.
In addition, Timitations of time led to the exclusion from consideration
in the examples of the following concepts:

o Electrical power generation (e.g., photovoltaics)

° Process steam production (e.g., high temperatures)

o Central stations and space systems
As a result, the solar systems employed in the examples are in the low-

temperature thermal regime (e.g., non-concentrating or flat plate
collectors, etc.).

Methodoiogy. Following the determination of the technical feasibility of
SH/CB, it will be necessary to have standard solar equipment, solar
energy professionals, incentives, manufacturing capabilities, and sales
and service organizations in order to effect a targe-scale implementation
of SH/CB in the United States. The necessary and unifying element which
is prerequisite to these latter stages of commercialization is a design
procedure for SH/CB. Lacking this, progress will be spotty at best, and
most of the frustrating and time-consuming mistakes of the past will be
prepetuated indefinitely into the future; in addition, SH/CB would lack
the economical edge which it must possess to be a viable, competitive
industry.

A design procedure, with its computer codes and design
manuals {handbooks), combines the following elements to produce an
optimal design for SH/CB:

o Sunlight on earth

° The components of solar equipment systems

o

A type of building

° A location (site) for the building

Figure 11-3 illustrates this idea.
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The first step in devising a design procedure is to spell-out
the elements of design. Every building design involves the same generic
considerations; the only added item for SH/CB is the solar equipment.
Since any good design exhibits synergism - the properties of the total
interacting system transcend those of the individual parts or their
arithmetic sum - this additional element completely changes the
character of the building design for SH/CB. Figure 11-4 shows the
systems approach used to determine and clarify the general design
considerations (elements) involved in SH/CB. The fifteen broad areas
identified as being significant are given meaning by the following
defining statements:

© LOCATION --- The geographical, political, and social

environs which position the building nationally, regionally
and locally

o RATIONALE ---The general reasons (purposes) for the
building's existence and location

o SPONSORS --- The individuals, groups, and/or institutions
responsible for the initiation, conceptualization, imple-
mentation, and continuing maintenance of the building

°© SITING --- The detailed nature of the site, the relation-
ships of the building to the site, and the reasons for the
choice of the site

o BUILDING TYPE --- The general classification and style of
the building

© BUILDING FUNCTIONS --- The functions to be performed,
people served, and activities accommodated by the building

o BUILDING CHARACTERISTICS --- The architectural and
construction specifications of the building (a quanti-
tative blue-print)

° SOLAR DATA --- The types, quantities, and reliability of
the data needed to specify the solar insolation charac-
teristics of the site

o CLIMATIC DATA --- The types, quantities, and reliability
of the climatological data needed for determining and
satisfying the heating and cooling requirements of the
building

o BUITLDING THERMAL DATA --- A quantitative specification of
all pertinent materials aspects of, and human activities
within, the building for determining the heating and
cooling demands (loads)
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o SOLAR ENGINEERING --- Complete characterization of the
solar-heating-and-cooling systems for the building, and
their performance expectations

© NON-SOLAR HEATING AND COOLING EQUIPMENT --- A description
of the supplementary and backup (non-solar) heating and
cooling systems for the building

© SCHEDULES --- The timetables of {a) activities within the
building, (b} the building implementation from conception
to end of construction, and (c} securing the necessary
monies

o COSTS --- A complete breakdown of all costs accruing to
(a) the site, (b) the building design and construction,
{c) the equipment design, development, manufacturing,
and installation, and (d) the continuing maintenance of
all proposed items

© FINANCING --- Those responsible for securing the funds,
their methods and timetables, the organizations approached
for the monies, and the accounting procedures

Actual Examples Analyzed. To progress further with the design procedure,
some actual examples of solar-heated-and-cooled buildings were selected
and run through the design methodology described above. Time limitations
permitted the detailed analysis of only two such examples, for which
abundant informatfon was available and Wwhich were approaching
implementation.

o The Massachusetts Audubon Society small (8000 sq. ft.)
commercial office building in Lincoln, Massachusetts

[11-1]

o The Saginaw, Michigan, Targe {51,600 sq. ft.) Federal
office building

Many other possible examples exist for which such an analysis
may be run in the future. One of these examples is Harry E. Thomason's
sequence of five (so]ar-heated-and—hot—water? houses, built during
the last ten years in Washington, D.C. [Floor plans and blue-prints
are available from Edmund Scientific at $10 each, and a building
license may be purchased for $20.] Of special importance are building
examples which employ photovoltaic conversion of sunlight to electricty,
for these examples may be used to extend the design procedure considered
here beyond the realm of low-temperature thermal solar heating and
cooling. Two such "electrical" examples are:

© The Boer House (under construction) at the University of
Delaware in Newark, Delaware

o Mrs. Wilson's house (Burt-Hill Associates, Inc.) in
Shanghai, West Virginia (still in the conceptual stage)
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Perspective drawings of the "Audubon" and "Saginaw" concepts
are displayed in Figures 11-5 and 11-6. Figure 11-7 illustrates
how these examples are used to begin to construct a design procedure.
Finally, in Appendix E is shown the worksheet for the two examples,
where questions are raised, some answers found, and problem areas
identified --- in the context of the generic areas mentioned above
(LOCATION, RATIONALE, etc.).

To Regional and National Considerations. Each specific example
considered aids in spelling-out the design procedure (manual), but

in a strictly local (on-site) way. If enough examples were available
nationwide, one could group the results of example analyses by region
(climatic, insolation, marketing, etc.) to elucidate regional design
considerations. Then the entire set of results might be integrated
into a national design picture. At present, the scarcity of exemplary
solar-heated-and-cooled buildings precludes such a "simple” maneuver,
but computer simulations of building types by region may assist in
filling this gap. Figure 11-8 is a schematic representation of such a
design "extrapolation” from local to regional/national bases.

Conclusions and Recommendations. As a result of this cursory design

investigation, it is possible to 1ist several useful conclusions and

recommendations concerning design procedures for buildings with solar
heating and cooling systems. [The area of solar/climatic data is

so critical that it is considered in detail in the next section.]

o Solar-heating-and-cooling systems are capital intensive:
a large investment is required initially to install the
equipment (and the suppiementary non-solar equipment which
presently acts as a backup heating-and-cooling system),
but the continuing costs (fuel and maintenance} can be
reduced to a negligible level. Studies should be
conducted in the next few years of modes of financing
and insuring solar heating and cooling systems {perhaps
with governmental financial assistance to consortia of
banking and insurance institutions}.

o Building codes and current construction practices do not
generally favor "tight" (i.e., energy-conserving)
buildings, which are necessary when solar heating and
cooling systems are employed. Studies should be conducted
now (with governmental stimulation} to determine the nature
and means of implementation of rational building codes
(nationwide) --- with energy conservation as a primary
consideration; the results of previous investigations
into energy-conserving concepts in buildings (e.g., by
the National Bureau of Standards; ASHRAE; Dubin, Mindell,
Bloom, Associates; etc.) should be reviewed and promulgated
to the building industry as "better standards.”

o Equipment difficulties which currently preclude a good
design include (a) the marginal technical feasibility of
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solar space cooling (air conditioning) with flat plate
collectors [see sections 11-1 and 17-2 above], (b) expensive
thermal storage systems, (c) the use (in many cases) of
complete non-solar supplementary and backup systems for
heating and cooling in buildings, and (d) Tittle knowledge
concerning the maintainability of solar systems. Extensive
R&D efforts with government funding (academia?) are indicated
here during the next five years (see section 11-2 above).

Current solar heating and cooling systems are susceptible to
"accidents": broken glass in the flat plate collectors,

fluid leaks, the release of obnoxious and/or toxic materials
(e.g., from Tithium bromide absorption air conditioners),

and the thermal destruction of flat plate collectors which have
Tost their fluids (with the attendant possibility of fire).
Sub-studies of the safety aspects of solar heating and

cooling in buildings should proceed simultaneously and in
conjunction with the systems R&D. A thorough literature review
should be implemented immediately to assess the current
"safety" picture and to make the information available in

a single place and format.

Legal and political complications of buildings with solar
heating and cooling are only now being recognized: building
code adjustments, property taxes, "sun rights" {i.e., what
happens when someone erects a high-rise structure to the
south and blocks the sun from one's solar collectors?),
unionization of solar systems workers, elimination of

tax revenues on some fuels in locations where solar heating
and cooling becomes predominant, etc. To preclude extensive
problems in the future, a careful study of these (and

other) Tegal/political aspects should be conducted soon,

Systematic design criteria (standards, etc.) and procedures
for solar-heated-and-cooled buildings are not available. A
concerted effort, coordinated by the National Science
Foundation, should begin immediately to produce a preliminary
design procedure, using the results obtained in this report,
by ASHRAE and the National Bureau of Standards, and in

the Titerature. A prerequisite to this study is a complete,
annotated review of the literature to date.

Finally, no governmental organization has been given the
charge to oversee the large-scale implementation of solar
heating and cooling in buildings in the Unjted States,
though the National Science Foundation is responsible at
present for solar energy R3D funding. Those agencies which
should become involved in the near future include (a) the
Energy Research and Development Administration, (b) the
Department of Energy and Natural Resources, and (c} the
Environmental Protection Agency (EPA).
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11-4. DATA
A major impediment to the construction of a design procedure
for SH/CB is revealed when actual building examples are considered. This
barrier may be termed “"the data gap". The following problem areas have
been jdentified:
o Solar insolation data ---

(a) Types of data needed (horizontal, direct, normal,
diffuse, hemispheric, etc.).

{b) Fre?uency of data points {continuous, hourly,
daily, monthly, seasonally, annuaily, etc.).

{c) Formats of information presentation.

(d) Localization extent of data gathering (on-site,
local, regional, national, etc.)

Liu and Jordan [11-2] state that the performance of a flat-plate
collector can be predicted from a knowledge of the monthly-average

daily total radiation on a horizontal surface (and the monthly-

average day-time ambient temperature) at the locality being considered.
On the other hand, Fred Dubin of the New York consultants Dubin, Mindell,
Bloome, Associates, Inc. (private communication) feels that the local
nature and unpredictability of solar data (and weather data) preclude any
trustworthy conclusions at present.

o Climatic data --- The situation appears to be more encouraging,
but for a good design many unanswered gquestions remain concerning the
type, frequency, format, and Tocalization of the data required. The
primary guandry centers upon the micro-climate at the building site,
and the validity of interpolating the data records from nearby
weather monitoring stations.

o Splar insolation monitoring network --- The network
in the United States is exceedingly sparse (see Section 3-6). In
addition, the United States National Weather Service recently warned
users of their solar insolation data that some of the records contain
errors as well as calibration inconsistencies.

o Weather station network --- The network in the United
States is well-coordinated and generally tight (a closely-spaced mesh),
but the usefulness of the data formats is questionable and there do
exist some large gaps in the network.

Several in-depth investigations, conducted in sequence (phased),
are necessary to clarify and resolve these data problem areas. Figure 11-9
outlines the flow-chart of studies recommended here to implement the
data (solar and climatic) needed for first-rate design of solar-heated-
and-cooled buildings. The steps are the following. First, detailed
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studies, funded by the National Science Foundation and undertaken by
academic and consultant groups, should be conducted of the solar
insolation data and the climatic data needed to design solar heating and
cooling systems and buildings throughout the Untied States. Major

areas of consideration are:

o Types of data needed

Q

Frequency of data collection

L]

Formats of outputs from data

[+]

fxtent of data-collection localization

Second, for optimized economical design a study of integrated
SH/CB systems should be conducted with funding from government and
private industry.

Third, having determined the characteristics of the necessary
data, an analysis of various data-gathering systems may begin with the
involvement of the National Weather Service and National Bureau of
Standards. Sub-studies of the following pieces of these systems should
proceed simultaneously:

o The network of "monitoring stations"
o The instrumentation to collect the data

o Methods of analyzing, reducing, and displaying the data
in useful formats

° Modes of managing the system

Finally, an intercomparison of the data systems considered
should be made (a trade-off), so that the "optimal" system is selected
and implemented. An important consideration in the trade-off will be
the cost of the data system chosen.

11-5. OPTIMIZATION STUDY

An optimization study of a range of typical building types
and solar heating and cooling equipment using energy conservation
techniques should be conducted for a wide range of climatic and solar
insolation combinations in the United States. The optimization
study should be correlated with proof-of-concept studies conducted in
the R&D phase and may suggest additional necessary or useful experimental
evaluations. Factors to be considered in the optimization study are
indicated in section 11~3.

The optimization study should result in a listing of equipment
types by size for these climatic and insolation combinations for the
range of typical building types. The list of equipment could then be
made available to prospective manufacturers. It would then be necessary
to evaluate the market to determine if the manufacture and sale of such
equipment would be profitable. The Federal government might have to
provide incentives to push the introduction of the equipment into the
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economy if manufacturers are reluctant to test the market.

It should be mentioned that a modified optimization study
would be beneficial to a national general energy conservation program,
even if solar heating and cooling is not adopted. The optimization
process is of such a magnitude that no individual could afford to
run a thermal optimization of his home or small business. However, if
such an optimization scheme were available as a government service the
nationwide savings in fuel consumption could affect the energy demand
picture, thus reducing the impact of the energy problem.

11-6. EQUIPMENT DESCRIPTION BY REGION

The output of the optimization study should be the identification
of standard equipment types for SH/CB by region for the United States.
In addition, the optimization study should identify the sizes and types
of buildings most amenable to solar heating and cooling by regions
for the equipment identified; thus, there would result a matrix of
buildings by types and sizes versus equipment types and sizes for each
region of the United States. Analysis of this matrix would identify
solar heating and cooling equipment that could be manufactured for
moduiar use, thus standardizing the equipment manufactured and reducing
manufacturing complexities. This step in the strategy may have to be
modified as the strategy progresses but basically what has been outlined
constitutes the initial thinking in the overall strategy.

11-7, SOLAR POWER SYSTEMS PROFESSIONALS

Proféssionals knowledgeable in the principles and applications
of solar energy systems, the economics, potential impacts and other
areas germane to solar energy systems should be identified and commun-
icated with during all steps in the strategy. These professionals
would constitute the initial cadre for developing the solar heating
and cooling market.

Technical societies, educational institutions and government
laboratories should provide the forums, educational processes and
research necessary to identify these professionals, develop additional
professionals for the application of solar energy, and conduct
research necessary to ercourage the inclusion of solar energy in the
economy.

11-8. INCENTIVES

_ The detailed identification of the various incentives {economic,
professional, personal, etc.) for the development of solar power systems
as viable alternatives for heating and cooling in buildings would be accom-
plished by the market analyses which must be done during the second phase
of the strategy outlined in this chapter. The marketing analysis cannot
be completed in detail until solar heating and cooling equipment
applicable to a wide range of building types by regions has been
identified. This does not mean that during the early stages of such a
strategy incentives are not needed or are unidentifiable, The funding
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by the Federal government proposed in this chapter for R&D in the area
of SH/CB is certainly one identified incentive. This incentive is
designed to interest the appropriate parties in the country in solar
energy applications, and to begin to promote the adoption of these
applications predicated on their feasibility.

Since the energy problem is a national problem with international
implications, it is apparent that the Federal government will have to
take the lead in developing ways to alleviate the problem. The application
of solar energy presents opportunities for helping to alleviate the
energy problem, but the development of the many possible applications
of solar energy is an expense that private industry apparently is not
anxious to underwrite. The strategy as developed here therefore
relies heavily on the Federal government during the first phase of
the strategy. The first phase constitutes an overall incentive for
the free enterprise system. The private sector is expected to take
over the primary funding and R&D at the stage where manufacturing and
installation of equipment for SH/CB becomes attractive.

Incentives will be necessary in all steps of the first
phase of the strategy. Feasibility studies are currently being
conducted by a number of people. Research and development is con-
templated by a number of educational institutions and private industries,
with funding coming predominantly from the National Science Foundation.
The construction of a design procedure for SH/CB is a task remaining to
be performed in detail, and the logical group to develop this design
procedure has not been fully identified. It is proposed that the
technical societies acting in concert would produce these design procedures.
Societies --- like the American Society of Heating, Refrigeration, and
Air-conditioning Engineers (ASHRAE), the American Society of Mechanical
Engineers (ASME? and the Institute of Electrical and Electronics
Engineers (IEEE) --- would have an interest in tackling the design
procedure problem. Funding for the development of the design
procedure would probably have to come from the Federal government,
although private industry would certainly express some interest and
could be counted on for contributions of monies and expertise.

The solar insolation data required will probably have to
be provided through a program tied into the present weather service
program. The availability of these data is a key to the optimization
studies previously proposed. The optimization studies would have to
be financed by the Federal government, although private industry
again would have an interest in the outcome of the investigations
and could be counted on for funding. These optimization studies
could be conducted by Federal Taboratories, educational institutions,
and industry.

Incentives for professionals to enter into the field of
solar energy applications will have to be developed. A professional
is certainly not going to undertake studies in this area unless
there is a demand for his services and adequate funding. The
professionals who constitute the SH/CB profession must be well versed
in disciplinary areas such as engineering, economics, marketing,
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political science, etc.; they will bring the depth of understanding

of these areas into play in developing a multidisciplinary approach to
solar energy applications in SH/CB. Appropriate incentives to encourage
this effort are sorely needed.

Incentives readily identify themselves at appropriate times
during any study of a problem; to try to mention each and every one
in this section is impossible. However, it is important to realize
that incentives will have to be developed in order to encourage the
implementation of SH/CB on a large-scale in the United States. A
careful reading of the TERRASTAR report, expecially section 11-9,
will reveal a multitude of other possible incentives and incentive
areas.

11-9. MANUFACTURING AND MARKETING

The Titerature consulted on manufacturing and marketing
(see References 11-3 through 11-22) serves to identify some of the
principles, concepts, models, cases and analogies needed to evaluate
solar energy implementation in our economy. Both macro and micro
considerations are suggested. This discussion is Timited to SH/CB.

An effort is made to identify pertinent factors and their
interactions affecting this application of solar energy. This involves
the identification of information requirements, decision-makers,
strategies, constraints and impacts. For example, information require-
ments consist of studies on costs/ benefits of initial installation
and product Tife-cycle of alternatives, component requirements,
manufacturing engineering, and information transfer to decision-makers.

Decision-makers imply considerations of "profiles" of key
innovators, influencers, action takers, users -- active and passive
intermediaries in the process from the conception of the idea to the
application of the methodology, technique, product or service.

Among the key innovators, influencers and users in the decision-

making process in SH/CB, the following are considered: utility companies,
materials manufacturers, component manufacturers, distributors,

builders, architects, engineers, land developers, investors, and final
users -- residential, commercial, public and industrial buildings.

Once these different segments for application are identified --
in terms of demographic and behavioral characteristics, institutional
and economic constraints and the special needs of these groups --
specific strategies and incentives for the diffusion of the application
are outlined.

Innovation and Diffusijon of Innovation. "Innovation is a term describing
certain activities by which our society improves its productivity,
standard of 1iving, and economic status " (11-3]. In one study [11-3]

on innovation, the investigators looked at ten recent cases of tech-
nology and its application (heart pacemaker, hybrid grains, electro-
photography, input/cutput analysis, organophosphorous insecticides,

oral contraceptives, magnetic ferrites, and video tape recorder).

In the case of "input/output analysis", an analytical tool, the study
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looked at the diffusion of its application. The other cases resulted
in marketable products.

From this analysis, the authors tried to identify all the

significant,

decisive and nontechnical events which led the process

of technology, innovation, diffusion and adoption from the point of
"conception” of the idea, through the "innovative period" to the
"post-innovation" (application) period. They identified five areas
which were probably instrumental in the direction and rate of the

process:

o

In terms of
identified:

a

]

o

Motivated influences
Management action

Peer group forces

Unplanned events

General environmental factors

their importance, the following specific factors were

Recognition of the need (market pull)
Independent inventor

Technical entrepreneur

External invention

Government financing

Informal transfer of knowledge
Supporting inventions

Merging of technology

Even though these factors indicate technological and
marketing opportunities, many obstacles slow down the process. A
historical review of the literature on technology and innovations
[11-4] suggests the following "obstacles":

Q

L»]

Interference risks (labor, government, industry structure)
Market (customer/consumer) risks

Timing (improper use -- used for other purpose or
improperly used for suggested purpose)

Production/management risks (controls over the market or
suppties, patents, licenses)
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o Technical and financial barriers (economics of scale
labor vs. capital intensiveness)

Specific examples of innovations, obstacles and applications
will be used where they pertain to the manufacturer, builder or
consumer.

It is difficult to identify all the significant, decisive
and nontechnical events in the process of innovation-diffusion-and-
application. However, in the case of new products and their application
(displacement or conversion of present applications) for the same need
Or new needs, where historical-statistical data are lacking, analogies
may be useful.

The subject of solar energy has received attention in much
of this historical Titerature. In the 1950's and 1960's the main
interest in applying solar energy was for the developing countries
(e.g., solar cookers, solar refrigerators, solar engines, etc.).
However, in the 1970's the emphasis has shifted to applications in
industrialized countries (SH/CB, generation of electricity, solar
farms, and satellites). Many of the events that promoted interest in
solar energy and searches for technological and marketing opportunities
for its application are of recent origin. Some may be considered as
significant events (technological advancements, transfers of technology,
various research efforts), others as:decisive issues of "crisis" as
presented by the Government, industrial sector and special interest
groups, regional issues of resource allocation, studies of costs/
benefits of alternative supply sources and demand sector patterns and
directed research efforts such as those of the NSF and nontechnical events
(e.g., moral suasion by the Government and utilities on energy
conservation).

In view of the assessment of technical feasibility and economic
practicality of SH/CB, a number of macro and micro strategies (along
with some obstacles and incentives) for the acceptance of solar energy
--- in its application to SH/CB --- are suggested in the following
sub-sections.

Identification of Opportunities for Utilization of Application {Market
Needs). Aggregate and specific segments for utilization need to be
identified in terms of their needs. Specifically, potentials for
utilization may be defined in fterms of their size (number of users for
each application), demographic characteristics of user-types (geographic
regions, consumption patterns, purchasing power, household sizes,
building types and others), and social/psychological elements
(motivational factors - economic and noneconomic).

From these considerations, homogeneous factors may be used
to form composite sectors (market segments) for application.

In order to develop strategies for influence and acceptance,
key elements in the decision-making process of new products or
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applications need to be identified. In the case of SH/CB these elements
are: types of buildings, projected growth patterns, climatic regions,

user comfort requirements and other need requirements, component types,
suppliers, influencers and decision-makers in the installation, construction
and design process. (One firm, Arthur D, Little, Inc., is currently
analyzing this application in terms of specific market needs/segments

in an attempt to identify the various decision-making elements and to
develop strategy models.)

Since there are many interacting elements in this application
process, many of the participants may be in the position of a supplier
and a customer/consumer, a supplier and a developer of markets, an influencer
or a combination of any of these.

The final user/consumer will probably play a passive role,
at least in the initial application. Therefore, the other interacting
elements will be considered first: materials supplier, component
manufacturer, utility companies, construction industry, and consumers.
0f course, engineers, architects, government policy-makers and regulators,
distributors and financial institutions --- with their direct or indirect
influences --- will also be identified.

In order to make some projections of the potential, several
techniques or methodologies may be used [11-5]: '

o Trend or regression analysis --- one or a combination of
these variables may be used: population or housing
projections by solar regions, consumption patterns,
purchasing power and others (see Chapter 10).

o Survey studies by means of concept testing --- past,
present and intended behavior may be discerned by inter-
viewing architects, engineers, manufacturers, builders,
and homeowners,

o User studies --- analysis of the use and use testing
should lead to the identification of product/market
segments, characteristics of products, needs they fill,
special need requirements for product adoption and adap-
tations, technological forecasting, etc.

o Business volume --- projections may be made based on value
analysis - initial and operating costs of different heating
and cooling systems and their combinations - by
housing types and climatic regions (see Chapter 10).

o Analysis of elasticities of energy consumption by use
sectors and patterns, utilization of various components
in relation to income levels, pricing and promotional
strategies, proportion of income or total cost going
for energy, and time factors for adjustment [11-6].
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o Apalogies --- case histories of other technological
innovations and applications (for example, lead time in
black-and-white television, color television, flat-top
cooking range, self-cleaning oven, home air conditioning,
plastic cable and others).

o Cross-sectional and correlation analysis --- demand
patterns (for example, average consumption vs. peak demand,
total vs. component demand, average weather vs. extreme,
rates of consumption and need requirements).

o Input/output analysis --- includes an analysis of the
intra and interstructure and the flow of energy, that is,
energy-using industries and final users in the form of
energy or product.

o Macro studies (total and regional), demand and supply
studies (price and nonprice effects), studies on the
relationship of economic growth and energy structure
(effects of shifts of different supply sources, consumption
sectors on standard of Tiving, equalities and productivity),
environmental studies and attitudimal studies.

Strategies for Acceptance. Initial development of markets for new
products or applications may be furthered by efforts of small end-
product manufacturers or by newcomers - "push" may come from materials
manufacturers, e.g. manufacturers of glass, aluminum, steel, etc.

This chain can develop a market for a new end-product to satisfy some
need, such as heating and cooling, or create a new market by identi-
fying a "new" need, such as conservation of depleting energy resources
and preservation of the environment.

Present large manufacturers may be unwilling to go into new
applications because initially they may offer 1ittle profit, entail a
large capital investment (uncertain economies of scale), compete with
existing product lines, endanger their current market share, weaken
their competitive advantage, be incompatible with their manufacturing
process, require new channels of distribution and present problems in
servicing and maintenance of the equipment. Success of a small or new
firm in building a place in the market for the new product can, of
course, effect a substantial change in the motivations and perceptions
of the market leaders. Many firms have "full-line" as their product
strategy. Some firms search for new opportunities for market extension
for their growth; others consider "product diversification" as the most
important strategy for their survival and growth (for example, firms in
the aerospace industry). This may come about through mergers or new
ventures,

A few examples may illustrate this strategy [11-7]. Alcoa
in its attempt to develop the use of aluminum in windows encountered
resistance from the conventional manufacturers of window frames. For
the demonstration Alcoa built its own building, called on industrial
architects and finally presented a marketing opportunity for small and
new manufacturers.
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In another case, use of aluminum ingots was recommended for
containers. However, the reluctance from the container industry gave a
"push" to an end-user (a brewery) to go into the manufacture of its
own containers. In both cases the materials manufacturer developed
markets for its material through the fabricators or end-users. Other
examples in the areas of fibrous glass, plastics and glass reinforced
plastic pipes raised the requirements for information on materials,
processes, end products, performance, techniques and equipment to
install, component parts, maintenance and servicing.

In summary, materials producers can be instrumental in
building up primary demand for end-products and selective demand for
specific components. This requires a careful analysis (input-output)
of the industrial structure, end-users {construction industry),
component manufacturers (of conventional systems), their resistances
and motivations, the development of standards for equipment and maintenance
(through professional societies, associations, and Government),
dissemination of economic and technical data, and definition of properties
of the material. Specific market segments and their sizes will have to
be identified, in terms of geographic regions, building types and their
requirements, and their suitability to man-production process evaluated,

In the early stages of the product "Tife-cycle" [11-8], at
the time when the attempt is to build up the primary demand, careful
market testing and mass media education and promotion will be needed.
The extent of this will depend on the identification of the need,
perception, and level of familiarity with the product concept.

Up to this point, it has been assumed that the market would
create its own entrepreneurial incentives and direct management-
decision efforts.

Another strategy could be for the Government to subsidize the
development stage of the product {pre-introduction to the market stage)
by means of direct grants, tax benefits for capital investment, tax advan-
tages for savings on potential operating costs, conservation of resources,
and in general, on improved efficiency. This, in turn, could become
instrumental in the technology transfer process [11-9]. It could
identify the market place in terms of the technical, economic and other
problems of potential users, suggest approaches to solve these problems,
select promising technologies in terms of product characteristics,
performance, patentability, anticipated costs and benefits, marketability,
and alternative tradeoffs.

In practice, the "market concept" has often had narrow and
short-run objectives. The tendency has been to define the market and its
potential too specifically. Expanding it more broadly, firms can
benefit by taking into consideration the long-run benefit to the
consumer/customer and to the society rather than the short-run consumer
wants (or the creation of these). 1In times of excess demand and/or
shortages of supply, marketing strategies of price, product, channels
and promotion may also be used to realign the general demand or specific
segments of it and provide other alternatives [11-10]. Of course,
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many business executives and economists disagree on the role of the
firm and its social responsibility.

Regardless of the point of view, Government policies,
regulatory agencies, special interest groups, public opinion, market
saturations for many products, approaching market saturations for
others (for example, some appliances), attitudes toward advertising
and packaging, rising labor and materials costs, declining profits,
concern over more efficiency of products in terms of energy use
(life-time value), economic growth, population growth, increasing
housing needs -- indicate new problem areas and provide new marketing
opportunities in solving them. At the same time, these factors may
change the present institutional structure, set new priorities, create
new needs, tastes and preferences.

For example, possible new price structures on energy
resources may displace or reallocate their use sectors and consumption
patterns (effects of price elasticities, substitutes, transportation
costs). This in turn may have various regional growth consequences.
According to some of the projections [11-11], GNP/capita will rise to
$15,400 or $18,100 by 2030 (if fertility is at 2.8 for the former and
2.1 for the latter). With higher income, higher standard of living,
lower dependency rate (due to declining population growth), increasing
investment, changes in technology (increased annual improvements of
2%), fewer working days (1.5 less working days/year for the next 30 years),
new marketing opportunities are inevitabie.

Since many of the social costs (market externalities) wiltl be
internalized resulting in higher prices, applications of solar energy
(with minimum negative environmental impacts) may provide desirable
and competitive options for many firms (new rate structures on conventional
energy sources), Often, for various reasons, such as intensive capital
structure or slow adoption process, many new products are.not profitable
in the introductory stages. However, in view of the long-run considerations
of social benefits, monetary returns and corporate image should be
considered.

Of vital importance in the expansion of a market is the
channel of distribution and reliable product standards. If there are
very many manufacturers (for example, in 1967 there were 20,806
appliance manufacturers, 27,162 hardware manufacturers, and 42,472 building
materials manufacturers--of which, many were directly or indirectly
involved in the manufacture of components or entire heating and cooling
systems) [11-12], standardization of the components and systems becomes
of vital importance. Another consideration is the number and the
types of different components and systems, as required by different
customer needs, in terms of building types and climatic areas. In
the case of combined systems (solar with conventional) additional
problems over design, reliability, maintenance, and others may arise.

In addition, in the case of the channels of distribution
for solar heating and cooling equipment, in 1967 there were 4438
wholesalers and agents of plumbing and heating equipment, and 2686
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handling air conditioning equipment (these include also manufacturers,
sales branches and offices) [11-13]. For solar equipment, these same
intermediaries in the channel may also be considered. Much of this type.
of equipment could also be sold directly by the original egquipment
manufacturer to the large customers in the construction industry.

Another area for consideration is that of service. Should the
service structure consist of the manufacturers, utility companies or
distributors? Conditions of sale may be the determining factors.

Since the initial cost of the equipment may be too high for the builder
or the honeowner, the equipment could be leased and serviced by the
manufacturer or the utility. Guarantees, warranties on the initial
equipment, individual components and replacement parts would be necessary.
This, in turn, would require rigorous standards.

Depending on the equipment, that is, whether it is to be
an integral part of the building or can be individually installed,
different channels and service structures will be required. In both
cases, service outlets may be established by the manufacturers,
utility companies, and distributors (for example, Sears has a very exten-
sive service structure for its appliances and other products). In the
case of individual installation, the degree of complexity will determine
the extent of this type of a channel (for example, this has been a
prevailing problem in the electronic garage openers).

Construction Industry. Projections about future population, housing
and energy needs point heavily toward favorable marketing opportunities
for heating and cooling equipment, with a possible significant displace-
ment by solar equipment.

Each type of housing may have unique requirements in terms
of land-use patterns and equipment needs. Physical and economic factors
will predetermine its ability for integration into the total design,
for example, weight and roofing requirements, material properties,
initial and operating costs, aesthetic considerations and others. 1In
addition, weather conditions will affect the type of construction and
comfort requirements.

Different elements go into the decision-making process in each
sector of the construction industry.

For example, trade unions, predominate among the labor
involved in the construction of both one-unit and multi-unit housing.
Installation practices are traditional. Depending on the product,
will it change the practices, require different skills, be more or
1ess labor-intensive? Price range of different housing types may also be
a determining factor for acceptability of new equipment, and, thus
predetermine the type and size of market sector and the appeal for its
promotion.
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Another characteristic of the one unit and multi-unit
housing is their cyclical and seasonal nature.

Another determining factor for the acceptability of solar
equipment (which may influence its cost) is mass-production, that is, to
what extent it will lend itself for mass-production and mass-installation.
For example, the mobile home construction lends itself to mass-production, and
also, through factory inspectiongavoids certain local codes. Would
the solar equipment be suitable for the mobile home industry? This
particular industry is projected to continue to grow,

Solar equipment has to meet the various building code speci-
fications as contained in the Natiocnal Fire Protection Association,
American Insurance Association, Basic Building Code, Uniform Building
Code, Underwriters Laboratories, and many others [11-14].

The homebuyer usually plays a passive role in the decision-
making process for heating and/or cooling equipment. In the case of
speculative construction, cost is of the utmost importance. In this
sub-market, the contractor, upon the advice of his engineers and
architects, decides on the equipment. In this case, the buyer has no
choice in the initial equipment. Also, many buyers want to avoid
initial increases in cost, and choose later additions or alterations
to the home, for example, window afr-conditioning units instead of
central air-conditioning [11-15]. Even though the installation of
central air-conditioning is increasing in new residential construction,
especially in the more expensive homes, its use is not very extensive
at this time. A buyer of a custom home makes the final decision,
however, in this case he is also influenced by the architect, engineer
and the contractor. This shows that the final consumer has 1ittle or no
choice in the final decision. In the case of the custom~-homebuyer,
where initial cost may be a factor, an emphasis on the desirability of
this equipment could be made. Advertising appeals to the energy
conservationist, ecologist, prestige seeker, economic decision-maker
could be made. The economic decision-maker could be approached with
an appeal of operating-cost savings and savings over the life-span
of the house,

Both the homebuilder and the homebuyer may need more "directed"
incentives. A more favorable tax structure to reflect higher capital
investment, cost savings on operations and resource conservation should
be encourages. Other promoting factors could be in the form of subsidized
Toans, by the Government, and channeled through the various public,
semi-pubTic and private financial institutions (banks, savings and loan,
mortgage companies and others). Changes in building codes and equipment
standards, to reflect our changing national needs and priorities
could also be beneficial.

Apartment builders are also very cost-conscious, especially,
builders of small apartment buildings. In large apartment complexes,
higher initial capital costs are easier absorbed by the tenants. Even
though heating and cooling are inherent amenities in all construction,
the actual selection is influenced by the advise of an engineer and/or
architect. Among the small builders it is more common to have window
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air-conditioners. Central air-conditioning systems seem to be more
practical in large buildings.

Since there is a possibility that combination systems (solar with
conventional) will be more feasible for some building types and in some
weather conditions, compatibility of the solar eguipment to this
combined system and to the building design becomes crucial. Another
point to remember is that present zoning regulations and land-use patterns
will determine the height of buildings and their location. Therefore,
physical characteristics of the building, weather conditions, climatic
areas, and various obstructions will delineate this market segment.

Similar incentives, as in the case of residential builders,
should be provided to this sector. Mass education, advertising and
salesmanship directed at the influencing groups, such as the engineers
and architects, labor union leaders, regulatory agencies, should be
encouraged by the Government, various professional groups, materials
manufacturers, equipment manufacturers and the associations. In
addition, mandatory changes in building codes/standards and changes in
the tax structure could be significant motivational factors. For
example, the Department of Interior and the National Bureau of Standards
have been studying various energy conservation methods. This information
will be available to architects and engineers.

Another influencing group has been the National Conference of
States; they have asked the National Bureau of Standards to study the
energy conservation requirements and recommend performance standards.

Tax structures should reflect savings on costs of operation and
conservation.

To determine the market potential or displacement potential
by solar equipment in areas other than residential housing becomes
more abstract. Since the figures do not project nor show actual
buildings in areas such as religious buildings, office buildings,
hospitals or any other multi-purpose buildings, only very general
observations can be made.

Commercial or industrial buildings usually follow population,
construction and general economic trends. They are built for the
owner and user of the building, for a leasee, to his specifications,
or for investment purposes, that is, renting or leasing for multi-
purposes after the building is built.

Capital costs are important in this sector. However, different
motivational factors are involved in this sub-market. Rents in commercial
buildings, for example, in shipping centers, are usually based on
sales potentials of the centers. In industrial buildings, along with
depreciation considerations, savings in operating costs are also important.
In these cases, energy inputs are either a part of the final product or
part of the overhead costs. With possible changes in the. rate structure
of the utilities, or shortages of energy resources (nationally and
regionally), use of solar energy may be a desirable alternative.

Public construction is also very sensitive to cost. There is a
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distinction betwzen the private and public sectors in terms of tax
incentives, that is, on capital investment and cost savings. Private
investors discount considerably possible operating cost savings because
they are 100% deductive from revenues for income tax purposes, while
only a portion of capital costs can be recovered each year through
depreciation deductions. The government could select a number of different
multi-purpose building types, in various weather regions, for the
demonstration of the application of solar heating and cooling equipment
(for explanation of such buildings sponsored by the government and the
Audubon Society, see Section 11-3). It is not recommended for public
housing. This sector may resent being used for experimental purposes,
It is suggested by some scholars of the innovation process [11-16]

that once the results of an innovation (proven benefits) become
visible, the acceptance process is simplified.

_ Since the final user or the builder, without any special
incentives, usually is not very receptive to this initial trial state,

pubtic and commercial buildings could form the first sub-market for

the application (for example, air-conditioning was first demonstrated

in public and commercial buildings before its acceptance as an appliance

in the home).

In the past, innovations in the construction industry have
come in the materials and components. Even these were slow in adoption,
as for example in the cases of waterproofing of basements, electrical
switches, plastic sheated electrical cables and many others in the
areas of plumbing, insulation and design. However, less impact has
been in a complete dwelling construction technique because of high
costs and risks of pay-offs [11-17]. The interest has been mostly
in convenience and appearance, and less in efficiency.

Also, the fragmented nature of the market and the supply
makes it more difficult for a new application or innovation to be
accepted. Both the horizontal and vertical structure of this industry
complicates the entire diffusion process. For example, in 1967 [11-18]
there were 156,400 general contractors (this number includes also ones
without payrol1), 78,190 pTumbing, heating and air-conditioning contractors,
2,831 architectural firms, and 3,970 engineering firms. The largest
builders, for example, Levitt and Sons, U. 5. Home Corporation, had
less than 1% of the market in 1970. Of course, there has been some
move to conglomerate mergers, for example, ITT-Levitt, Inland Steel-
Don Scholz and others [11-17]. This will have some influence
on the industry's structure and channels of information-flow.

As was previously suggested, the construction industry is very
cost-conscious. With rising interest rates, labor and materials
costs, difficulties of obtaining low down-payment/long-term mortgage
loans, it is looking for cost saving innovations. However, various
institutional obstacles (codes/standards and industrial structure),
and resistances from the unions, builders, designers, buyers and regulatory
agencies -- make it a very complex process. Even with cost reducing
innovations, some directed "push" is needed. For example, in the case
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of the plasticsheathed electrical cable, the Department of Housing and
Urban Development was instrumental in its acceptance in California for
public housing.

According to one author [11-9], an increase of $100.00 in the
price of a house disqualified 15,000 families from obtaining a mortgage
toan. Even with this consideration, savings in the cost of construction is
not necessarily accepted automatically. In one case, the Urban
Development Corporation of the State of New York was responsible for the
change of electrical switching systems in an attempt at reducing costs.

This discussion indicates that cost competitiveness is not
always a deciding factor in the initial states of the product's
"1ife-cycle". However, without this advantage, an innovation will
receive even more resistance, unless incentives for energy conservation,
life-span operating efficiencies, protection of the environment and other
social costs are implemented by the various influencing groups (as
was suggested in the previous discussion) and given a direct incentive from
the Government.

Utilities Industry. Decision-making in the utilities industry has

been short-run market-oriented. It has looked at first-order effects of
economic activities, that is, by offering energy at low prices to the
users. Lately, the public concern has been shifting toward the long-
run social effects rather that the short-run consumer benefits.

Since the industry has been very capital-intensive, marginal
costs were considered to be minor in relation to total costs. The practice
has been to look at marginal costs for pricing rather than fixed costs.
Since the rates are set on an expanding demand (“cost plus"), there were
few incentives to conserve. The incentives on rates and investments
encouraged the industry to overproduce and overinvest.

With increasing financial difficulties for some utility
companies (in refinancing of long-term bonds, issuing new ones and
raising working capital) and rising peak demand loads--there could be a
possible submarket for solar equipment--that of a "supplementary"
equipment market for peak demands. The equipment could be Teased and
serviced by the industry. Extensive service capabilities exist in this
industry. With retraining, the same service structure could be employed
(of course, this awaits rigorous design standards from the manufacturers,
professional/technical groups and associations). Leasing and servicing
of the equipment by the industry could speed up the acceptance process
and expand the consumer market. As was previously suggested, since
the consumer market traditionally is not the "pioneering" market [11-15],
at least where technical, economic and other benefits have not been
demonstrated, public buildings offer a better potential for demonstration.

In general, there is a need to study the capital markets and
determine whether the capital markets cater adequately to high-risk
technical ventures, including ones that might be transferable to new and
more marketable environments in the future.
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Consumer Market. The most important consideration in the acceptance of

@ new product is to identify the need (or create a need) and satisfy it.
“Degree of acceptance and practical use of the need is the best measure of
the need for it" [11-19]. Many critics of advertising, packaging, pro-
Tiferation of products and "planned" obsolescence of products, will not
agree with this statement. They claim that this is a short-run considera-
tion. The preservation and enhancement of the quality of life should be
the long-run objective.

In reference to the first point, the acceptance of a new idea,
technique or product will depend on its cost/price, available alternatives,
convenience, prestige factor, appearance, efficiency, side effects, gov-
ernment policies, purchasing power, its share of the total expenditures,
advertising, time and other quantitative and qualitative factors. Some
of these are marketing strategies, planned by business executives, others
are aspirational factors of the individual. However, all are interacting
with each other.

According to one diffusion model [11-16], the presence or lack
of factors, such as, cost/economic returns, complexity of installation,
maintenance or use, visibility of its benefits, application on a small
scale, compatibility with accepted or changing lifestyles -- will speed
or sTow down the process of acceptance. Does the solar application pass
some of these requirements? Each aspect may be evaluated and conclusions
may be formed by the reader in reviewing the different sections of Terrastar.

Technical uncertainties and economic and social risks -- place the
consumer in a "passive role" [11-15]. The consumer wants to see certain
benefits, whether they are in terms of prestige, social standing, conser-
vation ethic or cost savings -- initial or overall. Therefore, utilities
and the Government could act as the "change agents"” (innovators) in the
initial stages. The government could be instrumental through tax incen-
tives and the utilities industry through leasing and servicing of equip-
ment.

There have been many studies attempting to identify the "key"
innovators, “change agents," and “early adopters.” Additional research is
needed in this area. Specifically, in solar applications it would be very
beneficial in the development of marketing strategies to identify the
"profile" of the "key" innovators and influencers. This would enable one
to identify the perception of the innovation, aid in the development of
mass advertising to increase awareness, arouse interest, provide informa-
tion, suggest accessible demonstrations and encourage trial applications.

Since the need for comfort (heating and cooling) already exists,
the creation of a need for displacement by solar equipment is necessary,
This may come from increased public awareness, conservation ethic, con-
struction industry, manufacturers of the equipment and the Government. In
addition, increased prices of utilities (because of shortages and possible
reconstruction of the industry) may give an economic rationale. Tax
advantages on life-time cost-saving devices (considering the initial in-
vestment, interest rates and opportunity costs) and recognition of this
by the lending institutions could make the application more marketable.
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The assumption has been made by many that demand for utilities
js price inelastic. In fact, until recently it has been guite elastic to
the promotional efforts of utilities and appliance manufacturers. Of the
total expenditures, consumers spend less than 5 percent on utilities and
gasoline. This, of course, varies somewhat by regions and family income
Jevels. However, recently economists [11-20] indicate that this may not
hold in the future because of increasing prices. An important considera-
tion in this analysis is the time element for adjustment and alternatives.

Since the household market consumes 23 percent [11-21] of the
total energy, with an increasing share [11-22] provided by gas, oil and
electricity, for example, from 1950-1970, the share for natural gas rose
from 2.4 percent to 10.7 percent, and for oil from 4.4 percent to 9.2
percent, changes in this industry may force reallocation of different
primary energy sources, sectors of consumption, and, in turn, population
movements, housing growth, and commercial and industrial development.

The population and housing Census does not predict the future, rather
they project, making assumptions about mortality, immigration and fertility.

To analyze the population and housing projections one has to
consider the question of the effects of energy prices and changes in the
structure of the industry. Important bases for analysis are regional
distributions of population and housing, climatic variations, labor and
material costs, zoning and housing codes (for example, high rise vs. low,
multi - vs. single-family units), environmental conditions (for example,
pollution) and behavioral factors of the decision-makers.

Regional studies could suggest potential areas for displacement
of conventional sources by solar energy. Of course, future developments
have to be forecast, in order to study the various impacts on solar
energy applications. For example, reducing air pollution by means of
public transportation systems, movement of industry away from concentration
areas (because of costs, environmental pressures, or government policies),
overpopulation of certain cities, shortages of land for expansion and
many others, may indicate a number of “crises" areas for displacement by
solar energy. These considerations and decisions may be motivated by
reasons other than cost alone.

In summary, there is a need for long-term studies of the specific
and broader aspects of solar application and its costs and benefits for
the industry and for society. Factors such as motivations, incentives and
implications of the policies of the firms, industries and the government
should be studied.

11-10. CONCLUSIONS

The strategy outlined is not complete but does 5Suggest the next
steps in the path toward SH/CB. There are many opportunities for research,
development and analysis by governmental agencies, educational institutions,
industry and foundations. A strategy is required to give each of these
efforts a focus.

The strategy presented here may not be the ultimate strategy
agreed upon, but it is presented as a catalyst.
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PART 1V. CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations given here were adopted by the
group as a whole after thorough consideration and discussion. Those con-
clusions which apply to the total energy picture are presented first, followed
by those which apply specifically to the solar heatin and cooling of build-
ings. The recommendations presented last apply to the total energy picture.

Conclusions

° The Tong-term rate of growth in U.S. energy consumption must
be slowed down. The nation cannot and should not sustain an
exponential growth in energy usage.

°© An energy crisis will occur if the country experiences expon-
ential growth in energy consumptign in the future.

° Governmental organization and policies, or lack thereof, have,
to a significant degree, contributed to the current energy
problem.

o Many industries do not utilize energy as efficiently as
technologically possible due to the current relatively
Tow cost of energy.

o Conservation of energy must become the concern of all citizens,
industry and government.

o Fossil fuels should be conserved for non-energy uses,

° The growth rate in electrical power usage is significantly
greater than the growth rate in total energy usage. Particu-
lar emphasis should be placed on reducing the growth in
consumption in this sector because the energy conversion losses
are high.

o The United States should pursue the research and develop the
technology necessary to provide a variety of energy resource
options.

o Solar or geothermal energy, coal gasification and Tiquefaction
and the breeder reactor cannot contribute significantly to the
energy supply market until 1985 at the earliest and thus they
will not solve the near-term crisis associated with current
exponential growth.



Solar energy has vast Eotentia1 as an energy resource for the
world. The combined characteristics of inexhaustibility and
relative freedom from pollution make it an ideal energy
resource.

Solar energy can be utilized in virtually all regions of the
United States.

R&D in the solar energy field has been relatively uncoordin-
ated, often poorly documented and under-funded in the past.

Solar insolation data collection in the past has been inade-
quate for solar engineering.

Comprehensive design procedures for solar energy systems are
not available.

Solar cooling of buildings to present U. S. comfort standards
is not a demonstrated concept at the present.

Maximum impact of solar heating and cooling will only be
realized in energy-conserving buildings.

Recommendations

To slow the growth of total energy consumption in the United
States it is recommended that:

o]

o

The Federal government adopt a national energy policy which
has as one of its main objectives reduction of the growth
rate in energy consumption. This objective should be sought
primarily through education and economic incentives, but
also, where necessary, by direct controls.

The country adopt an energy and natural resources conserva-
tion ethic. This ethic should be promoted by government,
industry, educational insitutions and technical societies.
Adequate funding to fulfill this educational mission should
be provided.

Individuals and agencies who are involved in the design of
buildings should endeavor to make them more energy conserving.
Government agencies such as FHA, HUD, NBS, and GSA should

Jead the way in this endeavor. Architects, engineers, and
manufacturers should urge modification to building codes where
needed to promote this concept. Colleges and universities
should train the technical personnel needed to aid in the
design of such buildings.
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Appropriate requlatory agencies consider progressive energy
rate stuctures which establish higher rates for energy used

in excess of certain levels., These Tevels should be determined
on an end-user basis. Also, the rate structure shoyld
encourage the use of off-peak electrical energy.

To promote the utilization of solar energy it is recommended that:

o

The Federal government fund solar energy to the extent pro-
posed in the 1972 NSF/NASA Solar Energy Panel report at least
to the first decision point for each concept. This would
require from 50 to 88 million dollars per year for approxi-
mately four (4) years. Continued funding should be contin-
gent on evaluations at those points. A decision should be
made at that time on which concepts should receive further
R&D funding.

Educational and governmental agencies acknowledge solar energy
for its great potential as a major energy source of the
future and promote the recognition of this fact.

The Federal government establish a national Solar Energy
Commission to identify and mobilize support from those in-
dividuals and groups interested in the growth and development
of solar energy utilization.

The Department of Energy and Natural Resources (DENR) should,
in conjunction with other appropriate government agencies,
set up a study group to determine what combinations of public
(governmental) and private (industrial) innovation will best
promote the utilization of solar energy.

The Federal government undertake a full marketing study to
determine the market potential of solar energy systems in the
United States and to ascertain the barriers to their accep-
tance by the American people.

The Federal government should sponsor a comprehensive study
of solar insolation data collection and analysis for engineer-
ing use to determine the types of data to be collected, the
locations at which it should be collected, and a data format
adapted to the design of solar facilities.

The technical and professional societies formulate and publish
solar energy systems design procedures and handbooks.
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APPENDIX A. ACRONYMS, ABBREVIATIONS AND DEFINITIONS

A-T. ACRONYMS AND ABBREVIATIONS

A/C, A.C. - Air Conditioning

AC - Alternating Current

AEC - Atomic Energy Commission

ASHRAE - American Society of Heating, Refrigerating and Air
Conditioning Engineers

DC - Direct Current

DD - Degree Day

EGM - Extrapolated Growth Model

EPA - Environmental Protection Agency

FPC - Federal Power Commission

GNP - Gross National Product

GSA ~ Governmental Services Administration

H/C - Heating and Cooling

IECEC - Intersociety Energy Conversion Engineering Conference

Jse - Johnson Space Center

MAS - Massachusetts Audubon Society

MHD - Magnetohydrodynamics

MIT - Massachusetts Institute of Technology

MSFC - Marshall Space Flight Center

NBS - National Bureau of Standards

NASA - National Aeronautics and Space Administration

NSF - National Science Foundation

R&D - Research and Development

RGM ~ Reduced Growth Model

SH/CB - Solar Heating/Cooling of Buildings
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SSPS
T/0
TVA
u.s.
ZPG

Satellite Solar Power Station
Tradeoffs

Tennessee Valley Authority
United States of America

Zero Population Growth



A~2., DEFINITIONS

Air Conditioning

Ambient

Btu

Calorie

Constraint

Criterion

Dalton's Law

Degree-Day

Demand-Price Elastic

Demand-Price Inelastic

Ecosystem

Energy
Giga
Heat Pipe

Horsepower (hp)

A-3

Simultaneous control of air temperature,
humidity, cleanliness and distribution
within an enclosed space

Surrounding

British thermal unit. The amount of heat
that must be added to, or subtracted from,
one pound of water to change its temper-
ature 1°F

The amount of heat that must be added to,
or subtracted from, 1 gram of water to
change its temperature 1°C (equivalent to
3.968 x 103 Btu)

An upper or lower limit on the system or
strateqgy

Measure of the desired performance of the
system or strategy

The total pressure of a mixture of gases
is equal to the sum of the partial
pressures (individual pressure of each gas
in the mixture)

There are as many '"degree-days" in a 24
hour period as there are degrees Fahren-
heit difference between the average out-
door temperature for the day and 65 degrees
Fahrenheit. Normally used for heating
calculations only.

Demand dependent on price
Demand independent of price

The interrelationship between Tiving organ-
isms and the non-living environment

Having the capability to do work

One billion (1,000,000,000 or 109)
Special pipe for transferring heat. A
pipe filled with a "wick" material and a
1iquid at very low pressure

1 hp = 2545 Btu/hr
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Hp-hr

Insolation

Kilo
Kw-hr

Kw, thermal

Langley

Latent Heat of
Evaporation

MBtu

Mega
One Ton of

Refrigeration
Power

Quad

Q

Watt (w)

Work

1 hp-hr is 1 hp being used for 1 hour

Local total solar radiant flux (power per
unit area} intercepting a horizontal plane
on the Earth (biosphere)

Cne thousand (1000 or 103)

1 kw-hr is 1 kilowatt being used for 1 hour

may be used in place of Btu when discussing
heat flow

One calorie of radiation energy per cm?
That amount of heat that must be added to

one pound of a liquid to change it to
vapor without a change in temperature

One million Btu

One million (1,000,000 or 106)

One ton of ice changed from ice at 32°F
to water at 32°F over a period of 24 hours

Rate at which work is done
One quadrillion (1019)
One quintiliion (10'8) Bty
T w=1.341 x 1073 hp

The transference of energy when a force
produces movement of a body



COMPRESSOR

MECHANICAL WORK FROM
MOTOR, ENGINE, TURBINE,
WINDMILL, ETC.

INS1p
OUTSIDE £

COMPRESSOR

w
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HEAT FROM SPACE

EVAPORATOR (COOLING COIL

OR ICE MAKER)

TO BE COOLED

EXPANSION VALVE (FLOW
RESTRICTION DEVICE)

CONDENSER {DASSIPATES
HEAT TO “EXTERIOR")

HEAT REJECTED TO

Cooling Mode

PLACE WHERE IT IS
UNOBJECTIONABLE

CONDENSER -t HEAT TO AREA TO
BE WARMED
EXPANSION VALVE
EVAPORATOR

N A HEAT OBTAINED FROM

Heating Mode

OUTSIDE

Figure A-1. ELEMENTS OF A COMPRESSION REFRIGERATION CYCLE

Technically any refrigeration machine is a "heat pump” as it
moves heat from a place where it is undesirable to a place where it is un-
objectionable. By "every day" definition a "heat pump" is an installed air
conditioner (space cooler) where the functions of the evaporator and con-
denser are exchanged in order to provide space heating. In less mild
climates the heating phase must be supplemented by 2 to 4 Kw of resistance
heaters when the outside temperature drops to around 20°F.
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FORCED AIR
MOVEMENT

The Concept

o evaporator loop is cooled as
the NH, evaporates, absorbing
jts latent heat of evaporation

EVAPORATOR
REFRIG. AREA

o Y AMMONIA
07277 ‘

N

QNN

The Concept, absorber added to
conserve NH3

NN

o A non-condensing gas is
added to the loop and
circulated by temperature
di fference

IS IS,

Basic "Sarvel" Cycle

— 2 o The NH3 refrigerant either
'k can—— evaporates or condenses,
Y depending upon temperatures

SPORATOR, |/ and partial pressures
Gy, .
' o Closed loop, entire system
: at a partial vacum
. ' o Motive power is percoiation
AT T J:l. at generator {liquid 1ift)
S — SH A - strong liquor, rich in NH
V4 I B - weak liquor, lean in NH3
GENERATOR

Figure A-4, ABSORPTION REFRIGERATION UNIT FROM CONCEPT TO
YEAR AROUND SYSTEM
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N — o Condenser shown water
o4 \ 1 NH, cooled but could be air
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\GENERATO o Valves and pumps replace
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RBER * Al pressures and eliminate
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APPENDIX B SUMMARY OF SPEAKERS' SEMINARS

A summarization of each talk given by the various guest speakers
during the course of the 1973 Summer Faculty Fellowship Program is given in
this appendix. Little attempt is made to quote the remarks that were made
by each speaker and in many instances the opinions of the faculty fellows
are woven into the fabric of the summary. The summaries are arranged in
chronological order.

SOLAR ENERGY SYSTEMS

Erich A. Farber

Professor

Department of Mechanical Engineering
University of Florida

Gainesville, Florida

Dr. Farber divided his presentation into three general areas:
(I} introductory remarks on the energy situation in toto and solar energy
in particular; (II) flat plate solar energy collectors; and (III) solar
energy concentrators. Dr. Farber's comments are summarized in outline
form as follows:

I. Introduction

© We must look objectively at the whole problem of solar energy
conversion.

o By making good use of all of our available resources, we can
maintain our high standard of living.

o The energy crisis is really just another problem to be solved.

o Solar radiation is the only incoming, inexhaustible source of
energy.

o The main energy sources for the foreseeable future will be fossil
fuels and solar radiation. Nuclear energy will probably be only
significant in large metropolitan areas, unless the fusion process
can be controlled and developed.

© The energy planning curve shows exponential growth which will
result in serious trouble for us and ma