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ABSTRACT

Technologies for solar thermal plants are being developed to pro-
vide energy alternatives for the future. Implementation of these plants

requires consideration of siting issues as well as power system technol-
ogy. While many conventional siting considerations are applicable, there
are also a set of unique siting issues for solar thermal plants. Early
experimental plants will have special siting considerations.

This report considers the siting issues associated with small,
dispersed solar thermal power plants for utility/small community appli-
cations of less than 10 MWe. Some specific requirements refer to the

first engineering experiment for the Small Power Systems Applications
(SPSA) Project.

The first two sections of the report provide background for the
subsequent issue discussions. The introductory section describes the
SPSA Project and the requirements for the first engineering experiment
and gives the objectives and scope for the report as a whole. A brief
overview of solar thermal technologies is followed by a discussion of
some technology options.

The siting issues themselves are discussed in the remainder of the
report in three categories: (1) system resource requirements, (2) environ-

mental effects of the system, and (3) potential impact of the plant on
the environment. Within these categories, specific issues are discussed
in a qualitative manner. Examples of limiting factors for some issues
are taken from studies of other solar systems.

The report has been revised primarily to reflect the current
;grogram plan for Engineering Experiment #1 (EE1) and to incorporate

technology information from the EE1 Phase 1 system definition studies.
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I. INTRODUCTION

A. BACKGROUND

Technologies for solar thermal power plants are being developed on
an accelerated basis to ,provide alternatives for future energy needs.
Use of these technologies requires suitable sites. Acquisition of the
most desirable sites will increasingly be in competition with other
potential uses as population and industrial growth continues. There is
also an increasing public and governmental awareness of alternative land
uses and environmental impacts.

Some of the siting issues for a solar thermal p-wer plant are com-
mon to a vide variety of development projects while others are unique to
the requirements and effects of this new technology. All developments
must consider physical and engineering characteristics, such as topo-
graphy, soils, geology, meteorology, and construction costs. Another
important consideration is the availability of the prospective site from
the perspective of local. zoning ordinanc_s and regulatory agency require-
ments. In addition, the environmental impact of development projects on
both the natural environment and the socio-economic environment has come
to the forefront since the passage of the National Environmental Policy
Act (NEPA).

The siting of conventional electrical generation facilities, both
nuclear and fossil fue'cd, is strongly affected by considerations of
safety, pollution, and aesthetics. Solar thermal-electric power plants
minimize some of these effects while introducing new siting limitations
of their own. The availability of adequate insolation is an obvious
siting factor as is the availability of adequate land. Small, dispersed
solar facilities should be close to the power demand to minimize trans-
mission costs. Early experimental plants will have additional siting
considerations to satisfy experimental objectives.

B. PROJECT DESCRIPTION

1. General Project Background

The Small Power Systems Applications (SPSA) Project is an element
of the Thermal Power Systems Branch of the Department of Energy (DOE).
The overall goal of Small Power Systems Applications (SPSA) project is to
establish technical, operational and economic readiness of small power
systems less than 10 MWe in size. The project will develop systems to
the point at which subsequent commercialization activities can lead to
successful market penetration. The project technical approach is centered
around engineering system experiments and demonstrations of appropriate
technologies and applications.

2. First Engineering Experiment System Development

The first engineering experiment, with a capacity of approximately
1-MWe, will be designed and constructed in a three-phase program



as shown in the schedule in Figure 1. Three technology approaches are
being considered in the system definition phase. (Technology options for
solar thermal power plants are described in Section 11.)

At the end of the Phase I systems definitions studies, the techno-
logy approach and a general system design for the experiment will be
selected. The second phase will then include the preliminary design of
the selected system as well as development and testing of components and
subsystems. Final design, fabrication, installation, and testing will
be accomplished in the third phase. Experimental operation is scheduled
to begin in early 1983.

3.	 Siting for the First Engineering Lxperiment

The application for the first engineering experiment is defined as

a small community with an electric utility demand load less than 100 MWe.
Site selection will occur parallel to the development of the technological

system. Participation requirements will be described in solicitation
documents distributed to those expressing an interest in submitting a

proposal. Site proposals submitted by interested groups will be evalu-
ated by DOE, and from these a site will be selected for t he first engi-
neering experiment.

Because of a potentially large number of interested small communities

proposals a section of the solicitation document will contain advisory
qualification standards to describe a set of characteristics that every
desirable site should possess. While the lack of some sub-set of these
desirable characteristics will not exclude a site from consideration,
this may result in a lower ranking in the site -valuation process. The
function of these advisory qualification standards is to discourage pro-
posal expenditures from potential site participants which do not have a
good chance at a high ranking in the evaluation process.

The DOE will provide, under separate contract, for the construction,
installation and testing of the experimental solar thermal power plant,

except for distribution system elements. The plant design will be based
on a point focusing solar thermal technology in which solar energy is
concentrated by collectors that both track and focus to operate one or

many high-temperature heat engines. (A background technology discussion
Is provided in Section II.) Several technology options are being investt-
gated prior to final system design. This experimental plant is intended
to augment an existing utility system by supplying power for peak-to-
intermediate loads. However, an important project objective is to obtain
experimental. information and this may cause the production of electricity

to be somewhat intermittent, especially during the first year of experi-
mental operation.

C.	 OBJECTIVE AND SCOPE

Tt:e primary objectives of this study are to identify and discuss
the issues associated with siting a solar thermal power plant with a

2
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utility/small community application and to define areas requiring further
study. This study effort is a part of the sitir.d activity for an exper-
imental 1 MWe power plant, and specific examples in the report are based
on siting requirements for this experiment. However, most issues are
expected to have a more general application.

This report provides a qualitative discussion of siting issues.
Its intended use is to provide a preliminary basis for the preparation
of more detailed site requirements and site evaluation factors. It may
also provide a useful background for potential site participants. Siting
issues are discussed from both power system and site participant
viewpoints.

D.	 APPROACH

Siting issues for solar thermal power plants were identified using
conventional siting requirements as a baseline. Significant issues were
then considered in conjunction with the requirements and impacts of
solar thermal-electric techt:logy. The resulting siting issues are
similar to those for conventional generation facilities with the excep-
tion of their groupings, the perspective in which they are viewed, and
the emphasis placed on them. Documents referenced in this study are
included in the bibliography. Additionally, much information of value
was obtained a: the Small Power Systems Solar Electric Workshop held in
Aspen, Colorado, uctober 10-12, 1977 (Ref. 1).

Relationships between solar thermal-electric power plants and their
sites may be categorized in terms of effects of the site on the plant and
effects of the plant on the site. Effects of the site on the plant
will be discussed by identifying the resources and site characteristics
desirable for construction, operation, and maintenance of a solar
thermal-electric power plant. The effects of the plant on the site will
be discussed by identifying the impacts plants may have on their sites,
and how these site impacts may result in construction delays and even
development termination. This report describes the relationship between
solar thermal-electric power plants and their sites and delineates the
information that should be assembled in order to make informed siting
decisions. Table 1 summarizes some of the basic siting issues. The
most important issues are indicated by asterisks.
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II. TECHNOLOGY OPTIONS

A.	 BACKGROUND

This brief description of solar thermal power technology is

included to provide background information relative to the siting issues
identified. There are a variety of ways to utilize solar energy (inso-
lation). Flat plate collectors utilize both the direct and diffuse com-
ponents of the total available insolation. On cloudy days the amount of
available insolation is considerably reduced, but some of the diffuse
component is available due to scattering.

Solar thermal power systems collect and concentrate the sun's
radiant energy to heat or vaporize a working fluid. This thermal energy

may be used either directly or to drive a heat engine. Electricity can

then be generated from the resulting mechanical energy. Acceptable
engine efficiency requires the high temperatures associated with high
concentration ratios. The plant design for EEI is limited to high con-
centration point focusing systems with two-axis tracking mechanisms.

The key elements of a solar thermal power system are shown sche-
matically in Figure 2. Solar energy is collected by a tracking concen-
trator, which focuses energy on a receiver. The working fluid in the
receiver is raised to a high temperautre and is then transported to a
heat engine, which converts the thermal energy into mechanical energy
from which electricity can be generated. Energy storage may be incorpor-
ated as thermal storage in the thermal transport system, as mechanical
storage following conversion or as electrical storage following genera-
tion. These functions must interact effectively as a total system to
attain high overall plant efficiency.

Some early solar thermal plants may be hybrid-fired pending the
developmer_* of efficient storage techniques. These plants could utilize
fossil fuels when there was inadequate insolation but would be operated

to maximize usage of the available solar resource.

}teat engines for a solar thermal power plant produce mechanical
work from a heat flux. The heat flows from a high-temperature source
through the engine, thereby converting a fraction of the heat into

mechanical work while rejecting the remainder at a lower temperature.
The thermal efficiency of an engine may be defined as the mechanical
work output divided by the heat input. The theoretical maximum effi-
ciency of a heat engine depends on the ratio of the input and rejection
temperatures. Achievement of high engine efficiency requires not only

a high temperature ratio but also internal prleesses to exploit this
temperature ratio without introducin g, excessive thermodynamic losses.
The lower end of the temperature ratio is limited by the heat rejection,
or cooling, subsystem while the upper end is limited by the concentra-
tion ratio and receiver material capabilities.

6
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Heat engine efficiency is important from three perspectives.

First, high efficiency yields a given power output with a lesser amount
of solar energy. This, in turn, allows a smaller collector field,
thereby saving both collector cost and land area. Second, nigher effi-

ciency can provide for savings in the receiver, energy transport, and

energy conversion (heat engine) subsystems. Third, engine efficiency
directly affects the requirements for waste heat rejection, which can be

considered to be the inverse of the work output equation.

All heat engines require cooling to reject the thermal energy not

used in energy conversion. The cooling subsystem controls the lower end

of the engine temperature ratio and hence affects engine efficiency.
The type of cooling system used depends on the type of engine, the
amount of cooling required, cost, and the availability of a cooling
medium. Some types of cooling systems are: flow-through, evaporation
ponds, wet and dry mechanical draft towers, and wet and dry natural

draft towers. Cooling requirements can be quite large. The make-up
water required for evaporative cooling in a 1-MWe plant may exceed

30m' (1000 ft 3 ) per day.

B.	 OPTIONAL SOLAR THERMAL SYST04S

This section is excerpted from a report titled, "An Overview of
Power Plant Options for the First Small Power System Experiment: Engi-
neering Experiment Number 1" JPL-5103-38 by Philip Walden. (Ref. 2) The
three selected concepts for Phase T studies are included to provide a
general idea of the solar thermal technologies being; considered for EEI.

Final designs may differ significantly from these concepts.

1.	 McDonnell Douglas Astronautics Company

a. Proposed McDonnell Douglas System Description. The McDonnell

Douglas small central receiver concept is pictured in Figure 3. The pro-

posed complete system is made up of four subsystems, the collector, power

conversion, energy transport and energy storage subsystems, as shown in

Figure 4.

The collector consists of a concentrator and a receiver.

The concentrator is comprised -f a field of approximately 160 two-axis

tracking reflectors, called heliostats, which direct incident solar

radiation to a tower mounted receiver. The heliostat field is located
north of the receiver tower, and requires about 8 acres of land. The
heliostat is based on the design being developed by McDonnell Douglas
for the DOE. Central. Power Program, 10-MWe central receiver pilot plant.

Each heliostat is mounted on a pedestal with azimuth and elevation
t

	

	 drives. The reflecting surface consists of rectangular mirrors mounted
on either side of the pedestal, as shown in Figure 4, for a total of

38 square meters of reflecting area for each heliostat. The heliostat
field utilizes an open loop control system to track the sun with each

heliostat controlled by the central control unit. The receiver is

mounted on an open frame tower approximately 46 meters high supported

by guy wires. Solar radiation concentrated by the heliostat field is

8



Figure 3. McDonnell Douglas Small Central Receiver Concept
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absorbed by two series of exposed pipes within the receiver, heating the
Hitec fluid used in the energy transport subsystem.

The energy transport subsystem utilizes Hitec fluid, a
mixture of salts with a low melting temperature, to transport thermal
energy from the receiver to the power conversion subsystem. As shown

in Figure 4, the hot Hitec, at about 500°C (930 0F), is pumped to
either the energy storage unit for use later, or to the steam generator
unit to produce steam. Cold Hitec, at about 288°C (550°F), is pumped
back to the receiver.

Steam produced from the steam generator at approximately
482°C (9000F), drives a steam Rankine cycle radial outflow turbine which
in turn drives a gearbox and electrical generator to produce electricity.
Waste heat from the turbine is reje,ited by a wet cooling tower. The
nominal output of the power conversion unit is 1.1 MWe of which 0.1 MWe
powers parasitic loads such as pumps and controls.

The energy storage unit acts as an accumulator, storing
thermal energy produced in excess of the energy needed by the power con-
version subsystem. The stored energy is used when the power conversion
subsystem requires more energy than the receiver can deliver during
cloud blockages or at sunset. The storage unit may consist of a large
tank with 752 of its volume filled with a rock/sand mixture. The sensi-
ble heat of the rock/sand mixture stores the thermal energy as the hot
Hitec mixture is pumped through the storage tank. The tank, for the
baseline system, is large enough to hold 9 MW-hr of thermal energy
which can run the solar plant for 3 hours at the rated power of 1 MWe.

2.	 General Electric

a.	 Proposed General Electric System Description. The General
Electric system concept, pictured in Figure 5, is comprised of a collec-
tor field of 150 two-axis tracking parabolic dish reflecting concentra-
tors. Each concentrator is enclosed with an air-supported transparent
enclosure to eliminate wind loading and reduce weather induced mirror
degradation of the concentrator. Each dish concentrates incident solar
radiation on a ball shaped heat pipe receiver-boiler mounted at its
focal point. Steam from the receiver-boilers is transported to the
central power conversion unit by vacuum insulated pipes. The General
Electric system attempts to minimize field construction costs by reduc-
ing the field installation time.

Each concentrator is mounted on a single pipe pedestal mount
at approximately 40 foot intervals and is pivoted through its center of
gravity located at its focal point. Figure 6 depicts the construction
of a dish. Twenty-eight parabolic segments are mounted on a ring support
structure to form a dish with a diameter of about 8 meters. Each segment
is fabricated from a 3/4" aluminum honeycomb sandwich core with a reflec-
ting mylar surface. The total concentrator weight is approximately 500
lbs. Coarse tracking is controlled by a central cominputer with a closed
loop sun sensor for precision tracking of the sun.

10
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A lightweight dish module is protected from wind loads and
weather by a transparent enclosure. The enclosure is constructed of a
flexible transparent plastic hemisphere supported by internal air pres-
sure from a small blower. Three tubular step frames provide lightning

ti	 protection and support during air-system-off periods. Although the
enclosures will transmit only 86% of incident solar energy, weight and
material costs saved on the concentrators are expected to compensate

I	 for the reduced efficiency.

The receiver is mounted in a fixed elevation orientation at
the focus of the concentrator, as shown in Figure 6. A potassium heat
pipe with a 8 in diameter ball shaped absorbing surface at the dish
receives the concentrated solar energy. Heat is conducted up the heat
pipe to a series of boiler tubes thermally coupled to the heat pipe.

Superheated steam, at approximately 510 0C (9500Fa, is poroduced from the
boiler; feed-water to the boiler is at about 205 C (400 F).

The energy transport system collects superheated steam from
each collector module and transports it to the power conversion unit;
feedwater is redistributed back to each module in a similar fashion.
To reduce thermal losses on the long runs of piping, 20 ft feedwater
and steam pipe sections are sealed within a long vacuum jacket forming
a reflective Dewar-type flask.

The power conversion unit, shown schematically in Figure 7,
consists of a 1,235 kW marine type steam turbine, an electrical gener-
ator coupled to the turbine through a speed reducing gear box, and all
the supporting components. The turbine inlet steam temperature is at
approximates*; 4820C (900o F) with a pressure of 1200 psi. Electrical
output is rated at about 1,140 kWe with a net output of 1 MWe. A steam
accumulator is used to maintain turbine speed at no-load during inter-
mittent cloud blockages. Waste heat is rejected by a dry cooling tower.
The power conversion unit is integrated as a complete submodule. Tile
module is rail transportable and skid mounted for quick installation.
A storage system is proposed to achieve the required 0.4 capacity factor.

3.	 Ford Aerospace and Communications Corporation,
Aeronutronics Division

a.	 Proposed Ford Aerospace System Description. The Ford
Aeronutronics concept, pictured in Figure 8, consists of a collector
field of 23 parabolic dish concentrator modules. A receiver unit and
a power conversion unit are mounted on each dish near the focus.
Figure 9 depicts a Ford Aeronutronics module. Electricity is generated
at each collector and transported to the station power conditioning unit
providing connection to the utility grid. Figure 10 schematically
represents the entire system.

Each concentrator module is approximately 16 meters in
diameter and similar in construction to parabolic dish radio antennas.
The reflecting surface is an aluminum substrate covered with metallized

12
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Figure 8. Ford Aeronutronics Concept

Figure 9. Ford Aeronutronics Power Module
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acrylic tape. The concentrator is mounted on a circular wheeled track
for azimuth tracking. A ball and screw Jack provides elevation
tracking. A gun sensor provides closed loop tracking control. Each
module is located in the collector field to minimize sun blocking by
other collectors.

The receiver unit and power conversion unit are both mounted
near the concentrator focus on a quadripod structure. The cylindrical
cavity type receiver utilizes sodium as a heat transfer medium and
operates at about 7500C (13820F).

The power conversion unit consists of a reciprocating
Stirling cycle heat engine with gear box and alternator to produce
electricity. The proposed heat engine is a P-75 Stirling cycle engine
produced by United Stirling of Sweden (USS), modified for a sodium heat
source and using helium as a working gas. Waste heat is conducted down
the quadripod to a conventional water/ethylene glycol heat exchanger
mounted behind the concentrator reflecting surface. The net electrical
output is 50 kWe per module.

Twenty two modules are required to achieve rated power of
1 MWe and a lead-acid battery storage subsystem are required to achieve
a 0.4 plant capacity factor. AC-DC and DC-AC convertors are used to
connect the batteries to the utility grid.
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III. SYSTEM RESOURCES

This section of the report identifies siting issues that arise from
the resource requirements of solar thermal-electric power plants. In
previous sections the technology options for the first engineering experi-
ment were described. With that knowledge the reader will be able to see
why the resources discussed in this section are necessary and thus have
a better understanding of the siting issues that arise as a result of
resource requirements.

The resources needed to construct and operate solar thermal power

plants include: (1) appropriate quantity and quality of insolation,
(2) adequate water supply, (3) construction materials and manpower, and
(4) suitable land area.

A.	 INSOLATiON

Inbound solar radiation (insolation) that has passed through the
earth's atmosphere has a direct component and a diffuse component.

Direct insolation is primarily visible radiation which has penetrated the
atmosphere without being deflected. Diffuse insolation has penetrated the

atmosphere but has been scattered by gas molecules, water droplets in
clouds and dust particles. Clouds are capable of reflecting much radia-
tion back into space allowing only reduced amounts of diffuse insolation
to reach the earth's surface.

Solar Thermal-electric L-chnology requires high temperatures to
achieve acceptable system effic,:encies. The required temperatures can
only be achieved by concentration. Diffuse insolation cannot be effec-
tively concentrated and therefore solar thermal-electric systems can
only operate on days when direct insolation is available, when skies are
very sensitive to site specific atmospheric/meteorologic conditions.
The impact of cloud cover on the quantity of insolation available to
solar thermal-electric systems is illustrated in Figure 11.

Figure lla. illustrates insolation under clear sky conditions when
the direct component comprises most of the total insolation. The appar-

ent discrepancy between the measured levels of total insulation, the sum

of diffuse and direct insolation i- a function of measurement technique.
The direct insolation was measured by a heliometer, an instrument which
is capable of tracking the sun throughout the day. Tracking capability
maximizes the amount of direct insolation reaching the instrument

because it allows the sun's rays to be intercepted perpendicularly.
The total insolation, depicted by the lower solid curve, was measured

by a pyranometer, an instrument fixed horizontal to the earth's surface.
This instrument intercepted the sun's rays at an angle, and because of
its fixed position the angle of interceptian varied as the sun crossed

the sky. These different measiring techniques cause the tracking
heliometer to measure an apparently higher insolation value compared to
the pyranometer, except when both instruments are pointed directly at
the sun, because of the cosine effect. This occurs even though the
heliometer measures only the direct component of insolation and the
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pyranometer measures total insolation, both direct and diffuse.

The dashed line indicating total insolation demonstrates the increase
in the quantity of insolation which can be measured by inclining the
pyranometer so that it is perpendicular to the sun's rays at noon.

Figure llb. illustrates insolation under unclear sky conditions.
In this case the direct component of insolation was reflected back into
space by the cloud cover and only diffuse light was able to reach the
instruments. Because the pyranometer is capable of measuring total
insolation, and the heliometer is only capable of measuring the direct
component, the pyranometer measured much higher insolation values. The
performance of the tracking heliometer is closely related to the
performance of solar thermal electric power plant collectors.

To fully evaluate a site for solar thermal-electric systems, the

quantity of direct insolation available must be determined. However,

insolation data such as those depicted in Figure 11 are not commonly
collected. A general indication of regional insolation can be obtained

from the U.S. Climatological Atlas. For site selection purposes insola-
tion evaluation will be performed by the Government.

B. WATER

Solar thermal power plants, depending on design, may require water
for cooling, make-up, maintenance, and energy transport. The require-

ment for cooling in solar thermal-electric power plants was described in
the technology description section of this re port. The amount of water
required for cooling depends on the technology utilized.

Solar thermal power plants may also require water for energy trans-
por_. High water quality is required to avoid the deposition of impuri-
ties within transport pipelines. Solar thermal-electric systems using
steam or hot water to drive turbines will require water to replace losses
due to evaporation and cooling tower "blowdown."

Because high concentrator reflectivity is important to a solar
power plant's efficiency, the collectors must be kept free of du.;:., dirt,

and other particulate matter. The frequency and method of concentrator
cleaning are functions of the type of concentrator as well as the quan-

tities of particulate matter in the atmosphere. However, it is expected
that water will be a part of the cleaning system in some quantity.

C. CONSTRUCTION MATERIALS AND MANPOWER

Construction. operation, and maintenance o: solar thermal power
plants will, like other developments, require construction materials and
manpower. Site preparation prior to plant installation is an important

phase of plant construction and is to a degree dependent on topographic

and geologic site characteristics. These site preparation activities may
includes grading for collector bases and roads, road development, plant
fencing, and the acquisition and transportation of materials required by

A
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these activities. The materials, equipment, and manpower required for
these activities will either come from adjacent communities or be imported
from more distant parts of the region. Sites with these resources read-
ily availatle will allow s.-,- preparation activities to be performed more
quickly and economically Ll,.an sites without them.

The frequency and type of maintenance required by solar thermal-
electric power plants is currently unknown. However, several maintenance
activities are expected. The collector's reflective surfaces will require
cleaning. Drainage and service pathways may need clearing, repairs will
be needed, and inspections made. Additional maintenance activities will
be identified for solar thermal systems as they are developed.

D.	 LAND

The land area required by a typical 1-MWe solar thermal-electric
power plant is approximately 10 acres. This is a function of the assumed
insolation intensity, and the amount of electricity the plant is designed
to generate. Lower average insolation requires more collectors and lar-
ger areas of land to produce the same amount of electricity. The solar
thermal-electric system for the first engineering experiment will be a
uniform size, regardless of where sited; the collector area will remain
the same. Therefore, the average amount of electricity generated by the
first experimental systems will vary from site to site as a function of
meteorological conditions. The approximate 10-acre site for a 1-We
plant contains all subsystem facilities and support structures such as
maintenance buildi.igs, access and service facilities. Additional land
may be acquired for public information centers.

In addition to the acreage required for solar thermal power plants,
there are other land characteristics that are important to siting, for
example, adjacent land use. There are many industrial processes which
produce effluents capable of eroding collector surfaces and blocking
insolation. Industrie7 utilizing highly flammable or explosive mate-
rials should also be i^ -ided to avert damage to the plant from projec-
tiles hurled by explosions.

The height of structures on adjacent land is also important. The
site selection criteria included in the Program Opportunity Notice (PON)
for a 10-14We central receiver power plant developed by ERDA (now DOE)
stipulat!:-. that: "Potential site locations should have an uninterrupted
view to the south down to an angle of 10 degrees above the horizon extend-
ing from the local southeast to southwest direction . . . control of
adjacent property through legal restrictions or outright acquisition may
be necessary to satisfy this requirement" (Ref. 3). Specifications of
this type will be developed by system designers for the system used in
the first engineering experiment. Future land uses adjacent to the solar
thermal power plant site should also be considered. A guarantee of
unlimited "sun rights" into the future may become part of a new body of
law dealing with solar energy technology (Ref. 4).
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other site characteristics are land form types. Solar power sys-
tems are sensitive to ground movement because of the precise focusing
required. `therefore, sites proposed for them (should be carefully evalu-
ated to identify underlying or nearby geologic characteristies and their
possible impacts. The most damaging geologic, phenomena to be evaluated
are earthquakes. Faults on or near the proposed site should be evaluated
thoroughly. Active faults on the proposed site or near enough to cause
damage to the plant may make that site unacceptable. In an Aerospace
Corporation study, areas exceeding shaking of 0.26, or earthquakes of
magnitude 7 on the Richter scale, were identified as unsuitable for solar
thermal plants (Ref. 5, pp. 51-54).

Sail types are capable of increasing the impact that earthquakes
have on surface structures. Alluvium is very unstable and tends to mag-
nify earthquake shock waves. Other soil types to be avclded because of
their instability are sand, dry lake sediments, expansive soils, and
soils prone to liquefaction.

To achieve maximum efficiency, each collector in a field should be
oriented to collect the maximum amount of sunlight. Thus, shading from
the collectors themselves and from the surrounding terrain should be mini-
mized. On sloping sites, the slope should face south, instead of north.
On flat terrain shading can be overcome by spacing the collectors cor-
rectly , but enough flat terrain may not always be available.

It is not expected that sites with average surface grades greater
than 20Z will be considered for solar power plant sites; however, even
on grades less than 2971., spacing and orientation difficulties may be pres-
ent (Ref. 5, p. 36). Actually, it is not expected that slopes of over
101 would be acceptable for solar power plant sites. To obtain the
required spacing, larger land areas will be needed in contoured topogra-
tsh_y than on flat sites. Other disadvantages of contoured sites are that
plant installation may be more difficult and may require more grading
and other site preparation. The less site alteration necessary, the
fewer the environmental impacts from erasion, landslides, stream silting,
flooding, and destruction of natural habitats and the lower the site
preparation coasts.
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IV. PHYSICAL ENVTRONMHNT

The previous section of this report dealt with the siting issues
that arise as a result of the resource requirements of solar thermal-
electric plants. In this section siting issues that arise as the result
of meteorologic conditions will be identified. Meteorological or weather
conditions must be taken into account to some extent in all development
projects but solar thermal power plants have some unique sensitivities.

The concentrator is the subsystem most sensitive to meteorologic
conditions in a solar thermal power plant. As described in the technol-
ogy description section, they are designed to be relatively lightweight
for tracking purposes and cost and, of necessity, are thin-walled and
have fragile reflective surfaces. For maximum exposure to the sun, they
should not be shielded by topography, vegetation or man-made structures.
Some collector designs are protected by enclosures made of transparent
materials. However, these structures are themselves sensitive to
meteorological conditions.

Another subsystem that may be sensitive to meteorological condi-
tions is the cooling system. Many cooling systems utilize evaporation,
where efficiency is dependent on the characteristics of the atmosphere.
The degree of this dependence is related to the cooling technology
selected.

Solar thermal power plants must be designed to withstand meteoro-
logical conditions from two perspectives: operation and survival. For
example, a plant will be designed to operate in winds up to a specified
limit, and when winds exceed that threshold, the plant will be designed
to discontinue operation but withstand the wind without significant dam-
age. The percentage of time a solar thermal power plant must cease oper-
ation due to meteorological conditions may be traded against other site
characteristics during site selection.

A. WIND

Wind may impact solar thermal-electric power plants in two impor-
tant ways. First, its force and speed alone may be damaging. Secondly,
it may carry particles of sand, dirt, and dust capable of scratching the
reflective surfaces of concentrators. In many areas where wind is not
obstructed by topography or vegetation, or where it is funneled through
a topographic venturi, it can achieve high velocities. It is highly
likely that solar thermal power plants may be located at such sites
because of their requirement for terrain and vegetation which do not
block insolation. Because of their size and shape, solar thermal col-
lectors may induce high drag forces, and, as a result, they may be dam-
aged by high winds.

The results of one central receiver system study indicate that
winds of over 14 m/s (31 mph) should occur at the plant site less than 1%
of the time (Ref. 6). This study further states that, "Plants of this
central receiver system should withstand and operate in gusts up to 25 m/s
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(55 mph), and survive without damage winds of 40 m/s (90 mph)" (Ref. 6).
To do this, the collectors are designed to attain a less wind resistant,
or stowage, position.

The operational and survival wind speeds quoted here for central
receiver systems are exemplary only. They are intended to give the reader
an understanding of wind/system interactions and a method of dealing with
them. Design winds loads for each solar thermal plant will be determined
during system design.

Information about wind patterns and speed are needed to provide
system designers with design load data and to provide a basis for site

evaluation. The type of information required is: prevailing wind
direction and speed; recorded velocity extremes; gusts; and seasonal
variation.

Besides collector structural damage, winds can damage reflective
surfaces by abrasion from sand, dirt and dust particles. These surfaces
may be made of reflective films, metals, and first or second surface

glass and must retain their reflectivity to keep the plant operating
effectively. Strong winds carrying sand and dirt may scratch reflective

collector surfaces until they can no longer efficiently reflect sunlight.

In addition to data describing prevailing wind conditions, infor-
mation on blow-sand conditions should be available at each respective
site. The frequency of wind storms carrying sand, dirt, and dust should
be indicated as well as the type and abrasive capabilities of these par-
ticulates (see Table 5).

B.	 PRECIPITATION

Rain, hail, snow, etc., affect solar thermal-electric systems in
a variety of ways. This section identifies some of the problems these
impacts could create.

Rain alone is not responsible for creating hazardous conditions to
solar systems, but works together with topography and soil-slope stabil.-
ity. The evaluation of possible sites in areas receiving heavy rainfall
should include a detailed analysis of soil type and slope stability.
This evaluation is also indicated as necessary in the previous discus-
sion of land suitability. Rain may cause landslides, erosion, and flash
flooding. It is not expected that solar plants will be located near
slopes steep enough to be concerned with landslides but sites susceptible

to flash flooding, periodic flooding, and erosion should be identified.

In all candidate systems measures decreasing the impact of
flooding and soil -slope slippage may be utilized. Some simple mea-
sures to improve a site with regard to flooding and slope stability are

grading, the installation of drainage facilities and the revegetatiun
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Table 2.	 Soil Susceptibility to Wind Erosion (Ref. 8)

Four ratings have been used to show the degree of susceptibility
to wind erosion. Following each rating is shown the soil texture
groups, presence of cobbles, and extent of exposure to wind.

=	 Slight Soils of moderately fine and medium textures and
coarse texture soils with 40% or more cobbles on
the surface.

Moderate Soils of moderately coarse textures with 25 to
40% cobbles on the surface, and all soils that
are protected from erosive winds.

Severe Soils of moderately coarse and coarse textures
with 10 to 25% cobbles on the surface, and all
soils that are partially protected from erosive
winds.

-	 Very Severe Soils of coarse textures that have less than 10%
cobbles on the surface and that are exposed to
erosive winds.

of all disturbed slopes. The previously mentioned central receiver
study (Ref. b) developed site selection criteria that limit average
annual rainfall to 750 mm (30 in.) and limit the amount of rain falling
within a 24-hour period to 75 mm (3 in.). Criteria of this type will be
developed during design.

Hail, falling on fragile reflective surfaces, may be capable of
damaging them and rendering them useless as reflectors. Both hail
and snow may also significantly affect solar collectors due to their
weight alone. Tracking mechanisms may not be strong enough to operate
when collectors are filled with hail or snow, and the support structures
may give way in these conditions unless designed to bear their weight.
Additionally, the maintenance costs of keeping collectors free of hail
and snow, if necessary, may be high. Data indicating hail and snow
characteristics should be collected by either system designers or site
proposal teams prior to final site selection.

The central receiver study indicates that a solar thermal power
plant should survive 20 kg/m 2 (5 lbjft 2 ) of snow at a deposition rate
of 0.3 m 0 ft.) in 24 hours. It should also survive freezing rain and
ice deposits in a layer 50 mm (2 in.) thick (Ref. 6). Again, these
figures are exemplary only. Data describing precipitation extremes and
averages should be available to system designers at each prospective
site for final site selection.

I
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C. TEMPERATURE AND AIR QUALITY

Every area has seasonal temperature extremes, temperature differ-
ences between day and night, and average, yearly, seasonal, and daily
temperature changes. The goal of solar thermal-electric power plant
design is to construct plants which will continue to function efficiently
in various environmental conditions. The most environmentally sensitive
part of collectors are the reflectors. Any warping or distortion of
reflective surfaces would decrease overall plant efficiency. The central
receiver system studied by Sandia describes operational ambient tempera-
tures as -300C (-200F) to +500C (+1200F) (Ref. 6).

The cooling subsystem may also be impacted by temperature, espe-
cially if it utilizes evaporation. The efficiency of evaporation is a
function of ambient air temperature and humidity as indicated in previous
discussions. For example, natural draft wet cooling towers perform best
in areas with high relative humidities and mild temperatures, and per-
form poorly in regions with low humidities and high ambient temperatures.

Air pollutants may impact the reflective surfaces of collectors in
several ways. Particulate matter deposited on them will block insola-
tion, chemical reactions induced by these pollutants may damage these
fragile surfaces, and poor air quality can block some direct insolation
from reaching the earth's surface.

Air pollution is regulated by federal, state and local air quality
protection agencies. To ensure air quality protection these agencies
monitor the air quality, record the kinds and quantities of pollutants
found in the air and make this information available to the public.
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V. SOCIALjINSTITUTIONAL ISSUES

Up to this point the issues identified have been concerned with
the physical needs and capabilities of solar thermal-electric systems.
Since electric utilities provide a valuable commodity to a larger num-
ber of people, they must operate in a reasonable and safe manner while
meeting their customers' needs. Solar thermal-electric power generation,
a new technology, must prove itself in these regards. This section deals
with issues which may result from the integration of solar thermal-
electric systems into the local social and institutional structure.

A.	 LEGAL-REGULATORY

The legal-institutional environment is composed of regulatory and
organizational requirements that delineate procedures minimizing distur-
bance to neighboring developments, the natural environment, and the gen-
eral public which may accrue from the construction and operation of new
developments. Regulatory agencies and regulations differ from site to
site because the subjects of regulations (for example, natural resources,
public health, and economic development) differ. However, there are
broad categories of regulations and regulatory agencies that are common
to all sites and there are development projects that require the involve-
ment of specific types of regulatory agencies at all sites. Table 6
indicates some of the agency types which may be involved in the develop-
ment of solar thermal-electric power plants.

Table 3. Regulatory Issues

Land Use	 Federal Lands
State Lands
Regional, County and City land use plans
Municipal zoning ordinances

Construction	 Building Codes

Safety of Personnel 	 Occupation health and safety agencies

Pollution Control	 Air and Water Quality Agencies
Health Agencies

Wildlife Protection	 Fish and Game Agencies

Cultural Resource	 Historical Preservation Agencies
Protection

Electric Utility Public Utilities Commissions
Federal Department of Energy
State Energy Commissions

Environmental Assessment	 Federal Environmental Legislation
State environmental legislation
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The body of law and regulation is important to solar thermal-
electric power plant siting because of the possibility that some regu-
lations may preclude solar development. First, regulations can prevent
the acquisition of construction and operation permits. Second, regula-
tory agencies can attach conditions to the permits which may cost the
developer more than the benefits he expects to receive from his develop-
ment. Third, the time required for permit acquisition may be too lengthy
and procedures too complex for the time and money resources available.

Solar thermal-electric power technology is new, and, therefore,
no regulations specifically governing solar thermal power plant activi-
ties exist. Regulatory agencies are unfamiliar with solar plant pro-
cesses and consequently are unsure which regulations may apply to them.
Therefore, the first experimental solar systems may have to deal with
conditional permits and time delays beyond those required of conven-
tional development projects.

Because of possible regulatory time delays and conditional permits,
regulatory agencies experienced in handling various types of development
projects and sites with proposal teams who have experience in dealing
with regulatory agencies may be preferred to sites without this exper-
ience. Alternatively, a site with relatively simple regulatory proce-
dures may be preferable to a site with complex regulatory requirements,
regardless of the experience of the regulatory agencies and proposal
teams. For example, sites with limited water supplies may have regula-
tions covering all possible aspects of water use and water quality pro-
tection as opposed to sites with overabundant water supplies whose regu-
latory agencies are enforcing only basic pollution control measures.

B.	 COIMMUNITY/REGIONAL SUPPORT

Solar thermal-electric power plants will of necessity interact
closely with the communities they serve. The electricity they gener-
ate must be integrated into the distribution system of the local util-
ity and be available during times of peak demand to be of greatest
value. The plants must comply with local regulatory requirements and
will require services such as roads, water, sewer, and telephone. They
may require manpower and materials for site preparation, construction,
and operation, and may need to share transportation facilities with
local citizens.

Because of the diversity of these interactions, it is very impor-
tant that local public opinion be in favor of solar thermal power plant
development. Public opinion has a strong influence nn government and
regulatory agencies. It can either delay or accelerate regulatory
processes, and can cause publicity to be either positive or negative.
Public opinion is important to all prospective solar thermal-electric
power plants but may be of even greater importance to the first engi-
neering experiment because of the various functions the experiments
must perform.
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The first solar thermal-electric experimental power plants are
primarily intended to provide the developers of solar thermal-electric
technology with important performance data that will be utilized to
improve plant performance. The production of utilizable electricity is
a secondary goal. It may take several years for the plants to attain

acceptable efficiency. In the interim, plant performance is open to
public scrutiny, which could lead to adverse publicity. This may injure

development programs, preventing the required research to achieve maxi-
mum efficiency. Therefore, a site within a community positively
inclined toward plant development or with a need for the type of gener-
ating capability a solar thermal power plant can provide may prove to
be a more beneficial site than one in a community without this inclina-
tion or need.

While adverse publicity is clearly a disadvantage, the lack of

public information concerning solar thermal-electric technology may also
hinder its development. A third function of the first experimental
solar thermal-electric power plants is to demonstrate and publi^ize the
technology and its possible applications to those who may have need

for an electrical generating plant of this type and an interest in utiliz-
ing it. An ext-emely remote site with a dearth of communication media,
such as newsnap,,rs, newsletters, radio or television coverage, may not
perform thi, publicity function as well as a site with access to these

facilities. Convenient access may also be an important aspect in com-
munity integration. As in the saying, "a picture is worth a thousand
words," public inspection may do more to popularize solar thermal-
electric power than many other aspects of the plant.

Other important site conditions relating to community relation-

ships are the availability of community resources to support solar
thermal-electric power plants, their stability , experience, and innova-
tion. Close interaction between solar thermal power plants and the

communities they serve may maximize both the plant's utility to the
community and plant operating efficiency by ensuring power is delivered

when needed, services required by the plant are provided reliably, and
adverse plant impacts on the community are minimized. Disadvantages may

result from close interaction if the community is unable to provide the
support solar thermal power plants require.

Communities with experience managing and regulating development
projects may be better equipped to interface with solar thermal power

plants than communities without this experience. Experienced communi-
ties have dealt with regulatory agencies and officia.q . are familiar

with the procedures and time scales involved, have existing management

procedures for large development projects and management personnel
familiar with them. However, also of importance are the flexibility of
management procedures and the diversity of development projects the

community has encountered. Management procedures developed for specific
types of development, although well understood by all community manage-
ment personnel, may not facilitate the management of new development

projects. A highly specified and structured management procedure may
even hinder the management of new development types by trying to force

management procedures to fit development projects they were not designed

to encompass.

I t
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VI. SOLAR THERMAL POWER PLANT IMPACT

Previous sections of this report have discussed site attributes
from the perspective of their acceptability to solar thermal power plant
development. In this section, solar thermal power plant activities will
be discussed from the perspective of possible impacts on their sites.
A site may be considered inadequate for solar thermal development if the
plant's impacts are significant and cannot be mitigated. Solar energy
systems may impact the environment less than any of the conventional elec-
tricity generating technologies. However, as a new technology, there
may be impacts which have not yet been identified. As solar thermal
technology is developed, it will be important to these environmental
impacts and determine their significance.

A.	 ECOLOGICAL IMPACT

Every development project disrupts the flora and fauna on and
around its site. The degree to which this disruption is significant
depends on the rarity of the species, and whether the site has been pre-
viously disturbed.

Prior to final site selection, an ecological assessment indicating
the impact the plant may have on the wildlife habitat of the area must
be identified. Some species of plants and animals are protected because
they are rare. These species are listed on federal and state endangered
species lists. Collection of ecological data should include all species
on the proposed site and in the immediate area emphasizing those inclu-
ded on endangered species lists and any species in the area which have
been nominated for inclusion. A site containing endangered species
could not be utilized for solar thermal development unless major steps
are taken to protect them.

k;	 Once construction is complete and the plant is operating, there
may be additional ecological impacts. The plant subsystems including 	 a

kr	 cooling will increase shading and require washing which may encourage

d.

	

	 the growth of different types of vegetation than-,those existing pre- 	 4
viously. This may in turn attract new species of animals and birds and
the intrusion of new species into an area can significantly impact present
ecology. It is expected that the growth of vegetation between collectors
will be fairly carefully controlled, thus reducing the significance of
this impact. Additionally, chemical solvents may be used to clean col-

„

	

	 lector surfaces which may poison some species. The on-site vegetation,Pj
already heavily impacted by construction of the plant, may not consti-
tute a significant impact in this regard. There may not be any on-site
vegetation once the plant is complete.

The quantity and toxicity of the transport fluids and cleaning

c	 solvents utilized by solarthermal-electric plants will depend on the
plant design. However, they are expected to be less environmentally

_	 damaging than those used in many conventional residential and commercial
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operations. In addition, all ligLid waste disposal will be regulated by
water quality control agencies, and the plant will be designed to mini-

mize the possibility of accidental releases and pipeline leaks. However,
to ensure ecological safety, the pathways inadvertant releases would
travel through the environment and sensitive organisms that could be

impacted by these releases should be identified at each prospective site.

Another potential impact is noise. Solar thermal electric plants
are expected to produce less noise than fossil fueled plants of equiva-

lent sizes since they do not involve combustion. The significance of
this impact depends on the final design and size of the engines and the

proximity of the site to people and ecological systems sensitive to
noise. In sensitive areas, noise mitigation measures could be
implemented.

B.	 MICROCLIMATE AND AIR QUALITY

The primary resource that solar thermal power plants require to
operate is sunlight or insulation. Insolation is utilized as fuel, and,
unlike the fuels utilized by conventional electricity generating power

plants, no mining is required, no waste products are produced, no air
contaminants are released, and no transportation problems result from
its use. These are the major impacts of fossil-fueled and nuclear power

plants. In comparison, solar thermal-electric power plants seem to have
few impacts that can be directly attributed to their fuel source.

Change of an area's solar radiation budget is a potential impact

peculiar to solar thermal power plants. This would result from the
concentration and collection of a large amount of sunlight in an area
instead of allowing it to be dispersed naturally. A change in the
radiation budget may influence the microclimate of an area. Presently,
investigations are being performed to determine the degree that clima-
tological conditions may be impacted by changes in the radiation budget
due to solar thermal power plants. Plant size is expected to be an

important factor. The impact of a 1-MWe solar power plant with regard
to radiation budget and climatological changes is expected to be

insignificant.

Local climatology may also be influenced by cooling. The type of
cooling equipment and ambient temperature together dictate the size and

height above ground of vapor plumes, the severity of fog, which may
block insolation, icing and augmentation of rain and snow. However,

these impacts would occur in any industry utilizing a cooling technology.

The protection of air quality is represented by the federal Clean
Air Act administrated by the Environmental Protection Agency. Many
state and local agencies have adopted more stringent standards. Solar
thermal power plants must comply with the regulations of the local air
quality protection agency with jurisdiction over its site. If a local
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air quality protection agency does not exist, the regulations of the
EPA are applicable.

Solar thermal power plants are expected to impact air quality most
significantly during construction when heavy equipment grading the site
and Installing the collectors will raise dust and exhaust combustion pro-
ducts into the atmosphere. If the plant has a fossil fueled component

for operation wizen insolation is unavailable the engine exhaust will also
impact air quality. Although neither of these sources are expected to
represent a significant impact on the ;sea's air quality, however they
must be evaluated by both the site participant and the air quality pro-
tection agency with jurisdiction to ensure local air quality will not be
significantly degraded by plant activities. Compared to a conventional
facility generating 1MWe the operation of a 1MWe solar thermal-electric
power plant represents a net improvement in air quality.

C.	 WATER USE

To coordinate a solar power plant's water use with that of the

community, the use patterns of the surrounding area should be ascertained.

Regardless of the source, natural hydrology (rivers, lakes, and aquifers)
or municipal water supplies, it must be determined that water use in the

plant should not overburden the existing local water system and that
plant water requirements will be satisfied even in times of drought. To
some extent water use is dependent on the type of community. Agricul-
turally based communities have seasonal water use patterns, while indus-
trial, commercial, and residential communities have daily peaks. Each
of these users may also require water of different qualities.

Water use compatibility between solar plants and communities is
also dependent on the specific uses of the water. The introduction of

harmful chemicals into a water system by solar plant activities may not
be allowed by local water agencies. Water treatment facilities and
water quality regulations vary from site to site. Some communities
have minimal treatment facilities and regulations ;chile others have
very sophisticated treatment facilities and stringent regulations.
Usually, sophistica^ed equipment and regulations are found in areas
with limited water supplies. In these areas water treatment of some
kind is a requirement prior to return to the reservoirs. It will either
be treated by the user or in a community waste water treatment facility.
Solar thermal power plants must coordinate their disposal of waste water
with the local regulatory agencies in all areas but particularly in

the areas where water is in limited supply.

If the natural hydrology is the source for water uses in the area,
great care must be taken by solar power plants to prevent depletion of

the resource, lowering of water quality, or alteration of hydrologic
systems that may adversely impact the natural environment as well as
other water users. Local regulatory agencies influence the configura-
tion of water use and disposal to such a degree that solar thermal power
plants must coordinate with them from a very early stage in site selec-
tion. Compliance with these agency regulations ensures more than any

other single measure that the plant is compatible with an area ' s estab-
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lished water use patterns because their regulations take into account
the quantities and qualities of water available in local sources, the

peaks of use, and environmental protection.

U.	 1AND USE

The primary impact Vf land used for solar thermal-electric power

plants is compatibility and competition with existing and planned land
uses for the sites themselves and for rights-of-way for access roads.

A solar plant that is compatible with or well integrated into a commun-
ity's existing land use patterns will serve the community and achieve
success much sooner than plants which are not.

Successful integration into an area's land use patterns can be
achieved in several ways. One way is to follow zoning ordinances and

land use trends. Most communities have land use plans in which specific

land uses are designated in specific areas or zones. In California,
municipalities are also required to develop General Plans to shape their

future growth. Included in General Plans are land use elements that
attempt to direct the physical growth of municipal areas to maximize

their aesthetics as well as their economics. Solar thermal. power plants
must comply with General Plans, in cities and counties that have them.

An awareness of local zoning or planning agency concerns may

facilitate solar thermal power plant integration into a community
measurably. It is expected that solar thermal power plants will
require zoning changes on most sites. As in the case described for

water use, sensitivity to the requirements of local agencies ensures

developers of a clear right to develop solar power plants in an area
and guards against delays due to unforeseen regulatory requirements.

E.	 COMMUNITY

Power plant construction, operation, and maintenance activities

may have significant impacts on the community. The degree to which

these activities may impact communities is dependent on the type of
community and whether manpower; equipment, and materials will be obtained

from within the community or whe,-her they will be imported from surround-
ing areas. A community with a work force possessing appropriate skills,
adequate quantities and qualities of materials and equipment for solar
power plant development will be least im pacted by solar thermal power
plant activities. They are more likely to be impacted favorably, if
impacted at all, because of increased business from plant activities.

Because the workers are in reslden^:o, city services are already accom-
modating them and do not require expansion to maintain adequate service.

A community without these resources may be Impacted significantly.

The importation of peopl.-, materials, and equipment will create more

traffic, add to the demand on the water supply and sewage treatment faell-
ities, make additional demands on electric utilities, and may drive plant
costs up. If plant employees move their families Into the area, schcx^i%,
fire and police protection, and housing may also be %trained. The

significance of these impacts vary with the size of the community, the
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distance between the solar power plant site and the community, and the
willingness and capability of the community to meet solar thermal power
plant requirements.

i

F.	 SAFETY

During plant construction, the safety of the general public would 	 r
be threatened in ways similar to the construction of a fossil-fueled
generating power plant, however, on a smaller scale. It is during the
operation of solar thermal-electric power plants that some safety issues
arise which are unique to solar plants. The first issue to be discussed
is concerned with the consequences of a solar collector focusing, sun--
light on people, buildings or other objects outside plant boundaries.

A typical parabolic concentrator in a distributed receiver system
has a focal distance of approximately 6 m (20 ft) and concentrates effec-
tively only when pointed at the sun. Hence, there should be no safety
hazard due to improper alignment. However, the heliostats in a central'
receiver system may have focal distances of several hundred feet. The I
reflected sunlight from a single heliostat is only slightly concentrated,
but eye damage is a potential hazard at the focal point of a misaligned
heliostat.

To alleviate concern over this issue, sites for central receiver 	 y
plants may require guarded buffer zones. More study is required on the
potential hazard within the field area. There is also a secondary focal
point at a greater distance from a heliostat or concentrator. However,
intensity at the secondary focus is much reduced, similar to the glare
reflected from glassy surfaces.

t At certain angles the heliostats of a central receiver plant may
reflect light or glare, which may distract or temporarily blind opera-
tors of automobiles and aircraft in extreme cases, causing them to lose`
control.	 However, glare from solar thermal power plants has not been
studied in enough depth to be sure how strong the glare might be, at
what'angles and distances it is disrupting, and exactly how disrupting
it really is.	 This indicates that central receiver solar thermal power 	 f

rplants with a glare hazard should not be sited adjacent to freeways or
airports unless there are mitigating factors that eliminate the glare-
uncertainty.	 Glare may also have impacts unrelated to safety.	 For
aesthetic or nuisance reasons, glare may be an unwanted impact of solar
thermal-electric plants in close proximity to communities.

4 The safety of the general public may also be threatened by toxic
3 chemicals if any are used as transport fluids. 	 All liquid waste dis-

posal will be regulated by water quality control boards to ensure envi-
ronmental and public health protection; therefore, safety hazards from
these chemicals would only result from accidents or pipe leaks. 	 The
degree of threat posed by toxic plant chemical accidents depends on the
specific chemicals used and the processes within the plant in which
they are used.	 As a siting criterion, the probable pathways of'Inadver-
tent toxic chemical releases should be analyzed at each prospective
site, both airborne and waterborne.

t	 t
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Water pollution control regulations prevent the disposal of con-
taminated water outside plant boundaries. If these regulations are
complied with, there should be no impact on the ecology outside plant
boundaries due to cleaning solvents. However, accidental releases and
pipeline leaks must not be discounted.

r°
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