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PREFACE

The work described in thls report was performed by the Applied

Mechanies Division and Telecommunications Science and Engineering Divi-
sion of the Jet Propulsion Laboratory,

The Goldstone Energy Project was initiated shertly after the 1973
oil embargo and 1t appeared that the development of solar collector
technology would move ahead very rapidly. In particular, it was felt
that the open market would develop and promote the cummercialization of
the technology with resulting beriefits of higher performance and lower
costs, _ . .

Large-scale development activities over the last three years have
been directed toward other areas. To forecast long-term growth in a new
technology area is at best a high-risk proposition; but at this time, it
appears that the present funding efforts will continue and that the
commercial market will expand in the low-témperature area for hot water
and heating, ventilating, and air conditioning (HVAC) applications. At
tne completion of the project in 1976, there were indications that the
Energy Research . and Development Administration (ERDA) would spousor
development of solar-electric conversion techniques which are modular in
nature and applicable to power systems similar to Goldsione, At the
time of thiz report, the ERDA small power system programs are Jjust
beginning.

This report was made possible by contributions from C. M. Berdahl,
M. F. Buehler, R. A. Gardner, C., L, Hamilton, O, V. Hester, ¥W. H.
Higa, J. M. Xendall, &Sr., F. L. Lansing, R. Levy, H. MeGinness, 0. B.
Parham, M. S. Reid,R. Reynolds, F. W. Stoller, R. J. Wallace, and R. L.
Watson. : :
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ABSTRACT

Tha Goldstone Energy Project was establishad in 1974 to investi-
gate ways 1in which the Goldstone Deep Space Communications Complex ih
California could be made partly or conpletely energy-sufficient, eape-
eially through the use ot solar- and wind-derived energy resources. Ways
in whleh energy tould be conserved at the Complex were alsc studied,
Findings include the following. Wind energy: (1) Theoretical develop-
ments are required to generate a simulxtion process that represents both
wind distributions and correlations, point to point, and (2) Winds at
Goldstone are insufficient in strength and duration to generate electric
power economically. Solar energy: (1) Solar measurements should be
correlated with meteorologlcal data at the same site to identify which
parameters are prohabilistic and which are deterministic, (2) Circum-
solar radiation measurements are required to determine the tracking
accuracles required for the varlous types of concentrating collectors,
(3) Solar collector technology has not developed to the point at which
an energy-on-demand system can be built economically, (i) Heab transport
piping costs dictate that solar collectors must be located near the
point where heat energy is to be converted or used, and (5) Solar energy
systems that produce energy-as-available show promise of becoming
economically viable, Energy stcorage:  Hydrogen d1s not an economic
energy storage medium because efficlencies are too low. Energy Concer-
vation: {1) Improved computer prograis are needed to analyze exist. -~
buildings to identify potential 1load reductions and evaluate proposed
energy conservation measures. and (2) Economic energy-conserving prac-
tices and processes can be substituted for energy-intensive ones to save
cperating capital. Obgtacles to demonstrating energy self-sufficiency:
(1) Operation and maintenance costs of solar -energy systems are
estimated to be much higher than conventional energy systems, (2)
Initial capital costs of present-day technology solar collectors are
high and are compounded by low collector efficiency, and (3) No
significant market force exists to creatz the necessary industry to
vaduce costs through mass production and hroad open-market competition.

1S
OF POOR QUALITY

iv



CONTENTS
I,  INTRODUCTION —==mmemomemccm—c o mmmec—cea—————————————————— 1-1
A, BACKGROUND AND RATIONALE mcrmcwmcccacmammmmcacae—— - 1=t
B: GOAL AND OBJECTIVES w-——-mmwm—m- e ta———— 12
c. SCOPE QOF THE GOLDSTONE ENERGY PROJECT ~-=--mwea-——a—ra 1=2
D. PURPOSE OF THE REPORT =—--rewcesmwccacccmeccccccemee—— 1-3
II.  HISTORY AND GENERAL INFORMATION =—mscsmemamececccmcccecsoco- 2-1
A. HISTORY -ememmecmccmcmccaccceaw e DL S L e 2-1
1. USF/NASA Solar Energy Study —ee~mcmeccmncccccmaceaaaa 2-1
2, AEC.Energy Study =emmmmm—ea—. i ——————— 221
3. Project Independence remmmceccmmcmacmmaaaa o o o e 222
4, Energy Conservation at Federal Installations =m-e=---- 2-3
B.  GENERAL INFoﬁMATI_oN e e e e o 9-3
1. National Requiremehts e — e ————— ;_ ..... 2-3 .
2. Institutional QUALLFLEPS —-c-oemmm=ommmmmmmmmmm- e 22l
3. Requirements Upon the Project =eecewmcameccaoccmm~nas 2.4
a. Justification ——cermrmcc e ————————— 2-4
b. Guidelings ~mewmcrmmomemee e 2.5
c¢. ~ Constraints .—mew-—--- e v e e e e e 2-6
d. Consideration of Goldstone Uniqueness --------- 2-8
e. Life-Cycle Cost Specifications =e-—ewceeemmecane 24711
£, Energy Cost Projections —----—-cwcsmecommacoa—- 2-11
g. - Intangible Cost Considerations —-w————- e —————— 2-14
II1. PROJECT DESCRIPTION =mmmmmmmmmcmmmmmmmmmi S— —— —
Y PURPOSE OF THE GOL_.DST_ONE. ENERGY PROJECT — m——— 3-1

78-5




e

-

18-5
B, APPROACH mremmeccmccmec e a e c s e e e e U
1. Energy System Evaluation Criteria meecmeccemecmema—aw 3.2
24 Energy S:;stem OpLions mcemucecicmmcomcccrcm e ccc - 3.3
3. Baseline Configuration =c-wew-caccmacecrccn. mm—————— 3-3
4. Energy Requirements emeecemaccmuccmmcecccmme e e 3-5
5. RES0UrCES mmecc et e c e e e —— 3-8
a. Statistical Analysis of Insclation ~mewe——encne- 3-8
b. Statistical Analysis ¢t Wind et ———————— 3-9
c. Dynamic Analysis —ececwamecaac.a Nt ——————— 3-10
6. Technical and Economic Feasibility Studies —reewcemau-a 3-11
a. Goldstone Energy System Study e 3-11
b,  Component AnalySes =wemmemmmmmsmes——ee—————————— 3-12
.IV- - PROJECT FINDINGS ==somsmmmmmeos oo e oot |
A.  ENERGY REQUIREMENTS ===-sems—emsmmeosmmecme—ceeeeem—e e
1. Energy Model -mesmumecccnmmeca—ma R ——— -1
2. Potential Load Reductions --~—-=mea—a-- - - f2
B. RESQURCES =-—~==== e ———— e mm————————— -3
1o WANA cmmme oo e oo e e 4-3
2. Ins01ation mmeommmmm e e e e e [T
C. TECHNICAL AND ECONOMIC FEASIBILITY STUDIES ~e=--ew--~ 46 -
1 Hydrosen Utilization esececcccemeccccomcaccooc—reee- 4-6
2. A Solar-Augmented Conventional System ——--cecwcomaun-a §-8
3.  Total ENErgy =eeeecc——mmicsemcccecicmme e ma————— 4-8
REFERENCES SRR SES—
vi




Iables
2"1 (]

2=2.

v

78~5

GDSCC Site Plan, General Layout emeesmecememcmcacecemw= 2-9

Illustration of Cost Accumulation To Obtain the

Life~Cycle Cost of an Alternative Configuration ~—=-- 2-12
Illustrative Comparison Between the Life-Cycle

Costs of Two Alternatives wew--- e ———————— wm—— 2-13
Basic Solar Energy Syscem Elements wewmaama - - 3al

Reduced Solar Energy System Elements =~mece-eccarnaecea 35

Baseline Configuration of the Goldstone

Energy SySten ~eececmcoccccccccnccsccssan e e -——— 36
GDSCC Power Plant Capabilities =e=wme-reme-ecceocn-ao 2-10
Cost of Energy at Goldstone =eema- R ——— 2-14

vii



SECTION I
INTRODUCTION

A, BACKGROUND AND RATIONALE

As part of a broad program to conserve energy at government in-
stallations, the National Aeronautics and Space Administration (NASA)
requested its field ocenters to submit energy-conserving ideas, In
response to the NASA request, the Jet Propulsion Laboratory (JPL) exam-
ined the concept of operating one or more of the installations that it
manages for NASA on clean, renewable synthetic fuels such as hydrogen or
methane, Chemical energy stored 1in the fuels would be converted to
useful forms in very-low-pollution, on-site total energy or other highly
efficéient energy conversion planta. The sun would be the primary source
of energy, with solar energy broadly interpreted to include energy in
the wind, municipal waste, land-fill gas, farm chaff, ete,

On January 7, 1974, the Laboratory Director established a JPL En=-
ergy Program which has as its principal objective the design and imple-
mentation of energy systems at JPL and its field installations to attain
a high degree of energy self-sufficiency. It was -hoped that such
systems would not only supply JPL's needs during an extended period of
energy shortages but could also serve as an operating model for energy
suppliers throughout the Nation. The Goldstone Energy Project was a
part of the JPL Energy Program.

One of the NASA installations under investigation was the Gold-
stone Deep Space Communications Complex {GDSCC), located approximately
70 km (44 miles) north of Barstow, California, Six separate tracking

‘stations and a Microwave Test Facility (MTF) are included in this com-

plex. The concept formulated by the Goldstone Energy Project was to
operate the complex largely on hydrogen derived from solar energy and
recirculated water.

_ The  installation at Goldstone has unique characteristica which
make it appropriate for considerdtion as a solar-hydrogen demonstration
project, One of these characteristics is an installed generating capa=-
city of 12,350 kW which not only meets the power demand of the mission-
critical facilities but also provides for on=line and maintenance
spares at each of four separate power plants. The engine-generators are
now operated only during critical phases of space flight missions or
upon failure of commercial electricity service, and they burn fuel oil,
The feasibility of converting the existing power plants to operate on

hydrogen in addition to fuel oil, and of operating them continuously,
was to be determined. ' '

Another characteristic contributing to Goldstone's unlqueness is
its geographic 1location. To minimize radio frequency (RF) noise, the
tracking stations were located remote from civilization. Fortunately,
the geographic 1location is also relatively free from the effects of

“urban smoke and haze that could attenuate the direct rays of the sun.

Goldstone is 1located in the Mojave Desert, which enjoys an abundance of

1-1 o -~ ORI

15
OF POOR QUALITY

A 0 S 0 NN R 25 A PO D oy o




78-5

sunshine and a not inaignifioanb amount of wind. In addition, a large
land area, ourrently about 80 km? (31 square miles), must be retained to
- protect the tracking stations from encroachment in future years, If a
portion of this land area were used for collecting solar energy, a
function which does not interfere with space communications, then a
valuable secondary use of the land could be demonstrated.

B. GOAL AND OBJECTIVES

The goal of the Goldstore Energy Project was to contribute to the
achievement of the national goal of energy independence by demonstrating
a high degree of energy self-sufficiency at a NASA installation which
has unique characteristics with respect to exploiting solar energy. The
goal was approached simultaneously from two directions: (1) a vigorous
campaign to conserve energy was conducted, which included the cost-
effective application of advanced technology as appropriate, and (2)
conventional, nonrenewable gources of energy were to be replaced by
renewable scurces to the extent that replacement was demonstrated to be
economically Jjustifiable and in the natlonal interest,

The objectives of the Goldstorie Energy Project were to reduce the
consumption of energy delivered to the Goldstone Complex by 30 to 40%
over a S5-year period starting in 1974 and to reduce the consumption of
nonrenewable fossil fuels by 70 to 90% over a 5-year period starting in
1976. These objectives were to be met while preserving operational
integrity, and while protecting and enhanc¢ing environmental quality.

C. SCOPE OF THE GOLDSTONE ENERGY PROJECT

As authorized by the NASA (Office of Tracking and Data Acguisition
(OTDA), the Project considered systems which were broadly applicable to
all NASA tracking complexes and individual, isolated stations. However,
the Project did not include the engineering of specific systems for
complexes or stations other than Goldstone,

Although the Project supported the national goal of energy inde-
pendence as broadly as possible, it did not include energy sources or
systems which are inconsistent with the needs of NASA tracking stations.

The scope of the Project did not extend to research and develop-
ment of energy system components nor to component technology, although
an awareness of the progvess of component development and its probable
availability for use in this Project was mandatory.

Although implementation of the Goldstone Energy Project would
" reduce the risk of mission interruption due to possible shortages of
fossil fuels, this was not a primary consideration of the Project.
" Moreover, the Project did not include provision for fuel storage or
other facilities which could provide survival capability in the event of
a major crisis,
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Since conservation of energy was to be conducted vigorously, cost-
effective application of advanced technology was explored as a secondary
effort in some of the contracted studies. The energy conservation
investigations were directed toward the ultimate reduction of Goldstone
loads. This report includes only those tasks and findings that resulted
from the studies relating to the Goldstone Energy Project.

D. PURPOSE OF THE REPORT

Although this report identifies and summarizes the work conducted
in support of the Goldstone Energy Project over a three-year period from
July, 1973, *o October, 1976, the primary purpose of the assessment re-
port is to provide information for management declsion-making., Specifi-
cally, the report includes information to aid TDA and QOTDA managements
to answer questions relating to the Project goals for lowering consump=-
tion of non-renewable energy at DSN stations and complexes,

In addition, the report describes the characteristics of the
Goldstone Energy Project and explains why the Goldstone installations
- are wiiquely suited to support a demonstration of the concept of energy
self-sufficiency using solar energy. The report identifies many con-
figurations that have the potential for energy self-sufficiency, includ-
ing a configuration which the Project developed and which appears to be
‘the most promising.

1-3
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SECTION 11

HISTORY AND GENERAL INFORMATION

A. HISTORY
1. NSF/NASA Solar Energy Study

During the 1last few years, there has developed a rapldly growing
and widely diversified interest in energy demand, dwindling fossil fuel
supplies, inoreasing fuel costs, and possible new energy sources for the
short- and long-range future. A very large number of published papers,
speeches, and advertisements have addressad the naticvn's energy problems
from technical, environmental, and social viewpoints., One of the early
authoritative documents was issued by the National Science Foundation/
National Aeronautics and Space Administration panel titled An_Assessment
of Solar Energy as a,  National Energy Resourge (Reference 1). This
report clearly presents the significant contribution that the use of
solar energy can make in meeting the nation's energy requirements.
Recognizing that a substantial development program will be required to
utilize the solar energy effectively, the NSF/NASA report recommended:

(1) That the Federal government take a leading role in devel-

oping a research and development program for the practical
application of galar energy to the heat and power needa of
the United States, : '

(2) That the solar energy R&D program provide for simultaneous
effort on three maln objectives: (a) economical systems
for heating and cooling of buildings, (b) econcmical systems
for producing and converting organic materials to liquid,
solid, and gaseous fuels or to energy directly, and (c)
economical systems for generating electricity.

(3) That research and development proceed on various methods
for accomplishing the objectives above and that programs for
phased decision points be established for concept appraisal
and choice of options at the appropriate times,

(4) That for those developments which show good technical and
economic promise, the Federal government and industry con-
tinue development, pilot plant, and demonstration programs.

(5) ‘That environmental, social, and political consequences of
solar energy utilization be continually appraised and the
results employed in development program planning.

2. AEC Energy Study
In December 1972, the Atomlc Energy Commission submitte:d a report

to President Nixon titled The _Nation's Energy Future (Reference 2},
which clearly described energy consumption trends in recent years,

2«1
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enticipated energy needs, avallable fossil and nualear fusl resources,
«nd the expected depletion rate of the nonrenewable fuel sources, AL~
though the report placed heavy emphasis on the development of the nucle-
ar energy technology, it also stated the need for developing renewable
energy sources {hydro, geothermal, and solar). Five energy task areas
war¢ recommended for implementation if the nation s to regain and sus-
tain a ocondition of energy self-sufficiency. These tasks are as
follows:

Task 1. Conserve energy by reducing consumption and conserve
enargy resources by inereasing the technilcal efficiency
of conversaion processes.

Task 2. Increase domestic production of oil and natural gas as
rapidly as possible.

Task 3. Increase the use of coal, first to supplement and later
to replace oil and natural gas.

Task 4, Expand the production of nuclear energy as rapldly as
possible, first to supplement and later to replace fossil
energy. ' '

Task 5. Promote, to the maximum extent feasible, the usé of re-
newable energy sources (hydro, geothermal, solar) and
pursue the promise of fusion and central station solar
power,

The Goldstone Energy Project was directly involved with achleving
the stated objectives of Tasks 1 and 5, namely, energy conservation and
the development of renewable energy sources. :

3. Project Independence

The nation became acutely aware of the marginal and changing na-
ture of our fuel supplies and needs in the second half of 1973 when the
flow of oil to the United States was stopped by the oil~preducing na-
tions, As a direct result of the fuel crisis that developed, President
Nixon, in a nationwide speech, November 8, 1973, stated that a long
range plan for energy self-sufficiency was essential %o maintaining the
well=being and security of the United States. Hence, Project Indepen-
dence became established when the President stated:

"Because of the critical role which energy research and develop-
ment will play in meeting our future energy needs, I am requesting
the . Congress to give priority attention to the creation of an En-
ergy Research and Development Administration separate from my
Proposal to create a Department of Energy and Natural Resources.
This new administration would direct the $10 billion program aimed
at achieving a national capacity for energy self-sufficiency hy
1680, This new effort to achieve self-sufficiency in energy, to
be known as Project Independeénce, 1is absolutely critical to the

maintenance of our ability to play our independent role in

2-2
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international af’airs, In addition, we must recognize that a
substantial par* of our success in building a strong and vigorous
economy in this century is attributable to the fact that we have
always had access to almost unlimited amounts of cheap energy. If
this growth is to continue, we must develop our capacity to pro-
vide enormous amounts of clean energy at the lowest possible cost.
Thus, irrespective of the implications for our foreign policy and
with the implicit wunderstanding that our intentions are not
remotely isolationist, the increasing costs of foreign energy
further contribute to the necessity of our achieving self-
sufficiency in energy."

The President further established the Federal Energy Office as the
focal point for energy matters within the Executive BRranch in the Presi-
dent's budget speech to Congress on February 4, 1974, The Federal
Enargy Administration developed the "Project Independence Blueprint"
which covers conservation, research and develcpment, energy resource
development, guantitative analysis, policy evaluation, and international
assessment.

y, Energy Conservation at Federal Installations

In response to an Executive Order from the President of the United
States dated June 29, 1973, NASA issued a series of memoranda to its
field centers, including JPL. On July 13, 1973, Gthe NASA Associate
Administrator for Space Science 1issued a memorandum which stated the
requirement for the designation of an Energy Reduction Coordinator for
JPL. On December 10, 1973, the NASA Deputy Administrator issued a
memorandum which appointed a special task force on energy conservation
and requested "that NASA apply its technical and management ingenuity to
seek out new and imaginative ways in which NASA and others can conserve
energy that is in short supply."

On January 17, 1974, the NASA Deputy Administrator distributed
copies of the NASA Energy Conservation and Management Plan which among
other statements included the {ollowing:

"While other agencies will be charged with primary responsibility
for energy research and development, NASA certainly can and should
play a key role in research, development, and technological appli-
cation for the 1longer term solution of projected energy require-
ments and efficiencies."

B. GENERAL INFORMATION
1. National Requirements

In order to provide for a continuing growth in national productiv-
ity it is necessary that an assured supply of energy in the desired form
be continuously available in the quantities and at the locations that

match the nation's productivity needs. The increasing difficulty of
locating and recovering fossil fuels, coupled with the apparent

£=3
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uncertalnties resulting from importing a major portion of the petroleum
required by the nation, haay greatly .ntensified the problem of domestic
energy scarcity. The nation's ability to continue its progress and main-
tain its internaticual position and security depends upon achieving a
significantly greater ocapability for energy self-sufficiency.

2. Institutional Qualifiers

The California Institute of Technology and the Jet Propulsion
Laboratory have a record of partiecipating in and contributing to the
achievement of many of the nation's sclentific and technical goals. The
principal requirements for NASA-Caltech-JPL involvement in a major en-
ergy system development such as the Goldstone Energy Project are:

(1) Significant contribution to the National Energy Indepentence
Program. When the question is asked, "Why do it?" the justi-
fication should be positive, convineing, and indisputable.
The Project should demonstrate that this nation has a supply
of cleuan energy sufficient to meet its needs forever.

(2)  JPL-Caltech-NASA Technological rple. The Project should be a
good example of applying space technology to national needs
and should require the services of advanced technological
institutions. The Project should be an outstanding accom-
plishment that could eventually lead to a solar-hydrogen
economy; otherwise, it would be a highly visible example of
dead~end technology which would discredit the organizations
involved.

(3) Proper balance between difficult challenge and risk of
' failure, Project =uccess should not depend on major break-
throughs to achieve the required performance at a competi-

tive cost, Also, the fact that teechnology with a social
sonsclence must be competitive in the public marketnlace is
nobed to present a considerable challenge and a high risk. .

3. _Requirements”Upun the Project

In general, the requirements on the project are listed bhelow as
they were perceived at the time; that is, the statements are expressed
in the present tense rather than in the past tense, which would be ap-
propriate from the vantage of our present knowledge of the project's
history. This approach has been taken in order that the way in which
the constraints were originally set forth may serve more easily as a-
guide of experience in the formulation of projects with similar con-
straints,

a. Justification. The Jjustification for undertaking the
Goldstone energy project included at least five important and inter-
related factors:

2-l
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(1) Economic. On the basis of the life-cycle cost analysis, the

proposed energy system 1is expected to result in a positive
cost benefit to JPL and NASA.

(2) Conservation of natural resources. The use of renewable
fuels to operate the NASA facilities would result in some
reduclion in the use of increasingly scarce fossil fuels.

(3) Environmental enhancement. The proposed system is expected
to enhance environmental quality.

(4) Industry participation. The Project would benefit United
States industry by utilizing government resources to
strengthen industry through technological advancement.

(5) Uaique system demonstration. The Project would demonstrate
a unique end-to-end solar-hydrogen energy-on-demzand system
that could lead the war =nd contribute to the inevitable
transition to the use of renewable fuels as finite supplies
of fossil fuels are exhausted in the next century.

The primary emphasis throughout the conduct of the Goldstone En-
ergy Project was to provide information with sufficient validity to en-
able JPL and NASA to conclude whether building a solar-hydrogen, energy-
on-demand system anywhere in the United States on an economically sound
basis within the 1970 decade could be justified.

b. Guidelines. An energy system exists at Goldstone. It was
designed and built to help in meeting the need of NASA to track space-
craft. Its chief characteristics are adequacy, reliability, and minimum
first" ‘cost. The evolution of the system over more than a decade has
been primarily in the direction of increasing capability to meet
demands. With increases in the cost of energy and the desire to move
toward national energy self-sufficiency, evolution in a different di=-
rection is being considered.

The energy system must generally remain in operation continuously
and with high reliability. Downtime to make modifications is permitted
only for short periods and only for portions of the system. Thus, while
it is appropriate to think in terms of a final system configuration, it
is necessary to keep in mind that the modifications will be made in
stages, each stage associated with a particular objective, or possibly a
single tracking station. Each stage will have to be justified, although
not necessarily each tracking station, if the combination of
modifications at all tracking stations can be justified.

Therefore, each stage in the evolution of the energy system must
be well defined as well as the final configuration, and the analyses
must be made stage by stage so that each stage may be understood and
justified. In general, the energy system resulting from any one stage
should be fully operational and relizile, and better, in terms of the

goal and objectives of the Project, than the preceding stag-z.
GE IS
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Implementation of two stages together, however, is accaeptable when the
superiority of this concept is e¢learly demonstrated by detailed
analysis. '

Modularity and functional or physical redundancy must be retained
through any modifications or additions to the energy system. for exanm-
ple, engine-generator capability is both modular and redundant to pro-
vide standby units in case of failure, to allow for malntenance while
continuing to support operations, and to make it easy to add capability
by adding modules.

Those portions of the energy system, such as buildings, electrical
transmission lines, and pipelines for fuel distribution, which do not
lend themselves to being entirely modular, should be sized for growth.
If this Project were not undertaken, the energy system would be expected
to grow at 3-1/2% per year. If the Project is undertaken, the amount of
growth is expected to be less than 3-1/2%. These growth projections are
to be used, however, only to size those elements to be added to the
system that cannot readily be modularized to permit easy expansion.

The modularized portions of the system nre assumed to experlence
no growth beyond July 1, 1974, The purpose of this guldeline is to
simplify the study. :

a. Constraints. The constrailnts on the Project pertain to the
concempbuyal design of the energy syatem. The chief constraint was that
systems to be implemenied must be economically viable or have economic
potential. The following is a list of those constraints:

(1) The Project must nob interfere with GDSCC's primary mission
of tracking spacecraft. If possible, it should improve the
capability of executing that mission.

{2) The energy system shall be safe to operate and maintain.
The proposed system shall be at least as safe to operate and
maintain at each stage of implementation as it was at the
previous stage, and shall, as a minimum; meet Occupational
Safety and Health Administration (OSHA)  standards. This
reguirement does not impose any obligation with respect to
the existing energy system.

(3) "The Project must not adversely impact the environment at
Goldatone, If possible, the system should improve air and
water quality.

(4) The Project is constrained to use technology which will be
aesthebically pleasing and acceptable to the general public,
and which will support the national goal of self-sufficiency
as - broadly 'as possible, - Techniques for achiaving self-
ficiency which are narrowly restricted to federal installa-
tions or to a small region of the country, such as Southern
California, are not acceptable.

2-6
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The energy system must be capable of being designed and
bullt by means of fixed-price qontracts to an established
budget and schedule and according to NASA Construction of
Facilities practices. That is, it is not to be implemented
as research and development.

The Project must have economic viability or economic poten=
tial, or both.

The number of maintenance and operations {M&0) personnel re-
quired for the propnsed energy system shall be minimized and
shall not, in any case, exceed the number of personnel re-
quired for the present system, The mix of personnel skills
may be changed as necesaary.

The siting of the various elements of the proposed energy
system must be entirely contained within the Goldstone pro-
perty and shall not interfere with, or otherwise degradethe
performance of, the tracking stations either during con-
struction or operation. No element shall alter the radio
frequency horizon mask as seen by an antenna nor generate
radio frequency interference. The elements shall be sited
so as to minimize the amount of land used exclusively the
energy syatem.

Electrical energy shall not be.fed back to the publie util=-
ity, nor shall operation be in parallel with Southern Cali=-
fornia Edison Company (SCE).

Gaseous synthetic fuels shall not be released to the atmo-
sphere as a method of discarding excess energy when the fuel
storage device is filled.

The operational integrity of the Complex and of each track-
ing station and fucllity must be maintained throughout the
implementation and operation. This means that the asnergy
gystem must remain at least as reliable, maintainable,

flexible, and redundant as it now is, and the completed ays-.
"tem must have an assessed reliability a4t least as high as

the present system,

Environmental quality must be protected and enhanced by the
implementation and operation of the proposed energy system.

Component performance must be analyzable so that optimiza-
tion 1s possible angd system performance can. be predicted
with only a small margin of uncertainty.

Modular construction is 'required:because it shall be the
means for providing the flexibility needed to permit (a)
off=1line maintenance and repair and {b) incremental increas-

--e8 In capacity without service interruption. System elie- -

ments which cannot be modular, such as buildings and pipe-
lines, shall be sized for projected growth.

2-7
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(15) Component technology must either exist or be in an advanced
state ol' development.

(16) A clean, renewable synthetic fuel must be used as the pri-
mary fuel for the operation of the engine-generators.
(Small injections of diesel fuel oil for ignition purposes
may be used if necessary.)

d. Consideration . of Goldstoune Uniqueness. The Goldstone Desp
Space Communications Complex, located north of Barstow, Callifornia,
consists of six separate tracking stations that are used for
communicating with earth-orbital, lunar, and planetary spacecraft, and a
Microwave Test facility.  Figure 2-1, a site plan of the Complex,
ldentifies each of the aseven major facilities and shows their relative
locations. The Apollo and Mojave Stations are part of the Spaceflight
Tracking Data Network (STDN) managed by the Goddard Space Flight Center
(GSFC), and DSS's 11, 12, 13, and 14 and the MiF are part of the Deep
Space NptWUrk managed by JPL, which is also the general manager for the
Complex.

Collectively, the Complex consumed 30,000 MWh/yr of electrical
energy in 1973, of which 90% was supplied by the Southern California
Edison Company (SCE) and 10% by four on-site diesel and turbine powsr
plants, The plants have sufficient capacity to meet the total peak
power demand of the Complex, including on~line and maintenance spares,
except for one R&D station (DSS 13), to which none of the on-site
generator = power is connected. Table 2-1 shows the total installed
generalting capacily by power plant, location, and engine-generator
rating. o S . :

Goldstone appeared to have aseveral characteristics which made it
unlque for demonstrating energy self—suffioiency._

(1) A §ign;f10gnt amount of installed generating gagggity which

is fully operational and has a long-term tracking and data
acquisition mission in support of the nation's space
‘program. : : ' ' :

(2) A__near-jdeal location in the southwestern region of the
United States, with an average annual insolation among the
highest in- the world. In addition, the local terrain has
broad valleys for solar collectors, high plateaus and hills
on which to locate wind turbines, and even isolated canyons
for safe fuel storage 1f necessary. Located in the desert
at an altitude of 900 m (3000 .ft), it has low humidity and
cool nights, with typical wet-bulb nighbtime temperatures of
10~15°¢ (50-59°F).

(3) A larme amount of land area, which, although essential for
alleviating the threat of radio frequency interfersnce,

could nevertheless be made available for other useful pur-

. posea. provided they did not advarsely affect GDSCC's primary .

mission.

- 2-8
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Table 2-1. GDSCC Power Plant Capabilities

Generator Capabilities

Facility | Capacity, kW
Engine Type Number
Generator Plant
DssS 11 Diesel 150 1,300 2
500 2
pss 12 Diesel 350 1,850 1
500 3
DSS 14 ' Diesel 500 ~ 5,000 y
750 4
STDN ‘Diesel ’ 250 ' 4,200 2
350 2
Gas Turbine _ 750 | 4
Total 12,350 24

{4) A_complete, fully operational, self-contained Energy Svstem

- of significant size (equivalent to a small community of 3000
homes in energy consumed), under a single general adminis-
trator (NASA-OTDA) and free of zoning or other land-use
restrictions--all of which afford an unusual opportunity for
-the application of systems technology.

(5). A_very stromg technological base, starting with a large

cadre of technical personnel at the Complex who operate and
maintain the tracking stations and extending to the JPL
sclentifia and engineering personnel who - designed the
Complex,. nanaged its construction, and supervise its
operation. In addition, JPL is a part of the California
Institute of Techriology and NASA. .

(6} Modularized power _plant construction with sufficient capa-
city at each of four separate plants for maintenance spares.
This configuration makes possible a structured, evolutionary
approcach to implementation without jeopardizing the opera-
tional integrity of the overall energy system.,

2210



78-5

e. Life-Cvele Cost Specifications. A life-cycle cost approach
was specified that involves comparing the cost of a new or alternative
system against the cost of the present system. The cost of an
alternative system is defined as the cost required to implement,
maintain, replace as necessary, and operate the new system for the first
10 years of its useful life. The cost of the existing system is defined
as the cost to maintain, replace as necessary, and operate the existing
system for the same 10-year period. The break-even point is defined as
the time when the costs of the two systems are equal.

For purposes of determining the life-cycle cost of the alternative
system, the implementation or construction cost is considered to be a
one-time cost incurred at the beginning of useful life of the system,
although the actual costs may be incurred over a period of time. A
graphical presentation of this cost accumulation is shown in Figure 2-2,
It should be noted that the construction cost does not include special
one-time development, production engineering, tooling, or other similar
costa that would not be required for the installation and construction
of a similar syatem,

The accumulation of the life-cycle cost for the existing system is
developed in the same manner, except that no initial costs are included;
‘1.e., the cost of the existing system is zero at the beginning of the
10=-year cost comparison periced. The graphical representation of the
cost acoumulation for the existing system and the alternative system is
provided in Figure 2-3. This 1llustration shows a break-even cost at
about 8-1/2 years, with the proposed system having a lower total cost
after that date. Thus Figure 2=-3 indicates that the alternative system
is economically viable because the break-even point is within the 10-
year base period. When the break-even point is beyond the 10=-year
period, the proposed system would normally not receive any further con-
sideration unless - the break-even point was close to the 10-year time
period and other factors warranted its implementation. It is noted that
break-even times do not exist for cases where the life-cycle costs do
not converge.

f. r r ons. A fundamental question associated
with the computation of life-cycle costy is how to accommedate the

effect of inflation. In the studies done in support of this report,. -

life-cycle costs were determined in fixed 1975 or 1976 dollars,
depending upon the time period in which the study was cenducted. The
value of energy was projected (as far as 1990 in terms of 1976 dolliarse
for the solar heating and cooling study). The value of enercy, hence
the relative cost, can be expected to escalate relative to other
commodities in the marketplace, The following factors are still as true
as when they were postulated at the beginning of the Gnldstone Energy
Project: '

(1) The world demand for energy is growing and will force the
price of energy upward in accordance with the supply-demand
relationship. . S _ &

 ORIGINAL PAGE 1S
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Figure 2-2. Tllustration of Cost Accumulation to Obtain the Life-Cycle
Cost of an Alternative Configuration
(2) A favorable United States balance of trade in the world

(3)

(4)

" and

(5)

market and other factors will require a greater dependence
on domestic fuel sources, even at higher prices,

Exploitation of domestic fuel resources such as the Alaskan
North Shore 011, offshore oil, and coal or oil shale mining
will lead to higher prices because the resources will become
harder to extract.

Public concern about atomic power will lead to added safety
security for power plants, fuel handling, and radio-
active waste disposal. . o

If the national goal of energy independence is aggressively

pursued and achieved, it will result in higher energy costs
to the United States consumer.
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Two Alternatives

(6) National progress requires more energy per capita to in-
crease productivity oven as energy waste \is being
gliminated,

(7) Public demand tor improved environmental quality will pro-
mote the production of clean energy in various useful forms,
even at higher prices.

. Because of these factors, it was assumed that the 4increase in the
value of all forms of energy from 1973 would be at least double by 1975.
After 1975, prices were assumed to increase at ‘a rate of 10% per year
until the midpoint of oconstruction of any new project or subproject.
After the midpoint date, the value of energy relative to other commodie
ties in the open marketplace was assumed to climb at a rate of T7.5% per
year, :

) o - In 1974, just after the peak of the fuel crisis, this projeétion
' of the value of energy was considered to be conservative. The rationale
- . for this cost guideline was to avoid the use of inflated dollars as much

as possible in assessing economic viability. In retrospect, the assump-
tion  was not conservative since energy costs have not escalateﬁ as

ORIGINAL PAGE I8
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rapidly as expected. Table 2-2 shows the costs of enargy at Goldstone
for the years 1973 through 1977,

g. Intangible Cost Considerations. One of the major objectives
of this Project was to reduce the consumption of petroleum fuel and
petroleum-fuel-derived commercial electricity by a minimum of 70%. At
the same time, there would have been an attendant reduction in khe air
pollutants that would be released by the burning of petroleum fuel. The
conservation of an irreplaceable natural resource and the enhancement of
environmental quality are respeotable acoomplishments. However, these
accomplishments cannot easily be translated into monetary savings to
support Projeet justification. In addition,; the elimination of petro~
leum fuel consumption for the operation of the Goldstone power plants,
or for the generation of commercial power used at Goldstone, would re-
duce the need to import foreign oil and cause a direct dollar-for-dollar
contribution toward a favorable United States balance of payments. While
these intangible factors were not included in the life-cycle coat analy-
sis, they should be considered relative to making final conclusions and
recommendations.

Tablie 2-2. Cost of Energy at Goldstone

Low Preassure Gas Diesel
FY #/khe
#/liter #/gal ¥/liter #/gal
73 3.2 12 3.2 12 1.32
74 6.3 24 6.3 24 1.95
75 6.6 25 8.7 33 2.59
76 8.2 3 9.8 37 2.78
77 ' ' 2,83
214
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SECTION III
PROJECT DESCRIPTION

A. PURPOSE OF THE GOLDSTONE ENERGY PROJECT

The primary emphasis throughout the conduct of the Goldstone
Enargy Project was to provide information with sufficient validity to
enable JPL and NASA to conclude whether building a solar~hydrogen,
energy-on-demand system anywhere in the United States on an economically
sound basis within the 1970 decade can b¢ justified.

The following questions are Lypical of those whith were asked
about Goldstone and the state of the technology in the various solar en-
ergy application areas:

(1) What are the existing loads or energy requirements at
Goldstone? What 13 the character of thoae loads? How do
the loads vary and why? How can the existing loads be modi-
fied or reduced? .

(2) What energy requirements could be met by on-site resources?
What is the character of potential on=site resources? How
much seolar radiation? How much wind?  What useful energy
could they provide? '

(3) Is bechnology ready toe support the utilization of on-gite
resources? Are technologiveal breakthroughs required? Can a
"design and build" project he carried out?

(4) Is it economically feasiblﬁ to utilize on-site resources?
What capltal costo-and life eyecle costs cah be expected?

B. APPROACH

Decades of dedicated effort by thousands of solar energy enthusi-
asts have produced few, if any, commercially viable products or uystems.
With the cost of conventional energy increasing and the publie receptive
to the need for clean energy, a unique situation existed for the
hitherto unused system engineering techniques to attack the problem.

‘The project personnel were mindful of the pitfall of drawing on

empirical results of individual experimenters and relied only on
fundamental engineering principles based on secience and theory.

To achieve the project purpose and to answer the questions raised
during the formulation of the Project, an energy system configuration
was devised to illustrate the wide range of options available and to
provide a point of departure for all studies. Before the studies were
initiated, the options were sequentially evaltated according to a set of
oriteria described below. A4 number of optlons were eliminated, reducing
the possibilities to a baseline system configuration, to be used as an

R Ao e
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extmple for analysis by an arohitectural and engineering contractor
as part of a system feaaibility study.

1. Energy System Evaluation Criteria

The coriteria developed by JPL for the purpose of evaluating the
energy system. options and arriving at a baseline configuration weie as

follows:

Performance:

(1)

Consgrvation of nonrenewable energy resources through the
use of solar energy. '

(2) Evolution of the eneryy system, from its present configura-
tion to the final configuration, with no loss. s{ apsrational
integrity.

(3) Preservation or lmprovement of environmental quality, in-
celuding ecoclogical considerations. _

(4) Elimination of energy waaste, resulting in higher efficiency
and lower consumption.

(5) Flexibility to meet changing energy requirements.

Cost:

{6) FEconomic viability as it relates to
(a) Acquiaibion and the continuing cost of ownei*ahip.

(b) Coat break-even within 10 years.

Schedule:

(7) Technological maturity such that the Project

4

{a) Could be scheduled for implementation within 5 years.

(b) Would not require technioai breakihroughs.

Risk and Confidence:

(8)

Minimum risk of failure and maximum confidence of success;
that is, the system should ' SR

{a) Be "design and bulld" not "research and development."

{b) Provide a noninterruptible source of energy in terms
“-of capacity and reliability,.
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Other:

(9) Applicability of the techniques and configurations to other
federal installation and the civil sector.

2. Energy System Options

The basic solar energy system elements (following the nomenclature
and using the descriptions contained in Reference 1) are shown in Figure
3-1. Optional solar energy system configurations for supplying primary
energy to Goldstone are formed by interconnectirg the elements in vari-
ous ways.

In the left portion of Figure 3-1, the flow of solar radiation
from the sun through some collection process (either natural or man-
made) to a state or form available at or near the earth's surface is il-
lustrated. The center portion of Figure 3-1 illustrates the various pro-
cesses which operate on the enerzy and produce either electrical power
or solar-derived fuel. For completeness, the currently existing public
utility and fossil fuel sources are also identified. In the right por-
tion of Figure 3-1, utilization of the energy at Goldstone is shown.

3% Baseline Configuration

Evaluation of the system options according to the criteria listed
above led to an early choice of hydrogen and oxygen as the clean, renew=-
able, synthetic fuel for the baseline configuration. Electricity to
produce hydrogen and oxygen would be supplied by wind-electric or solar-
thermal-electric arrays, or both.

A key factor in evaluating wind-electric and solar-thermal-elec-
tric arrays was the amount of hydrogen-oxygen storage. A solar-thermal-
electric plant would require no more than 10 days of fuel storage. How-
ever, if 10-20% of the primary energy were supplied by the wind, no
additional storage would be required, and the combined wind-solar plant
would be slightly less expensive. The combined plant would be less ex-
pensive because windmills cost less than solar collectors on a dollar
per kilowatt basis even with a U40% load factor for the windmills, and
the plant would gqualify as a utility system resource.

In addition to the above considerations it was thought that (1)
windmills could be procured for earlier de’ -ery than solar collectors
and with less risk of delivery delays, and .2) a small but significant
number of windmills would be desirable to provide the necessary test of
public acceptance. Therefore, tii2 principal evaluation criteria for se-
lecting a baseline configuration included cost, schedule, qualification
as a system resource, minimum land area, and public acceptance. A pre-
liminary evaluation was made to determine which individual elements and
system configurations satisfied the evaluation criteria (and hence could
attain the program objectives) and should be studied in more detail.

ORIGINAL PAGE IS
33 OF POOR QUALITY



f8=5

OTHIR S0uNits [~ GOLOSIONE

e
| ossamic L] o ot |
MATERIAL Fry - I |
PROPANML I
THERMAL
.| organic .| FERMENTAS | GAS LOARS
WASTES b 11 wen . ) GISTRIBUTION
A ‘rntmsrou ]
TRAMSPORT L % .—.'l S
HAIURAL 1] I CHEMICAL CHEMICAL
COLLICHON PHOTOLYSIS ™| FrRoLYss — | | o mremas | | 1 ErmaaL
CHEMICAL I' THERMAL || snermat
ol WINDS = REDUCTION J I ;
OTHER | { MICHANICAL i | DIsTRIRLTION
| 1 } |
THERMAL | |} mecnanicaL | |~—toraw entcy
bod HyDRAULIC 10 PLANT
MECHANICAL ] etkemeas |}
} TRANSMIT bl | &
MECHANICAL |~ I ELECTRICAL
bel  TiERMAL 19 e N : DISTRIBUTION [ tiecTrIcAL
LOADS
LoNG _ gHemicaL | A |
/ LencTH GENERATION
RADIATIONM l
1ECHNG- —
LOGICAL { OTHER SOURCES  L—egn Gotostont
COLLECTION
\\\ SHORT
S e
VOLTAIC
RADIATION cLr

Figure 3-1. Basic Solar Energy System Elements

This evaluation led to the elimination of a number of options. The re-
duced solar energy system elements are shown in Figure 3-2.

The baseline configuration is shown in Figure 3-3. The existing
englne-generators are used to furnish electriecity for the electrical
loads, with commercial electricity as a backup. The engine-generators
are filtted with waste heat recovery devices to provide working fluids,
sush as steam and chiiled water, for heating and cooling. The existing
heating and cooling equipment is retained to permit operation on locally
generated or commercial electricity, particularly when the demand for
electricity is too low to produce enough waste heat for heating and
cooling.

The existing engine-generators are converted to burn hydrogen and
oxygen as well as fuel oil and air. Hydrogen and oxygen are provided by
wind-electric-hydrogen and solar~electric~hydrogen fuel plants. 1In case
of peak loads or low hydrogen fuel production, fuel oll or commercial
alectricity would be used. The percentages of annual energy to be sup-
plied from each source are indicated in the figure.
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Figure 3-2. Reduced Solar Energy System Elements

Since it is imperative that the reliability and operational integ-
rity of the tracking stations not be impaired, a key feature of this
configuration d1s that the existing engine-generators isolate the new
technology from the loads,

Commercial electricity is retained as a backup. Propane 1s used
for some of the heating load and is retained as a backup; however, since
it provides less than 1§ of the annual energy, the percentage is not
shown in Figure 3-3. e L - - : : S

l, Energy Requirements

Before any analysis of on-site energy utilization could be made,
the existing energy system, its loads and energy requirements, needed to
be understood and characterized, The architect-engineer company of
Keller & Gannon, a subsidiary of Lester B. Knight, San Frarciseo, Cali-
fornla, was contracted tc conduct an Energy Audit and Conservation Study
at Goldstons. Among the tasks to be accomplished were determination of
the magnitude and <characteristics of all major energy loads and the
preparation of a model ' capable of predicting the energy requirements
when the Goldstone energy systems were operating under the varying
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conditionas of weather and tracking operational modes. he results are
contained in the study final report (Reference 3}.

A major load is defined as a piece of ejuipment or group of equip-
ments normally operatsd to perform a function or related set of func-
tions which consumes 5% or more of the energy (in any form) used at a
tracking station, All energy was accounted for in the audit, either by
uzsage in a specific major load or grouped in minor loads. The heating,
ventilating and air-conditioning systems (HVAC) for any building of more
than 36 m2 (400 ft?) of floor area were considered to be a major load
since it was felt that these systems also had a great potential for
energy savings.

A block dilagram showing the majar energy loads assooiated with
each tracking station was prepared. Thls blogk diagram, together with
the characterizations of the several major energy loads, formed the
basis for a model capable of predicting the energy consumptlon for each
tracking station under any particular combination of ambient conditions

and tracking modes, The several models were combined into an overall
model oapable of predicting the energy consumption for the Goldstone
Complex as a whole, The modeling was done utilizing an existing and

recognized computer program, =CUBE, The Goldstone energy model was
verified by dinputting data from existing records ineluding ambient
conditions and operational modes.

The characterization of the major loadz included the effects of
such factors as the sun, weather, mission support, building characteris-
tiecs, equipment characteristics, and operating doctrine. Operating doc-
trine included both operational procedures and operational standards
(e.g., thermostat settings) especially in the area of air conditioning.
Cost-effective recommendations were furnished which would reduce energy
eonsumption. These rzcommendations were accompanied by budgetary cost
estimates, operation and maintenance costs, and the number of years for
simple pay-out.

The Evaluation of Modifications to Conserve Energy at Goldstone
conducted by Burns and Roe, Westbury, N.Y., as part of the Goldstone
Energy System Study inecluded a joint JPL--Burns and Roe on-site survey
of the Goldstone facilities aimed at identifying potential energy con-
servation modifications. Tasks included the collection of data neces-
sary to assess the 10~year energy savings of specific recommendations
and preparation of budget estimates to implement recommendations. The
survey was focused primarily on the 13 buildings at Goldstone which ac-
count for the major energy usage. The recommendations for system modi-
fications are described in the Burns and Roe Total Energy Subsystem

Report (Reference 4).

Measurenents and observations made by  Birns and Roe during the

field survey were utilized in evaluating the energy conservation recome
mendations. Information furnished by JPL and utilized in the evaluation

‘included architectural drawings, original design calculations, mainte-

nance and operating manuals, existing lighting loads, equipment loads,
and recommended lighting load reductions. The information generated by
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Keller & Gannon on energy requirements was reviewed, assessed, and
utilized in the evaluation where appropriate.

A nou insignificant asset assoclated with the energy audit con-
ducted by Keller & Gannon and the field survey conducted by Burns and
Roe is the volume of valuable facilities parameters that describe all
the buildings of the Goldstone Complex, The facilities parameters in-
clude any aspect of a building that affects energy consumption: air
conditioning equipment, wutilities, 1lighting, architectural material
properties, occcupancy, electronic equipment, and weather, to name only a
few, To reduce the time and cost asscciated with the acquizition,
maintenance, and distributlion of energy-related basic design informa-
tion, a data base was de-igned and implemented,

The energy data base engineering capability is based upon the
following ceriteria:

(1) A readily available and easily accessible source of valid
and up-to-date technical and descriptive data.

(2) A central, standardized reference to augment engineering de-
asignas that are energy-efficient, '

(3) Information for effective energy management.

(4) A historical record of energy consumption for oonparison
with energy project objectives,

The data base is a structured data base of raw values and is maine
tained as a standardized, cross-referenced hierarchical tree of files
such that all users will obtain energy data according to a standard for-
mat {Reference 5),.

5.  Resources

Design of an economically viable solar energy conversion system
must be done not only on the basis of its intended output but also on
‘the basis of the energy input that can be expected during its lifetime.
Simulation of system operation by a dynamic system model c¢an allow

“evaluation of expected performance within an acceptable uncertainty, if
enough knowledge about the primary driving functions, solar radiation
and wind, is available. For these reasons, the Project initiated ef-
forts to measure the power i3 the wind and solar radiation at Goldstone
and develop that data into prediction models. The dynamic system analy-
sis was developed as a tool with whioh performance estimanes could be
made based upon the prediction models.

a, Statistical Analysis of Insolation. Development of a prob=-
abilistic model of insolation. for the Mojave Desert area, based on accu-
rate radiation intensity measurements made at Goldstone, was undertaken
by JPL (References 6 and 7). The output of the model is a representa-
tion of 4insolation characteristics depicting those aspects of both long-
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and short-term behavior on which system performance depends, expressed
as a year-long tilme serles of radlation intensities that can be extrapo=
lated to mateh closely all important aspects of insolation integrated
over many years, At the time the development work on the model was be-~
gun, the only relevant data sets on which the design could be based com-
prised 19 years of cloud cover data as reported by the National Weather
Service {NWS) and six months of measured pyrheliometer data taken at 2-
min intrryvals. Both of these data sets were used in the construetion of
a "first draft" model. The NWS cloud cover data consists of hourly
reports of the percentage of total sky cover as well as other informa-
tion such as number of layers, height, ete. The measured insolation
data consists of direct component pyrheliometer data with known accura-
cies and calibrations,

Measured insolation data and coincident ecloud cover data were
merged; the resulting correlation was used to extend the measured data
over a year. The probability characteristics of the model's outputs,
which include averaged, integrated, and instantaneous point intensities
at time intervals chosen by the user, match the probability characteris-
ties of the combined sets of measured insolation data and the 19 years
of cloud cover data.

b. Statistical Apalysis of Wind. At the start of the wind mod-
el studies, there was a limited amount of digitized wind speed data
avallable for the Goldstone site.  This data had been collected during
the years 1966~1968 at three different anemometer heights on a wind

“tower near the Murs antenna to determine structure wind loading. The
records consist of average wind speeds over S5-min periods at sampling
intervals of either 1 or 3 hours.

The Mars tower 18 situated on flat, desert-like terrain bordered
by a few low hills, This area has some similarities to a typical air-
port. Consequently, to have supplementary regional data for a better
description of local wind phenomena, ¢ substantial amount of U.S.
Weather Bureau archive wind speed records were digitized for computer
examination. These consisted of hourly average wind speed records at
three nearby airports: Edwards Alr Force Base, George Alr Force Base,
and the Daggett Marine Center airport. All of these sites are in the
Mojave Desert, as is Goldstone, ani within a 110-km (70-mile) radius.
~The instrumentation used to collect the data and the sampling procedure
- are not known. The data, however, is supposed to represent the hourly
average wind speed determined from a sample of duration of a few minutes
¢ else of an instantanecus estimate by on-site operating personnel.

In addition to the older existing data, a new data collection pro-
gram for the Goldstone site was initiated in October 1974 with 10 ane-
mometirs distributed at six sites. For two years, these units have pro-
- vided continuous strip chart readings of wind speeds. However, only a
relatively small part of this data has currently been reduced to a form
suitable for processing. This equipment consists of a cup-type anemom=
eter that measures the horizontal component of wind speed and a vane-
type wind azimuth direction indicator., - Meteorology Research Inc.,
Pasadena, California, assisted in site reconnaissance for these stations
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and designed, supplied, and erected the instrumentation (References 8
and 9).

_ Wind speed ratlo (the ratio of short-term mean speed at a proposed
windmill site to long-term mean speed at a reference site) was studied
a3 a means of accounting for the effect of local terrain on wind speed.
Meteorclogzy Research Inc. used compubter programs to generate a fanily of
isotachs (lines of constant wind speed) over the Goldstone region, The
Goldstone terrain was approximated by an array of rectangular ocells
subjected to a uniform horizontal flow fizld. The programs solved the
pertinent equations of fluid iwotion, ifdiecating the points of maximum
wind velocities.

The original purpose of the wind model studies was to examine the
suitabiliby of the Goldstone site for the collection of wind energy.
The specific objectives were to be able to identify promising candidate .
windmill sites and estimate the incident wind energy. Subsequently,
during the evolution of the comprehensive energy system simulation, an
additional requirement arose to derive a wind speed simulation model.
Consequently, there are btwo distinet types of models that were initi-
ated: the original site-evaluation type of model is an ahtempt to para-
meterize candidate windmill studies on the basis of relatively long-time
periods (months or years) for the collection of wind energy; the more
recent simulation model attempts to provide sequences of representative
sample wind speeds at relatively short-time intervals (possibly hours).
Although both models evolve from the same basis of the available or
projected statistical characteristics of the site, their formulation and
application, which tend toward being deterministic in the first case and
stochastic in the second, are greatly different. Aside from developing
a limited interim model for wind speed simulation and discussion of a
proposed extended simulation model, most of the effort to date has been
on the original paramebter type site evaluation model. The models are
described in Reference 9.

c. Dynamic Anaglysis. One of the constraints leveled on the
project was that system performance be predictable within a small margin
of uncertainty, In contrast to conventional power systems that operate
predominantly as steady-state output devices, solar power systems must
be designed to utilize a variant energy input in the form of inselation
and wind. Solar radiation intensity is location-dependent, and fluctua-
tion with time is only partly deterministie, with largely probabilistie
effects occurring on time scales from minutes to seasons or longer.
Wind speed and direction have similar characteristies. One consequence
of these characteristics is that solar-driven systems spend a signifi-
cant portion of their operating time responding to transients, and it is
expected that their performance would differ from that predicted on a
steady-state basis. ' ' '

The dynamic model analysis was undertaken to construct a computer-
based analytical tool that would simulate the dynamic nature of prospec-
tive solar energy systems, taking into account the time dependencies
inherent in thelr operation. The model is described, together with the
computer program, in References 10, 11, 12, and 13.
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A primary requirement placed on the program that embodies the
desired dynamic model was that it be convenient and easy to use, Since
it is intended to analyze the performance of many alternative energy
syatems, the program is modular, allowing quick and simple substitution
of components in the system under study. Modules of the dynamic analy-
sis were developed for all components of the baseline configuration,

6. Technical and Economic Feasibility Studies

a. Goldstone Energy System Study. The system study conuidered
the feasibility of operating the Goldstone complex where a major portion

of the power was derived from solar energy (the essence of the Goldstone
Energy Project). The study was conducted in accordance with Statement
of Work No., 1420-1 (Reference 14) by the architectural and engineering
firm of Burns and Roe, Inc., of Woodbury, New York.

Burns and Roe evaluated the cost and peértormance of the baseline
contiguration and several alternatives to establish the economic viabil-
ity or economic potential of solar energy utilization by 1980, The re-
sults of the Study are contained in three reports (References 4, 15, and

16).

1) S8olar Position Paper. The project envisioned that the con-
clusions and recommendations of the study would depend heavily on the
assumptions pertaining to the performance and cost of solar collectors,
The results contained in Lthe position paper are projections of future
collector performance and estimated minimum production costs to fabri-
cate collectors based on optimizing current collector designs.

2) Hydrogen Fuel Generation Report. During the preparation of
the Solar Position Paper, it became evident that the original objective

of the study 2ould not be achieved; that is, a system could rot be de-
signed which would economically convert the existing Goldstone facili-
ties to use solar energy in accordance with the constraints of the
Statement of Work, It was suggested by Burns and Roe, and agreed by
JPL, that (a) a greater effort be directed toward the position paper in
order to ensure that no viable alternative was overlooked, and (b) those
constraints not affecting the safe operation of Goldstone be removed in
order to provide a greater flexibility in selecting fuel-saving solar
energy facilities for analysis. The report presents the analysis of ex-
pected performance and cost of recommended wind and solar subsystems,
together with recommendations for the most promising applications of
these energy sources.

3) Total Energy Subsystem Réoort. Thé Total Energy Subsystém
Report contains the results of six substudies: (a) evaluation of energy
conservation modifications to the Goldstone facilities, (b) evaluation

- of solar heating and cooling for four major buildings, (e) evaluation of -

diessl engine waste heat recovery to conserve energy, (d) evaluation of
dual-Ffuel operation of the standby diesel-engine generator sets at
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Goldstone using hydrogen, (e) evaluation of remote monitor and control

of Goldstone power plants, and (f) analysis of interconnection of the
Goldstone electriec transmission network.

: A solar heating and cooling system sultable for supplying a signi-
ficant fraction of the heating and cooling requirements of the four
major buildings of the Echo Station was analyzed. The four buildines
which were considered are:

Building Number. | Eunction
G-21 Administration and Cafeteria Building
G-26 Control Building
G-33 Engineering and Communicatlons Bullding
G-38 Network Laboratory and Maintenance Building

The svlar heating and cooling system proposed and evaluated is a
centralized system in which hot water for heating and chilled water for
cooling are produced locally and distributed by means of a piping system
to the buildings. The major system components are the solar colleotor
field, the absorption refrigeration units, the thermal storage tank and
auxiliary hot water heaters, the chilled water storage tank, and the
cooling towers.

At the present time, these buildings are heated and cooled by con-
ventional systems utilizing low-pressure gas (LPG) fired boilers and
electric motor driven expansion, vapor compression, refrigeration sys-
tems.

In addition to evaluating the solar heating and cooling system, a
comparison between the 10-year life-cycle cost of the solar system and
the existing system was performed. This study does not ineclude an over-
all system optimization; however, the results of this study are suffi-
clently detailed to determine the economic viability of installing a
solar heating and cooling system at Echo Station.

- From the start of this study it was realized that a retrofitted
sclar heating and cooling system would be ecapital-intensive and that
energy oonservation measures which reduce heating and cooling require-
ments at small capital costs should also be considered, Therefore, in
addition +to the use of a solar heating and cooling system, varous
energy conservation measures were assumed to reduce the annual heating
and coollng requirements of the facilities. These measures include the
use of individual fan coil units instead of multi-zoned air-handling
units, reduced lighting loads, reduced outzide air supply, ete.

b. Cowpcnent Analyses, Many basic and applied research tasks
have been conducted elsewhere to develop techniques for generating
~electric power using direct and indireet solar energy. Throughout the
study, it became increasingly clear that many evolutionary  steps are
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requiired before solar energy power asystems can be moved from the re-
searcli laboratory phase to the fleld applications area. Several com=
ponents oconoerned with the required technplogy have been studied and are
discussed below.

1) for of Solar=Ther . Toward meeting
the need for low-cost solar collectors, a parabolle trough solar-thermal
colleoctor with axis oriented parallel to the N-S earth axis was studied
to develop simplified measurement techniques to provide rapid evaluation
of a <collector system. Simple methods for determining the thermal
losses in a receiver pilpe, analytical formulation for the direct compo-
nent of insolation on a clear day, and determination of the collector
performance are discussed in the study report (Reference 17).

2) Total _Energy Systems. An evaluation was made by Burns and
Roe to determine the feasibility of converting the existing diesel-
generator pnuwer plants at Goldstone to total energy systems using waste
heat recovery and diesel-generated electric power to heat, cool, and
power tue Goldstone facilities. Four stations were considered: Mars,
Pioneer, Lcho and Mojave. Waste heat from the diesel engine water
jackets and exhaust gas is used to heat and, via absorption refrigera-
tion, to ocool the major buildings at vhese sites, Electric power sup-
plied by the diesels was used to heat and cool minor buildings at the
sltes and to power all lights, fans, and instrumentation.

: 3) . Hydrogen-Fueled Diesel Engine Tests, A test program was
undertaken at Cornell University under JPL contract to provide a feasi.
bility demonstration of a hydrogen-fueled diesel engine. This fueling

wystem was propesed as a means of operating the diesel engine power

plants at Goldstone on ‘a fuel derived from solar energy. The program
and the results are described in Refererces 18 and 19. ;

Cornell University was contracted by the Department of Transporta-

tion for the investigation of emissions from a hydrogen-fueled, apark .

ignition engine. The investigation was performed by Howard S. Homan,
under the direction of Professor P. C T. de Boer.

The test facility is a 606-em5 (37-in.3) displacement,. Waukesha
Cetane Cooperative Fuel Research (CFR) engine, equipped with a hydrogen-
fuel injection valve that is unique to Cornell. The valve was designed
to allow adjustment of injection duration and timing and to investigate
emissions with respect o the indepeddent variables of compression
ratio; fuel/air ratio, and injection schedule parameters. The design of
the vzlve is such that injection can be achieved during a combustion
event, so that Diesel operation can be simulated, Ignition was by a
spark plug, energized by a conventional ignition system. = The facility
is equipped with instrumentation to allow measurement of efficiency,

power output, engine operating pressures, fuel flows, and exhaust emis-

sions, Additional equipment is used to safely. supply, monitor, and con-
trol hirh-pressure hydrogen. .
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The test program was devised to explore compression ignition over
a range of compression ratios, equivalence ratios Q0 (0 = {fuel/air ratlo
actual)/fuel/air ratio stolchiometric), and injection timitg to repre-
sent projected operation of a hydrogen-fueled Caterplllar Model D3999
diesel engine. Pertinent conditions or events asscciated with a test
were noted, including ignition parameters, and subjestive enrine opera-
tion Yquality". Alternative ignitilon aids, a continuous spark system, a
timed spark syatem, and a glow plug were supplied to ald operation where
compression Ignition was unsuccessful.

4) Dual Fuel Diesel Epgine Study. If a hydrogen economy is
instituted at Goldstone, hydrogen-fueled diesels may be attractive prime
movers. :

Burns and Roe evaluated the posaibility of converting the existing
D«398 and D-399 Caterpillar diesel engines at Goldstone to dual-fuel
operation, hydrogen, or diesel oil. -
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SECTION IV
PROJECT FINDINGS

In the course of conducting the Goldstone Energy Project and
preparing thls final report, much valuable data was developed from the
performance of the numerous studies described in Section IIIL of this
report., The backbone of the Project was the study conducted by Burna
and Roe; however, the supporting studies, derivation of analytic tech-
niques and the development of instrumentation also luad the way to many
significant technical concluaions concerning solar energy utilization,
solar collector design, and system applications, These findings are
summarized here in brief. (The reader is referred to the list of refer
ences for detailed discussions.)

A. ENERGY REQUIREMENTS
1. Energy Model

The Keller and Gannon work of developing and verifying an energy
model of Goldstone energy consumption provided a categorization of the
major loads by site, The major categories are space heating equipment,
alr conditioning equipment, 1lighting and electronic racks at all sta-
tions, and electromechanical equipment at the Mars Station. The com=-
puted consumption was found to be approximately 14% higher than the aite
records show for the =ame period

The computed energy exceeds the recorded energy in evervy case when

- comparing the totals of statlons against metered data for the year 1973,

This seems to indicate that the energy model could be improved by a

batter representation of one or more of the categories of major loads or

more accurate drlving functions such as weather. The following points
can be made regarding thes accuracy of the energy model:

(1) - “‘here are six categories of loads, each with an associated
level of confidence:

. (a) Space Heating has a high confidence level., There are
' some inaccuracies in the calculation of heating re-
_quirements, but these seem to be self-compensating~the
computed consumption of LPG is only 2% higher uhan the

~ recorded consumption.

{(b) Exterior Lighting has a high confidence level. The
associated demand is easlly determined by a count of
light.ing fixtures, and the demand utilized in the mod-
‘el has been verified by operations personnel, The
hours of operation are somswhat less casily deter-
mined, but the values utilized have also been verified
by operating personnel. :
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(o) Electronic Loads have a high confidenca level because
they are well enough lsolated to permit rellable field
measurement, and the electronic demand does not vary
significantly throughout the year,

{(d) The pir Conditionine (cooling) load has a lower confi-
dence level hecause the enorgy model 1s based upon the
alr volumes shown on the construction drawlings.
Changes during installation or adjustments during
the years since startup would change the air volumas,

(e) IThe_Weather  lLoad as a statistical average has a high
confidence 1level; however, for the specific study of
1973, the average weather may not be representative,

(f) The  Miscellaneous RBlectric loads have a much lower
confid=nce level. Station tracking and transmitting
loads, the preponderant loads in this cabtegory, were
measured during the flield survey, but operations per-
sonnel indicated that the measured values were not
representative of the various operating modes. These
load figures were subsequently adjusted on the bhasis
of very limited records of short.term measurements of
power levels which had been accunulated over several
years by operating personnel.

{(2) The air conditioning and miscellaneous electiric loads ac-
eount for B7 percent of the total computed endérgy consumu-
tion, and because these two load cabegories have the lowest
confidence levels, it 1ls suggested that a load metering pro-
gram for these two ocategories would produce the data most
likely to reduce the excessive energy consumption now simu-
lated by the energy model.

(3) The E-CUBE series of computer programs are design tocls apnd
are oriented to the evaluation of HVAC systems on the bdsis
of energy consumption and cost. The programs are designed
to handle individual zones of HVAC syatems, but for this
study 1t was necessary to handle individual bullding rather
than zones. These programs as design tools may not be suit-
able for analysis of exlisting buildings.

2, Potential Load Reduetions
Both Keller & Gannon and Burns and Roe concluded that the
Goldstone loads could be reduced. The two efforts had the same objec-

tive but different approaches.

Keller & Gannon used the energy model to analyze building and

equipment characteristics and operating doctrine. Cost-effective recom-

mendations for reducing energy consumption wcre developed, compatible
with a total energy system which utilizes waste heat. (Some of the
recommendations are no longer economic because the Burns and Roe study
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determined tha; waste heat utilization at Goldstone 1s not economic.
See Subsection IV. C.2,)

Burns and Rte relied on a fisld survey to suggest and evaluate en-
ergy conservation oecommandations. The survey was focused on the 13
buildings at Goldstone which account for the major portion of energy
usage as determined by Keller & Gannon,

Each oompany estimated the energy savings to be obtained from the
implementation of the recommendations, The ocombined recommendations

have been generalized and are listed here as areas where energy conser-
vation can be effected:

(1)  Reduce lighting levels,

(2) Reduce intake of outside air when not using economizer cycle
and adjust mixing dampers.

(3) Reduce amounts of reheat and eliminate humidification,
(4) Upgrade automatic control systems.

(5) Restrict building HVAC system operating during unoccupied
periods,

(6) Add outside air economizer cyoale,

(7) Insulate certain walls and reduce window area exposed to
sun,

(8) Separate systems serving both occupied and unoccupied areaé.

(9) Adopt electronic equipment and general operating procedures
and HVAC equipment set points that are energy efficient.

The final reports (References 3 and 4) should be consulted for
the detailed recommendations.

o TESOORGER © ORIGINAL PAGE IS
1. Wind OF POOR QUALITY

The project examined many annual records of hourly wind speeds re-
corded at Goldstone, Edwards Air Force base, Daggett Marine Center, ‘and
George Alr Force Base, From these.data, the project established empiri--
cal. probability distributions of wind speeds and closed-form functions
and the associated parameters that provide good approximation to the em-
pirical distributions. Examinations of these data records have led to a
convenient method for ccmparing candidate windmill sites on the bhasis of
expected annual average power in the wind. This method has been shown
to provide estimates for a candidate site for which only the average
wind speed is known or can he estima*ed. A monthly wind power model was
developed for a specifio Goldstone site via correlation analysis with 14
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years of FEdwards Air Force Base data, This model is designed to give

more acourate estimates of the expected monthly power in the wind than
would be given by the 2 years of recorded data for the Coldstone site.

Meteorology Researck Inc. was unable to extrapolate wind behavior
from a reference site to other sites on the basis of thelr computer mod-
els and the data collected from 6 potential wind turbine sites. Causes
may be that the spatial resolution used to characterize the Goldstone
terrain was too ocoarse or that the referenuve data set was not suffici-
ently complete, An examination of the data from the potential wind tur-
bine sites showed that certain sites average considerably more wind than
others. It is not surprising that the better sites are hilltops.

Burns and Roe were given existing wind data (originally collected
to support antenna design) to determine the power that wind turbines
could extract from the wind at uoldstone. It was found that the annual
average wind speed is too low to be exploited as major energy source
to meet Goldstone energy requirements.

The work described previously has emphasized examinations of wind
speed distributions and average power expescted over relatively long per-
lods of time, To extend this work to generate representative hourly
wind speed samples as the input to an energy system simulation, it would
also be necessary to preserve the statistical characteristics of the
hour-to-hour correlation of wind speeds, Much has already been done to
establish the nature of the wind speed distribution. On the other hand,
relatively 1little has been performed to establish the eorrelation funec-
tions. Beyond this, new theoretical developments will be required to
generate a simulation process that represents both distritutions and
correlations, As a useful bhy-product, the simulation process might be
adaptable 1in telemetry noise degradation studies of water vapor in the
radar beam path. -

2. Tnsolation

The ability to collect solar radiation measurements and determine
the quantity and character of total, direct, and diffuse radiation is
neceasary before any solar energy device can be designed by solar-system
engineers, Commercial devices for measuring btotal or glebal radiation
(pyrheliometers) have existed for a long time. However, at the time the
Project set out to measure radiation levels (References 20 and 21), no
suitable field instrument existed to measure the direct component., The
first task was then to develop a direct component-measuring instrument

with bigh-precision field-worthiness and that could operate unattended.

Prior NASA-supported work under a different; program at JPL (Refer-
ences 22 and 23) bad resulted in the development of a primary absolute
cavity radiometer (PACRAD) which was recently accepted as an interna-=
tional standard of irradiance (Reference 24). Using this instrument as
a point of departure, the Project developed an instrument capable of
withstanding the stringent Goldstone field conditions (Reféerence 25).
The self~-contained unit is called the Kendall Radiometer System Mark 3.
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The Mark 3 units bhave malntained calibration against the international
standard over the initial 2 years of field use,.

Thrree years of direot and global insclation data have been col-

lected wusing the Mark 3 and pyrheliometers. From 6 months of reduced
data, the project has shown that the diffuse component can be calculated

for use by the solar power aystem J-utgners, The accuracy of these
caleculations has been substantiated by direct measurement of the diffuae
component. Without formal statistical comparison, preliminary analysis

of the data has lead to development of several findings relative to
solar radlation intensity:

(1) When clouds are present, the instantaneous level of solar
radiation varies from a <¢loudless level to near zero in a
very short time interval. - :

(2} The Goldstone atmosphere 1is sometimes subject to turbidity
which appears to be related to smog levels. There appears
to :he a correlation between wind direction and turbidity at
Qfoldstone which probably can be extended to the whole Mojave
Desert. .

(3) On visibly cloudless days and near noon when the rate of
change of solar intensity is small, the level of insolation
varies a significant amount from the ASHRAE* model expecta-
tion due to turbidity, commonly +15%.

{(§) A clearne3ys number as a function and measure of turbidity
can be computed from the accurate instrumentation
measurements. :

(5) The above concapts may be a function of specific geographi-
aal location and seasonal variations,

Any system design will have to take into account these causes and ef—
fects upon the insolation available to drive the system.

An extension of the above analysis has lead to the development of
a preliminary mathematizal model of solar radiation for the Goldstone

area.. The probabilistic model is a funcotion of measiired clear-day inso-

lation levels, clouds, and changing weather coniditions season to season.

. To make &the model more useful to the solar-system designers, additional

data analysis is required to permit extenoxon of the model to reflect
expected, but undefined correlations:

(1)  All measured data needs to be reduced and analyzed. The
preliminary model is based on only 6 months of reduced data.

#American Society of Heating, Refrigeration and Air-Conditioning

Engineers.
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(2) Solar measurements should be correlated with meteorolorical
data at the same site to ildentify which parameters are probe
abilistic and which are deterministic. The better statis-
tical model could reflect ground level temperature, humid-

ity, rainfall, barometric pressure, windspeed and wind
direction,

Discussions with design engineers indicate some additional field
measurements are required to support the predicted performance of vari-
ous solar systems. Circumsolar radiation (insolation originating from
~an annular area 2-4° around the sun) is vitally important to the deter-
mination of the tracking accuracies reguired for the various types of
aoncentrating collectors and should be included in future measurements.
Night-sky temperatures should be measured to understand the potential
for using ocollectors to radiate heat at night or to determine how cold
collectors become and how much morning solar insolation will be required
to bring the collectors up to operating temperature,

c. TECHNICAL AND ECONOMIC FEASIBILITY STUDIES
1. Hydrogen Utilization

The study efforts conducted by Burns and Hoe in the preparation of
the Solar Fnsition Paper (Reference 16) were limited to the analysis of
solar collector performance and cosbs for use in solar thermal-to-
electric power generation. From the results presented in the Solar
Position Paper, it was concluded that "no colliector presently available
or in an advanced state of development can support the building of an
energy-on-demand system anywhere in the U.S, on an economically sound
basis within the 1970 decade." Burns and Roe and JPL agreed that the
results of the analyses performed during the preparation of that paper
were sufficient to preclude performing a complete system analysis, The
analytic results presented in the Solar Position Paper and final report
on Hydrogen Fuel Generation (Reference 15) are considered to be repre-
sentative - of the performance and costs assoclated with the various
components of advanced power systems.

The candidate wind-hydrogen subsystem best suited to being dis-
mantled and relocated to an alternate site was found to be the isolated
wind-hydrogen configuration sized to generate 300 kWi of hydrogen and
- OxXygen. ‘The life-cycle cost of this system is estimated to he
$1,670,000 or $5,320/kWg. It should be noted that this cost is based on
operating - the wind-hydrogen subsystem only during those hours when
sufficient wind is available. The wind data for the Goldstone site in-
dicates -that sufficient wind is available for an average of 6 hours per.
day. If these costs were based on a 24-hour per day usage factor, the
cost would be $21,280/kWt. If a 15% conversion factor from thermal en-
ergy (in the form of hydrogen) to electric energy (through the existing
diesel generators at Goldstone) were applied,; the resultine costs would
be $142,000/kWg not including the costs of hydrogen storage and
distribution. . _ . o
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The recommended solar-hydrogen subsystem was estimated to have a
total capital cost of $8,069,000. The annual operation and maintenance
costs of $30,000 brings the 10-year life-cycle costs to $8,369,000,
Since this subsystem will generate 300 kWi of hydrogen and oxygen for 24
hours each day, the cost would be $27,900/ kW, If a 15% conversion
factor from thermal energy (in the form of hydrogen) to slaotric energy
{through the existing dlesel generators at Goldstone) were applied, the
resulting costs would be $786,000/kWg, not inocluding the costs of
hydrogen generaticn and distribution.

The hydrogen~-fueled diesel engine tests performed by Cornell
University demonstrated that diesel engines of the type installed at
Goldstone could be vperated on hydrogen providing an ignition source is
supplied and that the fuel 1is injected directly into the combustion
chamber. Successful operation can be expected over a range of compres- .
sion ratios of 15:1 to 30:1, equivalence ratios of 0.1 to 0.8, and mean
effective pressures up to 80 psi. Converted engine efficiencies can be
expected to equal or exceed diesel engine efficiencies by 5 to 10 per-
cent. Exhaust emissions are lower.

Several development tasks were identified that would enhance the
operational aspects of a hydrogen~air, dual-fueled diesel engine,
namely:

(1) Develop a reliable injection valve.

(2)  Design a glow plug igniter capable of long~-term operation
under load,

(3) Develop the parameters that relate .mixing and combustion
chamber configuration to combustion efficiency.

(4) Extend the range of tests to higher mean effective
pressures,

An evaluation was made of converting the existing D-398 and D-399
Caterpillar diesel engines at Goldstone to dual-fuel operation, hydrogen
or diesel oil. Based on work performed in Europe and the United States
over a period of 50 years and encouraging results of tests performed at
Cornell University, dual-fuel operation of the diesels appears feasible

using diesel oil or hydrogen with naturally aspirated turbocharging.

However, because of turbocharging and fuel changeover requirements, it
is not expected tc be feasible to run the existing diesel engines on
hydrogen and oxygen as well as on fuel oil and air. The est*mated cost
of converting one D-399 engine to dual-fuel operation on uydrogen and
fuel oll using air aspiration is about $30,550.

Burna and Roe concluded from this study that neilther a wind-
hydrogen nor a solar-hydrogen system will be economical in the near fue
ture. Due to the scarcity of uind abt the Golds“one site that could be
utilized for - power’ generation, Burns and Roe recommended that wind tur=
bines no longer be considered an economic means of generating electric-
ity at Goldstone. The compounded costs and inefficiencies of the hydro-
gen subsystem (including electrolytic units, hydrogen storage, hydrogen
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distribution, and hydrogen diesel generators) results in nore than a
10~ fold inarease in the total cost of the system. Future studies should
consider a solar energy-as-available system which uses only moderate
thermal storage as a buffer to level the insolation.

The severe operating constraints specified for the energy systenm
at Goldstone were among the causes of high system cost. For either a
wind or solar system to be economically viable, it is necessary for the
system to be designed to accept the energy as available. To burden
either system with the high cost of converting valuable electric energy
into thermal energy (in the form of hydrogen) and then reconverting it
into electric energy (through diesel generatora) is an unreasonable de-
mand, The compounding of these high costs and low efficiencies would
preclude the economic wviabllity of even the most promising advanced pow-
er systems.

2, A Solar-Augmented Conventional System

: One of the cost deterrents of a solar-thermal-electric system is
the following dilemma: If the system is designed to generate electrici-
ty 24 hours a day, it must incur the expense of a large thermal storage
system; if the system 1s designed to generate electricity only during
sunshine hours, the power generating equipment stands idle for most of
the day.

An approach to overcome this situation would be to augment a con-
ventional fossil-fuel-fired system with a solar system. During sunshine
hours the solar system would supply the thermal requirements of the.
plant, while during nighttime hours the plant would burn fuel in the
conventional manner. The sclar system would be economically justified
if its costs were less than the resulting fuel savings resulting from
such a hybrid plant. :

3. Total Energy

The results of the evaluations contained in the Total Energy Sub-
system Report (Reference Y4) generally indicate that economical, energy
conserving, and reliable operation of the Goldstone ficilities is feasi-
ble without extensive replacement of equipment or redesign of systems.
The study results can be summarized with recommendations as follows:

(1) Evaluation of the existing buildings at Goldstone showed
that approximately $1,400,000 of operating expenses could be
saved over a 10-year paried by implementing conservation
modifications. These recommendations generally are:

(a)  Adopt operaﬁing' procedures and . HVAC equipment set
points that are energy-efficient,

' (b) Reduce lighting loads.

(e) Reduce thermal losses.

08
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(d) Reduce ventilating air flaws.
(e) Eliminate humidification supplied by boilers.

(f) Balance and eliminate leakage in éxisting HVAC
aystemas,

(g) Relocate some equipment and segregate selected HVAC
zones.,

(h) Add economizers to some HVAC systems,

An economic evaluation of a conceptual solar heating and
cooling system design serving Buildings G-21, G-26, G=33,
and G-38 at Echo Station was performed. The results of the
evaluation indicated that a central solar heating and cool-
ing system serving the four major bulldings at Echo is not
an economically viable alternative to the existing system.
This conclusion is further justified when it is realized
that energy conservatlon measures were assumed for the solar
HVAC system, but not for the existing HVAC system when the
comparison between the two was made. The following rec-
cmmendations resulted from this evaluation:

(a) Solar collector system costs are dominated by the cost
of piping and valves, Therefore, solar heating and
cooling system designs will be more attractive when
collectors can be located near, or on top of, the
buildings they serve.

{b) Solar heating and cooling 1s more attractive for new
buildings or old buildings requiring complete replace-
ment of HVAC equipment. In this way, the cost of the
solar heating and cooling system is offset by the cost
of a new, conventional heating and cooling system,

(e¢) Solar heating and cooling should be considered for
exlsting buildinga at Goldstone which have predomi-
nantly daytime lcads and do not have winter cooling
requirements,

(d)  Although the study does not recommend the implementa-
tion of a solar heating/cooling facility as of the
time it was conducted, increased fuel costs and fur-
ther solar component development may change the eco-

--nomic analysis to justify such a facility in the near
future.

The evaluation to determine the feasibility of converting
the existing diesel-generator power plants at Goldstone to
total energy systems using waste heat recovery and diesel
generated electric power to heat showed that the 10-year
life-cycle cost of the power - -stations considered increases
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between 26% and 73% when converted to total energy systems,
The conversion was not recommended.

The cost of a central, remote monitor and control system for
the Goldstone power plants was estimated, Such a asystem
would reduce operating labor requirements and improve moni-
toring and power dispatching capahbilities at Goldstone. The
concept system utilized digital bipolar pulse signals {simi-
lar to teletype communications) with a central console at
Echo Station with dedicated buried lines to each of the
power plants: Mars, Pioneer, Echo and Mojave. The esti-
mated cost of the system is $600,000 or roughly equivalent
to the 10-year cost of three dlesel engine operating per-
sonnel. A study should be performed to determine if diesel
operating staff could be reduced without affecting diesel

- generator raliability with remote start and control

capability.

The feasibility of interconnecting the Goldstone complex
using existing transmissicn lines within Goldstone was conw-
firmed. It appeared at that time <that such a grid would
1imit, flexibility since diesel power could not parallel SCE
power in the same grid. For reliability and flexibility it
was recommended that the 34.5-kV SCE-connected grid ba
extended to enable each station to select either purchased
power or diesel power at any time.
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