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ABSTRACT

Energy analysis involves the accurate assessment of direct and in-
direct energy required for the provision of goods and services, and the
definition may be extended to encompass the use and eventual discard of
menufactured items. Also, the analysis of the policy implications of
the assessments should be included. Some early energy analysis studies
made claims for the policy relevance of their results that clearly ex-
ceeded the content of the assessments. Some economists, sensing an in-
trusion on their turf and having little knowledge of the development of
this new analytical method, criticized it by setting up straw men that
they then dismantled using conventional economic observations. A more
reasoned view of the relation between the two policy amnalysis tools,
energy analysis and economics, is that they are complementary rather
than antagonistic. Here, the three principal methods of energy analysis
(process analysis, input-output analysis, and energetics) are outlined
and contrasted in a standard economic framework. The overall contention
is ‘that energy analysis can furnish valuable information for economic
decision making, particularly through pointing up opportunities for fac-
tor .substitution and technological change.
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COMPARING METHODS OF ENERGY ANALYSIS
IN AN ECONOMIC FRAMEWORK

Energy analysis is a relatively new endeavor that is directed at
the accurate assessment of both the direct energy (fuels and electricitw
used in the provision of goods and services and the indirect energy iy.
corporated in material and other non-fuel inputs to the production pro.
cess. In understanding the intellectual underpinnings of the techniun
it is important to realize that effort in this area predated the 0il gp.
bargo and the subsequent perceived energy crisis. As early as 1965,
workers who can be identified as energy analysts {and who were princi-
pally engineers and physical and biological scientists) were applying
this method to problems of environmental significance, and their initia]
publications appeared in the early 1970's [Berry and Fels (1973), Berry
and Makino (1974), Chapman (1973), Hannon (1972, 1973), Herendeen 1973y,
Leach and Slesser (1973), Odum (1971, 1972)]. It is clear that the impe-
tus for their work derived from recognition of the difficult task that
faced economists in assigning reasonable valuations to externalized costs
of production and consumption. Krutilla and Fisher (1975) provide the ecop.
omists' view of this subject. Odum (1971, 1974) has been notably originaj
in emphasizing valuation of the positive inputs that natural services
make to productive processes. My first point is that energy analysis
has focussed on the accurate measurement of physical inputs (including
both energy goods and materials) to production, to consumption and to
recycling, remanufacture or disposal.

Although the techniques had been developed to analyze general enyi-
ronmental problems, it was obvious following the events of October, 1973,
that another potential application of energy analysis was in accurately
assessing energy demand. This led to a number of papers examining the
implications of energy analysis for energy policy [Berry, Long and
Makino (1975), Bullard and Herendeen (1973}, Hannon (1975), Herendeen
and Bullard (1974), Long (1975), U.S. House of Representatives (1976),
Wright (1974)] and the first international meeting on the subject
[International Federation of Institutes for Advanced Study (1974)]. Un-
fortunately, the scientific backgrounds and the enthusiasm of some early
workers led them to propose that society should adhere to a 'matural"
system of value with energy as its standard [Hannon (1973), Odum (1971)],
and another worker [Gilliland (1975)] implicitly adopted such an energy
theory of value although she also expressed agnosticism [Gilliland
(1976)]. This produced a flood of literature from the economics pro-
fession, which had earlier rejected a similar single commodity theory,
the labor theory of value, and replies from energy analysts [Anon. (1975),
Chapman (1977), Common (1976, 1977), Darmstadter (1975), Gilliland (1976),
Huettner (1976, 1977), Langham and McPherson (1976), Leach (1975, 1976),
Mueller (1976), Odum (1977), Peskin (1976), Reichle (1976), Slesser (1976,
1977), Webb and Pearce (1975, 1977)].

In part, this was an unfortunate turn of events, not only because
the proponents of an energy theory of value are certainly wrong, but also
because the heated debate tended to restrict discussion of the policy.
relevance of energy analysis to a polarized energy analysis VS. economics
framework. Many of us felt that a more meaningful approach was to ask
""What can energy analysis contribute to economic decision making,"” a
position that I have consistently maintained [International Federation
of Institutes for Advanced Study (1975), Long (1975, 1976); see also
Buehring, Foell and Keeney (1976)]. My answer is that is can complement
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economics by empirically measuring more and more accurate data on the
physical processes that economics seeks to describe and by developing
the analytical structure that permits the incorporation of a greater
quantity of physical information in the economic description. Thus,

energy analysis furnishes input data for economic decisions.

There are, however, cases in which data on total energy use may
be more important than other types of economic information. For example,
the net amount of enmergy (output less input) yielded by an energy supply
technology (and its form) will be of great interest to the research
administrator who must choose which technology will be supported from a
nunber that are economically competitive. The possibility that the
government could end up subsidizing research and development on tech-
nologies that require more energy (and fossil fuel) than they furnish
is recognized in Congressional Act 93-577, which instructs the Depart-
ment of Energy to carry out energy analyses on supported technologies
at the commercialization stage. It is true, of course, that in a com-
petitive market environment or under an accurate economic accounting,
such technologies would be shown to be economically unattractive and
would not be developed. But government research support is often directed
at those opportunities whose economics are the most difficult to evaluate
and which are, thereby, risky.

Progress in energy analysis, and, in particular, in net energy
analysis, has been the subject of several reviews [Bullard, Penner and
Pilati (1978), Development Sciences (1977), Pearson (1976), Polenske
(1975), U.S. General Accounting Office (1977), Winstanley (1976)]. 1In
the following sections I explore how the information from energy analy-
sis can be utilized by economics. In examining this question, it must
be realized that there are three distinct methods of energy analysis
rather than a single one: energy input-output analysis, process analy-
sis, and eco-energetics. These methods have been described in detail
elsewhere [input-output analysis, Herendeen (1973); process analysis,
Long (1975); eco-energetics, Odum (1971)]. Consequently, I will con-
centrate on a comparison of the techniques and a discussion of how each
interfaces with traditional economic modeling and evaluation.

ENERGY INPUT-OUTPUT ANALYSIS

“An energy input-output matrix for the United States for the year
1963 was first developed by Herendeen (1973) and subsequently refined
by: Herendeen and Bullard (1974) at the University of Illinois at Urbana-
Champaign, including the development of a matrix based on 1967 values.
This.matrix is derived from the financial input-output table for the
U.S. by segregating it into two submatrices, one containing the five
energy supply sector rows and the second, all other sector rows. The
dollar flows from each of the energy supply sectors to the user sectors
are then converted to physical units (Btu's, based on the enthalpy of
Gbmgystion of the fuels) by dividing by the average producer's price
paid by the user sector for the fuel. Flows between non-energy sectors
are maintained in dollar units. This hybrid table is then inverted to
clude the infinite regression of indirect energy requirements that
would be associated, for example, with the energy that is required to
Produce the steel that is needed to make the car that is purchased by
§§Qr§teel company to transport the steel...etc., in addition to the
divect fuel and electricity inputs.
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Thus, the energy input-output matrix is constructed from economic
data that has been modified for only five of its approximately Qﬁf?@zj
tors to reflect the fact that they sell units of production to different

Energy balance

buyers at different producers' prices. No other physical information i Le X..+E =¢. (X, - P.)
incorporated. Economists have always used the financial input-output i 7ij i j 3 j
matrix with entries given in money value rather than physical units ip R . 1
the knowledge that possible disparities in a producer's price for salesg € = Eearth X-?-x"

to different sectors limited the accuracy of statements that could be
made regarding quantity flows. However, it it obvious that the results
of an energy demand analysis employing the energy input-output matrix
are more accurate than evaluations using the financial input-output
matrix, with the costs of direct plus indirect inputs from the fuel apg € =
electricity sectors converted to physical units at average sectoral pro.
ducers' prices [Herendeen, undated]. A =

To illustrate this procedure, let us develop their model of a
three-sector economy. Exhibit 1 shows the input-output matrix manipy-
lation techniques, and Exhibit 2 contains a transaction table that gives
the dollar and energy flows in the hypothetical economy. The numbers
in parentheses represent the numbers of Btu's that are purchased for the
unparenthesized dollar flows. For example, the 'car" industry purchases
10 Btu's from the "refined petroleum' industry for $5.00. Using the Bty
values for the two energy sectors and the dollar values for the "car"
sector, the matrix is inverted, accounting for imports, and the inverted
flow arrays in Exhibit 3 are produced. The correct interpretation of
the entries in the row labeled '"refined petroleum'" is that each of their
numbers reflects the total petroleum required to produce one unit of each
of the outputs. For example, the production of $1 of "car" requires
$0.40 of "refined petroleum" (Exhibit 3a).

where

The equivalent energy input-output matrix is given in Exhibit 3b.
Construction of an input-output table in purely physical units at the
366 sector level would be exceedingly difficult because of the problem
of aggregating the diverse products of a sector into a homogenous physi-
cal unit. However, Canadian work along this line is proceeding [McInnis
and Hamilton (1975)].

The greatest utility of the energy input-output method would seem
to be in evaluating the impacts on total national energy use of specific:
policy options. Conversely, it might also be used in assessing the
macroeconomic impacts of restrictions on energy use. These analyses
require that the energy input-output matrix be interfaced with a macro-
economic model that produces estimates of the demands for the outputs of’
economic sectors. The sectoral demand (in dollars) can then be multi-
plied by the sectoral energy intensity (in Btu's per dollar) to yield
the implied energy demand. Hoffman and Jorgenson (1977} recently pro-
vided a clear exposition of a similar method for integrating economic

Eearth (
X & -9
e (1 -A)

Normalize with respect to output

= transaction from i to j

= total output of j

gxhibit 1: Energy input-output matrix manipulation.

-1

f-mta-x&-pnYH

= "embodied" energy intensity per unit ij

= energy extracted from earth by sector j

= imported product j

INPUTS INTO

Exhibit 2: Transaction table after Herendeen and Bullard (1974).

: Money value units are unparenthesized.
are given in parentheses in the unit shown on the right
hand side of the table.

Physical units

and technological models for use in energy policy assessment. Even
though the current macroeconometric models are a product of years of ex
perience and intellectual effort, it seems likely that use of energy
input-output methods should produce results that are as accurate as the
econometric models with which they are interfaced. For a critical view
of macroeconomic models, see Lucas and Sargent (1978).

The use of input-output techniques in evaluating micro-level ener|
questions, such as the total direct plus indirect energy consumption by
specific technology, appears to be more limited. This is both because
of the high level of aggregation of differentiated industrial products,
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Refined Physical Unit
Petroleum  Steel Cars Total (in parentheses)
10(10) 10(40) 0 20(50) (Btu)
5(5) 5(5) 5(10) 15(20) (Tonne)
5(5) 0 5(5) 10(10) (No.)
0 10(10) 10(10)
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Exhibit 3a: Pure financial transaction table and inverted matrix,

Unit
10 10 0 $
X = 5 5 5 $

5 0 5 $

14/5 9/5 2/5
4/5 9/5 2/5
6/5 6/5 8/5

a-ant

Thus it requires $2/5 refined petroleum to produce $1 of car,

Exhibit 3b: Mixed (University of Illinois) transaction table and
inverted matrix.

Unit
10 40 0 Btu
X = 5 $
0 5 $
75300 10
a4 11 11
-1 3 18 6
d-a"-= 1 11 11
s 4 16
22 11 711

Thus it requires % Btu to produce $1 of car.

even at a 360 sector level breakdown, and because of the difficulty in

obtaining up-to-date input-output data. Current financial input-output
tables are available with a several-year lag, and it has proved difficul
to project energy input-output coefficient behavior accurately [Herendee
and Shiu (1975)}. Therefore, in assessing specific technologies or pro-
cesses, it seems preferable to utilize the process analysis method, to

which we now turn. ’
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PROCESS ANALYSIS

A process analysis provides an accurate description of all the
slows of energy and materials, beginning with the process of interest
and tracing back (at least, conceptually) to the original extraction of
211 materials from the earth. A detailed description is provided by
tong (1975). For example, in the production of aluminum, the first pro-
cess considered is the Hall-Héroult process for electrolysis to the pure
petal. Material flows are first evaluated. Inputs to the electrolysis
jnclude alumina and cryolite. The production of alumina is then traced
pack through the Bayer process and further back to bauxite ore extrac-
tion, and there is a similar chain for the cryolite.

After the material quantities have been evaluated for each of these
steps (normalized to 1.0 tonne of output), the disaggregated fuel and
electricity inputs are assessed. It may be useful to aggregate these
quantities into a single energy input value (based on the combustion
enthalpies of the fuels}, but it is not necessary to do so.

Finally, one should note that approximately 0.55 tonne of carbon
anode is chewed up in the production of 1.0 tonne of aluminum, and this
anode has required energy for its production in addition to its own heat
of combustion. An analysis of the indirect energy associated with the
carbon anode should contain both of these data.

The results of a process analysis are individual values of fuels,
electricity and materials required for 1.0 tonne of aluminum output in
each of the processes and in the total aluminum manufacture. These are
the inverses of the average products for each of these inputs, and, if
the data are available, they could be interpreted as marginal products.
The marginal (or average) physical products of inputs must be evaluated
in order to economically optimize a production system. Also, these are
the quantities that would be entered as input-output coefficients in a
matrix that utilizes more accurate (physical) data. Thus, the process
analytic method could be used to update and increase the accuracy of an
energy input-output matrix.

It has also been suggested that the process analysis methods be
wed to those of input-output analysis, so that process analysis is used
to provide accurate evaluations of the first- and second-order inputs to
the process of interest and input-output analysis is used in the other-
wisé tedious tracing of earlier production stages [Bullard, Penner and
Pilati (1978), Woo, Noguchi, Long and Berry (1977)].

©"-The type of aggregate energy use data that can be obtained from a
process analysis are illustrated for coal production and beneficiation
in Exhibits 4 (aggregate U.S. data, primarily from Census sources) and 5
(disaggregated primary data compared with aggregate data). As will be
‘observed, the energy required to mine a tonne of coal is only a small

flﬁaqtion of the energy that is contained in it.

ECO-ENERGETICS
‘An alternative method of energy analysis has been proposed by Odum

Unfortunately, complete presentations of this procedure are
‘only in unpublished manuscripts and reports to funding agencies,
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Exhibit 4: Coal extraction energy requirements (MJ/tomnej.

Year

1954 1958 1963 1967
Underground 298 285 269 261
Surface 279 254 205 284
Underground
with Prep. 367 325 264 226
Plant
Surface
with Prep. 246 237 213 195
Plant

Exhibit 5: Comparison of strip mine with mechanical clt_aaning for 1967,
Census average vs. representative Midwest mine.

| MJ/tonne
Average Midwest Mine
Total 195 243
Coal 0 0
Electricity 113 130
Fuel 0il 57 90
Natural Gas 0 0
Gasoline 10 19
Explosives 2 4
Steel 13 ?

and quantitative details have often been omitted from published materia

in favor of qualitative argument.

The basic form of this method is a modified process angl}.'sis '}n
which non-market energy imputs from the environment are explicitly in
cluded. In reading the eco-energetics literature one should keep In

mind that its principal focus is the elaboration of a system that explis

citly embeds economic life in the ecological setting in wh%ch it oper
See also Westman (1977) for a more conventional view 9f thls'problem.
Exhibit 6 displays a comparison of energy flows associated with two 0

tions for cooling an 800-MW power plant at Crystal River, Florida. Thi
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gxhibit 6: Energy flows in estuary at Crystal River over an area
affected in 1 day (9.2 x 106 m?). After Odum (1974).

ITEM keal m 2 10° kcal/day
Metabolism (day production plus night
respiration) 28 252
Tidal energy absorbed 0.085 0.8
Wave energy absorbed 2.5 23

Solar energy absorbed and connected
to potential energy of thermal

gradient 27 249
plume potential energy 62 570
plume. consumption {canal metabolism) 1.3 12
plume kinetic-energy contribution 0.2 2

Energy to replace 20% plume
zooplankton 0.2 2

Cooling tower ($5 x 106 year) 30.5 275

was taken from a published study by Odum (1974), and avoids the use of
the systems dynamics diagram and the conversion to the '*fossil-fuel-work-
equivalent (FFWE)" units that often obscure his evaluations. The data
presented are directly comparable to those resulting from a process anal-
ysis that includes environmental impact factors, and this allows us to
examine. the method in its barest outlines.

The question that is posed is: is optimal cooling of the 800-MW
power plant accomplished by venting the energy in an aqueous thermal
plume:to an estuarine ecosystem (9.2 x 106 ml in area) or through the
use.of an air cooling tower? Odum argues that the energy of the thermal
plume_has not had a destructive effect on the estuary, even though the
daily energy flow from this source is more than double the ecological
metabolism, and that a portion of the effluent energy is utilized in
estuarine circulation.

+:0dum's method should be viewed as an attempt to carry out a social
benefit-cost analysis, but using an energy numeraire rather than a money
unit. Obviously, the precise quantification of energy flows in the eco-
logical system and the benefits and costs arising from such flows is
vorthy of attention. Although Odum does not claim that the net effect
of thermal plume release is positive, he does assert that it has an
effect that is positive in comparison to the costs (in the form of an
nergy .requirement) to society of building and operating the cooling
tower. There are two facets of his analysis that are troublesome.
First, his evaluation of the energy that must be expended by society for
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the cooling tower utilizes a gross conversion from money u@its to energy
units based on the ratio of total energy used in the U.S. in a year tq
the GNP. The dollar cost of the cooling tower alternative includes aj)
capital and labor costs and operating expenses, in addition to materiy)
and fuel costs. Because GNP is defined as the dollar value of goods
delivered to final demand, one must be careful to avoid multiple
counting errors arising from including goods delivered to intermediate
demand in the calculation and from counting the services utilized by gy
individual fully in each of his activities.

Second, because the dollar costs utilized by Odum include capitgg
and labor costs and because the direct energy requirement is often smal]
(relatively), multiplying all money unity by the energy/GNP ratio does pq
more than convert from denomination of economic units in dollars to de.
nomination in some energy unit, be it kcal's or Btu's or kwh's or Mi's
The figure for the societal unit is then compared with that for the nat.
ural energy input. Formally, no economist will object to this procedure

if it is properly carried out, since it represents only a change in nupep.

aire and would not modify market-related decisions on the part of entre.
preneur or consumer. The price of any good will remain precisely the
same relative to the price of any other good, but given in different
units. However, there does not seem to be a commanding reason for a
change in numeraire. In the benefit-cost comparison above, the energies
furnished by the environmental factors could equally well have been cop-
verted to dollar units. If this conversion had utilized the arbitrary
GNP/kcal ratio employed by Odum

‘_iLZ___z 5 x 10 Skﬁﬂ

2 x 10 keal
we would find that the plume potential energy provided an input worth
$28,500 per day to the estuarine body, versus a cost of $13,000 per day
for the cooling tower. Economists would prefer to price the economic
contribution of the plume at its shadow price, which undoubtedly will be
far smaller. Thus, we conclude that Odum's purpose has been the design
of a method that permits one to compare the value he perceives from the
work that is done by the environment with values generated by the eco-
nomic system, and that there is nothing to recommend the simplistic con-
version of either dollars-to-energy units or vice versa. Also, we note
that, properly applied, a social benefit-cost analysis should give
attention to the subject of time discounting and the appropriate discount
rate.

Gilliland (1975) employs this method in her comparison of the
energy requirements for the development and operation of 100-megawatt
dry steam reservoir and wet steam reservoir geothermal power systems.
Exhibit 7 displays this comparison, and those interested are referred
to her paper for details. For present purposes, we should observe the
following:

1) The items denoted by an asterisk were calculated on the basis

of dollar-to-energy conversions. For the dry steam reservoir
3575/4588 = 78% of the total energy requirement is evaluated
in this manner, while 3685/5395 = 68% of the energy require-
ment for the wet steam reservoir is assessed using this pro-
cedure. Although different conversion ratios for each of the
starred categories are used, the origin of these values is
unclear. Presumably, they result from a physical evaluation
similar to that using process analysis. Why, then, convert
from directly-evaluated energy requirements to dollars and
back to energy units?
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pxhibit 7: Energy subsidies required for the development and operation
of a 100-MW geothermal power system for 30 years. Electric-
ity use is computed at its fossil fuel equivalent value.
After Gilliland (1975).

DRY STEAM WET STEAM
RESERVOIR¥ RESERVOIRt
ENERGY INPUTS (logkcal) (109kca1)
Exploratidn** 50 50
Extraction and separation
Fuel 135 150
Construction and maintenance materials 135 150
Transport of materials 5 6
Steam transport
Construction and maintenance materials 25 35
Transport of materials 3 4
Constructiont and operation of the steanm
field** 140 185
Cmnérsion to electricity
Construction materials 570 1,140
Maintenance materials** 25 35
Transport of materials 70 140
Construction+ and operation of the power
_ plant** 160 215
Transmission and distribution
Construction and maintenance materials** 2,800 2,800
Construction+ and operation of the
.transmission lines** 400 400
Environment
Field site ’ 35 50
TPansmission corridor 35 35
To lyeqergy,requirement 4,588 5,395
i (3,575)*=* (3,685)**
; eﬂergy delivered to consumer § 57,750 57,750
N “fgy ratio
ered energy to subsidy 12.6:1 10.7:1

?riven turbine. 1'Two—stage flashed steam-driven turbine.
luding materials. §16,500 kcal (electric) x 3.5 is 57,750 kcal

g of petroleum equivalents.

éséfentries are evaluated using dollar/energy conversions rather than
ysical analysis; they total 3,575 x 109 kecal for the dry steam reser-
1r and 3,685 x 109 kcal for the wet steam reservoir.
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2) The energy requirement that is designated as environmenta] is
small (approximately 1.5% for both the dry and wet PI‘OCeSSeS)

3) The possible errors in the dollar-energy conversion are sg
large (25%) as to preclude any decision based on a net enep
calculation using this method, even it this were admitted to
be the decision parameter of choice. Further, observing thy
the environmental subsidy is small, in any case, why shoulg
this project evaluation method be superior to a social benefig.
cost analysis, which would presumably incorporate the infoy.
mation from the more transparent process energy analysis?

4) Although the data in Exhibit 6 from Odum do not contain hig
correction of caloric values for '"energy quality' (Odum,
undated), Gilliland's analysis (Exhibit 7) does. The statement
usually made by these workers is that '"not all calories aye :
equal," because a calorie of wood energy will do less work thay
a calorie of coal energy (e.g., the '"quality" ratio that ig
assumed is coal calorie/wood calorie = 2/1). The motivatiop
behind establishing an energy quality scale would appear to pe
an attempt to put solar energy utilized by the environment op
a scale having a magnitude comparable to conventional fuels,
To do this, they adopt the following procedure: each energy
type is assigned a "quality' that is equal to the number of
calories that would be required to generate a unit of electric.
ity using the best-available technology. This procedure is not
altogether novel, because energy analyst< Lave often performed
an inverse conversion in assessing the electrical input at jtg -
thermal equivalent, the number of units of fossil fuel that
were used in its generation. However, in this latter case, the:
electrical generation efficiency correction can be justified
in one of two ways. First, observing that electric energy is
actually generated utilizing fossil-fuel consuming boilers, the:
important question may be what is the impact of the energy use
in driving a given process on the fossil fuel resource base.
Second, if electrical energy were not used to drive the proces
then fossil fuels would be the logical substitute power sourc
Neither of these justifications can be argued in constructing
the "energy quality' scale. There are several difficulties in
using such a scale, a principal one being that the conversion
values are not constant but subject to technological change.
Another would be that a process efficiency measure is directl
incorporated in the energy analysis, rather than separating tl
analysis and the assessment of physical efficiency into two we
defined steps. Thermodynamicists do not find it necessary to 3
establish an energy quality scale because they realize that an
energy unit is of interest only in defining a change in the
thermodynamic potential during a physical process and not as aj
abstract quantity. Thus, the efficiency of a process is mea- 3
sured by comparing the actual energy (thermodynamic potential)
change in a process with the ideal change in a second-law cal-
culation (vide supraj}.

Although the energetics. approach has made a contribution in empha
sizing the importance of environmental energy flows that could be sub-
stitutes for fuel energy flows from society, it has not developed a sO
construct for their inclusion. A fair view of this method is that is d
not provide as thoughtful a framework for social benefit-cost analysi§
that provided by traditional economics, and that for analyzing specifici
energy questions, process analysis is more straightforward and more
accurate,
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SUMMARY

I conclude that energy input-output analysis, which can be inte-
ated with econometric models, is useful in macroeconomic decisions.
For micro-level decisions, process analysis is the method of choice and
surnishes physical information that is useful in economic decision making.
There appear to be a number of ways in which the information from energy
analysis can complement and be incorporated into economic analysis:

— Through a precise physical description of real-world processes.

— In the evaluation of energy conservation measures and in the
assessment of new energy-supply and new energy-using tech-
nologies. .

— By examining substitution possibilities between energy goods
and other factors over the total life cycle and recycle of the
commodity.

— In the calculation of fuel price elasticities.

-— By determining the physical bounds on economic activity.

— Through interfacing energy information systems (input-output
matrices) with macroeconomic models.
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ABSTRACT

Since the basic objective of energy analysis is to identify the
yltimate sustainable limits to human activities, it is appropriate
to identify ultimate limits to the usefulness of energy analysis.
Human activities can take many forms and any assessment of ultimate
limits is not only a forecast of technical progress and resource
availability but is also a statement about human values i.e., what
activities can or ought to be sustained. Current applications
of energy analysis are not merely attempts to find common units
of measurement (BTU's rather than dollars) but are attempts to
value current human activities in accordance with their believed
long run sustainability.

Physical laws (including those of thermodynamics) constrain
nan's activities but do not dictate values by themselves. The problems
addressed by energy analysis are of definite social relevance but
the science of economics indicates that the objectives of energy
analysis are unattainable by the methods employed.
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