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Over the past ten years, SAIC’s Energy Projects Division has been devel-
oping solar concentrators based on stretched-membrane technology.
These efforts have resulted in two major products: commercial
heliostats for solar central receiver applications, and parabolic dish con-
centrators for distributed receiver applications. Programs are now
underway to commercialize both of these products for utility-scale elec-
tric power generation. In a major cost-shared program with the U.S.
Department of Energy, a parabolic dish is being integrated with a
Stirling engine/generator. Production cost estimates indicate that when
such systems are produced in sufficient volume, the cost of electricity
delivered will be approximately $.05 per kilowatt hour. Other applica-
tions being investigated include: water desalination, detoxification of
hazardous waste (soil and water), hydrogen production, and heat pro-
duction for industrial process use.
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PROBLEM AREA

With worldwide annual revenues estimated at more
than $800 billion, electricity generation and distribution
is the world’s largest business–twice the size of the auto
industry. Even at this size, two billion of the world’s 5.7
billion people are still without any form of electricity.
Throughout the world, electricity appears to be the ener-
gy carrier of choice for modern and developing
economies. At the same time that worldwide demand
for electricity is growing rapidly, concerns are rising
over the negative impacts accompanying conventional
generation sources — such as nuclear and fossil fuels.
With increasing recognition throughout the world of the
need to consider alternatives for generating electricity,
power producers are now looking seriously to renew-
able resources to meet demand without adding to the
planet’s pollution burden.

Major shifts are occurring in the fundamental struc-
ture of the electric utility industry. In the past, compa-
nies were able to operate as monopolies with oversight
from public utility commissions. In the future, there
may be many new approaches to supplying energy to
various customers that don’t rely exclusively on the
old utilities. In the face of this deregulation, utilities
must respond by becoming more competitive if they
are to thrive in a more commercial atmosphere.

Solar energy stands out as an abundant, sustainable
resource with great potential to meet a substantial pro-
portion of the demand for power in the next century at
competitive costs. Many utilities in areas of high solar
insolation are investigating ways to use solar energy to
generate electricity. Their preliminary studies indicat-
ed that solar thermal electric technologies are one of
the few candidates currently available to supply indus-
trialized society’s long term needs for large amounts of
concentrated energy.

Over the past ten years, SAIC’s Energy Projects
Division (EPD) has been developing solar concentra-
tors based on stretched- membrane technology. These
efforts have resulted in two major products — com-
mercial heliostats for solar central receiver applica-
tions and parabolic dish concentrators for distributed
receiver applications. The most efficient solar thermal
to electric technology is EPD’s dish/Stirling power
system (parabolic dish concentrators); it is roughly
three times more efficient than commercially available
photovoltaics. Placing dish/Stirling power systems in
the Southwestern U.S. alone could supply significant
proportions of current and future electricity demand
while reducing current levels of pollution.
International markets are also promising, especially in

areas where remote village power systems are needed.
The dish/Stirling power systems can also be operated
on alternative fuels, providing electricity when solar
insolation is inadequate or unavailable.

Concentrator and power conversion system tech-
nologies have advanced to the point where
dish/Stirling systems are now expected to generate
electricity at a cost that can compete directly with con-
ventional power generation sources without relying on
subsidies or tax incentives. The additional benefits of
reducing the pollution associated with conventional
power generation only adds to the long-term appeal of
these new technologies. Current manufacturing pro-
duction estimates indicate that when dish/Stirling
power systems are produced in sufficient volume, the
levelized energy cost of the electricity delivered will
be approximately $0.05 per kilowatt-hour (kWh).

Programs are now underway to commercialize both
of these products for utility scale power generation.
Other applications being investigated for SAIC’s solar
concentrators include water desalination, detoxifica-
tion of hazardous wastes (soil and water), and produc-
tion of heat for industrial process use.

TECHNOLOGY DESCRIPTION

The manufacture of low-cost, high performance,
reliable solar concentrators is the key to commercial-
ization of solar thermal power systems. The following
sections describe the specific components of such sys-
tems: solar concentrators, dish/Stirling power systems,
and the dual module stretched-membrane heliostat
systems.

Solar Concentrators
SAIC’s EPD is a world leader in high temperature

solar thermal power systems and has been developing
advanced solar concentrators and other components
since 1984. In the arena of solar equipment manufac-
ture, EPD is a leader in the development of stretched-
membrane concentrators. EPD’s dual module heliostat
is presently the only complete, commercially-avail-
able, stretched-membrane heliostat system (Figure 1).
EPD has developed and demonstrated the performance
of the concentrator facets, and has incorporated them
into the design of a dish/Stirling system. Both products
use solar concentrators consisting of stretched-mem-
brane facets. These facets consist of a steel ring with
thin stainless steel membranes stretched over both
sides of the ring (Figure 2). The membranes are weld-
ed to the ring under high tension that causes them to
form very flat surfaces.
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Figure 1.  Stretched Membrane Heliostat System
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Figure 2.  Steel Rings Covered with Steel Membranes



The rings are steel I-beams rolled to the proper diam-
eter. The membranes are fabricated from flattened stain-
less steel strips which are welded together. Membranes
are pretensioned and reach a maximum stress of 90,000
psi under worst case focus and wind load conditions.
The front membranes are reflectorized either by lami-
nating a thin glass mirror, or a silverized polymer reflec-
tive filmonto the stainless steel membrane.

Facets are focused in two different manners. The
dish mirror facets are focused by drawing a slight vac-
uum between the membranes to pull the front mirror
into a concave shape. The focal length of the dish facets
as currently designed ranges from 8-10 meters. Due to
the size of the facets and the focal length, wind force is
not a major factor in mirror focusing. A central blower
is used with hoses extending to each facet to induce the
vacuum. A tubular aluminum arm extends from the
facet ring to the interior of the facet and supports a
focusing valve. The tube acts both as a structural sup-
port for the valve and as an air duct. The valve allows
for reliable, repeatable focusing of the module.

Focusing of heliostat modules is accomplished using
an EPD-patented direct focusing system. A linear actu-
ator attached to the rear membrane pulls that membrane
back, creating a vacuum in the plenum between the
membranes, thus pulling the front membrane into a
focused shape. A sensor measures the front membrane
position to control the focal length. Because of the rapid
response of the linear actuator system, the heliostat can
react in real-time to wind gusts to provide a stable focus.
Also, the system can defocus within seconds if neces-
sary to prevent damage to a receiver in an emergency.

Dish/Stirling Power Systems
The EPD faceted dish/Stirling power system is an

electrical generating system with two major components:
a solar concentrator and a power conversion system. It is
designed to produce 20-25 kWe of standard 3-phase
power. When there is inadequate solar insolation, the
power system is capable of operating in a “hybrid” mode
by burning alternative fuels to provide heat.

In the current prototype shown in Figure 3, sixteen
2.8 meter stretched-membrane facets (93 m2 total
reflective area) are mounted on a rotating truss struc-
ture that automatically tracks the sun. The support
structure holds the facets in alignment with the Stirling
engine which is placed at the focus of the dish. Solar
insolation is focused to an STM 4-120 kinematic
Stirling engine/generator set, called the power conver-
sion system (PCS). The PCS, mounted on the support
structure, captures the solar insolation and makes the
conversion to electrical power.

In both solar and hybrid operations, the engine oper-
ates on the Stirling thermodynamic cycle and drives a

40-horsepower induction generator. The dish/Stirling
power system is a modular source of power which is
completely self-contained and requires no cooling
water. Using only available solar energy (i.e., no hybrid
operation), the system is expected to operate for 3,576
hours in the course of a year, and to deliver over 56,400
kilowatts per hour of electrical energy. Three specific
components of the system are described below.

1. Solar Concentrator. The solar concentrator for the
dish/Stirling power system is a two-axis tracking concen-
trator, described above. The concentrator is designed to
operate at a mean wind speed of 27 MPH, and to survive
120 MPH peak gusts when in a stowed configuration. 

2. Power Conversion System (PCS). The PCS con-
verts concentrated solar insolation from the dish con-
centrator to grid-compatible electricity (Figure 4).
Mounted at the focus of the dish is a Direct Insolation
Receiver (DIR) and the STM (Stirling Thermal
Motors) 4-120 Stirling engine (Figure 5), cooling
systems and controls. The PCS can also be operated
with natural gas, propane, diesel fuel and other types
of fuel during cloudy periods or at night. This capa-
bility gives the system great flexibility in meeting
power demands in locations where other sources of
electricity are not available.
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Figure 3.  Prototype EPD Faceted Dish/Stirling
Power System



The STM 4-120 (four cylinders, 120 cc swept vol-
ume per cylinder) has been under development at STM
since 1980. This engine was designed to overcome
problems encountered with previous Stirling engines.
Weighing about 220 lbs., the distinguishing technical
features of the engine are the variable swashplate drive
and power control. 

The engine is rated at 40 kWe at 2800 rpm, will
produce 20 kWe at 1800 rpm in the solar application
and can be upgraded to 50 kWe at 3600. The engine
has high efficiency, long life (about 60,000 hours with
low maintenance) and low cost in volume production. 

3. System Controls. The dish/Stirling control system
is microprocessor based and operates all aspects of the

system including tracking of the concentrator, focusing
of the facets, communication with the central con-
troller, and operation of the Stirling engine. It calcu-
lates the sun’s position as a function of time of day and
keeps track of the concentrator’s position in order to
control the drive motors and track the sun. It is not sus-
ceptible to false tracking of clouds or losing the sun.
Because of the computer control, the system can oper-
ate autonomously. It includes external communications
ports to allow it to operate as a dispatchable generator
attached to a utility grid, or in conjunction with other
dish/Stirling systems in a community power system.

The PCS control system is designed to provide
automatic system start-up, operate the PCS at variable
thermal input, the execution of emergency shutdown
sequences, and to operate over a wide variety of tem-
perature and environmental conditions. 

APPLICATIONS

The market for dish/Stirling power systems ranges
from single systems installed in off-grid, remote loca-
tions to generation systems employing thousands of
systems in locations providing central peak-power to
utility grids. Remote applications may turn out to be
substantial. The World Bank recently estimated the
developing world will require nearly $100 billion per
year to build electrical power generation infrastructure
through the end of this decade. Remote applications
can also include domestic U.S. locations such as
homes, communications facilities, marine and agricul-
tural applications and recreational sites.

During the remainder of the 1990s, while
dish/Stirling is still demonstrating reliability and pre-
dictability for utilities, the market will be substantially
affected by the current status of parabolic trough solar
thermal technology. However, by the year 2000, when
dish/Stirling power systems achieve the levelized costs
projected, parabolic trough technology may no longer
be able to compete.

The EPD 100 m2 stretched-membrane heliostat was
developed to reduce the cost of central receiver power
systems for electric power generation at the 100 MWe
to 200 MWe scale. The heliostat consists of two large
stretched-membrane mirror modules, each 8 meters
(26 feet) in diameter. The mirror modules are support-
ed by an efficient torque tube/truss structure on either
side of a central pedestal. An electrically-driven gear
drive allows azimuth and elevation tracking of the mir-
rors. The heliostat is designed to take advantage of a
face-down stow position, which reduces soiling of the
mirrors and protects them from hail damage.

The heliostat is controlled by a single-board,
microcomputer-based control system developed espe-
cially for the system. The board includes all sensor

Figure 4.  Power Conversion System
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Figure 5.   STM 4-120 Stirling Engine
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inputs, control outputs, and computational capability
for the system. The autonomy of the control system
reduces the amount of communication traffic needed
in the heliostat field.

Central receiver (power tower) systems are likely to
be more competitive with dish/Stirling power systems
over the long run in situations justifying larger installa-
tions. Solar power towers use a large field of heliostats
to reflect solar energy to a tower-mounted receiver
where the energy is absorbed and later used to produce
electricity. The heliostats developed by EPD are the
only commercial stretched-membrane product current-
ly available on the market. SAIC’s EPD, in conjunction
with other partners, plans to build at least three, prefer-
ably five initial 100 MWe commercial central receiver
power plants in the future. EPD has recently won a con-
tract to streamline heliostat manufacturing costs.

Another potential application of the central receiv-
er/heliostat and dish technology is for desalination. This
technology can be applied using currently existing
desalination methods to provide potable drinking water
in arid areas. A similar application involves dehydrating
mining residues to facilitate economic waste disposal.
In some areas where solar ponds are currently being
used to produce a concentrated brine, a central receiver
could complete the drying process. A dry powder suit-
able for use as a construction material creates a mar-
ketable product out of a former waste disposal problem.

EPD is currently completing a project investigating
the use of its solar dish concentrator to detoxify haz-
ardous wastes in soil using processes that are cost-
competitive with existing technologies. This work
seeks to demonstrate the solar destruction of volatile
and semivolatile organic compounds desorbed from
contaminated soil at an Army facility. The process
involves atomizing the liquefied organic compound
into a flame front while introducing concentrated solar
energy into the combustion region, or into the post-
combustion region of the incinerator.

Hydrogen produced from renewable energy will
have considerably less negative environmental impact
than would hydrogen from fossil resources. A study
completed by Princeton University calculates that the
United States could satisfy all of its energy needs with
solar-derived hydrogen using less than 2% of our land
area if overall efficiencies of 13-15% were achieved.
Solar reforming of natural gas is a near-term alterna-
tive for applying dish concentrator technology to the
production of hydrogen. The energy content of natur-
al gas in a pipeline can effectively be increased by
adding solar energy in the form of small percentages
of hydrogen. Several utilities are interested in this
technology. Solar energy can also be utilized in the
electrolysis of water to produce hydrogen. Hydrogen
from this source has been considered for use in fueling

hydrogen-powered vehicles or fuel cell-powered vehi-
cles. This application is considered critical to avoid
increased fossil fuel usage for the additional electrici-
ty that would be required for a large number of electric
vehicles in the U.S. Neither solar thermal nor photo-
voltaics are currently cost competitive with hydrogen
produced from natural gas.

TRENDS AND PROJECTIONS

The United States receives more energy in the form
of sunlight in less than an hour than it does from the
fossil fuels it burns in a year. In the past the technolo-
gies available to capture this solar energy and make it
readily available in more usable forms, cost too much
when compared with conventional sources of energy
generation. Concerns over pollution, dwindling
domestic supplies, and increased dependence on for-
eign suppliers are leading more utilities and national
decision makers to look to the renewable solar
resource as an alternative.

As described, SAIC’s Energy Projects Division is
currently working on two large projects specifically
designed to commercialize solar thermal technologies
using the advanced stretched-membrane concentrators
that have been developed over the past ten years. By
forming strategic partnerships with other major U.S.
corporations, the potential looks bright for the develop-
ment of a major new U.S. energy industry serving glob-
al markets during the next century. Whether the current
emphasis on electricity production continues, or new
technologies employing clean-burning hydrogen rise in
importance, solar thermal concentrators will be crucial
pieces of the new infrastructure put into place.

Detailed investigations of the near-term markets for
dish/Stirling power systems have been completed. The
Southwestern U.S. and Northern Mexico have abun-
dant solar insolation and have the least cloudiness in
North America. This region is also close to high popu-
lation centers of the U.S. where the demand for elec-
tricity closely follows the diurnal cycle of the sun; peak
demands tend to occur during summer afternoons. In
Mexico there is considerable additional demand for
remote village power in these same solar-resource rich
areas. Based on this investigation, SAIC is aggressive-
ly pursuing the development of both dish/Stirling and
central receiver electrical generation projects.

Working with utilities in this region over the coming
decade, a number of power plants will be constructed
to demonstrate that solar electricity can compete on a
purely economic basis with conventional sources of
power generation. As customers gain experience and
confidence in the new technology, dish/Stirling power
systems will be installed to provide local support to the
extended transmission grid, and in areas where indus-
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trial demand side management presents opportunities.
Isolated utilities, such as those on islands, are looking
toward dish/Stirling power generation as a replacement
for expensive diesel generators. Several utilities are
beginning to explore the opportunities to provide
“green power” to other parts of the country using the
“retail wheeling” called for in new deregulation activi-
ties at the state and national levels. Both dish/Stirling
and central receiver power plants are being considered
as alternatives to meet Clean Air Act requirements in
non-attainment areas.

As the volume of production increases, the cost
for solar thermal electricity will decline. Current
forecasts indicate that these costs will be directly
competitive with conventional generation sources
within ten years. With low prices and lower pollution,
solar thermal power plants should become a common
feature of the landscape in areas of the world where
sunlight is abundant. And with a rapidly evolving
electrical industry, even people living in areas with
relatively little sunlight may find that they can con-
sume “solar electricity” through the same transmis-
sion lines that currently supply them.


