NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



qq50- 447

{NASA-CR-10638u4) POINT FOCUSING THERMAL AND Nd1-12548

ELECTRIC APPLICATIONS PROJECT. VOLUME 2:

WORKSHOP PRUCEEDINGS (Db3M Corp., MclLean,

Vd.) 241 p HC AV11/4F AO1 CSCL 10A Unclas
G3/44 294435

POINT FOCUSING THERMAL AND
ELECTRIC APPLICATIONS PROJECT

WORKSHOP FOR POTENTIAL
MILITARY AND CIVIL USERS OF
SMALL SOLAR THERMAL ELECTRIC
POWER TECHNOLOGIES

HELD AT
The BDM Corporation
McLean, Virginia
September 11-14, 1979

VOLUME I
WORKSHOP PROCEEDINGS

Prepared for the
U.S. Department of Energy
Through an Agreement with

National Aeronautics and Space Administration
Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

[ ——

JPL Contract 955354




o AR S e A e e S .

POINT FOCUSING THERMAL AND
ELECTRIC APPLICATIONS PROJECT

WORKSHOP FOR POTENTIAL
MILITARY AND CIVIL USERS OF
SMALL SOLAR THERMAL ELECTRIC
POWER TECHNOLOGIES

HELD AT
The BOM Corporation
McLean, Virginia
September 11-14, 1979

VOLUME II
WORKSHOP PROCEEDINGS

Edited by
Karen E. Landis
The BOM Corporation

ORIGINAL COHiAIN:
3707 ILLUSTRATIONS

Prepared for the
U.S. Department of Energy
Through an Agreement with
National Aeronautics and Space Administration
Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

JPL Contract 955354




—————

s it

9;-‘“»

gy
.

P

The workshop described in this document was carried out by The BDM
Corporation for the Jet Propulsion Laboratory, California Institute of
Technology, and was sponsored by the Department of Energy by agreement with
the National Aeronautics and Space Administration.

This report was prepared as an account of work sponsored by the United
States Government. Neither the United States nor the United States Depart-
ment of Energy, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied,
or assumes any legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately owned
rights.

Proceedings reports of working groups represent the concensus of each
group. They are not necessarily the opinions of any single individual.
They do not represent the official policy of any agency represented.

Question and answer sessions are presented in summary form following
each presentation. Only the perscn questioned has been identified.
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FOREWORD

The Workshop for Potential Military and Civil Users of Small Solar
Thermal Electric Power Technologies was held at The BDM Corporation in
McLean, Virginia on September 11-14, 1979. This meeting was sponsored by
the U.S. Department of Energy (DOE). The workshop was part of the Jet
Propulsion Laboratory's (JPL) Point Focusing Thermal and Electric Appli-
cations Project.

The workshop, which was chaired by Mr. J. Scott Hauger, was made up of
four working groups: Portable Applications, Isolated Applications, Facili-
ties Applications, and Implementation. Presentations included, keynote
addresses made by representatives of the U.S. Department of Defense and the
U.S. Department of Energy, individual presentations, question and answer
sessions, and working group reports. - The presentations are included here
in their entirety. Discussions are included in summary form.
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HEAT AND ELECTRICITY FROM THE SUN USING
PARABOLIC DISH COLLECTOR SYSTEMS

Vincent C. Truscello and A. Nash Williams
Jet Propulsion Laboratory
Pasadena, California

This paper addresses point focus distributed receiver (PFDR) solar
thermal technology for the production of electric power and of industrial
process heat, and describes the thermal power systems project conducted by
JPL under DOE sponsorship. Project emphasis is on the development of
cost-effective systems which will accelerate the commercialization and
industrialization of plants up to 10 MWe, using parabolic dish collectors.
The characteristics of PFDR systems and the cost targets for major sub-
systems hardware are identified. Markets for this technology and their
size are identified, and expected levelized bus bar energy costs as a
function of yearly production level are presented. Finally, the present
status of the technology development effort is discussed.
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1. Introduction

The solar thermal power systems work at JPL is sponsored by the
Department of Energy, Thermal Power Systems Branch, for the purpose of
developing systems capable of competitive-priced thermal and electric
energy for utility, industrial, and isolated applications. Program res-
ponsibility resides with DOE Headquarters and project management with JPL,
with engine and power conversion support provided by NASA Lewis Research
Center.

Three principral configurations for thermal power systems being devel-
oped by DOE are the central receiver (CR), the line focus distributed
receiver (LFDR), aid the point focus distributed receiver (PFDR). The JPL
work 1is based on a PFDR system with paraboloidal dish and integral
receiver. This tec.nology is expected to be initially applied to rela-
tively small power c¢ystems (up to a few megawatts) made up of .identical
modules (each a few tens of kilowatts in capacity). Each module is capable
either of generating electricity, or of supplying heat for industrial pur-
poses, depending on the type of receiver used. A representative dish con-
figuration is shown in Figure 1.

For electric applications the module consists of three subsystems:
the concentrator, the receiver, and the power conversion unit. An auto-
matic control system enables each module to track the sun across the sky
every day. The concentrator collects solar energy from a large area and
focuses it to a very smali area. The receiver, which is mounted at the
focal point, captures the concentrated radiation, and converts the energy
to heat in a working fluid, such as hot gas. The working fluid transports
the energy to the heat engine of the power conversion unit, which is
mechanically linked to the electric generator. In the simplest configura-
tion of the system, the power conversion unit is located atop the receiver,
at the fccus. The optical portion of the concentrator is a parabolic
reflector, although lens concentrators are also being considered. To
produce theimal 2nergy for industrial, commercial, or agricultural applica-
tions, the power conversion unit is replaced with an appropriate receiver
having flexible lines to conduct the working fluid to a heat transfer net-
work on the ground.
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Figure 1. Dish Concentrator with Power Converter at the Focus
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The principal advantages of the parabolic dish system and its charac-
teristics are discussed below.

2. Point Focus Distributed Receiver (PFDR)

Advantages
The thermal power systems project at JPL begcan wcrk under DOE sponsor-
ship in June 1977. Prior studies by JPL under NASA funding had established

PFOR systems as the solar thermal approach having the potential for pro-

ducing low-cost energy. The principal advantages of dish solar concen-
trators are (1) the high temperatures attainable, (2) the inherent modu-
larity of dish collectors, (3) the ease of collecting the power output of
each dish in electrical form, and (4) the high percentage of the available
solar insolation which is collected. The high temperatures available from
dish systems results from their inherently high concentration ratio.

The attractiveness of the high temperature characteristic of dish
systems arises from both the higher conversion efficiency achievable from
heat engines as the temperature of the working fluid is increased and the
wide range of temperatures achievable for thermal applications. The
attractiveness of the inherent moduiarity of dishes with integral power
converter at the focus lies in the strong potential for reduction in manu-
facturing costs as mass production experience evolves. For solar thermal
dish systems to compete successfully with fossil fuels will require sub-
stantial progress in reducing manufacturing costs. Modularity facilitates
this process, and in addition offers low risk during the development phases
because it permits full-scale experiments with small hardware modules.
Modularity also offers power plant growth on a flexible and incremental,
building block, basis; performance is insensitive to plant power level.
These features are summarized in Table |I.

[1-5




TABLE 1. WHY PFDR TECHNOLOGY

° TWO-AXIS COLLECTION

. HIGH CONCENTRATION HIGH TEMPERATURE
HIGH CONVERSION EFFICIENCY

) ELECTRIC TRANSPORT

) WIDE TEMPERATURE RANGE HEAT PRODUCTION

) MODULAR MASS PRODUCTION

The ready acdaptability of dishes to two-axis tracking insures maximum
utilization of the direct beam radiation at near maximum efficiency from
sun up to sun down. Two-axis tracking combined with the high geometric
concentration ratio provides high temperatures at the focus, which in turn
allows high efficiencies to be derived from Brayton or Stirling heat engine
power converters. PFDR systems offer broad applicability, including both
small and large utilities, power for remote sites, agriculture (especially
pumping), and a wide range of industrial and commercial process heat appli-
cations.

Versatility as shown in Figure 2 is a key attribute of solar thermal
systems, especially of dishes because of their high temperature potential.
Versatility can be illustrated in terms of the end product produced: elec-
tricity, process heat, steam, chemicals and fuels.

With a power conversion unit consisting of a heat engine, alternator
and receiver attached at the focus, electricity is produced. With only a
receiver at the focus, steam or industrial process heat can be supplied.
Also the dish units can be thermally coupled to supply high quality heat to
a conventional power plant in a repowering mode. Combining engine and
thermal transport allows these units o be used in cogeneration applica-
tions. Also, by adapting the receiver design to match the particular fuel
or chemical to be produced, the dish system is adaptable to a wide range of

chemical processes.
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Considering flexibility in terms of operational modes, dish systems
can readily be designed to provide for hybrid operation in which conven-
tional fuels provide heat on a transient or steady state basis to com-
pensate for variations in insolation. Along with the hybrid operational
capability, there is the potential for using numerous conventional fuels.
A potentially attractive hybrid mode is the coupling of the solar plant to
a biomass system to supply it with low Btu biogas prcduced by a digestive
process. The most appropriate fuel would be selected for each application.

3. Market Size and Project Goals

The primary goals of the project are (1) to produce electricity or
heat at a cost competitive with conventional alternatives, and (2) to
develop the technical and economic readiness of cost-effective PFDR tech-
nology necessary to accelerate market penetration of small power systems.
Market penetration requires a mature technology coupled with favorable pre-
conditions within the commercial and industrial infrastructures which
govern the effectiveness of supply and demand forces. To facilitate the
establishment of preconditions increasingly more favorable to market pene-
tration, the project will attempt to enter market areas cf high-cost energy
first and to enter large markets with corresponding lower energy costs
later.

Figure 3 displays this overall market strategy. Economic value and
energy cost in Figure 3 are represented in terms of life cycle levelized
energy cost expressed in mills/kwh. Studies conducted by JPL indicate that
there already exists a small near-term relatively high-cost energy market
(Ref. 1). This market is known as the isolated load market, where the user
is isolated from the grid. The local utility plant consists of little more
than a few diesel generators and a small transmission and distribution net-
work. This application is typical of small communities on U.S. islands in
the Pacific and caribbean, remote military installations, and villages in

dnveloping countries. For the isolated load market, the estimates of

levelized bus bar energy costs range from 150 to 200 mills/kWh in the
1990-2000 time frame.
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Conversations with representatives of utilities located on Pacific
islands reveal that fuel costs early in 1979 were $18.50 per barrel and
diesel generator installed costs were $600/kW(e) resulting in 1979 level-
ized bus bar costs 120 mills/kwh.1/ Clearly the remote utility application
is a significant early market for dish collector electric power plants. A’
shown in Figure 3, the projected size of this market in the 1990-2000 time
period is 300 to 1000 MW/year. Although this market is small in comparison
to the grid connected utility market, the graph also indicates that by
assuming only a 20% market penetration, up to 10,000 power modules per year
would be required to meet this need. Such a high production level would
clearly justify the use of mass production manufacturing techniques.

In the long run, the major electrical market is the U.S. grid-con-
nected utility market which is referred to in Figure 3 as the CONUS (con-
tinental United States) utility market. Each power plant in the grid is
backed-up by the balance of the utility's generation and transmission
capability. 1In 1974 the Southwestern U.S. utilities' generating capacity
was about 46,000 Mwe. Almost all utilities in the continental U.S. are
grid-connected, or will be by the 1980's. Using conservative estimates of
availability and prices of conventional fuels, it is projected in Ref. 2
that levelized bus bar energy costs (§§EE) for new plants operational in
the 1990 time period will range from 50 to 70 milis/kWwh for base ".:1
coal-steam plants, and up to 200 mills/kwh for "il-fired intermediate and
peaking piants.

In addition to the electric market, both grid and non-grid connected,
there exists a large market for a combination of both thermal and electric
power. Industrial process heat is a typical applicatior in this category.
Eventual penetration of this market should expand the use of the parabolic
dish system significantly.

In summary, it is clear that to build manufacturing volume most expe-
ditiously, the high cost, isolated load markets should be penetrated first.

1. Based on a capacity factor of 0.6, system life of 30 years, a fuel
escalation rate of 3% above inflation, and an annualized fixed charge rate
of 0.157.
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To compete in the low cost grid-connected market will require both experi-
ence and production volume which can result frcm the successful prior
pursuit of the higher cost, isolated markets.

4. Concept of First and Second Generation Technology

From a technology standpoint, the project strategy is to first
develop hardware suitable for entering the near-term isolated load market.
First generation equipment, based on gas turbine technology, will entail
less development risks and permit the early introduction of solar plants
into the marketplace. Satisfying the demands of the near-term market will
help to mature all the infrastructures essential to solar power plant
sales, especially with regard to collectors. Just as importantly, this
strategy ~ill also make solar power plant technology more visible and thus
encourage its largc-scale use in other applications.

To meet the long-term goal of the project (i.e., entering the grid-
connected market with baseload coal-steam and nuclear plants), improved
system efficiency is needed. This will be achieved through use of advanced
engine (second generation) technolcgy. Additional cost reductions are
expected from continuing improvements in dish collector design, and through
increased production.

Sola* power plants produced from first generation technoiogy have
system goals of 100 to 120 mills/kW hr. Such plants can compete with con-
ventional systems in the near term icolated load market, and in the oil-
fired, intermediate-peaking, grid-connected market, but will need to be
improvec for the baseload grid-connected power plant market. The main
attraction of these plants is that they will enter the near term market,
develcp the required infrastructure and require only a modest R&D invest-
ment by the government to mature.

Power plants using second generation dish technology wi'l require more
time to bring on line (3 to 4 years of additional technology development)
and consequently will require more resources to develop. Work on second
generation systems has already begun. These plants have system cost goals
(BBEC) of 50 to 60 mills/kWh, which are clearly competitive with coal and

Ir-n




nuclear systems in the grid-connected market. Utilizing the above costs
for electricity, cost targets have been developed for both first and second
generation subsystams hardware. These are shown in Table 2.

5. Component Cost Projections
Some progress has already been made in studying the attainability of

the cost ~>als presented above. Preliminary studies have bezn completed on
the twc major subsystems of the power plant, i.e., the dish concentrator
and the power conversion unit. Concentrator costs are important due to
their dominance in power plant costs, and due to their amenability to the
mass-production process. Studies are under way both at JPL and by industry
to assess the effect of mass preduction in reducing dish concentrator
costs. Manufacturing techniques and tooling requirements are being studied
to develop a basis for estimating capital equipment costs and the produc-
tion costs of dish concentrators. As an example of this work, estimates of
the reduction in concentrator costs as the annual production rates increase
are shown in Figure 4. The estimates were made for JPL by four different
industrial contractors. The encouraging result from these studies is that
the first generation concentrator cost targets are easily met at production
rates as low as 10,000 units/vear. These projections represent total
installed costs for the concentrator. Figure 5 displays the cost range of
the four contractors for each of the major concentrator subsystems for a
production rate of 100,000 per year.

Production studies have also been performed by industry for small
engines such as gas turbines, Rankine turbines, Stirling engines and indus-
trial diesel plants. A composite of these results is presented in Figure
6. As may be seen, at 25,000 units/year engine/generat.r costs are about
160 $/kW.

6. Projected Power Plant Bus Bar Enerqy Costs

Estimates of levelized bus bar energy costs from dish-electric power
plants have been made based on projected component performance and costs.
The results of these studies are presented in Figure 7 as a function of

:
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TABLE 2. (COST AND PERFORMANCE TARGETS FOR ELECTRIC POWER GENERATION
(1978 DOLLARS)
TARGETS FOR FY
1ST GENERA. | 2ND GENERA.
SUBSYSTEM PARAMETER | TION (1982) | TION (i985)
COST Iii MASS 2| e 2
o obLCTION: |§100 - 150/m2 | $70 — 100/m
CONCENTRATORS
REFLECTOR 90% 92%
EFFICIENCY
COST IN MASS | ¢40 _ 60/kWe | $20 — 40/kWe
PRODUCTION®
RECEIVERS
EFFICIENCY 80% 85%
COST IN MASS 6900 _ 350/kwe| $50 — 200/kwe
PRODUCTION®
POWER
CONVERSION EFFICIENCY 25-35% | 35-45%

* RANGE OF 1ST GENERATION PRODUCTION: 5,000 - 25,000/YEAR.

* RANGE OF 2ND GENERATICN PRODUCTION: 10,000 - 1,000,000/
YEAR.
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the number of dish power modules (25 kWe peak) produced per year. Infor-
mation is presented in this fashion since power module cost is a strong
function of the collector and engine costs which are in turn affected by
the production rate. Figure 7 also indicates the assumed costs for the
basic module components (concentrator, receiver and engine) in various pro-
duction irates, and the assumed balance of plant and 0&M costs. At a pro-
duction rate of 25,000 units/year and assuming no energy storage, levelized
bus bar energy costs of 75 mills/kWeh are projected (1979 dollars). These
numbers are based on what is believed to be a conservative estimate regard-
ing engine-generator conversion efficiency (40%) for the 1990 time period.
With a more optimistic estimate of efficiency (i.e., 45%), the bus bar cost
decreases to about 67 mills/kWeh. At very large production rates (400,000
modules/year), the costs decrease to 58 miils/kWeh. Clearly such costs
permit penetration of the grid-connected utility market.

7. Project Strategy and Status

The TPS project goal is to demonstrate technical, operational, and
economic readiness of PFDR technology for electric and thermal power appli-
cations. To reach this goal in a timely manner, the project has three
paraliel but complementary activities or elements as shown in Figure 8.
Advanced Development is R& oriented, with emphasis on feasibility testing
and component and materials development. Advanced designs from this activ-
ity are utilized by the Technclogy Development element which does the
detailed engineering and fabricates and validates (tests) a complete module
(concentrator, receiver and engine).

The third element of the project, Applications Development, is respon-
sible for developing complete power plant system and demonstrating the
technology through a series of engineering experiments sited in a variety
of potential user environments. The status of each of these three project
elements is described below.
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7.1 Technology Development
The present thrust of this project element (Ref. 3) is to develop

first generator subsystems (including concentrators, receivers/transport
and power converters) which can be utilized in the Applications Development
element for engineering experiments. The major products of this project
element are illustrated in Figure 9.

First generation hardware emphasizes proven gas turbine technology for
the power conversion equipment, and an injection molding process for fabri-
cation of the plastic petals or gores for the dish concentrator structure.
This manufacturing technique already exists and is used in the production
of a number of commercial products such as refrigerator doors. It should
facilitate the attainment of mass-producible, 1low-cost contractors. A
first-generation dish concentrator being developed by General Electric and
configured for injection molding is shown in Figure 10. Similarly, exist-
ing small gas turbine technology, very much like that developed for auto-
mobile turbochargers, cruise missiles, torpedoes, and auxiliary power
units, is being studied for the eventual mass production of power conver-
sion subsystems. The first-generation engine and receiver, presently being
developed by Garrett Corporation, is shown in Figure 11.

The schedule of Figure 12 shows the flow of design, fabrication and
test activities for both first- and second-generation hardware leading to
two key events: a Brayton module on test in mid CY 1981, and a Stirling
module on test early in CY 1984. The subsystems involved are concentra-
tors, receivers, and power convertors. Second generation subsystems will
be selected for incorporation in the Technology Development element of the
project on the basis of the status of competing concepts emerging from the
Advancec Development work described below.

Testing and evaluation of these dish power modules are performed at
the JPL desert test site shown in Figure 13, Evaluation of early dish
hardware is already taking place at thi. :ite. A 6-meter diameter dish
module purchased commercially from the Omnium-G Company of Anaheim,
California has been under evaluation at the test site since early 1979. By
Séptember 1979, an 1)-meter dish designed and :scrstructed by o-Systems of
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Figure 9. Products From Technology Development
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Figure 10. General Electric Low-Cost Collector Concept
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Garland, Texas, will be under test and evaluation at JPL. It is called a
test bed concentrator (TBC) and will be used to test and evaluate receiver
and ergine units prior to installation on either first or second generation
concentrators for full power tests. The Omnium-G module and the Test Bed
Concentrator are shuwn in Figure 14,

Earlier dish hardware developed under a Scndia-Albuquerque (SLA)
program is shown in Figure 15. One unit was developed for SLA by the
Raytheon Corporation, the ather by General Electric. Both of these units
are limited to temperatures of about 600°F. The general Electric unit was
designed for use in a total energy application at Shenandoah, Geecrgia.

7.2 Advanced Development

The work of this project elemcnt is directed tc the development of
materials and dish subsyctems which meet the cost and performance goals of
second and subsequent generation dish power plants. Example components are
cellular glass monolithic gores for concentrators; both heat pipe and
non-heat pipe hybrid high-temperature receivers for both power conversion
and high temperature thermal applications; thermal transport and buffer
storage; and under LeRC technical management, both free piston and kine-
matic 5tirling engines for power conversion. This advanced work is in
direct support of the Technolagy Development effort described previously.

Most of the work is accomplished directly through subcontractors to
JPL and LeRC. The work falls in two categories, that done under DOE pro-
gram managemert and the remainder which is done under SERI program manage-
ment as shown in Figure 16. Highlights of the work in progress are shown
in Figure 17.

An important part of the Advanced Development effort is the develop-
ment of second-generation point focucing components (Ref. 4). The main
thrust regarding engine concept is the Stirling eng.ne although considera-
tion is also being given to high temperature Brayton engines (2000°F),
and/or combined-cycle engines (which combine Brayton and Rankine tech-
nologies). Work for JPL on a Stirling engine and receiver is underway in 2
joint effort between Fairchild Stratos and United Stirling of Swede.r (USS)
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based on the USS model f-40 engine. As noted in Figure 12, the P-40
engine/receiver module will be placed on test at the JPL desert test site
(mounted on the test bed concentrator), near the end of CY 1980. It wil}
represent the first technology demonstration of a sclarized Stirling engine
and will define control and other potential engineering problems associated
in the integration feasibility of an engine with a solar/receiver. This
test will be followed by a similar demonstration with the GE/North American
Phillips 1-98 engine/receiver module about a year later.

7.3 Applications Development

The third project element is concerned with market applications of
dish systems (Ref. 5). Implementation of engineering experiments in vari-
ous user environments is the miic: activity of the Applications work. It
has the goal of demonstrating technical, operation, and economic readiness
of dish systems in both electric power and process heat applications. The
experiments are identified in terms of market sector in Figure 18. Three
series of experiments have been defined, each related to a different market
sector. These three series of experiments are described below. A schedule
for the near-term experiments i1 these series is shown in Figure 19.

EE No. 1 is known as the "Small Commuinity Sclar Thermal-Power Experi-
ment," and is one megawatt in size. As noted in Figure 18, it looks toward
the grid-connected market of the continental United States. Because this
market is as impertant as it is difficult, work is under way through EE No.
1 to gain early experience in that highly competitive market. It is
scheduled to be on-line in early CY 1983. The systems contractor will
select the power converter but the collector will be first-generation tech-
nology as developed by the Project.

EE No. 2 is known formally as the "Isolated Application Experiment

Series,"

and addresses island sites, rural electrification in foreign coun-
tries, and other applications remote from tne grid. Plant sizes will be
about 100 kilowatts (electrical). A joint effort is now under way with the

Navy Civil Engineering Laboratory on a co-funded basis. The EE No. 2a
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power plant will use receivers of hybrid design, and Brayton power con-
verters. EE No. 2a is the first of the series, and is scheduled to be
operaticnal in iate CY 1982.

The EE No. 3 series, addressing the industrial market, will initiaily
be implemented through a series of very small experiments (less than 20
KWe) for thermal, electric and combined (cogeneration) applications.2/
These small experiments will be conducted using available hardware to the
maximum extent possible. Bzcause they are small they can be constructed
and installed in a very short time. Although not a direct product of the
JFL program, an example of such an experiment is the ongoing effort co-
funded by DOE and the Southern New England Telephone Company for ar indus-
trial cogeneration application, using the Omnium-G power module. The
primary function of this power unit 1is to produce electricity for a
switching center, but excess power will be used for space heating and for
absorption cooling. The unit is to be operational early in CY 1980. A
number of other units of this class are scheduled by JPL for operation in
CY 1981.

Experiments in all three series will follow an improved technology
path with each new experiment utilizing the then current state-of-the-art
dish-engine technology.

Studies supporting these experiments are being conducted in-house and
by contractors and include costing, market penetration, industrialization,
mass production, and systems design requirements as a function of applica-
tion. A requirements analysis being performed by Science Applications,
Inc., a market penetration study by General Electric, and an industrializa~
tion study by Arthur D. Little are examples of currently contracted activi-
ties. Site selection criteria studies and market definition studies are
representative of in-house work.

For EE No. 1 (the smali community experiment) the site selection
process is under way, and for EE Nos. 2 & 3 the various sites are to be
selected during CY 1980. The site selection activities are the responsi-
bilities of DOE aithough JPL will assist in the process.

2. As of this writing, DOE has not yet officially approved initiation of
this series for FY-80, and thus it may be delayed until FY-81.
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When the experiment sites are selected, the applications oriented work
will become heavily involved with integration of the multiple interfaces
represented by the community, the local utility, and the systems contrac-
tor. This phase of the project will be its first operational phase and
will provide direct indication of the extent to which dish technology is
meeting its operational goals, and will reveal the extent of market pene-
tration that can be expected of subsequent second-generatiui technology.
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The following qﬁestions were then directed to and answered by Dr. Truscello
of J.P.L.:

Q. "Does the paper address the estimated 0 & M costs under given environ-
mental conditions?"

A. "This topic is covered only very loosely."

Q. "Have relative 0 & M costs for the various technologies been estab-
1ished?"

A. "More work has been done in this area during the past few months. We

are not sure if the 3rayton engine will have lower 0 & M costs than
the Stirling although the Brayton probably has a much longer 1life
span. Much attention is being paid to this subject. The 0 & M costs
overall are very similar. Although the Stirling engine may have
maintenance costs as much as three times the estimate for a Brayton,
the higher efficiencies associated with the Stirling engine show it
may be superior to the Brayton in terms of second generation techno-

logy."

Q. "What considerations have been made for the maintenance of components
such as reflectors, etc., that are independent of the generator
system?"

A.  "'Fortunately, much of this work is being done through other programs

sponsored by DOE. For example, our 0O & M requirements for clean
mirrors will parallel those associated with heliostats and the large
power program DOE has. Therefore, we will tap off those programs to
the maximum extent possible. We will take care of any additional
peculiar things which we think require specific attention. We Jo feel
that the government has a pretty good handle on these costs already.
One thing they are finding out is there can be too much cleaning

PRECEDING PAGE BLANK NOT bt
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Sandia, Albuquerque has done a considerable amount of work in defining
the optimum cleaning process."

"At what frequency are these systems operational?"

"They can be designed for any frequency, but 60 Hz will probably be
our standard."

"How does one regulate phase, etc., in order to put these systems on a
grid?"

"An integral part of the power plant will be the power conditioning
and regulating system. System selection will depend on application
specific factors which are a lot more technical than I am prepared to
answer at this time."

"What is the working fluid in this Stirling engine?"

"This is a closed cycle system so helium is the working medium. For
the Brayton, the working medium is air. Additionally, we are looking
at more advanced closed loop Brayton systems that use helium-argon
mixture. These systems have the potential to be more efficient and
compact."

“The integration of these systems with alternate fuels has been men-
tioned. Does this mean that these fuels will be used with the Stir-
ling and Brayton engines or with more conventional auxillary engines?"

"The fuel will be used with the Stirling and Brayton engines. This is
possible since the gas or oil burners are an integral part of either
the receiver cr the engine. In the case of the Brayton turbine
system, the burner system is already in place and we are simply
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attaching the thermal receiver. When solar radiation is not avail:
able, the turbine is fired by gas or oil combustion. In the case of
the Stirling Engine, the alternate fuel is utilized through combustion
within the receiver itself."

“It was mentioned that another conference which would emphasize remote
small dish industrial applications would be held in the near future.
What is the tentative date for this?"

"It would probably be held in October or November of 1980."

"If there is to be an industrial program by next year, what is being
accomplished in the area of heat sinks (thermal storage)?"

"The incorporation of thermal storage systems was not covered in this
paper. For process heat, the systems would be entirely different.
Heat engines would not be placed at the focal point. Rather, the
collective system would consist of networks of transmission lines from
dish to dish that transport the thermal energy to a central storage
position. The government 1is supporting the development of thermal
storage systems."

What branch of the government is supporting research in thermal
storage?"

"The branch is called STOR. STOR deals with many proyrams which
involve the storage of heat, including solar and geothermal applica-
tions."
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DOD ENERGY MANAGEMENT

George Marienthal
Deputy Assistant Secretary of Defense
(Energy, Environment & Safety)

I.  INTRODUCTION

It's a real pleasure to be here this morning and help you kick off
your workshop for potential military and civilian users of small solar
thermal electric power technologies.

Thie workshop is a real milestonz. It is the first workshop that DOE
has helped sponsor which has looked to tne Department of Defense early in a
technology development phase so that our application requirements could
influence systems design. We appreciate it.

This type of cooperative effort between DOD and the Department of
Energy has and will produce significant benefits for each of our organi-
zations. We recognize that technology efforts are denoted to specific
appliications. DOE's R&D is often more general, but we can help give some
focus to DOE's programs and provide a testbed for demonstration of energy
technology applications.

We enrourage working level cooperation between our laboratories and
the national laboratories. They will benefit our own missions and will
contribute significanily to the realization of the President's energy
goals.

I am especially pleased to speak to all of you, because we are very
much interested in small scale energy systems which will promote energy
independence and reduce our reliance on local utility systems.

As you all know, we have established a military standard family of
mobile electric powe: generators to satisfy many of our specific require-
ments for remote power needs.

MERADCOM is our program manager for this effort and has done a splen-
did job over the last five years in this capacity.
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Standardization of military mobile electric power generators is indeed
in the best interest of availability, interchangeability of parts, main-
tainability, and reduced logistic support.

Even with our emphasis on standardization, we believe that the appli-
cation of new energy technologies will help to satisiy our enormous
appetite for energy--especially for our remote and portability needs.

Energy technology demonstration 1s i{mportant to the Department of
Defense and to the nation's energy program as well., [ wiil describe our
energy technology demonstration effort in a little greater depth in a few
minutes.

To discuss energy in the context of my responsibilities for energy,
ensironment, and safety, I'll answer your question before you ask it.
Management of energy, environment, and safety is quite compatible. Their
programs, while mutually exclusive, often lend support to cne another.

I1. OVERVIEW
Our energv program is aggressive and well balanced. My following
remarks will give you an overview of:
(1) How defense energy resources are managed at the 00D policy level;
(2) How we are organized and how our management structure is inte-
grated with the military departments;
(3) How our energy program dovetails with Department cf Energy prec-
granms;
(4) What our goals and objectives are;
(5) Wwhat our programs are to achieve them; and
(6) What our long-range plans are to assure a continued energy supply
under all circumstances.

[I1. DCD ENERGY MANAGEMENT
Our energy organization is decentratized, but it is functionally

structured to handle energy contingencies, develop energy policy, and
design long-range energy plans and programs.
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While my office serves as the focal point for all DOD energy matters,
specific energy program managers include:

(1) DLA/DFSC for bulk POL procurement,

(2) DASD (I&H) for military construction & ECIP,

(3) DUSDR&E (R&AT) for energy research and development, and

(4) DUSDR&E (AP) for GOCO conservation programs.

DOD energy policy is coordinated through the DEPC senior level policy
council comprised of: ‘

(1) O0SD principals,

(2) Military departments (Spec. Ass'ts. for Energy.)

(3) JCS (Director, J-4)

(4) DLA/DFSC (Director, DLA and Commander, DFSC).

We have assigned lead service responsibilities to the military depart-
ments for key energy technologies to:

(1) Enhance energy management,

(2) Ensure better coordination, and

(3) Provide a means for technology transfer.

I will cover this lead service concept a 1ittle more in depth later.

IV. SCOPE OF DOD ENERGY PROGRAM
While we use tremendous amounts of energy--80 percent of all federal

consumption--we rely heavily on petroleum. Petroleum accounts for nearly
70 percent of defense erergy consumption. Last year, we used 252 billion
barrels of oil equivalent. 170 million barrels were petroleum. The Air
Force was the biggest user at 57 percent. Navy and Marine Corps used 33
percent, and Army used 10 percent.

Operationally, our energy usage looks like this:

. Aircraft operations is our biggest--last year‘s use was 113

million barrels alone.

Our energy is expensive. Last year we paid more than four billion
dollars for it, and we estimate that it will cost nearly six billion in
1985. This estimate may be quite conservative, however.
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DOD's consumption since 1973 has decreased 30 percent while the costs
have continually increased. Last year DOD reduced energy consumption nine
percent under FY 1975, the baseline year for measuring energy conservation
in the federa! government.

(1) 12 percent mobile operations, and

(2) 4 percent in facilities.

V.  MANAGEMENT GOALS AND OBJECTIVES

We have divided our goals and objectives into two groups:

(1) Supply, and

(2) Conservation.

Our supply and conservation goals cover both installations and mobil-
ity operations. These are our installation energy supply goals. They
cover the use of more plentiful energy resources and alternate fuel cap-
abilities for our facilities.

Qur mobility goals are designed to:

(1) Minimize supply disruptions and,

(2) Achieve capability to use a greater range of fuels.

Our installatior energy conservation goal is to achieve a 20 percent
energy reduction in our existing buildings by 1985. We plan to do this
with:

(1) ECIP ($1.5 billion retrofit program), and

(2) Other efforts (ECMS, energy awareness, etc. ).

For mobility operations, we will limit our operational energy use to
what we used in 1975, We will do this with:

(1) More efficiert propulsion systems,

(2) More efficient use of equipment, and

(3) Greater use of simulators.

VI. 1879 ENERGY PRIORITIES
We have divided our 1979 goals into four priority groups, or bands, of

action,
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Priority Group I

(a) This covers the formulation of management and regulatory
mechanisms with DOE to assure essential defense fuel re-
quirements are met during periods of supply disruption--we
are doing this now. We are working closely with DOE and
developing an energy emergency management system.

Priority Group II is the energy R&D plan for mobility fuels.

(a) OUSDR&E, under our overall management, will develop this‘
plan.

(b) This plan will cover improved fuel economy and the use of
synthetic liquid fuels derived from coal, shale, and tar
sands.

Priority Group III is energy technology demonstration with DOE

support.
(a) Our objective for this priority group is to identify, eval-

uate, and pursue joint energy initiatives with the Department of tnergy
which will help us:

(1) To reduce our energy consumption and dependency on foreign
sources of oil, and

(2) Accelerate the development and early commercialization of
new energy technologies. We can do this through the experi-
ence we gain in the construction, operation, and maintenance
of new systems. This will enable manufacturers to get on
the learning curve through early DOD buys.

(b) ONur initiatives include:

(1) Gil shale test program;

(2) Solar federal buildings programs;

(3) Photovoltaics--you are all familiar with Don Faehn's work at
MERADCOM, I'm sure;

(4) Geothermai electric plant (China Lake, CA);

(5) Geothermal space heating (Hill AFB, Utah);

(6) Wood burning heating plant (Ft. Stewart, GA); and,
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(7)

Showcases of energy technology at:

(a) McClellan AFB, Califernia,

(b) Army Lone Star Ammunition Plant, Texas, and
(c) Sewells Point Naval Complex, Virginia.

(2) Priority Group IV is designed to optimize energy use through

energy conservation programs such as:

(2)
(b}

Energy ccnservation investment program, and
Energy conservation and management.

VII. ENERGY TECHNOLOGY APPLICATION

Our program effort to use advanced energy technelogy in military
applications covers both mobility and facilities energy.
(1) Mobility Energy

(a)
(b}
(c)

Aircraft--ceramic turbine blades,

Ships--hull coating, and

Ground systems such as advanced mobile electric power gene-
rators.

(2) Facilities

(a)
(b)

Conservation technologies--relamping, and
Energy conversion technologies--refuse derived fuel.

The lead service responsibilities for key energy technologies I spoke

of earlier will greatly help us achieve our energy goals and objectives.
We have assigned the:

(3) Army

(a)
(b)

(c)
(d)
(e)
(f)
(g)

Photovoltaic energy systems,

Multifuel aircraft propulsion systems (exciudes fixed wing
or ship),

Wood-fired boilers,

Energy conserving structures and construction techrnology,
Solar heating and cooling,

Advanced tow head hydropower,

Computer programs to determine energy characteristics of
buildings,




(h) Nuclear power for landbased applications, and
(i) Electric vehicles.
b (4) Navy has responsibility for:
(a) Geothermal energy,
(b) Co-generation,
(c) Energy monitoring and control systems,
(d) Refuse derived fuel, and
(e) Ship propulsion systems.
(5) The Air Force is assigned:
(a) Wind energy,
(b) Fixed wing aircraft propulsion systems,
(c) Colloidal boiler fuels,
(d) Fuel cells,
(e) Advanced technologies to burn coal, and
(f) Energy storage for mobile systems.

VIII. CONCLUSION

In summary, our energy management program covers:

(1) Energy supply to ensure energy requirements to support mobility
operations and our installations,

(2) Energy conservation te reduce energy consumption in mobility
fuels and utility energy sources that support our installations,
and

(3) Energy technology applications to better use depletable energy
resources and to demonstrate the feasibility of new energy tech-
nologies.

The challenge of the Defense energy management pirogram in the:

” it it

(1) Near- and midterm is to assure adequate fuel through supply and
conservation initiatives, and for the

(2) Longer term, will be to avail ourselves of more secure, plentiful
energy resources through technological advances. K
I am confident that with the continued support of industry, such as

The BDM Corporation and the Department of Energy, the Department of Lefense
will continue to be a leader in the pursuit of national energy goals.

Kd
Bkl e et
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ENERGY CONSI!WVPTION
FY 1978

DOD ENERGY BY SOURCE
OTHER <1%
NG/PROP 8%

U.S. TOTAL CONSUMPTION

——— e
DOD
WORLDWIDE
1.8%
13,901 MILLION BARRELS 252 MILLION BARRELS
OF OIL EQUIVALENT (ESTIMATE) OF OIL EQUIVALENT
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DoD ENERGY DEMAND
(By Military Service)
’ FY 1978

TOTAL ENERGY PETROLEUM ENERGY

MARINES
3%

MARINES
3%

AIR FORCE
7%

AIR FORCE
50%

SOURCE: DEFENSE ENERUY INFORMATION SYSTEM
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DoD ENERGY CONSUMPTION
(By Operational Function)
FY 1978

TOTAL ENERGY PETROLEUM ENERGY

AIRCRAFT AIRCRAFT
OPERATIONS OPERATIONS
45% 8%

GROUND OPS
6%
INSTALLATION
SHIP SUPPORT
OPERATIONS 9% SHIP

10% OPERATIONS

15%

SOURCE: DEFENSE ENERGY INFORMATION SYSTEM
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DEFENSE ENERGY
MANAGEMENT

GOALS AND OBJECTIVES
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ENERGY TECHNOLOGY APPLICATION

MOBILITY ENERGY

FACILITIES

LEAD SERVICE RESPONSIBILITIES
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c DCD CONSERVATION GOALS:

e REDUCE ENERGY IN EXISTING BUILDINGS:

— 12% VIA ECIP
— 8% VIA OTHER INITIATIVES

e METER AND AUDIT BUILDINGS PER DOE GUIDELINES

o DEVELOP AND DISTRIBUTE TO EAGH INSTALLATIONA
LIST OF ENERGY CONSERVATION MEASURES

o LIMIT OPERATICNAL ENERGY CONSUMPTION BY
TRAINING, TACTICAL AND STRATEGIC FORGES IN
1985 TO THE 1975 LEVEL. DO THIS WITH:

— MORE EFFICIENT PROPULSION SYSTEMS

— MORE EFFICIENT USE OF EQUIPMENT
— GREATER USE OF SIMULATORS
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SUPPLY

e  INSTALLATION ENERGY SUPPLY GOALS:

e  OBTAIN 107 OF ENERGY BY 1985 FROM:
- SOLID FUELS

e OBTAIN 1% OF DOD INSTALLATION ENERGY BY 1885 FROM:
- SOLAR AND GEOTHERMAL
e  MOBILITY ENERGY SUPPLY GOALS:

e DEVISE, WITH DOE, A STRATEGY TO MINIMIZE DISRUPTION OF FUEL
SUPPLY TO DOD

e DO R&D ON PROPULSION SYSTEMS AND FUEL TO SPECIFICATIONS RANGE
OF FUELS WE CAN USE '

e  PLAN AGAINST THE CONTINGENCY OF A FUTURE TRANSITION FROM
PETROLEUM TO SYNFUELS
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DEFENSE ENERGY
PRIORITIES 1979

FUEL AVAILABILITY
ENERGY R&D PLAN
DoD/DoE INITIATIVES
OPTIMIZE UTILITY BILLS
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ENERGY TECHNOLOGY
DEMONSTRATION PROJECTS

e OIL SHALE

e SOLAR HEATING & COOLING

e PHOTOVOLTAICS

* WOOD-FIRED BOILERS

e GEOTHERMAL ELECTRIC & HEATING
e “SHOWCASE" INSTALLATIONS
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The following questions were directed to and answered by Mr. George Marien-
thal:

Q. "Do points of contact exist to aid the transfer of information and
. ideas between the various branches of the armed services concerning
this project (Showcase)?"

A. “"Yes. This keeps any one branch from closing its doors and operating
in a vacuum."

Q. "Does 'the outside' have access to these points of contact within the
services?"

A. "Absolutely. The energy program should operate 'in the sunshine'.”

Q. "The on-site base locations mentioned are within the United States.

Seeing that there are considerable foreign bases of the same size and
nature, are there any comparable projects for these installations?"

A. "There are things being done overseas, but obviously not to the same
extent 2c< here in the States. This is due to the fact that here we
are dealing with the importation of petroleum from foreign sources.
Hopefully, these programs will help reduce this dependence. Hence,
domestic projects have priority."

Q. "Concerning fuel replacement in particular, could petroleum dependence
in areas like Diego Garcia be reduced or ended?”

A. "Conversion possibilities are being explored in these types of areas
since they are dependent on many different types of fuel."

I11-23
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"It was mentioned that the Army is involved in solar heating and
cooling. Is there a point of contact for inquires?"

"Yes. Don Faehn is the point of contact at Fort Belvoir for photo-
voltaics."

"During the course of this workshop we will be looking at potential
miiitary applications for this technology in several different ver-
sions. In particular, we will be examining potential mobile or port-
able applications, isolated applications, and facilities applications.
If it is determined that indeed there are feasible mission related
military applications for this technology, given that there is not now
a lead service or energy technology demonstration project, what would
be the proper routes to take to turn these understandings into action
programs?"

“This quest would involve a normal marketing problem to the military
which is a tough endeavor. There is no well-defined nor straight-
forward method that can be recited to get the job done. Generally,
one must have good support from users of the technology, must get
inside the military lab structures and R&D programs, and must find
support from within the Pentagon."

"Then can it be assumed that since we have representatives from the
laboratories, from the users, from the manufacturers, and from the
civil sector as well, that this, a first step to setting the clockwork
in motion, and that positive action will need the continued support
and effort of all those involved?"

"Quite certainly."”
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"As is known, one of the goals of this conference is to implement this
sort of thing (methods of marketing to military). A year and a half
ago your office took a very strong position in this line to forward
this specific technology of solar thermal electric power in a pamphlet
which was sent to DOD R&E. This was met with rather apparent apathy.
Has the atmosphere changed any since this time, or is there a better
responsiveness now? What happens from below obviously is a reaction
of the interest from above. How can implementation take place if the
leaders of the R&D community will not come forward?"

“In all honesty, things are : . setter now. Military R&D managers are
currently interested in the F-18, the MX's, etc., as is desired. On
the other hand, it is tough to get less than top persons interested in
the sort of things we are pushing. We are trying; unfortunately the
situation is not inspiring."

"What are the base locations of Showcase?"

"The Red River Army Depot is the Army Showcase base location. The
Navy's Showcase is at Norfolk, VA, and the Air Force has their show-
case at the McClellan base, Sacramento, CA. These bases, especially
Norfolk and Sacramento, have high military and civil visibility which
should greatly enharce the programs."

"Persons who represent industry are hearing quite inspiring and im-
pressive goals from DOD and DOE; however, it is quite difficult to see
any affirmative action towards meeting those stated goals. It is also
difficult to understand the rationale used for selecting photovoltaics
and geothermal technology over others such as solar thermal. Here we
are talking about Brayton technology, yet the Army is probably the
only manufacturer of Brayton engines, and their program has little in
common with what we are trying tc do here. Hence, as a representative
of industry, I would like to encourage the tying together of, and more
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specific action toward the ideas, goals, and technologies because they
are worthy of merit. Finally, as a stated question, what is the
specific role and impact of DOD R&E in this?"

"In iteration of my earlier response to this question, DOD R&E is
involved, yet not to the degree desirable. Although they are respon-
sible, they have not measured up to this reponsibility. In response
to the question concerning action, I have that responsibility by de-
fault. I am, therefore, pushing this effort which otherwise would not
get pushed. Within the Department of Defense, the program is tied
together quite clearly with its structure, goals, and directions well
mapped into 1985. I extend appologies for not being able to display
this in a more explicit manner. The input of these goals on other
segments of society, including industry, is unclear. DOD makes its
own goals at the direction of the Commander-in-Chief. Whether or not
we are to provide leadership to industry, I don't know. DOD and DOE
spent a year agonizing over various technologies to concentrate on.
We concentrated on those technologies which were between now and 'way
down the road,' and which could be implemented in some of our 400 odd
cities. From this process, geotherma! and solar electric technologies
emerged."

"Given the annual budget considerations that the Department of Defense
has to work with, do the higher front end costs assoriated with solar
technology inhibit lower level personnel from proposing solar proj-
ects? Likewise, do these same costs keep higher level personnel from
going to Congress with what appear to be inflated budget reports?"

"In both cases, this is correct. The life cycle cost effectiveness

figures associated with solar technology inhibit interest when money
is scarce."
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Comment "It appears that a portable fuel scurce is wnat is needed and

that other topics are peripheral. Your program seems to lack an
aggressive effort with synthetic fuels. Perhaps the high temp-
erature point focusing solar technology could add a new dimension
to the production of synthetic fuels. One would think that the
Defense Department is uniquely capable of such an endeavor."

"During the presentation, cne slide displayed that 39 percent of the
total energy DOD uses goes to facilities. Systems that are being
discussed here are capable of displacing a large fraction of that 39
percent. Conceptually, if X amount of fuel is displaced from facility
operations, that X amount can be used to help offset fuel demands for
aircraft and logistical operations. Is the same true in actual prac-
tice? If indeed the technologies being considered here can offset
DOD's petroleum use by 10, 20, or 20 percent, is this impact to those
concerned enough to cause active support of such technology, or is
this simply too abstract?"

"Certainly the ideas are correct; however, petroleum represents only
11 percent of the total energy figure. If indeed petroleum use could
be reduced at facilities, mobile operations could receive the dis-

placed allotment."

"Cooperation has been encouraged between DOD labs and other national
labs. Have roles been defined for DOD vis-a-vis other national labs?"

"No. These roles have not been defined satisfactorily."

"Will you be taking over management of the shale oil program, or will
that be conducted by R&D?"
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"Hopefully that will be handled by Research and Engineering. The
Department of Energy will be responsible for the management of pro-
duction and refinement of shale. Then the Department of Defense will
be responsible for the specifications on the fuel."
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SMALL RENEWABLE ENERGY SYSTEMS AND THE PURSUIT OF INDEPENDENCE

Martin R. Adams
Deputy Program Dfrector
for Solar, Geothermal, Electric
and Storage Systems
Department of Energy

Mr. Marienthal, Mr. Chairman, workshop participants...l am particu-
larly ~leased to be here this morning, for I have been convinced for some
time that we must, as a nation, place a great deal of emphasis on SMALL,
marketable, renewable energy systems if we are to retain our accustomed
independence at the family, community and small industrial levels -- and I
feel that you will also conclude in this workshop that such systems have a
vital role to play in many military applications.

Perhaps you have heard of the ancient Chinese curse, "May you live in
interesting times." For those of us in the energy business, 1979 has not
been boring. Public interest and concern over the national energy picture
is at its highest level since the 1973 embargo. Over th2 past five to six
years we've had almost a continual shortfall in one fue! or another -- but
the gasoline shortage this summer really hit us where it hurts; in our
personal independence. For the first time, we as individuals, have more
directly felt the energy constraints that some businesses and communities
have encountered earlier, and have had to stop and plan real changes in our
lives. Sometimes it was relatively insignificant, like planning the family
schedule around whose car is odd or even, or taking a bus to work. On the
other hand, a family which was considering buying a house fifty miles from
their place of work may have had to resort to second thoughts. At the
moment we have pienty of gasoline, but we know that it will never be 40
cents a gallon again.
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When this country was founded we were promised life, liberty and the
pursuit of happiness. Somehow we've come to equate these values with the
right to cheap, abundant energy from depletable fuels. We terd to forget
that many of our forebearers ran their lives on whatever the individual
family or small community was able to gather in and that most of their fuel
sources were renewable. Until the coming of a nationwide rail network made
it possible to distribute coal to every home, the colonial family and the
Western homesteader lived pretty much the same. Homes were heated with
wood fires. Land transportation and agriculture ran on horses, mules,
oxen, and people. Wind moved boats on river and ucean. Lighting came from
bear fat or whale oi) or beeswax or sheep tallow. Water power ground wheat
into flour and spun wool and cotton into yarn for clothes. When we went to
war, we used horses and mules to haul artillery and wind and galley slaves
at sea. This first age of "Small Renewable Energy Systems" lasted 2
remarkably long time and never died out in the more remote parts of the
United States. Henry Ford was a long-time advocate of alcohol from farm
crops as a motor fuel, reasoning that this would take up the slazk in wheat
production as horses were phased out. West Virginia coal was shipped to
Washington on mule barges via the C& Canal until 1924. Windmills supplied
electric power and irrigation pumping on farms until the 30's, when they
were replaced by rural electrification programs. Boise, Idaho, began
heating homes with geothermal energy in the 1890's; this system is stil
functioning, although many homes went “modern" with natural gas later on.
Solar ho. water heaters were popular in Florida before cheap depletable
fuels came along.

Perhaps by coincidence, the discovery of large quantities of oil and
gas in this country occurred during the heyday of the giant trusts. A
consumption economy made a lot of sense at the time -- the consumer enjcyed
a warmer home and the ability to get around fast, and the industries pro-
fited. During this period the United States was transformed into a world
power, partly on the opasis of our large domestic energy resources and
complex distribution systems. We rationed gasoline during the Second World
War, but we didn't have to fight out the consequences of an embargo to win
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the war. Even as we started importing cheap Middle Eastern crude to take
care of more and more of our needs, we became smug about our energy future.
The Sherman Anti-Trust Act and the progressive income tax diminished the
power of individual energy resource companies, but the age of conspicuous
consumption went on and on.

Meanwhile, individual Americans became accustomed to energy that was
not only cheap but convenient. No need to go out and feed and water and
curry 01d Paint every morning -- just drive him around the corner and fill
him up every couple of days. Chopping wood is something you do to add a
little atmosphere to the parlour. A flick of the switch turns night into
day and winter into summer and summer into winter. Don't waste valuable
personal energy on striking matches, brushing teeth, or opening cans: an
electric appliance for every task. Even now, the most popular wedding
present in D.C. is a machine that performs a dozen tasks that used to be
done with a paring knife or a hand-operated egg beater. Need to get away
from it all? If you don't have a camper, you can still load up the family
car or hop on a plane and head for the beach or the hills.

The price we've paid for all this convenience is the loss of our
independence, of control over our lives. Indeed, we are dependent upon
access to the oil resources of the Middle East, a politically volatile
region in the shadow of the Soviet Union. The military implications of our
vulnerability are becoming more clear daily. The possibility of Soviet
control of the Middle East oil tap can no longer be ignored.

This presents a particularly difficult energy problem to our military.
To be a deterrent, we must be prepared to defend the Middle East and Per-
sian Gulf and the sea lanes without having access to fuels from these
areas. Energy independence of our military forces is now a requirement if
they are to be a deterrent. In addition, because of the quantity of energy
resources used by the miiitary, conversion to alternate fuel sources, -
possible, becomes an important factor in meeting the nation's energv
Many such opportunities lie in the SMALL sclar applications category.
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I understand that the Department of Defense will convert 19 percent of
their energy needs to more abundant solid fuels by 1985 and 1 percent to
solar or renewable sources.

These are important goals, for the goal for solar (and other renew-
ables) amount to 50MW in 1985.

The Department of Energy is assisting industry in developing large
central erergy conversion systems in solar thermal, photovoltaics, ocean
thermal and geothermal areas. These involve electric power proauction
systems up to 100 megawatts and more. They are alsc targeted for large
process heat and large fuels and chemical production. In their respective
areas of application, they all have national importance.

But the renewable energy activities that are exciting cv me are the
small, individually operated, system applications. Among others, we now
have a solar thermal system pumping irrigation water in New Mexico; a small
photovoltaic system providing electric power to an Indiar village in
Schucholi, Arizona, and a 200 KW wind turbine in operation at Cuiebra,
Puerto Rico.

In keeping with this, this workshop is devoted to solar thermal olec-
tric power applications ranging from a few megawatts down to 15 kilowatts
in size. More particularly, it involves parabolic dish (or point focusing)
technology, one of our most promising concepts for small community, small
industrial and military applications. The importance of this technology
stems from its high potential effiriency, and from its characteristic
modularity. These haracteristics mace it a "high performer”, one that is
easily mass produced and that has a minimum in field installation costs.
JPL is technically managing this program for DOE and is doing a fine job.

Most of you are also aware of the cooperative DOE/DOD activity in
developing a 100 KW experiment for the U.S. Navy Civil Engineering Labora-
tory that JPL is also managing as part of our solar thermal applications
activity. It is an exciting project and is an important step in the dish
technology program. But you will hear more about this during the workshop.

For now I'd like to sum up. I am corvinced that we must place a great
deal of emphasis on SMALL renewable energy systems if we are to retain our
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independence as individuals, and on a community and small industrial basis.
As a Nation, we have the resources to do this job -- and are well underway.
This workshop is an integral step in this process and 1 wish you much
success in meeting your objective over the next few days.
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The following questions were directed to and answered by Mr. Martin Adams,
DOE:

Q. "Is DOE prepared to take on OMB concerning the discount rate?"

A. "DOE 1is prepared; however, I would not hazard a guess over the out-
come."

Q. "Assuming that these systems can achieve a cost of $5.00 per million
BTU, a problem still =xists because of the tax gradient between a
capital item and an expense of fuel. The National Energy Act
attempted to warp that a bit and the IRS took exception. Is anything
being done to put a damper on this burden and increase the incentive?"

A. "We have had analysts review several incentive packages in light of
this problem. The results were recorded in several papers which I
could furnish. One paper had the surprising results that if the
provisions offered in the NEA were 20% (ITC), then the depletable and
nondenietable technologies were about at a parity. Note that this was
only one analyst who came to this conclusion. However, DOE will

) continue to have incentives improved due to the high capital inten-

sity."

Q. "Is there a directory which contains the breakdown of persons within
| DOE who are working on various projects and it so, is it available for
distribution so that these persons may be contacted?"

A. "Yes. It can be obtained by requesting the Gold Book which is pub-

1icly available.”
y PRECEDING PAGE Bap
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Q. "“Again representing the manufacturing sector, I would like to add that
from a preliminary standpoint it appears that two to three times the
current budget amount will be needed to even begin to accomplish your
stated goals. This is in addition to the R&D. When the goals pre-
sented by Mr. Marienthal are imposed on top of these, there is even
more work to be done. These five year plans just are not viable."

A.  "Your comments and concern are appreciated. We are concerned also."

Q. "The Department of Energy is often using the Federal Grant and Coop-
erative Agreement Act of 1977 on a variety of programs where it is
intended that the ultimate industry supposediy will benefit. It also
appears that the Act might be used in some cases where the benefit is
doubtful or the risk is high. Do you anticipate using this Act for
the type of technology discussed here?"

A. "As of now we have not developed our strategy of the program for small
scale systems. This is one area that will require close attention, so
we will be Tooking at this ciosely."

[11-36
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MILITARY APPLICATIONS FOR ELECTRIC POWER
SYSTEMS - AN OVERVIEW

J. Scott Hauger
Program Manager, Military Energy Programs
The BDM Corporation

In conjunction with the workshop, The BDM Corporation conducted a
study for the Jet Propulsion Laboratory to define plant requirements,
markets, and cost goals for military applications for point focusing solar
thermal electric technologies. This study served as BOM's integrative
presentatior at the workshop.

The BDM study determined that the Army, Navy, Air Force and Marine
Corps currently maintain an inventory of approximately 1800 MW with an
annual procurement potential of 140 MW for power systems 15 KW and larger.
The p]gnt requirements of all these systems can potentially be met by
advanced heat engines of the types under development for PFDR application.
Solar provided heat is consistent with approximately 33 MW annual pro-
curement. An additioral 30 MW per year could be used if DOD seeks self
sufficiency of mission critical facilities.

Total military power purchased from utilities is the equivalent of
approximately 5000 MW generating capacity. If Congress were to authorize
the capital expense for total base self-sufficiency, an additional 220 MW
annual market would result. Cogenerating systems would increase the
demand. Current service goals may be presented by the Air Force, which has
the objective of meeting 25 percent of facilities power by renewable
resources and 25 percent with alternate fuels in the year 2000.

Cost goals vary with assumptions, but a baseline case assuming 8
percent fu-1 escalation indicates cost goals of 120-210 mills/KWh, depend-
ing on size, tor military generators and 86 mills/KWh for purchased elec-
tricity. This indicates a concentrator receiver installed cost goal of
$2,500 to $2,700 for average insolation areas.

[v-1




SUMMARY OF RESULTS |

® ARMY, NAVY, AND AIR FORCE POWER REQUIREMENTS

TACTICAL, THEATER, REMOTE, AND EMERGENCY/
BACK-UP POWER TOTAL 1600 MW

e THE ANNUAL PROCUREMENT POTENTIAL FOR ELECTRIC

POWER SYSTEMS IS 140 MW

® THE PLANT REQUIREMENTS OF ALL OF THESE SYSTEMS

CAN POTENTIALLY BE SATISFIED BY STIRLING OR
BRAYTON CYCLE THERMAL ELECTRIC POWER SYSTEMS

® SOLAR PROVIDED HEAT IS CONSISTENT WITH THE

3138 1o

PLANT REQUIREMENTS OF APPROXIMATELY 23 PERCENT
OF ANNUAL PROCUREMENT, OR 33 MW. A FURTHER
30 MWIYEAR IS POTENTIALLY FEASIBLE IF SELF
SUFFICIENCY OF CRITICAL MILITARY POWER SOURCES
IS FUNDED BY CONGRESS.

[v-2
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SUMMARY OF RESULTS I

IF TOTAL BASE SELF SUFFICIENCY WERE DESIRED,
PLANT REQUIREMENTS ARE CONSISTENT WITH AN
ADDITIONAL 220 MW ANNUAL PROCUREMENT.

COST GOALS VARY WITH ASSUMPTIONS, AND ARE
MOST SENSITIVE TO ESCALATING FUEL COSTS. A BASE
LINE SCENARIO INDICATES SYSTEM GOALS OF 120-210
MILLS/KWH FOR MOST MILITARY APPLICATIONS

~ 86 MILLS/KWH FOR FACILITIES APPLICATIONS.

THE BENEFIT OF SOLAR PROVIDED HEAT SHOULD BE
TESTED AGAINST THE LOWER COST OF POWER FROM
COMBUSTION IN THERMAL ELECTRIC SYSTEMS,
BECAUSE THEIR DEVELOPMENT IS IMPLIED BY A
SUCCESSFUL STEP TECHNOLOGY STEP DEVELOPMENT.

A BASELINE SCENARIO INDICATES ARRAY/RECEIVER
COST GOALS OF $900-$2700/KW DEPENDING ON DUTY
CYCLE.
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MILITARY POWER APPLICATION
CATEGORIES-I

® TACTICAL SYSTEMS

— MOBILE ELECTRIC — TYPICALLY DIVISION
POWER LEVEL AND BELOW

— ASSIGNED TO — 0.5 TO 750 KW
TROOP UNITS

@ THEATER SYSTEMS

— TRANSPORTABLE — “TEMPORARY
PRIME POWER FACILITIES'

— ASSIGNED TO — 2750 KW

ENGINEER UNITS

® ISOLATED/REMOTE SYSTEMS
— PERMANENT INSTALLATIONS WHICH GENERATE
THEIR OWN POWER

— TYPICALLY SMALL (15-1000 KW) AND
GEOGRAPHICALLY ISOLATED

Iv-4




MILITARY POWER APPLICATION
CATEGORIE= I

® EMERGENCY/STANDBY SYSTEMS

— FIXED OR PORTABLE POWER SYSTEMS WHICH
FUNCTION WHEN PRIME POWER FAILS

® FACILITIES AND PERMANENT INSTALLATIONS

— THOSE WHICH PURCHASE POWER FROM
COMMERCIAL UTILITIES

— TYPICALLY LARGE >1000 KW EQUIVALENT.
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OPERATIONAL REQUIREMENTS OVERVIEW

SIZE/WEIGHT

TACTICAL THEATER REMOTE EMERGENCY FACILITY

EMISSIONS

(NOISE, IR, VISIBLE)

FUEL TYPE

HARDNESS

DUTY CYCLE

START TIME

RAM*

FUEL SUPPLY

COSsTS

*RELIABILITY, AVAILABILITY, MAINTAINABILITY
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TACTICAL APPLICATIONS

CRITICAL REQUIREMENTS

SI2E: ~ 28 FTI
0.9-1.8 FTIKW
WEIGHT:  ~ 80 LBS/KW 16198 LBS/KW
18-28 LBS/KW
EMISSIONS:
KNOISE NON DETECTABLE AT 100 METEFS
IR NO STANDARD. MINIMUM POSSIBLE EXHAUST

VISIBLE CAMOUFILAGEABLE

HARDNESS OPERATE AFTER 12 lNCH DROP AND 48 MINUTE
VIBRATION AT 7500 CPS

START
TIME: 15 MINUTES, ALL WEATHER

RAM: RELIABILITY: 96% OVER 24 HOURS
AVAILABILITY: 97% COMBAT READY
MAINTAINABILITY: 806 HOURS MTBO
280 HOURS SCHEDULED MAINTENANCE
MAINTENANCE

FUEL TYPE: MULTI-FUEL

Iv-7

RANGE: 0.6-7.1 FT3/KW

CURRENT SYSTEMS
QMR

CURRENT SYSTEMS
QMR

MERADCOM

CURRENT SYSTEMS

CURRENT SYSTEMS

MERADCOM

i
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TACTICAL APPLICATIONS

OTHER REQUIREMENTS

DUTY CYCLE: VARIES GREATLY FOR COMBAT, TRAINING,
GARRISON, RESERVE

FUEL SUPPLY: MINIMUM POSSIBLE ESPECIALLY FOR
MAN-PACKED SYSTEMS. FUEL CONSUMP-
TION 2.8 Ibs/kWh 8Y QMR (GAS TURBINE)
CURRENT SYSTEMS 1.3 Ibs/kWh (DIESEL)

COSTS: CAN BE TRADED OFF FOR INCREASED
MISSION EFFECTIVENESS

J070/79w
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THEATER APPLICATIONS

CRITICAL REQUIREMENTS

SIZE

WEIGHT

RAM

FUEL SUPPLY

T Y D T S

2.3-6 FT?/KW

58-130 LBS/KW

10,000 HRS MTBO
HIGH AVAILABILITY (UNQUALIFIED)
LOW MAINTENANCE (UNQUALIFED)

760 KW CONSUMES 1500 GAL/DAY
(.084 GAL/KWH)

4500 KW CONSUMES 8000 GAL/DAY
(.075 GAL/KWH)

THUS STORAGE AND SUPPLY ARE
A PROBLEM

Iv-9
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THEATER APPLICATIONS
OTHER REQUIREMENTS

EMISSIONS: SAFETY AND ENVIRONMENTAL REQUIREMENTS PREVAIL
FUEL TYPE: MULTI-FUEL A PLUS, NOT REQUIRED

HARDNESS: CURRENT SYSTEMS ARE VAN MOUNTED AND NORMALLY
RUN WITHIN A SECURITY FENCE

DUTY CYCLE: 24 HOURS/DAY DURING DEPLOYMENT
20-35 PERCENT DEPLOYED IN PEACETIME

START TIME: NOT CRITICAL

COSTS: FUEL COST IS A DRIVER FOR CURRENT SYSTEMS

302w Tew
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REMOTE APPLICATIONS
CRITICAL REQUIREMENTS

RAM: 63 MINUTES UNSCHEDULED DOWN-TIME/
YEAR (ACOM)

OFTEN TWO BACK-UP SYSTEMS (USAF)

FUEL SUPPLY: AVAILABILITY VARIES, BUT DELIVERIES ARE
OFTEN EXPENSIVE TO MAKE

COSTS: RELIABILITY REQUIREMENTS DRIVE
CURRENT CAPITAL COSTS AS HIGH AS
$1400/kW. COST OF FUEL DELIVERY IS
IMPOSSIBLE TO GENERALIZE, BUT OFTEN
VERY HIGH

100 TOW
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REMOTE APPLICATIONS
OTHER REQUIREMENTS

SIZE/WEIGHT: NOT A CRUCIAL FACTOR

EMISSIONS: SAFETY AND ENVIRONMENTAL STANDARDS
PREDOMINATE

FUEL TYPE: NOT CRITICAL. IN SOME LOCATIONS, LOCALLY AVAIL- .
ABLE FUEL CAPABILITY WOULD BE USEFUL '

HARDNESS: ARCTIC AND DESERT LOCATIONS HAVE HARSH ENVIRONMENT

DUTY CYCLE: VARIES, USUALLY CONTINUOUS, SOMETIMES WITH PEAKS DUE
TO OPERATIONAL STIMULUS g

START TIME: N/A !

ol
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EMERGENCY/BACK-UP

APPLICATIONS

CRITICAL REQUIREMENTS

DUTY CYCLE:

START TIME:

COSTS:

TEST ONCE PER WEEK PLUS SPORADIC,
USUALLY SHORT OPERATIONS

IMMEDIATE RESPONSE REQUIRED
FIRST COST PREDOMINATES,

A FULL DUPLICATE CAPACITY FOR CRITICAL
REQUIREMENTS

[v-13
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FACILITY APPLICATIONS
CRITICAL REQUIREMENTS

COSTS:

FUEL TYPE:

BECAUSE ALL U.S. MILITARY INSTAL-
LATIONS, EXCEPT REMOTE, PURCHASE
POWER, COST IS DRIVING FACTOR. DEPENDS
ON CONGRESSIONAL APPROPRIATION

MILITARY FACILITIES REQUIREMENTS
RESEMBLE SMALL COMMUNITIES IN
GENERAL

A MULTI-FUEL CAPACITY WOULD ALLOW
ADVANTAGE TO BE TAKEN OF LOWEST
COST/BTU OVER TIME

Iv-14
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GENERAL COSTING ASSUMPTIONS

BASELINE ECONOMIC ASSUMPTIONS
e 11% DISCOUNT RATE

e 10% INFLATION RATE

@ 8% DIT.SEL FUEL ESCALATION RATE

SUBSYSTEM COST ASSUMPTIONS
o HEAT ENGINES

$230/KW INITIAL COST
5% ANNUAL O&M COST

e STORAGE

REDOX BATTERY $150/KW + $7/KWH OF STORAGE
HIGH TEMP. THERMAL $40/KW + $31/KWH OF
STORAGE

LEAD-ACID BATTERY: $40/KWH

ALL 1% ANNUAL O&8M COST

ne = .75, nt = 9N

® COLLECTORS

2% ANNUAL O&M COST

IV-15




COST METHODOLOGY |
$KWH = (EUAC)/ANNUAL ENERGY PRODUCTION)

N
EUAC=CRF-[C+Z (M + (1 +E).F+HJ) (}—:—%)J]
J:1

orr-vevs- [t/ [ (8T Py

EUAC =EQUIVALENT UNIFORM ANNUAL COST.
CRF =CAPITAL RECOVERY FACTOR.
PV =PRESENT VALUE FACTOR OF A UNIFORM SERIES.

=LIFE EXPECTANCY OF SYSTEM.

=YEAR INDEXING VARIABLE.

=CAPITAL COST OF SYSTEM.

=DISCOUNT RATE.

=0&M ANNUAL COST

=GENERAL INFLATION RATE.

=FUEL DIFFERENTIAL ESCALATION RATE.
=ANNUAL FUEL COSTS.

=OVERHAUL COST IF J IS A MULTIPLE OF MTBO:
= @ OTHERWISE.

=MEAN TIME BETWEEN OVERHAULS.

TTNMOIOo00-2
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ELECTRICITY — COST PROJECTIONS

MILLS/KWH
200 :
%&}
\O’G@Q
G
160 \\:ohs
\a% ESC
\\
o—
™~
120 -y
40% BRAYTON OR STIRLING
DIESEL FUEL 8% ESC (BASELINE)
80
40
t
10 100 1000

GENERATOR KW

J1IR “ow
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PFS

AOM

EOM

SOM
ASF

COST METHODOLOGY U

PFS + [AOM +E +EOM + S + SOM]
ASF

$/(PEAK ARRAY KW) COLLECTOR COSTS.
PRESENT VALUE OF FUEL SAVED.

PRESENT VALUE OF COLLECTOR ARRAY O&M
COSTS.

ENGINE COSTS.

PRESENT VALUE OF ENGINE O&M COSTS.
STORAGE COSTS.

PRESENT VALUE OF STORAGE O&M COSTS.
ARRAY SIZING FACTOR.
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THEATER SYSTEM COST GOALS

$3000 — $2700

T
500 1000 18656
HOURS/YEAR
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SYSTEM IMPLICATIONS:
TACTICAL APPLICATIONS

TOTAL REPLACEMENT

RATE: 16 MW/YEAR + SMALLER UNITS

SYSTEM COST

GOAL.: AT LEAST 129-210 MILLS/KWH, BASE CASE
ARRAY COST

GOALS: $2700/KW AT 1825 HOURS/YEAR

PLANT REQUIREMENTS IMPLICATIONS:

VULNERABILITY TO VISUAL DETECTION, HARDNESS, AND SIZE AND
WEIGHT REQUIREMENTS SEVERELY LIMIT SOLAR HEAT SOURCE
POTENTIAL

NOISE. IR, SIZE AND WEIGHT REQUIREMENTS FAVOR THE ENGINES
ASSQCIATED WITH POINT FOCUSSING THERMAL AND ELECTRIC
APPLICATIONS

MULTI-FUEL REQUIREMENT FAVORS EXTERNAL HEAT ENGINES

A SOLAR/MULTIFUEL CAPABLE PRIME MOVER WITH FRACTIONAL
PROCUREMENT OF SOLAR COLLECTORS (E.G. 20 PERCENT) APPEARS
OPERATIONALLY AND ECONOMICALLY FEASIBLE

CENTRAL GENERATION OPERATIONALLY UNATTRACTIVE

Iv-20
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SYSTEM IMPLICATIONS:
REMOTE APPLICATIONS

TOTAL SCOPE: 230 MW
SYSTEM COST GOAL: $125-220 MILLS/KWH
ARRAY COST GOAL: $2700/KW AT 1825 HOURS/YEAR

PLANT REQUIREMENTS IMPLICATIONS

SOLAR SUFFERS LESS PENALTY FOR STORAGE BECAUSE CURRENT HIGH
RELIABILITY REQUIRES STOPAGE OR TWO INDEPENOINT SYSTEMS.
MODULAR SOLAR SYSTEMS BENEFIT FROM REDUNDANCY IMPOSED

BY HIGH AVAILABILITY REQUIREMENTS.

STiRLING/SUBATMOSPHERIC BRAYTON MAINTENANCE ADVANTAGES
OVER DIESEL MAY BE IMPORTANT

HIGH COST OF FUEL DELIVERY A VARIABLE, ADOITIONAL PLUS TO
ABOVE FIGURES.

CENTRAL GENERATION SYSTEM HAS LARGER BACK-UP REQUIREMENT
COGENERATION OF HEAT AN ATTRACTIVE BENEFIT

[v-21
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REMOTE SYSTEMS COST GOALS

® DIESEL GENERATOR ELECTRICITY 120-250 MILLS/KWH
DEPENDING ON GENERATOR SIZE AND REDUNDANCY

® MODULAR HEAT ENGINE USING DIESEL FUEL

$/KW
6000 1

5000 +
4000 1
3000 -
2000t

1000 1

2 " i 4 s
-

0 i 2 3 4 5 6 71 8

w
b
o

1907w AVG HOURS PER DAY SUNSHINE
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SYSTEM IMPLICATIONS:

EMERGENCY/BACK-UP
APPLICATIONS
TOTAL SCOPE: ESTIMATE 600 MW

SYSTEM COST GOALS: 250-1900 MILLS /KWH

ARRAY COST GOALS: $76/KW (100%)
$15/KW (20%)

PLANT REQUIREMENT IMPLICATIONS

e DUTY CYCLE IS INCONSISTENT WITH SOLAR AVAILABILITY UNLESS
POWER IS UTILIZED FOR SOME OTHER FUNCTION, E.G. HEATING, AND
DIVERTED FOR EMERGENCY ELECTRICITY.

e EMERGENCY SYSTEMS FAVOR LOW FIRST-COST POWER PLANTS

® A SINGLE, MODULAR SOLAR POWER PLANT CAN REPLACE A UTILITY
HOOK-UP PLUS AN EMERGENCY SYSTEM.

Iv-23
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MILLS /KWH

EMERGENCY/BACKUP COST
IMPLICATIONS AND GOALS
@ DUTY CYCLE - ONE HOUR /DAY, 50 DAYS/YEAR
PLUS 70 HOURS /YEAR.
® STORAGE REQUIRED FOR SOLAR HEAT
) SYSTEM.
000N ¢ $15-$76/KW ARRAY
1500}
COST VS. GENERATOR SIZE
1000}
500}
I _}
10 100 1000
GENERATOR SIZE (KW)
3
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SYSTEM IMPLICATIONS:
FACILITIES IMPLICATIONS

TOTAL REPLACEMENT RATE
OUT OF 5000 KW: REASONABLY 250 MWI/YEAR
COST GOALS—86 MILLS/KWH: $2500-2600/KW AT 1825 HOURS /YEAR

—90 MILLS/KWH: $2500-2600/KW AT 1825 HOURS /YEAR

PLANT REQUIREMENT IMPLICATIONS:
@ STEP SYSTEM CAN PROMOTE BASE SELF SUFFICIENCY

o FOR NEW FACILITIES, THE COST OF ON POST DISTRIBUTION CAN BE
REDUCED AND CREDITED TO COST GOALS

® SELF SUFFICIENCY AND ECONOMIC BENEFITS GREATEST FOR CRITICAL
FACILITIES WITH STANDBY REQUIREMENTS 2

® CONGRESSIONAL COMMITMENT TO CAPITAL INVESTMENT MAY OUT-
WEIGH OPERATIONAL CONSIDERATIONS
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The following questions were directed to and answered by J. Scott Hauger,

BOM:

“Do you have an estimate of what cost differential the military might
be willing to pay for reliability and independence?"

"No, not in terms of dollars. However, one ke’ to marketing systems
to the military is the generation of requirements documents. There
are requirements documents that exist stating the benefits to the
military without regard to technology. In terms of cost benefit
analysis, I am not aware that they exist."

"Naturally, one constraint has been and is Congressional support. Do
you have a feel for the extent of Congressional commitment for this
technology?"

"As an observation from the sidelines I can say that there are defi-
nitely persons in Congress that can have an impact on passing legisia-
tion for military applications of solar technology. It would appear
that solar energy military technology would draw together some
political interests by intersecting the circles of environmentalists,
military procurement specialists, and solar energy supporters that
exist in Congress. However, it would be futile to go further by
predicting personal attitudes of Congressional supporters.”

"At the 10KW rating, a slide displayed that advanced Stirling and
Brayton engines were better than a diesel by a factor of 3. Why is
the military not frantically developing Stirling and Brayton systems?"

"Firstly, these figures were simply cost projections based on life

cycle assumptions. Secondly in the 1960's when fuel was plentifui and
the goal was silent power, the military showed significant interest in

Iv-29
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Stirling engines. Now there are competing technologies such as gas
turbines, solar thermal, solar electric, fuel cells, diesels, as well
as Stirling and Brayton engines. Each is at a different point of
program development, hence many are not being considered competitive
because of a lesser degree of developmeiit."

"Do you think that the combination technology of solar thermal adds to
the aforementioned technology sufficiently to raise interest?"

"There are persons here because they hold the opinion that it does.
That is one reason for this workshop."

“To this point no mentio:: has been made concerning photovoltaic tech-
nology as being a competitor to point focusing thermal eiectric tech-
nology. It seems quite necessary to consider this alternative for the
proposed military and industrial markets and to compare the relative
merits of the two technologies. Shouldn't this be closely considered
when identifying markets and applications?"

"Certainly this should be considered. Yet there are certain dif-
ferences that are inherent to the marketing of these systems. The
uniqueness of the point focusing system is that it is hybrid and fuel
becomes the medium for storage. Photovoltaics have quite different
requirements for electrical energy storage. Thus, the two cannot be
compared solely by cost analysis. Their operational effectiveness
becomes a critical comparison factor. A personal opinion is that
photovoltaics are much better suited for applications less than 1KW
than are solar thermal units. Larger applications are more difficult
to compare and assess. However, for portable applications, photo-
voltaics cannot compete due to their storage requirements. This may
also hold true for remote applications due to the cogeneration cap-
ability of solar thermal units.
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Additional Comments

“In the interest of persons desiring to create a market for solar
technology as well as those persons involved in R&D, the simple necessity
to sell solar technology, whether it be solar electric, solar thermal,
hybrid, etc., should be emphasized. Once this is uone, the superior tech-
nology will emerge as a direct consequence. So perhaps efforts to pre-
determine the 'best' would be wisely directed towards creating a market.
The type of disagreement between solar thermal and solar electric is much
like the nonsensical bickering between the Army and the Navy. Our purpose
should be to make solar tech.ology real."

"Several things should be pointed out concerning the comparison of
solar thermal units and photovoltaics. A consulting firm has been con-
tracted to do this analysis and although the study is not yet complete,
several results should be noted. It was found that the biggest problem of
the competing technologies is, figuratively speaking, in the ditch. Solar
thermal units often require a high degree of precision concerning concen-
trating ratios in order to achieve their high efficiency ratings. This is
not true with photovoltaics. Yet even with the large tracking arrays
needed for high efficiency solar thermal systems, they are still very
competitive with photovoltaics."

"The other conclusion has been that small 5 or 6 meter less rigid
dishes combined with Stirling engines can be more economically feasible
than photovoltaics in the 1XW to 7KW region."

"It should be pointed out that the marketplace is so very complex that
there is no way to possibly study all the different tradeoffs that must be
made. Only the market environment will eventually show what technologies
will penetrate. Hence, care shculd be taken at this point in assigning
specific technologies to narrow markets. If one or the other technology is
pushed too hard, the market will be distorted."
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SOLAR THERMAL ELECTRIC POWER SYSTEMS
! IMPACT ANALYSIS AND REQUIREMENTS DEFINITION STUDY

Dr. Yudi Gupta
Science Applications Inc.

Solar thermal electric power systems have the potential to supply

power for industrial, commercial, institutional, and utility applications
and to reduce consumption of non renewable fossil fuels. SAIl is currently
under contract to JPL to analyze the impacts of solar thermal electric
systems and to define requirements in terms of system cost, performance,
and design which are necessary for the development and utilization of solar
L electricity.
. The original scope of the study was to address applications for solar
thermal electric systems in the 1-10 MWe size range over the 1985-2000 time
frame. This scope is currently under review for modification; however, the
results to date and the discussion here relate primarily to electric-only
applications in the 1-10 MWe range.

The impacts analysis and requirements definition of solar thermal
electric systems is an extremely complex analysis for even a single appli-
cation. Several key steps are involved. It is first necessary to evaluate
the status of solar thermal electric technology, to identify promising
applications, and to characterize important site/region variables. 1In
addition, these interrelated tasks must be developed quantitatively in
terms of system cost/performance models, load models and characterization
of user energy and financial needs, and models on site/region characteris-
tics including hourly weather tapes. It 1is then possible to perform
detailed impact assessments and identify key cystem requirements.

The approach taken by SAI reflects each of the key steps. Because of
the qualitative orien.ation of this workshop and the short time allotted,
the emphasis here is on the general nature of the applications, the data
requirements, and the key parameters which must be addressed for an effec-
tive solar thermal electric requirement definition.

PRECED "
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The major subsystems of a solar thermal electric plant include:

(1) concentrator

(2) receiver

(3) thermal and electrical transport

(4) thermal and/or electrical storage

(5) turbine/generator

(6) power conditioning and load/utility interface.

A variety of technologies are currently under investigation for each
of these subsystems, each with its own set of design parameters and cost/
performance characteristics. The presentation slides provide a few brief
examples of collector design parameters, thermodynamic cycles, and current
engine availability. Key environmental parameters that influence the
system include meteorological variables such as insolation, temperature,
humidity, pressure, etc., and cost drives such as soil bearing capability,
seismic zone, and land availability.

These environmental parameters are directly related to regional con-
siderations. Data profiles for each of the major meteorological variables
have been derived by SAI for the U.S. based on hourly analysis of SOLMET
weather tapes at 76 sites. Two primary parameters which affect system
cost/performance a~¢ direct normal insolation and cost of conve 1o0nal
electricity., The cost-effectiveness (present worth) of a s2lar system for
a given configuration is generally proportional to the product o* ‘hese two
parameters; hence, SAI has used this g ict as a cost-effectiveness para-
meter to develop, in conjunction with irsulation, a regionalization of the
U.S. for large grid-connected applications. As shown in the slides, direct
normal insolation values for the U.S. range from 1200 to 2800 KNH/mz.y;
industrial electricity costs for 1976 ranged from .005 to .04 $/kwh; and
the corresponding cost-effectiveness parameters ranged from a low of 5
S/mz.y in Washington state (low insolation, low electricity costs) to a
high of 60 S/mz.y in Hawaii (high insolation, high electricity costs).

12 kwh
in 1977 for approximately 90 million grid-connected customers. From the

Total electrical energy consumption in the U.S. was about 2.10
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average use per customer, it is clear that potential grid-connected appli-
cations of 1-10 Mwe systems are primarily large commercial/industrial/
institutional. customers. However, various classes or applications have
quite different energy requirements based on their key mission require-
ments. The proritability orientation of manufacturing establishments, for
example, stands in sharp contrast to the defense mission of military
installations or the concern of utilities for reliable power generation.
As shown in the presentation slides, these differing mission requirements
imply different concerns and issues for solar thermal electric power
systems.

A detailed analysis of potential industrial applications was performed
based on energy consumption, electricity costs, load shapes, insolation,
and represe--ative solar system performance and costs. For each 3-digit
SIC code ar- state, the profitability of solar investment was calculated,
and the resulting energy displaced was estimated based on user load shapes
and conservative system sizing (turbine/generator output no more than
average daytime demand). As expected, specific industry-state combinations
look attractive because of high electricity costs and/or high insolation;
with total market size also important. Land availability, which is also a
key factor, was not addressed in this analysis because of insufficient
data; nominal land costs were used in the economic analysis.

Load profiles are an important consideration for analyzing the impacts
of solar thermal electric systems. SAI has developed a large data base of
load profiles for various applications. In line with the interests of many
of the workshop attendees, it is interesting to note that military instal-
lations provide a mix of activities whose energy demands are very similiar
to civilian energy consumption patterns. Military loads reflect a mix of
residential activities, 24-hours continuous industrial and equipment loads,
and one or two shift administrative and commercial-type activities. Data
is provided in the slides to illustrate these characteristics. Military
installations are considered to be a favorable application because of the
desire to be independent of utility outages, the availability of manpower
for operation and maintenance, the availability of funding if mission
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requirements are met, and the orientation towards long-term economics.
However, a detailed analysis of design requirements (e.g., back-up energy)
in relation to mission requirements has not yet been performed.

During the next fiscal year SAl will develop impact analyses and
address the key issues for a requirements definition of solar electric
systems. These {ssues will be addressed in relation to user energy
requirements and site characteristics and will consider system design
requirements, system cost requirements, subsystem performance and func-
tional requirements, operational and maintenance requirements, and con-
struction and installation considerations.
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PRESENTAT 10N OUTLINE

OVERVIEW GF IMPACT ANALYSIS AND REQUIREMENTS DEFINITION STUDY
SYSTEM PERFORMANCE CONSIDERAT IONS

REGIONAL CONSIDERATIONS

APPLICATIONS CHARACTERISTICS

NATURE OF SOLAR THERMAL ELECTRIC REQUIREMENTS DEFINITION
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STUDY SCOPE
(CURRENTLY BEING MoDIF1ED)

1 - 10 MWe SOLAR THERMAL ELECTRIC SYSTEMS
1985 - 2000 TIME FRAME

UNITED STATES APPLICATIONS
o UTILITIES |
o INDIVIDUAL Users

DETAILED ANALYSIS OF

o SYSTEM PERFORMANCE

o SvysteM Cost ProJECTIONS
o User ImpacTs

o DesiGN ReQuIREMENTS
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STUDY OBJECTIVES

ASSESS SCLAR THERMAL ELECTRIC TECHNOLOGY STATUS AND DEVELOP PERFORMANCE/COST MODELS
IDENTIFY POTENTIAL APPLICATIONS OF SOLAR THERMAL ELECTRIC PUWER

EVALUATE [MPACTS OF SOLAR THERMAL ELECTRIC SYSTEMS ON
e Urtuiries

= LARGE UTILITIES

~— SMALL UTILITIES

= DISPERSED ON-SITE GENERATION

o InpiviDuaL LoADs
— GRID-CONNECTED
— GRID-ISOLATED

ASSESS DESIGN REQUIREMENTS FOR SOLAR THERMAL ELECTRIC SYSTEMS

® SysTem CONFIGURAT IONS o FuncTioNnAL CHARACTERISTICS
o Svstem DEsiGN PARAMETERS OPERATION AND MAINTENANCE
— COLLECTOR
STORAGE

TURLINE GENERATOR St1e ReauIREMENTS

.
o CONSTRUCTION AND [NSTALLATION
’

DISPATCH STRATEGY .

SAFETY AND LEcAL Issues
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SOLAR THERMAL ELECTRIC POWER SYSTEMS .
KEY STEPS NECESSARY FOR SYSTEM REQUIREMENTS DEFINITION

/
DATA BASE DEVELOPMENT Y79 o/
o SOLAR ELECTRIC SYSTEN /s
COST/PERFORMANCE /s

o SITE/REGIONAL /
CHARACTERISTICS y

o APPLICATION /s AT A -
CHARACTERISTICS / C1 ASSESSME

RELIABILITY (LOSS OF
LOAD PROBABILITY)

FUEL DISPLACEMENT
(GENERATION DISPATCH)

CAPACITY DISPLACEMENT
(EXPANSION PLANNING)

ECONOMIC EFFECTS
PENETRATION MALYSIS

REQUIREMINTS DEFINITION

SYSTEM CONFIGURATION
SYSTEM DESIGN
SYSTEM ECONORICS
SITC

FUNCT LONAL

OPERAT IONAL

SATETY AND LEGAL
CONSTRUCTION AND INSTALLATION 1

’
ey

.
bt solblne ol
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GENERIC SOLAR THERMAL ELECTRIC GENERATING PLANT

CONCENTRATION/RECEIVER THERMAL TRANSPORT THERMAL STORAGE
® PARABOLOID DISH ® WATER/STEAM ® SENSIBLE
® POINT Focus FRESNEL o OILS ® LATENT (PHASE CHANGE)
® OTHER @ SALTS ® CHEMICAL
¢ LIQUID METALS ® HYBRID FOSSIL FUEL
® CHEMICAL
TURBINE/GENERATOR ELECTRICAL ELECTRICAL
® OPEN BravToNn IBAML—— STORAGE
o|® CLOSED BRAYTON ® DISTRIBUTED|, _]® LEAD ACID
® STEAM RANKINE ® CENTRAL ® SODIUM
® ORGANIC RANKINE |o IRON REDOX
i ® STIRLING '
‘ ® COMBINED CYCLES
POWER
CONDITIONING
AND LoAD
LOAD/UTILITY
INTERFACE
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DISTRIBUTED GENERATION MODE

POTENTIAL CONFIGURATIONS

THERMODYNAMIC CYCLE
COLLECTOR/ RANKINE
RECEIVER 8RAYTON ;BRAYTON THROUGH
SYSTEM OPEN CLOSED STIRLING | RANKINE | STORAGE ! COMBINED
Heliostat
Field
Parabolic e O ® o ® ) ° °
Dish o @ e o e o e o
Parabolic
Trough
Fixed
Mirror
@ Electrical Transport
CENTRAL GENERATION MODE
THERMODYNAMIC CYCLE
COLLECTOR/ - RANKINE
RECEIVER BRAYTON | BRAYTON THROUGH
SYSTEM QPEN CLOSED STIRLING | RANKINE | STORAGE ! COMBINED
Heliostat (;) (o) .
ORIOJOREONONOJOMOROREORO)
Parabolic Q0000 0|W® ©@®| OO
Oish o ¢ | o o
Parabolic e o o o
Trough o o e o
Fixed e o e o
Mirror e o e o
® Thermal Transport
<:>Chemﬁca1 Transport
:SW Storege
Hyord \r '/' {No Hybrid
[ ] [ ]
Nostorsse] UL X fhos
. o Storge
Hybrid }'/ \im Hybrid
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POWER OUTPUT
OF THERMAL
TRANSPORT
SUBSYSTEM

DISH COLLECTOR PERFORMANCE PARAMETERS

COLLECTOR
AREA

A () o nc(t) . "R(QC‘QRL) © o

DIRECT
INSOLAT [ON

RECEIVER EFFICIENCY
® ABSORPTIVITY

® RERADIATION LOSSES
@ CONVECTION LOSSES

grt8p)

¢ \THERMAL TRANSPORT

ONCENTRATOR EFFICIENCY

® OPTICS EFFICIENCY
— REFLECTIVITY ® PUMPING LOSSES
— TRANSMISSIVITY ® THERMAL LOSSES

=— ATMOSPHERIC ATTENUATION
® INTERCEPT FACTOR

— SURFACE ERRORS

— TRACKING ERRORS

— APERTURE SIZE

— OPTICAL LOSSES
2  GEOMETRY

— COSINE LOSSES

= SHADING
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' Intercept Factor

COLLECTOR PERFORMANCE
TYPICAL DISH RECEIVER INTERCEPT FACTOR

FLUX DISTRIBUTION

SPILLAGE
LOSS

APERTURE

Hi

10 20 3o 40 50

POINTING ERROR, {4

(01S STD. DEV. OF FLUX DIST.)
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RECEIVER EFFICIEPCY (1), %

3
|

COLLE=CTOR PERFORMANCE (CONTINUED)

TYPICAL DISH RECEIVER EFFICIENCY VERSUS CONCENTRATOR
QUALITY AND TEMPERATURE (JPL DatA)

%

8

EMISSITIVITY:

—ea €2.!

———— e ) 9

A
3 ¢ S 6 ? [ ] '
CONCENTRATOR QUALITY C, mmo
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NET ENGINE EFFICIENCY, PERCENT

%
!
ik
.
TYPICAL HEAT ENGINE EFFICIENCIES
i i T ]
|
RS
i
ADVANCED PERFORMANCE
TARGET
— — — NOMINAL PERFORMANCE
1 | 1 i
1000 1500 2000 2500 _:
PEAK CYCLE TEMPERATURE, DEGREELS F !
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PO,

Overall clliciency, poercent

TURBINE GENERATOR PERFORMANCE (COWTINUED)
UNITED STIRLING P-4 ENGINE EFFICIENCY CURVZ

35— Engine speed,
rpm
2400
1200 / /

40 — /
+300
/ Heater-tube
outer-wall
/\ temperature,
/ oc
1120
35—
1020
30 —{

0 <0 30 0
Power, W
SIS WS TATA
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SOLAR ELECTRIC SYSTEM COST/PERFORMANCE
REGIONAL ENVIRONMENTAL PARAMETERS

0 SYSTEM PERFORMANCE

DRY BULB TEMPERATURE |
WET BULB TEMPERATURE ;
PRESSURE
SUN POSITION
INSOLAT ION .
ATMOSPHERIC ATTENUATION
WIND VELOCITY
CLOUD COVER FLUCTUAT IONS
WATER AVAILABILITY

¢ SYSTEM COST
® SOIL BEARING—FOUNDATIONS
® SEISMIC ZONE—FOUNDAT IONS
® DESIGN WIND SPEED
® LAND AND LABOR COSTS

@ SYSTEM ECONOMICS
® COST OF CONVENTIONAL ELECTRICITY
® COST OF BACKUP ENERGY AND CAPACITY
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REGIONAL INSOLATION CONTOURS
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AWNUAL DIRECT INSOLATION, 1-HA/NZ Y
g g

SCATTER PLOT
INSOLATION VERSUS INDUSTRIAL ELECTRICITY COST BY STATE

B84——COST EFFECTIVENESS MEASIRE, $/ndy
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. L0310 018 .020 .28 .0an

INDUSTRIAL ELECTRIC ENERGY COST, $/ww-um
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REGIONAL DIVISIONS BASED ON COST-EFFECTIVEWESS CRITERION
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APPLICATION AREA

ETILITIES/LOAD
ENTERS

MANUFACTURING

COMMERCIAL

INSTITUTIONAL

MILITARY

COMPARISON OF KEY ISSUES

MISSION

1-10 MWe SCLAR THERMAL APPLICATIONS

KEY ISSUES -

PROVIDE RELIABLE ©® RELIABILITY

POWER AT REASON-

T——
JR—

ABLE COST o
°
°
°
0
°
MANUFACTURE AND 0
SELL PRODUCTS .
PROFITABLY
PROVIDE PRODUCTS/ @
SERVICES .
PROFITABLY
—_— °
0
PROVIDE REQUIRED 9
SERVICES (E.G., .
EDUCAT ION -
ADMINISTRATION) '
°
MAINTAIN DEFENSE o
CAPABILITY o
°
.
.
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FUEL AVAILABILITY

FUEL DISPLACEMENT OF
SOLAR

CAPACITY DISPLACEMENT

* OF SOLAR .

ENVIRONMENTAL POLLUTION
PERFORMANCE DEMONSTRATION
LIFE CYCLE COSTING

NEAR-TERM PROFITABILITY
NEGATIVE CASH FLOW

NEAR-TERM PROFITABILITY
CAPITAL AVAILABILITY
OPERATION AND MAINTENANCE
BUYER PERCEPTION

PuBLIC SUPPORT

FUNDING AVAILABILITY
OPERAT ION AND MAINTENANCE
CosT EFFECTIVENESS

MISSION REQUIREMENTS
OPERAT IONAL REQUIREMENTS
DEPENDABILITY

BACKUP suPPLY

LIFE CYCLE COSTING
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IMPACT OF SOLAR ELECTRIC SYSTEMS

USER LOADS

G

"°‘°\ utiLITY sueeLy| 1

UTILITY

SOLAR DISPLACED.ENERGY

PEAKING

OLD FOSSIL

i, AL,

L] T - F T S U,

. 5 NEW FOSSIL
SOLAR GENERATIQ! NUCLEAR
+ + 4 - -+ +
6 12 18 24 ] 3 12 18 24
TIME OF LY TIME OF DAY
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INDUSTRIAL APPLICATIONS

® KEY PARAMETERS FOR RANKING BASED ON PROFITABILITY
AND ENERGY DISPLACEMENT

RecioNAL INSOLATION (BY STATE)
User CosT oF ENERGY (BY STATE AND SIC CODE)

. User ENERGY CoNsuMPTION (BY STATE AND SIC CODE)

User LoAD SHAPE (BY SIC CODE)
LanD AvarLaBILITY*
SoLAR SysTEM PERFORMANCE/CoST

*CONSIDERED TO BE A KEY FACTOR BUT DATA DIFFICULT TO

OBTAIN,
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INDUSTRIAL APPLICATIONS
SUMMARY OF RANKING RESULTS

® FAVORABLE LOCATIONS

BASED oN ENERGY DISPLACED BY SOLAR:

— CALIFORNIA

— MASSACHUSETTS

— ARIZONA

— NEW JERSEY

— TEXAS ‘

BAsED oN RETURN ON INVESTMENT:

= HAWAII
= CALIFORNIA HIGH INSOLATION
- ARIZONA

— MASSACHUSETTS
T NANSACHUSETTS | HIeH ENERGY COSTS

O FAVORABLE INDUSTRY GROUPS

BAseDp oN ENERGY DisPLACED BY SOLAR:

IRON AND STEEL INDUSTRIES
MOTOR VEHICLE INDUSTRIES
PLASTICS

INDUSTRIAL CHEMICALS
AIRCRAFT INDUSTRIES
CONCRETE AND CEMENT

BASED oN RETRUN oN INVESTMENT:

— SAW MILLS AND PLANING MILLS ) VERY HIGH ENERGY
— WOOD PRODUCTS COSTS IN A
— PRINTING AND PUBLISHING ’ PARTICULAR STATE
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INDUSTRIAL APPLICATIONS
SUMMARY OF MARKET PENETRATION ANALYSIS

SOLAR THERMAL ELECTRIC SYSTEMS HAVE POTENTIAL APPLICATIONS IN MANY INDUSTRIES

SOLAR ELECTRIC SYSTEMS MAY BECOME ECONOMIC IN THE 1985-1995 TIME PERIOD IF COST GOALS
ARE MET

SPECIFIC INDUSTRY-STATE COMBINATIONS LOOK ATTRACTIVE BECAUSE OF HIGH ELECTRICITY COSTS
AND/OR HIGH INSOLATION

ADDITIUNAL KEY FACTORS INCLUDE

-~ LAND AVAILABILITY

~— TAX INCENTIVES/FEDERAL LOAN PROGRAMS
— PROJECTED SYSTEM COST AND PERFORM:NCE

LOAD SHAPE AND MAGNITUDE ARE KEY FACTORS IN DETERMINING SYSTEM SIZING AND THE RESULTANT
ENERGY DISPLACED BY SOLAR

LOAD SHAPE [S WOT A MAJOR DETERMINANT OF SOLAR ECONOMICS FOR GOOD DESIGHS (ASSUMING
THERE IS A SIGNIFICANT DAYTIME LOAD)
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HOURLY LOAD PROFILE DATA BASE
LARGE GRID-CONNECTED LOADS ¢ 120 CUSTOMERS BY 4-DIGIT SIC CODE
(Peax Demann 2 0.5 MW) o 1/2-HOURLY VALUES FOR FULL YEAR

INTERMEDIATE LOADS (0.05 - U.5 M) e 100 AGGREGATED LOADS BY 2-DIGIT SIC CODE
o 1/2-HOURLY VALUES FOR FULL YEAR

UTILITIES o SMALL AND LARGE SYNTHETIC UTILITIES

o  SEASONAL AVERAGE DAILY PROFILES
MILITARY BASES o  SEASONAL AVERAGE AND/OR TYPICAL DAY
PROFILES
OTHER (AGRICULTURAL,
RESIDENTIAL, PARKS...) e SELECTED PROFILES
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CASE STUDY
MILITARY INSTALLATIONS ENERGY CHARACTERISTICS

@ MILITARY INSTALLATIONS PROVIDE A MIX OF ACTIVITIES WHOSE ENERGY DEMANDS
ARE SIMILAR TO CIVILIAN ENERGY CONSUMPTION PATTERNS

e RESIDENTIAL LOADS
— Diverse ELECTRICAL

— CooLING
-=  HEATING

o 24-HOUR CONTINUOUS LOADS
— InpusTRIAL LoADS
— EquiprMeNT LoaDs

o DAYTIME LOADS
— ADMINISTRATIVE
— CoMMERCIAL
— ONE OR TWO SHIFT ACTIVITIES
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ELECTRICAL

DEMAND (MW)

TYPICAL RESIDENTIAL LOAD

1.6

L T N SN § I T LJ v v ] ‘ | § 1 A ) v l 1 ) A v v ¥

7/27/79, THRUSDAY (PEAK PERIOD DAY)

1 A 1 L l A A P A l, j S N ] 1 I A 1 i

d
0600 1200 1R00 2400
TIME
DEMAND PROFILE, BELLEVUE HOUSING, DC
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TYPICAL SINGLE SHIFT LOAD WITH SOME 24-HOUR ACTIVITIES

| 2F
I

10}

+ ¢+ ¢+t 1+ ot 4 1t g9t 1 4 1 4t -+ 1 t 1 1 1

8!00 0600 1200 1800 2400
TIME

ELECTRICAL DEMAND, ROCK ISLAND ARSENAL
(ANNUAL COMPOSITE)
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TYPICAL 3-SHIFT, 24-HOUR LOADS
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;i. U.S. NAVY SURMARINE BASE
NEW LUNDON, CT
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GENERIC MILITARY/CIVILIAN INSTALLATION LOAD PROFILE MODEL

ELECTRICITY
DEMAND
(ARBITRARY UNITS)
q-
DAYTIME
ACTIVITIES
I

2 RESIDENTIAL
1 -
24-HOUR ACTIVITIES
1 I 1 ]
0020 0600 1200 1800 2400
TIME OF DAY
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NUMBER OF SELF-GENERATED ELECTRICITY
INSTALLAT [ONS

25 M

207 U:.S., AIR FORCE

rJ—l 1 | 1 ! | . M

0 5 10 15 20 25 50 55

107 MW-HR/YR

NOTE: DOES NOT INCLUDE THIRTY-FOUR INSTALLATIONS THAT REPORTED LESS THAN
100 MW-HR/YR GENERATED.
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TOTAL ELECTRICITY CONSUMED

NUMBER OF
INSTALLAT [ONS

40

SO'I U.5. ARMY

0

3 N 3 104 cI-l | . §
50 100 150 200 259 300 250 409
107 MW-HR/YR
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INSTA R O s COST OF PURCHASED ELECTRICITY

30 B
25 I
U.S. NAVY

20T

1y

10 ]

5

— L,
N S 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8% 49
MILS/KW=1IR
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NUMBER OF
INSTALLATIONS TOTAL HEAT CONSUMED

e

5T

U.S. AIR FORCE

151

1[4 .

0 0.5 1.0 1.5 2.0 2.5 3.0

1012 BTU/YR

NOTE: DOES NOT INCLUDE NINETEEN INSTALLATIONS THAT REPORTED
"LESS THAN 0.03 x 1012 BTU/YR CONSUMED.

IV-66




NUMBER OF COST OF HEAT PRODUCED
INSTALLATIONS

301

U.S. ARMY

20f r

15

T
I
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' - a.oon
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MISSION
REQUIREMINTS

OVERVIEW OF REQUIREMENTS DEFINITION

A

SYSTEM COST
REQUIREMENTS

SOLAR THERMAL ELECTRIC PLANT REQUIREMENTS DEFINITION

SITE
CHARACTERISTICS
A SYSTEM
DESIGN ol PERFORMANCE OF
REQUIREMENTS FUNCT IONAL
T REQUIREMENTS
LEGALAREGULATORY OPERATING
REQUIREMENTS REQUIREMENTS
)
| CONSTRUCTION
AND INSTALLATION
[V-68
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P

KEY CONCEPTUAL DESIGN PARAMETERS

PREFERRED SYSTEM CONFIGURATIONS
COLLECTOR AREA

STORAGE

TURBINE GENERATOR CAPACITY

HYBRID CAPACITIES

BALANCE OF PLANT

LOAD INTERFACE

UTILITY INTERFACE

STORAGE/HYBRID OPERATING STRATEGY

SuN FoLLOWING
TRANSIENT BUFFERING
Lever Qurput
STARTUP

PEAK SHIFTING
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KEY ELEMENTS OF REQUIREMENTS DEFINITION

Mission REquIREMENTS S1Te CHARACTERISTICS
® RELIABILITY . ® LAND AREA
® POWER REQUIREMENTS ® TOPOGRAPHY
® RELIABILITY @ WATER AVAILABILITY
® OPERATION AND MAINTENANCE ® SEISMIC ZONE
® PERFORMANCE ® WIND SPEEDS
® COST AND FINANCING - DESIGN LIMITS
~ OPERATIONAL g
e _ETC. |
i
] { 5
CosT REQUIREMENTS DESIGN REQUIREMENTS FuNcTIONAL REQUIRENENTS ;
@ BREAKEVEN COSTS o0 SYSTEM CONFIGURATION | @ CONCENTRATOR
B ® SOLAR ECONOMICS lemg]® COLLECTOR oppg|e RECEIVER
@ SENSITIVITY ANALYSIS ® STORAGE/HYBRID ® TURBINE/GENERATOR 3
® PENETRATION ® TURBINE GENERATOR ¢ STORAGE/HYBRID
¢ LOAD INTERFACE ® LOAD/UTILITY INTERFACE
® UTILITY INTERFACE
¢ STORAGE/HYBRID DISPATCH
4 ® FDR
y
LEGAL/REGULATORY OPERATING REQUIREMENTS
0 SAFETY o START UP
® ENVIRONMENTAL ® SHUT DOWN
¢ TESTING @ MAINTENANCE
¢ DATA ACQUISITION
® INSTRUMENTATION ;
® CONTROL AND DISPATCH| ;
]

CONSTRUCTION AND INSTALLATION i

® PROCUREMENT
@ CONSTRUCTION MANAGEMENT P 0OPERATION
® CONSTRUCTION SCHEDULE N
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The following questions were directed to and answered by Dr. Yudi Gupta,
SAIL:

Q. "The Department of Planning and Economic Development for the State of
Hawaii is conducting a program to study the energy picture of the next
25 years. The largest problem that has been encountered is that of
obtaining data on cost, performance, etc. Is the information which
has been presented here available for distribution, even tnough it is
in preliminary form?"

A, "A data base summary report has been completed and has been submitted
to JPL. After review and modification, this report should be avail-
abie from their office."

Q. "What criteria were used for selection of the 'attractive' indus-
tries?"
A. "Among those considered were profitability, (return on investment),

market size, land availability and load shape."
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Slide 1

MilHdbk 411 establishes performance requirements and configurations
for Power Systems supporting DCS stations.

Under reliability, the handbook states in effect that the primary
power source and distribution system should be engineered and designed to
provide optimum reliability at the lowest overall cost, considering initial
installation, maintenance, and operation. The amount and class of
auxiliary power required at facilities is determined by the degree of
reliability dictated by strategic and operational considerations. The
handbook makes the following statement under availability. The primary
power supply, auxiliary power supply, and distribution system shall be
engineered so as to provide 99.99% availability (exclusive of scheduled
outages) to the technical load bus and not in excess of 53 minutes total
outage time during any one year.

DCA Circular 350-125-1 establishes planning principles shown on this

slide.
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1. POWER SYSTEM PERFORMANCE REQUIREMENTS

2. POWER SYSTEM CONFIGURATIONS AND

WEAKNESSES

3. POWER DEMAND RANGES FOR DCS S§ITES
4. FUEL DELIVERY PROBLEMS
5. NEED FOR COGENERATED HEAT

8. OPERATIONAL CONSTRAINTS
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Slide 2

The foregoing constitutes the essence of DCA guidance on Power Systems
for the DCS. Now I'll discuss Power System Configurations illustrating
some of the ways to provide power system availability meeting DCA's 99.99X
requirement.

Power availability to the load can be increased by providing a second
utility source.
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PLANNING PRINCIPLES

A. THE REQUIREMENT FOR POW.R IMPROVEMENT PROJECTS WILL
BE BASED ON:

(1} UNACCEPTABLE AVAILABILITY, CONSIDERING OVERALL
SYSTEM INDPACT,

2) RCPORTED DCZFICIENCIES;

(3) OBSOLETE EQUIPMENT AND PARTS;
{4) UNSAFE OPERATING CONDITIONS; OR
(%) 'MCREASED MISSION CAPABILITY.

8. POWER IMPROVEMENT FOR THE SOLE PURPOSE OF
FRACTIONAL INCREASE IN POWER AVAILABILITY WILL BE AVCITED.




Slide 3

This is not usually viable, For the second source is seldom available
and an outage to one half the load occurs in switching from source to
source,

Two utility sources combined with an engine generator set to provide
varying degrees of emergency power is shown here.
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UTILITY UTILITY
SOURCE | SOURCE 2
A
2 a A
- b b Gk an o - i
N | J
Y | v/
!
!
Imig
BUS 4 . A<IRCUIT BREAKER au
NN 7
LOADS LOADS

TWO-UTIL!TY-SOURCE SYSTEM WHERE ANY
WO CIRCUIT BREAKLRS CAN BE CLOSED
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Slide 4 .
On-site standby generators would always be pro-ided to DCS stations
for immediate recovery from outages and as protecticn against catastrophic
type commercial power failures resulting from civil strife, tornadoes o
network blackouts.

There is yet another factor besides availability to be considered and
that is the impact of computers on Power System, or perhaps I should say
the impact of raw power on computers.




uriLITy
SOURCE 1

UTILITY
SOURCE 2

ATO1

- GENERAL DISTRIBUTION

SEPARATL HACEWAY

{

SECOND-OEGREE
CRITICAL LOAG

ATDS

I i

A R

ATD2

ATODl \ ATO4 E

FIRST-DEGREE
CRITICAL LOAD

TWO UTILITY SOURCES COMBINED WITH AN ENCINE GENERATOR SET TO

PROVIDE VARYING DEGREES OF EMERGINCY POWER
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Slide 5

As indicated on this slide of typical line voltage tolerances of
computers, a reduction in voltage below 90% of normal for 30 cycles consti-
tutes an outage; a reduction to 75% of normal for only a fraction of a
cycle constitutes an outage. Significant equipment degradation and data
loss can result without even approaching overall availability requirements.

The effects of power supply disturhances must be reduced to acceptable
levels or eliminated. Possibilities include the following:

(1) Modify electronic and computer equipment to be impervious to
power disturbances and discontinuities.

(a) Design for DC input

{(b) Provide circuits with greater tolerance for disturbances and
discontinuities \

(c) Includé energy storage circuits in power supplies to provide
ride-thru capability.

Suggested design parameters may be:

x Voltage dips to 60% or rated for a 5Hz period

* Pulse transients of 500 volts peak to peak up to 1/2Hz
duration

x Frequency deviation of 1/2Hz.

(2) Interposing a motor-generator power conditioner or an uninter-
ruptible power supply system between the prime source and the computer.
Either will function as a buffer to transients.

Although wusers may exert some influence upon communications-
electronics equipment design through their procurement specification, in
the past the only option available to communications systems users is the
power conditioning option.

Currently, static UPS procurement costs are $1400/KW. These systems
are costly to operate and maintain, consuming 20% of their output in
internal losses, requiring an air conditioned space for maximum reliability
and skilled technicians to repair.

These next 5 slides illustrate various UPS configurations.
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Slide 6

A motor generator with flywheel provides a minimum of 300MS ride thru.
Reliability is limited by an extremely heavy and high speed flywheel.

e I o T

o

T,




-
INPUT w CRITICAL
AG POWER ) M cmee] £ leedf @ /M LOAD
S AC POWER
‘ @
| INDUCTION ALTERNATOR
MOTOR

SIMPLE INERTIA-DRIVEN “RIDE-THROUGH" SYSTEM

o P T T D T A P T T — S —
e o




. Slide 7
This system is usable where critical loads can tolerate the 1.5Hz

frequency drop during transition to diesel drive.
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Slide 8
Manufacturers claim an Mean Time Between Failure (MTBF) of 20,000
hours for the non-redundant status UPS.
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Slide 9

According to the IEEE STD 446, the parallel redundant system is two to
four times more reliable than a non-redundant system; but the equipment
cost is double. However, this concept allows for maintenance of one unit
while the other carries the 1cad. Normal operation would consist of both
units sharing the load. When one fails, only a 50% load transfer would be
experienced. The Navy has had success with a more efficient variation of
this scheme. When one unit operates fully loaded, the other remains off.
If the loaded unit fails, the load transfers to the synchronized bypass
until the spare unit is turned on. This provides '‘greater energy efficiency
but a 100% load transfer is necessary.
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Slide 10

The static bypass switch adds only about 20% to the cost of a non-
redundant system but is 8 to 10 times more reliable. Army Communications
Command favors this system as being most cost effective. Particular com-
munications subsystem requiremeris should be considered in making the final
design selection.
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Slide 11

DCA through the Defense Communications Engineering Center at Reston,
Virginia, has recently tasked the Army to determine the feasibility of
integrating multiple sources of power into a consolidated alternate power
system for unattended communication facilities. The power sources would
consist of photovoltaic cells, thermoelectric generators, and batteries.
Most important 1is the essential control logic which will perform the
switching as their capability to provide power varies. This slide exempli-
fies a basic concept which may be used at an unattended microwave repeater
location.
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Slide 12
Objectives are shown on this slide.
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PROJECT OBJECTIVES. SPECIFIC OBJECTIVES OF THIS
PROJECT ARE TO:

A. VERIFY THE FEASIBILITY OF USING RENEWABLE SOURCES
OF POWER (SOLAR AND WIND) AS A PRIMARY ENERGY SOURCE FOR
MILITARY COMMUNICATIONS APPLICATIONS.

‘B. VERIFY THE CAPABILITY OF A PROTOTYPE DAUPS TO
OPERATE UNATTENDED FOR LONG PERIODS OF TIME (60-90 DAYS).

C. CONDUCT A GOVERNMENT/INDUSTRY SURVEY AND TRADE-
OFF ANALYSIS GEARED TO ENHANCE THE INITIAL DAUPS DESIGN AND
TO GUIDE THE DESIGN OF SEVERAL EXPERIMENTAL MODELS FOR
ACTUAL DEPLOYMENT AND USE IN AN OPERATIONAL ENVIRONMENT.

D. VERIFY THAT COMMERCIALLY AVAILABLE ELECTRIC POWER
GENERATING AND CONTROL EQUIPMEHT CAN BE ECONOMICALLY AND

EFFICIENTLY CONFIGURED TO SATISFY SELECTED MILITARY
COVMIMUNICATION APPLICATIONS. '
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Slide 13

Technical nanagement.

Because of multiple missions, configurations are continually improved,
modified, consolidated, and dispersed. Additionally, each of the military
departments have slightly different methods of operating, maintaining, pro-
curing, and installing power systems to support DCS loads.

The following figures are presented with these variables in mind. A
microwave site as shown would consist of approximately 30KW of load at
48 volts DC. Repeater sites may be as low as 1KW at 48 volts DC.
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TECHNICAL MANAGEMENT

DEFENSE CCMMUN!ICATIONS ENGINEERING CENTER. THE DEFENSE COMMUNICATIONS
ENGINEERING CENTER (DCEC) 1S THE PROPONENT OF THIS PROJECT.

HQ DEPARTMENT OF ARMY (DAMA-CM). HEADQUARTERS' DEPARTMENT OF ARMY
(DAMA-CM) HAS ASSIGNED COMBAT DEVELOPER AND MATERIAL DEVELOPER
RESPONSIBILITIES TO HQUSACC AND HQUSA DARCOM, RESPECTIVELY.

[1Q US ARMY COMMUNICATIONS COMMAND (CC-OPS—P). HQUSACC (CC-OPS—P)
HAS THE RESPONSIBILITY TO OPERATE AS THE COMBAT DEVELOPER ON THIS
PROJECT. ALL APPROVED ACTIONS WILL BE ACCOMPLISHED THROUGH AND
BY THIS OFFICE.

HQ US ARMY COMMUNICATIONS—-ELECTRONICS ENGINEERING INSTALLATION
AGENCY (CCC-SEO). HQUSACEEIA (CCC-SEO) HAS THE ASSIGNED RESPONSIBILITY
TO ESTABLISH THE DETAILED TECHNICAL OBJECTIVES AND PRODUCTS FOR THIS
PROJECT ADHERING TO DCEC GUIDELINES AND REPORT TO HQUSACC ON THE
ACCERTARILITY OF SYSTEMS ENGINEERING APPROACH TAKEN AND RESULTS
CaTAINTD IN MEETING PROJECT OBJECTIVES.

US ARMY COMMUNICATIONS SYSTEMS AGENCY (CCM-RO). HGQUSACSA (CC'-RD:

HAS THE RESPONSIBILITY TO PERFORM ALL PROJECT MANAGEMENT FUNCTIONS
FOR THIS PROJECT IN LINE WiTH TASKING FROM HQUSACC.
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MAJOR REQUIREMENTS ARE:

1.

2.

UNATTENDED OPERATIONS FOR 60-90 DAYS.

MAINTAIN A HIGH QUALITY CONSTANT POWER
OQUTPUT.

30% OF POWER TO BE PROVIDED FROM A
RENEWABLE SOURCE (WIND OR SOLAR).
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DESIGN REQUIREMENTS ARE:
PCWER QUTPUT: 5 KW CONTINUOUS
(ULTIMATELY 4KW ASSY'S}
VOLTAGE: 110VAC/48vDC

VOLTAGE REGULATION: ¢t 1% NO LOAD TO
FfULL LOAD, .8 TO UNITY POWER FACTOR.

VOLTAGE RECOVERY: FOR SUDDEN APPL!-
CATION OF FULL LOAD THE QUTPUT VOLT-
ACE SHALL NOT DEVIATE FROM NORMAL BY
MORE THAN 10% AND SHALL RETURN TO
WITHIN & 1% OF NORMAL WITHIN 20
MILLISECONDS.

FREQUENCY REGULATION: =+ 5% (%%)

HARMONIC DISTORTION: LESS THAN §%.

ATTERY STORAGE:

g 8 HOURS UNDER
CONTINUOUS LOAD.

FNERGY SQURCE: 30% FROM RENEWABLE
SOURCE (SOLAR & WIND)

NATTENDED OPERATION: 23 DAVS WiTHOUT
MAINTENANCE OR REFUELING.
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GENERAL ALLOCATION OF FUNDS SHOULD BE:

A. PROGRAM MANAGEMENT

$25K

(ESTIMATED PROJECT AND TECHNICAL

INCLUDING DESIGN)

B. ACQUISITION OF COMPONENTS

(1} GENERATORS
(2) CONTROL LOGIC

(3) BATTERIES

C. FABRICATION
D. TEST & EVALUATION

TRADE-OFF ANALYSIS
~
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TRADE OFF ANALYSIS SHOULD:

A. PROVIDE GLOBAL INF-MATION ON
EXPECTED SCLAR AND WiND FUWER INFORMATION
{(MICROCLIMATIC CONDITIONS).

8. PROVIDE INSTRUCTION ON OPTiMIZING
CONFIGURATION TO DIFFERENT MICROCLIMAT!C
CONDITIONS.

C. IDENTIFY OTHER PROMISING GENERATOR
EQUIPMENT WHICH COULD BE USED IN LIEU OF
THE PROTOTYPE GENERATOR EQUIPMENT SELECTED.

D. PROVIDE INSTRUCTION CN CONFIGURING THE

DAUP FOR DEPLOYMENT TO A GIVEN GEOGRAFHICAL
SIiTE.
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TRADE OFF ANALYSIS AND TEST RESULTS SHOULD PROVIDE:
(1) RECOMMENDED CONFIGURATIONS OF THE DAUPS TO
BE DEPLOYED TO DIFFERENT GEOGRAPHICAL LOCATIONS
ARQUND THE WORLD.

(2} METHODS TO ADJUST POWER OUTPUTS FOR DIFFERENT
REQUIREMENTS.

{3) METHODS TO OPTIMIZE UNIT EFFICIENCY CONSIDERING
MOVES AND MICROCLIMATIC CONDITIONS.
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$lide 20

An AUTODIN switch as shown may range from 105 to 160 KW, AC. The
prasent overseas AUTODIN switches use commercially available prime power
with a number of standby diesel generators. Five rotating motor-generator
sets provide the power continuity to the critical load. A soiid state UPS
bypass system was installed in 1974 to allow maintenance of the rotating
M~G sets.
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Slide 21
This slide summarizes the typical load information.
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TYPICAL DCS LOADS

MICROWAVE 1 KW (REPEATER) - 30 Kw @ 48v DC
AUTODIN SWITCH 105 - 160 KW AC
AUTOVON SWITCH 17 KW @ 48v DC
TROPO 60 - 100 KW AC
SATELLITE EARTH TERMINAL 100 - 200 Kw AC
TECHNICAL CONTROL 1 - 10 Kw DC
COMM CENTERS (NON-DCS)
AMME SWITCHES 60 - 90 KW AC
REMOTE TERMINALS 5 -12 KW AC

NUMBER OF SITES

0cs TOTAL 608 (AF-284, ARMY-218, NAVY-106)
EUROPE 47%, PACIFIC 37%, WESTERN HEMISPHERE 16%

NON-DCS  AMME SWITCHES 15-20
(ARMY) REMOTE TERMINALS 150-200
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Now I will speak for the civil enyineer who has more than power to
worry about. Heating, cooling, and dehumidification are essential to
continued operation of communications facilities as electricii power
itself. But these environmental control systems require power to perform
their functions and must not be neglected in any power system design. In
most cases environmental control is not critical technical load requiring
UPS, but if a standby power source is not on the line quickly, the com-
munication equipment may go down for lack of cooling. Personnel comfort
may not have a direct effect on communication operation, but overall
efficiency is degraded in the long run if people are uncomfortable. Ven-
tilation of battery rooms might require a few watts of power, but if it is
interrupted for an extended period of time, a disastrous explosion may
result. All these problems must be considered in addition to the basic
communication/electronics load.

One operational constraint which may not influence non-military com-
munications systems is survivability. The DCS has a wartime role which
must take into account at least partial operation under the affects of
nuclear weapons, chemical and biological warfare, electronic warfare,
conventional weapons, sabotage, and other unauthorized entry.

In conclusion, the Defense Communications System has a full range of
possible applications for alternate power systems, but with some special
requirements such as high availability and survivability. The most prac-
tical application at this time is unattended microwave repeater sites.
DCEC has tasked the Army to develop an integrated system for such an appli-
cation, consisting of photovoltaic cells, thermoelectric generators and
batteries. The success of this should open the door to other larger scale
applications in the DCS.
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The following question was directed to and answered by Mr. Eugene Phillip,
DCA:

Q. "Has the possibility of radioisotopes been explored for uninterrupted
power systems?"

A. "The Army has studied this, but for various reasons designs have not
been changed to include this possibility."

Comment

“"Conceptually, it does not appear that parabolic dish units would be
suitable fo~ unattended applications due to the pcssible maintenance nec-
essary to the tracking mechanism, and due to possible adverse weather
conditions. On the other hand, the Brayton or combined cycle Stirling may
be quite dependable for such operations as replacements to less efficient
diesels. On larger applications, the point focusing technology may serve
more appropriately since they could also meet space conditioning require-
ments."

FRECEDING PAGE BLANK NCT FiLtED
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ISLAND APPLICATIONS OF CENTRAL RECEIVER SOLAR POWER SYSTEMS

Eugene M. Grabbe
Department of Planning and Economic Development
State of Hawaii

I am delighted to be with you, and as a representative of the Hawaii
State government, to share the island environment perspective with you.
Solar thermal power can play an important role in island energy supply,
especially if the plant is designed to match the local environment, power
requirements and social expectations. The State of Hawaii is actively
involved in all facets of alternate energy research, with programs aimed at
developing our ample insolation wind, biomass, geothermal, ocean thermal
and hydroelectric resources as rapidly as is feasible. Hawaii's Governor,
George R. Ariyoshi, has set a goal of energy self-sufficiency, and all
other counties of the State are developing individual energy self-
sufficiency programs. We have already begun seriously considering solar
thermal electric power. In response to a recent U.S. Department of Energy
proposal request, a ten-megawatt solar repowering system has been proposed
for the Island of Kauai. This would be a cooperative project of Kauai
Electric Co., the University of Hawaii Natural Energy Institute, and Bech-
tel Power Corporation. In addition, we are eagerly awaiting DOE's one-
megawatt solar thermal power plant Request for Proposal. Molokai Electric,
Hawaii's smallest utility, which has an aggressive alternate energy pro-
gram, expects to respond to that program.

Hawaii works closely on energy and other matters with the other U.S.
Pacific Islands. We have cooperated in solar planning with Guam, American
Samoa, the Commonwealth of the Northern Marianas, and the Trust Territory
of the Pacivic Islands. The Trust Territory, as you know, has recently
reorganized, and is now the Federated States of Micronesia and two quasi-
independent island groups. So, my experience with the Pacific Islands
ranges from large, mountainous, heavily-populated islands, such as Hawaii's
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Oahu, to small, sparsely-settled Micronesian atolls. Much of the informa-
tion relating to this wide range of islands is applicable to other U.S.
islands, such as Puerto Rico and the Virgin Islands.

The major thing all the U.S. Pacific Islands have in common is a high
dependency on imported oil. We have no indigennus fossil fuel resources,
either petroleum, natural gas, or coal. Hawaii is over 90 percent depen-
dent on oil for energy; the other U.S. Pacific [slands are completely
dependent on o0il. Although some crude oil and petroleum products are
shipped in from the U.S. Mainland, most of the crude oil imports for our
two refineries are foreign. Thus, the Islands are more susceptible to
dislocations in the international oil market than any Mainland State.

Furthermore, each island's electric grid is independent. Even in
heavily-populated and technically-advanced Hawaii, there are no inter-
island utility entities. The necessary transmission technologies have not
yet been shown to be economic. Hawaii has considered submarine cables, but
none have ever been laid at the great depths which occur between the {
Hawaiian Islands. Petroleum must, trerefore, not only be imported into the ;
State or territory, but shipped from island to island as well.

As you can imagine, our energy costs are highly dependent on the price
of o0il. In Hawaii, we have among the highest electricity rates in the
nation, ranging from over five cents per kilowatt-hour for the first 100
kilowatt-hours per month on Oahu, the most densely-populated island, to
nine cents per kilowatt-hour on the Island of Molokai. A fuel adjustment
clause allows changes in customer rates based on changes in fuel price, so
rates can change from one billing period to the next.

It 1is, however, a different situation in the other U.S. Pacific
Islands. In Micronesia and the Nortnern Marianas, U.S. government sub-
sidies keep the customer's electricity cost at approximately three cents
per kilowatt-hour, although it costs over seven cents per kilowatt-hour to
generate. This policy was adopted to encourage economic development, and
some island governments have considered changing it to more accurately
reflect the cost of power generation. American Samoan electricity customers
pay approximately seven cents per kilowatt-hour, and Guam's customers pay N
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approximately five cents per kilowatt-hour. All these figures are for
1977.

A1l of the U.S. Pacific Islands have a deep interest in reducing their
dependence on oil imports, and increasing their use of indigenous, essen-
tially inexhaustible resources such as solar radiation. These islands have
the highest annual average insolation rate in the nation. Hawaii averages
1,915 Btu per square foot annually, with higher winter incidence than any
Mainland State. The State's insclation resource is being measured and
mapped by the University of Hawaii, and for some sites long-term insolation
data have already been gathered by the sugar industry. The other Pacific
Istands have not been extensively surveyed for their insolation resource,
but since they lie even closer to the equator than Hawaii does, and since
their terrain is less mountainous, and fewer clouds are generated, it is
safe to say that their insolation equals or exceeds Hawaii's. These tropi-
cal sites in the equatorial zone have little difference between the amount
of sunlight available at the winter solstice and at mi:isummer,

You can see that the Pacific Islands share two important character-
istics: an ample solar radiation resource, and a great need to reduce oil
imports. Both of these factors will encourage the use of solar thermal
power. However, there is another shared factor which will limit solar
thermal development: lack of land area.

By Mainland standards, Pacific Islands are small. The State of Hawaii
encompasses 6,425 square miles of land, with the smallest of the populated
major islands, Lanai, being approximately 140 square miles. This would be
ample for solar power generation, if that were the only use for the land.
Beirng so limited in land area, however, real estate is one of Hawaii's
major commodities. With the demands of a growing population, including
more housing, roads, recreation areas, and agriculture, it will be diffi-
cult and expensive to obtain large contiguous areas for solar thermal power
development. This does not by anv means rule out the solar trermal power
option; it just means that sites will have to be carefully sea’ched for and
selected. The other Pacific Islands are even more limited ‘n land c¢pece,
but have not yet experienced the same degree of pressure on 1cnd use due to
population.
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So, availability of land is a very important limiting factor. The land
situation and the lack of inter-island utility interplay tends to favor
smaller solar power plants, sized and sited to meet local needs. What
sizes might be best?

Hawaii is by far the largest power consumer of the U.S. Pacific
Islands. In turn, the Island of Qahu, with over 80 percent of the State's
population, is the largest energy consumer. Oahu now has an installed
capacity of 1,200 megawatts. Compare this with our smallest utility on
Molokai, with a capacity of only eight megawatts.

The other U.S. Pacific Islands have even smaller demands. Guam is the
largest power producer, with a capacity of approximately 300 megawatts.
Saipan has a capacity of 40 megawatts, and some of the smaller islands have
capacities below one megawatt--ranging from 40 to 600 kilowatts. Almost
all of the electricity in the Pacific Island territories is generated by
deisel equipment, much of it antiquated.

This is not to say that the Pacific Islands have all the power they
want or need. In most cases, electricity is only available in the popu-
lation centers, leaving the villages without power. Often, the generating
capacity is sufficient to support electric 1lights and communication
devices, but not enough for refrigeration, which has serious effects on the
islands' economy and the health of their people. Recognizing the need for
more power to support a more robust economy, and yet realizing that
dependence on petroleum imports for economic health can have devastating
effects, most Pacific territories' governments are seeking ways to increase
their energy self-sufficiency, utilizing solar and other indigenous energy
alternatives.

There are many defense installations on both large and sma'! Pacific
islands where solar thermal electric installations may have applications.
Such potential users have not been identified by the State; however, we
maintain close liaison with key energy personnel in U.S. Defense organiza-
tions in Hawaii which are headquarters for many Pacific operations. The
experience in civil systems will be applicable to military users.
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It seems obvious from the generating capacities which we have just
reviewed that the State of Hawaii, Guam, and perhaps a few of the large
fsla1ds may be able to use megawatt-range solar thermal installations. The
vast majority of the U.S. Pacific Islands, however, cannot support that
size of a plant. Most islands will also be seeking a 24-hour power source,
to allow the use of radios, refrigerators, and similar appliances. Either
storage or backup generating capacity must be supplied to ensure this
required reliability. For small remote islands with small population, the
radio takes the place of %he newspaper and the local people have come to
depend on radio communication for information. This demand could be met by
small solar thermal electric systems.

Another factor which must be considered when designing equipment for
island environments is the corrosive quality of salt-iaden air. In Hawaii,
it has been shown that salt corrosion and fouling of ,eflective surfaces
decreases almost geometrically with distance from the shoreline and eleva-
tion above sea level. Hawaii's many mountains help deflect the wind, and
corrosion is not a serious problem inland. The Pacific atolls, however,
have no mountain masses to isolate them from salty winds: the entire
islets are, in effect, shoreline. Corrosion is a serious problem which
will effect your choice of materials, and the design of the system. In
Hawaii, we have already experienced the failure of a small, experimental
wind turbine after only a few months of operation due to corrosion in the
electrical system.

The system should also be designed for the social system in which it
will be placed. Hawaii is, compared to most of the other U.S. Pacific
Islands, sophisticated technically. We also have little difficulty obtain-
ing specialized services or materials from the U.S. Mainland, if local
resources are not adequate. Elsewhere in the Pacific, however, technical
skills are very limited, and the transportation and communication expenses
are significant. A system requiring complex, specialized operating and
maintenance skills and procedures may be inappropriate for the remote
Pacific Islands. What is needed is reliable, simple equipment, easy to
understand and to maintain in an island environment.
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0f course, insolation is not the Pacific's :«:ly alternate energy
resource. Hawaii has a particularly strong and reliable wind resource, our
steady tradewinds being enhanced by mountain masses. Other Prcific islands
may also have suitable wind regimes, but they have not been is extensively
measured as Hawaii's has. Furthermore, most Pacific Islands--Hawaii
excluded~--are susceptible to typhoon winds. Other energy alternatives
include geothermal--for Hawaii at least; ocean thermal enzrgy conversion--
excellent surface ocean temperatures and nearshore deep cold water exists
surrounding most Pacific Islands; hydroelectricity is limited by lack of
land area and the permeability of tropical soil; and biomass--wastes from
agriculture, livestock, and municipalities, as well as crops specially
grown for energy.

Many of the smaller islands in the Pacific do not have an extensive
biomass resource. Subsistence agriculture and fishing are major economic
activities, and do not generate large quantities of wastes. Small, home-
stead-sized methane generators are occasionally used, however.

In Hawaii, on the other hand, biomass is an important resource.
Bagasse, a sugarcane waste, already serves as fuel and provides seven
percent of the State's current total energy supply. Trees, hay, pineapple
waste, and other cane trash are all being considered as biomass energy
resources.

The use of biomass such as wood chips, sugarcane and pineapple wastes
and municipal trash can be used in Hawaii in place of petroleum for steam
generating plants can supply the backup energy source for solar-thermal
electricity. Since biomass products can be stored after harvest or "on the
stump" and depend on photosynthesis for growth, such a system would be
independent of petroleum.

Already, as I mentioned earlier, Hawaii and other States have re-
sponded to a Federal RFP for a solar thermal installation on top of an
existing conventional power piant. The conventional fuels provide con-
sistency and backup, but are not used when the sun is shining brightly.

We can supply this same concept to a biomass-burning power plant.
Instead of piggybacking solar thermal and diesel, for example, piggyback
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solar and wood chips or bagasse. You use each renewable resource to its
best advantage then: solar when it is available, and biomass when the sun
is not out. This is an extremely attractive idea in Hawaii, and is already
being considered by one utility, Molokai Electric, in its long-range plans.
It is equally applicable anywhere with sufficient biomess resources.

So, we've seen that Hawaii and the other U.S. Pacific Islands have
perhaps the nation's best insolation resource. In addition, their high
dependence on 0il provides the bDest incentive for solar energy development.
Because of the limitations of land and the absence of inter-island utility
connections, small solar thermal units, sized to meet local needs are most
appropriate. The island environment poses some design problems, especially
to overcome salt corrosion. In areas rich in alternate energy resources,
biomass or some other "stored" energy could back up a solar thermal plant.

I think you'll agree that the solar potential in the Pacific is great.
I look forward to discussing this more with you in our workshop sessions.
In closing I would like to acknowledge the assistance of Andrea Gill of my
staff in the preparation of this presentation.
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SOLAR THERMAL POWER SYSTEMS IN DEVELOPING COUNTRIES
Alan Poole
Office of Energy,
Agency for International Development

1 have been asked to review the LDC power system in terms that can
help define applications and requirements for point focusing solar thermal
power plants. This is quite a challenge, becaus2 the range of electric
power systems and associated generating subsystem choices in LDC's is as
large and diverse as in the developed world. On the one hand we have in-
tegrated grids supplying rather large urban loads, such as in southern
Brazil where resources, ecoromics, and system size have combined to create
the world's largest power generating station, Haipu Binacional. On the
other hand, we have large populated areas with no grid and very little
power generation.

It is in these more isolated rural areas, awdy from the grid, that I
presume you are most interested. This is fortunate for three reasons(a) it
makes my preparation easier because it is more limited n scope; (b) AID
has shown virtually no interest in urban systems anyway; (c) what little
market analysis of the kind likely to be of intc est *9 you has been done
only for rural areas. This situation is beginning % - change. AID is, with
immense reluctance, moving into urban/industrial erergy systems. If pro-
grams are intelligently designed, we should have considerable new infor-
mation within 4-5 years of the components of urban energy demand (over
time) whici is essential for either centraliced or decentralized solar
energy system design for urban areas.

Meanwhile, in rural areas there is now some momentum towarus eluci-
dating the microstructure of rural demand, though unfortunately our under-
standing is stiil not very deep. Until very recently AID and other donor
programs to supply electricity to rural areas meant essentially one thing-
establish a grid. This strategy was not very hospitable to careful analy-
sis of specific priority applications to determine how litile capacity
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could be installed, since the objective was to uncover as large a latent
demard as possible in order to spread the heavy investment in subtrans-
mission and distribution. As a consequence, cost benefit analysis con-
sisted of a shotgun fired at a multiplicity of miscellaneous uses, many of
which certainly did not immediately impact the productivity of the local .
economy. .

pr——4

This does not mean that these "nonproductive" uses are undesirable, o
and we anticipate that classical rural electrification will proceed. How-
ever, there is also an argument that given limited financial resources and
the large number of settlements with virtually no power, it is both more
equitable and mor2 efficient economically to pinpoint "strategic" welfare
or productivity enhancing loads throughout a country. In this case it is
quite possible that even with a higher unit cost per delivered kwh more
strategic loads can be supplied with a given rural electrification invest-
ment budget than with the classical approach. This kind of thinking seems
to be gaining favor with time, and it is, of course, good news for those
interested in technologies adapted to decentralized applications. This
approach, however, requires that we have a clearer idea of just what these
lecads and their specifications are. It also puts on pressure to develop
technologies which are better adapted to rural requirements than the
current generation of diesel generating sets.

Some loads have been identified; these include:

(1) Refrigeration 100 to 1000 watts

(2) Communication Systems 10 to 1000 watts

(3) Water Pumping 150-1000 watts

(4) Medical Appliances 200 to 2000 watts
Note their small size. Small industrial loads present a more complex
picture, and have not been adequately analyzed.

The scales shown here are for highly disaggregated loads. In general,
in the past, decentralized power systems (whether using minihydro or diesel
generators) have been built at a larger scale, generally over 10 KW or 25
KW. There may be intrinsic factors in the demand situation leading to this
outcome, and a market at this scale will undoubtedly persist. However, to
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some extent the scale may have been determined by the characteristics of
diese! generating sets in use today.

I would like to focus on the more disaggregated loads in part because
you are probably less familiar with them and some of the most interesting
applications are being designed for them today, and in part because they
will provide a basis for comparison with the mora conventional decentra-
1i2ed approach. ‘

Water pumping s a good example. Land tenure patterns and ground
water levels in many areas of the Third World are such that small inde-
pendently powered pumps on the order of 15-300 W couild be very valuable in
increasing irrigation. Until now no viable, proven technology has existed
to supply this market. Photovoltaics, of course, are being investigated.
I have heard , but not yet been able to confirm, that the Government of
India is planniny a very substantial implementation program using cells
manufactured primariiy in India. A possible competitor, however, is a free
piston Stirling engine in a configuration which uses the mechanical vibra-
tion of the engine directly. We hope to test prototypes of this engine in
the next year or two and one of the candidate heat sources is point-focused
solar energy. The problem with using direct solar in this way is that the
collector has been estimated to cost twice as much as the engine itself on
a mass production basis. However, cheaper collectors may dbe designed. In
Hyderabad, parabolic mirrors have been designed which have a material cost
of $6.00 and could supply 100 W of power. An intriguing feature of these
very small systems is that the construction requirements for collectors may
be much simplified, ergo cheaper, for normal weather conditions while it is
quite possible that peasants would be willing to stere collectors irn a safe
place during storms or idle periods (that is substitute labor for capital).
In designing systems it is important not to ascume that an Indian peasant
has the same requirements for convenience that an American user does. Note
too that power does not necessarily mean electric power.

Very small scale applications of Stirling engines (perhaps also for
refrigeration and electricity generation) represent the only mo.o in our
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office at present towards high temperature solar thermal power applica-
tions. The project has not yet been fully worked out or approved as yet,
however.

Small scale applications place at the outset several key demands on
energy systems. Their operation and routine maintenance should be simple,
they should be reliable, and their capital costs should be as low as pos-
"ible because the relative cost of capital is higher in LDC's. Maintenance

reliability are criteria where currently used diesels fail. To be

s 'ssful new systems should represent a significant improvement here.
This may be more important than whether or not they use oil.

Many engineers with experience in LDC's believe that in general we
need to take a new look at heat engines for use in LDC's, perhaps to as
large a scale as 10 MW and irregardiess of the energy source used. We hope
to encourage thoughtful work in this direction in the near future.

In gene.al we do not see a large export market emerging here, at least
for complete units.

By large, we mean a major fraction of the domestic market. Much solar
equipment is capital intensive, and few LDC's have shown much desire to
substitute imports of energy capital equipment for imports of oil, unless
the payback time is short. This does not mean that a market for special
applications will not exist, or that AID will not subsidize some
demonstrations--but both are limited. AID 1in particuiar has a total
economic assistance budget (excluding Egypt and Israel) of $1.2 billion,
which is stagnant and much blood is split in reallocating even a few
million dollars. The days when AID financed 2/3 of U.S. electrical gen-
erating equipment exports to LDC's are gone.

A more promising strategy is to concentrate on licensing or joint
production agreements and export of crucial components (particularly those
which require long production runs). There may be many interesting oppor-
tunities here as solar technologies develop. From the perspective of a
private firm AID's role here is likely to be definition and demonstration
of a market, while OPIC (Overseas Private Investment Corporation) can help
insure against political and other risks. [ must emphasize that AID does
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not see itself as a marketing agency for U.S. industry, but in energy AID's
(and its umbrella organization, the International Development Cooperation
Agency) activities are, in future, likely to have this brokerage element in
them in practice.
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The following questions were directed to and answered by Mr. Alan Poole,
i‘ AID:

! Q. "What are the motives and objectives of AID?"

} ‘ A. "The basic purpose of AID is the development of income and sta-
| bility in developing countries. This is not equivalent to the imme-
' diate extension of U.S. commemrcial aims. However, as has occurred in
the past, our involvement with developing countries has an indirect
effect on the commercial market which these countries open to the
u.s."

Q. "Considering the great distances involved in these cases, product
delivery, transportation, and maintenance costs will be phenomenal.
This is not including operational training and warrantee costs. Who
will absorb these extra costs or responsibilities?"

A. "Traditionally this has been taken care of by the Rural Electrifi-
cation Authority of the country involved. Service agreements would
vary from country to country. This problem dramatically emphasizes
the necessity for simplicity and reliability in these systems."

Q. "Since the proposed solar systems would replace existing diesels and
assuming that there now exists operational maintenance capabilities
for these, would this same level of skills be sufficient for the

maintenance of Stirling or Brayton engines?"

A. "Perhaps the best way to answer tnis question is through actual
installation and operation in suitable locations."

PRECEDING PAGE BLANK NOT FILMED
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“An expert on OPEC has said that they (OPEC) are unwilling to buy all
new U.S. systems; however, they are willing to enter into cooperative
agreements whereby in the first 5-10 years they would buy just the
systems and then buy the factories. Is there any comment on this?"

"Most likely that is the direction that will be taken."

"Have any studies been done concerning introduction of intermediate
level technology in developing countries as it relates to economic
development? It seems as though there should be a cost etfective way
to introduce new technology (considering the level of indigenous skill
necessary for systems maintenance) without reverting back to 18th
century technology. The goal of economic development is not neces-
sarily served by utilizing more basic technology if more advanced
technology is feasible."

“In all probability this has been considered whether or not a formal
study has been perfurmed. Surprises are expected now as older tech-
nologies are brought down off the shelf and explored for their poten-
tials. In a general sense, what is being done with solar and wind
research is simply an extension of 18th and 19th century technology
that has simple, basic, and workable foundations. So the idea pre-
sented has a good deal of merit."

"What would be an appropriate perspective of the foreign market for
U.S. solar thermal technology?"

"Long controversial discussions can and do evolve from a question of
this nature; however, it is possible to summarize the situation. The
response of most developing coun*ries is receptive, with exceptions.
It is generally found that these countries are willing to buy the
technology, to buy components, and even to open doors to manufacturing
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plants. The exception is that the countries do not want the tech-
nology nor the industries to be isolated from the populace through
complete U.S. control. The country must be allowed access to and
participation in the industries."
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A RELATED SOLAR THERMAL APPLICATION




SOLAR THERMAL PRODUCTION OF MOBILITY FUELS

0. W. Gregg, R. W. Taylor and J. H. Campbell

Lawrence Livermore Laboratory

A preliminary evaluation ol the technical and economic feasibility of
solar thermal production of mobility fuels has been performed. The analy-
sis indicates that therc are three area: where solar thermal energy could
provide a major assist in the production of mobility fuels in the near to
intermediate term. They are Solar Coal Gasification, Solar 0il Shale
Retorting and Solar Steam Flooding of 0il Fields. It is assumed that solar
assisted production of mobility fuels starting from a fossil fuel resource
will be more economically viable in the near to intermediate term than
solar fuel systems that start from C02 and HZO' This paper wiil deal with
two of the three above-mentioned areas: Solar Coal Gasification and Solar
Retorting of Qil Shale. Both analytical and recent experimental results
obtained at the White Sands Solar Furnace are presented.
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FLOW CHART FOR THE PRODUCTION OF FUELS
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COMPARISON BETWEEN A SOLAR COAL GASIFIER
AND A LURGI GASIFIER 3

Product Gas Cost ($/10° Btu):

Gasifier Coal Oxygen Solar Plant Product Gas
Lurgi 1.4(1.20) + 0.4(2.20) + none + 240 = $4.96/10° Btu

Solar 0.8(1.20) + none + 0.6(1.13)+ 240 = $4.03/10° Btu
Difference = $0.93/10° Btu

Relative Capitai Cost:

Solar Coal Gasi:ier/l urgi Gasifier = 1.13

Relative Coal Consumption:

Solar Coal Gasifier/Lurgi Gasifier = 0.57




THE COST OF SOLAR ENERGY vs THE COST OF ENERGY FROM
COAL BURNED WITH OXYGEN

1. Solar Enargy:

Solar energy delivered to a point in space by the McDonnell
Douglass heleostats for a mass produced, Barstow style Central
Receiver Plant costs $1.13/10° Btu assuming 330 days of
operation/year.

2. Coal/Oxygen Energy:

The cost of energy produced by burning coal with pure oxygen
is approximately $3.40/10° Btu assuming coal at $1.20/10° Btu
and oxygen at $25.00/ton.
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EQUILIBRIUM GAS COMPOSITIONS OF THE CARBON-STEAM SYSTEM |8

s &

s
o

Gas composition, %
N W
o o

o

H l : attln._ Al l/- '["zol | 20 atm _
~——CO co
— H,0 4 L H, —
— 4<:/f—-cx)2 -
— CH, —
11 I
900 1100 1300 1500 300 1100 1300 1500

Temperature, °K

VI-5




SOLAR COAL GASIFICATION CHEMISTRY S

1. Pyrolysis Chemistry

Coal + heat = char(C) + H, + CO+ CC)2 +CH, + tars

2. Char Chemistry
A. Solsr Energy Storage:
C + H,0 - CO + H, -31.4 kcal/g-mole

B. Heats of Combustion:
CO+ H, + 02 - CO2 + HzO + 125.5 kcal/g-mole

C +0, =+ CO, +94.05 kcal/g-mole

C. Percentage of Product Gas Heat of Combustion Provided
by Solar Energy:

(31.4/125.4) X 100 = 26%
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‘z THE GENERIC UTILITY OF SOLAR COAL GASIFICATION &
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MOVING-BED SOLAR COAL GASIFIER
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FOCUSED SOLAR FURNACE (30 kW WHITE SANDS N.M.) LS
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SOLAR GASIFIER | &
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STEAM WATER AND CO, SUPPLY 12
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WATER STEAM AND CARBON DIOX!DE SUPPLY (DETAILS)
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GAS ANALYSIS AND SAMPLING FACILITY
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Tabie 1. Fue! Characteristics.

Tre

Subbituminods
coal (Rolana)

Activated carbon

Coke
walnut shells

9i1 shate'®)

(a) Acid evolved CO2

{b) Colorado shale (24.96 gallons of oil per ton)

VI-15

Particle Composition wth

Density Size {(Moisture free) (2)

(g/ce) {mm) C H N s €3, '~ ash
1.3 30 66.8 5.3 1.1 0.7 9.1
0.9 5 93.4 0.6 0 - c.2 0.2
1.2 10 98.7 0.5 0.6 - 0.2 0.2
1 5 46.5 5.4 0 - 0.2 0.5
2.3 20 16.0 1.4 0.3 0.1 22.2 87.9

Moisture

32.9
20.q
W/.N|



Table 3. Cfficiency of Solar Gasification

Experiment No.

3 [) T g 10 Al T \H
Fuel Coal Coal Coal Activated walnut Coke Coke Coai
Carbon shells +
Coal

a  Stear flux (mol/s) 0 24 €0,(.06) 0.24 0.24 0.24 0 24 0.1 0.24 o
b Ar tracer flux (mol/s) 9.3 x 107021 x103 21 x 1072 1.5 x 10 1.5 x 1073 2.8 x 1073 2.8 x 1073 2.8 x 16° -
¢ Time into experiment 65 40 1o 91 60 78 188 85 -

{min) v
d 3 Ar 0.74 1.97 1.60 1.18 0.85 3.37 3.92 1.49 :
e U H 53.2 10.0 58.7 54.8 47.8 53.1 51.3 55.4
£ e 23.2 36.8 15.9 29.3 23.4 n.5 33.8 2.4
g %00, 16.2 48.2 20.8 18.2 19.8 n.s 0.8 17.5
h Fraction steam 0.28 coz(o.a) 0.32 0.29 0.3% 0.18 .23 43

utilized
i Solar power (kW) 20.2 10.7 n.3 20.8 15.6 18.6 18.6 22.9
J Efficiency (percent)* 3C 30 50 13 RQww 24 22 18

vjs. !00{5)]136.5’f; + 102.8(9)]
a(y

=w Calculated value orobably too high because not 31! CO and CO2 came from carbon-steam reaction - some came
froe pyrolysis.
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Table 2. Summary of Solar Gasification and Processing f.periments.
Pun Ko. Fuel Cbjectives Observations
] Charcoal Air combustion to test Window spatted with ash
gasifier window
2 Coal Air + steam gasification. Window keot clean by helical
Window and vent system test gas flow
3 Coal First solar gasification 9 kw light input gasified
with steam, no air coal at 3 kg/h. Gas was
S0% Hy.
4 Coal Gasification with CO2 Gasification rate with CO
then ~{ti, steam “1/3 raze with steam. Wifdow
clean after 4 h
5 oil Demonstrate rapid heating Exposure to 20.5 kw beam 10 cm
shale by solar beam. No steam in diar. for 40s resulted in
melting shale surfaces
(T »15CI X)
6 0it Retort rapidly using flow- Same ens2rgy disposition as
shale ing steam for heat in #5, temp. rise 800"C/sec.
transport Qepth of retorting shallow
7 (] Retort packed bed with Retorting progressed slowly,
thale steam. Front face kept Conclucdad moving bed necessary
at 900 %50 K for practical retorting rates
8 Activated Steam gasification as Gasification rate 2.5 hg/hr
carbon function of solar flux at 18 kw solar flux. One-
third of steam reacted
9 o Retort shale using COy to Process inefficient, confirms
shale suppress carbonate decom- #6; moving bed necessary
position and for heat
transport
10 Biomass- Demonstrate steam gasi- Produce? 512 mol/h of gas
coal fication of biomass containing S0% Hp, 247 (O,
blend 205 C0o and 6% CHg at 15.5 Aw
solar Tlux
1 {oke Change snlar flux and ThreshoiZ flux “10 kv,  Rate
steam flux ¢f gasifization at 1o 'w wias
1.3 kg ~, not sensitive ty
stear .04, ¢ohe unreactive
12 Coal Change solar flux and Max. rate at 16 kv was 4.0 Ly
reactor position coal/hr (2.8 kg carbon yasy -
fied/h)
VI-17
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The following questions were directed to and answered by Mr. D. W. Gregg,
Lawrence Livermore Laboratory:

Q. "In a combustion process described earlier coal was combusted with

oxygen. Why is the coal not simply combusted with air?”

A. "The purpose is to produce a chemical product used in creating
mobility fuel, not to generate electricity. Specifically, hydrogen {s
the desired product, and since combustion in air produces large

amounts of nitrogen as well, oxygen is used to remove the nitrogen."

Q. "So is this based on the premise that energy is generated within the
coal gasifier by burning that very coal to supply the thermal energy?"

A. "Yes. There are other possible options being tested; however, this is
the most economical.”

Q. "Has treatment of shale been considered in situ?"

A. "That is impossible by any means."

Q. "Is the sulfur content of the coal removed from the gas?"

A. "Yes, it comes out as HZS‘ A CO2 gasification was run to see if any
sulfur could be left in the gas. A test of the gas revealed no HZS

content; however, the tests unfortunately failed to check for COS.
HZS can be easily removed with a 1iquid exchange system."

| PRECEDING PAGE BLANK NOT FILMED
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REQUIREMENTS FOR PORTABLE POWER




MILITARY THEATER APPLICATIONS AND REQUIREMENTS FOR
ADVANCED ENERGY CONVERSION TECHNOLOGY

Richard G. Honneywell, 2d Lt, USAF
Thomas E. Hausfeld

VII-1




TECHNOLOGY INTEGRATION CONSIDERATIONS

0  MILITARY RESEARCH AND DEVELOPMENT PROGRAMS

8  TECHNOLOGIES LINKED TO OPERATIONAL REQUIRE-
MENTS

O  ORGANIZATIONAL PROCESSES TO TRANSLATE REQUIRE-
MENTS INTO PRODUCTS.

\ ILMED
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MARKET PENETRATION STUDY

PHASE
IDENTIFY AND LIST DOD POWER REQUIREMENTS.

.
¢  DEVELOP DOD REPLACEMENT SCHEDULE.
¢ DEVELOP DOD LIFE CYCLE SCHEDULE.

PHASE 11
®  IDENTIFY SPECIFIC DOD POWER REQUIREMENTS,

O  SELECT BEST POWER SYSTEMS FOR APPLICATION.
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OBJECTIVE: ESTABLISH DECISION MODEL TO AID IN
SELECTION OF ADVANCED POWER SYSTEMS.

METHODOLOGY: 0  DETERMINE OPERATIONAL REQUIREMENTS
- QUALITATIVE

- QUANTITATIVE

CHARACTERIZE SELECTED TECHNOLOGIES
DETERMINE SYSTEM VALUES BY
INTEGRATING OPERATIONAL REQUIRE-
MENTS WITH DATA BASE.

RESULTS: RANGE OF SYSTEM VALUES.
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SYSTEM PARAMETERS

0  PERFORMANCE
EFFICIENCY
RELIABILITY
LIFETIME
OPERATION AND MAINTENANCE
GROWTH POTENTIAL
START UP/SHUT DOWN
THERMAL ENERGY AVAILABLE

0  PHYSICAL
FUEL CONSUMPTION
VOLUME/SIZE
WEIGHT
ENVIRONMENTAL CONSTRUCT:ON

0 COST
ACQUISITION
LIFE CYCLE
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SYSTEM VALUE = RATING X UTILITY

RATING DEFINED BY USER PREFERENCES

UTILITY DEFINED BY DATA BASE
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ATH RATING VALUES

PERFORMANCE
EFFICIENCY
RELIABILITY
LIFETIME
OPERATION AND MAINTENANCE
GROWTH POTENTIAL
START UP/SHUT DOWN
THERMAL ENERGY AVAILABLE

PHYSICAL
FUEL CONSUMPTION
VOLUME/SIZE
WEIGHT
ENVIRONMENTAL CONSTRUCTION

COST
ACQUISITION
LIFE CYCLE

QVERALL RATINGS
PERFORMANCE
PHYSICAL
COST
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.90
.95

.95
25
.70

.90

.90
.98
40

.60
40

.95
.90

.05
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CONCLUSIONS

ADVANCED POWER SYSTEMS CAN MEET NEW SYSTEM REQUIREMENTS:
0 INCREASED SURVIVABILITY
o  REDUCED OPERATION COST
. REDUCED M.AINTENANCE

OPERATIONAL REQUIREMENTS MUST BE DEFINED QUANTITATIVELY
AND QUALITATIVELY.

OPERATIONAL REQUIREMENTS MUST BE LINKED TO ADVANCED
TECHNOLOGIES.

MARKET PENETRATION POTENTIALS FOR ADVANCED POWER SYSTEMS
MUST BE BASED ON THREAT, REPLACEMENT SCHEDULES, AND LIFE
CYCLE.

SYSTEM TRANSITION MUST BE ADEQUATELY PLANNED.
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The following questions were directed to and answered by Lt. Richard
Honneywell, AFPL:

Q. "There are three questions concerning the computer program that
characterizes various generating systems. What system is it on, what
language is used, and is it available?"

A. "It is on the computer system at Wright-Patterson in FORTRAN and is
available."

Q. "Has any work been done in the areas of solid state UPS?"
A. "We have found that there is work that needs to be done with UPS;

however, there are no specific programs assigned in that.area. Con-
sideration will have to be made for allocating some R&D money for

this."

Q. "Have solar systems been considered for support of nuclear missile
sites?"

A. "It appears that solar support alone is not feasible for underground

nissile locations. Currently, power requirements are being studied
for the MX missile program, but further information cannot be dis-
closed here."

Q. "What are the different systems that have been studied?"

A. "The Terrestrial Energy Study examined 18 systems to explore broad
range possibilities to satisfy all our energy requirements. The
mobile and tactical systems which we have looked at include gas
turbines, fuel cells, Stirlings, and advanced diesel. Plans are to
include wind and solar systems through new work with DOE."
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ARMY MOBILE ELECTRIC POWER:
APPLICATIONS AND REQUIREMENTS

Written by Sherman Grazier and
Presented by Tom Batty

INTRODUCTION

A little background information is necessary to lead into my presen-
tation. I am in the Support Branch of the Cnncepts and Studies Division,
of the Directorate of Combat Developments, of the U.S. Army Engineer
School, which is one of the service schools under the U.S. Army Training
and Doctrine Command (TRADOC). The mission of TRADOC is to prepare the
Army to win the next war by developing proper doctrine, tactics, organiza-
tions, materiel systems, logistical systems and training systems. The
service schools are the operators for TRADOC, each having proponency for
its military area of interest, for example: Signal School for communica-

.tions. The Concepts and Studies Division has often been likened to the

locomotive of a train. Through studies and analysis it produces opera-
tional concepts. The concepts are the basis for development of doctrine;
the rationale for writing field manuals; and for the development of
materiel requirements, organizations, logistical support and the training
required to prepare individuals and units to employ the concepts in battle.
The operational concepts describe:

What needs to be done and why - the desired result

The concept:

- How it is to be done

- Where it is to be done

- When it is to be done

- Who does it

- What is needed to do it - tactics, equipment organizations,

logistic support, training.

PRECEDING PAGE BLANK NOT FILE
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The Support Branch, as its name implies, has responsibility for con-
cepts dealing with engineer combat and service support to the Army in the
field. Mobile Electric Power is one of its areas of responsibility. That
brings us back to me. One of my major responsibilities is to accomplish
the process for Mobile Electric Power.

The U.S. Army Engineer School appreciates the opportunity to partici-
pate in workshops like this for several reasons. They provide a neans of
communicating Army requirements and objectives. They also are a vehicle
for acquiring information which may have application to combat development
activities.

In response to Mr. Hauger's request, my presentation will cover the
following subject areas:

Army MEP requirements

Available MEP system

Extent of Army MEP usage

MEP prohlems

Operational constraints

Liquid fueled/solar heated system
operational design criteria
non vehicular fueled system

Modular system vs single unit system

Army MEP Requirements
The Army currently has three Department of Army approved requirements

documents for MEP items. 1wo requirements documents are being considered
for approval.
Brief descriptions of the requirements are as follows:
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8ua11tative Materiel Re%uirement gana; for a Family of Military Design
ectric Power Pleants. pproved Nov. 0).
This requirement is for a Family of Military Design, multi-purpose

electric power plants providing power ratings and frequency options shown
in Figure 4.

Power Rating (KW) Hertz
5 60
10 60
15 50/60/400
30 50/60/400
60 50/60/400
100 50/60

These power plants will be required to operate on vehicle fuels
readily available in the theater of operations. They will be multi-pur-
pose, simple to operate and maintain, highly reliable and durable, and low
in fuel consumption. The power plants will be transportable in standard
vehicles (all power ratings) and all phases of airborne/airmobile opera-
tions (5 and 10 KW sets only). In comparison with current engineer-
generator sets this family will provide improved performance, greater
reliability, higher power density (KW/pounds), increased standardization,
less maintenance, lower noise levels, :nd lower life cycle cost than the
current family of generators. All power plants will be designed to mini-
mize detection by aural, visual, photographic, infrared and radar devices.
Power plants will be protected from nuclear effects to the same degree as
the supported weapon system.

Dept of the Army Apprcval Materiel Need for a 10KW Member of a Family of
Mi§1tary,ﬁe§jgn Electric Power Plants. (Approved 25 Sept 1972).

This requirement document was prepared to allow expedited development

of a gas turbine driven member of the Family of Military Design Electric
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Power Plants. As a member of the family, all characteristics and param-
eters stated in the above QMR apply. This generator set consists of a gas
turbine engine with speed reduction gearing coupled with a 3600 RPM AC
generator. It {s complete with all accessories and control to provide 10KW
of utility power at 60 Hz. The unit {s of an open design using a skid base
and tubular frame construction. The design goal for the unit is 250 1bs.,
MTBF of 500 hours, and overhaul 1ife of 6000 hours.

Dept of A Approved Required Operational Capability (ROC) for a Family of
F%\TMW&M. (Approved 1 May 1§7§1.
Current electric power generating sources are extremely susceptible to
aural and IR detection, endangering personnel and equipment in their vici-
nity in addition to hampering the using units' ability to listen for enemy
activity. A generator set that is difficult to detect by visual and aural
means will enhance the combat capability of friendly tactical units,
allowing weapons and surveillance systems along with other support equip-
ment having electric power requirements to be deployed in forward areas.
Operation of a vehicle engine to drive its generator and maintain battery
charge in stationary use creates poor fuel efficiency, rapid and undue wear
of the vehicle engine, and makes the vehicle susceptible to enemy detection
because of its sound and high IR heat source. Existing generator sets are
designed for one fuel. Some combat vehicle engines require automotive

gasoline and others use diesel fuel. For generator sets to be logistically
and tactically compatible with their transport vehicles, multifuel design
is desirable (provided the energy process is other than a piston engine
driven electrical power generator or unless the energy process provides
benefits that outweight the logistical penalty of a single or special
fuel).

Studies conducted by Army and other agency development activities con-
clude that establishment of the proposed family of silent power sources is
feasible and within the state of the art for a number of advanced energy
conversion technologies. Rankine cycle engine-generators and fuel cells
appear to be the most attractive for the power ratings up to approximately
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5KW; and an enclosure-silenced, open Brayton cycle {5 appropriate for
ratings above SKW. Other development considerations include Wankel-engine
gererators (developments being pursued by UK and FRG); Stirling=-cycle
engine generators; and multi-fuel thermoelectric generators for low power
ratings. SLEEP generators will be authorized only in those specified units
where noise discipline is essentfal to the performance of vactical mis-
sions, e.g., maneuver brigades and forward.

The 1.5XW fuel cell is the first member of the Family (.5 to 5KW) to
be developed. The initial design is a phosphoric acid electrolyte fuel
cell with a hydrogen generator using a methanol reformer. Development of a
hydrocarbon fuel cell is scheduled under the SLEEP program. Tiiis thermal
catalytic system will produce hydrogen from gascline, diesel or JP-4. The
hydrogen will be used with currently available hydrogen-air fLel stacks.
The cracker, stacks and control equipment will constitute a set.

Parameters and characteristics for SLEEP are listed in Figure 6.

Predicted performance parameters compared to current =tandard set
(1.5KW GED) are shown.

Piarameters 1. 5Kw GED 1.5KW F.C.
Ist Cost - $/KW 600 600 ~ 1000
Wt - Lbs/Kw 80 70
Fuel = Lbs/KWHR 2.0 - 2.2 75 = L9C
Fuel Gasoline MetharJl
Noise - Meters 1000 1000
(Inaudibility)

As previously mentioned, the Engineer School is coordinating two power
related requirements. On deals with solid state power conditioners and the
other with a standardized power distrioution system for units in the field.
The concept is to use power conditioners and only 60Hz tactical utiiity
type generators. Power conditioners will provide for freguency and voltage
conversion; and will provide for uninterrupted power when supported with
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storage batteries, fuel cells, commercial power or other auxiliary power
sources. Characteristics such as weight, size and cost savings realized
from the simplification of current generators are key to the acceptance of
the concept.

The increasing complexity of electric power requirements within units
has increased the danger of injury or death to those deploying distribution
systems and of damage to generators and weapons systems. Methods and
equipment used for unit power distribution must be simpler, safer and
standardized. A Standard Family of Power Distribution systems will perform
processing functiocns such as circuit paralleling. Standardized cables and
connectors, keyed and sized for voltage and amperage will be used. The
system will contain circuit breakers, grounding equipment and protection
against electromagnetic pulse (EMP).

The overall goal of these two requirements is to reduce the types of
generators to 60 Hz AC with standardized distribution systems delivering
power to using equipment. Power requirements other than 60 Hz AC will be
provided by use of solid state power conditioners located at the using
equipment.

Currentiy Available Power Generators

In the early 60's the numbers of different makes, models and sizes of
field generators in the DOD inventory had risen to over 2000. Logistic
support was unmanageable. In 1967 a DOD Project Manager was established as
the single focal point for mobile electric power. This office has estab-
lished a standard D0OD Family of Mobile Electronic Power Generators con-
sisting of about 40 different generators. Figure 8 contains the members of
the DOD Standard Family of Pawer Generators.

Army Uses of MEP
Currently the Army uses all sizes up to 200 kw as mobile generators.

The larger sizes are used for installation power. The numbers of the
various kw atings in the DOD inventory provide an insight as to the
existing size of the Army power market. Roughly 10% of the number of
generators fielded is used as an annual replacement factor.
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Some of the kw ratings between .5 and .10 will be repiaced by SLEEP
generators. The ROC for the SLEEP generators originally stated that a
figure of 91,944 SLEEP generators would be fielded. This uses the number
resulting from a one for one replacement scheme. The procurement plan now
envisions using SLEEP generators only in brigade and forward areas. The
changes resulting from this concept are shown in Figure 10.

EXISTING NEW
ITEM NUMBER NUMBER
1.5 kw 60 hz © 22051 6139
1.5 kw 28 V OC 11475 3058
3.0 kw 60 Hz 15820 1824
3.0 kw 400 Hz 2379 1235
3.0 kw 28 V OC 10810 3700
5.0 kw 60 Hz 21813 1446

The existing numbers cannot be justified on a cost and operationally effec-
tive basis at this time,

MEP Problems

Assuming that complaints received from field users can be related to
problems with the current MEP sets, the greatest problems reported deal
with reliability and noise. Field units want generators that run longer
without constant attention. Generators must run more hours without
requiring repair at the unit level. Field units say that generators are so
noisy their noise can be used to locate the unit. This is a tactical
vulnerability that the SLEEP sets are designed to reduce. The noise from
current generators makes verbal communications difficult and can cause
hearing damage. Design of future generator sets must consider noise sup-
pression measures.
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A third potential problem is fuel. DOD is trying to reduce the
requirement for gasoline on the battlefield. Diesel engines are supplant-
ing gasoline engines in increasing numbers. However, this does not reduce
significantly the overall requirement for liquid fossil fuels. In view of
uncertainties in availability of liquid fossil fuels, new fuels and engines
that can use them should be a high priority research item. A major con-
sideration with introducing a new fuel will be the handling and storage
requirements associated with the specific fuel.

A potential problem under investigation is infrared emissions. Gen-
erators emit IR signatures that can easily be detected by electronic
sensors at considerable distances. Thus, the generator and in turn the
weapon systems it is supporting can be vulnerable to attack, especially
when guided heat seeking munitions are used. Parameters are being devel-
oped for use as design criteria for suppression measures.

Operational Constraints

The Army must be prepared to fight worldwide in all climates, day or
night, against well trained and equipped opponents, in a nuclear environ-
ment, and WIN. The current emphasis is on the European battlefield but the
theaters of operations must not be overlooked. Thus, natural operational
constraints exist. Others are the result of technical considerations.
Over the years, Military Standards and Specifications have been developed
in an effort to standardize equipment. These guidelines also impose con-
straints on equipment development.

One of the most important constraints (requirements) of the Army in
the field 1is mobility. Mobility can be equated to transportability.
Several considerations make transportability a critical factor in equipment
design.

Counterfire equipment has become so sophisticated that many units must
adopt "“Shoot - and - Scoot" tactics to survive. The ability to "Scoot"
depends on mobility. The Army has developed a standard Family of
generator/trailer and truck combinations which will maximize transport-
ability. Descriptive data on the combinations is contained in TM 750~5-32,
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Army Equipment Data Sheets, Generator Sets and Electric Power Plants, Truck
and Trailer Mounted.

Currently, generators are restricted to using the same fuels that are
provided as fuel for Army vehicles. There is good rationale for the
restriction. Most of the generators are driven by internal combustion
engines as are the vehicles. The amounts of fuel used by generator sets is
small in comparison to that used by vehicles. It then follows that bulk
fuel handling equipment should be, and is, designed to handle fuels used by
vehicles. This philosophy results in minimizing the number of types of
fuels required on the battlefield. In 1973, it became obvious that a
shortage of petroleum fuels could develop that would put the Army in a
highly vulnerable position.

It is recognzied that petroleum fuels will be required for the fore-
seeable future. Prudence, therefore, requires a significant reduction in
dependence upon petroleum fuels. This can be achieved, in part, by
exploiting different energy sources and synthetic fuels and development of
engines appropriate for their use.

Units in the field have a tendency to consider reliability as an
unalienable right and maintenance as a necessary evil to be accomplished
only when absolutely necessary. This attitude is understandable. The
reason the unit is in the field is to accomplish a mission. It has
specialized equipment designed to accomplish the mission, for example, an
8" Artillery gun. The generator that provides power is considered a
support item; the gun is the mission essential item. Any time spent on
servicing and maintaining the generator detracts from time available for
operating the mission essential item. This attitude may sound unrealistic.
However, the mechanic who repairs the generator doubles in brass. He is
also the mechanic who repairs the truck that hauls ammunition for the
8" gun. The mission essential item will be given priority of attention.
From a lifecycle cost and operational effectiveness viewpoint, the equip-
ment that has a higher initial acquisition cost and lower upkeep cost
(people, fuel, and parts) will probabily be chosen over an item with a Tow
acquisition cost and high upkeep cost. The cost of owning the item is
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lower. Therefore, units want generators that run longer and require less
maintenance and upkeep.

Internal combustion engines and gas turbines are inherently noisy
because combustion noises are exhausted to open air. Even though mufflers
are attached, decibel levels from current generator sets range from around
85 to 100 dBa. noise at this level causes hearing damage, interferes with
speech and permits aural detection or location of generators at a distance.
MIL-STD 1473A, Noise Limits for Army Materiel, Mar 75, provides design
standards developed from consideration of hearing damage-risk, speech
intelligibility, aural detection, and state-of-the-art of noise reduction.
The standards are intended to cover typical operational conditions.

The ROC for the SLEEP generators mentioned above stated a requirement
for inaudibility at 10C meters. MIL STD 1474A states that the following
octave band pressures at a measurement distance of 6 meters must not be
exceeded in any band if non-detectability is to be achieved at 100 meters.

Limiting Octave Band Levels (dB) for Aural Non-Detectability

Hz 63 125 250 S00 1k 2k 4k 8k
d 60 46 44 45 45 46 47 48

The above data provides guidance for inaudibility at 100 meters.
While materiel developments are proceeding, an area of indecision exists
concerning the distance. The distance in the ROC was established for a
jungle environment. The question of whether 100 meters is appropriate for
the European battlefield is under investigation. If the non-detectability
distance can be extended to say 400 meters, sound suppression measures
should result in a lesser amount of weight and cost. Of course, if an
appreciable decrease in the distance is necessary, the reverse would be
true.

Infrared or thermal signatures produced by military equipment has been
the source of growing concern to the military in recent years. Thermal
detection and heat seeking munition technology nas advanced to the point
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where, if the heat source can be detected, it can be hit. The vulnera-
bility that exists must be overcome or survival of equipment on the battle-
field will be precarious, at best. Thermal blankets, enclosures and direc-
tional exhausts have achieved varying measures of thermal suppression on
existing equipment. An opportunity exists with equipment in the design
stage to exploit available technology to reduce the inherent thermal signa-
ture. Then, if additional measures are necessary, a greater overall reduc-
tion of thermal signatures should be attainable.

Visual detection and recognition of an item depends primarily on its
shape or silhcuette. Other cues, such as color, reflections and motion,
contribute to visual detection of an item. Visual observation is con-
sidered to be direct observation with the unaided eye or augmented by use
of optical equipment. Interpretation of aerial photography is generally .
considered to be direct observation. The effective range of ground based Ei
visual observation is about 3-4 kilometers. This figure is the result of |
terrain indulations, vegetation, and other obscurants on the battlefield.
Aerial observation extends the range to much farther distances. Again, if
an item can be seen, it can be hit. Therefore, distinctive shapes, reflec- §f
tions from glossy surfaces and unnecessary movement either of parts of the B
equipment or of people around the equipment must be avoided.

Liquid Fuel/Solar Heat Combustion Syst.em

In theory, an engine that can use any form of fuel found localiy to
drive a generator should be ideal. For installation or semi-permanent
power requirements, such a flexibility in choice of fuels can result in
system design and cperational cost savings. Fuel options have long been a

major consideration when designing a commercial power plant. Several
conditions, both logistical and tactical in nature, rednce the flexibility
in fuel choice for MEP generators used in the field. ieat engines can be
called multi-fuel engines in that they can by using different combustion
equipme . burn several types of liquid fuels, or gaseous fuels, or solid
fuels or obtain heat from a solar source. One combustion technique cannot
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burn all liquid and solid fuel efficiently. Thus, to maximize fuel flexi-
bility, the Army inventory would contain several types of combustion equip-
ment which can be used interchangeably based on fuels found locally.
Alternatively, the Army must choose one or at n.st two combustion tech-
niques and develop a logistic system based on the associated fuel(s). Only
a complex cost and operational effectiveness analysis could determine which
of the above options would be more effective. Intuitively, I would choose
the alternative with fewer combustion techniques because on the surface it
would appear to be easier to support logistically. Of course, it is just
this philosophy which led the Army to standardize an internal combustion
engine's burning gasoline and diesel as fuel. This philosophy is valid as
long as the chosen fuels are readily available. The Army now finds that
because of uncertain availability of liquid petroleum fuels, it is prudent
to investigate the potentials of different fuels and engines appropriate
for their use. The fuel to be acceptable must not significantly add to the
existing logistic burden. The engine must reduce logistical support and
meet operational requirements contained in approved requirements documents.
If the fuel can replace liquid petroleum fuels for production of electric
power under the above conditions, the impact of a serious fuel shortage may
be reduced.

Introduction of a new fuel for generators may have some adverse
impacts which must be considered. An example is the logistical impacts
which would result from the introduction of methanol as a fuel. Methanol
will require a dedicated handling system. This is an undesirable but
probably inevitable situation. Another consideration is the percentage of
liquid fuel saved in relation to the overall requirement. A cost/benefit
ratio analysis may show that the percentage saved is so small as to not
outweigh the cost of handling required. An indication of the relative fuel
savings percentage is indicated:
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Equipment gal/hr
XMI Tank 34.3
M113 Carrier 5.6
5T Cargo Truck 3.0
5 KW Generator 1.4
5/4 T Truck 1.2

The figures are relative but they do indicate intuitively that the
amount of fuel used by generators is a minor percentage of the total fuel
requirement.

Modular vs. Single Unit Systems

Modularity provides maximum potential of flexible arrangement to
achieve a total power requirement. A family of appropriately sized single
unit generators provides the modularity required. Some constraints to a
completely modular system must be considered. The numbers of modules that
can be combined are limited by the sizes of trailers and trucks available
for transport of generators. A standard family of Power Units has been
developed for Army use. Basically, the goal of the family is to stand-
ardize designs and prevent proliferation of both design and sizes of trans-
port equipment. The current family is contained in TM 750-5-32. With rare
exception, the number of generators mounted on a trailer or truck has been
limited to two. This limit was established to minimize the size of trans-
port equipment. In addition, the numbers of trailers and trucks available
to tow trailers have been severely reduced in Army units. Therefore, a
system that requires additional numbers of either trailers or trucks will
not be received favorably by the users. They will not have trucks to tow
the trailers, nor people to drive additional trucks.

Paralleling of generators is already a standard practice in the Army.
Procedures and techniques are contained in Army publications such as
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FM 20-31, Electric Power Generation in the Field. In the design of genera-
tion equipment, consideration must be given to the fact that there is no
formal training for generator operators. The operations of generators and
the deployment of power distribution cables within units is usually accom-
plished as an additional duty by low ranked soldiers. Paralleling proce-
dures must, therefore, be appropriately uncomplicated.

Summar

The U.S. Army Engineer Schocl recognizes the urgency and necessity for
reducing the Army's dependence on liquid petroleum fuels. It also recog-
nizes certain impacts on the Army that will result from successful develop-
ment of synthetic fuels and engines appropriate for their use. Early
exchange of information between representatives of equipment users and
research analysts is extremely important.

When analysts are aware of user requirements and constraints and the
rationale for their existence, the introduction of the resulting equipment
into the Army can be acconplished with much less turbulence. This is
because the item invariably has more utility designed into it.

In closing, I want to restate two points:

It is essential that the Army be provided with power plants having
improved reliability, increased service life and reduced, simplifiad main-
tenance.

To insure an ability to accomplish its missions, the Army must reduce
its dependency on petroleum fuels. New fuels and engines for their
efficient use must be developed.
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The following questions were directed to and answered by Mr. Tom Batty,
USAES: '

"Considering that %ne Army is looking for replacements for the gaso-
line engines that currently power generating systems, if an advanced
efficient Stirling or Brayton cycle heat engine were to be available
in comparable sizes, would the Army seek procurement?"

"Certainly an engine that is quiet, efficient, cheap, simole, adapt-
able and can be operated by anyone is quite in demand. Such an engine
would definitely be considered."

"Does the basic design of the existing 10KW gas turbine generator make
it amenable to modification for acceptance of a solar heat source in
addition to other fuel sources?"

“"A baseline engine that is being proposed for solar energy is cur-
rently natural gas design that can accept any fuel. This is a dif-
ferent type engine than is manufactured elsewhere. There are techno-
logies that utilize combustible heat sources and can be adopted to
convective heat receivers."

“Is the IR signature known for solar engines working in this mode?"

"Openly there is quite a bit of controversy over opinions. The work
that is being done on this topic is classified. Appropriate inquiries
and clearances could obtain this information. It can be said that &
temperature differential of a few (1-2) degrees can be pinpointed at
very long distances."
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Comment

"It should be noted that there are quite a few parameters other than
temperature gradients that must be considered when analyzing target vulner-
ability. Temperature differentials may not be the key targeting mode."
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RENTAL APPLICATIONS AND REQUIREMENTS

Vernon H. Waugh, Jr.
Curtis Engine and Equipment, Inc.

For the past thirty years Curtis Engine has been selling and renting
Engine Powered Generators. Curtis had an informal program for Rental Power
until 1976. At that time a formal program and department was created.

We have supplied c¢enerators under the Rental Program for over 25
states and more than 30 countries. Our generators are backup power for
hospitals, industry, government, military, and security services.

When the call comes, Curtis is there, at 2 in the afternoon or at 2 in
the morning, seven days a week, 365 days a year. Complete mechanical
service backs the Rental Fleet at all times.

The Rental Program and Fleet is based in Baltimore. Our locations in
Washington, Norfolk, and Wilmington all are storage locations for the
rental fleet. With central control of the Rental Program the most appli-
cable equipment can be supplied for the customer's needs.

Curtis Engine is not a rental house. We are regional distributors of
diesel engines, gene:ators, and generator sets/systems. These products
include Onan, Perkins, Allis Chalmers, Chrysler and White Hercules. OQOur
facilities produce custom built generator sets from 5 kilowatts to 1 mega-
watt.

The Rental Market for Engine Powered Generatours has grown over the
past ten years. The more demand for our electrical nower, the increasing
growth the Rental Market will experience.

Wherever people are working or playing you will find an increasing
need for electric generating sets. This need may be for a few seconds or
up to a few years. The applic:“ions for Rental Generators come in all
types, sizes, and shapes. The reasons for "Rental" can range widely. For
the purpose of:

A. A temporary need for electrical service.
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8. Or a need for power at one or more locations to meet . specific

need or needs.

The Rental and Sales markets for generators are normally closely
related. The major difference is the Sales Market also serves the loau,
peak sharing market.

We have provided Rental generators for 2 1/2 kilowatt to the meqawatt
range. Hospitals, ships, industries, schools, shops, churches, Army, Navy,
Coast Guard, Air Force, lighting companies, sound companies, EPA, DOD, DOE,
advertising, Boy Scouts, Single Phase, Three Phase, 50 Hertz, 60 Hertz, 110
volts to 600 volts.

Rental generators have provided prime and backup power for hospitals,
ships, industrial, offices, etc., and 50 hertz power for government and
industry. One unit provided powur to test a computer used to judge the
Miss Universe Contest this year.

We have developed a 30 kilowatt noise reduced unit we call our Silent
Electrical Power System. This unit has provided power with low noise
levels for Radio and Television Productions, Movie Locations, Music and
Theatrical Groups. The unit was field tested on Preakness Day in the
infield at Pimlico Race Track, Baltimore. Over 70,000 people were con-
tained in the infield. The generator provided power for the rock groups
Nantucket and Appalossa.

Over the past years the Rental Market has %een developed by customer
and potentiai customer education. Educated to the advantages of a Rental
Unit. The advantages of availability, convenience, and ecoaomics. The
Rental Unit is available immediately. The Unit can be moved from location
to location.

The time is near where the factor of ECONOMICS will play an increasing
roll in the Rental Market. The cost of temporary service from the utility
is growing. The utility is increasing the cost for temporary service to
meet their actual cost. In the past the charges for temporary service were
below actual cost for the utility tu install the temporary lines. The
utility recovering the additional installation cost through the monthly
power consumption charges.
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With the temporary service charges increasing and the installation
time of 90 to 150 days common, more and more contractors are turning to the
Rental Generator.

Additionally the utilities are starting to charge for demand or peak
times. The construction and industrial areas' users are testing the :se of
a Rental Generator to provide a portion or all of their needs during the
peak rate hours.

A clothing manufacturer in a Western Maryland plant is divided into
two identical production lines with the sam2 power consumption. The utility
provided the power for one line and a Rental Gererator provided the power
for the second line. QDue to the higher charges from the utility (during
the coal strike in 1978) and the increased demand charges, the manufacturer
proviced 50X of his own power. Using a total cost program of Rental, Fuel,
Maintenance, and Repair, the "Rental Power" was 10 to 12% lower than the
utility power.

This economicai approach is increasing as the cost of electrical
service grows. This approach is from the monetary standpoint and not the
energy conservation approach.

Rental generators fall into two major types of general utilization.
These types are:

A.  MOBIL

B.  TEMPORARY

MOBIL USER

The users have a purpose that requires some degree of mobility. Having
a generator that is portable or semi-portable is a necessity to meet their
needs. Customers having .his type of need we classify as MOBIL Users.

TEMPORARY USER
Requiring the need for a generatcr for short term or a nonpermanent

use are classified as a TEMPORARY user. The following examples will iden-
tify the temporary user:
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In a hospital in Washington main substation failed and one of the two
out-dated and poorly maintained generators also failed. Curtis supplied
six truck loads of generators to split the hospital's load in order for
repair crews to rebuild a substaticn. Within six hours the hospital was
back to nearly full power.

A shipping company has eight refers to maintain for several days. To
extend the life of their individual refrigeration units, reduce fuel con-
sumption, and service personnel requirements, a Rental Generator provided
power for all eight units.

An industrial plant working seven days a week and severai months
behind on orders is told by the local utility that their power will be off
for a day. It is nesessary to up-grade the power lines for a new plant,
for another company, being constructed in the same area. The industrial
plant is faced with two days to stop the production line, one day lost for
the outage, and three days to restart the production line. The utility
rented our generator with operators to suppiy the industrial plant. The
plant was down 24 minutes instead of 6 days.

THE THIRD GROUP-BUYERS
The third type of Rental users can be made up from either group. The
Rental Program becomes a purchase plan to acquire needed equipment. Large

corporations with tight controls on capital expenditures sometime force

purchasing agents into a rental purchase plan. Rentals begin as a short

term item and may extend into a long term purchase transaction.

Depending on the time frame and the dollar amount of the rental, a
user in either the Mobil or Temporary group can move into the third group-
Buyers.

The following outline the Mobil and Temporary applications with
examples of each type.
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MOBIL APPLICATIONS:

FIRE DEPAKTMENTS

POLICE DEPARTMENTS

MEDICAL SERVICES

UTILITY

TRANSPORTATION

MOBIL SERVICES

DISPLAYS

NEWS MEDIA

RECREATIONAL

TEMPORARY APPLICATIONS:

CONSTRUCTION

Pumpers, Lift Buckets, Rescue Units, Ambulances

Communications Vans, Crime Prevention Units,
Aviation Control Units.

Emergency Care Units, Mobil X-Ray and Dental
Centers, Prevention Screening Vvans, Veterinary

Services.

Aerial Lift Trucks, Municipal Sewer Inspection,
Underground Air Ventalization.

Truck Refrigeration, Pumps for Compressed Gases,
Containerized Refrigeration.

Beauty Palors, Animal Care Units,Training Centers,
Ice Cream and Snowball Vendors, Book-Mobiles.

Computer and Copier Display Vans, New Product Demo
Units, Sales Centers, Floats.

Mini-Cams, Control/Tape Centers, Remote Produc-
tions.

Campers, Motor Homes, Boating.

Subway, Pumps, Welding, Tools, Fans, Heaters, Pipe
Fusing, Insulation Services.
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ELECTRICAL SERVICE Hospitals, Office Buildings, Plants, Stores,
Warehouses, Railroads, Model Homes.

SHIP SERVICE Prime Power, Loading & Unloading, Construction,
Oredging, Dry-Dock.

PUBLIC EVENTS Fairs, Carnivals, Shows, Concerts, Sporting
Events, Church Events.

TESTING Environmental ard Industrial Testing, Natural
Resources Drilling, (Off Shore Drilling).

AGRICUL IURAL Florists, Nurserymen, Dairymen, Poultrymen, etc.

LIGHTING Construction, Stage, Security, Special Events,
Sporting Events.

Rental Generator range is from 2500 watts up to 1 megawatt. Approxi-
mately €0¥ of the normal rentals fall in the 15 kilowatt to 200 kilowatt
range.

To best meet the rental customer needs, the configurations of the
units are as follows:

2 1/2 to 5 kilowatt are portable units with hand carrying frames, 120 or

120-240 volts, single phase with standard outlets. Most units are gasoline
powered. (50 to 60 Hertz) one to three galion mounted fuel tark.

6 to 15 kilowatt are skid mounted or mounted on light duty trailers, 120-

240 volts, single phase with standard outlets. All units are diesel
powered and have mounted industrial type mufflers. (50 to 60 Hertz) eight
to twenty gallon mounted fuel tank.
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15 to 250 kilowatt are skid mounted or mounted on tamden axle trailers,

voltage reconnectable, 3 phase, 1 phase, residential mufflers. A1l units
are diesel powered. (50 to 60 Hertz) 50 to 275 gallon separate fuel tank.

275 kilowatt and up are semi-trailer mounted in 20 or 40 units, 120-208 or
277-480 volts, 3 phase, with residential mufflers. All units are diesel
powered. (50 to 60 Hertz) built-in 500 gallon tanks or larger.

To support Rental Uniyv- we back our rentals with 24 hour emergency

service. In 1978, 22¢ of every Rental Dollar was spent in equipment main-
tenance, 4¢ for on-site repairs, and 18¢ for preventive maintenance.

~ In today's market there are approximately 250 generators in an active
rental market for the Baltimore-Washington area. Nationally there are
estimated to be 3000 generators, 15 kilowatt or larger in the rental mar-
ket. We refer to an active market of generators specifically aliocated for
rental applications. There are many generator sales organizations that
will place a new unit on rental for a long term rental (6 months or
longer). After the rental is terninated, the unit is sold as a used
generator.

The Rental Power Business today is very competitive in some areas of
the country, and nonexistent in other areas.

To meet the needs of the entire market or a large portion of it, one
must maintain a large balanced inventory. To meet customer's needs our
rental fleet comprise over 150 units, 60% of the Baltimore-Washington
Market's inventory of Rental Power.

The Rental Power Business can be profitable. One must rent their
equipment nearly 70% of the time to achieve a return on investment within
two to three years. To justify a multi-million dollar inventory the
balance of unit sizes and ventability must be matched.

Over the past thirty years we have learned what specifications ani
design to build or buy for the Rental Market. We start with a base gene-
rator, add mufflers, breakers, quick change voltage switch, fuel tank,
aperating instructions, skid base. Selecting the unit with the right
engine model, air cleaning and fuel filtering system is a must to protect
the investment in a Rental Fleet.
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Advantages and Disadvantages of Solar

Over the past several months we have had some degree of diesel fuel
supply problems. We have not lost a Rental due to this problem but it is a
serious concern for a customer and potential customer.

From a logistic standpoint of supplving fuel and fuel tanks, =2 solar
system would reduce or eliminate this problem. There would be no need for
large tanks or refueling problems at job site. The safety problem of
storage of flammable fuels would not be eliminated. Ninety-five percent of
service problems with Rental Generators are with the engine drive end of
the generator set.

Environmental problems of noise and exhaust pollution would be elimi-
nated. Today's technologies are working toward greater efficiency of
engine powered systems. Work is done daily to reduce noise and air
pollution.

To deploy and operate a 15-20 kilowatt solar system with a 30 foot
diameter collector would be impossible for some locations and difficult in
other locations. This size unit would not conform with space requirements
and some site requirements. At other sites to give access to direct sun
light, the unit may be placed at a distant location. The distant location
would require a larger solar system to compensate for voltage drop. This
same problem occurs in engine powered generators if the unit is located
close to the consumption point.

A solar unit would require a high degree of fool-proofing and vandal-
proofing, like an engine powered unit. This requirement would be needed to
protect the safety of operators, equipment, and surroundings.

A multi-fuel system would be the best marketing tool to introduce the
solar system. The user would have the advantages of solar and the piece-
of-mind that the backup system would supply his needs. Once solar tech-
nology reaches a point of acceptance as a total source the single solar
system would be acceptable. The solar unit would be lighter, less costly
to maintain, more maneuverable, and overall less costly.
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The following questions were directud to and answered by Mr. Vernon Waugh,
Curtis Engine, and Equipment, Inc.:

Q. “"There is a problem associated with the use of solar systems as back-
up or reserve power systems concerning cost effectiveness and power
storage. OCbviously it is cheaper to have a diesel system than a sclar
system waiting in reserve since solar becomes cost effective with use.
If solar were to be used in a rental capacity, would the use factor be
great enough to make that application feasible?"

A. "For an application where the unit remains unused in a purely back-up
position the cost would make a solar system prohibitive. Seventy
percent of my rental equipment is actually used however. So if a
modular system existed that could be plugged into conventional equip-
ment to operate as main or auxilary power, it would probably be a
good, marketable product. We would be willing to buy and rent such
systems."

Q. What is the lifetime of a typical generating system being used now?"

A. "“A piece of equipment is kept on the rental fleet for 2 to 3 years
depending on its size and application. It is then sold as used equip-
ment."

Q. "Whereas the military has to plan for X years to implement technology,

if a useable system became available on the market in the near future,
can you foresee purchasing this equipment as soon as it is available?”

A. "Yes, and this certainly should be considered realizing that the lead
time for generators from most manufacturers is roughly 4 to 7 months."
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Q. "If the opportunity existed for you as a private businessman to enter

into some type of cost sharing demonstration with the government with
the type of equipment discussed here, would you be willing to try such
a program?"

A. "I would imagine that it would be advantageous for us to try such an
endeavor. It would be a step forward, and this would fit into our
goal of being a regional leader in the business."

Comment

“"From all discussion concerning mobile power, it seems apparent that
an excellent market exists for solar concentrators with multifuel engines.
There is probably a larger market for the engine than for the collector
module. Perhaps if the engines open the market, it will be much easier and
cheaper for solar to enter."

Q. "Could an estimate be given concerning the lead time before this
technology became a significant part of your inventory?"

A. "This would depend on cost and efficiency. As an estimate, over a §
to 10 year period approximately 50 percent of the rental fleet could
be converted."

Comment

"This is a good point to note that the time frame which must be anti-
cipated for success in any manner is 5 to 10 years. This type of techn-
ology, though available, may not emerge overnight for reasons of testing,
training, etc."

Q. "When a customer rents state-of-the-art generating equipment, what is
the cost to him for the power generated?"
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A. "For current rental equipment, the cosi per kilowatt is roughly three
times that of commercial electricity in the Baltimore/Washington
area."

Q. "If a generating unit is bought and then the cost written off taxes,
how do the same rates compare?"

A. "It is still more expensive by about 25 percent. This is size sen-
sitive and applies to below 250KW units."

Q. "How would utilities respond to industries 'peak shaving' by various
onsite generating equipment or systems, perhaps with existing backup .
systems?" %
A. "I am not quite sure of the legal details involved nor of how the !

utilities would respond to this. There is a law in existence now
which requires utilities to buy back any surplus of power (being
produced by independent systems) at 3/4 of their selling rate. This
is to alleviate the production demand. It should be stressed that we
have not become involved with the details of the law, we only know :
that it exists. An actual case that we are dealing with, where a 1

hospital is producing steam and electricity on an independent basis,
has shown a complete payback period of seven years."

Comment

“A true cogeneration system running 7 days a week, 24 hours per day,
can be paid off almost anywhere in the U.S. in two years, virtually every-
where in three years. In New York, it can be paid off in one year. The
degree of cooperation from the utilities varies from coast to coast. For
example, in California the utilities will do all in their power to support '
installation of cogeneration units. Conversely, Consolidated Edison of New
York will desperately try to prevent such installations. For years, the
independent generation of any electricity in VEPCO was legally prohibited.
Now that law has been removed.

o o
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"California has recently made some progressive changes. California
utilities will buy energy from independent producers, then sell electricity
back at a lower rate. Currently PG&E will buy electricity at $83.00 per KW
per year. Additionally they will pay between 38 mils and 50 mils depending
on time of day and time of year. The same energy is resold at an average
of $40.00 per KW. The rationale is that they are paying for the incre-
mental or marginal cost. Since most generatinn capacity was installed in
this country at $150.00 to $250.00 per KW. Incremental power, considering
actual power cost, deferred cost, and intercst on investment, is being put
in at $1500.. _) $2000.00 per KW. Hence, the incremental power is what is
being replaced, and the utilities must sell to all users at a consistent
rate."

"President Carter, in a published program, has said he would pass
legislation that would force other utilities to do the same."

Q. "Concerning the private household rental and sales market, is there a
substantial group of the population with large amounts of disposable
income that would be willing to buy systems to become independent (off
the grid)? This question seems reasonable due to the current Ameri-
can attitude of independence and self-sustenance."

A. "This has happened already in the Baltimore area where a person bought
a system for his private business application, and his residence was
in the same building. In most cases now, the systems cannot be cost
effective enough to provide the necessary incentive. However, it only
seems reasonable that as systems do become more cost effective this
will occur."

Comment

"It is interesting to learn from these discussions that an engine
which could be derated without loss of efficiency would be quite applicable
in many generating capacities. It should be pointed out that this is the
thrust of the new recuperated engines that are coming out now."
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THE SMALL COMMUNITY

SOLAR THERMAL POWER EXPERIMENT

TARAS KICENIUK, EXPERIMENT MANAGER

JET PROPULSION LABORATORY
PASADEIIA, CALIFORNIA
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The Department of Energy (DOE), through its Pivision of Central Solar
Technology, is engaged in an effort to devilop the technology for the
practical and economic collection and conversion of sunlight into electri-
city. Solar thermal electric systems of the type being developed for this
project are capable of supplying a portion of the nation's electric power
needs. This experiment seeks to validate the system design and assist in
the ultimate commercializacicn of the technology.

In carrying out its directive to further this effort JPL has proposed
a project called Community Solar Thermal Power Experiment which is designed
to meet the following objectives:

1. To establish technical readiness of small point-focusing distri-
buted receiver technology in a small community/utility environ-
ment.

2. To determine economic, performance, functional and operational
aspects of the selected system in a user environment.

3. To stimulate the creation of an industrial base for small com-
munity power systems.

4. To advance acceptance of the small community power system by the
user sector.

5. To identify institutional barriers associated with the utili-
zation of small power systems in the small community sector.

The experimental facility is a Solar Thermal Electricity Generating
Plant which will be closely associated with a small community. The plant
will have a nominal peak rating of one megawatt and is to be lJesigned
without energy storage, except that short perind buffer storage . stems may
be incorporated to lessen shock due to transient clouds, changing loads,
etc. A visitors facility will serve to explain the purpose and function of
this visible operation.

The plant will occupy a site of less than nine acres, and will be
surrounded by a secure enclosure. The shape of the field is not predeter-
mined, but will depend upon the character of the site, yet to be selected.
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The collector subsystem consists of distributed parabolic reflecting
concentrators approximately 11 meters in diameter with their associated
receivers located at each focal point.

The distributed electrical generation system which has been proposed
employs one generator located at each concentrator. The energy conversion
device is a Rankine cycle engine. In this scheme, the working fluid is
heated by the sun's energy focused within the cavity type receiver and
transported via very short ducts or pipes to the engine which is located in
the vicinity of the focal point of the concentrator.

The experiment will be carried out by a consortium in partnership with
the government and consisting of the system integrator and of a site parti-
cipation team. This team will have at least one power generating or dis-
tributing utflity as one of its members. The remaining members are expec-
ted to provide valuable experience and assist in solving both construction
and operating problems. The government will be responsible for the con-
struction and installation of the solar portion of the plant, including the
electrical generators, but excluding the distribution system.
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PROJECT DESCRIPTION

® A SOLAR THERMAL ELECTRIC PCWER SYSTEMS EXPERIMENT EMPLOYING PARABOLIC
DISH TECHNOLOGY ADDRESSING THE SMALL COMMUNITY APPL!CAT!ON SECTOR
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PFDR TECHNOLOGY FOR SMALL COMMUNITY APPLICATIONS

® HIGHLY MODULAR

® HIGHLY VERSATILE

® COST EFFECTIVE
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BROAD APPLICATION RANGE

\

INCREMENTAL GROWTH

ELECTRICITY

PROCESS HEAT

HYBRID - MULT! FUEL

HIGH COLLECTION/CONVERSION EFFICIENCY
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PROJECT OBJECTIVES

GENERAL

® ESTABLISH SYSTEM FEASIBILITY OF POINT-FOCUSING DISTIIIBUTED RECEIVER
TECHNOLOGY IN A SMALL COMMUNITY APPLICATION ENVIRONMENT

o DETERMINE ENVIRONMENTAL, OPERATIONAL, ECONOMIC AI:iD INSTITUTIONAL
CHARACTERISTICS

e ADVANCE COMMUNITY ACCEPTANCE
® [NITIATE CREATION OF AN INDUSTRIAL BASE FOR SYSTEMS, SUBSYSTEMS AND
COMPONENTS
PERFORMANCE

e SYSTEM Pc FORMANCE OBJECTIVES WiLL BE DETERMINED AT COMPLETION OF
CONCEPTUAL DESIGN
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BRIEF DESCRIPTION OF PLANT

APPROXIMATELY 10 ACRE SITE WITH 65 PARABOLIC CONCENTRATORS, EACH 11 METERS IN '
DIAMETER AND EACH HAVING ITS OWN:

® RECEIVER
® ENGINE
® GENERATOR

THE ELECTRICAL OUTPUT OF THE INDIVIDUAL GENERATORS IS COMBINED AND CONNECTED TO
A UTILITY GRID
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BRIEF DESCRIPTION OF PLANT

APPROXIMATELY 10 ACRE SITE WITH 65 PARABOLIC CONCENTRATORS, EACH 11 METERS IN
DIAMETER AND EACH HAVING ITS OWN:

® RECEIVER
® ENGINE
® GENERATOR

THE ELECTRICAL QUTPUT OF THE INDIVIDUAL GENERATORS 1S COMBINED AND CONNECTED TO
A UTILITY GRID
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BACKGROUND

e INITIATED IN MID 1977 WITH SYSTEM DEFINITION STUDY CONTRACTS

e ORIGINALLY ALL SMALL POWER SYSTEM TECHNOLOGIES WERE CONSIDERED

PROGRAMMATIC CHANGES NARROWED PROJECT TO PCINT FOCUSING
DISTRIBUTED RECEIVER

RESULTS OF RECENT TECHNICAL STUDIES FURTHER NARROWS CONCEPT
TO DISTRIBUTED GENERATION (i.e., ENGINE AT FOCUS)
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BACKGROUND

o [NITIATED IN MID 1977 WITH SYSTEM DEFINITION STUDY CONTRACTS

e ORIGINALLY ALL SMALL POWER SYSTEM TECHNOLOGIES WERE CONSIDERED

e PROGRAMMATIC CHANGES NARROWED PROJECT TO PGINT FOCUSING
DISTRIBUTED RECEIVER

® RESULTS OF RECENT TECHNICAL STUDIES FURTHER NARROWS CONCEPT
TO DISTRIBUTED GENERATION (i.e., ENGINE AT FOCUS)
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SMALL COMMUNITY SOLAR THERMAL POWER EXPERIMENT
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LIKELY CANDIDATES FOR THE CONCENTRATORS
ARETHE "LOW COST " AND ''TEST BED" DESIGNS
SPONSORED BY JPLTECHNOLOGY PROGRAMS
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GARRETT CORPORATION IS DEVELOPING A STEAM RECEIVER
AS PART OF THE JPL TECHNOLOGY DEVELOPMENT PROGRAM
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COMPARISON OF ENGINE EFFICIENCIES
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SITING ACTIVITIES

SELECT A SITE PART!CIPATION TEAM TO COMPLEMENT THE
SYSTEM CONTRACTC:'_ EFFORT IN PHASE 111 OF THE PRCCUREMENT b
® PROVIDE SITE, SITE DATA

® ACCESS ROADS, UTILITIES

® PERMITS, APPROVALS

® ELZCTRICAL DISTRIBUTION INTERFACE

® SITE SUPPORT SERVICES

Fy 78 FY 79 FY 80 FY 81 FY 82 FY 83 FY 84

SITE ACTIVITIES

RFP | SELECT
SITE SELECTION C—

ACQUISITION, PREPARATION, OPERATION
H < J
TASK 2 TASK il TASLK 4

-~ o -

SITE PARTICiPATION
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SITE AWARD CRITERIA AND REQUIREMENTS

® DISTINCT URBAN OR RURAL COMMUNITY (<100 MWe LOAD)

® TEAM SHOULD CONTAIN UTILITY, COMMUNITY ORGANIZATION
® COMPETENCE OF COMMUNITY/UTILITY TEAM

® OFFER OF SUITABLE 10 ACRE SITE

® GOOD INSOLATION RESOURCE

® MINIMUM STORM/FLOOD RISK

® MINIMUM REGULATORY PROBLEMS
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The following questions were directed to and answered by Mr. Taras
Kicenjuk, JPL:

Q. "Is the feed pump development considared to be state of the art at the
operational pressures?"

A. "Yes, these engines have run and the controls have functioned at
1000°F. There are potential problems in the stability of operation
which are connected with the feed pump and *he monotube boiler.
Perhaps the flow of feed water will have to be moderated through the
use of multiple taps to sense the temperature at various pocints. Yet
this is considered state of the art."

Q. "Excluding land costs, what is the community going to have to invest
for the services it will have to provide?"

A. "An amount less than $300,000 has been estimated. This figure is only
speculative, as is specific community involvement."

Q. "what is expected of the community during the follow-up?"

A. "After testing and evaluation of the installation the community will
provide the operating personnel. In event that the system is auto-
mated this may only require a watchman."

Q. "Is there a storage system incorporated int<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>