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PREFACE

The work reported here was sponsored by DOE and NASA as part of their
Satellite Power System Concept Development and Evaluation Program (SPS—CDEP).
One of the objectives of that program is the comparison of the technological,
envirommental, societal, and economic aspects of the SPS with those of selec-
ted alternative energy systems after the year 2000.

The purpose of this work was the formulation of a methodology for the
comparative assessment portion of the SPS-CDEP. This methodology is an
initial prescription, rather than a program plan, for performing a comparative
assessment and is expected to be further developed and refined as the assess-
ment proceeds. The scope of this methodology does not include any specific
program limitations; therefore, program planners must consider time and

budgetary constraints when using this work as a reference.

The results of the comparative assessment are to be used as input to
the overall evaluation program. That program will provide information to
the energy policy data base, which will be used in decision making on post-
1980 research and development programs for the SPS.
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ABSTRACT

\This report is a deseription of the initial method-
ology for the Comparative Aseegsment of the Satellite Power
System Comgept Development and Evaluation Program of NASA and
DOE. Ineluded are etudy objectivee, issue identificationm,
unite of measurement, methods, and data bases. The energy
systems concerned are the satellite power system, several
coal technologies, geothermal energy, fission, fusionm,
terrestrial solar systems, and ocean thermal emergy conver-
sion. 4/ Guidelinee are suggested for the characterization of
these syetems, eide-by-side analysis, altermative futures
analyeie, and integration and aggregation of data. The bulk
of thie report is a deseription of the methods for assessing
the technical, economic, environmental, societal, and insti-
tutional issues eurrounding the deployment of the selected
energy technologies.

1 INTRODUCTION

The purpose of the Satellite Power System Concept Development and
Evaluation Program (SPS-CDEP*) is to gather information that will reduce
uncertainty and clarify decision making regarding the continued development of
a satellite power system technology after fiscal year 1980. The SPS evalua-
tion program is divided into five functions (Fig. 1l.1): 1) systems defini-
tion, 2) evaluation of the envirommental, health, and safety factors of the
SPS, 3) evaluation of societal issues, 4) a comparative assessment (CA) of
alternative energy systems, and 5) planning and analysis. The objectives
of these functional categories are as follows:

e Systems Definition: Produce a reference SPS concept for

the assessment of technical possibility, envirommental and
social acceptability, and economic viability.

e Envirommental Assessment: Determine the potential impact
of the SPS on the enviromment and on the health and safety
of the SPS workers and the general public.

® Societal Assessment: Determine the international, insti-
tutional, resource, and other impacts that might inhibit
or constrain the deployment of SPS technology.

e Comparative Assessment: Compare the SPS with selected
near—term and advanced energy technologies at the time
of implementation (2000).

*Satellite Power System (SPS) Concept Development and Evaluation Program
Plan, July 1977-August 1980, National Aeronautics and Space Administration
and U.S. Department of Energy (February 1978).
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® Planning and Analysis: Provide proper direction to the
overall SPS—-CDEP or to any of its parts.

The envirommental, societal, and comparative assessments of the SPS-CDEP will
provide feedback to the systems definition activity, to assist in the develop~

ment of a more viable SPS concept.

Comparative Assessment

The comparative assessment has been divided into four parts:

1. Comparative Methodology: The framework and methods of
evaluation are established.

2. Energy Alternatives Characterization: The terrestrial
alternatives are defined in terms of their cost, perfor-
mance, and environmental and societal attributes in the
post-2000 era.

3. Comparative Evaluations: The information compiled in
the comparative assessment and in other parts of the
SPS program is used to evaluate the SPS and other
technologies.

4. Management and Integration: Data from other parts of

the assessment are assembled and integrated into a form
useful to decision makers.

The major inputs to the comparative assessment are the results of
research conducted on systems designs and on the economic, envirommental, and
societal aspects of the deployment of the SPS and alternative technologies.
The purpose of the comparative assessment is to evaluate and synthesize the
information obtained into a consistent format useful for making comparisons

between future energy systems.

The results of the comparative assessment will be incorporated into a
data base used in policy formulation. To ensure the usefulness of program
outputs, several reviews of intermediate and final outputs by experts external

to the program have been planned.

Comparative Methodology

The comparative methodology must perform the following functions:
1) establish a framework of assessment information that incorporates differeant
comparative viewpoints, 2) develop a classification system in which the
envirommental, social, and economic issues can be grouped into meaningful

categories for the decision maker, 3) identify the units of measure that are



used to compare the envirommental, social, and economic issues, 4) establish
quantitative and qualitative strategies (approaches, methods, models) of data
collection and analysis for an issue assessment, and 5) identify sources of
data for the comparative assessment. Published and unpublished sources of
information, computerized data bases, and assessments already performed on
alternative technologies will be used to form a data base that will serve as a

traceable reference point for all comparisons.

The next section describes the four stages of the assessment framework
(technology characterization, side-by-side assessment analyses, alternative
futures analyses, and assessment integration) and the selection of energy
alternatives and issues. Section 3 contains a detailed description of the
comparative issues to be studied in the assessment and the units of measure
that could be used for comparing these issues. 1In addition, methods of data
collection and analysis and the sources of data for this assessment are
discussed. Because it is an initial attempt at a general methodological
framework for the comparative assessment and because it will be modified as
it is used, this methodology may not reflect the same understanding of the
issues as that which will finally result from the assessment activities.




2 ASSESSMENT FRAMEWORK

The purpose of this section is to describe the comparative framework
for assessing the technical possibility, economic viability, and social and
environmental acceptability of the alternative energy systems and of the SPS

at the time of its implementation.

As shown in Fig. 2.1, there are six main analytical procedures for the

comparative assessment:

e Comparative issues selection

e Energy alternatives selection

o Energy system characterization

e Side-by-side analysis of energy systems
e Alternative futures analysis

e Integration and aggregation

First, the important issues and alternative energy systems are selected
for comparison. Then, the individual energy—system characterizations provide
reference data on technology cost and performance, resource use, and resid-
uals. Side-by-side analysis normalizes the energy output from each system and
allows the options to be compared on the basis of impact per umnit output.
The alternative futures analysis incorporates these results into energy
supply/demand scenarios that are designed to examine specific issues and
potential problems. Integration and aggregation of the large amounts of data
and information provided by the analysis should aid decision makers in
formulating SPS program recommendations. The comparative assessment frame-
work, as indicated in Fig. 2.1, is a phased sequence of assessment steps
designed so that each major element will provide progressively more sophis-

ticated and more detailed information to these decision makers.

In each step of the assessment, the effects of the SPS and the alterna-
tive technologies are compared in areas such as electrical energy cost and
performance, envirommental impact, resource use, health and safety problems,
economic and societal effects, and institutional problems. The results of the
comparisons will be useful in analyzing issues of concern and will serve as
input to the final SPS concept assessment, integration, and recommendation
process. The following sections describe each step of the comparative assess-

ment framework in more detail.



SISv8 LN3LSISNOD

NO NOILYWYO4NI

40 LNNOWY 394Y1
371ANVH OL J4NLINYLS e

NOILVONIWWNOO 3Y
SHINVIN NOISIDIa
LSISSV 0L MHOMIWVYS o

juswssassy sarieredwo) ayil 1oy aouanbag o13LTRUY

AD07T000HL IW
NOILYD3499Y/NOILVYD ILNI

$31907000HL 3N
NOILYO3Y¥99Y/NOILYHDILNI
IAILYNYILY

s3yn1nd
JAILYNY3LTY ¥04
SLIVdNI 40 NOSIHYANDD »

SISATYNY SINSS| @

SISATYNY S3ynind
JAILYNYILTY

SNOILINE43Q
014¥YN30s

NOILI373S
SIAILYNYILTY ADUINT

T1°2 *3814
SISATYNY LOVAMI o
SISva 1NdLN0
LINA ¥3d NO
NOSIHVANOD o
| ‘013 e
- SVNQIS3Y o
s 35N 304N0S3Y o
JONVNHO4Y3d o
* $150D o
$T300W
LOVdMNI
NQLLYZI¥3LOVHYHI
SWILSAS ADYINI

SNOILVDI4I1D3dS
TVIINHOIL

1

NOILD373S
$INSSI JAILYYYANOD




2.1 SELECTION OF COMPARATIVE 1SSUES

Significant issues arising from the deployment of SPS and the alterna-
tive terrestrial power systems are identified and described in the process of
comparative issues selection. The issues selected for the comparative
assessment must not only be general enough to accommodate differences among
the alternative technologies, but also specific enough to be truly commen—
surable. For example, among the energy systems being compared, the sPsl alone
entails microwave power transmission.* The interaction of the microwave
beam with the atmosphere may cause atmospheric heating, which, in turn, could
cause climatological problems or interfere with electromagnetically sensitive
systems (e.g., communications transmitters/receivers). In addition, disper-
sion or scattering of the beam could result in public or occupational health
and safety problems. However, since microwave energy is not a feature of any
of the alternatives that might be selected for comparison with SPS, the issues
cannot be described simply along the lines of microwave problems. Therefore,
the approach taken here is to define comparative issues in terms of the

stakeholder concerns, that is, climate, welfare, and health and safety issues.

Figure 2.2 illustrates the classification system that was devised for
comparing technologies. The issues are grouped under five major categories:
cost and performance, envirommental, economic/societal, resource, and institu-
tional. The definitions of some of these categories are unique to this
methodology and therefore should not be confused with definitions reported
elsewhere. The relative importance of each of these issue areas is not clear
at this point. As the assessment proceeds, some issues may be eliminated on
the basis of relative unimportance, unavailability of data, or overlap with

other issue areas.

The issues grouped under cost and performance concern the cost of
construction, operation, and maintenance of an energy system, in terms of both
capital costs and of operation and maintenance costs. Included in this group
are system performance issues, e.g., the reliability and overall value of an

alternative technology to the complete energy—supply system.

*The current baseline method for transmitting power from the satellite to
earth is via microwave beam.
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Environmental issues are divided into two subcategories: those that
directly concern public and occupational health and safety and those that do
not directly concern these areas. Environmental issues not directly related
to health and safety deal with problems such as damage to buildings from air
pollution, loss of radio-frequency communication due to microwave interfer-—
ence, changes in land values resulting from deployment of an energy tech-

nology, and crop damage due to climatological changes.

The issues grouped under health and safety are subdivided into those
concerning public health and safety and those concerning occupational health
and safety. Health basically refers to chronic problems, whereas safety
refers to more acute problems such as accidents, spills, and unexpected
releases of hazardous pollutants. For the SPS, occupational concerns include
the effects of prolonged labor in geosynchronous earth orbit (GEO) and the
safe limits for such activity, the risks of large-scale space construction,
and the effects of Van Allen belt radiation; occupational concerns for other
technologies include accidents during mining, milling, construction, and
operation. Public health and safety issues arising from deployment of the SPS
are largely associated with the effects of short—term and long-term exposure
to low-power density of microwave energy. The issues of fuel transportation
accidents, and pollutant and particulate emissions are mainly associated with
fossil fuel systems, whereas the effects of radioactive waste and the threat

of subversive actions are associated with nuclear systems.

The category of economic/societal issues is divided into two parts:
macroeconomic and socioeconomic effects. The deployment of energy technol-
ogies will result in socioeconomic effects (e.g., temporary and permanent
shifts in population, near-term and long-term services, and employment oppor-
tunities). The macroeconomic subcategory concerns national economic issues
(like balance of trade, effect on the gross national product, and capital

demands). Institutional comparisons deal with the effects of existing insti-

tutions on the deployment of a technology (regulatory impacts), the institu-

tional changes resulting from the deployment of a technology (e.g., new labor
unions, new training programs), and international considerations (e.g.,
foreign regulation and participation). The resource category includes five
subcategories: '1and, labor, materials, energy, and water. Here, key concerns
include resource limits, production limits, degree of foreign dependency, and

need for new skilled labor.
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2.2 SELECTION OF ENERGY ALTERNATIVES

A large number of technologies (listed in Table 2.1), including seven
fossil options, three geothermal options, five nuclear technologies, and five
solar technologies, were initially considered for selection as alternatives to
the SPS. The following criteria were used to arrive at the reduced list of
energy alternatives shown in Table 2.2:

¢ The list must be kept to a minimum because the systems

selected will be studied in detail in the energy charac-—

terization step (consequently, representative systems
from major technology areas were chosen).

e Energy output must be in the form of electricity.

e Commercial availability should be possible after the
year 2000.

e The technology must have the capability for baseload
operation.

e The technology must have an available source of fuel for
many years.

® Design information on the technology must be available.

These criteria allow the inclusion of currently used technologies that
have improved performance since their original deployment, as well as the
selection of new technologies that are being developed or technologies that
are still at the conceptual stage (those for which little engineering design
information exists). Note that the selection of alternatives that lack a
complete design may cause difficulties in performing the comparative assess-
ment; thus, some technologies may have to be excluded at a later date on the

basis of inadequate data.

This preliminary list of energy alternatives groups the technologies
into seven areas. Several methods of producing electricity from coal combus-—
tion are included under coal technology. Each of these methods is an improve-
ment over conventional coal combustion environmentally, economically, or
technically., These methods will therefore be grouped as one alternative to
the SPS with several options in terms of environmental, technical, or economic
performance. Due to limited fuel resources and the fact that no new gas~ or
oil-fired plants are planned, gas and o0il have been eliminated as sources of

substantial quantities of electricity in the post—2000 era.
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Table 2.1. Candidate Alternative Technologies

Fossil-Fueled

Gas
0il
Coal/Stack Scrubber
Coal/Fluidized Bed
Coal-Gasification/Combined-Cycle (CG/CC)
Coal/Magnetol¥ydrodynamics (MHD)
Molten Carbonate Fuel
Cells with Gasifier

Geothermal (steam, water, hot rock)

Nuclear

Light Water Reactor (LWR)

LWR [Plutonium (Pu) Recycle]

Liquid-Metal, Fast-Breeder, Reactor
(LMFBR) [Plutonium/Uranium (Pu/U);
Uranium/Thorium (U/Th)]

Fusion

Solar

Terrestrial Photovoltaic

Solar Thermal

Wind

Biomass

Ocean Thermal Energy Comversion (OTEC)
Solar Heating & Cooling

Process Heating & Cooling

Table 2.2 Preliminary Energy Alternatives

Coal Technology

Stack Scrubbing, Fluidized Bed,
Combined Cycle MHD, Molten Carbonates
with Gasifier

Geothermal

LWR

IMFBR

Fusion

Solar (Photovoltaic, Thermal)
+ OTEC
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The second alternative to the SPS is the hot rock concept of geothermal
energy. Geothermal steam and hot water energy were eliminated as electrical
energy sources because in the post-2000 era they will be too small to compete
with the other central-station alternatives of electrical generation. (How-
ever, these geothermal concepts may still be included in the energy supply
picture, as will be discussed later.) The availability of a hot rock geother-
mal design and proper identification of enyirommental, societal, technical,
and economic issues may make it difficult to properly compare this alternative
with the SPS, but it is included in the list of preliminary alternatives at
this time. There is a strong possibility that hot rock geothermal energy will

be a significant energy source on a regional basis.

Because of different resource demands and envirommental problems,
two systems of nuclear fission were selected for the assessment: light water
reactors (LWR) and liquid-metal, fast-breeder reactors (LMFBR). Plutonium
recycle will be considered as an option in the LWR alternative. Several LMFBR
options may be included in order to assess the technical, economic, environ-

mental, and societal viability of this technology.

Fusion, which has several potential concepts, was chosen as a separate
alternative. The lack of a design and insufficient identification of the
environmental, societal, technical, and economic performance of this alterna-
tive may exclude it from the comparative assessment at a later date. However,
it would be wrong to exclude fusion from the comparative assessment since it

is potentially a huge source of energy.

Two direct solar options should be considered in the preliminary
assessment: photovoltaic systems and thermal systems. Since SPS is a central
station, baseload type of system, the preliminary comparison should be to a
central station, solar alternative; however, later assessments could include a

comparison to a distributed solar technology.

The seventh energy alternative to the SPS comprises ocean thermal
energy conversion systems (OTEC). Although this type of technology has

limited geographic application, it nonetheless can become a significant

baseload energy source.
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2.3 ENERGY SYSTEM CHARACTERIZATION

Following the selection of energy alternatives and the preliminary
selection of comparative issues, the energy system characterizations will
provide the basis for the comparative analysis. The objective of energy
system characterization is to define and describe reference energy systems
that are the principal alternatives to the SPS. The data for these charac-
terizations will be assembled according to the following criteria:

e Characterizations should use readily available informa-

tion.

e Characterizations should be performed and documented
by experts.

e Each technology characterization should be intermally
consistent,.

e The set of characterizations should display overall
consistency and facilitate comparisons with the SPS
concept.

e Characterizations should be comprehensive enough to
allow adequate evaluation of issues (failing this cri-
terion, a candidate technology may have to be dropped
from consideration at a later date).

o Characterizations should include the areas of uncertainty
in the technology definition.

e Characterizations should be credible to the stakeholder.

Figure 2.3 illustrates the relationship of the energy characterizations
and the comparative assessment data base. Characterizations consider the
complete fuel cycle (i.e., resource extraction, processing, transportation,
conversion, and waste disposal) and quantify the effects of the energy supply
systems in terms of cost and performance, resource use (land, water, labor,

materials) and residuals of the energy systems.

The characterizations of the reference energy systems generally will
not attempt to carry the impact analysis beyond quantification of residuals,
resource use, and performance. For example, the expected emission of sulfur
dioxide from a coal-fired power plant with scrubbers will be specified.
However, the ambient concentrations and associated health effects will not be
part of the characterization but will be included in the side-by-side analysis
to the extent that they have been quantified. Many of these non-cost issues
will be included in the analysis on a qualitative basis.
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OUTPUT TO COMPARATIVE
ASSESSMENT DATA BASE

COST AND

PERFORMANCE

= Energy Output

- Cost (incl. R&D)

- Reliability

ENERGY SYSTEM

CHARACTERIZATION RESOURCE USE INPUT TO
= Resource Extraction |—m -~ Water )i SIDE-BY-SIDE
= Processing - Energy
= Transportation - Land ANALYSIS
= Construction - Materials
- Conversion - Labor
- Waste Disposal
- Decommissioning

RESIDUALS

- Air

- Water

= Land

~ Waste

Fig. 2.3 Energy System Characterization

Since the goal is to compare the SPS and its alternatives at the time
of SPS implementation, judgments must be made on the technologies available,
the resources available, and the regulatory climate that will exist at that
time. For example, the earliest implementation date may be approximately the
year 2000. The current world energy situation and U.S. energy policy indicate
that large-scale use of natural gas and petroleum for electrical generation is

not likely for that time period. (In fact, no new gas- or oil-fired facili~
ties are being ordered.)

Studies2~7 that will be helpful in these investigations are available.
The well-documented studies by Hittman Associates,2 as part of the Matrix of
Environmental Residuals for Energy Systems (MERES) effort,3 will be useful for
establishing initial characterizations of current technologies and some

advanced concepts. The characterizations will require updating and extension
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to the post-2000 conditions that are established as part of the comparison. A
Jet Propulsion Laboratory (JPL) report? and its supporting studies will help
to establish the conditions and special considerations associated with an SPS
comparison. NASA reference designs, and environmental and societal assess-
ments will be used where appropriate. A MITRE report is available for con—
sideration of solar technologies.7 There are many assessments that provide
characterization information, but many of these are internally inconsistent

or do not provide the basis for consistent traceable reference designs or
both.

The output from the characterization phase will serve as basic informa-
tion for decision makers. However, without further analysis, this data is of
limited value, since it will describe alternative systems of varying capaci-
ties and will merely list the technology characteristics, resource require-
_ ments, and residuals. Therefore, the characterization output will also be

used as the foundation for the side-by-side analysis.

2.4 SIDE-BY-SIDE ANALYSIS OF ENERGY SYSTEMS

The objective of the side-by-side analysis is to perform an initial
comparison of the SPS and its alternatives. This comparison is the initial
analytical step of the comparative assessment, and it consists mainly of a
listing of information (some detailed, some summary) for each of the energy
systems, Information categories cover technical, economic, envirommental,

health and safety, and societal issues.

A side-by-side comparison tabulates normalized effects on a consistent
basis for inspection and analysis by decision makers and researchers. Al-
though some elements of side-by-side analysis have been performed for conven—
tional technologies on a comprehensive basis, these have limited applicability
to the SPS Concept Development and Evaluation Program because the SPS com—
parative assessment must be concerned with SPS competitors and thus must
analyze technologies and expected conditions after 2000 rather than conven-

tional technologies and current or near-term conditions.

The side-by-side comparison will provide useful but somewhat limited
information for decision makers. Although it uses a nondynamic approach (not
accounting for changing conditions), the comparative assessment includes

specific assumptions about certain exogenous economic variables such as GNP
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growth rates and discount rates, and assumptions about international trade and
political relationships, e.g., the absence of major wars and the maintenance
of world trade stability. Side-by-side comparison provides a relative listing
of impacts and effects of alternative technologies and does not display for
the decision maker the regional sensitivity of technology impacts or the
synergistic effects of envirommental impacts. The side-by-side analysis
approach will assume that those variables are "exogenous” and will not attempt
to account for their interdependence with the technologies under study through
the use of a feedback process.  This "partial equilibrium" approach is, in
reality, incorrect but methodologically useful because of the quality of the
data available for the comparisons and the precision of the comparative

methods.

As shown in Fig. 2.4, the side-by-side analysis accepts the system
characteristics of each alternative technology as input. Since technologies
differ in characteristics such as nominal capacity, reliability, geographic
acceptability, and electrical output, the first step of the side-by-side
comparison is to normalize* the system characteristics to some comparable
parameter, usually electrical energy output. A proper normalization results
in technology descriptions that are internally and thermodynamically consis-

tent, yet which represent the future unit capacity mixes.

The second step of the side-by-side comparison applies impact data,
models, and other available tools to derive the impacts associated with
the deployment of the technologies. For example, the technology characteriza-
tion and normalization tasks provide basic characteristics such as employment
and job type requirements for the construction and operation of the alterna-
tive technologies. This second comparison extends the analysis to the appli-
cation of accident rates and severity, by job type, to derive and tabulate the

normalized person—-days lost due to accidents and injuries.** The side-by-side

*The term "normalized comparison” simply means that quantifiable impacts
are expressed in terms of amount per unit output of electrical energy, like
a megawatt-year (MWe-yr). Thus, a 5-MWe system that provides energy contin-
uously for one year and expels 1,000 tons of pollutant to the enviromment in
the process will be characterized by the normalized amount of 200 (or
1,000 =+ 5) tons of pollutant per MWe-yr of electrical energy; similarly, a
1-MWe plant that operates for half a year and produces 50 tons of pollutant

is assigned the normalized amount of 100 (or 50 # *) tons of pollutant per
MWe-yr.

**1t is difficult to derive this figure for existing, well-known technologies;
extrapolation to future technologies is even more difficult.
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comparison ‘will use the resource requirements, e.g., dollars, labor, and
materials, characterized for each technology, and arrive at the relative
attractiveness of the alternatives with regard to these characteristics.
Similarly, the normalized environmental residuals as characterized for each
technology may be modeled for some typical or standard site using available
dispersion and pollutant transport models. Local air quality, water quality,
and envirommental consequences can be derived and tabulated for each tech-
nology on the basis of modeling assumptions and population distribution used
in the definition of a standard site.

2.5 ALTERNATIVE FUTURES ANALYSIS

The alternative futures analysis will place the results of the energy
characterizations and side-by-side analysis into a dynamic framework that
considers different plausible future conditions. The analysis will help
address impacts that may have synergistic characteristics or that result from
multiple plant effects. The results of the analysis will improve under—.
standing of the effects of SPS implementation in key issue areas. An integral
part of the analysis is the creation of scenarios (statements about future
supply, demand, lifestyle, resources, regulations, etc.), which serve as
inputs to the alternative futures analysis. These scenarios, coupled with
impact models, are used to describe possible alternative futures in terms of
parameters such as economic indicators, population, envirommental conditioms,

and institutional responses.

The primary objectives of the alternative futures analysis are:

e To provide a comparison of the impacts for different
future economic, social, and political conditions.

e To focus on the effects of SPS with respect to selected
key issues that will require decisions.

o To provide input for the assessment and integration
process and the final comparative assessment.
The following criteria have been selected to guide the choice of
scenarios:
® A small number of scenarios should be used, and they
should be feasible and representative.

e They must 1llustrate a suitably large range of alter-
natives, policies, and economic and social conditions
(or at least those of major concern or interest).
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e They should also organize the results of preceding
assessment activities (namely, discussion of issues and
interpretation of energy system characterizations).

® They should highlight or identify major categories
of issues for further analysis.

e Uncertainty should be included in a consistent and

efficient manner.

The alternative futures analysis will indicate the effect of SPS implementa-

tion on several variables (Fig.

.o,

Level of Aggregation
e World-wide

¢ National
e Regional

e Local

It must be emphasized that

2.5), at different levels of aggregation,

Variable

COy production
Plutonium production

Resource use
Balance of payments

Air quality
Land use

Employment
Ecology

the scenarios are not predictions or fore-

casts but rather are indications of the conditions that would be expected to

exist given the judgments concerning scenario definitions and technology

availability. This approach is useful because of the large uncertainties

present in estimating future conditions. The following are examples of such

conditions.

Parameter
e Socioeconomic conditions

e Lifestyle

e Energy technology
availability

e Regulation

¢ Environment

® Resource constraints

e Issue identification

Examples of Uncertainty

Population, GNP

Impact of conservation on energy
demand, decentralized society

IMFBR, coal gasification,
terrestrial solar

Pollutant emission standards,
ambient air quality standards

COy, waste heat effects

Uranium, oil and gas, wind,
construction materials

What issues will be especially
important in decison making
on future energy technology?
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Uncertainties in these major parameters can be examined using the scenario
approach that is based on consistent sets of assumptions and policies.
A scenario does not have a probability of occurrence associated with it but
instead addresses key issues and, perhaps, reveals other problems that result

from that feasible future.

The scenario approach has proven valuable in previous studies of
alternative energy futures.8-11 Indeed, one of the benefits of the approach
is stimulation of discussion, such as accompanied studies by Meadows et

al.,12 and lLovine, 13,14

Some sample scenario characteristics of energy supply and demand
are outlined in Table 2.3. The focus of the SPS evaluation is on the need for
electrical power and the alternative methods for satisfying it. The use of
many decentralized energy options is treated primarily by reducing the energy
demand for central-station, baseload electrical generation. However, it might
be meaningful to compare the impacts of one or two of the decentralized
technologies that might be competitive with SPS, e.g., distributed photovol-

taic systems.

The process of scenario construction is described in Fig. 2.5. After

identifying the key issues, a set of policies and assumptions is formulated

Table 2.3 Scenario Characteristics of
Energy Demand and Supply

Demand

1. National Energy Plan II

2. Strong conservation

3. Emphasis on electrical energy

4. Emphasis on nonelectrical energy
5. Emphasis on decentralized options

Supply
l. National Energy Plan Il e Year 2000 SPS
introduction
2. Reliance on coal e Year 2020 SPS
introduction
3. Reliance on nuclear energy e No SPS
4. Heavy use of distributed e Minimal use
technologies of centralized

technologies
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concerning the topics indicated in the figure. A limited number of scenarios
can generally illustrate the range of alternatives without overwhelming the
analysts and decision makers with data. A classification system such as that
shown in Fig. 2.2 aids in organizing the results and in reminding users and

analysts of the major categories for comparison and the perceived key issues.

After the specification of the issues, policies, and assumptions
that define the scenario, computer models can be used for scenario simulation.
This in fact becomes the objective of the modeling effort: to provide the
l1ink between the scenarios and what they might mean in the future. The
computer models provide an efficient method for quantifying energy supply-
demand options and generating a consistent set of scenario effects. The

choice of models 1is governed by the following criteria:

e They must be thoroughly tested and proven reliable.

o They must be readily available and well documented (this
precludes the use of models that are proprietary in
any manner).

e They must be cost efficient.

One of the first steps in the modeling effort is to establish consis-
tency between the economic and energy characteristics of the scenario. Models
reviewed by the Energy Modeling Forum,15 including PILOT and DRI-Brookhaven
models, would provide the desired framework and consistency. Another model
that treats substitution between capital, labor, and energy and integrates
long-term supply and demand projections is the ETA-MACRO Model.16 Following
selection and use of one of these models that treat energy-economic inter-
actions, other models may prove useful for developing the associated impacts

for each scenario, as measured by the categories of effects shown in Fig.
2.2,

The scenario results are not always easy to determine or understand
because of complexities such as the following:
o Interdependencies among economic, technological, and
ecological characteristics, as mentioned previously.

o Difficulties in identifying costs and benefits and in
associating them with specific groups.

e Uncertainties in scenario parameters and changes over
time.
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® Difficulties in communicating this complex material.

e Different preference structures for scenario evaluation.l’

The multiple—objective nature of the problem is evident from Fig. 2.2.
The tradeoffs between costs, health and safety, land use, aié quality, re-
source use, and jobs are difficult to make and naturally are subject to many
different conclusions. Thus, the scenarios can serve not only as indications
of the effects of deployment on the listed attributes but also as input to
a framework for evaluation. Aggregation techniques, which are addressed in

the next section, can heip address some of the compiexities.

2.6 ASSESSMENT INTEGRATION AND AGGREGATION TECHNIQUES

The purpose of this section is to introduce a number of techniques that
are potentially useful in the integration and aggregation step of the com—

parative assessment. The techniques are described in order of sophistication.

The objective of all these integration and aggregation techniques is to
analyze the data assembled for the comparison of SPS with other future terres-—
trial technologies. A further objective is at least to begin reducing the
complexity of the decision-making problem, which is aggravated by the large
amounts of supporting data for each technology, by various techniques that are
also described (e.g., by performing some formal tradeoffs or setting priori-

ties for objectives).

There are a number of criteria that can be used in deciding the appro-
priate level at which to conduct such integration and aggregation analysis.
Some of these criteria are the following:

The number of measurement categories desired.
The number of alternatives desired.

The manner in which viewpoints over priorities are deter-
mined, represented, and incorporated into the decision-
making process.

e Use of uncertainty.

e Degree of inclusion of interactions between variables
and priorities.

e Suitability for describing dynamic and time-varying
conditions.
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The degree of appropriateness of any of these criteria is yet to be
determined and depends critically on the degree of quantification of variables
and effects that is achievable throughout the entire program. The intent of
this program is to be adaptive and thus to utilize all of these techniques as

the need arises.

Six techniques were investigated in an initial period of study:*
engineering economics, cost-risk-benefit analysis, matrix methods, scoring
models, venture analysis, and decision analysis. Each of these offers a
unique analytical capability that may be useful in the context of a large

comparison such as that planned for SPS.

Since the cost of generating electric power is a significant factor in
this evaluation, various methods for performing economic analyses were stu—
died.18-20 Popular keywords in the open literature are "engineering econo-
mics” and "conventional finance.” In such economic analyses, concepts of
economic efficiency, e.g., present value, return on investment, and payback,
are important. These techniques are highly popular and well suited for aiding

decision making in situations where only the cost variable is important.

However, because of concerns about envirommental and social effects and
technical feasibility, in addition to economics, there is a need to go beyond
the scope of such cost analyses. Cost—-risk-benefit analys1521’23 tradi-
tionally promises to explicitly include externalities. This is typically done
by expressing external costs and internal costs on a common, usually monetary,
scale. This can be rather difficult, especially when setting a dollar figure
on the value of a human life, but it does produce a single number, which
reflects the relative value of each alternative, for the particular set of

value judgments chosen.

Matrix methods24 avoid this problem by simply identifying all the
items of concern, whether they are internal or external, qualitative or
quantitative, quantifiable or nonquantifiable. The items are arranged in
matrix form to clearly identify alternatives and decision criteria. Some

analysts then augment these with index numbers to indicate: (1) the environ-—

*The references cited in this section generally provide both theoretical
information and examples of applications that should be of use to the
reader interested in further detail.
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ment or population affected, and (2) the level or seriousness of the impact.
The decision maker must intuitively weigh the output of a matrix method to
make a decision if no single alternative dominates the rest. Scoring
models23-27 again push for a bottom line number by assigning weights to each
of the factors in the analysis. Then, taking the impact level or a qualita-
tive index describing the 1level, and multiplying by the scoring weight, an
overall score can be determined for each alternative. This score may be used

to rank the desirability of the alternatives.

All of the foregoing methods treat uncertainty, a key concern in the
SPS evaluation, in a “"brute force” fashion. It is usual to perform a sen-
sitivity analysis to test the effects of extreme outcomes. Venture analy-
sis 28,29 explicitly includes uncertainty in the analysis by creating a
probability distribution for the factors of interest. Usually only one factor
is considered, generally an economic efficiency variable. Assuming that one
factor is sufficient for comparing alternatives, the decision maker must
be able to discern the most preferred probability distribution out of a group
of probability distributions. Inclusion of more than one factor, especially
externalities like envirommental or societal interests, is difficult if not
impossible.

Decision analysis30‘32 also treats uncertainty in an explicit manner
while providing the methodology for including any number of factors in the
analysis and performing trade-offs between factors. Combining the notions of
aggregation from scoring models and uncertainty from venture analysis with the
notion of careful quantification of preferences for individual factors results
in a powerful method for evaluating complex preference structures. An impor-
tant example is risk aversion, which is preference for high-probability
but low-impact-level risks over low-probability but high-impact-level risks,
even though both have the same expected level of impact.

All of these methods are potentially useful for varying degrees or
depth of analysis of key issues, comparison of impacts, and evaluation of
various scenarios relating to SPS and other future terrestrial alternatives.
The degree of appropriateness of any of these methods is yet to be determined
and depends critically on the degree of quantification of variables and

effects that is achievable throughout the entire program.
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3 METHODOLOGY FOR COMPARATIVE ASSESSMENT

The purpose of this section is to describe specific techniques that may
be used to perform the assessments within each of the comparative issue
categories illustrated in Fig. 2.2 and described in Section 2.2. The method-
ology described here provides a general assessment framework and does not take
into account the realities of future energy program constraints. The methods
described here concern the issue selection and energy system characterization
steps and will supply modeled impact data for the integration and aggregation

steps.

The following format is used to describe each comparative issue assess-
ment: (1) a preliminary description of each issue, including definitions and
objectives, (2) an identification of the units of measure for comparing these
issues, (3) a description of available methods (i.e., approaches, models,
paradigms) to obtain issue comparisons in the selected units of measure,
and (4) a preliminary identification of potential data bases (e.g., data,

previous assessments, and characterizations).

Final selection of the methods used will be guided by the particular
objectives and needs of each issue area. However, the following generaliza-

tions can be made:

e Evaluations must produce outputs that are useful to
policymakers and decision makers.

e Data and evaluation results must be well documented,
self-consistent, and traceable.

Assessments must be timely.

® Assessments must meet resource constraints.

The general flow of activities involves first a characterization of the
issue and its parameters, and specifying scenario conditions is part of this
first step. Data from the characterization are then used in computational
models that provide some quantification of the issue. Results of such
calculations will be analyzed to provide input for program recommendations.

Figure 3.1 gives a general flowchart of the methodology.
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CHARACTERIZATION CALCULATIONS OF ANALYSIS
OF AND/OR OF
ISSUE & PARAMETERS | 7| DESCRIPTION OF [ ™| RESULTS
IMPACT

Fig. 3.1 Flowchart for General Methodology

3.1. COST AND PERFORMANCE

The objective of the cost and performance methodology is to make
the existing cost estimates for the SPS and its alternatives consistent and to
provide perspective on the approach and assumptions of procedures for deter-
mining SPS costs. Performance levels (i.e., system reliability) of tech-
nologies in electric utility systems are an important part of a cost analysis.
The relationships between costs, individual performance, and system perfor-

mance are complex.

The following guidelines are pertinent to the data to be assembled

and calculations to be performed in the cost and performance analysis:

e Cost data will be assembled on a consistent basis.

# Calculations will be performed according to established
and reproducible methods.

® Consistent sets of assumptions will be used across
technologies.

Issue Description

The cost and performance issues discussed in this section are classed
as either direct or indirect. Direct costs primarily concern the technology,
and indirect costs concern such aspects as the impact of energy costs on
electrical consumption or the dislocation costs of shutting down facilities
of decreasing viability due to the strong entry of the SPS into the commercial

market.

The four main issues concerning energy technology costs are as follows:

1. Value of a Technology. The value of an energy technology is

determined by taking the difference between the cost of generating electricity
with the new technology and the cost of generating electricity without the new
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technology. Thus, value may be interpreted as the upper bound estimate of the

price an electric utility would be willing to pay for a new energy technology.

The calculation is carried out as follows (Fig. 3.2):

First, a reference electrical system is expanded using
a new energy technology whose costs are not well-known
but whose operating characteristics (size, reliability,
maintainability) can be adequately described. The overall
system cost (costs for the technologies within the system)
and performance are determined.

Second, a conventional technology, whose costs (e.g.,
capital costs and fuel costs) and operating characteris-
tics are well-known, is assumed, and the reference system
is expanded so that it reasonably approximates the system
performance calculated for the new technology in the first
step.

Third, the difference in overall system cost between
the two steps provides an upper-bound estimate of value of

the new technology.

2. Ownership Mode. What are the cost impacts of SPS ownership modes

on groups within our social structure? Economic impacts will mainly be

considered in terms of taxes and financial risks (i.e.,

private ownership).

CHARACTERIZATION CALCULATIONS

Reference System i

New Technology

\ System Reliability
i

Power Demands }

Generating Costs
Cost Factors
(Fuel Costs,

Money Rate, etc.)

capital cost for

ANALYSIS

Energy Allocation |——= System Costs

Fig. 3.2 Flowchart for Cost and Value Calculation
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3. R&D Costs. What are the costs of future research and development
for SPS and selected alternative technologies? If these costs were arbitrar-
ily charged to electrical generation over a plant construction interval, e.g.,
30 years, would they significantly reduce the value of the technology to
utilities?

4, Cost Uncertainties. What are the cost uncertainties? How can they

be incorporated into the analysis in a meaningful and helpful manner? The
goal is to produce bounds on cost estimates and to identify critical cost

factors.

The following are the two main issues concerning performance of alter-

native technologies:

1. System Performance. What are the impacts of adding many units of a

specific technology to utility systems on the mix of generation plant types,

fuel requirements, and general utility operation?

2, Location and Technology Application. What are the regional vari-

ables of deployment of the various technologies, e.g., siting requirements,

location of fuel or heat sources, and transmission distances?

Units Of Measure

The unit of measure most frequently used in evaluating cost issues is
the cost of electricity, expressed in mills/kWh. This unit is used because
the product (energy) is measured on a unit cost basis by the consumer, who
sees the monthly or bimonthly bill in dollars but views specific electricity
costs in terms of cents/kWh. In some instances, the electric bill shows a
demand charge in terms of dollars per kilowatt plus an energy charge per
kilowatt hour. For these reasons, analysis of electricity costs for the
various technologies will focus on the mills/kWh at the busbar of the gene-
rating plant. Transmission costs will be included where applicable on an
incremental basis, 1.e., the added transmission cost that may clearly be
assigned to a technology because of such factors as increased distance of the
facility from the load center or the need for special transmission lines. All
four cost issues (value of a technology, SPS ownership mode, R&D costs, and
cost uncertainties) will mainly be analyzed in mills/kWh. In addition, the
R&D costs (i.e., future costs related to research and development of energy

technology elements) will be expressed in terms of the dollar expenditures
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needed to develop the technology. Of major concern in the area of cost
uncertainties is the capital cost of the energy facility, which is usually
expressed in dollars per kilowatt. Table 3.1 summarizes the units of measure

for the cost issues.

The measurements involving technology performance will be expressed
largely in relative terms because this activity will be, for the most part,
qualitative in nature. For those comparative measurements that can be ex-
pressed in physical units or with an indicative parameter (e.g., forced outage

rate), numerical quantification wiil be used.

Methods

The central analysis will be the estimation of the value of a tech—
nology to electrical energy generation systems after 2000. This involves the
use of reference utility generating systems33 and expansion of these using
improved current techmnologies. Expansions of the reference utility system

can then be made using the alternative energy technologies.

Calculations will be made under a number of conditions that involve
coal and uranium prices, real escalation of capital goods costs and labor

costs, and electrical power growth rates. In addition, a few evaluations of

Table 3.1 Units of Measure for Cost Analysis

Issue Units

1. Value of Technology Mills/kWh and $/kW

2. Ownership Mode Mills/kWh and $/kW

3. R&D Costs Mills/kWh and dollars

4. Capital Costs Mills/kwh and dollars

5. Cost Uncertainties Mills/kWh, or probability distributions
of mills/kWh; also dollars/kW if suitable

6. System Performance Quantitative or qualitative description of
impacts depending on performance parameter

7. Location and Technology Energy source availability by region (DOE

Application -electrical energy regions or reliability

council) and potential transmission costs
in mills/kWh

8. Operation and Maintenance Mills/kWh

9. Decommissioning Cost - Dollars
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alternative future scenarios involving other parameter changes will be made.
On the whole, a large number of cases need to be studied with system expansion
periods of 10 to 30 years for each case. To construct these analyses effi-
ciently will require the use of an appropriate computational tool, that is, a

utility expansion model.,

There a number of such models¥* available,34 and the following criteria
for model selection will be used: 1low computer costs, availability, nonpro-—
prietary nature, and internal consistency. Low computer costs and nonpro-
prietary nature are particularly important to assure that results of the SPS
comparative assessment can be reproduced, checked, and challenged (if need be)

by researchers outside the SPS-CDEP program.

Most of the numerous computational models for cost analyses of individ-
ual electrical generating technologies employ straightforward procedures for
calculating engineering cost. In cooperation with the Departmenf: of Energy
[then the Energy Research and Development Administration (ERDA)] and the
Electric Power Research Institute (EPRI), the MITRE Corporation sponsored a
workshop on engineering economic analysis of advanced technologies and re-
viewed many analytical approaches and their implications.35 An approach
that uses the revenue requirement calculations for economic comparison of
alternatives is described in the EPRI Technical Assessment Guide.3®  Prelim-
liminary calculations have been performed wusing this approach, and these

indicate the applicability and ease of use of this well-documented method.

The issues of cost impacts of ownership mode, R&D costs, and cost
uncertainties will be studied with simpler analytical techniques that use a
single technology and employ cost-levelizing procedures (i.e., equivalent
annual costs). Some of these estimates will include a parametric variation

approach, In all, a large number of simple calculations will be required.

Analysis of "system performance” issues will be accomplished mainly
through a discussion for each technology characterized. Issues involved

in location and technology application will be analyzed in the same format

*e.g., the General Electric Optimized Generation Planning (OGP) program,
the Westinghouse Capacity Expansion Program, the Wien Automatic System
Planning (WASP) Code, and the Argonne National Laboratory Electrical Utility
Generating System Analysis Code (SYSREL).
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for each technology. These evaluations will be both qualitative and quan-

titative in nature.

Data Bases

A guideline of this assessment is that the data required should be
readily available to groups that may wish to make their own analyses. This
cannot be completely guaranteed, but proprietary data cannot be used because

the traceability requirement that is standard for public assessments would be
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jeopardized. Omne of the fi 5 to identify the recemt literature
containing cost and performance data. Tables 3.2 and 3.3 contain some nominal
input data and some assumptions, respectively, from a methodology report on
solar-thermal power plant studies.37 These examples are typical of the

input required for the SPS study.

In order to promote uniformity in their evaluations, EPRI has issued a
technical assessment guide,36 that will serve as a source of data where

applicable. The data are both national and regional in character.

MITRE has prepared a nine-volume collection of systems descriptions
and engineering costs’/ for the Division of Solar Energy in DOE. These
data support the SPURR model (System for Projecting Utilization of Renewable

Energy Resources) and will form part of the data base for the SPS assessment.
3.2 ENVIRONMENTAL IMPACTS

3.2.1 Health and Safety Effects

The objective of this analysis is to assess the extent of known and
potential public and occupational health and safety impacts due to the SPS and

alternative energy technologies.

Issue Description

It is generally accepted that the relative impact on human health and
safety is among the most important considerations in a comparative evaluation
of alternative technologies. The general acceptance of high priority for
health and safety issues does not imply, however, that quantification of such

effects will result in common values for straightforward ranking of systems
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Table 3.2 Nominal Values in Cost Analysis

' Nominal
Nominal Inputs Value
Utility Description Data:
System operating lifetime 30 years
Annual “"other taxes" as a fraction of the capital
investment (CI) 0.02
Annual insurance premiums as a fraction of CI 0.0025
Effective income tax rate 0.40
Ratio of debt to total capitalization 0.50
Ratio of common stock to total capitalization 0.40
Ratio of preferred stock to total capitalization 0.10
Annual rate of return on debt 1.08
Annual rate of return on common stock 9.12
Annual rate of return on preferred stock 0.08
General Economic Conditions
Rate of general inflation 0.05
Escalation rate for capital costs 0.05
Escalation rate for operating costs 0.06
Escalation rate for maintenance costs 0.06
Base year for constant dollars 1976
Nominal Intermediate Outputs
Cost of capital to (and internal rate of return in)
a typical utility 0.08
Capital recovery factor (8%, 30 years) 0.0888
Typical annualized fixed charge rate 0.1483

Source: Ref. 37,
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Table 3.3 Economic Work Sheet

Assumptions

Solar plant
Plant concept
Plant size (MWe net)
Collector area (Effective m2)
Storage size (MWh npet)

Utility system

System identification of load profiles
Identification of generating mix
Insolation identification

General economic

Basic cost of capital

Base fuel costs (¢/million Btu per year; escalation rate)

Nuclear
Coal
0il

Gas

Base capital cost ($/kWe per year; escalation rate)

Nuclear

Coal-steam
Oil-steam
Combined—-cycle
Combustion turbine
Pumped storage hydro

Solar plant cost
Capital cost ($/kWe per year)

Operating and maintenance costs ($/year)
Carrying charge rate

Source: Ref. 37.
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because energy systems differ not only in the level, but also in the manner in
which health and safety effects are incurred. These differences affect
society's perceptions of “acceptable” health and safety impacts and thus
should be preserved in the analysis. Following are short descriptions of
differences to be included to the extent possible with available analytical

tools.

The first aspect in which energy systems differ with regard to health
and safety issues is impact severity. There are a number of quantitative
measures of the severity of accidents and disease. One straightforward
approach, which will be used here, is to estimate the number of deaths
incurred and the number of person-days lost. Nonfatal events span a range of
health impacts from nominal to permanently disabling, with a corresponding
range of cost impacts, both emotional and financial. These differing effects
can be combined into single units of measure such as person-days-lost (PDL) if
productivity is the factor under consideration. Where practical, other
factors such as emotional impact and public perception of the impact severity

will also be considered.

Energy systems also differ in whether they affect occupational popula-
tions or general populations or both and in the levels of such impacts.
Occupational health effects from energy technologies are generally character-
ized by high risk to small populations, whereas public health effects are
generally characterized by risks that are low but affect large populations.
Therefore, separate categories will be maintained for public and occupa-

tional health impacts.

Impacts due to accidents and disease will also be considered. Acci-
dents 1involve immediate cause-effect relationships and are generally per-
ceived as avoidable. As a result, mitigation procedures to prevent acci-
dents are relatively straightforward, although possibly expensive. Cause-
effect relationships for disease are much less visible and not as immediate.
Latent periods between exposure and response may span years and mask the
original cause. In addition, the range of individual responses to accidents
is relatively small compared to that for disease--there may be significant

differences among individual responses to similar exposures.

ntinn af health effects and the ability of society
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the effects occur in one event or are spread out over a period of time, i.e.,
whether they are catastrophic or noncatastrophic. The high visibility and
potential magnitude of catastrophic events increase both public awareness and
the short-term costs of dealing with the effects of such events. Catastrophic
events also overload the capacities of available health systems. Health
effects from noncatastrophic events are more easily accepted because of their

chronic nature.

Closely related to the last consideration are immediate and delayed
effects. Immediate health and safety effects require immediate action (e.g.,
hospitalization and medical care) and, as such, are more visible and more
accurately reported than are delayed effects. Delayed effects such as cancer
or mutation are often "lost”™ due to the lack of visible cause-effect relation-
ships, migrating populations, and reporting errors. The costs of immediate
effects must be dealt with immediately whereas the costs of delayed effects
may be considered to diminish the value of future societal contributions by
impeded energy development and the necessity for developing mitigating proce—
dures. As a result, immediate health risks are perceived differently from
delayed health risks by both the general public and policy makers. Thus, the

assessment of the two types of risks will remain separate.

Units of Measure

Public and occupational impacts on health and safety will be compiled
according to the units of measure listed in Table 3.4. Within each of the
categories in that table (accidents, disease, catastrophic events), the units
of measure begin with qualitative descriptors (e.g., accident hazard descrip-
tion) and proceed through progressively more quantitative evaluation measures
(e.g., percent of accident occurrences resulting in person-days lost greater
than some x). This format not only allows detailed compilation of impact
estimates for energy systems such as conventional coal and nuclear systems,
for which more precise quantification is possible, but also provides for
preliminary comparison with advanced technologies, for which, in many in-
stances, information is currently limited to the qualitative identification of

potential risks or hazards.

The categories in Table 3.4 will be used for each energy production

system and also for each of the major phases of each system (e.g., raw
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Table 3.4 Qualitative Indicators and Units of Measure
of Public and Occupational Health and Safety
Impacts per Unit Output

Accidents

Hazard description
Fatalities
Nonfatal occurrences

Average PDL (person-days lost)
% occurrence of PDL greater than some x

Disease

Causal factors and description of potential impact
Pathway

Exposure level

Deaths

Immediate
Delayed
Average reduction in life span

Nonfatal disabilities

Immediate
Delayed
Average PDL

Catastrophic events

Potential event description
Rate of occurrence (probability)
Deaths

Immediate
Delayed

Nonfatal disabilities

Immediate
Delayed
Average PDL

Total PDL
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material extraction, material processing), described in the following methods
subsection. The quantitative units of measure will be based on some unit of
output energy (e.g., per MWe). Since many health and safety effects cannot be
precisely estimated with current knowledge, it is important that where quanti-
tative estimates are included, an estimate of the uncertainties should also be
given so that premature technology comparisons are avoided and areas for

further study are identified.

Methodse

The basic study approach (see Table 3.5) is to initially provide, with-
in the consistent framework described in the preceding subsection, largely
qualitative descriptions of the significant health and safety issues for each
of the broad categories of energy alternatives to be considered. Where
readily available, these issue descriptions will be supported by quantitative
information; however, the initial issue description will precede the full
development of technology characterizations and will thus be limited in the
degree of quantification possible. Included as part of the issue identifica-
tion will be listings of potential toxic or carcinogenic components within the
process streams and effluents; descriptions of potential impact pathways;
pollutant toxicity levels and dose responses, if known; industrial sectors
supporting the energy technology; the nature of occupational hazards within

those sectors; and feasible scenarios for occurrence of catastrophic events.

The preliminary issue identification of the health and safety assess-
ment will be an important source of information for defining the methodology
for more quantitative evaluations that will utilize more detailed charac-
terizations of the energy systems and options. The quantification in the
second step of the hea}th and safety assessment will be utilized in side-by-
side comparisons of generic unit systems. The final steps in the comparative
evaluation will consider the influence of variations in geographic distribu-
tion and level of deployment in the alternative futures analysis and evaluate
the cost and effectiveness of strategies for mitigating the health and

safety impacts of the alternative technologies.

For purposes of uniformity and consistency in the comparative evalu-
ation, the health and safety issue identification for each energy production

system will be compiled separately for each of the following components of the
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Table 3.5 Components of the Comparative Assessment of Health
and Safety Impacts

Step 1 - Issue Identification

Preliminary Energy System Definitions (Qualitative)

System Fuel Cycle
Coal Raw Material Extraction
Nuclear Material Processing
Geothermal Fabrication
Solar Terrestrial Transportation
SPS Construction

Operation and Maintenance
Waste Disposal and Deactivation

Identify Health and Safety Issues (Qualitative and Quantitative Where
Readily Available)

Toxic and Carcinogenic Process Components and Residuals
Exposure and Impact Pathways

Exposure Effects

Accident Hazards

Description of Potential Catastrophic Events
Probability of Catastrophic Event

Step 11 - Side-by-Side Comparative Assessment

Detailed Energy System Definitions (Quantitative, from External Study)

Deaths, Person-Days Lost (See Units of Measure, Table 3.4)
Level of Uncertainty
Identification of Data Gaps and Research Needs

Step III - Alternative Futures Comparative Assessment

Alternative Futures Definition (from External Study)
Level of Technology Deployment

Geographical Distribution

Alternative Futures Health and Safety Impact Severity
Cumulative Effects

Regional Differences

Step IV - Impact Mitigation Assessment

Options for Health and Safety Impact Mitigation

Cost
Effectiveness




41

fuel cycle: raw material extraction; material processing, fabrication, and
transportation; construction; operation and maintenance (0&M); waste disposal;

and deactivation.

Health and safety impacts due to raw material extraction, including
mining for fuels such as coal and uranium as well as for component materials
such as iron, copper, and bauxite, will be evaluated. Also included is
extraction of materials indirectly used in the component construction (e.g.,
coal used for steel production). The primary impacts on occupational popula-
tions will result from the safety uncertainties inherent in extraction activi-

ties, although exposure to health stresses such as coal dust will also be
important,

Material processing includes coal and nuclear fuel processing, and
production of components such as steel, aluminum, copper, cement, and lumber
necessary for fabrication of energy technology structures and process machi-
nery. Occupational impacts include exposure to stresses such as metal fumes,
heat, dust and noise, as well as umsafe working conditions. Public health

risks include exposure to atmospheric, aquatic, and solid waste emissions,

Health and safety aspects of the production of steam generators,
photovoltaic cells, copper tubing, and other process components necessary for
each technology will also be considered. Occupational risks will include
exposure to machinery such as stamping presses and chemical stresses such as

exposure to gallium aluminum arsenide.

Also included will be the transportation of fuels, processed materials,
fabricated components, and wastes, from the point at which they are produced
to the point at which they will be utilized or disposed of.

The construction phase of the energy cycle includes assembly of com-
ponents at the facility site. Carpenters, plumbers, electricians, and steel
and concrete workers assembling the plant will be exposed to major health and
safety risks. The transportation of needed raw materials and process compo-

nents will result in additional occupational and public health impacts.

Routine O&M procedures will result in occupational health and safety
impacts on plant personnel. The magnitude of effects will vary with tech-
nology. Potentially significant public health impacts may result from

environmental emissions from process waste streams.
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The health and safety impacts of handling and disposal of waste mater-
ials from energy facilities will differ significantly with each technology.
For example, the occupational and public impacts of disposal of nuclear wastes
or carcinogens from coal gasification processes will be different from those
due to disposal of photovolatic cells from centralized solar facilities.
The category of impact resulting from the latter situation will include
disassembly and disposal or recycling of the decommissioned facilities.

Depending on the nature of the health and safety risks, various techni-

ques will be used for estimation; however, generic approaches will be defined

for the following impacts:

Occupational accidents and disease
Effects of air pollutant inhalation
Radiation effects

Transportation effects

e Catastrophic occurrences

The approaches for estimating each of the listed impacts will be
addressed in the following paragraphs. For each component activity of the
fuel cycle, the person-hour labor requirements will be established on the
basis of national productivity and employment statistics. Data on accidents
and disease in the industry will then be utilized to determine their rates of
occurrence in the energy-related activity. These data can be obtained from
both state and federal sources as well as industrial reports. A primary
source of such information is the National Bureau of Labor Statistics, which

routinely gathers and disseminates occupational accident data.

Existing emission rates or emission rates subject to anticipated
state or federal standards are utilized to determine air pollutant exposure
for a generic population. Dose response functions have been adopted from the
work of S. Morris38 of Brookhaven National Laboratory and will be fitted to a

generalized cigarette consumption model.

Radiation releases from all segments of the nuclear fuel cycle are well
documented in the open literature (see bibliography for some key references).
These emissions can be used to estimate the population dose from the cycle.
The health effects from low-level radiation can be quantified in terms of
radiation-induced cancer mortality. Such an analysis would include the

relative risks of developing specific tumors.
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For each phase of each energy technology assessment, the tons of
material requiring transportation, the travel mode, and the number of miles
transported will be developed on the basis of process needs and locational
estimates. These factors will be used in conjunction with train, truck, barge,
and pipeline occupational risk statistics, number and severity of grade-
crossing accidents, and other related public health data to determine health
and safety risks associated with each energy technology. In the case of SPS,
a unique and important area of interest and concern is that surrounding the

transport of materials to GEQ, including the risks of rocket launchings.

Catastrophic occurrences are primarily related to potential accidents
in the nuclear fuel cycle and have been evaluated in detail (Rasmussen re-
port).39 Such occurrences in other technologies are feasible but have not
been quantified in similar detail. Preliminary estimates of the 1likelihood
and the magnitude of possible catastrophes will be made through analogy with

documented man-made and natural disasters.

Data Bases

As discussed in this section, the basic study strategy is to compile
results of previous energy-related health and safety studies into a prelimi-
nary comparative framework. Key references and data bases to be critically
reviewed and utilized are listed in the bibliography. This listing does not
include anticipated input through discussions with participants of previous or
ongoing health and safety studies, which may be particularly significant for
identifying the effects of developing technologies.

3.2.2 Welfare Effects

Several types of environmental degradation effects are not directly
related to public or occupational health and safety. For the purposes of this
methodology, these effects will be referred to as environmental welfare
effects, since they concern the well-being of individuals., Included in this
group are effects such as materials corrosion, deterioration of aesthetic
quality, removal of bodies of water or land from desired uses, and crop
damage, The welfare effects associated with an SPS system include radio
frequency interference, communications disruption, interference with electro-

magnetic equipment (e.g. electronics, computers, electro-optics), and land use
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disturbances. Specifically excluded from this category are effects on health
and safety, natural biological systems, resource depletion (including direct
land and water use), and social and economic dislocations. Conditions fol-

lowing accidents were also not included in this study.

At issue in the SPS comparative assessment is how the welfare impacts
associated with SPS deployment compare with those of other energy supply
systems., However, further analysis 1is required to identify which of the

impacts are the most important in the determination of welfare effects.

Determination of the environmental welfare effects of each energy
technology begins with an examination of the various activities involved in
the fuel cycle beginning with extraction of the resource and extending through
the production of electricity and decommissioning. These activities result in
environmental impacts such as noise and air and water emissions. In turn, the
envirommental impacts could result in welfare effects such as property damage,
climatic change, interference with other activities, and aesthetic distur-
bances. Fig. 3.3 shows this activity-impact-effect chain used for categor-
izing the environmental impacts and welfare effects of the various activities

in the fuel cycle.

Units of Measure

Since the welfare impacts span a wide range of conditions, there is
no single metric that can be used to quantify the extent of the effects. 1In
some instances (e.g. deterioration of aesthetic quality) it is not possible to
quantify the effect at all. The comparative assessment will, therefore,
employ a number of measurement units to address the issues. For those
impacts that can be readily measured by economic costs, the metric will be the
dollar value of the impact (e.g., cost of retrofit of electronic equipment to
eliminate interference, cost of providing additional noise insulation).
Other impacts (e.g., land use disturbance) will be measured by the number of
persons affected. Qualitative evaluations of the extent of impacts (e.g.,
severe aesthetic degradation) will also be made. Other metrics will be

developed as appropriate.
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Methods

The analysis will begin with a systematic identification of the welfare
impacts of the various energy supply technologies. Impacts will be identified

for the entire fuel cycle.

Next, a set of metrics will be selected for estimating the extent of
the effects. Where appropriate, the metrics will be grouped for the purpose
of direct comparisons between technologies. For example, the number of
persons affected by the appropriation of land for the energy supply system can
be a metric common to all of the technology systems. Some of the economic
costs can be compared directly whereas others must remain distinct (e.g., the
cost of retrofitting personal television sets to eliminate interference must
be borne by the individual consumer, as opposed to the cost of crops damaged
by air pollution). The process of selecting and grouping the metrics will

determine the types of comparisons that can be made.

The quantification, where appropriate, of the extent of the impacts is
the next step, An important point to emphasize is that no attempt will be
made to reduce all of the impacts to a common metric such as cost. Many
previous efforts at doing this have resulted in extended controversies over
assigning weighting values to diverse impacts, since there is no consensus
about the proper way to compute the common metric. The analysis will there-

fore preserve the diverse metrics for evaluation.

Synthesis of the results into a comparison of the technologies will
be the final step. Conclusions will be drawn for those metrics that are

common to all the systems, and a qualitative evaluation of the other issues

will be made.

Data Bases

A literature review will be used to assemble information on conven-
tional energy system (e.g., coal, nuclear) impacts. The data for nonconven-
tional systems (e.g., terrestrial solar) will be estimated using concep-
tual system definitions. Sources of information on SPS will be the environ-
mental and societal assessments of the CDEP, both of which will be generating
data useful to this analysis.
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3.3 RESOURCES

For the comparative evaluation of resource consumption by SPS and
alternative techmologies, five resource categories have been selected: land,
critical materials, energy, water, and labor. A more in-depth analysis will
investigate the cumulative effects of the technologies in differeant scenarios.

3.3.1 Land Use

The objective of the land category 1is to characterize the nature,
purpose, and effects of land used by an energy technology. Criteria used to
characterize land use include: area, time (temporary versus permanent),

and lost opportunity (recreation, preserves, agriculture).

Issue Description

In comparing energy alternatives, one of the critical resources that
must be evaluated is land. The first and most obvious issue that must be
addressed is simply the amount of land that a given technology will require.
Second, the length of time the land will be required must also be determined.
For some technologies, the area required will vary throughout the plant's life
cycle. For example, different amounts of land may be required during the
plant's construction, operation, and after shutdown (such as for storage of

nuclear waste).

Also of interest is the location of the required land. The location
will have a bearing on direct cost and social costs. The direct cost (e.g.,
$/acre) will obviously vary with location. In addition, the location may
affect other land requirements, such as the amount of right-of-way needed for
transmission lines. Social costs will depend on the proximity of land to
other public functions, such as housing or recreation. The denial of oppor-
tunity to use the land in some other way is a social cost. Initial evalua-
tions will be performed on a regional basis, avoiding the complexities of
analyzing specific sites.

Units of Measure

The primary unit of measure is simply land area. For a side-by-side
analysis, the area will be normalized on per plant or per unit energy output.
The land area required may also be broken down into the phases of life cycle
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and function, e.g., mining, construction, the plant itself, transmission, and
waste disposal. The length of time of use is also a unit of measure pertain-
ing to each of these categories. Direct and social costs will be incorporated

only insofar as they are evident or encountered in other studies.

Methods

Most of the available comparative assessments of land requirements
take a simple side-by-side approach. 1In this approach, the land area required
by each technology is simply stated, typically normalized per unit of energy
output. The data may also be broken down according to the purpose and dura-
tion for which the land is used. Little attention is given to direct or

social costs.

Limitations on the availability of data suggest that the present
assessment should also take a side-by-side approach. The approach will
mainly entail compilation of the data already available from sources cited
in the reference section. These sources present adequate measures of the
amount, time, and manner of use of land required for given plant designs. In
cases where it is possible to surmise the type of land that would be used, as

will be the case for regional sites, greater detail will result.

Data Bases

Several side-by-side assessments give useful data. Among these are
Caputo's initial comparative assessment,5 Gallagher's40 "Energy Supply Plan-
ning Model,” and the "MERES" system of the Council on Environmental Quality.41
A MITRE/METREK study7 of solar-related technologies also identifies 1likely
locations by census region and mentions environmental or economic factors
resulting in cost variation among regions. A land use analysis for SPS has
been prepared by Allan D. Kotin Economic Consultants.%2 If not explicitly
stated, the land area required for fuel mining can be traced back through data

on the amount of fuel required.

3.3.2 Critical Materials

The assessment of critical materials resources concerns material
demands, current and required production rates, dependence on foreign sup-~

plies, and supply-demand consequences for SPS and each of the alternative

technologies,
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Issue Description

The evaluation of critical materials is important primarily for econo-
mic reasons. The possibility exists that a technology could be constrained
because a necessary material is unavailable at any price. However, such a
constraint does not seem to apply to any of the presently considered technol-

ogies. The main concerns seem to be in the following areas:

1. Domestic production capacity. What is the current capacity? What

is its normal rate of growth? What rate of growth would be needed to meet a

given demand?

2. Foreign dependence. If domestic supplies of a material are inade-

quate; where will the balance come from? How will it affect the U.S. balance

of trade? Are there possibilities of cartels?

3. Price of materials. The price is directly related to the status and

form of material resources. For example, how much of the resource is already
in proven reserves rather than in probable or subeconomic reserves? Are the
resources in forms that require different production methods, for example,

gallium may be processed from bauxite or from clays.

4. Cost of Lost Opportunity. If a material is used for an energy

technology, what other possible uses of the resource will have to be foregone?

The importance of these issues should not be overlooked. The require-
ment of a high production growth rate in a material processing industry could
be difficult to meet, but even if that is not the case, there is a need for
advance knowledge so that industry will have time to gear up for the demand.
1f high import levels are required, there may be uncertainty about prices
and availability of materials. The effect of an energy technology on ma-
terials prices will, of course, not be confined to the energy industry, but
will affect the whole economy. Although the cost of lost opportunity is an
important issue, it is more difficult to evaluate, since it is difficult to
speculate on the possible alternative uses a material may have in the next few

decades.

Units of Measure

The obvious unit of measure for a critical materials study is the

amount of a material required by a technology. For comparison of different
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technologies, the material quantities would typically be normalized, such as
per unit of power or energy output. Such units are typical of system charac-
terization comparisons. However, to move beyond such an assessment approach,
it is necessary to consider the material quantities in comparison with other
factors, such as:
1. Current production capacity, and the projected ability
to increase it.

2. The resource base, broken down by categories of economic
feasibility, geological assurance, and form.

3. The resource base, broken down by geographical lo-
cation.

4, Price of the material, related to factors 2 and 3 above.

Data for all of these factors is generally available from the Bureau of
Mines43 or the U.S. Geological Survey.44 The quality of the data varies,
however, Some resource assessments are more certain than others, and the
uncertainty is especially great in the factors requiring the most projection,
such as undiscovered resources, or the ability of industry to expand pro~
duction capacity. Still, the availability of some data makes all of the above
units of measure feasible. For the initial comparative assessment, however,
only a subset of the complete detailed breakdown of units suggested by the
factors above will be necessary. A good idea of what issues require further
exploration can be learned from a small number of simple units, such as:

1. Material quantity required versus current production

capacity.

2. Quantity required versus proven reserves, Or versus
total resources.

3. Quantity required versus percentage of the resource
that is imported.

4, Price of the material as related to proven reserves or
total resources.

Methods

The simplest comparative assessment of critical materials consists of a
side-by-side statement of system characterizations. That is, the amounts of
various materials required by a reference design are stated but with no
assessment of their criticality. Methods that go beyond this approach use

some screening process to identify critical or potentially critical materials.
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One very simple screen checks off the list of materials against an outside
source's list of critical materials but without regard to the quantities
being considered. More thoughtful screening methods establish criteria
related to the supply/demand balance. Possible problems indicated by the
screens are explored further manually. The screening may be comparatively
simple and done manually, or very detailed, making good use of a computer for
bookkeeping. The methodology developed at Pacific Northwest Laboratory45
is of the latter type.

From the available data, system characterizations of the technologies
under consideration may be obtained. However, except for SPS and photovol-
taics, little has been done to assess the criticality of the required materi-
als. For SPS and photovoltaics, compilation of existing data will suffice.
However, for most of the technologies a manual screening method will be
employed, followed by further manual investigation of possible materials
problems. The screening criteria will be related to the units of measure
noted earlier, with levels set at which to flag potential problems. For
example, a material would be flagged if its demand represents more than a
stated percentage of current production. If flagged, the issue would be
investigated further to see 1f there really is a problem or if there are

mitigating factors.

Data Bases

Several earlier comparative assessments contain useful system charac-
terization data. These studies include Caputo's initial comparative assess—
ment,? Gallagher's "Energy Supply Planning Model”,40 and MITRE/METREK's
Syetem Descriptions and Engineering Coste for Solar-Related Technologies.’
Additional characterization data are available from studies of individual
technologies. Two studies also assess criticality: the PNL study mentioned
earlier;45 and a study of SPS by Allan D. Kotin Economic Consultants.42 1In
addition, Battelle Columbus is analyzing the potential criticality of terres-

trial alternatives.

Data about the resource base and importation of materials is generally
available from the Bureau of Mines43 and U.S. Geological Survey.44 Data

compiled in other references may be generally traced back to these sources.

e A
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3.3.3 Energy Balance

An analysis of "net energy balance” is designed to determine the
quantity of energy that must be invested in building and operating an energy
supply system and to determine if that system is capable of returning enough
usable energy to justify the investment. The concern for net energy return on
investment for an SPS system lies in the significant amount of energy that
must be expended in installing a series of power satellites in geosynchronous

orbit; several other systems are also highly energy intensive.

Issue Description

The issues of concern in conducting a net energy analysis as part of
the comparative assessment are the following:
1. For each of the electricity generating technologies
considered, how much energy (in the form of electricity,

fuels, and materials) must be expended to build and
operate the system?

2. For each technology, how efficiently does it utilize the
primary energy resource? Special emphasis must be given
to the use of nonrenewable resources.

3. For each technology, what is the "payback period”? That
is, how long will it take for the system to generate a
quantity of energy equal to the energy investment?

4, Does the net energy analysis indicate that the potential
return on investment for an SPS system is sufficient to
warrant continued development, or 1is the rate of return
too low to risk the investment? This must be answered in
the context of a comparison with alternative technolo-
gies.

It must be emphasized that net energy analysis cannot provide the
definitive answer to the problem of selecting a technological alternative. It
can only provide another piece of information upon which to base a decision.
All four of the above issues are important in answering the net energy balance

question; however, because of limitations of the methodology and data, not all

of them can be answered completely or definitively.

The one major question that will not be addressed in this analysis is
whether the energy form provided by the technology (in this case, electricity)
is of sufficient benefit to society to warrant the investment of limited

resources. Since the technologies to be compared are all electricity gener-
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ators, the question falls outside the scope of this analysis and the issue

becomes one of evaluating alternative ways of providing that electricity.

Units of Measure

Ideally, the measure of energy investment in a system would include the
energy required for the following: provision of materials for system con-
struction, construction of the facilities, provision of process materials used
in operating the system, and operation of the system. These energy require-
ments would be compared with the primary input, losses, and useful energy
output of the system. Because of the complexity of the analysis, it is not
possible to assemble this information on a consistent basis. In some in-
stances the measure of energy flow is the res;ult of direct field experience
with units in operation or at least with laboratory-scale experiments. In
other cases, particularly with respect to materials energy requirements, data
on the energy flow are derived and based on surrogate parameters such as

cost. It will not be possible, in the scope of this assessment, to generate a

completely consistent and comprehensive data base for the energy flows.

It would also be desirable to maintain distinctions among various
forms of energy (e.g., electricity, fuels, heat, radiation, etc.) so as to
account for the varying quality of each. This will not be entirely possible,
again due to the potential complexity of the analysis and the lack of compre-

hensive information.

Thus, the measure of energy flow will be consistent with respect to
units (e.g. joules/year), but the data will reflect different degrees of

accuracy in their derivation.

The measure of efficiency of resource utilization is a ratio of the
energy output to the resource input. A number of alternative efficiency
ratios can be formed using different combinations of the energy flows. The

most meaningful will be identified in the course of the analysis.

The measurement of payback period is simply an integration of the
energy flows over time. Ideally, the energy flows would be computed as
functions of time, considering items such as start-up times, construction time
lags, and system deterioration. In practice, however, these data are not
easily computed, and the analysis will have to use information averaged

over the lifetime of the system.
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The final measure of the suitability of the rate of energy return on
investment will be strictly a comparison of the return from the various
alternatives considered. Since many other variables enter into the final
decision on suitability, the only evaluation to be conducted here is a com-—

parison of SPS to other systems.

Methods

There are basically three forms of net energy analysis that can be
employed. A Battelle study46 gives a concise review and critique of the
alternatives. Process analysis, which involves a detailed balance of energy
flows into and out of a system, is the most accurate and most involved form of
assessment and can be appliea to situations where a great deal of process-
specific information exists. Input-output analysis uses an analogy to eco-
nomic input-output analysis to determine the energy "costs” of any energy
supply. It involves an identification of the interactions among all sectors
of the economy required to produce energy and a translation into energy
equivalents of the flow of goods and services among sectors. Ecoenergetics
analysis, which can be compared to a cost/benefit analysis, involves the
assignment of energy values to various portions of the natural enviromment

that are affected by the energy system.

For this study, a combination of process analysis and input/output
analysis will be employed; the ecoenergetics approach will not be used.
Process analysis will be used where the energy flow data are detailed and are
derived from field experience, which 1s generally the case when dealing with
the performance characteristics of various pieces of equipment in the tech-
nology stream. The input/output analysis will be used to determine the energy
investment in materials and construction. It is the gnly method that can be
applied with a reasonable expenditure of effort when considering the complex
interactions and energy flows throughout the economy that are involved in
delivery of a given quantity of materials. The method accounts for economic
transactions and uses an energy intensity measured in Btu/$ to convert the

cost transactions to energy flows. This procedure has been used in a number

of other technology analyses.
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Data Bases

There is a wealth of data available on the performance characteristics
of various systems of electricity generation. Even for the SPS, which is one
of the least well-defined because of its relatively recent proposal, the NASA-
and contractor—developed system definitions provide adequate information for a
net energy analysis. These data are useful in the process analysis procedure

as applied to direct energy flows through the systems.

For the analysis of the energy required in the materials and construc-
tion, the data are more sketchy and less consistently presented. In some
cases, the materials requirements are stated in physical quantities, in other
cases, only in terms of costs. This is not an especially difficult problem
since all materials requirements can be converted to cost equivalents to apply

the input/output methodology.

Data for the input/output analysis (i.e., economic sector values
for Btu/$ of material product) are derived from the work of Herendeen and
Bullard.47 Many modifications and perturbation348 have been made to the
basic information generated in that work, but it remains the most widely used
data base for net energy analysis. Kotin®2 is a source for energy data on
SPS. Data for process energy consumption will be drawn from a number of
sources (Refs. 49-51).

Wherever possible, data from other net energy analyses of similar or
closely related systems will be used to shorten the time requirements for
obtaining a preliminary analysis. This may lead to some inconsistencies,
and evaluations will be made to determine if the data from prior analyses are

adequate.

3.3.4 WVater Resources

The objective of the water resources analysis is to determine the
quantity of water used (consumptive and nonconsumptive) and the quality of
water returned during the complete fuel cycles of the SPS and alternative

technologies.

Issue Description

Water is utilized to varying degrees in nearly all electrical energy

production activities, including raw material extraction and processing,
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reclamation of mined land, component fabrication, transportation, construc-
tion, on-site processing and cooling, and waste disposal. The central issues
for comparing the water resource impacts of alternative energy systems
(side~by-side analysis) are (1) total withdrawal requirements, (2) consumptive
requirements (the portion of water utilized that is not -returned), and (3)
quality of the water utilized and returned (changes in chemical, thermal, and

radiocactive constituents).

The overall significance of the relative differences in withdrawal,
consumption, and quality parameters only becomes apparent through consider-
ation of the availability of regional water resources and the competiﬂg
natural and societal uses of that resource. Thus an evaluation of the water
resource requirements for anticipated levels and geographical distribution of

energy processes is also required (alternative futures analysis).

Units of Measure

The units of measure for conducting the side-by-side analysis of water
resource impacts are obtained directly from the characterizations to be
provided for each of the activities within the energy production system (i.e.,
mining, reclamation, generation, component fabrication). The principal
parameters in this analysis are listed in Table 3.6. These parameters must
also include regional sensitivity to factors such as evaporation rates and

precipitation—-dependent, non-point run-off.

The consumptive water requirements are not ultimate losses from the
global system but are rather changes in the geographical distribution and
availability of the resource. For this reason, the units of measure in Table
3.6 distinguish between evaporative losses, which are those from the immediate
basin from which the water was extracted, and discharges to groundwater, which

may replenish local supplies.

The alternative futures analysis of water resource impacts requires
delineation of the regional availability and quality of water resources for
energy production. The available parameters to be utilized for this analysis
are given in Table 3.7. The basic geographical units for this analysis are
the Water Source Council Aggregated Subareas (ASAs).J2 The boundaries of the
100 ASAs in the U.S. follow county boundaries so as to approximate the

boundaries of the major hydrologic basins. A major shortcoming in the param-
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Table 3.6 Units of Measure? for Water Resource Re-
quirements and Impacts of Energy Systems

Withdrawal
Consumption

Process requirements
Cooling requirements
Waste disposal requirements

Evaporative losses - total

Discharge tc groundwater -~ total

Returned surface-water characteristics

Volume

Temperature
Radioactivity
Chemical pollutants

Treated
Untreated

Groundwater discharge characteristics

ANormalized per unit of output power or energy
(e.g., 1 MWe or 1 MWe-yr).

Table 3.7 Units of Measure for Regional Avail-
ability and Quality of Water for
Energy Production

Water Availability
Annual stream flow

952 exceedance level
Mean annual stream flow

7-day/10 year low flow
Total projected non—energy offstream requirements

Projected energy offstream requirements (alternate
scenarios)

Normal surface storage
Groundwater recharge
Existing groundwater withdrawals

Water shortages (alternate scenarios)
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eters of regional water availability is the inadequate definition of cumula-
tive instream water requirements for aquatic ecosystems, recreation, and
hydropower. These instream requirements have been established by planning
agencies in only selected areas. In the absence of explicit instream re-
qdirements a common practice has been to assume that certain historical low
flow levels are to be maintained. Examples are 90% of the 7-day-average low
flow that occurs statistically every 10 years (7-day/l10-year flow) and the
annual stream flow statistically exceeded 95 years out of each 100-year period

(95-percent annual flow exceedance).

Table 3.7 also lists as a parameter the surface storage that can
be used for a limited period to augment supplies during low flow conditions.
Subsurface supplies can also be used to augment water resources; however
data on these supplies are not available in detail, and it is a conservative
estimate that these groundwaters should not be depleted at a rate larger than

the recharge rate, which is included as a unit of measure in Table 3.7.

Methods

The preliminary evaluation will be a side-by-side evaluation based
primarily on the water use and quality parameters listed in Table 3.7 for all
activities associated with unit energy production within the alternative
energy systems. Subsequent analysis will determine the water consumption and
withdrawal impacts of the alternative technologies in areas with water shor-
tages or critically limited water availability, as identified in previous
extensive analyses of various energy scenarios. The approach to be used is to
replace the technologies within those areas with the alternatives defined in
this study, and to determine the level to which the water availability prob-
lems will be alleviated or exacerbated. The level of replacement by alterna-
tive technologies will be designed to be consistent with the overall alterna-

tive futures analysis.

Data Bases

The most extensive and current data for use in the regional water
availability analysis is that compiled by the Water Resources Council in the
Second National Water Assesement,>2 This reference contains detailed data on
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surface-water flows, groundwater aquifers, and current and projected use
by various sectors, including energy development. This data has been used as
a basis for evaluating water requirements and constraints for various energy

scenarios devised by DOE and other agencies.53:54

3.3.5 Comparative Labor Effects

The objective of the labor analysis is to assess the supply and demand
characteristics of various types of skills needed for the SPS and alternative
energy technologies. The concern here is not merely with the numbers of
persons required in each category, which is an employment question, but
current and likely trends influencing the availability of persons with spe-
cific skills.

It is important that the choice of an energy technology closely match
available skills., If likely deficiencies are determined, then measures must
be taken ahead of time to develop the skills required. It might also be
desirable to avoid a surplus of certain skills with resultant underutilization

of the work force.

For example, these concerns would arise during the choice of a "high
technology”™ over one requiring less sophisticated skills. If the trend
toward a more highly educated work force continues, there may be increased
reluctance on the part of members of the work force to enter careers that they
feel are not challenging. In such a situation, the choice of a high tech-
nology may result in better utilization of available labor because it promises

more challenging work, better job satisfaction, and more fulfilling careers.
3.4 ECONOMIC AND SOCIETAL IMPACTS

3.4.1 Macroeconomic Effects

The purpose of the macroeconomic assessment is to compare the impact
that the SPS and the energy alternatives will have on the U.S. economy of the
21st century at the national, regional, and income class levels. Because of
the large expenditures involved in satisfying power growth requirements, there
may be significant differences among the systems in their effects on such

macrovariables as GNP and inflation.
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Units of Measure

The units of measure at the national level are the differential effects
on GNP growth, employment, inflation rates, interest rates, and'foreign trade
balances. Effects on taxes or government debt or on both will be analyzed in
the context of the type of system ownership postulated, that is, federally-
owned systems could be expected to be associated with taxes and/or national

debt higher than comparable privately-owned systems.

Methods

The major components of a macroeconomic comparative assessment include

the following:

e Aggregation of direct and indirect costs that would be
estimated in connection with the assessments of costs and

performance, resources, and socioeconomic and welfare
issues.

e Selection of (an) appropriate macroeconomic/energy
model(s) to be used for assessment purposes.

® Specification of ground rules and policy inputs for
the model(s). For example, such specifications would
include ownership mode, degree of government financing,
total national capacity, and utilization factors.

e Exercise of the assessment model(s) and interpretation

of results.

Although difficult, rough estimates of direct and indirect system costs
can be developed and aggregated into macro-inputs to the model. For example,
indirect costs due to resource depletion may be partially estimated by re-
ference to coal and uranium supply curves included in the SRI-Gulfd3 energy

model, which extends to 2025.

A fundamental problem is the selection of an appropriate assessment
model from existing models that are mostly based on partial equilibrium. For
example, macrovariables are inputs to the PIESS6 model, which can then deter-
mine equilibrium energy prices and quantities. But these prices and quanti-
ties do not affect the original inputs. Thus, PIES does not capture the
feedback effect of energy prices that can affect the economy. (It is widely

believed that the 1974 recession was triggered by massive increases in oil

prices.)
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Fortunately, the HudsonrJorgenson,57 PILOT?8 and ETA—MACR.O14 (which
extends to 2050) models use a general equilibrium approach. Consequently,
these models will be evaluated for use in the assessment. Specifically,
results from the "Energy Forum” project at Stanford University (sponsored
by EPRI) will be used. 1In the "Forum"™ effort, various energy/economics
models were tested using comparable inputs and ground rules. Differences in
results were either reconciled or compared, and on the basis of these com—

parisons, some judgments can be made on the merits of the various models.

Specification of ground rules for the assessment models will strongly
affect the results obtained. Accordingly, several sets of ground rules
corresponding to several future scenarios will be defined. For example, 1f
the economy is postulated to be at less than a full-capacity utilization
level, new system expenditures should increase GNP and employment. Further,
such increases could be estimated by use of Keynesian multipliers. On the
other hand, a full-capacity utilization scenario would imply either “"crowding
out” of other ventures to permit power financing or an increase in the eco-
nomy's savings rate, in which case, neoclassic growth models3? would be
appropriate for assessment purposes. (In neoclassic models, economic growth
trajectories are, generally, functions of the growth and productivity increase
of labor, the relationship of output to the mix of labor and capital, and the
growth rate of capital that arises from diversion of output to capital.)

Considering that the structure of most macroeconomic models is based on
historical time series, projections of results to the post-2000 era will
require caution. Relative rather than absolute results will be stressed, and

sensitivity to scenarios will be examined closely.

Data Bases

Basically two types of data will be required for macroeconomic assess-—
ment. One type will include direct and indirect system costs and will be
generated as a by-product of comparative assessments in the areas of cost and
performance, resources, socioeconomics and welfare. The other type of data
will entail possible trajectories of the economy without SPS and its alterna-
tives. These economic trajectories are scenarios that will be defined
in a forthcoming scenario development effort. Finally, a great deal of
specialized information on energy and power is available from the data bases
that support such models as ALPS50 and BESOM. 61
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3.4.2 Socioeconomic Impacts

The purpose of the socioeconomic assessment is to evaluate regional
differences in economic and societal gains and losses due to the development
and deployment of alternative energy technologies and to compare these effects
with those due to a satellite power system. Important factors pertinent to
this evaluation include the stimulus to regional employment and growth,
indirect industrial growth, secondary growth, and population and industrial

migration.

Issue Description

The growing trend toward political pluralism has its counterpart in
the observed trend toward decentralization and what John Naisbitt has termed
geographic pluralism.62 As the states have begun to move in the direction of
garnering increased control over their own destinies by challenging the
federal govermment in areas once considered its sole preserve (e.g., energy
and environmental regulation), new coalitions and organizations of states
have been formed along regional boundaries. According to Naisbitt, these
regional political organizations have grown out of the concern of individual
states for the widening differences in economic growth and demographic change

among certain regions of the country.

It is into this climate of intensifying regionalism that the debate
over alternative electric power technologies will be thrust. With the frost-
belt, sunbelt, and intermountain west vying with the federal government over
energy policy and with each other over the issue of state and regional growth
and development, it seems imperative that an assessment of the impacts of
these alternative energy options be conducted to examine the relative regional
economic and demographic advantages and disadvantages that these options are
likely to impose. Specifically, the following issues need to be explicitly
addressed in order to determine the effects of alternative energy options on
regional growth and development goals:

l. An identification of baseline demographic and economic

trends within regions.
2, A determination of regional growth and development goals.

3. The stimulus to employment and population growth provided
by each technology within the regions.
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4, The effect of this stimulus on future industrial growth
and development among regions.

5. The changes in inter-regional population and industrial
migration likely to accompany each major energy option.

Units of Measure

The analysis of comparative regional economic and societal effects will
be largely quantitative. Trends in regional economic and demographic changes
will be made with the aid of acceptable estimates for the period up to and
beyond 2000. The stimulus to employment and population change will also be
sestimated empirically with existing models developed for comparative assess-
ments of technologies. The effect of the stimulus of energy development and
availability on industrial and population relocation will be treated less
quantitatively. Much of the information for assessing these specific impacts
will be obtained from the existing literature and will be used to comstruct
hypothetical patterns that can be used to judge the probable range of regional

economic and demographic changes likely to accompany each energy technology.

Methods

The assessment of the regional approach and societal effects will
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the aid of computational tools like the Social and Economic Assessment Model
(SEAM).63 These will be applied to a “"typical” electricity supply facility in
a "real world" environment. Given the employment characterization of a

typical facility and its probable site, the following information will be

generated:
1. Baseline characteristics of the size and composition of
the population in the surrounding areas.
2. Employment characteristics of the population.

3. Annual employment requirements in the energy facility
and expanded commercial and retail sectors.

4. Annual job-induced changes in the population of the
area.

5. Effects on community infrastructure of these changes
(if any) in population.
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This analysis will be conducted for typical energy supply facilities
for each technology in several typical sites with different characteristics
(e.g., size, economic base). Given this information on the localized or
site-specific economic and social changes accompanying the iﬁtroduction. of

these various technologies, the regional economic and societal effects will be

extrapolated and compared across regions for each technology.

This extrapolation of socioeconomic effects will be based on the
"observed" impacts of each technology in different settings, a reasonable
siting scenario for each of the technologies, and the relationship of elec-
trical energy supply to the inducement of industrial relocation. For example,
if a given technology is appropriately sited in only two or three major
regions (e.g., OTEC) and its economic and societal effects are estimated to be
large in specific sites, the effects on regional growth and development and
the consequences for population shifts among regions might be judged to be
substantial. If, in addition, the availability of electrical energy in these
regions would cause specific industries to relocate, the effects on interre-
gional population and economic growth and change would be magnified. Although
specific analyses of the relationship between the availability of power and
industrial location decisions are beyond the scope of this study, alternative
scenarios can be developed to demonstrate the effects of varying industrial
relocation possibilities that are consistent with the findings in the avail-

able literature.

Data Bases

The data required to conduct this assessment will come from the
following primary sources:
e Computational models, like the SEAM,63 which include exten-
sive data bases of thelr own.
® SPS societal assessment data from the CDEP.

e Satellite and terrestrial systems characteristics (e.g.,
employment requirements, regional siting information,
and materials requirements).

3.5 INSTITUTIONAL IMPACTS

The purpose of the assessment of institutional effects is to investi-
gate the potential impacts of energy technology deployment and operation on

regulatory agencies and the reciprocal impact of the latter on energy tech-
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nology deployment and operation. The principal issues that must be investi-
gated include the following:

e The impact' of local, state, federal, and international
regulations on the cost and flexibility of a technology.

e The extent to which regulatory policies may have to
be altered to accommodate new regulatory problems created
by a technology, including the likely cost and purview
of regulatory agencies, which may be formed to control
these new concermns.

e The extent to which new initiatives required to effec-
tively regulate a new technology harmonize with the
needs of existing nonregulatory govermmental institutions.

o The exfent to which new federal institutions created
to effectively regulate a new technology harmonize with
the needs of nongovermmental institutioms.

Units of Measure

The comparative institutional assessment will of necessity be qualita-
tive, and the selection of particular measures will depend on the type of
institutional effects being assessed and the methods that are applied.
Because institutions tend to respond to perceived problems resulting from a
new technology, the measurements in this comparison will depend to a large
extent on the measurements utilized in other sections of this study. Costs of

regulation and regulatory delay will be quantified to the greatest extent
possible.

Methods

The relationship between each technology and the institutions that may
affect it will be identified from the impact data determined in other parts of
this study. The possible involvement of existing institutions at local,
state, federal, and international levels will be surveyed on the basis of
existing formal and informal jurisdictions. The possible need for new regula-
tory authority or new agencies will be assessed in comparison to historical

precedents and developing regulatory trends.

In the process of this survey, laws, regulations, administrative
codes and guidelines, and other legal constraints on the implementation of
large-scale energy technologies will be cross-referenced and catalogued. To
the extent that they can be identified, particular laws affecting the specific
technologies that are being compared should also be evaluated.
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