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Overview 

The Department of Energy Solar Thermal Power Systems 
Program has been funded over the past years as a major part 
of the national solar energy effort mandated by Congress. 
Progress has been made toward technical and economic readi
ness of high-temperature concentrator energy supply systems 
that was only hoped for, not assured, when the program was 
begun. 

This report provides an accounting of the progress to 
date. Such an accounting is appropriate in light of the 
substantial Federal investment. Moreover, careful documenta
tion of plans and activities is essential to increase the eff ec
tiveness with which program resources are applied in the fu
ture. 

Specifically, the ultimate success of the solar thermal 
program depends on: 

• An awareness of the state-of-the-art high-temperature 
concentrator system technology by potential users and 
their active involvement in the on-going R&D pro
grams; 

• Our ability to bring to bear the full capacity of 
American industry, universities, and national research 
centers; and 

• A full and accurate understanding of program status, 
content, and prospects by those whose decisions affect 
its progress. 

Several distinct technology development efforts are moving 
rapidly from concept definition through an orderly sequence of 
materials, components, subsystems, and system development 
and verification. In one form or another, the basic solar heat 
source technology can be applied to all major sectors of the 
national energy market. 
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This diversity and the rapid evolution of individual subpro
grams requires special attention to technology transfer. This 
report, the program multiyear plan, the annual program sum
mary, and the detailed spending procurement and operating 
plans for the current year comprise a solid basis in documen
tation for this purpose. 

In general, authority for implementation of specific sub
programs has been delegated to national technical centers and 
DOE field offices. Appropriately, program managers so 
charged have provided an assessment of the key accomplish
ments of the past year and are responsible for the technical 
content of this report. Their accomplishments and fine efforts 
in support of this report reflect high credit on their organiza
tions. 
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Preface 

The Solar Thermal Power Systems Program is an outgrowth of the response to the President's June 14, 1971 , message calling for programs to ensure an adequate supply of clean energy in the years ahead. A Solar Energy Panel, formed in January 1972, identified the potential contribution of solar energy in meeting this goal, and on April 4, 1973, the National Science Foundation (NSF) was designated by the President tp be the lead federal agency in coordinating solar energy research and technology. 

On October 26, 197 4, the Solar Energy Research, Development and Demonstration Act (Public Law 93-473) was signed into law, authorizing a vigorous federal program of research, development, and demonstration. Its goal was to provide the Nation with the option of using solar energy as a new source for meeting future requirements. This act authorized the new Energy Research and Development Administration (ERDA) to assume primary responsibilities for the Solar Thermal program from NSF on January 19, 1975. In response to the mandates of this act, major efforts were made within the Division of Solar Energy of ERDA to expeditiously develop and introduce economically competitive and environmentally acceptable solar energy systems. 

Following the signing of the Department of Energy Organization Act (Public Law 95-91) on August 4, 1977, these responsibilities were transferred to the new U.S. Department of Energy (DOE) on October 1, 1977. Presently, DOE's solar energy activities are divided into three distinct organizational components. 

• Division of Central Solar Technology 

- Ocean Systems Program 
- Solar Thermal Power Systems Programs 
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• Division of Distributed Solar Technology 

- Fuels from Biomass Program 
- Photovoltaics Program 
- Wind Energy Systems Program 

• Division of Solar Applications 

- Heating and Cooling of Buildings Program 

- Agriculture and Industrial Process Heat Program 

- Technology Transfer Program 

Both the Division of Central Solar Technology and the 

Division of Distributed Solar Technology come under the juris

diction of the Office of the Assistant Secretary for Energy 

Technology (referred to as SOLAR/ET), while the Division of 

Solar Applications comes under the jurisdiction of the Office of 

the Assistant Secretary for Conservation and Solar Applications 

(referred to as SOLAR/CS). 

Program planning continues under the guidelines estab

lished by PL 93-473 and by three other legislative acts passed 

by the 93rd Congress: The Solar Heating and Cooling Demon

stration Act of 1974 (PL 93-409), the Energy Reorganization 

Act of 1974 (PL 93-438), and the Federal Nonnuclear Energy 

Research and Development Act of 1974 (PL 93-577). Togeth

er, these four laws grant DOE and other federal agencies the 

authority to pursue a research program aimed at effective so

lar energy use. Under this authority, SOLAR/CS and SOLAR/ 

ET are working to develop solar energy technologies and to 

complement efforts in the private sector to develop solar 

energy resources. 

This report is the first Annual Technical Progress Report 

for the Solar Thermal Power Systems Program. Two companion 

documents are available. 

• The Program Summary, October 1978, which describes 

each of the contracts which were funded or in exis

tence during FY 1978 

• A Guide to the Solar Thermal Power Systems Program 

- FY 1979, which describes the continuing program 

and includes upcoming procurements and specific ac

tivities. 
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These three complementary reports document the implementa
tion of the Solar Thermal Power Systems Program, provide an 
expanded insight into the significant current technical progress, 
and describe the future efforts toward meeting program objec
tives and cost goals set forth in the Multi-Year Program Plan 
(unpublished). 

This technical progress report is structured along the lines 
of the current organization of the Solar Thermal Power 
Systems Program. Emphasis is on the technical progress of the 
projects rather than on activities and individual contractor 
efforts. Each project description. indicates its place in the 
Solar Thermal Power Program; a brief history of each project 
prior to FY 1978 is given; the significant achievements and 
real progress of each project during FY 1978 are described; 
and future project activities as well as anticipated significant 
achievements for each project are forecast. 
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Executive Summary 

The Thermal Power Systems Program 
is unique among the solar programs in 
that this program provides a technology 
that can serve all sectors of the na
tional energy economy. The program 
addresses the requirements of small and 
large power systems as remote or colo
cated energy sources for utilities, 
industries, institutions, small communi
ties, and irrigation pumping. These 
systems collect and concentrate solar 
radiant energy to heat or vaporize 
fluids at· high temperatures. The heat 
is then converted to electrical or 
mechanical power or applied directly to 
high-temperature processes~ Systems 
such as these can be placed either at 
the point of energy use or at a central 
location from which energy is delivered 
to the user by the utility grid. These 
types of systems are expected to be. 
commercially available in the 1980s. 
Beyond the 1980s, advanced high-tem
perature designs should be available to 
produce energy more efficiently and to 
produce transportable fuels and essen
tial chemicals for energy use. 

Two broad classes of concentrators 
encompass all of the possible solar 
energy system concepts: distributed 
receivers and central receivers. Distri
buted receivers integrate the heat ab
sorber (receivers) with a concentrating 
element; this combined unit is also 
referred to as a distributed collector. 
Central receivers use a large numqer of 
concentrating tracking mirrors--helio-
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stats--that are controlled to deliver 
reflected sunlight to a common, cen
trally located receiver. Numerous 
design concepts for both distributed 
collectors and central receivers are 
currently under development. The basic 
concept element is an individual mirror 
assembly ranging in output from 500 W 
to 500 kW t· Systems can be assembled 
from these concentrator modules with 
capacities ranging from a few kilowatts 
to a few hundred megawatts. Because 
of differences in concentrating capabil.,.. 
ity, efficiently produced temperatures 
vary over a range from a few hundred 
degrees Fahrenheit to 3000°F (16000C). 

The technical feasibility of such 
solar thermal power concentrator sys
tems has long been established. The 
early systems, which were made by 
hand, were actually cost-effective until 
cheap oil and natural gas displaced 
them. The current solar technology 
development activities apply modern 
design and manufacturing techniques to 
these technically feasible concepts. 
Over $100 million was budgeted by 
DOE in FY 1978 toward the realization 
of these objectives, with significant 
progress resulting from these efforts. 

This Annual Technical Progress 
Report presents descriptions of the 
various projects carried out under the 
DOE Solar Thermal Power Systems Pro
gram during FY 1978. The following 
summary highlights the FY 1978 accom
plishments of these projects. 



SMALL POWER SYSTEMS 

Midtempyature Solar 
Facility MSSTF) 

Systems Test 

• Completed initial 
characterization 

performance 

• 

• 

Supplied 
energy 
Building 

electrical and 
to the Solar 

thermal 
Projects 

Initiated performance testing and 
operation of the Multitank High
Temperature Storage Subsystem 

Midtemperature Component and Sub
system Development 

Employed the MSSTF and laboratory 
facilities: 

• 

• 

• 

• 

• 

• 

• 

Completed SOL TES (Simulator of 
Large Thermal Energy Systems) 
computer code documentation and 
sponsored workshop 

Demonstrated stable black-chrome 
selective coating in laboratory 

Completed figure-of-merit ranking 
of candidate reflector structural 
materials 

Prepared thin glass reflector lami
nate 

Procured collectors from Hexcel, 
-Scientific-Atlanta, Solar Kinetics, 
and Polisolar 

Procured development receivers 
from GE and Itek 

Completed development of FMC 
and Del collectors 

xiv 

• 

• 

• 

• 

• 

• 

Completed preliminary design of an 
engineering prototype advanced 
parabolic trough 

Completed silicone heat transfer 
oil testing to 1800 hours 

Completed trickle oil storage 
feasibility testing 

Completed preliminary design of a 
high-performance extraction st~am 
turbine by MTI 

Prototype field laser ray trace 
instrument made operational 

Prototype portable reflectometer 
made operational 

Total Energy Systems 

• 

• 

• 

Determined the primary markets 
for these systems to be industrial 
applications; possible restricted 
markets for colleges and universi
ties; and negligible commercial 
and residential market penetraJion 
until 2020 

Completed the Fort Hood Large 
Scale Experiment (LSE) functional 
system design and preliminary sub
system designs 

For the . Mississippi County Com
munity College (MCCC) project: 

- Completed purchases of con
centrating photovoltaic fells 
and initiated purchases of con
centrators 

- Completed design of an energy 
conservation building complex 

- Completed design of concentra
tor system and testing of pro-. 
totype 



e At .the Shenandoah LSE: 

- Completed preliminary turbine 
design 

- Completed design for high ef
ficiency turbine 

- Initiated definitive design 
- Dedicated the site 

Small Community Systems 

• 

• 
• 

• 

Studies 

- Completed identification of 
( 1) potential of small power 
systems in small utilities and 
(2) barriers and incentives for 
introduction of these small 
power systems 
Initiated ( 1) comparisons of 
general power plants for small 
power systems and (2) Phase I 
competitive contracts for an 
experimental power plant 

Completed mirror, receiver, and 
wind tunnel tests 

Crosbyton-Fixed Mirror, Distribu
ted Focus Project 
- Constructed test facilities at 

Texas Technical University 
and E-Systems 

- Initiated contracts for first
generation subsystem develop
ment 

Purchased one Omnium-G point
focus concentrating collector unit 
for test and evaluation and initi
ated cost studies 

Remote (Irrigation) Systems 

• Completed applications analysis of 
solar thermal systems for agricul
tural applications 

xv 

• 

• 

• 

• 

• 

Demonstrated feasibility of the 
solar/electric hydride pump con
cept 

Initiated conceptual designs for 
novel pumping techniques 

Began operations at Willard, New 
Mexico, shallow well project and 
increased power output by: 

- Replacing collector receivers 
- Increasing collector field size 
- Modifying electrical generating 

system 

In the Coolidge, Arizona, deep 
well project: 

- Completed system design 
Initiated power conversion sys
tem fabrication 

- Initiated site construction 

The Gila Bend project operation 
was assumed by DOE 

- Initiated operations 
- Transferred operational respon-

sibility to DOE 
- Completed solar/electric hybrid 

pump modifications to include 
electric motor backup 

- Completed controls and re
ceiver modifications 

ADVANCED TECHNOLOGY DEVELOP
MENT 

Technology Assessment 

• 

• 

Conducted several technical work
shops 

Established operational status of 
the Solar Thermal Test Facility 
Users Association (STTFUA) 



• Initiated operations of the Georgia 
Institute of Technology Test Facil
ity 

• Initiated the Fuels and Chemicals 
project 

• Purchased two Omnium-G units 
for performance evaluations 

New Components 

• Initiated testing of Brayton cycle 

• Developed high-temperature cera
mic air cooled receiver 

• Investigated liquid metals for 
small power receivers 

Materials Support 

• Initiated research on black chrome 
arid black cobalt 

• Conducted high-temperature opti
cal stability tests 

Advanced Systems 

• Initiated contracts for 
generation Stirling and 
cycle small heat engines 

second
Brayton 

• Identified the potential of foam 
glass as low-cost structural mate
rial 

LARGE POWER SYSTEMS 

System.s. and Applications Project 

• 10-MWe Central Receiver Pilot 
Plant 

- Selected McDonnell Douglas as 
Solar Facility Design Integrator 

• 

• 

xvi 

- Completed site surveys and soil 
analysis 

- Met all federal, state, and 
local zoning and environmental 
requirements 

- Initiated procurement for helio
stat production glass 

- Initiated design for Visitors In
formation Center 

- Selected McDonnell Douglas 
and Martin-Marietta as Phase I 
collector contractors 

- Initiated cloud measurement 
program at site 

Storage-Coupled Systems Evaluation 

- Completed liquid sodium and 
molten salt conceptual design 
studies . for alternate central 
receivers 

- Neared. completion of Bray
ton-cycle systems for advanced 
central receiver systems 

- Initiated Phase I utility scale 
line focus system concept de
sign contracts 

Repowered Systems Analyses 

- Completed market and concept 
definition studies which indica
ted a potential for repowering 
capacity and developed cost
benefit analytical model 

- Completed 25-MWe, 50-per
cent solar power system design 
for a specific plant site of a 
southwestern utility 

- Initiated "Venture Analysis" 
study at the Solar Energy 
Research Institute (SERI) to 
determine the optimum ap
proach to commercialization 



• Hybrid System Project 

- Awarded three Phase I con
ceptual design contracts 

- Initiated assessment analysis of 
various systems for application 
in the 1970s 

Subsystem and Components Project 

• Central Receiver Test Facility 
(CRTF) near Albuquerque, New 
Mexico 

Completed construction and 
initiated testing operations 

- Achieved effective interaction 
with the STTFUA, an associa
tion of Solar Thermal Test 
Facility users 

• Heliostat Development Project 

Demonstrated second-genera
tion heliostat conceptual de
signs with projected production 
costs near goals 

- Determined heliostat capital 
costs as function of reflec
tivity 

- Deve'loped a computer model 
for the design and field perfor
mance of heliostats 

- Released "New Ideas" and 
Preproduction RFPs 

xvii 

• 

• 

Receiver Development Project 

- Completed analysis indicating a 
Central Receiver Pilot Plant 
receiver lifetime of at least 30 
years 

- Completed analytical model for 
direct absorber concept 

- Initiated Central Receiver Pilot 
Plant receiver panel tests 
Studied advanced receivers for 
possible system cost reduction 

Storage Development Pro·ject 

- Conducted fluid maintenance, 
degradation, stability, and 
fouling tests 

- Initiated studies for advanced 
systems concept designs and 
procedures for testing high
temperature storage media 

Most of these projects are contin
uing through FY 1979. The specific 
results of these analyses, tests, experi
ments, and demonstrations will provide 
the basis for and the extent of the 
effective realization of the program 
objectives to establish the technical 
readiness of cost-competitive solar 
thermal power systems for both small 
( under 10 MW e or 100 MB tu/hr, ther
mal) and large (over 10 MWe or 100 
MBtu/hr, thermal) energy production 
applications by the mid-l 980s. 



Introduction 

The Solar Thermal Power Systems 
Program is a key element in the 
national effort to establish solar con_; 
version technologies within the major 
sectors of the national energy market. 

The systems under development 
collect and concentrate solar radiant 
energy in order to heat or vaporize a 
fluid at high temperatures. The heat 
can then be converted to electrical 'or 
mechanical power, applied directly to 
high-temperature processes, or used in 
combination as in Total Energy Sys
tems. Systems can be placed either at 
the point of energy use or at a central 
location from which energy is delivered 
to the user by the utility grid. 

The major parts of a solar ther
mal energy conversion system consist of 
the following elements: 

• Lenses or mirrors to collect 
and concentrate sunlight; 

• Heat receivers to absorb the 
concentrated radiant energy; 

• Energy transport systems (flu
ids and piping) to couple the 
collectors with the conversion 
and storage elements; 

• Energy storage elements, e.g., 
tanks containing high-tempera
ture fluid; 
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• Thermal conditioning or man
agement equipment; 

• Heat engines to drive gener
ators; and 

• Control systems · to integrate 
and coordinate the operation of 
the other elements. 

· Two broad classes of concentrators 
encompass all of the possible solar 
energy system concepts: distributed 
receivers and central receivers. Distri
buted receivers (Figure 1) integrate the 
heat absorber (receiver) with the con
centrating element; this combined unit 
is also referred to as a distributed 
collector. Central receivers (Figure ·2) 
employ a large number of concentrating 
tracking mirrors--heliostats-_;that are 
controlled such that each delivers 
reflected sunlight to a common, cen
trally located receiver. Because the 
receiver is usually located on a tower, 
this is often referred to as the "power 
tower." 

Numerous concentrator design con
cepts for both distributed collectors and 
central receivers are currently under· 
development. The basic concept ele
ment is an individual mirror assembly 
ranging ih output from 500 W to 500 
kW. Systems can be assembled from 
concentrator modules with capacities 
ranging from a few kilowatts to a few 



Figure 1 ; Distributed Receiver 

Receiver 

' 1 

Hellostats Tower 

. Figure 2 .. Central Receiver 

I 
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hundred megawatts. Because of the 
differences in concentrating capability, 
efficiently produced temperatures vary 
over a range between a few hundred 
degrees Fahrenheit and 3000°F. Some 
components of these design concepts 
are shown in Figure 3. 

The technical feasibility of such 
concentrator systems has long been 
established. Early systems were con
structed in the days before the first 
assembly line had its impact on indus
trial development and before low-cost 
oil and natural gas became mainstays 
of our energy economy. The current 
technology development program applies 
modern design and manufacturing tech
niques to the concepts long known to 
be technically feasible. Figure 4 illus
trates clearly that current irrigation 
pumping systems and parabolic dishes 
recently placed in operation bear a 
striking resemblance to the systems 
built for the same purposes in the early 
1900s. 

Central receiver · technology was 
also used in 1970 by the French for the 
I-megawatt thermal (MWt) solar furnace 
at Odeillo, France (Figure 5). This 
furnace is used for materials synthesis 
and metallurgy experiments. A modern 
system using a similar concept is being 
developed at a site of Southern Cali
fornia Edison Company near Barstow, 
California, for the purpose of gener
ating 10 MWe of electricity. 

The overall objective of the Solar 
Thermal Power Systems Program is to 
establish the technical readiness of 
cost-competitive solar thermal power 
systems for both small (under 10 MWe) 
and large (over 10 MWe) energy pro
duction applications. Central receiver 
and distributed receiver technology 
development is being conducted for 



(a) Troughs, 500°-750°F, 0.5-5 kW' (b) Heliostats, 600°-2500°F, 10-20 Kw 

(c) Dishes, 750°-3000-F, 5-50 kW (d) Nontracking, 500°-1 ooo•F, 50~500 kW 

Figure 3. Design Concepts 

both large and smaJJ power applica
tions. The technical readiness of a sys
tem technology is determined by its 
ability tcr perform reliably at required 
output levels with predictable durability 
characteristics. When the technology 
of these systems becomes cost-competi
tive, activities to support widespread 
commercialization will be initiated and 
coordinated with other appropriate 
organizations. 
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Initial commercialization can be 
defined as that time when a system is 
purchased in the open market without 
direct government support (e.g., subsi
dies, incentives, etc.). 

• Small 
1983, 

power 

• Large power 
1985, and 

applications--

applications--



(a) 50-hp Solar Irrigation Pump at Meadi, Egypt (1913) (b) 33-ft Parabolic Dish Cawston Ostrich Farm, 
Pasadena, Calirornia ( 1 901 ) 

(c) 25-hp Shallow Well Pump, 
Willard, New Mexico 

(d) 37-ft Parabolic Dish "Omnium-G" SERI-Golden, Colorado 

Figure 4. Comparison of Early 1900 Concepts to Current Applications 

• High-temperature processing of 
fuels and chemicals from non
renewable feedstocks--1990. 

To achieve the program's objec
tives, several time-phased system and 
subsystem cost goals have been defined 
in the Multi-Year Program Plan (un-
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published). The long-term system cost 
goals, i.e., 1990, reflect values based 
on the average cost of conventionally 
generated energy dis placed by the solar 
systems. The long-term subsystem cost 
goals are consistent and represent 
levels which will enable achievement of 
the systems-level cost goals. 



Figure 5. Solar Furnaces at Odeillo, France 

Current indications are that the 
subsystem cost goals are achievable. 
For example, the 10-MWe central re
ceiver pilot plant heliostats are cur
rently estimated at about $25/f t 2 com
pared to near-term cost goals of _$20/ 
ft2. Prototype second-generation 
heliostat designs in the 44- to 55-m 2 
size have been developed with costs 
projected as low as $7/ft2 per unit 
reflectivity at production levels of 
250,000 per year, which is lower than 
the long-term cost goals of $10/ft2. 

To achieve these objectives and 
goals, the program strategy directs 
system design efforts toward those 
applications having favorable conditions 
for early market penetration. For each . 
key application, an orderly engineering 
development program is underway which 
includes the following: 

• Concentrator and component 
evaluation and characteriza
tion, 

• Subsystem design and perf or
mance verification, 

• System integration experience 
via large- and small-scale ex
periments as appropriate, and 
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• Industrialization and 
duction initiatives as 
priate. 

cost-re
appro-

These engineering development 
programs are complemented and en
hanced by a program of advanced tech
nology development seeking performance 
improvements in the major subsystems 
and components. 

The Solar Thermal Power Systems 
Program is structured around two key 
subprograms: Small Thermal Power 
Systems and Large Thermal Power Sys
tems. Within these major divisions, 
there are a number of important poten
tial applications with differing require
ments for design, manufacturing, and 
marketing. The program organizes the 
technology development and related key 
applications in the following manner: 

• Small Thermal Power Systems 

- Small Thermal Power Sys
tems--Technology develop
ment and applications dem
onstrations for solar thermal 
systems under 10 MWe (or 
100 MBtu/hr, thermal) in 
size. 

- Advanced Technology--A 
supporting element estab
lished to identify and devel
op systems utilizing advanced 
technology concepts to en
hance cost-effectiveness and 
to identify new applications 
for both small power and 
large power solar thermal 
systems. 

• Large Thermal Power Systems 
--Solar thermal systems over 
10 MWe (or 100 MBtu/hr, 
thermal) in size. 



To streamline the development 

efforts and application programs, tech
nical program management has been de
centralized and is performed by DOE 
field offices, major engineering labora
t0ries (including Sandia and the Jet 
Propulsion Laboratory), and the Solar 
Energy Research Institute (SERI). DOE 
field off ices are expected to carry for
ward the major applications programs 
with the support of the engineering lab
oratories. Advanced development re
sponsibilities are rapidly being trans-

ferred to SERI. Major experiments are 
phased with go/no-go decisions sched
uled at key points with intermediate 
cost goals established as a frame of 
reference for these decisions. 

In FY 1978 and 1979, the overall 
Solar Thermal Power Systems Program is 
funded at a level of roughly $100 million 
per year. The distribution of funding 
among the major programs is indicated 

in Table 1. 

Table 1. Major Program Funding 

Program FY 1978 FY 1979 

Small Power $ 28,100,000 $ 31,000,000 

Advanced Technology 10,200,000 13,500,000 

Large Power 21,800,000 24,600,000 

Barstow Pilot Plant 41,000,000 28,000,000 

Capital Equipment 3,000,000 3,000,000 

Total $104,100,000 $100,100,000 
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SOLAR THERMALPOWER DEVELOPMENT 



Large Power Systems· Small Power Systems 

Distribution of Primary Energy Usage (U.S. 197 4) 

Figure 6. Application Programs 
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Solar Thermal Power 
Development 

As illustrated in Figure 6, the solar thermal power systems effort is unique among the solar programs in providing technology to serve all major sectors of the national energy economy. Both the large and small power applications around which the DOE Solar Thermal Power System Program is structured are expected to become commercially available in the 1980s. The large power program element includes production of electricity in central receiver power plants larger than 10 MWe and other process heat applications of similar scale. The small power program element deals with systems smaller than 10 MWe and with the industrial, commercial, residential, and institutional applications to which small systems based on distributed receiver collectors and small central receivers can be readily applied. Beyond the 1980s, it should be possible to apply the high-temperature capability of advanced design central receivers and of parabolic dish distributed receiver · concentrators to processes for production of transportable fuels and essential chemicals. The Advanced Thermal Technology program element addresses this opportunity directly as well as appropriate materials, components, and process development for the entire program. 
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SMALL POWER SYSTEMS 
DEVELOPMENT 

The Small Power Systems Program 
element is designed to extend solar 
technologies to small communities, 
commercial/industrial users, and rural 
or remote areas such as farms, in 
accordance with the program schedule 
indicated on Figure 7. 

Fiscal Year 
1978 1977 1878 1979 1980 1981 f~2 1983 19841986 

MCCC Shenandoah 
l:,, 32 kW l:,, 1::,,1::,, A. Hood 

Total Energy 

Crosbyton 
l:i. Test l:i.1 MW 

SmaD Community 

l:,, 26 HP l:,, 200 HP 
Remote 

Figure 7. Program Schedule for Small Power 
Systems Program 

The Small Power Systems Program 
~onsists of three subprograms: Solar 
Total Energy, Remote (Irrigation) 
Systems, and Small Community Power 
Syst_ems. The long-range objective of 
each subprogram is to accelerate com
mercialization of solar energy systems 
through: 

• Applied research to establish 
technical feasibility, 

• Technology development to 
achieve a position of technical 
readiness , and 

• Engineering development to a 
state of commercial readiness. 

The pro gram plan , has been devel
oped to achieve this objective by the 

1.3 

design, construction, and operation of 
several field system projects based upon 
the results of applications analysis 
studies 'and a program of technology 
development. 

The emphasis of the Small· Power 
Systems Program is on the development 
of solar thermal technology in which the 
energy supply system can be integrated 
at the point of use. Such "on-site"· 
systems are typically much smaller than 
those required for large utility power 
plant operations. Comparable conven
tional systems in current use rely 
heavily upon transportable fuels such as 
natural gas, propane, and oil. 

Efforts in the Small Power Systems 
area include: 

• Midtemperature Solar Systems 
Test Facility--Operates and 
maintains a collector module 
test facility for concentrating 
solar collectors and a system 
test facility to characterize 
performance and cost of solar 
energy components and subsys
tems and to accumulate oper
ating and maintenance experi
ence; 

• Midtemperature Component and 
Subsystem Development--Devel
ops components and subsystems 
and generates technical data in 
support of programs using dis
tributed collectors; 



• Total Energy Systems--For in- . 
dustry, commercial building 
com pl exes, agriculture , and 
small communities; 

• Electric Power Systems--For 
small communities; and 

14 

• Remote (Irrigation) Systems 
--For applications in remote 
locations (essentially unat
tended) far from or inconve
nient to an electrical grid. 



Midtemperatare Solar Systems 
· 'fest Facility 

The Midtemperature Solar" Systems 
Test Facility (MSSTF) was dev.eloped at 
Sandia Laboratories in Albuquerque, New 
Mexico (Figure 132), in support of the 
national effort to develop solar energy 
technology for use in meeting projected 
demands for small power systems in the 
United States. 

Candidate subsystems, components, 
and operational strategies for the 
small power system projects must be 
developed and evaluated. The MSSTF 
(Figure 8) was established to support 
the engineering evaluation of mid
temperature-range component and sub
system development for applications in 
the Small Power Systems Program. 
The MSSTF can test at both system 
and subsystem levels and is shared by 
the concentrating photovoltaic collec
tors test project. 

.. ._: 

- .,· .... ·• 
... 

Energy Projects laboratory 

The MSSTF consisting of the Col
lector Module Test Facility (CMTF) 
and the Systems Test Facility (STF) is 
used to evaluate candidate subsystems 
and components in common tests that 
are representative of projected opera
tional conditions and provides experi
ence in integrating components into a 
solar energy system. In the course of 
testing, expertise, which enhances con
ceptualization and design of improved 
components, is gained by all partici
pants in the testing program, including 
test facility and program management 
personnel from private companies. In 
addition. the results and conclusions 
drawn from the testing program are 
widely distributed through formal 
reports, presentations, and technical 
interchanges with visitors to the 
MSSTF. 

Low Temperature storage 

Turbine and Control Building IN] 
CoollngTower ~ . 

... 
Fixlod Mirror Solar Collector Amy 

Figure 8. Midtemperature Solar Systems Test facmty 
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The operational goals for the MSSTF 
may be summarized as follows: 

• Characterize, by representative 
engineering tests, candidate 
solar energy components and 
subsystems; 

• Integrate experimental hard
ware into representative solar 
energy systems (i.e., systems 
large enough to encounter the 
problems of integrating full
scale components) to establish 
the feasibility of the solar to
tal energy concept and to pro
vide technical and cost data 
for dispersed power systems; 

• Innovate through identifying 
potential improvements in com
ponent design and in system 
configuration and operation, 
and by encouraging such devel
opment in the private sector; 

• Analyze the experimental data 
(from the MSSTF and other 
sources) to formulate conclu
sions helpful in designing 
systems for large-scale experi
ments, demonstrations, and 
commercial applications; and 

• Disseminate the results and 
conclusions through reports, 
seminars, and conferences and 
through tours, briefings, and 
technical interchanges with 
visitors at the MSSTF. 

. -

The history of the MSSTF project is 
summarized in Figures 9 and 10. The 
design phase of the MSSTF began in 
1973 and included extensive application 

Phase FY 73 FY 74 FY 75 FY 76 ~6 FY 77 FY 78 

BackQroundPhase 

Exploratory Study 

Exploratory Development 

FacDl!y Construction 

A. Solar~ectrlc 
Components 

B. C8scaGed Components 

FacDl!y Operation 

4567 

MILESTONES: 

1 . Completion of Phase 1 
2. Preliminary System Design Complete 
3. Economic Evaluation Complete 
4. Collector Evaluation FacUlty Complete 
6. System Analysis Program (SOLSYS) Operational 

6. Baseline System Design Complete 
7. Phase IV-A Proposal Submitted 
B. Phase IV-A Design Freeze 
9. Partial Collector Field, Storage, and Turbine/Generator 

Teat Bed Complete-FlrS1 Soler Energy Collection 

10. Phase IV-A Complete. System 100 percent Operational 

1 0a. Subcontracts for Collector Field Subsystems Placed 

11. Initial Operation of Partial Solar Total Energy System Test Facility 

12. Low-Temperature Components of Solar Total System Test Facility In

stalled 
12a. Subcontracted Collector Field Subsystems Completed 
13. System Analysis Program (SOLSYS) Refined and Revalidated 

14. DemonS1ratlon of Solar Project Building 
16. Operation of Complete Solar Total Energy System Test Facility 

Figure 9. Mldtemperature Solar Systems Test 
Facility Project Milestones 

and systems analyses of the solar total 
energy concept and the development of 
systems computer programs, the best 
known of which were CYCLE* and 
SOLSYS.* The first hardware to be 
realized was the first test loop of the 
CMTF. 

Construction of the "solar-to
electric" portion of the MSSTF was 
initiated late in 1974. This effort, 
called Phase IV-A to distinguish it from 
the expanded facility which had yet to 
be authorized, consisted of the fabrica
tion , installation , and checkout of the 
200-m2 parabolic trough collector field 
quandrant, a high-temperature strati
fied storage tank, a 32-kW turbine/gen
erator and Therminol-to-toluene heat 
exchanger, an instrumentation and con
trol subsystem, a cooling tower, the 

*Present upgraded versions of these codes are Cycle 2 and SOL TES. 
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Figure 10. CMTF Operating History 

turbine and control building, and all 
necessary pumps and fluid loops to in
terconnect these subsystems. The in
stallation of the parabolic trough col
lector field was completed in December 
197 5. The balance of the installation 
was completed and all the components 
of the Phase IV-A system were opera
ted together in April 1976. 

Phase IV-B began in February 
1976 and will continue as new subsys
tems are added to the facility and as 
other subsystems on which evaluation 
has been completed are removed. The 
initial goals of the Phase IV-B con
struction were to add a variety of col
lector fields to increase capability of 
collecting 2 x 106 kJ/day to a capacity 
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of about 8 x 106 kJ/day and to achieve 
the capability of providing 32 kW for a 
full 11-hour operational day. High
temperature thermal storage capacity 
was increased from 30 minutes to 3.5 
hours with the addition of a 24, 000-1, 
multitank, sensible heat-storage sys
tem. In addition, the subsystem for 
low-temperature thermal energy stor
age, the LiBr absorption chiller, heat
ing equipment, and all necessary addi
tional sensors and controls were added 
to the facility. The project was 
demonstrated and a major project mile
stone marked in June 1977 when the 
Solar Projects Building was provided 
electrical power, heating, and cooling 
to become the world's first application 
of total solar energy to an actual load. 



In FY 1978, two additional collector 
field subsystems were completed under 
Phase IV-B: ( 1) the S'l,mtec SLATS and 
the General Atomic FMSC and (2) the 
Multitank High-Temperature Thermal 
Energy Storage Subsystem. Figure 11 
shows the state of the facility as of the 
end of FY 1978. The Raytheon para
bolic dish was installed in FY 1978 
with its checkout tests scheduled for 
completion early in FY 1979.. Another 
parabolic dish· design, prototypical of the 
Shenandoah Large Scale ·Experiment 
provided by General Electric, will be 
installed in FY 1979. Procurement will 
be initiated for advanced high-tempera
ture storage, prime mover, and para
bolic trough collector field subsystems. 

Figure 11 . Aerial Photo. of MSSTF 

Phase V, overlapping Phase IV-A 
and concurrent with Phase IV-a, began 
in January 1976. It consis1:s of opera
ting the facility in accordance with a 
detailed test plan to provide perfor
rn~ce data on all subsystems and to 
accumulate operations and management 
experience to form the design basis of 
large-scale experimental . plants and 
future solar energy systems. Figures 
12 and 13 show the accumulation of 
operating hours on some of the MSSTF 
subsystems. The operation of the 
system, including the supplying of elec
tricity, heating, and cooling of the 
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Figure 13. Collector Field Operating History 

Solar Projects Building will continue in 
FY 1979. . 

Some of the more significant ac
complishments during FY 1978 are 
categorized below according to the 
operational goals previously identified: 

• Characterize--Test nine new 
collector modules. Figure 14 
compares the performance of 
nine tested designs. This ef
fort not only added to know
ledge of solar collector design 
but also provided a means to 
encourage and fund private 
companies to develop advanced 
solar hardware systems. The 
initial performance characteri
zation was completed for the 



70 

30 

20 Referees: V.E. Dudley and R.M. Workhoven. Summary Report. Concentrating Solar CoOector Test Results Collector Module Test FaclDty. SAND78-0816. May 1978. Avallable NTIS. 

10 _____ _._ ______________ ...._ ____ ____. ___________ _ 
50 100 150 200 250 300 360 

FLUID OUTPUT TEMPERATURE (deg CJ 

Figure 14. Comparison of Peak Collector Efficiency vs Output Temperature 

Suntec SLATS and General 
Atomic FMSC Collector Field 
Subsystems and for the Multi
tank High-Temperature Ther
mal Energy Storage Subsystem. 

• Integrate--The operation of the 
MSSTF as a solar total energy 
system supplying electricity 
and thermal energy to the 
Solar Projects Building was 
established as the standard 
mode of operation. Solar
specific operational strategies 
for the turbine, e.g., a "liq
uid-fired" boiler, seasonal vari
ation of condenser temperature 
to match thermal demand, and 
automatic switching between 
solar and fuel were developed. 
The first systems-level tests 
involving all available sub
systems · in interactive opera
tion were accomplished. 

• Innovate--The Raytheon para
bolic dish collector was instal-
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led and preliminary perfor
mance tests were initiated. A 
second parabolic dish collector, · 
designed by General Electric 
for the Shenandoah Large Scale 
Experiment, was selected for a 
collector field subsystem at 
the MSSTF. 

• Analyze--Figure 15, based 
upon data obtained from 
MSSTF operation, indicates de
gradation in the performance 
of the parabolic trough collec
tor field subsystem. An ad
vanced design for parabolic 
trough collectors that incor
porates improvements suggested 
by the previous testing has 
been initiated. The data from 
the first 24-hour test indicate 
that during the test 63 per
cent of the collected solar 
energy was applied to the 
demands of the Solar Projects 
Building. 
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Figure 15. Parabolic Trough Collectors 
Perforrriance History 

• Disseminate--The transfer of 
information to industry by the 
Resident Engineer Project took 
an international flavor with the 
inclusion of Ormat Turbines, 
Ltd., in Israel. The MSSTF 
was visited by a total of 9337 
visitors including 282 from 
foreign countries. The effort 
has also produced 34 confer
ence presentations and 20 for
mal reports. 

The MSSTF mission is primarily 
related to those goals identified in the 
Multi-Year Program Plan for total 
energy and distributed collectors, and 
appropriate operational goals have been 
defined for FY 1979 as summarized 
below. 

• Characterize--Evaluate the 
Suntec SLATS, General Atomic 
FMSC, and Raytheon parabolic 
dish collector field subsystems 
and the Multitank High-Tem
perature Thermal Energy Stor
age Subsystem as operational 
components of the MSSTF. In
stall new test looi::J at the 
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CMTF permitting the evalua
tion of collector modules to 
higher temperatt1re's (up to 
42,0 c) • 

• Integrate--Develop empirical 
information on maintenance 
and operation costs and pro
cedures and identify · other 
system operational consider
ations necessary for the imple
mentatio'fi of small power 
systems. 

• lnnovate--lnstall the Shenan
doah prototype dish collector 
field subsystem. Upgrade the 
existing parabolic trough col
lectors with hardware utilizing 
design improvements that have 
been identified in previous 
testing. Evaluate silvered 
glass .reflector surfaces and 
improved black chrome ab
sorber coatings in both the 
CMTF and the STF. Initiate 
procurement for second-gener
ation subsystems. Evaluate five 
additional, previously identi
fied, collector modules and 
procure and test several com
mercially available collectors. 

• Analyze--Install an upgraded 
control and data acquisition 
system permitting more versa
tile testing techniques and im
proved analysis and reporting. 
Develop techniques for trans
ferring test data analysis. 

• Disseminate--Continue the 
technical dissemination program 
of conference presentations, 
formal and informal written 
reports , resident engineers, 
workshops, and the reception 
of visitors. Visitors are ex
pected to average about 1000 
per month in FY 1979. 



Figure 16 shows a projected 5-year 
plan for planned and projected activi
ties. Definitions · of projected activi
ties, indicated by the dashed lines, will 
evolve from program development. It 
is expected that the MSSTF will not 
grow substantially beyond its scope in FY 
1979; subsequent subsystem installations 
will generally replace equipment that 
has been completely evaluated. One 
consideration in the decision relative to 
phasing out tested subsystems is the 
necessity of retaining a complete set of 
components for total system operation. 

COLLECTOR FIELDS 

ParabolloTroughs 

u~Parabollo 
Troughs 

Fbcad Mirror. 

SLATS 

Single Dish 

Shenandoah Dishes 

AdwncedDesign 
Trough -~ Field 

Advanced Design 
~Field 

HIGH TEMP STORAGE 

Multftank 

Advanced 

PRIME MOVER 

SUndstrend 

Advanced 

HEATING ANO COOLING 

e-.ii 
Upgrade 

CMTF 

. Loop No.1 (320°C OD) 

FY80 

It is expected that the need for 
the test facility will extend through the 
mid to late 1980s. By that time, 
several large systems will be in opera
tion, providing information from actual 
working conditions to be used in the 
design of subsequent systems. At that 
time, it may be possible to deempha
size the system aspects of the MSSTF 
and shape its role for the evaluation of 
innovative components, particularly col
lectors. 

FV81 FY82 FY83 

---· 
(2. __ _ 

Q.. __ 

Loop No.2(426oCSllloone,___________ - - --

Loop No.3 (330oC WalerJ 1-----+---"'f 
Loop No. 1 UPQrmB 
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- - - Pn,Jeotlons Pending Program Developmenls 
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Q Ev<!1Ua110n Comi,le1lon. I.e .• Decision Regarding Phase Out 

Figure 16. MSSTF 5-Year Plan 
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Midtemperatare Component 
and Subsystem Development 

Similar to the support provided by 
the Midtemperature Solar Systems Test 
Facility, the Midtemperature Component 
and Subsystem Development project at 
Sandia Laboratories, Albuquerque, New 
Mexico, supports the Small Power Sys
tems program eleme11t. The objectives 
of this project are (1) to identify 
research and development areas that 
are unique to small solar power systems 
in the midtemperature range and (2) to 
perform technology development in 
these areas to ensure initial commercial 
implementation of the small power 
systems by the early 1980s. In this 
regard, this project provides materials 
as well as component and subsystem 
development support for the Total 
Energy, Small Community, and Remote 
(Irrigation) Systems as required in the 
areas of: 

• Systems Engineering, 

• Materials and Process Develop-
ment, 

• Collector Development, 

• Storage Development, 

• Prime Mover Development, and 

• Operation and Maintenance 
Characterization. 

Systems Engineering 

To provide a computer cod~ that 
simulates solar process heat, total 
energy, and power conversion systems, 
the first version of the SOL TES (Simu-
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.lator of Large Thermal Energy Systems) 
code was written and debugged in FY 
1978, employing some of the logic and 
thermal component models of a pre
vious code (SOLSYS). It is a general 
code that can be used to simulate a 
variety of systems such as: 

• Solar Power/Total Energy Sys
tems, 

• Fossil Fired Power Plants/Total 
Energy Systems, 

• Solar Energy Heating and Cool-
ing Systems, 

• Solar Hot Water Sytems, and 

• Solar Process Heat. 

A load management capability al
lows SOL TES to simulate total energy 
systems which simultaneously follow 
power loads, power demands, heat 
demands, and heat loads. At the user's 
option, SOL TES automatically calculates 
system performance parameters and 
provides system energy transfer 
accounting. 

A workshop was held with repre
sentatives of universities, small con
sulting firms, large companies, and 
national laboratories to explain and 
demonstrate SOL TES capabilities. A 
users manual was distributed to the 
attendees. During FY 1979, the 
present version will be distributed 
further; the program will be enhanced 
to increase the variety of simulator 
models and output capacity; and an IBM 
version will be prepared. 



A Solar Systems Design Handbook 
for systems employing parabolic trough 
collectors was initiated. The handbook 
addresses the application of parabolic 
trough midtemperature solar technologies 
to process heat, on-site power, and 
total energy systems. It permits the 
design of these solar systems through 
the employment of parametric curves 
and tables and reduces the need for 
computer simulation. Performance . 
curves are provided using Typical 
Meteorological Year (TMY) Weather 
tapes, appropriate trade-off evaluations 
between various subsystem options are 
treated, and component cost algorithms 
are included. Publication of the hand
book is expected in FY 1979. 

Four DOE study contracts evaluat
ing the application of solar total energy 
systems to the industrial, commercial, 
residential, and institutional market 
sectors were completed. The industrial 
sector, characterized by fairly constant 
seasonal demands, high thermal-to
electric ratios, existing operation and 
maintenance experience, uncertainity of 
current energy sources, mitigated by 
typically short payback periods (3 to 7 
years), and potentially restricted land 
availability, appears favorable for near
term market penetration. The commer
cial sector tends to be land limited and 
highly electric intensive while the insti
tutional sector tends to have an unf a
vorable thermal-to-electric ratio. No 
markets for the residential sector were 
identified prior to the year 2000. A 
primary deterrent for the application of 
solar total energy to the residential 
sector is the high priority given this 
sector by the government in allocating 
fossil fuel energy resources. Areas 
identified for technology development 
included component reliability, im
proved turbine efficiencies and high
temperature heat transfer, and storage 
fluids. 
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Materials and Process Development 

After degradation of the optical 
properties of black chrome-coated re
ceiver tubes in use at the MSSTF was 
noted and confirmed by laboratory test
ing, efforts were initiated to improve 
the stability of these properties above 
300°c in air. The standard bath and 
plating process produces coatings that 
are optically stable in air at 250°c but 
not at 300°c. Variations from the 
standard composition of the plating bath 
produced desired results at temperatures 
of 350°c to 400°c for extended test 
periods. These test results were inde
pendently verified by Honeywell Sys
tems and Research Center. In support 
of the Coolidge, Arizona, project, a 
full-scale production plating with the 
new bath is planned for November 
1978. During FY 1979, aging tests on 
black chrome-coated receiver tube sec
tions will be continued in order to de
termine microscopic differences be
tween stable and unstable coatings, cri
tical process variables will be deter
mined, and a detailed process handbook 
will be prepared by Honeywell Systems 
and Research Center. 

The use of elastically deformed, 
thin (0.13- to 0.51-mm) silvered glass 
as a second surface reflector provides a 
method of forming trough concentrator 
shapes with advantages over conven
tional glass thickness (>1.5 mm). 
Feasibility analyses were conducted to 
optimize adhesive properties and back
ing materials to form a flat "reflector 
laminate" which is elastically deformed 
to the desired concentrating profile. 
Tests were conducted to confirm these 
analyses, to evaluate the fabrication 
processes, and to identify potential 
problems. New procedures for glass 
cutting and adhesive application as well 
as special fixtures for silvering were 



developed. Thermal cycling, thermal/ 
humidity cycling, bond strength, and 
reflectivity tests were conducted which 
indicate performance capabilities of the 
thin glass laminates. The first systems 
test will begin in March 1979 with the 
construction of a 6.1-m-long parabolic 
trough in the MSSTF collector field. 
System characterization and testing of 
the laminates will continue during FY 
1979. 

Early responses of major producers 
of sagged glass shapes indicated that 
existing technology was adequate for 
solar applications. However, early in FY 
1978, responses to RFQs indicated that 
a variety of technological as well as 
facility problems still existed which 
included: 

• High cost and uncertain avail
ability of quality fixtures, 

• Facility limitations that deter 
response for prototype parts, 

• Mirror quality uncertainty and 
lack of standard quality control 
instrumentation, and 

• Variations and uncertainties in 
deformation processes. 

Much of the FY 1978 effort was 
devoted to solving these problems • . 
Many companies were visited and some 
studies were funded to assess the 
performance of specific mold materials 
and the companies' capabilities to 
produce suitable prototype parts. These 
parts will be sent to the Sandia 
Laboratory Mirror Silvering facility 
(Figure 17) and then tested for uni
formity and curvature. Studies at 
Sandia were initiated to evaluate 
ceramics for mold material as well as 
the possible use of microwave heating to 
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Figure 1 7. Sandia Laboratory Mirror Silvering 
Facility 

sag the glass. These studies will con
tinue through FY 1979. 

Glass panels have been fabricated, 
silvered, and tested using a laser ray 
trace system. Figure 18 shows a pair 
of these glass sections mounted on a 
trough form. Two configurations of 
parabolic troughs are at stages where 
sagged glass will be required. Because 
tests have indicated that panels can be 
fabricated with acceptable accuracy, 
two contracts will be let in FY 1979 for 
fabrication of panels for a 2-m rim
to-rim advanced trough design and 
replacement for 9-ft rim-to-rim units. 
Costs of tooling, sagging, and subse
quent silvering will be investigated for 
evaluating sagged glass potential for 
future mass production of collectors. 
The three-dimensional forming of large 
glass parts to long variable radii of 
curvature and to those dimensional 
tolerances for parabolic dish reflectors 
will require a development effort that is 
planned for early FY 1979. 

In previous years, a variety of 
materials for concentrating collectors 
were experimentally evaluated. These 



Ftgure t 8. Sagged Glass Sections 

data were supplemented in FY 1"978 by 
design analyses that provided figure
of-merit ranking of candidate materials. 
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The criteria of weight, strength, and 
stiffness indicate the use of sandwich, 
ribbed, and monocoque structural 
forms. Material/design combinations 
were selected from the various candi
dates by performance, weight, and cost 
trade-offs as well as availability and 
mass production considerations. Testing 
of these selected candidates include: 

• Laser ray trace inspection, 

• Temperature-humidity cycling, 

• Real-time environmental expo
sure, and 

• Hail impact resistance (Figure 
19). 

Figure 1 9. Sandia Hail Impact Gun 



Each of these candidates wiU be evalu
ated with sagged, chemically strength
ened, and thin glass reflector surfaces. 
In addition, four new materials pro
grams were initiated: 

• Modification of the laser ray 
trace to identify structural 
versus reflector surface 
changes during environmental 
cycling, 

• Moisture diffusivity measure
ments in materials of struc
tures, 

• Chemical analysis of commer
cial products for degrading im
purities., and 

• Surface analysis of degraded 
mirrors. 

During FY 1979, efforts wiU be directed 
toward optimizing material/design com
binations and understanding the degra
dation mechanisms of materials and 
reflector surfaces. 

Laboratory instruments and data 
analysis techniques were developed to 
characterize the specular properties of 
reflecting surfaces. It was determined 
that relatively small amounts of dust on 
a mirror cause a significant decrease in 
specular reflectance and experiments 
were conducted to determine the mag
nitude of this effect. Several new 
solar mirror materials were tested. The 
need was recognized for a portable 
reflectometer for obtaining field data 
and the development of such an instru
ment was completed (Figure 20). This 
instrument was designed to determine 
specular reflectance loss due to dirt 
and surface scratches on mirrors 
located in the field. During FY 1979, 
studies of the effects of dust accum-
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ulation will be continued, field calibra
tion of the portable reflectometer wiU 
be conducted, and its use applied to 
curved surface mirrors and long-term 
mirror degradation tests will be studied. 

Collector Development 

A number of collector development 
contracts were awarded to establish a 
comparative range of performance cap
abilities of contemporary concentrating 
solar thermal collectors. During FY 
1978, the collectors were delivered and 
tests were conducted in the Collector 
Module Test Facility (CMTF) at the 
MSSTF. A summary of the collector 
efficiency results for several of these 
collectors is shown in Figure 14. 

The Hexcel collector (Figure 21) is 
a linear focus 72° rim-angle parabolic 
trough employing a black chrome-coated 
receiver tube enclosed in Pyrex glass. 

-

Figure 20. Portable Reflectometer for Specular 
Reflectance Measurements 



Figure 21 . Hexcel Solar Collector 

This collector exhibited the highest 
efficiency of any linear collector evalu
ated to date. The Scientific Atlanta 
collector (Figure 22) is a faceted fixed 
mirror concentrator utilizing sheet 
metal fabrication and construction tech
niques. The second surface mirror 
facets are formed from low iron glass , 
and the receiver is enclosed by a 
secondary reflector. The Solar Kinetics 
Collector (Figure 23) is a linear focus 
90° rim-angle parabolic trough utilizing 
a black chrome-coated receiver tube 
enclosed in a Pyrex glass jacket. The 
Polisolar AG collector, obtained from 
Soltrax, Inc., (Figure 24) is a linear 
focus 1200 rim-angle parabolic trough 
with sagged glass mirror surfaces and 
black chrome-coated receiver tube en
closed in a cylindrical glass jacket. 
This collector will be tested at CMTF 
in FY 1979. 

The General Electric receiver 
(Figure 25) is an alternate design of a 
low rim angle receiver tailored to the 
Suntec SLATS (previously tested) re
quirements. The receiver has been in
stalled on the Suntec module at CMTF 
and will be tested in FY 1979 to provide 
direct comparison with the Suntec and 
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Figure 22. Scientific Atlantic Solar Collector 

Itek receivers. The Itek receiver (Fig
ure 26) is also an alternate design of a 
low rim angle receiver tailored to the 
Suntec requirements. It will be in
stalled and tested in the Suntec module 
following the completion of the General 
Electric receiver tests. The FMC col
lector (Figure 27) utiiizes a Fresnel 
belt reflector of narrow glass mirror 
strips mounted on a stainless steel belt 
that moves on a cylindrical path. The 
receiver tube is fixed at the center of 
the cylinder thus permitting rigid 
plumbing connections. This unit has 
been installed at CMTF. Testing is un
derway and will continue during FY 
1979. 

The Del Manufacturing collector 
(Figure 28) is a parabolic trough 
utilizing a sagged (pressed) glass 
reflective surface with a rim angle of 
-110° that rotates about the fixed 
receiver tube. A series of hail tests 
were conducted that indicated this 
collector is highly resistant to 1/2- and 
3/4-in. hail and also exhibited resistance 
to 1-in. hail. 

Two preliminary design studies were 
conducted to stimulate the development 



Figure 23. Solar Kinetics Solar Collector 

Figure 24. Soltrax Polisolar Parabolic Trough 
Collector 
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Figure 25. Section View of GE Wide-Aperture 
Receiver 
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and evaluation of new and novel designs 
for solar thermal collectors operating in 
the midtemperature (23o0 c to 330°C) 
range. One of the concepts (Figure 29) 
consists of an inflated cylinder of light 
weight plastic materials that provides a 
potential for low cost; however, the 
performance is relatively low. The 
other concept (Figure 30) is a point 
focusing system using a series of Fres
nel lenses and disk receivers mounted 
on a pedestal. The cast acrylic lens 
system limits the optical efficiency to 
about 70 percent. Both studies were 
terminated at the end of the prelim
inary design phase. 

Trough development efforts were 
initiated in 1978 to include in-house 
design and fabrication of an engineering 
prototype collector, design and demon
stration of three different manufac
turing concepts of parabolic trough 
collectors, and the technology transfer 
to industry of results and achieve
ments. RFPs will be issued for col
lector fabrication. Tests and evalua
tions of these collectors will be 
conducted at CMTF, and efforts will 
be initiated to promote manufacturer 
utilization of the developed technol
ogy. Figure 31 presents the schedule 
for this effort. 

A detailed program schedule/mile
stone chart breaking the Trough Devel
opment Project in 15 separate subtasks 
with a single individual responsible for 
each subtask has been prepared. The 
subtasks are Program Management, En
gineering Prototype Collector, Receiv
er, Tracking, Drive, Foundations, 
Sheet Molding Compound Design Lay
out, Sheet Metal Design Layout, Sand
wich Structure Design Layout, Glass 
Support, Stress Analyses, Thermal 
Analysis, Field Control, Materials De
velopment, and Glass Development. 
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Figure 26. Section View of Itek Receiver 

Figure 27. FMC Solar Collector 

Several significant program decisions 
have been made concerning wind loads, 
foundation requirements, and scope of 
the controls effort. 

Refinements in the interpretation 
of the 90-mph wind survival require
ments have been made to allow for, 
among other things, altitude scaling 
and wind fences. The sum total of all 
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Figure 28. Del Solar Collector 

Figure 29. Air-Supported Collector Mockup (34 
in. diameter x 5 ft) 

these new interpretations is to reduce 
aerodynamic forces by approximately 50 
percent. The major effect of these 
new interpretations is that all new col
lector fields will require a wind fence 
of 50-percent porosity to survive 90-
mph winds. 

A foundations study has indicated 
that foundation costs can be safely re-



Figure 30. Large Circular Fresnel Lens Collector 
Assembly 
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Figure 31 . Trough Development Project 
Schedules 

duced from present costs of over $3,j_ft2 
of aperture area to less than $1/ft of 
aperture area. 

The scope of the collector track
ing effort has been expanded from con
trolling collector tracking to controlling 
the tracking and fluid control for a 
typical field of collectors. Present plans 
are to control tracking and fluid con
trol from a single microprocessor sys
tem. 

A test specification is being de
veloped to provide definitive require
ments for qualifying line-focus, para-
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bolic trough thermal solar collectors. 
The specification uses ASHRAE 93-77, 
"Methods of Testing to Determine the 
Thermal Performance of Solar Collec
tors" for performance testing. In addi
tion, tests are being developed to qual
ify collectors for environmental expo
sure and accelerated life and for ac
ceptance and field inspection. 

The objective of the Engineering 
Prototype Collector project is to 
demonstrate a high performance para
bolic trough which has the potential for 
long life. Glass is being used for the 
reflector to meet this objective. Exo
tic technology such as high vacuum re
ceivers will not be used to keep costs 
down. 

Thin glass bonded to a steel back
ing sheet which is elastically deformed 
to the parabolic trough shape is the 
baseline design. The 2- x 6-m para
bolic trough is a steel skin with alumi
num core honeycomb structure. The 
honeycomb structures have a proven 
history of accurate surfaces and envi
ronmental stability from the structural 
materials evaluation project. Detailed 
finite element structural analysis shows 
the glass will survive 40-m/s wind loads 
and will have acceptable deflections 
during 14-m/s wind operate conditions. 
A contract for six trough structures 
was placed with Hexcel in September 
1978. 

Detailed all-day performance anal
ysis has resulted in the selection of a 
25.4-mm receiver tube enclosed in a 
48-mm Pyrex glass tube with air in the 
annulus. 

A microprocessor-controlled tracker 
using a fine wire flux sensor wrapped 
around the receiver tube will be eval
uated on the prototype. Essential 



elements of .the controller were bread
boarded in the laboratory and the flux 
sensing wire was tested on the Solar 
Kinetics collector in the CMTF. 

Detailed drawings of the support and 
drive system have been completed and 
quotes on piece parts are being obtain
ed. It is anticipated that the collector 
will be assembled and ready for test in 
the CMTF by April 1979. The collec
tor is expected to demonstrate a noon
time efficiency of greater than 60 
percent at 300°c. 

Storage Development 

The first series of silicone fluid 
tests in support of the Total Energy 
project at Shenandoah, Georgia, began 
in March 1978 employing 13 vessels 
containing various low cost filler 
materials (i.e., rock, iron). These 
tests were prematurely terminated due 
to problems in vessel design. Testing 
was resumed in June and a total of 12 
materials have been evaluated for 
compatibility with Syltherm 800 at 3 
temperature and 5 pressure combina
tions. To date, results have been 
gathered from over 41,000 vessel hours 
of testing. Results indicate a fairly 
reliable order ranking of acceptable 
solid filler material and methods to 
minimize fluid losses. Figures 32 and 
33 show laboratory apparatus used to 
conduct these tests. Additional tests 
will be conducted to establish methods 
to accurately calculate fluid losses for 
any solid filler material used with 
Syl therm 800. A report will be pub
lished in 1979. 

In order to assess the design con
cept for the high-temperature storage 
subsystem proposed for the Shenandoah 
project, a prototype subscale rock and 
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Figure 32. Silicone Fluid Test Equipment 

Figure 33. Silicone Fluid Test Equipment 

trickle flow subsystem was designed and 
tested. The results confirmed con
current studies that this concept pro
duced an inhomogeneous three-phase, 
three-component operation which limited 
reliable scaling for physical size and 
energy transfer rate to full scale appli
cation. 

Prime Mover Development 

To obtain an extraction steam
turbine generator that would meet the 
requirements for the Total Energy 



Project at Shenandoah, Georgia, RFQs 
were issued in March 1978 to 13 poten
tial suppliers. A contract was signed 
in May; the detail design study was 
completed in August 1978; and detail 
design is currently underway for a four
stage pressure-compounded machine. 
Component fabrication and assembly 
will be completed by August 1979, 
testing by November, followed by ship
ment and installation at Shenandoah, 
Georgia. 

Operation and Maintenance 
Characterization 

Because specular reflectance is of 
primary importance in maintaining col
lector efficiency, it was necessary to 
investigate cleaning agents and tech
niques. During FY 1978, an inves
tigation was initiated by McDonnell 
Douglas of conditions for geographical 

Figure 34. Sandia indoor La$er Ray Trace 
- Tester Prototype 
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locations of the southwest desert region 
and the Atlanta, Georgia, region. This 
work is now underway with the instal
lation of test mirrors at four loca
tions. The tests will be completed in 
FY 1979. 

Prior to FY 1978, a prototype 
Laser Ray Trace indoor system was in 
use that is capable of testing 2- by 4-ft 
parabolic troughs and a larger portable 
field system had been designed and 
construction initiated. During FY 1978, 
the prototype indoor system was modi
fied (Figure 34) and used extensively. 
Currently, a larger, more general in
door system is being built and will be 
operational in December 1978. Also 
during FY 1978, the field system 
(Figure 35) was completed and put into 
operation at the MSSTF. An improved 
version of the field system is currently 
being designed and will be in use early 
in FY 1979. 

Figure 35. Sandia Field Laser Ray Trace Tester 
(Aligned Sandia Collector) 



Solar Total Energy Systems 

Applications Analysis 

The Solar Total Energy Systems (STES) Program Mission Analysis objective is to support the DOE-STES with program planning, formulation, and coordination of the various projects. The work includes review and evaluation of current studies, the comparisons of STES with other total energy systems, assessment of the applicability of advanced technologies to STES, determination of STES market potential, and identification of institutional, financial, and other incentives and barriers to STES commercialization. 

The STES mission analysis began in March 1977 with a market penetration analysis of STES in the industrial, residential, and commercial sectors. Final reports presented the results of a STES cost-effectiveness study and documented the STES Systems Applications Model, Market Penetration Model, and energy use and price projections. Some applications were found cost effective for 1985 with significant penetration through the 1990s and almost 2 quads/ year of fuel savings by the year 2000. 

In FY 1978, results of the previous Market Penetration Analysis and Industrial Applications Analysis were studied and compared. These results differ 
with respect to the initial market penetration date, primarily because of differences in projected fuel prices. Market penetration is expected between 1985 and 1995 depending upon projected fuel costs, collector costs, and govern-
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ment tax policy. A survey of industrial concerns with a high potential for STES applications revealed that land availability for a solar energy collector field is a major physical constraint for STES applications. Recommendations made as a result of this study included (1) a wider dissemination of information and other solar options to industry, (2) analysis of STES benefits in locations where EPA regulations limit plant expansion, and (3) financing short, aggressive development/ demonstration programs to answer industry's concerns about technical risks. 
A study of institutional · factors involved in solar applications led to the following consideration: An appropriate method for resolving utility/consumer relations where solar generating equipment is involved would be to contract directly with utilities to test solar facilities on customer installations. This procedure allows the state public service commissions and the equipment manufacturers to become involved, while performing their normal functions, on a case-by-case basis. This recommendation was made and such a plan wiU be developed during FY 1979. 

During FY 1979, application analysis will be expanded to include mission analysis for all Solar Small Power System Applications and Remote (Irrigation) Solar Power Systems from 0.1 to 10.0 MWe including an implementation plan for development of Remote Solar Power Systems. Monitoring of the Mississippi State University Resource Study will be continued. 



A review and cataloging of heat 
engines that are either available or 
under active development will be com
pleted during the third quarter of FY 
1979. Heat engines capable of reducing 
collector field sizes through increased 
efficiency are of particular interest. 

The application of STES to a resi
dential/commercial community will be 
studied in comparison with use of other 
total ~nergy and conventional systems, 
and the effect of community energy 
conservation will be determined. 

Methods of delineating and resolv
ing institutional problems that arise 
from including solar powered systems on 
an electric grid will be examined by 
discussion with equipment manufacturers 
and electric utilities. Efforts will be 
coordinated with the Division of Elec
trical Energy Systems to ensure safe, 
controllable, and beneficial coupling of 
STES with the electric grid system. 

As an extention of the completed 
STES market assessment, the potential 
application and markets for STES in 
industries with process heat requirements 
above 320°c will be examined. 

Fort Hood Project 

The Fort Hood Solar Total Energy 
Project objectives include demonstrating 
the technical, economic, and institu
tional feasibility of the solar total 
energy concept and promoting within an 
appropriate industrial sector a technology 
that offers the prospect of being eco
nomically competitive with other energy 
sources. This large-scale experiment 
(LSE-1) is located at Fort Hood's 87000 
Troop Housing Complex near Killeen, 
Texas, as indicated on Figures 36 and 
37. Figure 38 is a photograph of a 
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Figure 36. Location of the 87,000 Troop 

Housing Complex at Fort Hood 

scale model of the system as it will 
appear when installed at the complex. 
The collector field is at the right, and 
the balance of the system (storage 
tanks, equipment building, etc.) is 
immediately to the left of the collector 
field. The entire barracks complex lies 
across the street to the left of the 
solar total energy system. 

A simplified schematic diagram of 
the Fort Hood System is shown in Figure 
39 and key system data are summarized 
in Table 2. The preliminary design 
includes approximately 125,000 ft2 
(aperture) of parabolic trough concen
trating collectors in a unique collector 
field layout with feed-forward tempera
ture control. During normal operation, 
550°F heat-transfer oil from the col
lector field is used to generate super
heated steam to drive a conventional 
250-kW turbine-generator set. Consis-
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Figure 39. Schematic Diagram of Fort Hood Solar Total Energy System 

Table 2. Fort Hood Solar Total Energy System Characteristics and Parameters 

COLLECTOR 

TYPE: Parabolic Trough ( - N-S aligned) 

FIELD SIZE: 125,000 112 (aperture) 

HEAT-TRANSFER FLUID: Sun 21 (paraffinic oil) 

INLET TEMPERATURE: 316°F 

OUTLET TEMPERATURE: 550°F 
PEAK OUTPUT: 16 7 x 1 o• Btu/hr 

AUXILIARY HEATER 

TYPE: Oil Fired 
RATING: 5 x 1 o• Btu/hr 

HIGH-TEMPERATURE THERMAL STORAGE 

APPROACH: Sensible Heat in Sun 21 

HIGH-TEMP_ TANK: 33,662 gal@ 550°F 

INTERMEDIATE-TEMP: 116,771 gal@ 438°F 

LOW-TEMP TANK: 109,141 gal@ 316°F 

STEAM GENERATOR 

TYPE: Unfired Three-Stage Counterflow Heat 

Exchanger 
RATING: High-Temperature--6000 lb/hr super

heated steam @ 500°F and 31 5 psia 

Intermediate-Temp •·4012 lb/hr 

saturated steam @ 298°F and 65 psia 
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STEAM TURBINE 

TYPE: Two Single-Stage Units to Simulate 
Multistage Turbine 

HIGH-PRESSURE UNIT: 315 psia@ 500°F 

LOW-PRESSURE UNIT: 65 psia @ 304°F 

ELECTRICAL GENERATOR 

TYPE: Synchronous 
RATING: 250 kW (nominal)@ 480 volts 

COOLING SYSTEM 

TYPE: Two-stage Absorption 
CAPACITY: 175 tons 
LOAD: 49x1 o• Btu/day (summer day full load) 

STORAGE: 41,000 gal @ 140°F (minimum) 

HEATING SYSTEM 

TYPE : Hot Water 
LOAD: 66x1 o• Btu/day (winter day full load) 

STORAGE: 41,000 gal @ 140°F (minimum) 

DOMESTIC HOT WATER 

LOAD: 20x 1 o• Btu/day 
STORAGE: 25,000 gal@ 140°F (maximum) 



tent with the definition of a total 
energy system, the turbine exhaust is 
the heat source for absorption air 
conditioning, space heating, and domes
tic water heating. 

A high-temperature thermal storage 
subsystem provides hot heat-transfer oil 
for producing steam for night operation, 
and dual-purpose tanks store hot and 
chilled water for the · thermal applica
tions. A fossil-fueled auxiliary heater 
provides backup to the collector field 
during extended periods of poor insola
tion. The highly flexible system has 
numerous operating modes, and the 
mode of operation at a particular time 
depends upon both real-time and pro
jected energy demands and energy sup
ply. Operations are monitored and con
trolled by a digital system which 
includes a central minicomputer and 
distributed microprocessors. 

As a large scale experiment, the 
Fort Hood Project is directed toward 
developing experience with large 
hardware systems and establishing the 
engineering capability required for 
subsequent demonstrations. This large 
scale experiment is a military applica
tion of solar total energy, but is essen
tially residential in nature because it is 
limited to a barracks complex. 

The system design goals are to 
provide over 50 percent of the thermal 
energy (space heating, cooling, and 
domestic hot water) required annually by 
five buildings with a total floor area of 
approximately 156,000 f t 2, and to pro
vide an average gross electrical output 
of approximately 1600 kWh per day. 
The thermal output will- be interfaced 
with the existing mechanical systems at 
the barracks complex, and the electri
cal output will be synchronized for 
parallel operation with the existing 
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electrical system. Thus, consistent 
with the experimental nature of the 
solar total energy system, it may be 
shut down temporarily for adjustments 
or modifications without interfering 
with normal activities at the site. 

The Fort Hood Project was initi
ated in 1974 under National Science 
Foundation sponsorship. The project was 
transferred to ERDA in 197 5 (and sub
sequently to DOE), and initial concep
tual design studies were completed in 
1976. A design competition was con
ducted in 1977 to finalize the concep
tual design approach. The preliminary 
design for the Fort Hood system was 
initiated March 1, 1978, and scheduled 
for completion October 31, 1978. 

Major managerial accomplishments 
during FY 1978 included the following: 

• Assembled an effective project 
team consisting of American 
Technological University with 
subcontract support from West
inghouse Electric Corporation; 
Georgia Institute of Technol
ogy, and Heery and Heery, 
Inc., and with technical moni
toring by The Aerospace Cor
poration; 

• Negotiated the Phase III con
tract within project funding; 

• Obtained Fort Hood concur
rence with project objectives 
and installation site interfaces; 

• Obtained approval from Texas 
Power and Light Company for 
parallel electrical operation; 

• Prepared RFP for collector 
field procurement; 



• Completed project cost analy
sis; and 

• Established construction phase 
project organization. 

Major technical accomplishments during 
the same period were: 

• Established optimum system 
size; 

• Completed functional system 
design; 

• Completed preliminary design 
of subsystems; 

• Devised innovative feed-for
ward control scheme for solar 
collector field; 

• Developed preliminary specifi
cations for all major compon
ents; 

• Completed ~ystem model; 

• Prepared project briefing mate
rials and brochures; 

• Verified Fort Hood insolation 
model; and 

• Implemented comprehensive 
measurements to verify system 
loads. 

Following completion of the pre
liminary design phase on October 31, 
1978, * a 10-month definitive design 
phase is planned. Highlights of the FY 
1979 plans are the following: 

• Negotiate Phase IV contracts 
without interruption of prog
ress; 

• Update and finalize system 
design; 

• Validate feed-forward collector 
field control scheme; 

• Issue RFP for collector field; 

• Initiate procurement of long
lead time items, including 
power conversion and thermal 
storage subsystems; 

• Complete site preparation and 
facility installation specifica
tions; 

• Initiate preparation of collec
tor-field site; 

• Initiate software development 
for control system; 

• Develop program plan for con
struction phase; and 

• Prepare test plan for 2-year 
operational testing phase. 

Definitive design will be followed 
by a 16-month construction period with 
system completion scheduled for January 
1981. After initial start-up, the system 
will be operated in an experimental 
mode for 2 years, during which time 
numerous tests will be conducted and 
data will be collected and analyzed. 
The project phasing is shown in Figure 
40. 

*Subsequent actions by DOE place this plan under review and it may be signifi
cantly modified. 
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Figure 40. Fort Hood Project Phasing 

Mississippi County Community College 
Project 

The Mississippi County Community 
College (MCCC) Project is a Total 
Energy System* that utilizes photovol
taic and thermal energy conversion 
that has been incorporated into the 
design and construction of a new college 
building complex at Blytheville, 
Arkansas. The intent is to provide a 
demonstration of solar total energy 
utilization, energy-conserving design, 
and adaptive facility operating practices 
which take advantage of the character
ist ics of solar energy supply systems in 
a higher-education institution. The 
design incorporates a U-shaped building 
complex plus a small utilities building 
in which the space cooling, lighting, 
and ventilation are provided by photo
voltaic (PV) cells mounted in 20:l solar 
concentrators (as indicated by Figures 
41 and 42), and the space heating is 
accomplished by circulating hot water 
which discharges from the PV cell cool
ing system, as indicated by Figure 43. 

The project was initiated in mid
August 1977 and is operated under a 

Figure 41 . MCCC Building Complex 

Figure 4 2. MCCC Site Plan 

Figure 43. MCCC Total Energy System 

*Project management during FY 1978 was under the Total Energy Projects of the Solar Thermal Power Systems Program; subsequently, the management was assigned to the Photovoltaic Systems Program. 
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fixed grant from DOE to MCCC. The 
project management organization is 
shown in Figure 44. A development 
contract for the solar concentrating 
mount was awarded to Honeywell, Inc., 
and a second development contract for a 
storage battery was awarded to GEL, 

Inc., of Durham, North Carolina. In 
both cases, the contractors were to 
construct and test a working prototype 
that would typify a full-scale module; if 
success! ul, the contractor would be 
awarded an order for a sufficient 
number of modules and their associated 
accessory equipment to constitute a full 
system component for the MCCC pro
ject. Preliminary purchase specifica
tions for the PY cells were also pre
pared. Detailed design on the building 
complex was begun by Cromwell, Ney
land, Truemper, Levy and Gatchet, 
Inc. ( CNTLG )- of Little Rock, 

Arkansas, the project architects. 

Site grading commenced in late 
October 1977; the building design 
concept was approved by the MCCC 
Board of Trustees on October 12; and 
detailed design was begun. An Energy 
Conservation Plan draft was prepared in 
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November and revised during the next 3 
months. At a review meeting with 
DOE-Conservation personnel in mid
February, a decision was made to seek 
a computer analysis of the building's 
energy consumption during a typical 
year at the college site. Therefore, 
analysis using the DOD code BLAST 
was started. At approximately the 
same time, Oak Ridge National Labora
tory (ORNL) conducted an independent 
analysis using the DOE-1 code. A 
simplified model of the solar power 
supply was prepared by ORNL to inves
tigate the match between supply capa
bility and building requirements. 

Although different assumptions 

were made, the results from DOE-1 and 
BLAST calculations are encouragingly 
supportive of one another. Also, the 
first estimate of the capability of the 
solar power supply to meet the campus 
energy requirements (over 80 percent) 
suggests generally good matching 
between supply and load. 

A more rigorous model of the solar 
power supply is being developed on the 
ORNL hybrid computer for use in future 
ana lyses. Because work on t he design 
was suspended during the approximately 
2-month period while the analyses were 

being performed, the bid pac kage was 
not completed until July 1978. Most 
major construction contractors were 
committed by that time. Bids were 

few, and were at least 33 percent over 
the architects' estimates of $2.7 
million. All bids were rejected by the 

MCCC Board of Trustees. Design mod
ifications are now progressing, including 
a reduction of building sizes for a com
bined total of ~ 51,500 ft2; a new bid 
package is anticipated in mid-October 

1978. 



The winning bid for single-crystal 
Si photovoltaic cells with 12- to 
14-percent efficiency at 55°c was sub
mitted by Solarex, Inc., of Frederick, 
Maryland {Figure 45). The effective 
price of the cells, assuming 14-percent 
efficiency and net illumination of 15 
suns, would be just over $3.00 per peak 
watt. A portion of the cells has been 
manufactured, and production schedules 
are being met. Sample batches have 
been tested, using the HoneyweJl 
prototype concentrator. Efficiencies of 
about 14 percent have been observed. 

Under its development contract, 
Honeywell, Inc., undertook to design, 
build, and test a concentrator prototype 
by the end of July 1978. The design 
employed a flat Fresnel reflector with 
a 20: l geometric concentration ratio 
and E-W tracking about a manually 
tiltable N-S axis. The cells were 
cooled by a closed, forced-convection 
cooling loop that would also furnish hot 
water for building heating. An inter
mediate model, Engineering Test Model 
{ETM), was constructed (Figure 46). 
The ETM was subsequently converted to 
the final prototype design and 
retested. The design was judged to be 
qualified; however, the manufacturing 
cost of the prototype was higher than 
orginally anticipated. A competitive 
procurement followed the prototype 
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Figure 45. Schematic Cross-Section of Solarex 
np Photovoltaic Cell 
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contract, and a parabolic trough design 
by Acurex, Inc., was the winning 
concept (Figures 47 and 48). Using 
the design day peak system concen
trator, cost was estimated at $4.50 

Figure 46. Honeywell Solar Concentrator 

REFLECTIVE SURFACE 

TO FOCUS IHCOMING RAV 

Figure 4 7. (a) Honeywell Concentrator Concept 
and (b) Acurex Concentrator Concept 



Figure 48. Acurex Concentrator 

per peak We, exclusive of PV cells. 
Field layout drawings adequate for the 
cost estimates of solar field site prep
aration were furnished by Acurex. 

At the inception of the project, a 
development contract for a 10-kW 
working prototype battery module was 
awarded to GEL, Inc., of Durham, 
North Carolina. Working single-cell 
models of the Iron-Redox design were 
fabricated with electrodes of up to a 
1-ft2 active electrode area (Figures 49 
and 50). A 26-cell battery was assem
bled and operated briefly in early Feb
ruary, with the expressed intention of 
developing 8.5-ft2 cells for the 10-kW 

Figure 49. MCCC Redox Battery Prototypes 
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Figure 50. A Single lron-Redox Cell Showing 

Electrolyte Flow Circuits 

prototype. Subsequently, GEL proposed 
that its prototype consist of ganged 
batteries using l-ft2 components; this 
was approved. By the end of the de
velopment contract period, GEL suc
ceeded in building and testing an 8-unit 
array of 41-ceU batteries capable of 
producing ~ 4 kW for 10 hours at a 
nominal 220 volts. The best individual 
batteries produced internal energy effi
ciencies between 45 and 50 percent, 
over the the 8-hr-charge, IO-hr-dis
charge cycle. If pumping power, pH 
adjustment requirements and other 
parasitic loads are accounted for, 
actual efficiencies should be lower by 
several percent. 

Independent estimates for producing 
a complete MCCC storage bank using 
the GEL design indicated a potential 
cost of $1.1 million or more (roughly 
four times the cost of a competing 
lead-acid battery bank). The Iron-Redox 
concept is no longer being considered 
due to its cost and need for additional 
development. A request for vendor 
qualifications from lead-acid battery 
manufacturers was to be issued on 
September 27, 1978. 

Bids for the new energy storage 
bank will be requested in October 1978. 
A different power conversion system 
employing a single 300-kW line-commu
tated inverter will probably be used. 



Bids on the redesigned buildings com
plex will be requested during October 
1979, with contract award in late 
November. Beneficial occupancy of the 
services building is anticipated by mid
May 1980, at which time connections 
to the solar field and installation of 
the battery bank can commence. Occu
pancy of the school building is antici
pated by the end of August 1980. 

Shenandoah, Georgia, Knitwear Plant 
Experiment 

The Shenandoah experiment is part 
of the STES Program which undertakes 
the design, construction, and operation 
of solar total energy systems for the 
purpose of demonstrating technical 
feasibility of appropriate technologies 
and for stimulating private industry to 
participate, both as manufacturers and 
as users. The objectives of the program 
are to ( 1) develop within industry, the 
engineering and development experience 
on large scale solar total energy 
systems; (2) acquire data to reduce the 
uncertainties of cost and performance 
predictions; (3) assess the interactions 
of solar total energy technology in an 
industrial application and with an 
electric utility system interface; and ( 4) 
ensure dissemination of technical data to 
provide a basis for expanded growth of 
solar total energy. 

This project is the first industrial 
application of the solar total energy 
concept. The Bleyle knitwear factory 
(Figures 51, 52, and 53), the site 
application ( l of 16 as indicated in 
Figure 54), was proposed by the Georgia 
Power Company and its team in answer 
to the RFQ issued in spring 1977. The 
factory was fitted with the necessary 
equipments to interface with energy 
forms from the solar system during 
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THERMAL ENEAO'I' 
STOflAGE 

Figure 51 . Simplified Schematic of the Solar 
Total Energy Large-Scale Experiment at 

Shenandoah 

Figure 52. Bleyle Knitwear Plant 

Figure 53. Aerial Photograph (Looking North) of 
Bleyle Plant 



factory construction which was 
completed in December 1977. 

From among 17 applicants submit
ting proposals for the conceptual design 
of a solar total energy system, 5 were 
selected. Of the five finalists, three 
contenders were asked to submit pro
posals directed to fulfilling Shenandoah 
requirements. General Electric Com
pany, Space Division, was declared the 
Conceptual Design winner for the 
Shenandoah experiment and was award
ed a 10-month contract to pursue a 
preliminary design for the knitwear 
factory application. The total program 
schedule is shown in Figure 55. 

An on-site weather station (Figure 
56) was established in late FY 1977 to 
provide solar and weather data for cor
relation with a solar model year 
synthesized from a 25-year collection of 

MOTEL, R!UR. & 
SHOPP! NG CE•H I 

OHICE & LABORATORY COHPLU 

weather data for Atlanta (the nearest 
weather station with usable informa
tion). This model year is being used as 
the weather input for the initial design 
of the solar system for the knitwear 
application. 

The Bleyle building was redesigned 
to include energy conservation features 
as a result of the DOE Cooperative 
Agreement with Georgia Power Com
pany. This redesign resulted in a 
predicted 46-percent annual energy 
saving and a net reduction in factory 
cost. Initial production activity was 
started in the knitwear factory in 
November 1977 with a skeleton crew. 
By the end of FY 1978, the plant was 
operating in two shifts with a total of 
52 employees. The Bleyle knitwear 
fac tory received the 1978 Energy Effi
ciency Competition Award for new 
industrial construction from the South-

KICK SCHOOL 

HI .. I 

(i) 

~ -RESORT Ca<PLU 
PLANEIARIUH & ARTS BLOG . 

Figure 54. Responses to DOE Request for STE-LSE Site/Application Proposals 
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II CONCEPTUAL DESIGN 

Ill PRELIMINARY DESIGN 

IV DEFINITIVE DESIGN 

V HARDWARE FABRICATION, SITE 
CONSTRUCTION, ANO INSTALLATION 

VI OPERATION 

VII DETERMINATION OF FUTURE 
SITE UTILIZATION 

10 

, REMAINING LIFE 
OF AGREEMENT 

NUMBER IN ._I _ _.I REFERS TO DURATION Of PHASE. IN MONTHS 

Figure 55. Solar Total Energy - Large-Scale Experiment Program Reference Schedule 

eastern Electric Exchange (a group of 
southeastern electric utility companies). 

Georgia Power Company installed 
instrumentation to monitor the energy 
demands (electrical and thermal) of the 
plant, and data collection was inaugur
ated in early summer 1978 (Figure 
56). These data are extrapolated to 
requirements which would be imposed 
by a factory expansion from the pre
sent 25,000 f t2 to 42,000 f t 2 for 
establishing the required solar system 
capabilities. 

The solar system site installation 
was dedicated in July 1978. The pre
liminary design of the solar energy 
system evolved from a concept of 
subsystems ·in early FY 1978 to a sub
stantive system of realistic "hard
warable" parts at the end of FY 1978. 
As the application demands, weather 
and solar data, operating philosophy, 

and budgetary constraints became 
better defined. 

A system of 192, 7-m parabolic 
dish c9llectors (Figures 57 and 58) is 
planned* to satisfy at least 60 percent 
of the total annual energy usable 
estimated for the expanded 42, OOO-ft2 

Figure 56. Government-Supplied Weather 
Station and Mobile Instrumentation and Data 

Acquisition Center (Shenandoah Site) 

*This plan is under review at DOE qnd may be modified. 
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Figure 5 7. Solar Total Energy - Large-Scale 

Experiment at Shenandoah, Georgia 
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Figure 58. Shenandoah Parabolic Dish Solar 

Collector to be used at Shenandoah STE-LSE 

plant. The energy demands are a 260-
kW electrical load, a 1380-lb/hr, 337op 
process steam load, a 525 ,000-Btu/hr 
office area winter heating load, and a 
143-ton factory-year-round air condi
tioning load with the insolation predic
ted for the area. 

A four-tank storage system is 
proposed for accumulating the excess 
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collected energy for subsequent use 
during periods of low or no insolation. 
The storage medium will be iron ore 
( ~3/8 in.¢) to which energy is trans
ferred by "trickling" hot silicone oil 
over it. The "trickle" concept is 
proposed to reduce the fluid inventory 
of the silicone oil which costs 
approximately $16/gal (Figure 59). 

A four stage steam-Rankine turbine 
with intermediate extraction and full 
condensing output will power the 
500-kV-A generator. The extracted 
steam provides the thermal process 
needs, and the condensed output pro
vides the HV AC requirements of the 
plant and the solar system operations 
facility. 

The thermal utilization system is 
configured to provide the simultaneous 
heating and air conditioning needs 
required by the knitwear plant (e.g., 
office area heat, factory area air 
conditioning in winter). The total 
system is shown schematically in Figure 
60. Table 3 describes the four major 
components of the system. 

A prototype parabolic dish col
lector was fabricated from a Scien
tific-Atlanta 5-m dish antenna by 
adhering an FEK-244 (3M Company) 

SIZE, IARGHANK -

2f11/' DIA X Ill HIGH 
(LESS COVER I 
140, ~ GAU348 TONS TACONITEI 

SMAU. TANK -

13' DIA X 12' HIGH 
Q.ESS COVER) 
Ill, 860 GAUI03 TONS TACONITEI 

Figure 59. Dual-Media Test Tank 
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Figure 60. Baseline Design Concept tor STE-LSE at Shenandoah, Georgia 

Table 3. Preliminary Specifications for Major Items of Equipment (May 1978) · 
COLLECTOR FIELD 

Type: Parabolic Dish 
Size: 7 -m dia 
Area: 79,500 ft• 
Fluid: Dow Corning Syltherm TM 800 
Outlet Temperature Collector: 750°F 
Minimum Inlet Temperature Collector: 500°F 
Maximum Fluid Flow Rate: 387 gpm 
Minimum Collectible lnsolation: 50 Btu/hr-ft• 

TURBINE-GENERATOR SET 

Cycle: Rankine Turbine 
Working Fluid: Steam 
Admission: Multivalve 
Stages: Multiple 
Pressure Ratio: 1 40 
Inlet Condition: 720°F/700 psig 
Extraction Steam Condition: 1 05 psig 
Condensing Condition: 5 psig 
Generator: Brushless Air Cooled 
Maximum Rating: 400 kW 

reflective film to the surface (Figure 
61 ). A cavity receiver (Figure 62) 
using stainless steel tubing, was mounted 
on the dish, and the unit was tested 
for several months at the Sandia Col
lector Module Test Facility. Subse
quently, indicated receiver modifica
tions were implemented, tests were re-
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HIGH-TEMPERATURE THERMAL STORAGE 

Type: Trickle Oil 
Volume: 17,600 ft3 
Size: 13 ft dia, 1 2 ft high ( 1 tank) 20.6 ft dia, 

16 ft high (3 tanks) 
Storage Medium: Iron Ore 
Void Fraction: 40% 
Temperature Change: 250°F 
Capacity: 1 00 million Btu 
Maximum Charge/Discharge 

Rate: 16/8.2 million Btu/hr 
Insulation Thickness: 12 in. 
Oil Inventory: 11 ,225 gal 

LOW-TEMPERATURE THERMAL STORAGE 

Type: Stratified Water 
Volume: 120,000 gal 
Size: 18 ft dia, 63 ft long 
Storage Medium: Water 
Temperature Range: 210°F • 190°F 
Capacity: 20 million Btu 
Insulation Thickness: 4 in. 

run, and significant improvements were 
·noted. These tests have had ari invalu
able influence on the design of the col
lector. 

A small scale model of the trickle 
oil storage system was treated at GE's 
Evendale, Ohio, facility (Figure 63). 



Figure 61 . Prototype Parabolic Solar Collector 

Figure 62. EPC Receiver - Coil Assembly 

A glycerine/water mixture was used as 
the heat transfer fluid, and granite was 
used as the solid medium to demon
strate the proof of principle of the 
trickle storage concept. The storage 
tank design was modified to incorporate 
a bottom manifold permitting a dual-
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Figure 63. Trickle Oil Test Column 

media storage mode of operation. Sta
tic tests on iron ore have indicated a 
higher than desired fluid degradation 
rate. 

A contract was competitively 
awarded to Mechanical Technology, 
Inc., to design and build a steam tur
bine/ generator. Input/output compati
bility between the turbine/generator and 
the system is governed by the imple
mentation of a formal interface control 
documentation system. A similar inter
face control system has been implemen
ted between the solar system, the util
ity, and the user. 

Four Shenandoah prototype, 7-m 
dish collectors, with piping simulating 
the Shenandoah installation, are planned 
for testing at the Midtemperature Solar 
Subsystem Test Facility. The control 
system will also simulate the Shenan
doah system. This small-scale counter
part will permit the verification of the 
collector subsystem design and the 
evaluation of components and proce
dures. It will also provide facilities 



installation experience and a long-term 
test and evaluation of a dish collector 
subsystem. 

The testing of the 5-m prototype 
collector will be continued through the 
early months of FY 1979. Flux density 
measurements of a dish reflector with 
the room temperature vulcanizing 
silicone protective coating (RTV 670) 
surface is planned for November 1978. 

Extended column tests of the 
trickle storage system are planned at 
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Evendale, Ohio, to obtain empirical 
confirmation of the thermocline profile 
in a long tank. The static bomb-type 
fluid/solid compatibility studies will 
continue investigations of purer states of 
iron materials. An additional consider
ation, that of dynamic effects, will . be 
investigated in simulated piping loops 
where the fluid will be cycled through 
its temperature variation and subjected 
to mechanical shear effects through the 
pumps. 



Small Community Systems 

Applications Analysis 

The overall goal of the Small 
Power Systems Applications (SPSA) 
project is to establish the technical, 
operational, and economical readiness 
of small solar thermal electric power 
systems less than 10 MWe in size. The 
project will develop systems to the 
point at which subsequent commerciali
zation activities can lead to successful 
market penetration. Initial commer
cial adoption for higher-cost energy· 
markets is targeted for the mid-1980s, 
with widespread adoption occurring in 
the post-1990 time frame. 

To monitor progress and ensure the 
objective is met, a number of interim 
objectives and system cost targets (in 
1978 dollars) have been developed. 

• Install experimental power 
plants demonstrating small 
pow~r system feasibility, with 
the first being in operation by 
1982. 

• Achieve initial commercializa:.. 
tion of small power systems in 
various early markets by 1985. 

• Demonstrate, by 1985, capital 
costs less than $2000/kW e and 
an energy cost below 100 
mills/kWh. 
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• Demonstrate, by the late 
1980s, the practicality of 
building power plants, with a 
potential mass produced cost 
less than $1000/kWe and a 
resulting life-cycle energy cost 
below 60 mills/kWh. 

These interim objectives and targets are 
under continual review and, as new in
formation becomes available, will be 
revised as appropriate. 

The SPSA project was initiated in 
August 1977 with Jet Propulsion Lab
oratory (JPL) providing direct support. 
FY 1977 activities were limited to 
organization and staffing of key project 
personnel. Administrative and control 
procedures were established to provide 
project management with a system for 
implementing and monitoring project 
activities. 

In FY 1978, a comparative study 
of generic power plants for small power 
systems ( < 10 MWe) was initiated (Fig
ure 64) consisting of three independent 
studies by Solar Energy Research Insti
tute (SERI), Battelle Pacific Northwest 
Laboratories (BPNL), and JPL. These 
studies will be completed in mid-FY 
1979 allowing the small power program 
to reduce the number of options being 
considered for development and identi
fying optimum generic concepts for 
particular applications. The ranking 



OIINERIC SY81EII 0P110NS 

•POINT POCU8l:NG DISTRIBUTED 
Rl!CIIMIR(PFDR) 

• POINT FOCUSING CUNTRAL 
Rl!CIIMIR (PPCA) 

•LINE FOCUSIHG DJSTRl8UTED 
Rl!CIIMIR (LFDJq 

• UNI! FOCUSING cmmw. 
IISCEIVERIU'Clll 

• FIIID MIRROR Dl8TADIUTBD 
-FOCIIS(Flllll'l 

• FOO!P IIIRROR UNI FOCUS (PIii.i') 

• LOW CQNCENTRATl0N NON
TRACICIIIG ILCIITI 

Figure 64. Generic Power Plant Ranking Studies 

methodology befog developed and used 
in this study should result in a rigorous 
treatment of the power system attri
butes that can be well documented. 

Two study contracts for the 
investigation of ( 1) the potential of 
small power systems in small utilities 
and (2) the barriers and incentives 
relative to the introduction of the small 
power system concept were completed. 
These studies identified factors and 
issues important to the acceptance of 
small power systems by the utility 
sector and provided recommendations 
concerning the commercialization of 
small power systems. 

Planning was initiated for a series 
of engineering experiments aimed at 
t~sting power plants in specific applica
tions. The flow of these experiments 
is shown in Figure 65. The first series 
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EXISTING 
TECHNOLOGY 

IEE~11 

• SMALL COMMUNITY 
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TECHNOLOGY 

I EE':: 2 J 

• MILITARY 
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• LESS DEVELOPED COUNTRIES 
e WATER PUMPING 

• UTILITY 
• OTHERS IF SUFFICIENT COST 

SHARING AVAILABLE 

FROM 
PFDR 2ND GENERATION 

TECHNOLOGY 

-~ 

• UTILITY 

e OTHERS 

Figure 65. Experimental Power Plants 
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of experiments, Engineering Experiment 
No. 1 (EE-1), is based on the use of 
existing technology. In FY 1978, three 
Phase I concept contracts were awarded 
for EE-1 (Figures 66, 67, and 68), 
one or more of which will be selected 
for development, construction, and 
installation in a small community site 
by 1982. In addition, a Commerce 
Business Daily announcement and an RFP 
for the selection of a suitable site for 
EE-1 were prepared and presently await 
DOE release. The overall SPSA EE-1 
schedule is shown in Figure 69. 

The second series of engineering 
experiments, Engi'neering Experiment 
No. 2 (EE-2), will consist of several 
smaller experiments utilizing first
generation Point Focusing Distributed 
Receiver (PFDR) hardware with a sys
tem cost goal, in mass production, of 
100 mills/kWh. The military market 
has been identified as one of several 
early markets which could lead to 
development of a suitable industrial 
infrastructure to allow costs to ap
proach those necessary to penetrate the 
longer-term and lower-cost utility 
market. To this end, a joint effort, 
between the U.S. Navy and DOE, has 
been initiated to install a small solar 
electric plant at a military site. This 
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• S1fAM TIIIBINE 
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Figure 66. noposed Engineering Experiment 
No. 1 - Phase I 1 -MW e System Concept 

(Category A - General) 
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Figure 67. Proposed Engineering Experiment 
No. 1 - Phase I 1 -MW e System Concept 
(Category B - Point-Focusing, Distributed 

Collector, Central Energy Conversion) 
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Figure 68. Proposed Engineering Experiment 
No. 1 - Phase I 1-MWe System Concept 
(Category C - Point-Focusing, Distributed 

Collector, Energy Conversion at the Collector) 
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Figure 69. SPSA Engineering Experiment No. 1 
Schedule 
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effort, one of the experiments in the 
EE-2 series, will be jointly funded by 
the Navy and DOE. The application 
areas of the other experiments are yet 
to be selected. 

At the very outset of the project, 
an interactive workshop with electric 
utility and small community representa
tives was held. Inputs from the work
shop, as well as subsequent dialogue 
between the project and the potential 
users of the hardware, have influenced 
the structure of the project and the 
engineering experiments. 

Concurrent with the development 
of the engineering experiments, study 
contracts were awarded to: 

• Determine the potential of 
small power systems in small 
utilities; 

• Study the barriers and incen
tives relative to the introduc
tion of small power systems 
and provide recommendations 
concerning their commercial
ization; 

• Define/develop potential mar
kets; 

• Define system design 
straints/requirements; 

con-

• Define the industrial 
for mass production 
effects on cost; and 

process 
and its 

• Define techniques to accelerate 
the innovation process. 

The basic technical approach is 
centered around system experiments and 
demonstrations of appropriate technol-



ogies and applications. Figure 70 indi
cates a plan that will lead to a high 
probability of successful experimental 
system design, implementation, opera
tion, and eventual commercialization of 
selected technologies. 
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Figure 70. SPSA Project Plan 

Crosbyton - Fixed Mirror, Distributed 
Development 

The Crosbyton Solar Thermal 
Electric Power System (Figure 71) is a 
fixed-mirror, distributed-focus (FMDF) 
system, which conceptually consists of 
10, 200-ft diameter concentrators, 
producing 5-MWe nominal output. The 
objective of the project is to develop 
the FMDF concept and demonstrate its 
technical feasibility. This project was 
started in 1976 to establish a near-term 
design for a system in which high 
temperatures can be achieved without 
moving large areas of reflectors to 
follow the sun. In the FMDF system, a 
spherical reflector is stationary and the 
receiver is moved within the focal 
region. The reflector unit can be made 
much larger than units used in movable 
reflector systems; however, it suffers 
from "cosine losses" during the day. 
Cost projections show that the collector 

56 

' 
- . . 'J 

I~,. ..., \ ~ • '~. ', .. ~ _.,-; !.:;: •~'-

Figure 71. Artist Concept of a 5-MWe Fixed 
Mirror Distributed Focus Collector System 

subsystem for the FMDF is much less 
costly than central tower collector 
subsystems and results in comparable 
levelized bus-bar costs for a 30-year 
life cycle. Conceptual engineering 
analysis of performance and cost were 
completed in FY 1977. During FY 
1978, the conceptual design of a 5-
M We FMDF system was completed and 
the design specification and cost esti
mates for an Analog Design Verification 
System (ADVS) for a 20-m (65-ft) 
diameter unit were prepared. In con
junction with these efforts, analytical 
and experimental results were obtained 
for the optical properties of the collec
tor and receiver, structural and 
dynamic analyses were conducted, and 
a 3.35-m (11-ft) diameter system (Fig
ure 72) was constructed and tested. 
The control system designs were refined 
and operational software requirements 
were completed. Full-scale mirror 
panels were constructed and tested, 
including weathering and cleaning ef
fects. A conceptual design for thermal 
storage for the ADVS was completed. 
Operational options were investigated, 
including system performance for var
ious geographic locations (Figure 73). 
Instrumentation and data requirements 



Figure 72. Crosbyton 3.35-m-Diameter FMDF 

for ADVS were defined, insolatfon 
measurements at Crosbyton were taken, 
and wind tunnel tests were conducted 
on a 1/7 5 scale model of the concen
trator. 

Design, fabrication, and checkout 
of the ADVS are planned for FY I 979 
with operation to begin immediately 
thereafter. Milestones include ( 1) re-

views of the preliminary design, (2) 
final design, ( 3) checkout plan, ( 4) 
experimental test plan, and ( 5) com
pletion of construction. In addition, 
analyses and tests will be continued in 
all phases of FMDF power systems. 

Point Focusing Distributed Receiver 
Development 

The Point Focusing Distributed 
Receiver (PFDR) Development project is 
concerned with developing small solar 
thermal power systems to provide 
thermal and/or electrical power. The 
PFDR objective is to develop within 
industry the technology for cost-eff ec
tive modules for electric and thermal 
power applications. 

To meet the stated objectives, 
efforts are underway to make technology 
and mass production techniques available 
for SPSA experiments that meet the 
cost and performance targets shown in 
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Table 4. Two generations of hardware 
are planned. The first, to be available 
by 198 2, is based on cost tar gets that 
reflect the upper boundary of projected 
utility costs for conventional systems. 
The second, for 1985, reflects the 
corresponding lower boundary and should 
result in systems that are extremely 
competitive (Figure 74). 

Table 4. Preliminary Cost and Performance 
Targets 

Test and Evaluate Targets for FY 1982 1985 

Concentrators Cost in mass 
production $150/m' $100/m' 

Reflector efficiency 90% 92% 

Receivers and Energy Cost in mass 
Transport production $30/kWe $20/kWe 

Efficiency 80% 85% 

Power Conversion Cost in mass 
production $75/kWe $60/kWe 

Etf,c,ency 25% 35% 

The PFDR technology project was 
initiated in August 1977 with JPL pro
viding direct support for the project. 
Progress for FY 1977 was limited to the 
staffing of key personnel and planning 
for FY 1978. 

During FY 1978, progress was 
made in several areas. All subcontracts 
for the development of first-generation 
subsystems were initiated and include 
(1) test bed concentrators (Figure 75), 
(2) low-cost dish concentrators (Figure 
76), (3) steam and gas energy receiv
ers (Figures 77 and 78), and (4) heat 
engines. These first subsystem study 
contracts will enable selection of 
suitable concepts that will lead to fully 
qualified hardware by 1982 which meet 
the first-generation cost and perfor
mance targets. 

NASA's Lewis Research Center 
provides direct support in the area of 
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Figure 7 4. Projected Utility Costs from 
Conventional Systems 
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Figure 75. Test Bed Concentrators (E-Systems 
Concept) 
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Figure 76. Low-Cost Concentrator Concept 
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Figure 77. Steam Receiver Concepts 
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Figure 78. Gas Receiver Concepts 

power conversion and has awarded con
tracts for both steam-Rankine and 
gas-Brayton engine development. Three 
concept definition contracts were 
awarded for a 15-kWe steam-Rankine 
engine (Figure 79) and two contracts 
were awarded for development of a 
15-kW e gas-Brayton engine (Figure 80). 

Efforts at JPL, in the area of 
concentrator development, have centered 
around the development of a precursor 
concentrator (Figure 81) for testing foam 
glass mirror facets (Figure 82) which 
are being developed for use on the test 
bed concentrators. The test bed con
centrators will enable evaluation of the 
receiver and heat engine subsystems 
prior to delivery of the low-cost con
centrators. 
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Figure 79. Steam-Rankine Engine Concepts 

----/ -----
Figure 80. 15-kWe Solar Brayton 

An Omnium-G module (Figure 83) 
was purchased for testing and evaluation 
at the JPL Point Focus Solar Test Site 
(PFSTS) located at Edwards Air Force 
Base, California. Testing will provide 
required data regarding the actual per
formance potential of this commercially 
available unit as well as provide JPL 
test engineers early hands-on exper-



Figure 81 . Precursor Concentrator 

Figure 82. Early Foam Glass Mirror Facet 

ience with the testing and evaluation of 
a point-focusing concentrator and 
enable the full debugging of the test 
facility. 

Detailed cost studies of the 
Omnium-G concentrator subsystem have 
been initiated. The Omnium-G module 
enables accurate costing of a fully 
developed unit that can a:ct as a 
baseline and model tor costing studies of 
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more advanced concentrator designs as 
well as provide information on mass 
production cost potential of the unit. 

Detailed designs were completed of 
the JPL PFSTS (Figure 84), and site 
modifications such as concrete pads for 
concentrator support were started. The 
precursor concentrator was assembled 
at the test site and preliminary check
out was initiated. Completion of the 
PFSTS will enable the test phase of the 
program to proceed on schedule, pend
ing the availability of hardware. The 
proposed schedule of early testing to be 
conducted at PFSTS is shown in Figure 
85. 

Figure 83. Omnium-G Module 



The technology effort centers on 
the development of key subsystems for 
point-focusing distributed receiver 
systems. Testing of the test bed 
concentrator will begin in the latter 
portion of FY 1979 (Figure 86). After 
test and evaluation, the initial steam 
receiver will be installed and tested. 
The steam power conversion unit will 
then be added to the assembly and 
tested. This process will also be used 
with the gas system. Complete module 

testing for the steam system should be 
completed in early FY 1981 and the gas 
system late in FY 1981. These module 
evaluations will be compared with the 
1982 cost targets. Periodic assessments 
of the technology to determine which 
configurations should be pursued in the 
following time period will be made, and 
second-generation subsystems will be 
developed to meet the 1985 cost tar
gets. 

Figure 84. Point Focus Solar Test Site 
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Remote (Irrigation) Systems 

The Remote (Irrigation) System 
projects undertake the design, construc
tion, and operation of on-site power 
conversion systems in order to demon
strate the technical feasibility of ap
propriate technologies and to stimulate 
private industry to participate, both as 
manufacturers and as users, in this solar 
energy program. The objectives of the 
projects are (1) develop within indus
try the engineering and development 
experience on large scale solar power 
systems for remote application, ( 2) 
acquire data to reduce the uncertainties 
of cost and performance predictions, 
and (3) ensure dissemination of techni
cal data to provide a basis for expand
ed growth of on-site power systems for 
remote applications. 

Applications Analysis 

A computer program capable of 
optimizing solar or solar hybrid power 
plant designs for lowest cost energy 
production was developed. This pro
gram is used in preliminary design 
studies and sensitivity analyses of solar 
power system designs. An analysis to 
determine the value of heat engine per
formance improvements using this code 
showed that savings obtained were pro
portional to system power level and/or 
utilization factor and not to initial heat 

engine cost. Further analyses have 
shown that collector performance and 
heat engine performance are the most 
sensitive parameters with respect to 
energy costs for a solar thermal power 
plant. A study has been initiated to 
determine the effect of operating 
temperature on energy costs from solar 
thermal power plants. 

A Solar Irrigation Program Data 
Base has been assembled at Sandia 
Laboratories. The data base contains 
information on farm characteristics, 
agricultural practices, water supply 
characteristics and agricultural energy 
consumption characteristics. The data 
were assembled and archived from 
three principal sources: 

• Census of Agriculture, 1969 
and 1974; 

• Energy and US Agriculture, 
1974 Data Base; and 

• USGS Groundwater Survey. 

A data retrieval and management 
system has been developed for use with 
this data base.* A study to identify 
and compile irrigation water application 
and energy demand schedules for major 
irrigated crops grown in the Western 
United States was performed for Sandia 
Laboratories by the University of Ari
zona.** This study also computed irri-

*P. C. Kaestner, "Solar Irrigation Program Data Base Management System 
(SIPDBMS)," SAND78-0641. 

**University of Arizona, "Agricultural Practices Which Could Enhance Solar Pow
ered Irrigation Plant Utility," SAND78-707 l. 
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gation costs and compiled thermal and 
electrical energy demand schedules for 
other agricultural applications. A 
second part of this study* examined the 
effect of cropping patterns and 
alternate energy demands on solar 
power plant on farm utilization. 

Willard, New Mexico, Shallow Well 
Irrigation Pumping Project 

The objective of the experiment 
was to design, build, and operate a 
solar powered irrigation system to 
determine system feasibility. Data 
from the experiment would be gathered 
and analyzed to determine the eco
nomic potential for powering irrigation 
pumps with solar energy. 

In late 197 5, a group of New 
Mexican farmers approached Sandia 
Laboratories personnel for assistance in 
finding an alternate energy source to 
natural gas, the availability of which 
had been curtailed. In February 1976, a 
joint solar irrigation experiment with the 
State of New Mexico was initiated in 
the Estancia Valley with federal, state, 
and local assistance. Sandia undertook 
the solar power portion, New Mexico 
State University the associated agricul
tural experiments, and the State of 
New Mexico purchased the solar collec
tors for the experiment on a private 
farm. Funding was provided by DOE 
($600,000), State of New Mexico 
($200,000), and Four Corners Regional 
Commission ($50,000). Construction 
was completed, and the system was 
dedicated on July 8, 1977. 

During FY 1978, the system was 
upgraded to incorporate low energy 
center pivot irri~tion (Figure 87), an 
additional 650 m ( 7000 f t2) of solar 
collectors, and an additional 25,000 
liters (6500 gallons) of he?t transfer 
fluid thermal storage (Figure 88). 
Plans for increasing the engine size 
have been delayed indefinitely due to 
proposed engine cost. An electric 
genera tor was added to the system to 
allow year-round operation. The 
upgraded system is shown in Figure 89. 
The farm owner built a 50, 000-CWT 
potato warehouse adjacent to the site, 
and the electric power produced will be 
consumed by the potato warehouse air 
conditioning system (Figure 90.) 

Currently, DOE plans to support 
New Mexico State University in 
operating the system for the next 2 
years, and Sandia will support serious 
maintenance requirements. This com-

Figure 87. View of Willard Solar Irrigation Facility 
Showing Comparison Between Center-Pivot 
Irrigated Cropland (center) and Uncultivated 

Rangeland (foreground) 

*University of Arizona, "Agricultural Practices Which Could Enhance Solar Powered 
Irrigation Plant Utility: Energy Demand and Plant Utilization." 
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Figure 88. Willard Solar Irrigation Facility with 
the Installation of Additional Collectors and 

Thermal Storage Nearing Completion 

Figure 89. Electric Generator 
Added to System at Willard 

Figure 90. Construction of Potato Storage 
Warehouse (right foreground) Nearing 

Completion (Willard) 
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bined support will supply the desired 
operation and maintenance data. Sandia 
and DOE participation will be terminated 
at the end of this period. 

Coolidge, Arizona, Deep Well 
Irrigation Pumping Project 

This project has three objectives: 
( 1) prepare a detailed design of a 
solar-powered experimental facility to 
provide 150 kW of electric power for 
the operation of deep well irrigation 
pumps; (2) construct the facility in 
accordance with the prepared design and 
install it on a farm near Coolidge, Ari
zona; and (3) operate the facility in an 
actual farm environment as well as 
gather and evaluate data on facility 
performance. 

The Coolidge project is the first 
large-size application of using solar 
energy to pump irrigation water from a 
deep well and is conducted jointly by 
DOE and the State of Arizona. A pre
liminary design study was undertaken 
early in 1977 by three contenders and 
completed in August 1977. The project 
site (Dalton Cole farm, southwest of 
Coolidge, Arizona) was selected by 
Arizona State officials in February 
1977. Acurex Corporation was selected 
as the prime contractor and as the sup
plier of the solar collectors. Acurex's 
major subcontractors are Sundstrand 
Corporation and Sullivan and Masson 
Consulting Engineers. Sundstrand is the 
supplier of the Organic Rankine Cycle 
(ORC 200) power generation unit. The 
team of Sullivan and Masson and 
Acurex is responsible for the detailed 
design task. 



Early in FY 1978, Acurex began 
preparation of the detaile,d design for 
the deep well experiment. Detailed 
design proceeded (Figures 91 and 92) 
and a design review was held in January 
1978. The system design was frozen at 
this time. 

The Sundstrand-Acurex contract 
was signed in September, including the ' 
DOE patent clauses that were delaying 
negotiations. Sundstrand had received 
most purchase order items, and assem
bly of the ORC 200 unit has started 
(Figure 93). The construction contract 
was approved and site work began on 
September 5, 1978 {Figures 94, 95 and 
96). 

Figure 91 . Coolidge Deep Well Solar Irrigation 

System (DOE, Sandia, Acurex) 
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Figure 92. Schematic Diagram of Deep Well 
Solar Irrigation System 
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Figure 93. Sundstrand ORC 200 

Figure 94. Collector Foundation Template, 
Coolidge Facility 

An agreement with the electric 
utility was reached in November 1977, 
allowing the experiment to be connected . 
to the grid, the power generated, and 



Figure 95. Pouring Collector Foundations at 
Coolidge 

Figure 96. Collector Foundation Before Forms 
and Template are Ren;ioved 

power consumption recorded. The ar
rangement is cost-effective because 
separate power lines will not have to be 
run to the three wells. 

The mechanical construction pack
age was expected to be bid by 
November 15, 1978, with mechnical 
work and assembly of the collectors to 
start in January 1979. Sundstrand is 
expected to deliver the ORC 200 to 
Coolidge by February. A new black 
chrome process, that is thermally stable 
after heating in air at 350°C, is planned 
for the receiver tubes for Coolidge. 

, 
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Construction should be finished in June 
or July, with checkout and operation to 
start thereafter (see Figures 97 and 
98). The dedication of the completed 
facility is planned for late August 1979. 

Figure 97. Initial Collectors Installed 

Figure 98. New Enclosed Drive Unit, Coolidge 
Facility 



Gila Bend, Arizona, Tail Water 
Irrigation Project 

This project was an industry ef
fort to investigate the feasibility of 
using solar energy to power irrigation 
pumps. The project was funded by 
Northwestern Mutual Life Insurance 
Company, and the site was their 

Paloma Ranch near Gila Bend, Arizona. 
The system was designed, constructed, 
and operated by Battelle-Columbus 
Laboratories. It was placed into opera

tion during spring 1977. The system is 
shown in Figures 99 and 100. 

Operation in 1977 showed the 
feasibility of using solar energy for 
powering irrigation pumps, but the 
system operation did not coincide with 
the irrigation practices. The practice 
demanded a constant flow of water in 
which the system was incapable of sup
plying. 

DOE supported Battelle-Columbus 

in modification and operation of the 
system in 1978. The modification con
sisted of changing the system to a 
solar power plant assisting an electrical 
motor in powering the irrigation pump 

(see Figure 101 ). This design allows 

Figure 99 . NMUBMI 50-Horsepower Solar

Powered Irrigation System ( 1977) 
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the solar energy to be utilized and 
guarantees the farm operator a con
stant flow of irrigation water. The 
operation was considered satisfactory 
and operation and maintenance data 
were collected. 

ICONCENTRATOR TYPEJ 
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Figure 100. Schematic of Solar-Powered 

lrxigation . Sy,~t~flia?:71 
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ADVANCED SOLAR THERMAL 
TECHNOLOGY 

The Small Power and Large Power 
Applications programs are utilizing 
existing, proven technology wherever 
possible in order to meet the needs of 
their applications. The Advanced Solar 
Thermal Technology program, by con
trast , develops and applies advanced 
technology with improved component 
efficiencies to achieve significant energy 
cost reductions. Specifically, the goal 
is to conduct research and development 
for materials, components, and systems 
that, by the mid-to-late 1980s, will 
lead to solar thermal energy costs 
approximately 50 percent lower than 
systems based on current or near-term 
technology. Innovative ideas and new 
concepts of high potential payoff, 
although of greater developmental risk, 
are being sought. 

Energy costs of solar thermal power 
systems may be reduced through the use 
of lower-cost, longer-life surfaces and 
components, by increasing system oper
ating efficiencies, and by reducing the 
requirements for maintenance. At this 
time, emphasis is being placed on im
proving system operating efficiencies. 
The results of analysis of the economics 
of future solar thermal power systems 
(Figure 102) indicate that increased 
system operating efficiency significantly 
lowers energy costs through reductions in 
the number of concentrators that must 
be installed for a given output and in 
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their reduced maintenance and land 
requirements. Increased system opera
ting efficiencies, in turn, are achieved 
with higher-temperature receivers, im
proved power conversion machinery, 
improved-reflectivity surfaces, etc., all 
of which require the development of 
new technology beyond what is now 
considered current or near-term. 
Hence, a major role of the Advanced 
Solar Thermal Technology program is to 
identify and develop innovative concepts 
within industry, universities, and 
government laboratories that will result 
in systems of increased operating effi
ciencies and to demonstrate their tech-
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nical viability by the mid- l 980s. These 
systems will then be available for small 
power and large power applications and 
ultimate commercialization at a faster 
pace than would normally occur. The 
efforts under the Advanced Solar Ther
mal Technology program can therefore 
be expected to increase the market 
penetration of solar thermal systems in 
the late 1980s. 

The program is divided into four 
subprograms: 

• Technology Assessment 

• New Components 

• Materials Support 

• Advanced Systems 

Of these, Technology Assessment is 
primarily a management support activ
ity aimed at providing the technical 
and economic analysis and interagency 
coordination needed to guide and direct 
the program. The . Materials Support 
subprogram conducts the research on 
materials, coatings, etc., generic to 
both advanced small and large power 
systems. The New Components subpro
gram provides the initial demonstration 
of the technical feasibility of new, in
novative ideas for components/pro
cesses, such as advanced heat re
ceivers. Finally, the Advanced Systems 
subprogram provides the focus for iden
tification, component development, and 
demonstration of technical feasibility of 
advanced systems. These key program 
activities are shown in Figure 103, and 
the program summary schedule is shown 
in Figure 104. 

These subprograms have important 
interrelationships (Figure 105). The 
Technology Assessment subprogram 
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identifies new program directions and 
emphasis based on assessments of the 
status of current technology and projec
tions of advanced technology. These 
data provide the criteria for selecting 
which new, innovative component con
cepts should be demonstrated under the 
New Components subprogram. The 
assessments and projections of tech
nology together with the successful 
experimental demonstration of new 
component concepts provide the bases 
for the definition of advanced solar 
thermal systems. Such systems are 
analyzed under the Advanced Systems 
subprogram, and the more attractive of 
these are developed and demonstrated. 
Feedback is provided to the Technology 
Assessment subprogram to allow assess
ment of progress and reevaluation of 
program direction. The Materials Sup
port subprogram provides technical sup
port in absorber coatings, reflective 
surfaces, and other materials to the 
Advanced System Development subpro
gram. 

TECHNOLOGY ASSESSMENT 
• ASSESSMENT 

-Current Technology 
-Economic Targets 
-Advanced Planning 

• NEW APPLICATIONS 
-Fuels & Chemical 

Manufacture 
-Other 

• TEST FACILITIES 
•TEST FACILITY COORDINA· 

TION 

MATERIALS SUPPORT 
-Absorber Coatings 
-Reflective Surfaces 
-Other Materials 
-Manufacturing Processes 
-Analytic Techniques 
-Standards and Quality 

Assurance 

NEW COMPONENTS 
-Receivers 
-Concentrators 
-Engines 
-Storage/Transport 
-Chemical Processes 
-New Systems 

ADVANCED SYSTEMS 
• IDENTIFICATION 

-Concept Definition 
-Cost/Performance 
-Subsystem Trade-Off 
-Specifications 

• SUBSYSTEM & COMPONENT' 
DEVELOPMENT 
-Concept Design 
-Development & Tests 
-Test of Advanced Systems 

Figure 103. Key Activities 



FISCAL YEAR ACTIVITY 
1977 1978 1979 I 1980 1981 1982 1983 19114 1985 1986 AFTD 

1'.1Ti.OL I TECHNOLOGY ASSESSMENT CONCON1 ITATUSO 
COMP TECH UPOAT ...,.Tl 

STATUS OF TECHNOLOGY 

FACILITIES 
1t.,ITIAL OPEA GIT ~ Bl!OIN RECIIVER TUTS I I I 

SOLICITATl0N'"'t• •-,~ ''1' NEW USES - FUELS AND CHEMICALS 
~ PR~=\~~NPLAN 

PROGRAM DEFlNh10N ~~ 
NEW COMPONENTS ,~+. 1-·· 

CERAMIC AIR CH!IIICA CHEMICAL HEAT •!PE RECEIVERS TIii 
BftlABE lmAuNG Lr ADV RANKINE CTSI HEAT ENGINES 

CPC I THERMO Cw.M STOii I CONCENTRATORS. TRANSPORT. 
ADVTMIKMU AND STORAGE L Q META _,, MOL Tl!N 

SALT STORMI 
COORDINATION (CONTINUOUS) 

ABSOR
1
BER codr. REF~ECT Afrl~ HIGH T~MP MATIEAIALS . TU MATERIAL SUPPORT 

J 8IWJ. 8IWJ. LAROE l.AIIOE 8IWJ. ADVANCED SYSTEMS 
No. I ..... No.1 No.2 No.a ADV SYSTEM IDENT 

No.3 

SEtCT I I ADV SYSTEM DEVELOPMENT CCNPONEllrn I, BUIST INTIG • TEST CONCEPT DEVELOP SMALL POWER NO. 1 DISH-STIRLING 
I 7 SMALL POWER NO. 2 

I LARGE POWER NO. 1 
l LARGE POWER NO. 2 7 -, 
' 

Fioure 1 04. Summary ~chedale 

TECHNOLOGY ASSESSMENT 

• STATUS OF CURRENT SOLAR 
THERMAL POWER TECHNOLOGY 

• ASSESSMENT OF PROGRESS 
TOWARDS ECONOMIC TARGE.TS 

• IDENTIFICATION OF NEW 
PROGRAM DIRECTIONS 

• TEST FACILITY COORDINATION 

NEW COMPONENTS 

• DEMONSTRATION OF ADVANCED 
CONCEPT FEASIB•LITY 0 

• IDENTIFICATION OF NEW 
CAPABILITIES FROM OTHER 
DOE TECHNOLOGY PROGRAMS 

MATERIALS SUPPORT 

• ABSORBER COATINGS 
• REFLECTIVE MATERIALS 
• OTHER MATERIALS 

ADVANCED SYSTEMS r----------------, 
: ADVANCED SYSTEM IDENTIFICATION : 

I • ADVANCED SYSTEM CONCEPT I 
I DEFINITION I 
I • SYSTEM COST/PERFORMANCE I 
I STUDIES I 

• ADVANCED SYSTEM COST T ARG ETSI I 
GOALS I 

• SUBSYSTEM TRADE-OFF STUD_IES I 
• SYSTEM/SUBSYSTEM I 

I SPECIFICATIONS j 

L------ u------~ 
; ADVANCED SYSTEM DEVELOPMENT 7 
I • CONCEPT DESIGN STUDIES I 
I • SUBSYSTEM/COMPONENT I 
I DEVELOPMENT & TESTS I 
I • SUBSYSTEM INTEGRATION I 
I TESTS I L----------------J 

AVAILABLE FOR 
APPLICATIONS PROGRAMS 

Figure 105. Advanced Solar Thermal Technology Interrelationships 

71 



Technology Assessment 

The Technology Assessment sub
program provides overall direction to 
the Advanced Technology program. Ef
forts under this element . include the 
status of technology, new applications, 
and facility coordination as shown in 
Figure 106. 

The progress of solar thermal power 
systems toward cost targets and devel
opmental milestones will be monitored 
and assessed, and new targets will be 
established as required. The purpose of 
this activity is to assist in setting de
velopment funding priorities and provide 
the analytical basis for selection of 
New Components as well as provide the 
guidance for the work to be conducted 
under Materials Support. A major out
put was the preparation of the program 
plan for the Advanced . Solar Thermal 
Technology program. This plan will be 
updated periodically to reflect progress 

. in solar thermal technology and reas-
sessment of the most effective use of 
resources to reach cost goals and de
velopment milestones. Program plans 
in the following areas have been pre
pared and will provide guidance and 
direction for future advanced develop
ment thrust and help maximize the ef
fective use of technology funds. 

• Advanced Technology 

• Fuels and Chemicals 

• Hybrid Systems 

Analyses have shown that high
temperature heat receivers for central 
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and dispersed systems and high-effi ... 
ciency small heat engines for dispersed 
power applications off er significant eco
nomic gains. The Stirling engine, not 
yet commercially available, was found 
to offer the greatest potential for 
energy cost reductions, and the high
temperature Brayton engine is also 
under consideration. Use of high-effi
ciency conversion subsystems could pro
vide approximately 50 percent of the 
cost reduction required to meet energy 
cost targets. Studies have shown that 
the concentrator array is the most 
costly subsystem of a solar thermal 
power facility and, therefore, is the 
most significant area for cost reduction; 
thus, increased conversion efficiencies 
will reduce the required quantity of 
concentrators. Because of extensive 
efforts directed at concentrators and 
heliostats in other Solar Thermal Power 
programs (i.e., Small Power Applica
tions), this area was determined to be 
of lesser priority for the Advanced 
Solar Thermal Technology program; 

ACTIVITY 

TECHNOl.OOY ASSESSMENT 

STATUS OF TECtlNOlOG't 

Figure 106. Technology Assessment Schedule 



however, improvement of reflective 
materials for concentrators is of prime 
importance. 

Subsystem Technology Development 
plans are being prepared for both Small 
and Large Power Advanced systems. 
Technical data on subsystems such as 
receivers, concentrators, engines, ap
plicable materials/processes etc., are 
being compiled for analyses of their fu
ture potentials. Technical review sum
maries are maintained with appropriate 
references to provide both an overview 
of solar thermal technology status and 
specific examples of technology direc
tion. Technical reviews and workshops 
are held to disseminate solar thermal 
technology information to concerned 
agencies and private industry. 

The identification of new applica
tions of solar thermal power will assist 
the Nation in reducing its dependence 
on the critical fossil fuels. Other 
applications would provide additional 
market incentive to reduce collector/ 
heliostat costs through mass produc
tion. Research and technology will be 
conducted on an ongoing basis to iden
tify additional attractive processes for 
implementation. Where new applica
tions for solar thermal systems are 
identified as meeting a national need, 
new solar thermal program initiatives 
will be recommended. 

During FY 1977, studies for small 
heat engines and absorber coatings 
materials were conducted. The results 
of those studies indicated that for small 
heat engines, the cycle efficiencies for 
steam Rankine with a steam turbine are 
typically of the order of 10 percent. 
Small reciprocating steam engines can 
obtain efficiencies greater than 20 per
cent. Small organic engines capable of 
efficiencies in the 30- to 35-percent 
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region and Stirling engines with 40-
to · 45-percent efficiency are candidates 
for significantly improved performance. 

Reviews of absorber coatings 
materials indicate that above about 
600°F, absorber coatings for line-focus
ing collectors do not clearly demon
strate the necessary consistency , dura
bility, and stability under the operating 
conditions required and with the spec
tral characteristics desired. 

Also, intermediate- and high-tem
pera ture distributed collector efforts 
were reviewed. NASA's Jet Propulsion 
Laboratory and Lewis Research Center 
provided technical monitoring for 25 

DOE contracts. In addition, approxi
mately 100 proposals were reviewed, 
and support was provided for several 
major contract reviews and procure
ments. 

One new application area for which 
there is strong industrial and university 
interest is fuels and chemicals manu
facture. During late FY 1977 and 
early FY 1978, studies were initiated to 
explore potential commercial uses for 
solar thermal power in the fuels and 
chemicals industry and to develop pre
liminary program recommendations. 
Initial results from these studies suggest 
the outline of a new solar thermal 
power initiative. Analyses will be con
tinued to identify likely candidate 
chemical processes for the earliest use 
of solar thermal energy. Expansion of 
this work with greater emphasis on 
methodology and selection criteria will 
be undertaken early in the prngram, 
followed by selection and development 
of technically feasible, economically 
attractive, solar thermal fuels and 
chemical processes. If the results of 
process development unit tests are at
tractive, chemical process pilot plants 



will be built and operated. Assessment 
of the results of the pilot plants would 
lead to the selection of processes for 
demonstration plants. 

In order to provide technical coor
dination, a joint workshop on Thermal 
Storage applications was organized and 
conducted. This workshop was instru
mental in greatly improving communica
tion between the Storage (STOR) and 
Solar Thermal Power Systems areas of 
DOE. As a result of this workshop, a 
joint Solar Thermal/STOR program plan 
for accelerating the development of 
thermal storage subsystems has been 
prepared based on inputs from the vari
ous application centers. This plan will 
be made available to the public for 
comments by the interested community 
during FY 1979. 

Under the Technology Assessment 
subprogram, a study of facility needs 
for the High-Temperature Process Heat 
Technology element is currently being 
performed by the Solar Energy Research 
Institute (SERI). This study will evalu
ate the capabilities of the existing 
facilities, the Advanced Component Test 
Facility (ACTF) at Georgia Institute of 
Technology (GIT), the CRTF and 
MSSTF at Sandia Laboratories, Albu
querque, and others. 

The Technology Assessment sub
program task to provide necessary plan
ning and coordination ensures that the 
testing needs of the Advanced Solar 
and Thermal Technology program are 
met and that existing facilities are uti
lized in the most cost-effective way. 
It is also the responsibility of this sub
program to ensure that industry, uni
versities, and laboratories have access 
to and are encouraged to use solar 
thermal power facilities, particularly 
where these facilities are unique and do 
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not exist in the private sector. Final
ly, a part of this subprogram is to sup
port the ACTF, Georgia Institute of 
Technology , Atlanta, Geer gia. 

The Advanced Component Test 
Facility is a tracking-mirror solar col
lector, patterned after Professor 
Giovanni Francia's solar steam genera
ting facility located near Genoa, Italy. 
The facility is operated by GJT's Engi
neering Experiment Station for the De
partment of Energy and is located on 
the GJT campus in downtown At lanta, 
Georgia (Figure 107). The ACTF has 
as its primary purpose the encourage
ment of research and development 
in the area of high-temperature solar 
technology. It serves as a flexible and 
convenient test facility accessible to 
both public and private research and 
development organizations. 

In 1965, Professor Francia built and 
operated the first of several solar 
powered steam generators in Italy. 
Since the operation of this first system , 
Francia refined and enlarged the design 
through three generations of systems. 
The largest and latest test system was 
first operated at St. Ilario, Italy, in 
1972. 

Figure 1 07. Map of ACTF Location 



In 197 5, the Energy Research and 
Development Administration purchased a 
Francia solar powered steam generator 
through the Italian firm Ansaldo, SpA, 
in order to install and operate the sys
tem in the United States. The opera
tion of the facility has accomplished 
two objectives: ( 1) transfer of the 
technology that Francia has developed 
in Italy (accomplished by installing and 
operating the mirror field and central 
receiver and documenting their perfor
mance) and (2) provide a place to test 
innovative solar receivers and systems 
on a moderate scale (accomplished fol
lowing the system characterization by 
converting the system to a general pur
pose test facility). G IT's Engineering 
Experiment Station characterized the 
original facility, converted it to a test 
facility, and since conversion, operates 

the facility. 

The design of the facility makes it 
particularly well suited for the testing 

of: 

• Central receivers and central 
receiver components such as 
boilers or air heaters and liq
uid heaters; 

• High-temperature materials--
both metallic and nonmetallic; 

• Photovoltaic conversion sys
tems; 

• High-temperature chemical re
action systems and components; 
and 

• Total energy systems powered 
by solar energy alone or by 
hybrid systems of solar and 
fossil fuels. 
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The ACTF is shown in Figure 108. 
Major components of the facility (Fig
ure 109) include a collector mirror 

field, an experiment platform located 
above the center of the mirror field, 
an instrument and control building, a 
computerized data acquisition system, 
and a heat rejection system. The octa
gonally shaped mirror field contains 550 
mirrors that focus sunlight into a focal 
zone 21.3 m (69.8 ft) above the center 
of the field. The mirrors are driven by 
their mechanical supports (Figure 110) 

Figure 108. Advanced Components Test Facility 
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Figure 11 O. Kinematic Motion Device 

so that the focal zone remains station
ary throughout the day. The maximum 
calculated radiation flux density in the 
central focal zone is of the order of 
220 W/cm 2 (698,000 Btu/hr-ft2), and 
the design total power into the focal 
zone is approximately 400 kW (1.88 x 
106 Btu/hr). The original test stand 
was an articulated truss located in the 
center of the field capable of support
ing a 700-kg ( 1540-lb) test device. 
This stand was replaced by a rigid 
stand capable of supporting a 9100-kg 
(20 ,000-lb) test device. 

Outfitting of the new experiment 
tower began in May 1978. Utilities in
stalled on the tower include electric 
power, cooling water, drain, and com
pressed air. The air conditioned fostru
ment building at the top of the tower 
was installed in early summer; installa
tion of the data system components at 
the top of the tower and thermal quali
fication testing occurred in June 1978. 
The scissors Iif t structure was installed 
on the tower during August 1978. All 
software required for the Sanders Asso
ciates receiver program was completed 
by September 1978. 
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Installation of the Sanders Asso
ciates receiver package was initiated on 
September 20 and the receiver was 
operated for the first time ' in a solar 
environment on September 27, 1978. 
Soon thereafter, the receiver had accu
mulated approximately 29 solar test 
hours at the facility with no significant 
difficulties. (For details, see the fol
lowing section "New Components.") 

Major facility activities included: 

• Outfitting the experiment tow
er with a 1.82- x 2.74-m (6-
x 9-ft) instrument enclosure 
building and a scissors Iif t; 

• Installation of the data acqui
sition computer and related 
components at the top of the 
tower; 

• Completion of special data sys
tem software required to sup
port the test program for the 
Sanders Associates receiver; 

• Installation and use of the 
ACTF scanning calorimeter to 
map the volume surrounding 
the focal zope; 

• Preparation for the Sanders 
Associates receiver test pro
gram, including installation of 
special utilities and collection 
of cavity heat flux data using 
a scanning bar and terminal 
concentrator supplied by San
ders; 

• Installation, checkout, 
operation of the Sanders 
dates 150-kW Brayton 
receiver with output air 
peratures of 1950°F; and 

and 
Asso
cycle 
tern-



• Construction of a visitor view
ing stand which overlooks the 
ACTF. 

All interested scientific anci engi
neering organizations are encouraged to 
use the Advanced Components Test 
Facility. Experiments will normally be 
scheduled into the facility through DOE 
or the Solar Thermal Test Facility Users 
Association. If, in response to a De
partment of Energy RFP, DOE selects 
a proposal for funding, the experiment 
will automatically be placed on the 
ACTF schedule, and the experimenter 
will work directly with facility person
nel from the beginning of the program. 
Experiments scheduled at the facility 
by submitting a proposal describing the 
exper iment to the Solar Thermal Test 
Facility Users Association (STTFUA), 
will be funded by STTFUA or by SERI 
through STTFUA or directly by DOE. 
More information on the Users Associa
tion, including a description of the re
quirements for proposals, may be ob
tained through its Executive Director: 

Executive Director 
STTF Users Association 
Suite 1507 
First National -Bank Building East 
Albuquerque, NM 87108 
(505) 268-3994 (Commercial) 

If a program is scheduled into ACTF 
through the Users Association, the ex
perimenter will begin work with facility 
personnel after the program has been 
approved for funding. 

The Solar Thermal Test Facility 
Users Association (STTFUA) was funded 
to provide a single, convenient point of 
contact for industry and universities de
siring to use the existing Solar Thermal 
Facilities. From discussions of ways to 
accelerate the advancement of solar 
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thermal energy technology and encour
age more university and industry use of ' 
DOE's solar thermal test facilities, it 
was determined that an independent 
Users Association could be effective in 
providing liaison among experimenters, 
facility operators, and DOE and in 
facilitating use of the government
owned · facilities by outside experimen
ters. Furthermore, such an organiza
tion could provide an interface with 
other available solar test facilities, 
such as the Department · of Defense 
White Sands facility and the French 
facility at Odeillo, France. The objec
tives of the STTFUA are: 

• To act as the point of contact 
for users of solar thermal test 
facilities and as the primary 
access link between users and 
operators of STTFs; 

• To solicit and review proposals 
for experiments to be per
formed on the STTFs and to 
make recommendations regard
ing utilization of STTFs; 

• To provide funding for STTF 
users, subject to DOE program 
approval and funding availabil
ity; a~d 

• To disseminate STTF and ex
periment information on a reg
ular basis. 

These objectives will be met by 
disseminating information on the facili
ties through workshops, conferences, 
and newsletters; by providing funds for 
experiments to be performed on STTFs; 
by establishing straightforward proce
dures for soliciting and reviewing ex
periment proposals; and by coordinating 
test plans/schedules with experimenters 
and facility operators. 



STTFUA was organized early in 
1977. The University of Houston was 
awarded a contract in June 1977 to 
support the first 6 months of operation 
of STTFUA and to organize an Associa
tion office. These tasks have been 
accomplished; STTFUA is now a func
tioning organization, incorporated in 
the State of Texas as a nonprofit orga
nization. The Association's Executive 
Committee has been organized; an Ex
periments Committee has been orga
nized to review proposals; and Member
ship and Publicity Committees have 
been named. Dr. Alvin F. Hildebrandt 
of the Unversity of Houston was elect
ed President of the Association. The 
executive committee selected Mr. Frank 
B. Smith as the Executive Director for 
the Association. The Association office 
has been established and is located in 
Albuquerque, New Mexico. In Septem
ber 1977, management responsibility for 
the STTFUA was transferred to the So
lar Energy Research Institute in Gol
den, Colorado. 

The achievements of the STTFUA 
during FY 1978 included the assumption 
of the management responsibility for 
STTFUA by SERI. In June 1978, SERI · 
awarded the University of Houston a 
contract to continue operation of the 
STTFUA for 1 year. Fourteen proposals 
for experiments were received and re
viewed by STTFUA: three were fund
ed, six are in contracting process, four 
were rejected, and one was withdrawn. 

Several workshops and meetings 
were held. The High Temperature 
Sciences Workshop was held in November 
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1977. Approximately 20 high-tempera
ture scientists met to consider the cur
rent status and needs of high-tempera
ture research and to define some of 
the exoeriments which might be under
taken on the STTFs. Proceedings of 
the workshop are available. 

The First Annual Meeting was held 
in April 1978. Solar leaders from 
France, Japan, and the United States 
participated; 88 people attended the 
2..,day meeting. Papers on test facility 
status, proposed experiments for STTFs, 
and 20 technical papers on Optics, 
Materials, Energy Conver~ion and Stor
age, Industrial Chemical Process and 
Testing/Simulation were presented. Pro
ceedings of this meeting are available. 

The High Temperature Industrial 
Process Heat Workshop was held in 
September 1978. The thrust of the 
workshop was on the use of high tem
peratures ( > 600°F) for industrial pro
cesses. Representatives from major 
oil, chemical, basic metal, and aero
space industries , as well as personnel 
from material laboratories, universities, 
and other research organizations discus
sed means of using solar thermal 
energy as a source of the high temper
atures. A proceedings document will 
be issued. 

During FY 1979, the STTFUA will 
continue to provide a full array of ser
vices to enhance the coordination and 
use of STTFs by all interested in the 
development of Solar Thermal energy 
use. Approximately 10 to 20 new ex
periments will be funded. 



New Components 

The New Components subprogram 
identifies new, innovative concepts for 
solar thermal components, subsystems, 
and processes and provides the first 
experimental demonstration of their 
technical feasibility in a solar thermal 
environment. It is expected that this 
subprogram will be at the forefront of 
technology, providing the Solar Thermal 
Power program with significantly 
improved components and with new 
capabilities for using solar thermal 
power. The New Components subprogram 
provides the foe~ for taking large risks 
where the payoff is commensurate. The 
experimental demonstration of the com
ponent and process concepts will pro
vide a basis for identifying solar ther
mal systems of high performance and 

ACTIVITY 
19n 1978 

NEW COMPONENTS 

low-cost energy to be developed under 
the Advanced Systems subprogram. 

Although consideration is given to 
the demonstration of concepts for all 
components of solar thermal systems as 
shown in Figure 111, emphasis is being 
placed on high-temperature receivers and 
small heat engines in accordance with 
the results of cost-sensitivity studies 
obtained under the Technology Assess
ment subprogram. The achievement of 
high operating temperatures provides 
the basis for use of high efficiency 
engines and the opportunity to develop 
useful chemical processes. Preliminary 
studies have shown the need for devel
opment of high-temperature metallic 
and nonmetallic receivers and chemical 
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reactor receivers. New, innovative 
receiver concepts for both small and 
large power applications are being 
sought that promise significant improve
ment in operating efficiency, tempera
ture, and reliability. Attainment of 
2500°F operating temperatures for pro
cess heat and chemical production in 
FY 1982 has been established as a pre
liminary target. Efforts funded under 
the New Components subprogram in
clude the conceptual study, develop
ment and test . of high temperature 
ceramic receivers (2000°F), heat pipe 
receivers (1500°F), receivers that 
absorb heat by decomposition of 503 
( 1500°F), and receivers that utilize a 
falling molten salt film to directly 
absorb heat. 

The demonstration of technical 
feasibility of reliable, high efficiency, 
economically attractive, energy conver
sion subsystems for small power and 
large power solar thermal applications 
is another key objective. Considerable 
potential for improvement in efficiency 
exists for small heat engines suitable 
for Small Power applications. Energy 
conversion targets for advanced engines 
rdnge from 35 to 50 percent. Candi
date energy conversion systems include: 
high-temperature steam-Rankine, Bray
ton cycles, Stirling cycles , and other 
novel thermodynamic concepts. The 
characterization of these energy con
version systems, and their potential for 
successful implementation in Solar 
Thermal Power Systems, will be analyt
ically and experimentally determined. 
A 35-kWe, two-phase turbine having 
design performance efficiencies greater 
than existing Rankine engines has been 
built and tested. Engine technology 
developed by DOE Divisions of Fossil 
Energy and Transportation Energy Con
servation (TEC), and by both United 
States and foreign industry, are being 
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assessed for possible solar thermal power 
applications and attractive candidates 
will be tested. 

New concepts for concentrators will 
be pursued that utilize advanced con
cepts in materials usage, manufacturing 
technology, or structural design beyond 
the scope of the concentrator develop
ment program currently underway in 
the Small Power and Large Power 
branches. Attractive concepts for 
energy transport will be evaluated in
cluding liquid metal, molten salt, and 
chemical systems. 

Sanders Associates tested their 
250-kWt Air Cycle Solar Receiver at 
the Georgia Institute of Technology 
(GIT) Advanced Components Test 
Facility (see previous section, 11Tech
nology Assessments"). The receiver 
(Figure 112) was designed to deliver 
air at 2000°F, operate at ambient 
pressure, and does not require a win
dow to seal the aperture. By using a 
novel ceramic matrix for solar energy 
absorption and heat transfer, the 
receiver can provide high efficiency 
solar energy collection with very low 
pressure drops. An additional feature is 

Figure 112. Sander's Receiver 



a compliant ceramic support system 
which minimizes the thermal stresses. 

Before beginning the receiver tests, 
the flux distribution near the focal zone 
was mapped by GIT personnel. As part 
of the test series, additional measure
ments were made using both the GIT 
flux scanner and a flux scanner built by 
Sanders to map the flux distribution on 
the receiver surfaces. The flux scans 
indicated a mirror aiming and tracking 
error, CJ = l 1.8 milliradians for the 
facility. The tracking error ( CJ) has a 
large impact on the amount of energy 
that can be directed into a receiver. 
The Sanders receiver is designed for a 
field pointing dispersion of CJ = 6.6 mil
liradians. The receiver aperture diam
eter was reduced to 20 inches by using 
a terminal concentrator to redirect the 
outer rays into the aperture. The in
crease in CJ from 6.6 to 11.8 milliradians 
resulted i~ a reduction in the solar 
energy, which can be directed into the 
receiver, from 316 kW to 190 kW. 

Based on this evaluation of the 
facility, a limited test plan aimed at 
providing a shakedown of both the San
ders receiver and the GIT facility was 
followed. The objectives of this re
vised test plan were to: 

• Operate at reduced flow to 
obtain design temperature, 

• Operate at design mass flow 
and determine operating tem
perature and power delivered 
to the airstream , and 

• Make a measurement of the 
convective losses. 
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The objectives of the revised test plan 
were accomplished, and the receiver 
will be stored while modifications are 
made to the solar facility to bring the 
sigma up to the design value: 6.6 milli
radians. At that time, the receiver 
will be tested at full power to measure 
its efficiency and the response to the 
high flux values. The results of the 
successful first series were the follow
ing: 

• Output air temperatures of 
l 950°F were maintained with 
honeycomb temperatures of 
~2200°F for reduced flow with 
an average insolation of ~900 
W /m2. No visible changes in 
the receiver interior were no
ticeable after thermal cycling. 

• Output air temperatures of 
,~1530°F were obtained for de
sign mass flow with approxi_. 
mately 100 kW delivered to 
the air. Insolation for this 
test was ·~805 W /m2. 

• Several hot convective loss 
runs were conducted using ex
cess nitrogen as the trace gas 
and oxygen concentration as 
the measured variable. Maxi
mum wind velocities of 8 fps 
produced heat loss determina
tions that confirmed the previ
ous convective loss tests, i.e., 
~0.5 percent of design thermal 
input. 



Materials Support 

The long-range goal of materials 
support research is to lower the life-. 
cycle costs of solar thermal systems. 
This can be accomplished by improving 
performance, lowering cost, increasing 
useful life, or by combinations of the 
above. The program has been divided 
into research and development to sup
port three major technologies. They 
are: high-temperature materials for 
receiver technology; optical concentra
tor technology, and standards and reli
ability technology. In each of these 

areas, limitations have been identified 
by the major hardware demonstration 
projects. The activities in each of 
these technologies are shown in Table 
5. Major activities in this program 
have centered on developing the pro
gram plans and coordinating the solar
related materials R&D within the DOE 
program. In FY 1977, materials re
search was carried out by the National 
Laboratories and companies supporting 
the national program. The research 
was oriented toward near-term mate-

Table 5. Materials Support Research Summary 

RECEIVER TECHNOLOGY 

Ceramics 
• Thermochemical receivers 
• Porous ceramic thermal receivers (SIC, 

ceUular glass) 
• High-temperature receiver tube development 

Metals 
• Receiver materials characterization (9Cr-1 Mo, 

lnconel 61 7, lncoloy 800) 
• Heat transfer fluid compatlbUlty and stability 

Absorber Surfaces 
• Low-temperature selective absorbers (black 

chrome, alumina-molybdenum-alumina) 
• Intermediate temperature selective absorbers 

(black cobalt, organometallic solutions, 
cermets) 

• High-temperature absorbers 

OPTICAL CONCENTRATOR TECHNOLOGY 

Transmitters 
• Glazing characterization 

Reflectors 
• Sliver alloy research for polymer reflectors 
• Thin and ultrathln glass research 
• Polymer coatings for silver mirrors 
• Thin aluminum reflectors 
• Reflectance measurement standard develop

ment 
• Mirror corrosion (sliver) 
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Structures 
• Cellular glass research 
• Advanced lightweight structures, and designs 

to utilize them 

PERFORMANCE & RELIABILITY TECHNOLOGY 

Characterization 
• Optical characterization of reflectors and 

transmitters 
• Absorber characterization 
• Mechanical characterization 

Degradation 
• Optical polymers 
•Glass 
• Dust accumulation & cleaning 

Corrosion 
• Monitoring of solar systems 
• Failure analysis 

Thermal/Mechanical Fatigue and Shock 
•Metals 
•ceramics 

Ufe Testing 
• Accelerated 
•Real time 



rials selection and evaluation. Long
range work was identified by Sandia 
Laboratories and Jet Propulsion Labora-
tory. Major activities in these areas· 
are being planned and developed. 

Receiver Technology 

The major material problems asso
ciated with the thermal receiver tech
nology are thermal stress and fatigue 
of materials, corrosion and compatibil
ity of receiver/heat exchangers with 
heat transfer fluids, and properties and 
stability of absorber surfaces. The 
high-temperature (1100°c) and high
concentration (l000x) applications are 
stimulating work on metallic superalloys 
and high-temperature ceramics (e.g., 
silicon carbide). Heat transfer fluids 
(liquid sodium, molten salts, high
pressure steam) and high-temperature 
gases (He and air) add to the severity 
of the thermal environment. 

Environmental and thermal stability 
of solar-to-thermal absorber surfaces are 
important because they affect both per
formance and life. High-temperature, 
high-absorptance surfaces are being 
studied for high-temperature, high-con
centration systems. High-absorptance, 
low-emittance, "selective" coatings are 
being studied for the 600°c tempera
ture range, and improved low-tempera
ture selective coatings are also being 
studied for line focusing collector 
concepts. 

The absorber materials research is 
centered on achieving high absorptivity 
and low emissivity and maintaining these 
optical properties under operating con
ditions. Chemical changes resulting 
from high-temperature diffusion and re-
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action with both the atmosphere and 
substrate presently limit operating tem
peratures. Research to understand and 
mitigate these effects is the thrust of 
the absorber program. 

Research on selective absorbers 
began in 1955 and · was pursued by 
NASA during the 1960s for controlling 
the thermal environment of spacecraft; 
however, the materials developed were 
not optimized for terrestrial solar 
energy conversion. Funding· for absor
ber materials for solar applications was 
initiated by the National Science Foun
dation in 1974, and this work was ex
panded under ERDA and, · more recent
ly, under DOE. 

During FY 1978, a working group on 
the Optical Properties for Solar Mate
rials was established. Personnel from 
JPL, National Bureau of Standards 
(NBS), Sandia (Albuquerque and Liver
more), Battelle Pacific Northwest Lab
oratories, and SERI participated in this 
Committee. This Committee has been 
chartered to work on the development 
of national plans for absorbing, trans
mitting, and reflecting material. 

The absorber program has included 
studies on the importance of retrore
flectance, polarization, and high-tem
perature solar absorptance measure
ments for the characterization of ab
sorber surfaces and the effects of the 
choice of solar spectrum, air mass, 
glazing spectral transmittance, and col
lector spectral reflectance on the col
lector performance. The calculation of 
solar absorptance from the measured 
spectral, hemispherical reflectance also 
has been investigated. A National Ab
sorber Surfaces Program Plan has been 
produced for DOE by the Solar Energy 



Research Institute with the help of the 
absorber materials community.* 

Several major technical accom
plishments occurred during FY 1978 in 
the area of selective absorber surfaces 
for intermediate temperatures (600°c). 

• A coevaporated Pt/ Al2o3 cer
met on Pt deposited on a 
quartz substrate has exhibited 
outstanding optical properties 
(0.8 ~ as ~ 0.9ti-, 0.1 '.S e:t 
( 500°c) $ 0.3) and is stable in 
air at 600°c for 300 hours. 

• The IR reflectance of thin film 
CVD molybdenum has been 
dramatically increased using 
simple processing techniques to 
within 0.7 percent of the value, 
of the pure bulk metal. Sta
bility is similar to the bulk 
material. This work has shown 
that a material can be produced 
with the IR reflectance of 
aluminum and the high-temper
ature capability of a refractory 
metal. 

• The addition of stabilizers to an 
organometallic absorber system 
has extended the thermal sta
bility without sacrificing opti
cal properties ( as = 0.92, e:t 
( lO0OC)=0.05). Thermal sta
bility tests of films for 900 
hours at 500°C in air show 
only a slight decrease in 
optical performance. 

For absorber surfaces for high 
temperatures (>700°c), nonselective 

paints comprised of (Fe-Mn-Cu)O pig
ments in a silicone or silicate binder 
have demonstrated a solar absorptance 
greater than 0.98, stable to 1000c in 
air. 

Major accomplishments for other 
materials include work performed in 
metallurgical research which is aimed 
at understanding how metals respond to 
the thermal fatigue, stresses, and en
vironments produced by central re-· 
ceivers. The effects of alloying ele
ments, heat transfer fluids, and ther
mal transients on metals must be 
known in order to design long-life 
receivers. 

The ceramic research activities are 
focused on receiver design with brittle 
ceramics instead of metals. Their 
thermal shock and fracture toughness , 
must be related to their microstructure 
and processing history. Research should 
yield tailored ceramics and metals for 
solar applications. 

Optical Concentrator Technology 

Optical concentrator technology 
hinges on the performance of optical 
transmitting and reflecting materials. 
Many materials have been used for solar 
concentrators, but have not been opti
mized. The durability and stability of 
composites of silver on glass, silver on 
plastic films, anodized aluminum, and 
other coatings are being investigated. 
The mechanisms of silver corrosion will 
be studied in detail to determine how 

*"National Program Plan for Absorber Surfaces R&D" SERI-TR-31-103. 
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to protect the, silver in outdoor envi
t"on ments. The optical properties of 
transmitting plastics and structures to 
support and shape mirror surfaces are 
also being optimized. 

During FY 1978, major technical 
events were in the areas of materials 
evaluation, information dissemination 
and standards development, and instru
mentation development. Assessments 
and studies of environmental degrada
tion, correlation of accelerated testing 
of mirror materials, and noncontact 
cleaning agents for mirrors were ac
complished. A Solar Reflector Mate
rials Workshop was organized, a direct 
result of which was a National Reflec
tor Materials Program Plan currently 
being implemented at SERI. The 
American Society for Testing Materials 
(ASTM) and the National Bureau of 
Standards (NBS) participation has con
tributed to several new proposed stan
dards for solar materials. New tech
niques and instrumentation for measur
ing specularity were developed. 

Performance and Reliability 
Technology 

The performance and reliability 
technology has had the least emphasis in 
the past, but is now receiving more 
attention. The performance of a given 
solar system depends on the optical 
properties and geometry of the compo
nents. The appropriate optical proper
ties must be measured to allow systems 
designers to calculate expected perfor
mance. Optical property standards and 
measurement procedures are being de
veloped by NBS, ASTM, and the Na
tional Laboratories. Mechanical charac
terizations are already available for 
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most structural materials except high
temperature receiver materials. 
Changes in optical and mechanical 
properties can cause scattering and 
absorption. Dust can have similar 
effects. How and why these changes 
take place are the subjects of many 
investigations. Polymers and glasses are 
being most widely studied. Corrosion 
often limits the component life,. so 
quantitative corrosion monitoring tech
niques are being developed to study life 
prediction and inhibition of corroding 
systems. 

The area of appropriate life testing 
is being studied intensively. Ways to 
certify both performance and life have 
been pioneered by the automobile indus
try. Automotive technology and meth
ods will serve as a guide to the solar 
program. Accelerated life testing will 
be performed in the laboratories and at 
the solar thermal component test facili
ties at GIT, Sandia, SERI, and JPL. 
Specification of the operating environ
ments will be a primary thrust of this 
program. 

Circumsolar Radiation 

The objectives of the circumsolar 
radiation effort were to obtain quanti
tative information on the effect of cir
cumsolar radiation on the thermal effi
ciency of various generic types of con
centrators and to develop procedures 
for sizing receivers to optimize their 
performance for various amounts of cir
cumsolar radiation. 

At SERI, the angular response 
characteristics of concentrating collec
tors is determined from analytical and 



ray trace techniques. Taken together 
with the size of the solar disk and 
statistical expressions for concentrator 
imperfections and circumsolar profiles, 
energy collection as a function of 
receiver size, i.e., concentration ratio, 
can be determined and compared to the 
receiver's thermal losses in order to 
optimize performance. 

During FY 1978, analytical calcu
lation had been shown to be equivalent 
to detailed ray trace, but a much sim
pler graphical procedure has been de
veloped for optimizing concentration ra
tio and rim angle for all parabolic 
trough collector designs. Sensitivity of 
optimization to varying operation condi
tions and to changes in collector pa
rameters were investigated. If the 16 
standard circumsolar profiles provided 
by Lawrence Berkeley Laboratories 
(LBL) are typical, then output varia
tions for current generation line focus 
collectors with varying circumsolar 
levels are estimated to be on the order 
of one percent under reasonable opera
ting conditions. A formal report is un
derway to document this work. 

FY 1979 activities will be performed 
in accordance with the strategy estab
lished in the Multi-Year Program Plan 
(unpublished). Because of the demon
strated optical performance and thermal 
stability of vacuum-deposited multilayer 
and cermet films, vacuum processing 
suitable for solar applications will be 
explored as part of the intermediate 
temperature selective absorber surface 
development effort. Support activities 
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_will be augmented to include durability 
test definition and durability testing, 
further degradation mechanism studies, 
component evaluation, systems benefit 
analysis, and a data base activity that 
includes relevant field experience. 

A decision will be made in late 
FY 1979 to concentrate R&D efforts on 
the development of a single selective 
absorber surface concept for interme
diate temperatures and to identify a 
backup absorber surface for such appli
cations. 

The systems analysis activity initi
ated by JPL in FY 1977 and FY 1978 
will be refined and extended through a 
joint SERI/JPL effort. Major activities 
in FY 1979 will determine the minimum 
solar absorptance as a criterion in judg
ing intermediate temperature selective 
absorptance development, refine esti
mates of absorber surface and program 
cost/benefits, and determine the opti
mum optical properties for cavity ab
sorbers. 

Several activities are planned in 
circumsolar radiation work. Ray trace 
and analytical techniques to determine 
collector response will be refined to • 
include point-focus devices. This 
portion -of work should be completed by 
January 1979. Line focus collectors 
will also be reviewed using actual fre
quency distributions of circumsolar radi
ation as supplied by LBL. Results are 
expected by February 1979. Results 
will be summarized in the annual report 
by September 1979. 



Advanced Systems 

The Advanced Systems project was 
established to identify and develop ad
vanced systems that will accelerate the 
commercialization of thermal power 
systems by reducing energy cost and 
improving system performance over that 
provided by first-generation systems. 
The approach is to focus on one or 
more specific advanced systems for dis
persed power applications and develop 
components and subsystems aimed at a 
single module demonstration on feasi
bility and performance of the system 
design. A combination of low collector 
cost and high system efficiency, which 
will reduce the cost of solar produced 
electricity to 50 mills/kWh, is the tar
get of this project as shown in Figure 
113. 

""" 

The emphasis will be to: 

• Identify candidate advanced 
systems through tradeoff stu
dies, analysis, and feasibility 
tests; 
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Figure 113. Advanced System - Energy Cost 
vs Plant Size 
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• Develop the key subsystems 
and components needed for a 
successful low-cost subsystem 
operation and demonstration of 
the (second-generation) ad
vanced systems; 

• Provide the support and test 
facilities needed to demon
strate feasibility of the 
systems; and 

• Plan and support a limited 
number of high technology pro
jects aimed at potential early 
breakthroughs. 

In addition, the project will conduct 
early definition work to develop new 
programs such as the direct use of con
centrated solar energy in manufacturing 
transportable fuels, essential chemicals, 
and other applications. 

Early in FY 1978, the Advanced 
Solar Thermal Technology Project com
pleted the systems study, "Projection 
of Distributed-Collector Solar .. Thermal 
Electric Power Plant Economics to 
1990-2000." This study presents a 
comparison of several versions of point
and line-focusing distributed receiver 
power plants and documents the as
sumptions and methodologies used. As 
shown in Figure 113, several promising 
advanced distributed systems were iden
tified: dish-Stirling, dish-Brayton, and 
dish-chemical. This dish-Stirling sys
tem was predicted to produce the low
est energy cost for systems ranging in 
size from 0.1 to 50 MWe. The study 



formed the basis for tentative selection 
by DOE of the dish-Stirling as Advan
ced Systems No. 1 (ADS-1) and has 
provided insight into how best to allo
cate cost targets to the various 
subsystems. 

As part of the ADS-1 development, 
two subsystem· concepts 'Yere defined for 
a Stirling receiver (Figure 114) and for 
two advanced concentrator designs. One 
concept (Figure 115) is a high-perfor
mance, light-weight, low-cost structure 
that uses cellular glass gores for the 
parabolic dish (figure 116). The 
second concept (Figure 117) uses a 
point-focusing Fresnel lens that allows 
the receiver and engine to be mounted 

HEAT PIPE CONCEPT 

NONHEA T PIPE CONCEPT 

Figure 114. Receiver Concepts 

Figure i 15. light-Weight Parabolic Dish 
Concept 
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Figure 116. Cellular Glass Gores 
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Figure 11 7. Fresnel Lens Concept 

behind the concentrator. These ad
vanced concepts for concentrators and 
receivers have a high probability of 
achieving the 1985 second-generation 
cost and performance goals. Relative 
to ADS- I , two subsystem contracts 
were awarded to study liquid metal 
heat pipe receivers and liquid metal 
transport. Also, contracts were award
ed for the study of second-generation 
Stirling heat engines. To achieve the 
1985 system goals of 50 to 60 mills/
kWh, it will be necessary to. develop 



small heat engines that have net effi
ciencies of 3.5 to 11-.5 percent. The first 
Semiannual Technical Progress Report 
summarizing the dish-Stir ling subsystem 

ACTIVITY 
1977 1978 

DISP 
No.' ADVANCED SYSTEM IDENTIFICATION -

ADVANCED SYSTEM DEVELOPMENT 

SE ECT 
CONCEPT 

DISPERSED NO. 1 (DISH-STIRLING) ~ 

DISPERSED NO. 2 

* DECISION BY DOE TO PROCEED 
WITH DISH-STIRLING 

development was published and distrib
uted. The schedule is shown in Figure 
118. 

FISCAL YEAR 
1979 1980 1981 1982 1983 1984 1985 1986 AFTER 

I I DISP 
DISPNo.2 No.3 TBD - ~ 

ENOINE'!7: lllJBSYS 
8TUDY COMPONENT INTEORAT 
CDMPLm DEVELOP COMPLm TEST CDMPL m 

SELECT T SUBSYS 
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Figure 118. Advanced System Schedule 
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LARGE POWER SYSTEMS 
APPLICATIONS 

The primary objective of the Solar Thermal Power Sys
tems program is to establish the technical readiness of cost
competitive solar thermal power systems for both small and 
large energy production applications. Within this overall objec
tive, the large power systems, primarily based n the central 
receiver concept, · are directed toward penetrating the utility 
and industrial markets. The competitiv~ economic generation 
of electric power and intermediate- to high-temperature indus
trial process heat is the main thrust of the large power sys
tems program. The commercialization of large central receiver 
power systems is based on user "hands-on" experience through 
joint government and industry pilot and demonstration plants; 
government sponsored research and development of advanced 
subsystem components to improve performance and reduce costs 
through industry participation; and advanced technology con
cepts to improve the cost effectiveness of the mid- and long
term applications. These efforts, combined with the projected 
increases in costs associated with other forms of energy pro
duction will lead to the attainment of the commercialization 
goals established in the National Energy Plan for solar energy 
production. 

The major phases of the Large Power Program element are 
indicated in Figure 119. The four activity areas under large 
power are: 

• The large-scale central receiver system experiment, 
a planned pilot plant to be located near Barstow, 
California; 

• The development of systems for large-scale utility ap
plications ( which increasingly emphasizes near-term 
applications, e.g., repowering of oil- and gas-fired 
power and industrial process heat plants in the south
western United States); 

• The verification of subsystems and components through 
the use of the Central Receiver Test Facility (CRTF); 
and 
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• The development of lower cost and higher perfor
mance central receiver subsystems and components 
( with particular emphasis on heliostats and advanced 
heat-receiver technology). 

Fiscal Vear 

Phase , 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 

System 
Experiment 

Industrialization 

Subsystem 
Verification 

Component 
Characterization 

Site Selection 

A 

Conceptual Design 

Phase I ~REs Test Facility Operation 

A A 

Test Barstow· 

lnltteJ Operation 

A 

Repowering Program 

Test Facility Heliostats Hellostats Advanced Receiver Tests 

A A A 

Figure 11 9. Large Power .Program Milestones , 
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SYSTEMS AND APPLICATIONS 

The systems and applications seg
ment of the Large Power Systems Pro
gram element has four activity areas, 
the progress of which will be reported 
in this section. These areas encompass 
the large-scale central receiver systems 
experiment, the 10-MW e pilot plant at 
a site of Southern California Edison 
Company near Barstow, California, the 
development of advanced storage
coupled solar thermal generating sys
tems, the application of solar power in 
repowering existing oil- and gas-fired 
plants, and the development of hybrid 
systems (e.g., first-stage solar heated, 
second-stage fossil-fuel fired in the 
instance of serial hybrids). 

These activity areas are to some 
extent interrelated through common 
component development and common 
test bed utilization. The reports on 
progress in these areas will, however, 
be presented in separate sections. 

10-MW e Central Receiver Pilot Plant 

The 10-MWe pilot plant project has 
a unique and timely relationship to _the 
Solar Thermal Power Systems Program 
and the furtherance of its objectives. 
The program goal of the Solar Thermal 
Power Systems Program is to foster the 
research and development necessary for: 

... The large-scale com
mercial implementation of 
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solar thermal power sys
tems for electric utility 
applications, irrigation 
pumping, applications re
quiring a combination of 
electric power and heat 
energy (total energy sys
tems), and applications 
requiring high-temperature 
process heat alone to re
place the use of critical 
fossil fuels. 

This effort has been divided into pro
grams that distinguish between dis
persed (or point-of-use) applications 
and centralized (e.g., utility) applica
tions. Large power systems are in,;. 
eluded in the latter. The technical 
goals of the Solar Thermal Energy Con
version Program include the establish
ment of engineering understanding and 
economic and environmental feasibility 
which will lead to subsequent construc
tion of solar thermal electric plants by 
industry. The 10-MWe Central Re
ceiver Pilot Plant will meet these 
goals. 

The pilot plant is a cooperative 
effort between DOE and the Associates 
( Southern California Edison, Los Angeles 
Department of Water and Power, and 
the California Energy Commission). As 
shown in Figure 120, the day-to-day 
management responsibility has been as
signed to the Solar Ten-Megawatt Pro
ject Office (STMPO) located in the 
greater Los Angeles area. The overall 
plant costs, estimated at $ 123 million, 
are divided between DOE and the Asso-
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Figure 120. STMPO Management ·Responsibilities 

dates. DOE will fund the solar facili
ties ( ·~ $108 million), and the Associ
ates will fund the turbine-generator 
facilities ( ~ $15 million) and contribute 
an additional $5 million for noncapita1 
expenditures for personnel and plant op
era tions. DOE capital funding of $43.5 
million has been provided through FY 
1978, and $28 million in additional ob
ligational authority will be available in 
FY 1979. 

In addition, present · DOE planning 
to meet program objectives provides for . 
evaluation of technology at the 10-MWe 
plant size and repowering plants of 25 
to 100 MW e as intermediate steps be
nyeen pilot plants and 100- to 300-
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MW e commercial plants. Repowering 
plants may include construction of solar 
thermal boilers next to an existing fos
sil-fueled power plant and connection 
of the solar boiler to the existing tur
bine generator. The repowering plants 
will provide construction and operating 
data that utilities can use to evaluate 
the technical and economic feasibility 
of commercial solar plants with greater 
confidence. Projects between the first 
pilot plant and the commercial-scale 
plant may be dropped or accelerated 
depending on the rapidity with which 
improved technologies can be developed. 
It is intended that all plants built will 
be under cost-sharing arrangements be
tween Government and industry, with 
increasing industry involvement. 



In furtherance of these technical 
goals, the specific objectives of the 
10-MWe Central Receiver Pilot Plant 
Project were established as follows. 

• To establish the technical fea
sibility of a solar thermal 
power plant of the central re
ceiver type, including collec
tion of data for retrofit appli
cations of solar boilers to ex
isting plants fueled by oil or 
natural gas. 

• To obtain sufficient develop
ment, production, operation, 
and maintenance cost data to 
indicate the potential for eco
nomic operation of commercial 
power plants of similar de
signs, including retrofit appli
cations on a comparable scale. 

• To determine the environ
mental impact of solar thermal 
central receiver plants. 

• To gather operational data that 
can be used to determine sys
tem stability and safety char
acteristics. 

• To further utility and commer
cial acceptance of solar ther
mal central receiver systems. 

• To stimulate industry to devel
op and manufacture solar ener
gy systems. 

• To enhance public acceptance 
of, and familiarity with, solar 
central receiver types of sys
tems. 

Shortly after the formation of 
DOE's predecessor, ERDA, three con
tractors--Honeywell, Martin-Marietta, 
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and McDonnell Douglas--were selected 
to conduct preliminary design and sub
scale experimentation on a central 
receiver plant using water and steam as 
the transport and working fluids and a 
steam-Rankine turbine as the heat en
gine. Designs were to be provided for 
both a utility-scale (100-MWe) plant 
and a 10-MWe pilot plant. A fourth 
contractor, Boeing, studied only the 
heliostat subsystem. 

Two years of study• experimen
tation, and analysis by these contrac
tors and evaluation by an ERDA team 
led to the selection, in the last quarter 
of FY 1977, of the McDonnell Douglas 
Astronautics Company ( MDAC) configu
ration for the baseline design · -of a 10-
MW e pilot plant (Figure 121) desig
nated "Solar One" to be constructed at 
a site near Barstow in Southern Cali
fornia (Figure 122). This design con
cept encompasses glass-mirrored, 
roughly square, pedestal-mounted hello
stats in an approximately circular 
field. The receiver design selected is a 
cylindrical, externally illuminated, verti
cal tube, once-through-to-superheat 
boiler atop a steel tower somewhat 
south of the center of the field. Ther
mal storage will be in tanks which con
tain hydrocarbon-based heat transfer oil 
and are packed with rock. The prin
ciple of operation is natural thermo
dine separation of hot and cold fluids. 
A dual admission turbine-generator will 
be the energy conversion subsystem. 
The storage subsystem concept is cur
rently undergoing final design as a 
separate project element of the Ther
mal Power Systems Program and is 
scheduled for initial operation in late 
1981. 

During FY 1978, certain activities 
by the above contractors have been 
continued. MDAC, Martin-Marietta, 
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Figure 122. 10-MWe Central Receiver Pilot 
Plant 

and Boeing heliostats are being moni
tored for long-term effects of exposure 
to the natural environment; the MDAC 
heliostat shows some degradation in 
reflectivity due to dirt and dust build
up, with restoration of near-original 
performance following artificial or 
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natural (rain, snow) cleaning. These 
effects are overlaid, in the case of the 
plastic-enclosed Boeing heliostat, upon 
a gradual degradation of the optical 
and material properties of the plastic 
at a rate yet to be established. Wind
tunnel tests of subscale arrays of heli
ostats by these contractors as well as 
by Honeywell and by Martin-Marietta 
showed the anticipated reduction in 
wind forces on interior-field heliostats 
(Figure 123). Exterior fences also 
reduced loads in general but, as shown 
in the Honeywell experiments, certain 
fence configurations can lead to local
ized enhancement of wind loading. 

Townsend and Bottum (T & B) of 
Ann Arbor, Michigan, was selected as 
Construction Manager in July 1977 and 
is assisting STMPO with the construction 
and value engineering reviews, cost es
timating, cost accumulation, and over
all project schedule integration. T & B 
also will perform the field construction 
management services. 

Figure 123. 1 /30 Scale Model of Partial 
Heliostat Field Segments 

In the fall of 1978, Robert D. 
Thorne, DOE's Assistant Secretary for 
Energy Technology, announced the 
selection of the solar facility contrac
tors. Both Martin-Marietta and 



McDonnell Douglas were selected for 
negotiation of a 1-year collector sub
system preproduction contract with 
options permitting the Government to 
determine whether one or both of the 
contractors will fabricate heliostats for 
the plant (approximately 1900). 
McDonnell Douglas was selected for 
negotiation of a contract to integrate 
the solar facilities design with the tur
bine generator facilities and to design 
and fabricate the remaining solar sub
systems as the Solar Facilities Design 
Integrator (SFDI). 

The selection of the pilot plant 
configuration was based upon the poten
tial for low cost at the commercial 
size and the ability to simulate the 
commercial configuration at the pilot 
plant size. The choice between the 
externally illuminated MDAC receiver 
and the cavity-type receiver by Martin
Marietta was relatively close; the 
externally illuminated unit was consid
ered to have somewhat better potential 
for low cost. For other applications of 
central receiver technology, the cavity 
receiver might still be preferred. Both 
contractors had built and tested, by 
radiant thermal heat, receiver models 
of approximately 5-MWt capacity 
(equal to about l-1/2 MWe>· It was 
decided to verify these tests by 
exposure of these models to actual sun
light conditions using the DOE Central 
Receiver Test Facility (CRTF) at 
Sandia Laboratories, Albuquerque. The 
MDAC receiver model, a 70-tube panel 
approximately 56 feet tall and 3 feet 
wide, representing one of the 24 facets 
of the complete receiver, has been 
modified for installation and remote 
control and monitoring atop the 200-ft 
tower of CRTF. This receiver model 

was delivered to Albuquerque in Sep
tember 1978 and is scheduled for 4 
months of testing, under .a variety of 
static and dynamic operating condi
tions, during the early part of CY 
1979. Preparations are also nearly 
completed for testing of the Martin
Marietta reduced-scale cavity receiver, 
following the MDAC receiver tests. 
These tests will be performed under the 
Central Receiver Technology Develop
ment ( CR TD) program area. The 
MDAC heliostat design will be tested in 
a full-scale configuration for wind-load 
resistance in early FY 1979 in a wind 
tunnel. In addition, facility designs 
will be initiated for both the solar and 
the turbine generator installation seg
ments. 

In response to the recognized need 
for an all-digital, high fidelity, 
dynamic computer simulation, a solar 
10-MWe pilot plant simulation was 
developed so that all major plant 
subsystems are modeled in separate 
modules that can be run independently 
or collectively to study mode 
transitions, transients, and steady-state 
plant functioning. The environmental 
module contains data taken near 
Barstow, California, at 15-minute 
intervals for every day in 1976. Run 
time is approximately 10 times faster 
than real time on a CDC 7600 and 
permits tabular listing of any selected 
variable time history with 28 different 
variables as a function of time.* 

Another critical need identified 
was for measuring cloud conditions to 
determine both the temporal and spa
tial variability of insolation over the 
collector field of the pilot plant site. 
Potential design impacts on the thermal 

*The Aerospace Corporation, ATR-78(7747)-1, Vol. 1 (August 1, 1978). 
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stress in the receiver as well as control 
system design problems have been sug
gested due to this insolation variation. 
Because no relevant information of suf
ficient resolution is available, this 
measurements program was initiated by 
STMPO and is being supported and ser
viced by Southern California Edison 
Company. Preliminary data indicate a 
higher frequency of insolation variations 
than expected for August 1978. 

The preproduction heliostat phase 
will include testing of full-size helio
stats with associated controls at CR TF 
in Albuquerque, New Mexico, and en
vironmental testing of components. He
liostats which successfully pass these 
tests will provide the project with a 
high degree of confidence that the pro
duction units will successfully perform 
at the pilot plant. 

As a natural part of the 10-MW e 
pilot plant project, a technology trans
fer effort was developed to promote 
public and institutional knowledge and 
acceptance of solar thermal power sys
tems. The dissemination of solar ther
mal technology will be accomplished by 
Southern California Edison Company 
through various public relations and 
publicity programs as well as through 
design and operating reviews with 
potential users in utilities, manufac
turers, and architect-engineer firms. 

A Visitor's Information Center will 
be located on 5 acres of land to be 
leased from the State of California 
(Figure 122) adjacent to National Trails 
Highway in the County of San Bernar
dino. The building design selected pro
vides a major display area, an office, 
projection room, auditorium, multi
purpose room, and vending machine 
area. It is anticipated that this facil
ity will be open to the public in the 
fall of 1979. 
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To enhance public awareness of 
solar thermal technology, the Associates 
have published a brochure describing 
the project and a fact sheet. They 
serve to answer general inquiries about 
the project description. Also, a speech 
script and slide presentation were 
developed for use at civic and private 
group meetings. Scale models of the 
pilot plant were constructed and will 
later be displayed at the Visitor's 
Information Center. 

The establishment of Project Ad
visory (ad hoc) and Review Committees 
provide for the dissemination of solar 
thermal technology advances to poten
tial users. The Project Advisory Com
mittee will initially meet semiannually, 
then quarterly, during construction. 
Members will input continuing program 
appraisals. Annually, a full-project 
examination, including plant· tour, will 
be held and a comprehensive report 
published. The Project Review Com
mittee will attend the Annual Review 
Meeting and the plant tour. 

The following list is a short 
chronology of important recent project 
events through September 1978. 

1977 January: Site location and 
utility partner selected. 

May to June: Four conceptual 
design contracts completed. 

March to September: Project 
office (STMPO) formed and 
staff selected. System specifi
cations and prime contractor 
RFP initiated. 

July: Construction manager 
selected (Townsend & Bottum, 
Ann Arbor, Michigan). 

August: Pilot plant conceptual 
design selected. 
October: Project office in
stalled in El Monte, California. 



1978 

November: Project manage
ment plan approved by DOE 
and Environmental Impact 
Report (EIR) completed. 
December: Site topographic 
survey and site plot plan 
completed. 

January: DOE and Associates 
cooperative agreement ap
proved. 
February: Collector RFP re-
leased. 
March: Bidders conference for 
collector subsystem held. Re
ceived collector proposals and 
began evaluation. Filed site 
approval plan with San Bernar
dino County. 
April: Solar Facility Design 
Integrator (SFDI) RFP issued. 
DOE and Associates coopera-
tive agreement signed. 
June: EIR approval and site 
zoning approval received. 
July: Federal Environmental 
Assessment approved. 
August: Collector subsystem 
contractors selected for 12-
month preproduction phase 
( production phase TBD ): 

Martin-Marietta, Denver, 
Colorado 
McDonnell Douglas Astro
nautics Company, Hunting
ton Beach, California 
Solar Facility Design Inte
grator selected ( McDonnell 
Douglas Astronautics Com
pany, Huntington Beach, 
California). 

September: Two collector sub
system design contractors 
began work under advanced 
agreements. 
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The field construction is planned to 
be accomplished through Government 
prime, fixed-price, competitive bid 
contracts. Solicitations will be announ
ced through the STMPO office and all 
contracts $2 million or less will be 
small business set-asides. 

The critical milestone schedule for 
August 1978 through October 1979 is 
given in Figure 124 and the project 
baseline is shown in Figure 125. Pro
ject schedules are given below. 

.!.21! December: SFDI starts solar 
facility design under advanced 
agreement. 

1979 January: Start turbine-gener
ator facility design. 
April to May: Initiate proto
type heliostat CR TF testing. 
April to June: Start site con
struction 
August to September: Com-
plete CR TF collector testing. 
October: Select heliostat man
ufacturer. 

1981 September: Complete plant/ 
start operations. 

Storage-Coupled Systems 

As discussed in connection with the 
10-MWe Central Receiver Pilot Plant 
project, the program goal is to foster 
the development of large-scale solar 
thermal power systems for utility appli
cations. Achievement of this goal 
would be enhanced if stand-alone capa
bility could ·be attained through the use 
of facilities capable of storing thermal 
energy and releasing it on demand. 
This would eliminate the requirement of 
coupling solar plants in the utility grid 
with sufficient conventional fossil 
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energy plant standby capacity to meet 
demand during periods of poor insola
tion or at night. Technical goals of 
this program segment thus include the 
development of thermal energy trans
port and storage systems using fluids 
with sufficient stability to meet steam
Rankine turbine inlet temperature re
quirements at a minimum. 

The objectives of the storage
coupled systems program element 
include improvements in working, trans
port, and storage fluids, as well as in 
means for removing impurities resulting 
from thermal degradation of transport 
and storage fluids. Specifically, these 
objectives are: 

• Reduce the rate of thermal 
degradation of transport and 
storage f1uids at temperatures 
of 600°F or higher; 

• Develop means of continuously 
removing products of degrada
tion from hydrocarbon trans
port and storage fluids, if such 
degradation is unavoidable; 

• Develop power generation cycles 
employing high-temperature 
transport and storage fluids 
such as thermally stable hydro
carbons, molten salts, and 
liquid metals; and 

• Develop cycles employing high
temperature fluids capable of 
serving as transport, storage, 
and working fluid, such as 
steam, air, or helium. 

The early history of this project is 
associated with that of the 10-MWe 
pilot plant and is therefore described 
by the history cited for that project. 
The work effort by the major contrac-
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tors under the Barstow project--MDAC 
and Martin-Marietta--included static 
testing of various oils suitable for heat 
transport and storage, such as Caloria 
HT 43. In 1976, . a joint study by the 
University of Houston and Rockwell 
International was initiated to evaluate 
more cost-effective transport and stor
age fluids in view of the temperature 
limits and the thermal degradation 
suffered by the hydrocarbon oils tested 
up to that date. This study indicated 
that liquid sodium metal would have 
advantages over the hydrocarbon oils 
for this application. A schematic of 
such a cycle is shown on Figure 126. 
In early FY 1977, four contractors 
began to perform conceptual design 
studies of advanced central receivers 
and of critical components and inter
faces of systems utilizing alternate 
transport and storage fluids, and, in 
some cases, fluids that could addition-

Figure 126. Advanced Central Receiver System 
- 1 00 MW e Commercial Plant 

ally serve as the working fluid. The 
fluids studied by these contractors 
(Atomics International, General Elec
tric, Martin-Marietta, and Boeing) 
included liquid sodium metal, molten 
sodium/potassium nitrate salts, and 
helium and air. The latter two gases 
are intended for application to Brayton 



power cycles in which they would also 
serve as working fluids. 

The significant accomplishments for 
FY 1978 included completion of the 
above mentioned study by the Univer
sity of Houston and Rockwell Interna
tional. It was recognized that a 
sodium environmental problem may 
exist. Tests were conc;lucted to collect 
aerosol data to establish initial environ
mental impact data and additional work 
may be required. Static testing of 
hydrocarbon oils for high temperature 
degradation were conducted, and it was 
concluded that the relatively low-cost 
Caloria HT 43 oil exhibits reasonable 
stability up to temperatures of 600°F. 
These tests are continuing as is a test 
of a side-stream fluid purifier intended 
to remove products of degradation in a 
continuous process. 

Another accomplishment resulted 
from studies by Atomics International 
and General Electric on advanced cen
tral receiver systems. From these 
studies it was concluded that substan
tially improved performance over a 
steam-Rankine cycle could be obtained 
from a system that uses an external 
receiver, liquid sodium heat storage, 
and a liquid sodium-fired boiler. This 
conclusion was based on the analysis of 
a conceptual 100-MWe single-module 
plant. The GE study interim results 
showed that an external receiver and 
use of steam as the transport and 
working fluid would be preferable. 

Similar advantages were cited for 
molten sodium/potassium-nitrate salts 
as the conclusion of the Martin
Marietta study. However, the baseline 
plant configuration studied by Martin
Marietta utilized cavity-type receivers 
in a triple-module arrangement for a 
100-MWe plant using a single turbine-
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generator. The Boeing study resulted 
in the selection of a 2-module plant 
developing 150 MW e, with separate tur
bines, and using air as the heat trans
fer, storage, and working fluid. 

In 1976, funding was provided for 
study of a "Line Central Receiver" con
cept proposed by the FMC Corporation 
as shown in Figure 127. Subsequent 
advances in both central and distrib
uted receiver systems prompted issue of 
an RFP in mid FY 1978 for a two
phased study of line focusing systems. 
Respondents were asked to compare 
linear-focus concepts scaled to the 100-
M We system size for capital and energy 
production costs and for costs of the 
collector subsystem on a unit-area basis 
with corresponding costs for the base
line Central Receiver System. Several 
concepts were offered which showed 
promise (see Table 6) and three con
tractors were selected for I-year Phase 
I design studies extending into FY 
1979. BDM Corporation of Albuquer
que, New Mexico, offered two sys
tems, one of which is shown in Figure 
128. General Atomic offered a fixed
mirror, moving collector concept pre
viously considered under ERDA, DOE, 
and Electric Power Research Institute 
(EPRI) funding and is shown in Figure 
129; SRI International proposed further 

Figure 127. Linear Focus Central Receiver 
Systems 



Table 6 . Cost Proposals for Baseline Central Receiver System 

Strawman BDM-A 

Capital Cost Plant 11 1 2092 1810 
$(1978)/kWe 

Capital Cost Plant 11 80 1402 1184 
$( 1978)/kWe 

Busbar Energy Cost, 84 
1 990 IOC mills/kWe-hr 

Concentrator 80 
Subsystem Cost 
Plant 11 1 $( 1978)/m' 

Concentrator 58 
Subsystem Cost 
Plant 11 80 $(1978)/m' 

development of the Line Central Re
ceiver in which they had participated 
with FMC earlier (Figures 127 and 
130 ). At the conclusion of the Phase I 
studies, early in FY 1980, the resulting 
designs and performance analyses will 
be evaluated to determine if continu
ation to Phase II preliminary design is 
warrented. Support for this decision 
will be provided by tests in FY 1979 on 
the module of the Line Central Re
ceiver linear heliostat previously fabri
cated by FMC. 

----- - -- - - ----

=========-= - - - - --- --
~ ===-===--=-- - - - --

Figure 128. 100-MWe Distributed Line Focus 
Solar Central Power System 
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The goals for FY 1979 include the 
completion of the Boeing study during 
the first quarter with an analysis of 
helium as the transport, storage, and 
working fluid. The GE study is sche
duled for completion during the second 
quarter of the year. During the third 
quarter, one or more contractor(s) will 
be selected to continue with 1 or 2 
years of experimentation and with pre.;. 
liminary design of the preferred alter
nate central receiver storage-coupled 
options. 

Figure 129. FMSC Heat Supply System at 
Sandia Laboratories 
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Figure 130. High-Temperature, Line-Focus, 
Central Receiver System 

At the beginning of FY 1980, fol
lowing completion of the 10-MWe pilot 
plant design phase and testing of the 
baseline receiver model, at mid-course 
in Phase II of the Alternate Central 
Receiver study, and at completion of 
the conceptual phase of the Hybrid and 
Line-Focus studies, the overall tech
nical status of the Large Power Sys
tems Applications program will be 
reviewed in light of then-prevailing 
fiscal and programmatic considerations. 
Recommendations will be developed at 
that time as to which technology ( or 
technologies) should be selected for the 
next stage of development beyond the 
10-MWe pilot plant. This will include 
not only comparisons among storage
coupled technologies ( water/steam 
versus alternate heat collection/trans
port fluids; Rankine versus Brayton 
cycle systems; central receiver versus 
line-focus collector/receiver configura
tions), but also assessment of Large 
Power Systems goals for ultimate com
mercialization (stand-alone versus 
repowered/hybrid systems and electrical 
versus other energy forms, e.g., pro
cess heat, fuels, chemicals, etc.). 
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Repowered Systems 

The program goal of furthering 
the commercial implementation of solar 
thermal power systems for utility appli
cations would be served both by supply
ing new generating demand with solar 
plants instead of with fossil plants 
and/or by meeting existing demand 
through replacing existing but obsolete 
fossil-fired generating capacity with 
new solar capacity. In both instances, 
the national goal of displacing nonre
newable energy consumption with re
newable resources would be served, and 
the technology of solar thermal power 
systems would be advanced even if only 
a portion of an existing fossil plant 
were to be repowered by solar facili
ties. 

The technical goals of this project 
initially include the survey and assess
ment of potential markets for retrofit
ting existing fossil-fueled plants with 
central receiver-type solar heat 
sources, to be followed by the design 
of such a repowering installation to 
allow further analysis of technical 
requirements and of interfaces. The 
specific objectives of this project 
include: 

• Identification of fossil-fueled 
power plants in the south
western United States which 
possess a potential for solar 
repowering; 

• Determination of the general 
costs and benefits of repower
ing for the type of installa
tions identified above; and 



• Provision of a conceptual 
design for a specific repower
ing installation for an actual 
power plant application in 
order to develop better cost 
estimates and to carry out 
analyses of interface and other 
technical problems. 

The repowering project was initi
ated in September 1977 with a study by 
the Public Service Company of New 
Mexico {PNM) which provided a tech
nical and economic assessment of solar 
hybrid repowering. This study indicated 
that, under a given set of constraints, 
at least 5200 MW e of potential solar 
repowering capacity exists in the south
western States. When less restrictive 
constraints were used by the Mitre 
Corporation in an independent assess
ment during FY 1978, a repowering 
potential of at least 11,000 MW e was 
found to exist in the same area. An 
analysis of cost-benefit ratios by West
inghouse Electric Corporation -in FY 
1978 (under subcontract to PNM) indi
cated that ratios of less than one 
would be attainable for repowering of 
natural gas power plants while coal
fired plants showed positive ratios up 
to 1.5, indicating less favorable eco
nomics. However, when environmental 
considerations and potential pro-solar 
legislation are included, even coal-fired 
plants may benefit from solar repower
ing. 

Several accomplishments during 
FY 1978 that are considered significant 
include completion of the PNM and 
Mitre studies which resulted in esti
mates of between 5200 and 11,000 
MWe or more of existing capacity 
which could be repowered by solar 

111 

thermal power facilities, depending 
upon the nature of the constraints as
sumed for this study. These assum p
tions dealt with maximum existing plant 
capacity, the level of the repowering 
fraction, the availability of nearby 
land, etc. A conceptual design for a 
25-MW e solar repowering installation at 
a specific oil burning power plant in 
the PNM system was also completed. 
This design wa.s. based on existing solar 
thermal technology as represented by 
.the pilot plant project near Barstow 
and would allow completion of con
struction within 42 months of start. 

A workshop was held at SERI in 
August 1978 to discuss current study 
results. The conclusions of this work
shop provided a basis for a venture 
analysis initiated by SERI in the last 
quarter of FY 1978. 

The goals for FY 1979 include 
completion of the venture analysis by 
SERI on the subject of repowering, 
scheduled for the first quarter of the 
fiscal year. In addition, an RFP for 
the study of site-specific repowering 
applications is scheduled for release 
during the second quarter of FY 1979. 

Following completion of the re
powering concept studies initiated late 
in FY 1979 , and assuming that the 
SERI study supports the implementation 
of repowering (or, alternatively, other 
retrofit applications), activities will be
gin in the third quarter of FY 1980 to 
identify one or more utility/industrial 
partners and their respective · candidate 
sites for one or more plants having a 
solar component capacity in the vicinity 
of 25 to 50 MWe· 



Hybrid Systems 

As in the instance of the Repow
ered Systems Project, the goal of the 
Hybrid Systems Project is to assist the 
large scale commercial implementation 
of solar thermal power for electric 
utility applications and, by extension, 
to assist process heat industrial applica
tion as well. It is anticipated that, as 
the repowering market saturates, the 
remaining existing fossil-fueled plants 
will also become obsolete. Opportuni
ties may then become available for new 
plants designed initially as hybrids to 
further reduce consumption of fossil 
fuels. The technical goals of this pro
ject include the development of designs 
for power generation cycles which com
bine both solar and fossil ( or other) 
energy sources in a manner that 
enhances plant performance and eco
nomics. Goals supporting this objective 
are the development of high-tempera
ture receivers and high-temperature 
heat transport and storage fluids for 
improved performance from hybrid 
cycles. 

The specific objectives of the 
Hybrid Systems Project include the fol
lowing: 

• Development of designs of 
power generating systems that 
utilize both solar and fossil 
cycles, either series or parallel 
connected, with operating 
temperatures up to 2400°F, 
and suitable for either Brayton 
or Rankine cycles, and 

• Utilization of advanced tech
nology both for solar central 
receivers and for thermal stor
age subsystems. 
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An RFP was released by the SAN 
Field Office in May 1978 soliciting pro
posals for a 1-year conceptual design 
and assessment effort (Phase I of a 
two-phase program, in which a promis
ing concept may be subjected to exper
imentation and further development 
during Phase II) for hybrid systems. 
Three contracts were awarded at the 
end of FY 1978 as a result of this 
competition. Bechtel National, Inc., 
proposed a study of baseline and ad
vance9 combined-cycle, series-con
nected systems in which pressurized air 
heated to 1500°F to 2000°F in a multi
ple-aperture cavity receiver is further 
heated by the combustion of oil to 
20000F to 2400°F to drive a gas tur
bine; the turbine exhaust is used to fire 
a steam-Rankine bottoming cycle. 

Steam-Rankine systems using cen
tral receiver systems cooled by liquid 
sodium and molten salt (Figure 131) in 
parallel with fossil-fired heaters and 
with varying amounts of storage capa
bility, will be studied by Rockwell's 
Energy Systems Group and Martin
Marietta, respectively. These concepts 
draw .heavily upon technology presently 
under developmint for DOE and are 
expected to have potential for market 
and · fuel displacement impact in the 
1980s. 

FOSSIL FU!Ll!D 
SAi.THEATER 

Figure 131. Molten Salt Hybrid Power Cycle 



The significant accomplishments 
that occurred in FY 1978 included the 
award of contracts to Bechtel, Rockwell 
International, and Martin-Marietta during 
the last quarter. Goals for FY 1979 
include completion of Phase I studies by 
Bechtel, Rockwell International, and 
Martin-Marietta and award- of Phase II 
studies. 

Following completion of the Hybrid 
Systems conceptual designs at the end 
of FY 1980, the designs will be com
pared with one another to determine 
their relative promise for meeting then
current program needs. The promising 
technology ( or technologies) will then 
be compared across-the-board with the 
currently available storage-coupled 
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technologies, and with available market 
penetration projections, to determine 
the relative suitability of the two ap
proaches for the Nation's central ·power 
generation needs of the 1990s. The 
relative merits of completely new hy
brid systems as compared with retro
fitting of existing plants will also be 
considered in the nearer-term context 
of the repowering program element. 
The Electric Power Research Institute 
is expected to make a decision in early 
FY 1980 as to whether or not to pro
ceed with a 10-MWe-scale Brayton
cycle hybrid plant. Based upon the 
foregoing assessments, a decision will 
be made at that time whether or not 
to off er DOE participation in develop
ment of this plant. 



SUBSYSTEMS AND 
COMPONENTS DEVELOPMENT 

The Subsystems and Components 
Development segment of the Large 
Power Systems Applications encom
passes the efforts to improve the tech
nology and economics of the individual 
solar components which are unique to 
large central receiver solar thermal 
power systems. These components are 
the heliostats, receivers, and thermal 
storage, and they constitute the new 
technology, high capital cost elements 
of the solar power systems. It is as a 
part of this segment of the large power 
systems applications that the Central 
Receiver Test Facility (CRTF) is oper
ated to provide the testing capability 
and large-scale experimental basis for 
the development of promising compo
nents and subsystems for use in current 
alternate and adv_anced Solar Thermal 
Power Systems. 

Central Receiver Test Facility 

The Central Receiver Test Facility 
(CRTF) is located on Kirtland Air Force 
Base near Albuquerque, New Mexico 
(Figure 132), and is operated by Sandia 
Laboratories for DOE. It is the primary 
facility for testing components and 
subsvstems developed as a part of the 
Solar Large Power :,ystems Applications 
program. Specifically, different re
ceiver designs will be mounted in the 
tower for evaluation testing and various 
heliostat design concepts will be char-
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Figure 132. Map of Sandia Laboratories' 
Albuquerque CRTF Site at Kirtland Air Force 

Base 

acterized with regard to tracking, 
pointing accuracy, and quality of the 
reflected beams. The activities at the 
facility are thus closely coordinated 
with and are in direct support of most 
other elements of the Large Power Sys
tems Applications program. 



The primary objective of CR TF is 
to provide timely testing and evaluation 
of the receivers and heliostats. While 
this objective is given first priority in 
facility operation and scheduling, the 
facility is also useful to a broad class 
of experiments that may require its 
unique high-temperature, high-heat flux 
environment. The Solar Thermal Test 
Facilities Users Association (STTFUA) 
is interacting with CR TF to assist in 
coordinating the needs and requirements 
of other tests and experiments with 
those performed as a part of the pri
mary program. 

Conceptual design of the CR TF 
was initiated early in FY 1976 and 
site work, beginning with the installation 
of required utilities, was started in late 
FY 1976. During FY 1977, procure
ment and construction was initiated on 
all major elements of the facility. 
Construction of 312 heliostat founda
tions, fabrication and installation of 
222 heliostats, and construction of the 
control building were all essentially 
completed during FY 1977. Figure 133 
is a photograph of one of the completed 
heliostats. Construction of the tower 
and design and procurement of the 
Master Control and Data Acquisition 
systems (MCS and DAS) were initiated 
in early FY 1977. The site, during 
early stages of tower construction, is 
shown in Figure 134. By May 1977, 
sufficient heliostats and their controls 
had been installed to allow a partial 
demonstration of the operation of the 
facility. A 6.4-mm-thick steel plate 
was attached to the north side of the 
partially completed tower near the 
36.6-m test level. Seventy-one helio
stats, representing a portion of the 
heliostat field, were focused onto the 
steel plate. Calculations indicated that 
the thermal power reflected onto the 
tower was about 1.8 MW and that a 
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Figure 133. CRTF Heliostat 

Figure 134. CRTF Tower Construction 

solar concentration of about 1200 was 
achieved at the center of the beam. 
Photographs of this successful demon
stration are shown in Figures 135a and 
135b. 

During FY 1978, the major 
emphasis at the CR TF was directed to 
completing construction of the facility 
and preparing for operation in a testing 
mode. Early in FY 1978, the control 
building was officially accepted and the 
MCS and DAS systems were installed. 
Similarly, all heliostats were installed, 



Figure 135a. CRTF Demonstration (May 1977) 

Figure 135b. Photograph of ¼-in. Steel Plate 
Used in Testing During May 1977 

Demonstration at CRTF Site 

the control wiring completed, and the 
supplier left the site after checkout and 
acceptance of the control system. 

The major construction item, on
going throughout FY 1978, was the 
tower system including the tower itself, 
the 100-ton elevating module, and the 
heat rejection system. The original heat 
rejection system was modified to include 
the capability of providing high-tem
perature, high-pressure water and high-
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pressure air to all test levels. All of 
these items were completed and the 
tower system officially inspected and 
accepted late in FY 1978. A photograph 
of the facility showing all major ele
ments in place is shown in Figure 136. 

Figure 1 36. CRTF Site 
A';:j specific subsystems were com

pleted during construction, operational 
tests were conducted. Beginning in 
April 1978, the heliostats were oper
ated on weekends with the water
cooled working receiver as the target. 
During June and-July, this operation 
was extended to weekday operation to 
obtain experience in operation of the 
entire system. Figure 137 shows the 
working receiver during a test. 

Phase I of the formal acceptance 
tests for the facility were conducted on 
July 26 and 27. This phase was directed 
at acceptance of the heliostats, the 
control and data systems, the working 
receiver, and the meteorological and 
dual-power systems. From the 188 
heliostats used during these operations, 
3.64 MW of incident thermal power was 
measured on the working receiver. This 
agrees within 3 percent of the calcu
lated value, and further calculations in
dicate that the facility will provide 
over 5 MW of thermal power when 
using all 222 heliostats. 



Figure 137. CRTF Operation With Working 
Receiver 

During FY 1978, the heliostats 
were operated as much as possible to 
determine performance and maintenance 
characteristics. During this period, 
operational problems resulting from 
component failure in the heliostat con
trol electronics and from encoder 
failure in the drive systems were 
observed. Figure 138 presents a sum
mary of the cumulative operational 
hours and the percentage of the helio
stat field which was operational. Fig
ure 139 presents a summary of the 
repairs necessary to maintain the oper
ational status shown in Figure 138. 
Weekly reflectivity measurements on 
samples of the heliostat mirrors were 
started in March 1978, and Figure 14-0 
shows the results of these measure
ments. Tne effects of environmental 
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Figure 1 40. Reflectance vs Time for Different 

Storage Orientations in STTF Heliostat Field 

conditions can be seen, and these data 
illustrate the effects of different storage 
modes. 

Two test receivers were delivered 
to the CR TF during FY 1978. The first 
to arrive, the EPRI/Boeing 1-MW ther
mal gas-cooled bench model, arrived on 
August 6. The receiver and air supply 



system have been connected and check
ed out. Solar tests will begin early in 
FY 1979. The second receiver, the 
DOE/MDAC/Rocketdyne prototype panel 
from the 10-MWe pilot plant design, 
arrived on site on September 20. Plans 
were underway to erect the panel on 
the elevating module when a contrac
tor-supplied hoist failure caused damage 
to the elevating module. The accident 
occurred while the local contractor was 
testing his equipment with a 38, 000-lb 
weight to verify the planned procedure 
for removing the MDAC receiver panel 
from a flat-bed truck and placing it on 
the elevator. The hoist had been test
ed with a 76,000-lb test weight--2.24 
times heavier than the panel--and the 
38 ,000-lb weight was 30 ft above the 
elevator when one flange of a cable 
spool broke. This failure caused the 
cable to spin off the spool and slack
en. As the load dropped, the cable 
snapped, and the weight tore a 12-ft2 
hole in the roof of the second story of 
the elevator. The steel framing in 
both the elevator roof and the floor of 
the upper room and instrumentation 
cabling located near the ceiling in the 
top room of the elevator were dam
aged. Electronic equipment and in
strumentation cabling in the computer 
room below where the weights came to 
rest were not damaged. The MDAC 
receiver panel was then placed in a 
hanger building at nearby Kirtland Afr 
Force Base where instrumentation is 
being installed by MD-AC/Rocketdyne 
personnel. Damage to the module was 
evaluated and repair initiated. Present 
projections indicate the module can be 
structurally repaired by early FY 1979. 
As soon as the module is structurally 
and electrically ready, the MDAC panel 
will be returned to the CR TF and posi
tioned on the tower. 
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During FY 1978, interaction and 
cooperation with the STTFUA has oc
curred. This consisted of attendance 
and participation at meetings and 
seminars and review of proposals as well 
as briefings and tours as requested by 
STTFUA. This interaction helps to en
sure that the facility will be available 
and accessable for tests initiated in the 
future by activities other than those in 
the Large Power Systems Appli'cations 
program. 

During FY 1979, the facility will 
be heavily involved in testing both 
receivers ~nd prototype heliostats. Fol
lowing completion of the MDAC re
ceiver tests in the summer of 1979, 
the 61-m test level will be available 
for testing of additional designs. The 
first series of EPRI/Boeing tests are 
estimated for completion in January 
and the 42.7-m level will then be 
readied for testing of the EPRI/BJack & 
Veatch gas-cooled receiver. Testing on 
this second gas-cooled receiver is 
expected to begin in the summer and 
continue for 4 months. 

Testing of two photovoltaic panels 
is also planned for FY 1979. These 
tests are in support of the DOE 
National Photovoltaic Program and will 
involve testing of a panel of silicon 
cells at intensities up to 200 kW /m2 
and a panel of gallium arsenide cells at 
intensities up to 1500 kW /m2. 

Heliostat evaluation activities in FY 
1979 will emphasize specific areas. The 
heliostat Beam Characterization System 
(BCS), a video camera-based, digital 
analyzer which will measure beam flux 
contours, and centroids on a tower 
mounted target will be completed and 
checked out. The first prototype to be 



evaluated will be one designed, f abri
cated, and funded by Westinghouse. 
This prototype will be supplied to the 
CR TF by Westinghouse and be evalu
ated at DOE expense. The second 
series of prototypes will be those sup
plied to the CRTF by STMPO as a re
sult of the heliostat development con
tracts for the 10-MWe pilot plant. The 
projected schedule for all of these ac
tivities, both heliostat evaluation and 
receiver tests, is shown in Figure 141. 

Other FY 1979 activities at the 
CR TF in support of the Large Power 
Systems Application program will in
clude planning for and starting any 
facility modifications or additions 
necessary to test and evaluate advanced 
receiver designs or advanced heliostat 
designs. No test items from either of 
these are expected in FY 1979, but 
modifications required to start tests 
early in FY 1980 will be initiated. 
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Figure 141. Tentative CRTF Testing Schedule 
(September 15, 1978) 

Heliostats 

The extensive heliostat collector 
field required to collect the low energy 
density sunlight constitutes the largest 
fraction of the costs for solar central 
power generation. For this reason, 

120 

strong emphasis is being given to the 
cost reduction of these components. • 
Heliostat cost goals have been estab
lished as a res-ult of allocating overall 
power plant cost targets to the various· 
subsystems. The present goal of the 
heliostat development program is to 
achieve an installed cost of $100/m2 
( 1978 dollars) of reflector area by 
1990. The attainment of this goal, in 
conjunction with cost targets for other 
subsystems, will provide a competitive 
alternative to the use of oil and natu
ral gas for electric power generating 
utilities in the late 1980s and 1990s. 

A concentrated heliostat develop
ment effort was initiated in 197 5 when 
four contractor teams ( Boeing Engi
neering and Construction Company, 
Honeywell Incorporated, Martin-Marietta 
Aerospace, and McDonnell Douglas 
Astronautics) were funded to complete 
design studies for first-generation hello
stat concepts. These 2-year efforts 
culminated in the fabrication and testing 
of prototype heliostats based on the 
concepts developed. An extensive design 
critique and costing evaluation for each 
of the designs was undertaken to select 
the best heliostat approach for the 10-
MW e pilot plant planned near Barstow, 
California. One of each of the proto
types developed by the four contractors 
was subsequently installed in Liver
more, California, where continued test
ing and evaluation is being conducted. 
Figure 142 presents a view of the four 
first-generation heliostats. 

Selection of the 10-MWe pilot 
plant design contractors was recently 
announced. Both Martin-Marietta and 
McDonnell Douglas were selected for 
negotiation of a I-year collector sub
system preproduction contract with 
options permitting the Government to 
select for fabrication the one(s) which 
best meets the requirements on perfor-



Figure 142. First-Generation Heliostats Installed 
at Sandia Laboratories, Livermore, California 

(Left to right: Honeywell, Martin-Marietta, 
McDonnell Douglas and Boeing) 

mance and cost. 
will be built. 

Approximately 1900 

Prior to the development of helio
sta t designs for the 10-MWe pilot 
plant, limited production of a special 
Martin-Marietta design for the unique 
requirements of the 5-MWt CRTF was 
completed. A total of 222 heliostats 
were fabricated and installed during FY 
1977 and FY 1978. Even though these 
heliostats have special features to serve 
the needs of the test facility, their 
recorded costs provide an upper bench
mark against which cost estimates and 
ultimate goals can be, compared. Fig
ure 143 graphically illustrates the in
stalled' costs of the CR TF heliostats 
versus the anticipated future trends. 
These costs have been adjusted to 1978 
dollars. 

Conceptual designs for a second 
generation of heliostats were initiated 
in October 1977. Contracts were 
awarded to Boeing Engineering and 
Construction, General Electric, McDon
nell Douglas Astronautics, and Solar
amics Incorporated. The purpose of the 
program was to significantly reduce the 
cost of a heliostat field for a solar 
thermal power plant from the costs 
generated during the 10-MWe pilot 
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plant preliminary design. Each contrac
tor developed a heJiostat design with 
associated manufacturing, assembly, 
installation, and maintenance 
approaches. Capital and operations and 
maintenance costs were estimated for a 
one-time production of 2500 units and 
for continuous production rates of 
25,000, 250,000, and l, 000, 000 units 
per year. Schematic drawings of the 
heliostat designs are shown in Figure 
144. 
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Figure 143. Heliostat Costs (installed) 
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Figure 1 44 . Larg~ Power Systems Second
Gener~tion Heliostats 

In addition to the four designs 
entirely funded with federal dollars, an 
encouraging precedent in heliostat de
velopment is also illustrated in Figure 
144. The design approach being pursued 



by Westinghouse is entirely funded with 
their internal funds. Under a no-cost 
agreement with Westinghouse, in ex
change for critically reviewing their 
design progress and testing a resulting 
prototype at the Central Receiver Test 
Facility in Albuquerque, they will pub
licly disclose design features and cost 
numbers generated. As a result, five 
second-generation heliostat designs are 
being evaluated rather than just the four 
that are fully federally funded. 

Each of the contractors partici
pating in the second-generation hello
stat development effort projected mass 
production costs below the DOE goal. 
Figure 145 illustrates the DOE cost 
goal versus net reflectivity. Considered 
in this manner, heliostats utilizing dif
ferent technologies (i.e., plastic en
closed designs versus glass/metal de
signs) can be compared on a consistent 
basis. As Figure 145 shows, at the 
higher production rates, four indepen
dent assessments of different design 
approaches indicate that the cost goal 
is realizable. These costs represent 
1978 dollars and assume stable produc-
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10 MW8 PILOT PLANT 

• HELIOSTAT DESIGN 
(Large Quantity) 

SOLAAAMICS • 
MDAC 

1.00 .9 .e .1 

NET REFLECTIVITY 

• · 26,000/yr 
• , 250,000/yr 

.6 

Note: These cost goals correspond to the $72/m' previously reported 
in 1975 Ss for 0 9 reflectivity 

Figure 145. Prototype Second-Generation 
Hellostats (8% fee and 10% contingency) 
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tion rates at the annual quantities plot
ted. These cost goals are reassessed 
annually to reflect the latest study 
results and economic trends. 

The follow-on effort defined for 
verifying the design concepts and costing 
figures generated under the second
generation, phase-one studies will be 
limited to demonstrating the high lever
age component and materia~s develop
ments selected from the detailed evalu
ation of the submitted designs. A 
major tool used in the evaluation was a 

.new computer model DELSOL developed 
during FY 1978. This field performance 
and design computer code was used to 
synthesize a cost-optimal field layout 
and annual performance for each of the 
competing designs. Sensitivities in 
pointing accuracy, receiver size, and 
tower height were investigated to ensure 
that the comparison was not biased in 
favor of one design. With the addition 
of DELSOL to DOE's analytical capabil
ities, rapid comparison of competing 
approaches to design solutions readily 
can be accomplished. Of equal impor
tance , however , is the utility of this 
code for contractor users; they will 
have a better tool with which to provide 
trade-off studies when the code is 
documented and released in FY 1979. 

Utilities have been faced with hard 
choices in the past few years in the 
selection of power plant types. All in
dications are that these decisions will 
become even more difficult in the future 
and hence the need for credible source 
data places increasing demands on com
peting technologies. Recognizing the 
need for cost figures based on verifiable 
estimates, and keeping in mind the ever 
present desire to foster competition, a 
new competitive solicitation is being 
prepared for release early in FY 1979. 
Called the Preproduction Heliostat RFP, 
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this solicitation has the objective of 
funding up to four contractors for low
cost, mass-producible heliostat designs 
that can provide heliostats for early 
1980 applications. Competitors for this 
procurement will be provided with all 
data generated under DOE funding to 
date as well as critiques and evalua
tions. The deliverables from this effort 
will be prototype heliostats for side
by-side comparison and firm cost num
bers in a format specified by a utility 
user. The intent is to get utility parti
cipation early in the program to maxi
mize the chance of serving their needs. 

At the same time that detail 
design production oriented efforts are 
progressing, a New Ideas Heliostat RFP 
has been released to encourage new 
concepts and small business participa
tion. Under the auspices of the New 
Ideas Heliostat RFP, new and novel 
approaches to solving heliostat problems 
are being pursued. The intent of this 
effort is to provide a precursor to 
third-generation heliostat efforts. The 
total heliostat development program is 
attacking several fronts in an attempt 
to provide aggressive forced development 
of this technology. By the end of FY 
1979, competitive beliostats for the 
pilot plant near Barstow will be in 
side-by-side testing; approximately four 
competitors will be doing detail design 
on production heliostats for mass 
production in the early 1980s, and 
several innovators with new concepts 
will be attempting to reduce costs 
through conceptual innovation. Figure 
146 shows the near-term time line for 
this integrated development effort. 

With the development program 
outlined, the goals of the important 
cost driver in solar thermal central 
power systems can be met anQ data 
generated to demonstrate the .. viability 
of those goals. 
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Figure 1 46. Heliostat Development Program 

Receivers 

In the summer of 197 5, three 
contractors, Honeywell Inc., Martin
Marietta Corporation, and McDonnell 
Douglas Astronautics Company 
(MDAC), were selected to conduct 
preliminary design and subsystem 
research experiments on a Central 
Receiver Solar Power Plant using 
water/steam as the transport/working 
fluid and a steam-Rankine turbine as 
the heat engine. Two years of study, 
experimentation, and analysis by these 
contractors and exhaustive review by an 
ERDA evaluation team led to the 
selection of the MDAC configuration 
for the baseline design of the 10-MWe 
pilot plant to be constructed near Bar
stow, California. This concept included 
an externally illuminated, vertical
tube, once-through-to-superheat boiler 
located on a tower in a surrounding 
field of heliostats. In the selection of 
the pilot plant configuration, the 
choice between the externally illumi
nated MDAC receiver and the cavity
type receiver by Martin-Marietta was 



relatively narrow. Conceivably, for 
other applications, the cavity receiver 
might be preferred. It was also recog
nized that restricting the central re
ceiver to the steam-Rankine cycle may 
not provide the most cost-effective, 
long-term operations. Technical ques
tions were raised which involved life 
cycles, hydraulics, heat distribution, 
etc., as well as the accompanying 
economics. Answers to these questions 
were not readily available. 

The objective of the receiver pro
gram is to evaluate the merits of al
ternate technologies for absorbing the 
solar flux. Included in this activity are 
the in-depth studies being conducted to 
support the design and evaluation of the 
pilot plant water/steam receiver. The 
goals of the receiver program are to: 

• Minimize receiver weight and 
cost, 

• Maximize receiver efficiency, 
and 

• Obtain receivers which will re
sult in higher efficiency sys
tems. 

Initially; studies were conducted to 
evaluate the merits of alternate con
cepts. As a result of these studies, 
water/steam technology was selected for 
the 10-MWe pilot plant. The program 
was then expanded to encompass gas 
(air and helium), salt, and sodium 
technologies. 

In support of the 10-MWe pilot 
plant, receiver design reviews were 
initiated. Combustion Engineering and 
the General Electric Company analyzed 
the thermal fatigue associated with the 
departure from nucleate boiling (DNB) 
and the flow stability of the pilot and 
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commercial plant water/steam receivers 
designs. Their results indicate that the 
pilot plant size receiver will probably 
have a thermal fatigue life in excess of 
30 years. The commercial plant size 
receiver may experience dynamic flow 
instabilities which may be correctable by 
orificing the tubes in each panel. Ther~ 
is an unresolved question regarding the 
stab Hi ty of the pilot plant panels under 
the low-flow, low-heat flux conditions. 
This question will be answered by test
ing. 

Two test programs have been 
planned for the MDAC configuration--a 
5-tube panel and a 70-tube panel--and 
are well underway. The five-tube panel 
will be tested at the Sandia radiant test 
facility. The purpose of the test is to 
study the DNB phenomenon predicted to 
occur in the pilot plant boiler panels. 
The experimental data will be used to 
estimate the fatigue life of the pilot 
and commercial plants. The panel was 
fabricated by MDAC and is currently 
being prepared for testing. Assembly 
and checkout of the test set-up will be 
completed by March 1979. The testing 
will be completed before the end of FY 
1979. 

MDAC is under contract to retest 
their Subsystem Research Experiment 
(SRE) receiver (a 70-tube panel) at 
CR TF. The testing is designed to gen
erate data typical of a portion of the 
pilot plant receiver at Barstow. The 
testing will emphasize the thermal 
hydraulic performance and the static 
and dynamic stability aspects of the 
design over the entire operating range. 
The test will include operation during 
normal start-up and shutdown, inter
mittent cloud conditions, and emergen
cies to determine transient and steady
state performance under conditions 
equal to or exceeding those expected in 



the pilot plant. The effects of varia
tions in input and output conditions on 
receiver operation will also be investi
gated. During FY 1978, the test plan 
was prepared, further analysis was con
ducted on the panel, and the panel was 
modified to include the required instru
mentation. The testing is expected to 
start early in FY 1979 and be complete 
in the summer. 

To support the evaluation of the 
pilot plant, Sandia developed a computer 
code to evaluate elastic strains in cir
cular tubes with one-sided heating 
thereby simulating the MDAC receiver 
design. It can be used for locating the 
region of highest strain due to diurnal 
cycles and estimating the effect of 
bending and bowing in reducing fatigue 
damage. Results so far indicate that 
bending will not play a significant role 
in reducing fatigue damage in the 10-
MW e pilot plant receiver. 

A number of advanced receiver 
studies are being conducted to establish 
the feasibility of developing a system 
that will significantly reduce the cost of 
electricity generated by solar central 
receivers. These systems utilize sodium, 
salt, air, or hell um in the receiver. 
Four of the studies (Atomics Interna
tional, Boeing, General Electric, and 
Martin-Marietta) include the entire 
solar plant, and three studies ( Dyna
therm, Sanders, and Sandia) are con
centrating on the receiver. The sodium 
and salt receivers are coupled to a 
Rankine cycle turbine, and the air and 
helium receivers are coupled to a Bray
ton cycle turbine. The major limita
tions of the pilot plant water/steam are 
the low system efficiency which results 
because of the constraint imposed by 
the storage subsystem, the low maxi
mum flux which the receiver can ab
sorb. The advantage, however, is the 

enormous technical experience with 
water/steam. Other receiver coolants 
such as liquid sodium, molten salt, air, 
and helium can lead to higher effi
ciency systems requiring fewer helio
stats. Thus, these advanced technolo
gies may result in a more cost-eff ec
tive central receiver solar power plant. 

To ensure that the full potential of 
the water/steam technology is made 
available to the solar community, ad
vanced water/steam receiver concepts 
are being investigated. These may 
prove to be more cost effective than 
current designs. 

A summary of the major activities 
completed on the advanced receiver 
studies during FY 1978 is presented in 
Table 7. During FY 1979, the infor
mation developed during FY 1978 will 
be reviewed, the relative advantages of 
each of the technologies will be deter
mined, and recommendations :tor future 
activities will be presented to DOE. 
The receiver designs which were selected 
as a result of the studies conducted 
during FY 1978 are presented in Figure 
147. 

Table 7. Major Activities for Advanced Concepts 
- - FY 1978 

Advanced Water rSteam • Prepared AFO package 

Brayton Technology 
Boemg 

Dynalherm 
Sanders 

Sall Technology 
Direct Absorprion 

Marlin Mariella 

Sodium 
A!omics International 

General Electric 
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• Reviewed proposals and selected contractors 

• Completed Phase I 
• Selected a multiaperature cav1ty receiver 
• Selected a basehne design and thermodynamic eye~ 
• Comi:,leted the oesign and fabrication of lhe 250 MWt 

receiver and initiated testing 

• Demonstrated the high tlux capabilities 
• Completed an extensive review of the direct absorption 

concept 
• Initiated a CATF test program 
• Conducted material compatibility experiments 
• Completed conceptual oes;gn phase of the program 
• S~ected a mulliaperture/cavily configuration 
• Conducted material compatibility experiments 

• Completed conceptual design phase of the program 
• Selected external receiver configuration 
• Selected external receiver configuration 



INSULATION 

Soulh~ 

Figure 1 4 7. Advanced Concepts 
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At Sandia Laboratories, tests have 
been conducted in support of the direct 
absorption concept. To date, absorption 
properties of some representative doped 
molten salts have been measured, salt 
flow characteristics and salt/containment 
materials compatibility have been inves
tigated, an analytical model of the di
rect absorption process has been de
veloped, and a review of the direct 
absorption concept was completed. 

As previously indicated, a number 
of general studies are being conducted 
to support the receiver development 
program. Foster Wheeler Development 
Corporation (FWDC) is working on a 
program to develop an "Interim Struc
tural Design Standard for Solar Energy 
Applications." The overall objectives of 
this program are to: 

• Develop and recommend an 
interim structural design stan
dard applicable to the central 
receiver solar thermal power 
system components that gener
ally fall under the scope of 
the ASME Boiler and Pressure 
Vessel Code, and 

• ldentif y test programs and other 
additional work required to up
date the interim standard. 

To date, FWDC has surveyed the 
available literature and prepared an 
initial draft of an interim design stan
dard for water/steam systems. During 
FY 1979, they will complete and issue 
the interim design standard and initiate 
an in-depth study to establish the addi
tional standards which will be required 
for the advanced systems. SERI will 
assume standards responsibility by FY 
1980. 

The magnitude of the convective 
loss from a central receiver exerts a 
significant influence on the thermal 
efficiency of a solar thermal-electric 
power generation system. The magni
tude of this loss is difficult to estimate 
because the high operating temperatures 
and large sizes of the receivers make 
experimental verification difficult. In 
addition, the interaction between free 
and forced convection mechanisms is 
not well understood. The intent of a 
study at the University of Illinois is to 
experimentally and analytically investi
gate receiver convective losses. 

The experimental apparatus consists 
of a small cryogenic wind tunnel which 
will be capable of generating the Gras
hof and Reynolds numbers typical of 
full-scale receivers. This tunnel, when 
completed and operational in FY 1979, 
will permit the quick and inexpensive 
comparisons of receiver configurations. 
This study will be complemented by the 
full-scale testing of the MDAC, 
Martin-Marietta, and EPRI receivers at 
CRTF. The ability to compare small 
wind tunnel model and full-scale 
receiver convective losses will greatly 
reduce the uncertainties in scaling 
model results to full-scale design for all 
the future central receiver concepts. 

Because tall towers are common to 
all design concepts and represent an 
appreciable fraction of the total cost of 
a solar central receiver plant, a study 
was initiated to thoroughly analyze 
tower design/costs as a function of 
receiver weight, tower height, and 
environment. During FY 1978, the RFQ 
was prepared and released, and the 
contractor was selected. The study will 
be completed during FY 1979. 
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A summary of the receivers cur
rently being developed and the impact 
they have on a solar central receiver is 
presented in Table 8. As is evident, 
the studies are showing that the advan
ced receiver concepts will substantially 
reduce the cost of electricity. 

Storage 

Storage capacity is an important 
parameter in the design of advanced 
solar thermal power plants because it 
provides flexibility for dispatching solar 
plants and enhances the plant capacity 
factor and economic worth to the util
ity. The amount of thermal storage 
varies from the minimum necessary to 
buff er the heat engines from the tran
sient heat input from the sun-cloud 

effects, etc., to an amount which per
mits the solar thermal power plant to 
provide its rated output continuously, 
even throughout extended sunless 
periods, as a base load capacity plant. 

The objective of energy storage 
technology oevelopment is to demon
strate commercially viable storage 
technology for possible Solar Central 
Power Systems Applications. These 
applications include solar stand-alone, 
repowering, or hybrid power plants. The 
level of technology to be considered 
must be consistent with commercial 
availability in the 1985 to 1990 time 
frame. 

DOE is funding several studies to 
develop solar central receiver powlr 
systems which are economically com
petitive with conventional power gener
ation energy sources. The systems un
der consideration include the water/ 

Table 8. Receiver Characteristics and System Cost 

Water/Stream 
(Barstow GE Al MM Boeing Sanders Oynalherm Direct 

Technology) Abeorption 

Power 
MWe 100 100 100 300· 140•· 100 100 100 

MW1 506 373 390 1080 640 250 48 8 560 

Type/Fluid Extemal/ ExtemaV Extemal/ Cavity/ Cavity/ Cavity/ Cavity/ External/ 

Water Sodium Sodium Sall Air Air AJr Salt 

Size (in meters) 
L8ngth 26 17 16 13 71 30 10x6x12 17 

Diameter 17 22 16 8 50 38 - 17 

Weight (kg x 10·3) 1900 406 225 114 2360 - 136 119 

Maxiumum 
TelTlperature (°C) 510 704 595 550 840 1100 820 565 

Efficiency 90 90 89 94 80 87 89 94 

Flux (MWtm2J 
Peak 0 85 1 6 1 4 0.78 0 .20 0 .30 2 .2 1.9 

Average 0 .43 0.53 0.50 0.30 0.04 0 .15 - 0.62 

Costt 
Capital ($ x 10·6) 210 110 140 400 216 83 - 96 
Energy MW 95 - 82 34 100 - - 32 --k'J/8.hr 

• Three Modules • •Two Modules , Preliminary Numbers 
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steam receiver technology selected for 
the 10-MWe pilot _plant near Barstow 
and several advanced systems. In FY 
1977, three storage concepts were pro
posed for the 10-MWe pilot plant (Fig.:. 
ures 148, 149, 150). · All concepts use 
sensible heat for storing thermal en
ergy. The concepts differ in that they 
employ various combinations of liquids 
and solids in series tanks as the storage 
media. The combinat ions give rise to 
different maximum · storage tempera
tures and hence different maximum 
temperatures of steam produced from 
storage. 

As part of these studies, storage 
designs were developed for both the 
10-MWe pilot plant and a larger-scale 
commercial plant. Subsystem research 
experiments (Figures 151 and 152) were 
conducted to investigate concept f easi
bility and the thermal stability, com
patibility, and fouling of various stor
age media. Based on the results of 
these tests and cost/performance esti
mates for the commercial plant, the 
single-stage oil/rock thermocline concept 
was selected for the pilot plant design. 

During FY 1978, DOE continued to 
fund studies directed toward the identi
fication of economic stora~e fluids and 
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Figure 149. Martin-Marietta Pilot Plant Thermal 
Storage 
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Figure 150. Honeywell Pilot Plant Thermal 
Storage 

the understanding of oil/rock storage 
media stability, compatibility, and 
fouling. These studies included the 
design , development , and testing of a 
fluid maintenance unit to refurbish 
degraded oil (Figure 153), long-term 
laboratory testing of candidate oils and 
solid storage media (Figure 154), and 
operation 0£ a laboratory flow loop to 
simulate pilot plant operation. 

Significant achievements during FY 
1978 included 1000 hours of fluid main
tenance unit operation with up to 30 
hours of unattended operation. A re
_duction in oil fluid degradation rate 
compared to that of a sealed system 



Figure 1 51 . Completed Thermal Storage Unit 

without a fluid maintenance unit was 
observed. Long-term laboratory stabil
ity, compatibility, and fouling tests 
were conducted on several fluids at 
temperatures ranging from 550°F to 
750°F. Several thousand hours of test 
data were obtained for oils both alone 
and in contact with solid media such as 
rock and taconite and materials of con
struction. Finally, a laboratory flow 
loop has been operated for several 
thousand hours to obtain data on surface 
fouling in convective flow, viscosity 
change, fluid sludging on rock, and sand 
migration. 

During the next year, the long
term stability, compatibility, and foul
ing tests will be continued. A test will 
be performed to determine the effect 
of tank venting on the storage fluid 
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Figure 152. Thermal Storage Unit in Operation 

degradation rate. Tests of additional 
candidate oils will be initiated. 

As part of the DOE 10-MWe pilot 
plant study, Honeywell completed fabri
cation and assembly of most of the 
components of a 1.3-MW t latent heat 
salt storage experiment. Final assem
bly and testing of the experiment was 
deferred by DOE because this approach 
now appears of lesser promise. The 
equipments (Figure 155) are expected 
to be utilized for other experiments. 

In FY 1978, DOE initiated con
ceptual design studies of advanced sys
tem concepts. In contrast to the pilot 
plant water/steam receiver technology, 
these concepts use sensible heat 
working fluids ( liquid sodium, molten 
salt, or air). Advantages of these 



Figure 153. Fluid Maintenance Unit Testing to Refurbish Degraded Oil 

Figure 154. Candidate Oils and Solid Storage Media Testing 
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Figure 155. SAE Thermal Storage Tank 

concepts over the pilot plant design are 
high cycle efficiencies due to increased 
operating temperatures and pressures, 
capability to generate the fuU plant 
electrical' output when operating from 
storage and potentially reduced cost. 

Because the energy storage systems 
for the advanced concepts operate at 
high temperatures, technical perfor
mance uncertainties are an important 
consideration. Testing of high-tempera
ture storage media which may be com
patible with several of these advanced 
systems was therefore initiated. These 
studies include investigations of the 
thermal stability of molten salts 
(HITEC, draw salt) and their compati
bility with solid storage media such as 
rocks and taconite, and containment 
materials. Approximately 700 hours of 

132 

test data were obtained for salt tem
peratures up to 1020°F. 

In FY 1979, laboratory studies of 
potent'iaUy attractive high-temperature 
storage media will be continued. Stud
ies of the effects of thermal cycling on 
rock fracture will be initiated. If 
funds are available, 'development of 
alternate storage concepts for advanced 
systems and central receivers. will be 
undertaken. Conceptual design studies 
will be conducted in three categories 
based on receiver working fluid types 
and storage media maximum operating 
temperatures: 

• Storage for advanced water/ 
steam receivers--storage media 
maximum operating tempera
tures to 59 3°c ( 1100°F ); 

• Storage for liquid sensible heat 
receivers--storage media maxi
mum operating temperatures to 
704°c (1300°F); and 

• Storage for gas sensible heat 
receivers--storage media maxi
mum operating temperatures to 
l093°C (2000°F). 

Activities will be initiated in the three 
application categories with anticipation 
of funding at least one contract in each 
category. 
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ASTM 
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MDAC 
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ORNL 

ACRONYMS AND ABBREVIATIONS 

Advanced Component Test Facility 
Advanced Systems No. 1 
Analog Design Verification System 
American Society for Testing Materials 

Beam Characterization System 
Battelle Pacific Northwest Laboratories 

Collector Module Test Facility 
Cromwell, Neyland, Truempter, Levy and 
Gatchet, Inc. 

Central Receiver Technology Development 
Central Receiver Test Facility 

Data Acquisition System 
Departure from Nucleate Boiling 
Department of Energy 

Engineering Experiment 
Electric Power Research Institute 
Energy Research and Development 
Administration 

Engineering Test Model 

Fixed-Mirror Distributed Focus ( systems) 
Foster Wheeler Development Corporation 

Georgia Institute of Technology 

Heating, Ventilating, Air Conditioning 

Jet Propulsion Laboratory 

Lawrence Berkeley Laboratories 

Mississippi County Community College 
Master Control System 
McDonnell Douglas Astronautics Company 
Midtemperature Solar Systems Test Facility 

National Bureau of Standards 
National Science Foundation 

Oak Ridge National Laboratory 
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PFDR 
PFSTS 
PNM 
PV 

SERI 
SFDI 
SOLAR/CS 

SOLAR/ET 

SOLTES 

SPSA 
SRE 
STES 
STF 
STMPO 
STOR 
STTFUA 

TEC 
TMY 

Point Focusing Distributed Receiver 
Point Focus Solar Test Site 
Public Service Company of New Mexico 
Photovoltaic 

Solar Energy Research Institute 
Solar Facilities Design Integrators 
Division of Solar Applications under the 
Off ice of the Assistant Secretary for 
Conservation and Solar Applications 

Division of Central Solar Technology and 
Division of Distributed Solar Technology 
under Office of the Assistant Secretary 
for Energy Technology 

Simulator of Large Thermal Energy 
Systems 

Small Power Systems Applications 
Subsystem Research Experiment 
Solar Total Energy Systems 
Systems Test Facility 
Solar Ten-Megawatt Project Office 
Division of Energy Storage Systems, DOE 
Solar Thermal Test Facility Users 

Association 

Transportation Energy Conservation 
Typical Meteorological Year 
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