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ABSTRACT
The paper has two major purposes:

e Provide conclusions about problems involved in applying net
energy analysis.

o Provide recommendations about the application of net energy
analysis which will lead to an evaluation of energy techno-
logies in a less ambiguous, more consistent manner.

In pursuit of these purposes, potential issues in the application
of net energy analysis are presented. A number of issue questions are
raised which the analyst faces in performing net energy analysis. To
observe which issues may influence the results in actual practice,
these questions were asked in the review of twelve selected applications
of net energy analyses. These observations provide the basis for the
conclusions and recommendations presented.
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ISSUES IN NET ENERGY ANALYSIS
INTRODUCTION

Net Energy Analysis is a technique now receiving consideration in
the context of establishing criteria to help determine appropriate y, g
energy policy. The phrase "It takes energy to get energy,"” describes
in sa:mpZe terms the concern that some energy production systems may
require more energy for installation and operation than they will Produc,
in th?ir lifetime. The utilization of lower quality energy fuel
quos1ts, with their associated higher cost both in dollars and energy
1S an example where net energy would be of concern. Another example
would be a situation in which the technology required to create an
energy system is itself particularly energy intensive, such as the
gaseous diffusion process for enriching nuciear fuel.

Since about 1973, net energy analysis, under various methodologicy)
guises, has been used to determine the amount of energy involved in
delivering useful energy to society. The applications of net energy
analysis have included consideration of both traditional systems and
alternative energy technologies such as solar, geothermal, synthetic
fuels and 071 shale. Some studies have indicated that certain new tech.
nologies would have net energy yields that are negative; or in other
words, the energy invested in the technology itself is greater than the
energy obtained from that technology.

Net energy analysis is a controversial analysis technique. Propo-
nents believe that net energy analysis has potential for developi??
unique information that can be used for evaluating energy policy; ) on
the other hand, opponents have contended that ?GE energy analysis yields
no benefits not already provided by economics. This controversy is
highlighted by the fact that examples of net energy analysis can be
cited where widely varying conclusions have been reached on similar
energy systems.

Recent Congressional action has required that net energy be
utilized as one of five criteria in evaluating proposed energy tech-
nologies. Specifically, the Federal Non-nuclear Energy Research and
Development Act of 1974, PL 93-577 5(a)(5) stipulates that "Potential
for production of net energy by the proposed technology at the state of
commercial application shall be analyzed and considered in evaluating
proposals.” However, PL 93-577 does not define net energy and, to date
efforts of many analysts to arrive at a unique definition have failed.
The continuing debate over the merits of net energy analysis and the
ambiguities involved in its application result in an interesting chal-
lenge of determining how to adhere to the requirements of P1 93-577 in
a manner that will meet the intent of the Act.

A review of net energy studies indicated that application of the
techniques to a specific energy system can indeed yield ambiguous
results. A first step in resolving this problem of ambiguity would be
to qevelop a consistent set of procedures and definitions for appli-
cation of net energy analysis to energy technologies. This paper pro-
vides a set of recommendations which represent the first step toward
development of consistent procedures.
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To support the observations and recommendations made in the paper,
the literature was extensively reviewed and twelve studies were selected
for comparison. (3-14)  Baged on these veviews, it was possible to elicit
the various igsues, factors, and decisions the analyst faces in perform-
ing net energy analysis. In addition, it was possible to make obser-
vations about which issues influenced resulte of net emergy analyses and
which potential issues did wot appear to be significant in actual
practice.

This paper is divided into three sections. The first section
raises the various issues as questions related to the application of
net energy analysis. Our observations and conclusions regarding the
significance of the issues in actual practice are given in the second
section. The third section provides recommendations which will help
ameliorate some of the controversy surrounding the use of net energy

analysis.
ISSUE QUESTIONS IN NET ENERGY ANALYSIS

The purpose of this section is to review potential issues in the
application of net energy analysis. Major considerations in the review
were how the various applications:

e addressed energy policy,
o dealt with detail,

¢ utilized the methods of energy accounting, and
o defined measures of net energy.

A number of questions relative to these considerations were asked as
each application study was reviewed,

To simplify the process, the questions were put in the form of a
review framework. The review framework is described in the Appendix.
The-detailed results of the comparison of the twelve studies are also
summarized in Tables A-1 and A-2 in the Appendix,

B

In the remainder of this section, the key factors used in the
review framework are discussed. The bases for selection o these |
factors was the influence they can have on the result of the net energy
analysis and the level of controversy that surrounds the selection and
utilization of these factors. Comparison of the application studies
provides a basis for determining which factors were of significance in
actual practice. This comparison of these key factors leads to the
observations and conclusions which are discussed in this paper,

WThe issues and key factors which give rise to controversy can be
categorized into two groups:

o -Philosophical. Philosophical issues involve choices which are of
social value judgment in nature. Discounting and including the
energy content of the environment, Tabor, or institutions are
examples.

s Technical. Technical issues result from the wide variance of

' ‘parameters open to the analyst in his study. The selection of
parameters and mode of application can significantly influence
results. Technical issues include system boundaries, measures of
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net energy and accounting.

Some agreement among the analysts exist op

these issues, although more than one self-consistent approach may be
available.

Philosophical Issues of Net Energy Analysis

of a

The factors involved in net energy analysis that are defined to be
philosophical nature are:

Return on Investment/Discount Rate. Discounting is a means of
allocating resources {money, fuels or other goods) by an assignment
of a subjective worth or "value" to that resource. What is done g
the setting of a value on early expenditure versus a later one.
Through net energy analysis it may be possible to develop some
figure of merit expressing the time to pay back the energy invest-
ment (breakeven point), a rate of return on investment, or the
total net yield on investment over the life cycle of the process
considered.

Such figures can be useful for comparing different energy systems,
but there is no developed theory on desired rates of return. There
1s_also no developed basis for discounting the present worth or
value of energy generated at a future time as a result of present
day investment of energy expenditures.

Questions regarding discounting in the application of net energy
analysis inelude:

(1) Does the net energy analysis tell us about anything that
economics will not reveal?

(2) Is the application concerned with the amount of resources
available to society? If so, how are the values of
future resources in a conservation framework determined?

Labor. A labor force consumes energy in its everyday affairs,
both directly (residential heating, automobiles, etc.), and
indirectly (energy content of clothing, homes, purchases, etc.).
Inclusion of these energies in net energy analysis has been
debated.

Opponents argue that energy consumption by the labor force is part
of the Gross National Product (GNP) and that the purpose of the
economic system is to support people. If the population were not
building or operating an energy delivery system, they would be
doing something else.

Proponents advocate including not only the energy input of labor
building or operating the energy delivery system but the input of
labor induced by the system. Induced labor would include that
required by development in support of the Tabor, such as new towns.
Questions regarding the energy input of labor include:

(1) How should the impact of labor, however evaluated, be
included as an energy input?
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(2) Does labor represent a "hidden subsidy"” to the energy
system?

(3) In the application of net energy analysis at a local
level, such as a single coal 1iquefaction plant in
Wyoming, is the energy impact of labor of different
significance than a general application?

Institutional/Sociological. The inclusion of interactions between
an energy process and society or institutions may be considered.
One factor that has been controversial is energy research,

Clearly energy research is not directly intended to produce energy.

Social or institutional questions imteract with similar questions
regarding labor and inelude:

(1) Are speculations about lifestyles or political factors
in the analysis?

(2) What inhdirect energies such as energy research merit
consideration?

Any system will impinge upon the environ-
ment in some manner. One method of accounting, eco-energetics,
includes indirect energy inputs from the environment. The account-
ing for the role of the environment has a philosophical ?as;s
which forms the controversy. In the discussion of Leacht15
attention is drawn to the extremes of the viewpoints by contrast-
ing two examples. He cites the Toss of ecological capital in fuel
delivery systems that divert water to new energy -facilities in
arid areas causing lessened vegetation and soil runoff because
less water of poorer quality is supplied to farmers. One sees
that the chain can be long and if each step represents an energy
impact, some rather large numbers can be generated.

Ecosystem/Environment,

The other school of thought would consider that almost any of
man's activities has some effect on the environmentgand these
effects and their mitigation and cantrol are a norwal part of the
activities commonly called GNP. Thus, beyond some very direct
effects, (adding cooling towers, controlling. groundwater pollution
in o1l field flooding, controlling acid mine drainage, reclaiming

~=strip mines, and other such activities), the effects on the eco-

system are probably adequately captured when the inputs are
related to the GNP. This is because some of those activities are

--included in the GNP through the accounting of industrial and
::~government spending.

In the application of net energy analysis,

o questions regarding the enmvirvomment include:

(1) Are the energy inputs necessary for mitigatiqn of
environmental impacts included in the analysis?

{2) The environment serves many functions to energy systems,
acting as a transformer, heat sink, and material cycler,
affecting systems via climate, hydrology, etc. How are
these functions accounted?
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| Technical Factors of Net Energy Analysis | (1) Does the application use common energy units in a consis-
| . . . tent manner?
The key factors or issues involved in net energy analysis that are

| defined to be of a technical nature are: (2) What assumptions regarding equivalencies or efficiencies

; o are made?

I e System Boundaries. It is important to have at the initiation of 3

! net energy analysis clear and consistent definitions of the system * Measures of Net Energy. Several measures of net ener

! C ) . gy are often

; and process steps to be evaluated and compared. One usually thinks computed in net energy analysis. These are based uponythe inputs

J of the energy supply-delivery system as a series of stages leading and outputs of the process that are accounted and are sometimes
from a resource at one end to some terminus at the other. This, issue related. In some applications the authors leave the various
however, is not a precise definition for the application of net ratios or sums up to the discretion of the reader.

energy analysis.
A wide variety of computed measures are currently used. Some are

The first step in a net energy analysis is to specify the process based on thermodynamic terms such as chan H
_ : gy a ges in enthalpy, others
gf cogswdgrgtégn. tUgon gef1n1t1gn 3ftt§e-ﬁ2§rgy7ﬁgggeizﬁ Ege are defined on the basis of the accounts of direct and gndirect
irect and 1ndirect i1nputs mus e determi . ener inputs, ener losse nd i
Tittle disagreement on direct energy inputs since they are of for g%e pgoce;s. gy losses, and useful energy output determined

a physical nature.

Alternate definitions of net emergy could yield significant dif-

For indirect energy inputs, the problem of boundaries remain a ferences in the interpretation of results. There are a number of

philosophical question for energy inputs from labor, institutions, ‘ potential issues regarding the accounting of net energy
: . . gy and the
I or ecosystems. Beyond the philosophical questions, boundary def- . : Ny by "
ok inition is the specification of the materials and equipment determination of the final "balance sheet of, results,
“ necessary to create and sustain the energy process. Specifically with regard to application of net energy measuves:
To include or exclude a certain material or piece of equipment is a R . jg
technical question. In effect, the decision is based upon an W 32:1:hgragﬁgggg}cgsmgghgg: :gﬁg;gr1ate for the stated
estimate of the amount of energy embodied in the indirect input, } '
Often it may entail a set of simplifying assumptions. No general o Temporal Effects A number of : : :
; . . . : 27 . questions in net energy analysis
%E1ter;$n is q¥§11a21§ ZQr bis1n9 deC1S1025-arétigz?ug:da;?gmed relate to intertemporal considerations from accounting for the
at a S1gn1f1can ';n 1;?C energy 1inputs fact that flows are truly a dynamic phenomenon. Many energy flows
the boundary of consideration. do not occur simultaneously; similarly, plant 1ifetimes affect the

. actual net energy they may produce,
Questions about boundaries in the application of net energy analysis : 9y Y may'p € N
are: “In accounting for indirect energy flows, for example, by input-

output methods, the data may not be a current description of the
system. Likewise, the evaluation of future technologies requires

a forecast of the system at times in which it will operate.

(1) What criteria are used for determining processes to be
considered?

(2) How are higher order effects included? Time-related questions in the application of net energy analysis

(3) Is the energy embodied in capital facilities used to add another dinension to the boundavies of the study:

produce materials allocated according to production for

the technology being analyzeds (1) Are Tife cycles considered in the payback periods for

energy investment (related to discounting)?

e Energy Quality and Weights, In net energy analysis, any standard
units may be used to specify energy and physical quantities. The
units need only be specified clearly. The problems arise in com-
paring energies of various qualities. The comparison js usually in
terms of the availability of the energy for conversion into work.

(2) 1Is the economic system in which the process operates
described over the same time frame?

Perhaps several other factors in the application of net energy
analysis having potential as issues could be identified. Actually, the
remaining potential issues relate to policy implications of the results.
The question of the role of net energy analysis in policy decision
making is’a major issue. The general consensus in the field is that
such analysis should not be a sole decision criterion. The summary
review of the selected applications given in the Appendix provides
insight on the potential role of net energy analysis.

Analysts have recognized this problem and have attempted to deal
with it in various ways; for instance, assigning weights, 20)
keeping electricity separate,(6) computing quality factors, (21)

or simply ignoring the problem. What is at issue is that a Btu
contained in, for example, solar radiation, is simply not as useful
as a Btu of electricity. Energy quality questions include:
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OBSERVATIONS AND CONCLUSIONS

This section summarizes the information developed from asking the
above -questions in the review of several studies. Observations about

problems involved in the application of net energy analysis are provided.

Then, conclusions about the primary approaches are given regarding thejp
efficacy in the evaluation of energy technologies.

Observations of Net Energy Analysis Applications

In the above section, various issues involved in application of
net energy analysis were discussed in detail. The significance of
these issues was illuminated by evaluating twelve selected net energy
studies described in the appendix. Some issues, (e.g., discounting and
system boundaries), treated similarly in most of the studies reviewed
do not seem to be issues in practice. Other issues, such as energy
quality factors, emvivonmental emergies and measures of net energy were
treated differently, causing widely varying results.

Specific observations about the various issues and their resolution
in practice are deseribed below.

e Discounting. Energy flows were never discounted in any of the
studies. Some average lifetimes were estimated, determining
energy shares from capital equipment. See the discussion under
"Temporal Effects” below.

¢ Labor. Indirect energies consumed in support of labor were accoun-
ted indirectly in all of the studies through use of the input-
output tables or the energy per dollar ratic. Only one eco-ener-
getic study tried to explicitly account for the energy of support-
ing labor, resulting in some double counting problems.

* Institutional, Sociological Energies. Only one study, using the
eco-energetic accounting, considered institutional energies. No
Justification is given f?r considering institutional energies in
this particular study.(5 These energies are not considered in
any of the other eco-energetic studies.

e Ecosystem/Environment. Most of the studies assumed that the tech-
nology being analyzed would be environmentally acceptable, includ-
ing most of the eco-energetic studies. For the two eco~energetic
studies that considered energy flows from the environment, these
flows were not consistently calculated.

e System Boundaries, This is not really an issue in practice since
all of the studies made similar decisions about system boundaries.
The same indirect energy inputs were considered in all studies.
Because input-output analysis or the energy per dollar ratio was
used to obtain indirect energy inputs for all studies, the higher
Tevel energy inputs were consistently considered. Some of the eco-
energetic studies include some energy inputs for labor, environ-
ment, and institutions. However, there was little consistency
between eco-energetic studies.

® Energy Quality and Weights. Electrical input was consistently
multiplied by a weighting factor to convert into fossil fuel
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equivalents. This use of a weighting really shortcuts the analysis;
the need to find the energy inputs to produce electricity is bypassed.
Quality factors in eco-energetics were used primarily to convert
environmental energies into fossil fuel equivalents, These studies
did not apply the quality factors consistently.

o Measures of Net Energy. There was no consensus on what measures of
net energy should be used. The problem is twofold. First, not all
of the studies addressed the same types of policy questions. Sec-
ond, even when two studies addressed the same policy question,
there was disagreement over which measure of net energy would be
most useful. 1In several studies, alternative measures of net
energy were presented. Some studies did not calculate measures of
net energy, choosing to print tables detailing the energy accounts
allowing the user to calculate the ratios that he feels are
appropriate.

o Temporal Effects. A1l of the studies reviewed considered the full
Tife cycTe of the system. Construction, startup, gperation and
retirement energies were considered. Some studie % presented
graphs of energy flows into and out of the system as a function of
time. Graphs such as these are potentially quite useful.

Several observations about possible improvements and synthesis of
the methodologies were made as part of the review effort. These obser-
vations are provided below.

* A process analysis was always used to obtain direct emergy and
material inputs for the process or system. No other method will
derive inputs accurately enough for a net energy study.

o Input-output analysis is used most often to obtain indirect energy
inputs. Such use would increase comsistency between studies.
There is no methodological reason that inmput-output cannot be used

- to obtain indirect energies in the eco-energetics analysis, Such
use would be considerably more accurate than the energy per dollar
ratio currently used.

* One study used process analysis for higher level energy inputs
that are large compared to the diveect inputs, These large higher
level energy inputs were identified through input-output analysis.

* Several measures of net emergy were usually caloulated., Eco-
energetic studies did not compare results with and without.the
energies from envivovment, labor and institutions.

* The eco-energetic studies did not comsistently incorporate environ-
mental, labor and institution's energies and quality factors into
the analysis.

® Eco-energetic studies do not make it clear that the analysis
.- incorporates both environmental impact and energy analysis and in
doing so is making social value Judgments.

Conclusions

r—— D

The characteristics of the primary approaches for net energy
analysis are:
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Process Analysis is a detailed and very accurate method of energy
accounting. However, comprehensive consideration of indirect
inputs can cause the analysis to "blow up." To keep the analysig
tractable, judgments must be made to determine when energy flows
are small enough to ignore. The usual criterion is that energy
flows Qf the magnitude of the total error can be ignored. But if
@here 15 no quantified error, when to stop is really a matter of
Jjudgment,

Input-Output Analysis, based on economic methods and transactiong
petween industries, provides a comprehensive summary of total
1nd3rect energy requirements. The method converts national or
regional data on economic transactions (purchases and sales)
between industries into energy transactions. Since the data is by
economic sector and is national or regional in scope, the method
1s not accurate enough for Tevel 1 or direct energy inputs. Othep
probTems remain due to obsolete data, averaging effects and
Q1ff1cu1ty in assessing future technolgies. For indirect inputs,
1npgt—output analysis may be of comparable accuracy and is much
easier to apply than process analysis.

Eco-Energetics is a philosophical methodology which includes valye
Judgments about the worth of environmental quality in terms of
energy. The use of the average energy per dollar ratio to calcy-
late indirect inputs may lead to large errors, The methodology has
not been consistently applied. That is, institutional, environ-
mental, and labor energies are sometimes included and sometimes
ignored. In addition, when these energies are included their
value is not always calculated in the same manner.

The purpose of net energy analysis is to account for all of the
energy required to create and sustain a process. It is not appropriate
to use net energy analysis to analyze the labor requirements, the
eqv1ronmeqta1 impacts or the economics of a process. Separate tech-
niques exist for labor, environmental and economic analysis; none of
them provide an adequate accounting of energy requirements, Incorpo-
rat1on‘of any factor other than energy into net energy analysis requires
value judgments, which can bias results for or against any given
technology.

. Resu]ts‘from net energy studies are directly comparable only under
limited conditions. These conditions are:

a) The technologies being comparedare all commercially viable;

b) The same boundaries (e.g., resource base and end products) are
used for analysis of the technologies;

c) Thedsame energy accounting methods and measures of net energy are
used.

The implications of each of these conditions is discussed further below,

Commgrcia] Viability. A commercially nonviable technology will
require some technological innovation to become economical. The
innovation may be an increase in efficiency, change in material
requirements, a new method of fabrication, lower maintenance
requirements, etc. Any one of these innovations may reduce the
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cost and the energy requirements of the technology. Therefore, any
energy accounting of a non-commercial technology will tend to
underestimate the net energy of the technology. For example, an
estimated ten-fold reduction in costs is needed for photovoltaics
to be economical. Whatever innovations occur to cause a ten-fold
cost reduction will also significantly increase the net energy of
photovoltaics.

Comparable Boundaries. Two boundary problems can cause results of
net energy studies to be noncomparable. The first is consideration
of different products. For example, one study might consider
electricity at the generating plant boundary while another con-
siders electricity delivered to the consumer. Another aspect of
this is evaluation of technologies that do not supply energy as an
output. For example, a solar collector which produces hot water
for use as a commodity rather than an energy source should not
necessarily be expected to produce net energy. The question for
analysis in this example should be: What is the energy subsidy
per unit of hot water for the solar system compared to alterna-
tive methods for generating hot water for domestic consumption?

The second boundary problem is not considering the energy inputs
in the same detail. Thus, somé studies consider the energy costs
of gathering, extracting, and transporting the input energy while
others do not. If a solar heater is to be compared to a natural
gas heater, for example, the energy ngeds for extracting and
transporting the natural gas should b§ included. The solar col-
Tector system is the equivalent of thé wells and the pipeline for
the natural gas.

Energy Accounting Measures. Several methods of energy analysis and
measures of net energy are available. Some methods and measures
are more appropriate for certain policy questions than others.

Some methods of energy analysis try to include factors other than
.energy, as discussed previously. Such inclusion is inappropriate.
However, different measures of net energy can be used for respond-
ing to different policy questions just as different measures of
corporate performance are used depending on whether one is the
president, a stock holder, the banker, or a tax agent.

- The above discussion outlines reasons why good net energy studies
‘may-still produce noncomparable results. Comparing solar energy tech-
-notogies to commercially developed energy technologies can be very
~misleading; solar energy generally is marginally economic tody. There-

fore, it should not be expected to be as energy efficient as other
commercially viable technologies. As the economics of solar energy
prove, so will its energy efficiency. A second cause of lower
ficiencies for solar devices is that the solar collector system is
rt of the system. To be comparable to other energy sources, the
oration, extraction, collection, processing, and delivery to the
must be included. That is, the solar collector for solar energy
quivalent to the oil fields, refineries, pipelines and delivery
ks for oil-supplied energy.

RECOMMENDATIONS

71 net energy analysis is to be meaningful in evaluating energy
technologies, a consistent and unbiased set of procedures must be
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developed. A starting point is to recognize the role and limitations
of net energy analysis as only one of many analyses used in eva]uating
energy technologies. Net energy analysis, as it has been practiced,
embraces a varjety of methods, assumptions, and perspectives. As
discussed in the previous section, net energy analysis studies may
produce widely varying results for many reasons.

Without established objectives and procedures, results from net

energy studies will continue to be inconsistent and of limited use.
The following recommendations do not solve the problems of net energy
analysis, but they provide guidance for the development of a set of
procedures.

Net Energy Analysis should be used only to evaluate energy require.
ments and outputs of a process. Labor, economics and environ-
mental impacts should be evaluated in separate analyses using the
appropriate methodologies.

Process Analysis should be used to obtain direct inputs to the
process or system. No other method measures inputs accurately
enough.

Input-Output Analysis should be used to obtain indirect energy
inputs. Such use would provide for increased consistency between
studies.

Eco-Energetics should use input-output analysis to obtain indirect
energy inputs instead of the energy per dollar ratio. This change
improves the accuracy of the methodclogy.

Eco-Energetics Studies should present results with and without
quality factors and flows from the environment, labor and insti-
tutions, making explicit the types of policy and social value
decisions that the methodology makes.

Measures. Several measures, summarizing the study results, should
be calculated. The "balance sheet" of results from a net energy
analysis should provide alternative accounting. In addition, the
study should state the policy issues which the accounts are sup-
posed to address.

Data are not of consistent quality, particularly for developing
technologies. Sensitivity studies should be part of the results
showing the magnitude and possible effects of uncertainty.

Level of Analysis for indirect inputs should include materials,
energy required to produce the materials, and energy embodied in
the equipment required by the process.

Energy Quality should be presented in net energy analysis in two
contexts:

(1} the thermodynamics-based availability for conversion
into work,

(2) a factor expressing substitutibility of one energy
source for another energy source in a particular end-
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use application (e.g,, the substitutibility of natural
gas for electricity in air conditioning).

End-use applications for both work and heating vary in the nature
of their demands for "quality" of energy, thus no single measure
of quality suffices. This is an area where some progress can be
made toward adoption of conventions for presentation of results,
but this will require discussion and resolution of issues among
practitioners and decision-makers,

Discounting of energy flows does not appear to add any useful in-
sight to the decision-making process.

Environmental, Institutional, and Labor effects should be treated
within the purview of conventional environmental and economic
analyses. It does not seem to be appropriate to consider these
factors as part of net energy analysis. ;

The Life Cycle of the energy systems being evaluated should be
used as the minimum time period for evaluation. This approach
parallels economic investment analysis and is the most compatible
for use with it in the total evaluation process.

Similar Systems should be analyzed within the same net energy
study. This would help solve problems using quality factors and

_boundary problems.

:Comparison of Results between studies is meaningful only when the

same end products or end uses are being considered.

“Energy Content of Capital Goods used in the process should be

accounted in all net energy studies., The recommended use of input-

_ - output analysis will assure that these higher order energy inputs

““are included.

Dismantling and Disposal of the facilities at the end of their
useful Tifetime should be considered. For some energy technolo-
ies, substantial future energy commitments are necessary for

fe dismantling and disposal.

V@rjations in the Results can be reduced by:
(1) using input-output analysis for indirect energy inputs;
(2) analyzing comparable systems within one study; and

(3) presenting results with and without quality factors and
unconventional energy flows.

é{variations would be less confusing if the study clearly states
S assumptions.

Evaluation of Developing Technologies remains an issue in the
plication of net energy analysis. Technological breakthrough

. sometimes occur before a given system becomes economic. There
0 satisfactory method for assessing the effects of unknown
nological advances.
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10,

1.

12.

¢ A Data Base detailing energy flows and energy contents shoylg p, +
established. Then studies would be founded on a common basig
and efforts would be reduced in their performance.
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APPENDIX

SUMMARY OF REVIEW OF APPLICATIONS STUDIES

The observations and conclusions given in the paper resulted fron
the review of twelve net energy studies within an issue oriented frame.
work. The framework used for reviewing these studies is given beloy
The framework uses issues as key headings and questions relating to the
issue were developed. Each of the twelve studies were reviewed with gy
emphasis on developing answers to the issue related questions., A .
summary of the results for each study is presented in Tables A-1 and
A-2. Table A-1 summarizes methodological issues, that is, factors
which define the approach and comprehensiveness of the analysis. The
analytical features describe the specific techniques and methods
employed in each of the studies and are summarized in Table A-2.
Observations from the comparison of these studies were stated above,
The components of the comparison framework are:

o Methodological Approach. Which of the basic net energy analysis
methodologies are employed? Candidates include process analysis;
input-output analysis; eco-energetics; and combination of these
methodologies.

e Structural Hierarchy. Does the study deal with the effects of
several levels of aggregation or is the analysis confined to a
single level? Some studies deal only with the effects at the 1o
level and ignore national or global implications. Many global or
national approaches may be useless to local decision makers. Thy
the components of structural hierarchy include: national,
regional, and local, which constitutes single level studies, and
multilevel studies.

e System Boundaries. This factor deals with the comprehensiveness
of the system and its components. Specifying system boundaries
will determine the extent to which the net energy analysis is
taken. This can be clarified by breaking down into further detai
the candidate system boundaries, e. g.,

(1) Primary fuels. Are the primary fuels of coal, oil, gas
uranium, geothermal, solar or other forms considered?

(2) Secondary fuels., Are fuels such as electricity, waste
heat, distillates, and biomass considered?

(3) Supply trajectory., Are all phases of the fuel cycle
included such as exploration, extraction, processing,
transportation, generation, conversion, distribution,
and consumption?

(4) Demand. Which end use economic sectors are included,
such as residential, commercial, industrial, trans-
portation, and agriculture?

e Energy Inputs, This factor deals with the various kinds of energy s

inputs normally associated with net energy studies. Inputs shouldZ@
be quantified for both the construction or capital formation stajegs
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of the energy technology and the operational phase of the tech-
nology, including coverage of goods and services utilized. Sub-
factors involved in energy inputs include:

(1) Resource base. Are the issues of sequestered resources,
resource losses and renewability of resources con-
sidered?

(2) Direct energy. Which input quantities are used to char-
agter1ze major energy flows, such as energy amgunt,
direct resource use, process energy losses, an thermo-
dynamic efficiencies? A

(3) Indirect inputs. What indirect energy inputs were con-
sidered? qu the energy content of capital and materials,
labor, institutional and environmental inputs considered?

o Indirect Energy. How are the indirect energies measured? Differ-
ent techp1ques may be used to measure the indirect energies asso-
ciated with capital, materials, labor, institutions and environ-
ment.

o Economic. A number of economic factors are included in net energy
analysis. The economic factors are directly related to the ac-
counting function of net energy analysis. Examples of economic
factors include:

(1) Discounting. Are energy expenditures that occur at
different times comparable? Are economic discount
rates or energy per dollar ratios used? What rates or
ratios are used?

(2) Interfuel competition. Are interactions between com-
peting fuels considered and, if so, how? Is the
treatment explicit of implicit?

(3) Demand specification. Does the study involve a supply-
only analysis with an assumed consumption level to
meet, or are common ratios used? How are uses
determined?

e 'By-products. Is the energy content of any useful by-products
“measured? The twg[ve studies that have been reviewed in Tables
A-] and A-2 are given as References 3 through 14.
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