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Iv. METHODOLOGY OF STUDY

A. The CERI Process

The basic approach of this study was to have specific investigators deal with specific
fossil fuels, with other members being responsible for overall integration and attention
to such matters as economics and the environment. The team met frequently as a group. A"
one-day workshop was held with outside participants several months into the study. At
this time, the methodology, philosophy and initial data approaches were discussed with
the workshop participants and input was obtained. The team members, individually or in
groups, attended or participated in other conferences on net energy analysis, including:
the Eighth 0il Shale Symposium of the Colorado School of Mines in April, 1975; the NSF-
Stanford Workshop in August, 1975, and the Americam Institute of Chemical Engineers Annual
Conference, November, 1975. Also, team members, individually or in groups, met with other
people involved in net energy. The team reviewed a great deal of literature, and met in

small groups to exchange data common to the more than one investigator.

After the team agreed upon the overall methodologies, boundaries and approaches, in-
dividual members collected data, primarily from various industries which are actually pro-
cessing or transporting energy. The data were aggregated and the report was drafted and
reviewed. The great majority of the time and expense of this study has been devoted to
data acquisition and analysis, which is summarized in Table 3 for the methodology dis-

cussed in this section.

B. Assumptions and Ground Rules

Prior to commencing the stﬁdy, the CERI team spent some time in reviewing literature
and in team meetings to define the study scope and general methodology. As a result, the

ground rules and assumptions were established as follows.

1. Entire trajectories or pathways from resource extraction to the point of end use
should be examined;
2. End use efficiencies, or energy analysis of end uses, should be excluded; the
study should be confined to the production system. End uses are highly important regarding
efficient resource use, but this can be separated in terms of studies. End use analysis is
very complex, and it was decided to limit the scope for reasons of time and budget. This
does not imply that attention to the consumption of energy may not be much more important
than analysis of energy balances in production;
3. The study should analyze energyiflows in scientific and engineering terms, and
should obtain the best technical data on energy flows;
4. Indirect, as well as direct. energy inputs should be included:
® FEnergy needed throughout the various sectors of industry to ultimately produce
and operate the energy production system should be included;
® The energy ﬁeeded to produce materials used throughout the various sectors of
industry to ultimately produce and operate the energy production system, or
enable direct and indirect energy to be delivered which ultimately enables the
energy production system to operate, should be included.
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e An examination should be made early in the research as to the rationale and
feasibility of interrelating many other forms of energy; ecological flows,
human labor or "life style," research, and other types.

5. A Western focus would be emphasized as it regards fossil fuels. It was assumed
that a national importance could be attached to such a study because of the increasing
significance of Western energy production.

6. Technologies which exist or which may be on line by the early 1980's should be
included. Technologies for which research and development is in early stages should be
excluded at this time, because data are weak and decisions on their implementation are not
imminent. This assumption is an important one, and has obvious ramifications to the use
of a boundary which includes "unrecovered or lost resource."

7. The energy inputs and outputs of the production system should include environmental
control equipment as an integral and necessary part of the system. Environmental gquality
control should be a requirement in all aspects of energy production.

8. The study should not examine other concepts such as theoretical limits to effic-
iencies in extracting, transporting or processing fossil fuels, or intertemporal flows and
accounting. While such studies have validity, the CERI study would confine itself to the
actual direct and indirect energy flows, examined as a static'condition.

9, The team would make no value judgements about society's demand for various types
of fuels. It would assume that fuels of various qualities are needed by society. "Quality"
as used here is a loose term covering such factors as usability, utility, timing, trans-
portability, location, form of energy, and other non-quantitative descriptors. Quality

has a thermodynamic meaning, also: the ability of energy to do work.

C. Study Boundaries

The CERI purpose is to determine data and facts for any possible direct use in the near
future. Therefore, boundaries for this study were eventually drawn to include discrete
systems for which valid data can be analyzed. If the purpose were to understand large,
complex systems involving money, energy and materials (along with other social and natural
variables), the boundaries would be larger. There is unquestionably a need for research on
the broader systems, but there is also a need for research on hard data in discrete

subsystems.

The boundaries of this study include:
e Fossil fuel Industrial System;

e American fossil fuels, with western emphasis;

e Technology available in mid-1980's:;

e From resource to péint of end use;

e Life-time of processes (approximately 20 to '35 years);

e Static, not dynamic (i.e. not including long-term trends, except as discernable
from comparison of various static trajectories or intertemporal flows);

e General geographic rather than site-specific geographic scope;

e Energy and the energy-equivalents of materials, as inputs; -

e Actual, not theoretically-feasible, energy flows;

e By-products of energy processing.

Environmental assumptions which relate to boundary conditions of the energy system and
its outputs were based on the principle that the technologies will be "environmentally




acceptable." While that may mean different things to different people, in the context of
this study it means such things as:

@ Mining will be done where rehabilitation is feasible, outside of river bottoms

and unsuitable physiography, without disruption to aquifers, rare and endangered

habitats, etc.;
Waste disposal will be handled to minimize impacts; this includes waste heat;
Pollutants will be controlled to meet current air and water quality standards;
synfuel processes will produce fuels which can be used within environmental
standards;

e Massive cummulative changes can be avoided or controlled perhaps by limiting
the magnitude of development in any given area consistent with any "“carrying
capacity" which can be defined.

While these criteria do not mean "no impacts,"”

they assume that impacts and changes
are acceptable or else society will prevent the development, through the mechanisms of
clean air and water legislation, NEPA, land use controls, politics and other mechanisms.

For pragmatic reasons, ecological flows were not included in the boundary.

International movements of energy were not studied, due to data problems. End uses
were not included because of the complexity of issues, data and systems pertaining to end
uses (considering various forecasted needs, changes in end use technologies and the inter-

relatedness of end use politics, economics,. technologies, life styles and impacts).

Non-fossil fuels were excluded because of time and budget limits and technological

uncertainties.

Some energy and non-energy parameters relating to site-specific conditions were ex-
cluded. ' If they had been included, the number of factors and trajectories would multipy

beyond a manageable level. The time and costs of obtaining site-specific data are pro-

hibitive for a study of this type. An example would be the energy costs of all alternatives

for obtaining cooling water.

Human energy and research energy were not included within the boundary. The reasons

are found in the discussion in Section III.

D. Methodology

1. General ‘
Energy-producing systems generally can be divided into steps. For our analysis

eight steps were chosen. As shown in Figure 3, they are:

Extraction loss

Extraction (including exploration and development)
Transport I
Process
Transport II
Conversion I

Conversion II

Distribution
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To clarify each step, consider a particular example; Suppose the energy~producing
system is strip-mined coal converted to a.liquid boiler fuel for electric power plant use.

The system contains the following steps:

A 5% extraction loss

Strip mining with short distance (less than 10 miles) truck haulage, and crushing
Railroad haulage (600 miles)

Coal Ligquefaction

Liquid Pipeline

Electrical generation
e Electrical transmission (150 miles)

“

(This example is in fact one of the systems studied herein.)

Energy-producing systems not only have similar steps; they also often contain the same
processes. For example, raw coal which is gasified and raw coal which is liquefied both
may be extracted from a surface mine. Also, it is difficult to separate natural gas -
extraction from petroleum extraction, since both products may be produced from a single
well, and since gas and oil exploration and development are iﬁdistinguishable. These kinds

of redundancies occur many times among energy-producing systems.

The commonalities of energy-producing systems naturally lend themselves to division
by process. For this reason we have chosen to analyze energy-producing systems as series,

or trajectories, of process modules. We have called this technique "linear-modular analysis."

A module trajectory is a combination of each process step normalized to form an inte-
grated energy producing system. By normalized it is meant that the inputs and outputs of
modules in a trajectory are adjusted so as to correspond to proceeding modules. Figure 3
is a display of some of the possible module trajectories of fossil-resource, energy-

producing systems.

The chief advantage of using module trajectories to describe energy-producing systems
is flexibility. If one wants to alter some part of a system, he changes only the approp-
riate modules, subject, of course, to technological feasibility. Substitution of one pro-
cess for another, variation of transportation or distribution distances, and revision of
input or output data can all be performed without necessarily affecting the basic structure
of the module trajectory. For example, if for a site-specific case, the energy require-
ments of one petroleum refinery were different from those of an average refinery, the
specifically appropriate data can be substituted without changing data for any other
module in the_petroleum system. (However, other modules would have to be normalized
relative to the new refinery outpyts.) The flexibility of linear-modular analysis allows

easy application to a wide range of energy systems.

Each module of an energy-producing system was analyzed separately. A generalized
module is shown in Figure 2. Modules were later combined to form trajectories typical of
érojected energy-producing systems in the western U.S. Other trajectories can be construct-
ed using data gathered in this study.

A module is characterized by its energy inputs and its energy outputs. Inputs are of
two basic types: (1) Principal Energy, which is energy to be processed by the module, and
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(2) Energy Loss, which is the sum of losses from Principal Energy and from External Energy
during the module process. Losses include degraded energy, physically lost and other

unused energy.

The characteristics of Principal Energy affect its processing by, the module. For
example, heat content per weight of fossil fuel determines energy units of Btu/ton mile.
sulfur content may affect energy requirements for petroleum refining, for coal liquefaction,
for coal gasification, and for electric power plant uses. Moisture content of natural gas
determines its processing in a gas liquids plant. These effects interact to produce

variations in Energy Product and in Energy Loss.

Direct External Energy is a sum of energy (electricity, petroleum fuels, natural gas,
and coal) and of energy-equivalent of materials (the direct energy required to manufacture
materials used directly by the module process). In fact, energy-equivalent of materials
is a second-order energy input, as is the energy necessary directly to support first-order
energy input (éee Figure 4). Second order analysis includes: (1) direct/energy to Module
"A", (2) energy equivalents of materials used in the process (both directly used to sup-
port the process), and (3) energy required to produce energy. However, second-order
analysis fails to consider all important energy inputs, as previously discussed.

There are several ways to organize energy analysis for orders above second order. Four
of these possibilities are: (1) an iterative technique which uses data for each fuel source,
for electrical generation, and for materials; (2) alternate means of determining energy
conversions such as use of input-output matrix equivalents, construction of a small energy
input-output matrix, or employment of sensitivity analysis to yield an estimated error
range; (3) estimates of materials energy and estimates of multiplying factors for fuel and
electricity; (4) a continuation to third, fourth, etc. orders combined with an analysis of
total effect in an effort to establish a cutoff level.

A combination of (1) and (2) was selected for this analysis. Since all the common
fossil fuels are included in our study, external fuels and electricity inputs were analyzed
by iteration. Accuracy of results was as good as or better than the more involved tech-
nique of (4), because each fuel result was determined by the team member specifically
assigned to that fuel, rather thanvrequiriﬁg all members of the team to investigate all
the common fossil fuel chains. Thus both efficiency of effort and accuracy of results

were improved.

Direct fuel and electricity inputs were iterated using data from our final sample
trajectories. There are five common fossil-fuels derived enefgy inputs -- coal, petroleum
products, natural gas, electricity, and materials. The number of inputs which must be
determined at order "n" (where n = 1,2,3,...) is 5%. Conseguently, direct computation

quickly becomes unmanageable, and therefore we used approximations for orders above order 2.

Indirect energy supporting direct material inputs was calculated using conversion fac-
tors reported by Herendeen and Bullard (1). Their Btu-to-dollar equivalents appear to be
as accurate as any other method for determining a wide variety of material energy-equivalents.
However, their data, obtained by substitutions into the national economic input-output matrix,

and by subsequent matrix algebra, were not considered to be reliable enough for first-order

inputs for the following reasons:




e I-0 data contains inaccuracies due to lack of information, proprietary
restrictions, and data collection inconsistencies of time and of methods;

° >Information relates to producers rather than products. Thus different products
from the same company are summed up as production of the company's primary
product;

e Capital goods, which can be significant energy consumers, are not included in
the interactive section of the I~O matrix. Thus the energy attributable to
plant buildings and equipment is not calculated directly from input-output
analysis;

® Aggregation of data by industrial sectors leads to imperfect conversions to
physical terms. For example, two items may vary considerably in price due to
design features, although the energy required for each item is approximately
the same. Conversion using an average Btu/$ factor distorts the energy require-
ment for each item. Also, different technologies which produce similar products
are averaged, despite large possible differences in energy use;

® The interactive coefficients in an I-0 model are assumed to remain constant
with time. In fact, these coefficients change, sometimes significantly. Large
errors can arise from changing coefficients, and this problem is likely to be
particularly acute in the direct energy sectors due to rapidly changing fuel
prices, to fuel substitutions, to pollution control requirements, and to energy
conservation;

e Physical losses in manufactured products are not always accounted in economic
data. Thus, the coal lost during coal processing may or may not be recognized
in the input-output interaction, although considerable energy may be involved;

e A new technology sector is difficult to add to an extensive I-O table. A new
addition requires development of the entire set ofvinteractive coefficients.
(The addition of one sector to the 357-sector .national I-0 table would require
an additional 715 coefficients). The alternative -- adding new technology to
an existing economic sector -- presents the difficulty discussed above in point
4. Furthermore, the output from new technology is so small as generally to be

insignificant in aggregate with an established activity.

In addition to these seven qualifications there seems to be substantial differences in
results for the base years 1963 and 1967 used in the Herendeen and Bullard study. Repro-

duced in Table 4 are results for the sectors most used in our study.

Differences between 1963 and 1967 data generally vary over an acceptable range of 10%-
20%, but the large ( 30%) differences for three of the five energy sectors indicate serious
reliability problems with the I-O technique, at least for energy sectors in direct energy.

Although our confidence level in the I-O conversion factors was not as high as we
wished, the I-0 factors are the best cﬁrrent method for determining energy equivalents of
material products. An energy-content handbook constructed from specific investigations of
the most important industrial sectors would be a very valuable tool in energy analyses.

We suggest that a handbook .should be made using linear-modular analysis or a similar

technique.

All energy inputs -- Principal Energy and External Energy (including direct fuels and

electricity and indirect energy for fuels, electricity, and materials) are divided among
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Table 4

1963 1967
Primary Primary . Difference
Sector : Fuel Fuel R
700 Coal Mining 1.0142 . 1.0068 -52
800 Crude Petroleum & Gas 1.0403 . 1.0568 +41
3101 Petroleum Refining Products 1.2010 1.2082 + 4
6801 Electric Utilities 3.8887 3.7963 -3
6802 Gas Utilities 1.1606 1.1005 -37
1102 New Const. Non-~Residential 76294 67206 -12
1103 ; New Const. Public Utilities 86929 79610 - 8
1202 Maintenance Const. Other 80046 57108 ~29
2701 Inorgans-~Organic Chem. 347918 281962 -19
2704 Misc. Chem. Products 315968 183464 -42
3201 Tires 114102 99053 -13
3701 Steel Products 313193 267425 -15
3703 Iron, Steel Forging 199336 170894 -14
3902 Metal Barrels 159216 141180 -11
4006 Fabricated Plate Work 135647 105163 -22
4208 Pipe 85945 74272 -14
4302 Internal Comb. Engines 67519 61751 -11
4501 Construction Machinery 84700 68040 ~20
4502 Mining Machinery 73560 71376 - 3
4503 0il Field Machinery 84661 72338 ~15
4604 Industrial Trucks 74113 59190 -20
4901 Pumps, Compressors 66853 55256 -17
4907 General Industrial Mach. 72225 64383 -11
6103 Locomotive . 65879 54421 -17
6104 Railroad Heat Covs 131163 109725 -16

Energy Use By Sectors, 1963 and 1967

the energy outputs -- Energy Product and Energy Loss. That is, Ein=Eout’

requirement, that there be a balance of energy, avoids confusion as to how to account. for

This fundamental

internally derived energy. Referring to Figure 11, one can see that internally consumed

energy must be counted as part of Energy lLoss in order that outputs equal inputs.

Energy Product is comprised of a primary energy form (that became Principal Energy for
the next module in a module trajectory) and of the energy equivalent of byproducts produced
by the module process. There are two kinds of energy byproducts -- secondary fuels and
byproduct materials. For example, a coal liquefaction facility may produce both pipeline-
quality gas and sulfur as well as hydrocarbon liquids. Byproduct energy equivalents are

considered outputs of the module and are credited the same as the primary energy product.

Energy Loss has three parts. It consists of External Loss, the sum of losses from )
External Energy inputs; of Physical Loss, leakage, spillage, or disposal of Principal Energy
(e.g., venting or flaring of natural gas, oil pipeline spillage, disposal of incompletely
retorted oil shale); and of Internal Consumption, the use of Principal Energy for power or
for other chemical reaction in the module process (e.g., powering an o0il refinery with part
of the product slate). Often the difference between Physical Loss and Internal Consumption
is indistinguishable in practice. For example, incomplete combustion of a fuel results in
some physical loss as unburned hydrocarbons are emitted in the stack gas, but the fuel is

used for internal power, and so the total may be counted as internal consumption.

Many processes can be run either by external energy or by internal consumption. O0il
refineries can operate on part of the product slate or on natural gas, or on coal, for
example. In those modules where technical options are currently available, the assumed
option is noted (in Section VI.)
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Data were gathered in raw form and then reduced to a standardized Principal Energy of
lO9 Btu. An analysis form was used to report data, for each module. (This is summarized
in Section VI.) The left column of the analysis form was completed; conversion factors
were applied to obtain all inputs and outputs in Btu's. Our conversion factors for fuels

and electricity were as shown in Table 5.

Table 5
Form Standard Units Btu Equivalent
Electricity KwH 3,413
Natural Gas scf 1,032
Coal Ton 20,000,000
Crude 0il bbl. 5,800,000
Gasoline gal. 125,000
Diesel gal. 139,000
Fuel 0il gal. 139,000
Residual gal. 150,000

Conversion Factors

Energy equivalents for materials were computed by first deflating to 1967 dollars and
then employing the conversion factors derived by Herendeen and Bullard as discussed pre-
visouly. When materials or supplies were not specified by kind, a standard conversion
factor of 70,000 Btu/19673% was used. This féctor is an approximate median for the
Herendeen and Bullard data. Conversion factors for physical loss and for internal con-

sumption were the estimated heat values.

2. Computation of Indirect Energy
Because we were studying the principal fossil-energy-producing systems, we could
rely on our selected trajectories to provide data; thus, we were able to compute second
order energy directly. However, since the number of data rises as 5n, where n is the
order, we elected to use an approximation to include all orders above second order. This

approximation was derived in the following manner.

First, using data from our sample trajectories, we developed Table 6.

Table 6
External External Energy External, Process
Energy Process and Extraction
Energy Form Only Losses Losses
Electricity 0.15 2.70 4,20
Petroleum 0.10 0.21 2.40
Gas 0.04 0.20 0.20
Coal 0.02 0.02 0.08

Direct Energy Requirements to Support Energy Producing Systems

(These numbers are relative to trajectory output of one unit.)
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Electricity is a weighted average, assuming: (1) coal~electric 55%; (2) petroleum-
electric 19%, and (3) gas-electric 26%.

The national energy use is given in Table 7.

Table 7
Electricity 9%
Petroleum 53% B
Gas 30%
Coal 8%

National Energy Use Percentages

Combining Tables 6 and 7, we have the weighted averages shown in Table 8.

Table 8

External External Energy External, Process

Energy Process and Extraction
Energy Form Only Losses Losses
Electricity 0.01 0.24 0.38
Petroleum 0.05 0.11 1.27
Gas 0.01 0.06 0.06
Coal 0.00 0.00 0.01

Total 0.07 0.41 1.72

Weighted Averages of Direct Energy

Requirements for U.S. Energy System

(Numbers relative to one unit of output of trajectories)

The totals of Table 8 represent the average direct energy requirements to support
energy-producing systems. The results are that on the average one unit of energy produced
by fossil fuel systems require 0.07 units from other systems, lose 0.41 units of energy
during processing, and suffer an additional loss of 1,31 units (1.72 - 0.41 units) of
energy during extraction. In order to find the sum of all energy requirements we must

iterate. We solve the following series:

o First, 0.07 + (0.01% + (0.07)% + ... = L s = 0.0752 which is rounded to 0.08.

e Next, 0.41 = 0.07 + 0.34. Only the 0.07 representing energy from other systems
is iterated, since other process losses suffer no additional losses. Then =
0.34 + 0.07 + 0.07 (0.41) + (0.07)2(0.41) + (0.07)3(0.41) + ... = 0.34 + 0.07

(0.07) -
+ 0.41 m‘j—)- = 0.44,
e 1.72 = 1.31 + 0.45 + 0.07. Again only the 0.07 need be iterated. = 1.31 +
' 0.34 + 0.07 + 0.07(1.72) = (0.07)2(1.72) + (0.07)3(1.72) + ...= 1.72 + 1.72
(0.07) - .
(1-0.07) - *-8

We constructed Table 9 which lists the additional indirect energy, beyond direct energy
inputs, required to support energy-producing systems.
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Table 9

External External Energy External, Process
Energy Process and Extraction
Energy Form Only Losses L.osses
Electricity 0.01 0.07 0.28
Petroleum ' 0.01 0.04 0.18
Gas 0.00 0.02 0.07
Coal 0.00 0.01 0.04

Average Indirect Energy Requirements

(Fraction) To Support Energy-Producing Systems

Then, we developed Table 10, which includes both direct and indirect energy required

to support energy-producing systems.

Table 10

External External Energy External, Process

Energy Process and Extraction
Energy Form Only Losses Losses
Electricity 0.16 2.77 4.50
Petroleum 0.11 0.25 2.58
Gas 0.04 0.22 0.27
Coal 0.02 0.03 0.12

Average Direct & Indirect Energy Requirements

: (Fraction) To Support Energy-Producing Systems

Energy multiplying factors are determined merely by adding the energy produced (1.00)
to each number in Table 10. To check our numbers derived by this method we compare the
multiplying factors including both External and Process Losses with those (which correspond)

derived by Herendeen and Bullard using I-O data, as in Table 11.

Table 11
Herendeen and Bullard
Energy Form CERI 1963 1967
Electricity 3.77 3.8887 3.7963
Petroleum 1.29 124130 1.2650 Y
Gas 1.22 . 1.1606 1.1005
Coal 1.03 1.0142 1.0068

(1) Obtained by adding Crude Petroleum to Petroleum Refinery Products.

Comparative Data: Energy Reguirements Multipliers

The agreement for electricity, coal and petroleum is very good. Agreement for gas is
not good, but neither is it between data of the two base years 1963 and 1967 of Herendeen
and Buallard. Overall there seems to be reason for good confidence in the results derived

here.
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V. POTENTIAL NET ENERGY ANALYSIS APPLICATIONS

A. General Types of Decisions

"It seems that there is almost no energy policy problem to which energy analysis and

net energy analysis cannot be applied," reported one subgroup at the NSF-Stanford Workshop.

Since net energy analysis is not locked into a single rigid boundary and accounting system,

this sanguine statement may be valid. The discussion in Section III of this Report ex-

plored issues and problems to which net energy analysis relates.

There are various types of decisions in which net energy analysis might be used.

These are as follows:

1. Federal Government

Research, development and demonstration projects, as stated in Public Law 93-577;
Programs and projects involving direct Federal funding and action, such as

water resource projects or transportation facilities; net energy analysis is
applicable only if the product of the action is to be energy (hydropower,
thermal electric power, etc.) but energy analysis may be useful in general;
Control and regulation, such as permits by the Federal Power Commission or
leasing programs of the Bureau of Land Managément; the "Energy Minerals Activity
Recommendations System" (ERMARS) might be a prime candidate for the use of

net energy analysis; V

Planning: overall national energy and resource planning; regional energy
studies such as the Northern Great Plains Resources Program; importation
policies for energy; "energy park" planning; and

Fiscal actions: taxation, price controls, and "subsidy" programs such as the

synthetic fuels commercialization program.

2. State Government

State actions: these are few in comparison with the Federal public works
programs, but both general energy analysis and net energy analysis could be
applied;

Control and regulation: permits and licenses for gas and oil production;
facilities siting; utility expansion or change of service area;

Research, development and demonstration: although this is also limited in
comparison with the Federal Government, there may be greater State involvment
in the future. The State participation may be in issuing bonds for facilities
to be built by private industry. Ohio's legislation could be an example of
potential application to ensure that bonding capacity is wisely used;
Planning: State energy policy planning; State participation in Federal
planning, should this become meaningful and properly organized; and

Fiscal actions, especially taxation, which can be a powerful tool at State

level.

3. Industry

Multi-industry research and development through industry organizations such as
the Electric Power Research Institute, the American Petroleum Institute, the
American Gas Association, or the Institute for Gas Technology;




e Individual industry: siting; energy mix decisions by utilities, base load vs.
peak load alternatives; new process Or Process expansion {such as a refinery)
to identify factors not revealed by purely economic analysis; conservation and
efficiency engineering; energy supply variables pertinent to industries which
produce energy intensive products (for example, should Detroit build cars to
use shale oil products, methanol, diesel o0il, electricity, etc.) l)and

e Multi-industry development such as electrical transmission grids, power

plants, energy parks.

The mechanisms by which net energy analysis might be applied to these types of dec-
151ons could include: siting studies; environmental impact studies; technology assessments;

energy models such as the Reference Energy System, and general policy and supply- -demand

analysis.

The technigues for applying net energy analysis are varied. Some examples which we

suggest for further exploration are as follows:

B. Net Energy Analysis as a Policy Tool

We now realize that some energy resources are in short supply and that the current
market prices of energy resources probably do not reflect their true social value. Account-
ing prices must therefore be assigned to elements of projects related to energy production

and use to take into consideration this divergence between market and social value.

This is the point at which net energy analysis may be of some help. Our interest here
is in explaiﬁing how net energy studies might be of use in public policy. It is clearly
a political decision as to whether they should be and will be used. We have chosen four
major areas in which net energy analysis may be of use in policy decisions. These are
in the general areas of:
e Cost-Benefit Analysis

e Taxation
e Evaluations of Technical Change

e Models of Resource Exploitation

Others may soon become obvious as this kind of work continues. The examples and dis-
cussion which follow are, at this time, theoretical. CERI has not, in this study, actual-
ly applied the following concepts, and therefore suggests that they may be valuable as

tools for use in decision-making after further exploration of these concepts.

1. Cost-Benefit Analysis

Let us use an example of a public decision to support or deny support to energy-
producing projects. Assume that there are more potehtial projects than can be supported
and therefore cost-benefit analysis is being used (this is standard practice)} to help
choose those projects which are most deserving of public support (if any are at all).
Suppose that there are two projects which have the same economic rate of return when
proper accounting prices are used on all inputs and outputs, but where no adjustment has
been made for energy balance. Assume further that Project A has been shown to have an
energy input-output ratio of 0.5 while Project B has one of 0.25 (using any ratio dis-
cussed in this Report). If the projects are otherwise equal, Project B should clearly be

chosen because it economizes best in the use of energy resources. Standard cost-benefit




analysis would leave public officials indifferent between the two projects, but if we
assign a higher weight (i.e. raise the accounting price) to the output of Project B, as
we apparently should in this case, then Project B would be clearly superior. Here any

extra weilght assigned to Project B's output would show it preferable.

But most project choices are not like the one illustrated here. Rarely are both
projects equal in all respects other than in their energy balance. The trick is to come
up with specific weights which bear a relationship to the energy balance and which are

used to adjust the accounting prices of the projects' outputs.

Suppose, for example only, we chose to weight the net output of each project by the
inverse of their energy input-output ratio. Thus, the net output of A would be multiplied
by 2 and that of B by 4, so that the output of the most energy-efficient project receives
extra weight. Now, even in some cases where the net benefits of B, calculated in the
traditional way, are less than those of A, B will be shown to be superior when output is
adjusted by the energy balance weighting system. Some projects which would not have re-
ceived public support before considering energy input-output weights may be shown superior

after such weights are attached.

Exactly what weights are to be used? We are not prepared to say. To some extent
such choices will be arbitrary and could be established by legislation. Economic research
into the true social value of energy should probably be done to serve as a guide. This
again is standard procedure. For example, the Bureau of Outdoor Recreation (BOR) has
established accounting prices to be used in the assignment of value to various types of

outdoor recreation: hiking, fishing, boating, etc.,(2'3)

and thus, no market prices are
available at all. The BOR was guided in the determination of the values used by research
done by economists and sociologists. There is no reason to think that assigning weights
to different energy intensities is in principle any different from the assignment of
weights by the BOR and many other Federal and State agencies, to benefits for which no

market determined prices exist.

One could argue that there is in fact no need to change the way in which cost-benefit
analysis is normally done and that it would indeed be best left as is. One could still
incorporate the information gained in energy balance studies but in a more revealing way

from that suggested above. The main concern lies with the fact that all Btu's are not of

equal value. Society simply does different things with different fuels and each has its
corresponding value. This point is often missed by persons advocating the wide use of
energy balance studies in public policy decisions. Slesser,(4) for example, considers it
a "difficulty" that "energy sells at widely varying prices." Difficulty or not, it is a
fact that prices differ for different forms of energy because all energy is not alike.
Higher quality (i.e., an ability to do the work demanded by consumers in the manner pre-
ferred by them) forms of energy carry higher prices than those of lower quality. Any
abstraction which ignores the basic qualitative differences among energy sources severely

distorts an analysis of what is ultimately human values, which are in part dependent upon

thermodynamic realities.

Thus, one should collect and account for all energy input and output in an energy
production system but, as previously discussed, energy from different sources (measured

in say Btu's), if added together, has the qualitative differences concealed. These




energies are each essentially different in value. 1In cost-benefit analysis the economist
would know at what point a specific energy input or output occurred and the form in which
the energy entered or left the system. He could then assign an accounting price to them,
add them in with other inputs and outputs and then calculate the net present value of the
project. In this way all inputs can be considered simultaneously and all can be valued

in conformity with social preferences. No problem of discounting occurs since all would
be expressed in money terms and spread over time in such a way that discounting can pro-

ceed as usual.

Using the method suggested above avoids creating dual criteria by which projects must
be evaluated. Rather, we use a tried and accepted method which very easily handles our
concern with energy scarcity. The energy analysis is integrated into cost-benefit analysis;
if a project passes the cost-benefit test then the project is worthy of public support.
If cost-benefit and energy balance studies were conducted separately there are no clear-
cut criteria for project selection. A project might look acceptable from a cost-benefit
point of view but unacceptable from the energy balance side. The question thenm must
center upon priorities. Which criterion becomes overriding? If the two criteria con-
flict is there a tradeoff, what is it and who determines what it is? The maintenance of
two (or more) separate criteria for project evaluation is clumsy and, in our mind, un-
necessary since energy considerations can be integrated easily with normal cost-benefit

calculations.
This example involves time flows, or intertemporal flows of money and energy.

The question of discounting has arisen. We do not believe that it is necessary to
discount energy flows in net energy analysis. Energy values (Btu's) are simple, physical
facts, which hold across time. A Btu now wiil be physically identical to one ten years
from now. What will be different is the social value of a Btu ten years from now. But
the social value is derived from more than physical data. As we have discussed elsewhere,
the social value, reflected in prices, is derived from a combination of physical relation-
ships (technology) and society's tastes and preferences. Since both technology and tastes
and preferences change over time, the social value of things (e.g. energy) change over
time. It is this social value which must be discounted, not physical Btu's.

One economic tool which might be useful is the concept of “"internal rate of return,"
which is similar to discounting. The internal rate of return is that discount rate which,
if applied to net costs and benefits, would make the present value of the project exactly
Zero.

Assume Project A has the following characteristics:

Period 1 2 sees e 10
Energy input 1,000 100 ...... 100
Energy output 0 265 ...... 265
Net -1,000 165 ‘ 165
Project A
(107 Btu)

Assume the present cost of a project is "C". Assume that in each year of the project

there are net benefits of "Bj" where "j" indicates the year and "j" = l...n. The present




be shown to be:

Btu
per
Its

input is 1.25).

year for 9 years.

different time period:

counting.

2. Taxation

Committee.

at the source.

value (V) of a unit amount which occurs in "m" years when the discount rate is "i",

choosing an appropriate "i".

after which an operating input of 100 x 10

energy balance. is 1900 x 109 Btu compared to 2385 x 109 out.

The latter relates to present value of some future amount.

return is the return on an investment - in this case, an energy investment.

ation to achieve greater economy in fuel consumption.

that a Btu tax be instituted to secure energy independence in the U.S.(5’6)

used outside the energy production sectors.

not be given the same tax treatment.

the energy inputs into production in order to determine the overall impact of the tax.

can

1

VE{a+nm

Thus we can find the present value of each Bj(i.e. Vj). Then make the subtraction by

These calculations are available in tabular form in most

books of standard mathematical tables.

The project requires one year to put in operation with an energy cost of 1,000 x 109

? Btu results in an output of 265 x 109 Btu

The internal rate of return on this project is (roughly) 7 percent.

(Ratio of output to

This could then be compared to Project B which is strung out over a

Period 1 2 3 Ceee. 20

Energy in 1,000 1,000 50 e 20

Enerqgy out 0 0 252 Ceeean 252

Net -1,000 -1,000 202 202
Project B
(10° Btu)

Project B has an energy balance of 2900 x 109 Btu in and 4536 x lO9 Btu out. The out/
in ratio is 1.56, which on the surface would make it look better than Project A. Its

internal rate of return, however, is only about 6 percent.

Philosophically, the internal rate of return concept is slightly different from dis-

Internal rate of
It tells us

the rate at which energy is returned to us relative to the original investment, if we

invest a certain amount of energy and we get energy in return.

One potential application of the methods developed by CERI is in the area of tax-

Hudson and Jorgenson have proposed
The tax

recommended by them is a uniform rate of tax levied on the energy content of all fuels

Such a tax was proposed in The Energy Revenue

and Development Act of 1973 and has since been under consideration by The Senate Finance
While their tax is assumed to be levied on fuels as they leave the fuel
.sectors, there is no reason why the taxation of energy inputs into energy production could

The tax is translated into an increase in the selling

price of fuels and these markups vary for the fuels considered since the Btu content of
each dollar of fuel output is different for each fuel.

Thus, the tax would be lower per

dollar's worth of electricity than per dollar's worth of natural gas since the latter
contains a greater Btu value.

Clearly implementation of the proposed Btu tax requires considerable information about

It

would not be necessary to tax each user of fuels separately since taxation could be done

Presumably the tax would be used to meet certain specified objectives such
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as found in "Project Independence,”" etc., and meeting these objectives could not possibly
be analysed without knowledge of the way in which energy was used_in each production
sector and the impact that the tax-induced price rise would have upon energy consumption.

Price rises do affect economy in energy use: see Hudson and Jorgenson(7), Griffin(a),

(9), and Erickson et al(lo).

Davidson et al.
The Hudson-Jorgenson model uses only nine productive sectors to represent the U.S.
economy. Their results can therefore be considered only approximations until more dis—
aggregative procedures are used. Nevertheless, they estimate that a tax of $.50 per
million Btu's would cut energy inputs in the U.S. by about 7.8 percent by 1980, with the
largest cut being made in personal consumption (9.5%) and in the service sector (7.1%).
Smallest cuts are in the electrical generation industry (2.1%) which is much more closely

confined by technological considerations than are the other sectors used in their model.

As mentioned above the Btu tax would raise the prices of the different fuels by
different amounts depending upon the energy content per dollar's worth of each fuel. The
percentage rise in prices from the base price (1973) for two different tax rates: $.30

and $.50 per million Btu, for four fuels are as follows:

Tax Rate
$.30 $.50
Coal 16.9 - 28.3
Refined Petroleum ' 13.7 22.8
Electricity ‘ 4.0 6.6
Natural Gas 14.6 23.4

Changes in price from 1973 base (%)

Whether or not the rates suggested by Hudson and Jorgenson are appropriate can easily be
questioned. (This is not to criticize their method since their objective is to economize

on fuel use and not to differentiate among the fuels.)

Coal prices rise more than any of the others (though its absolute price remains lowest)
despite its relative abundance in the U.S. Thus, if an additional objective were.added
to the tax measure, that of economizing most on those fuels which were most scarce, we
would want to tax coal proportionately less than the other fuels. Secondly, the tax
rates used here do not reflect the energy input into the production of the fuel sources
listed. Clearly the energy input into electrical generation, relative to the fuel value
of the electrical output, is most unfavorable. Yet the price of electricity is raised
least by the proposed tax. Hudson and Jorgenson simply do not have the information to
make this adjustment but it is this information which is generated in this study. Thirdly,
the breakdown into only four fuel types is inadequate since there are several ways to
pfoduce~each of the fuels listed and each technology implies different energy intensities
to deliver each dollar's worth of fuel to the fihal consumer.

Net energy analysis is particularly well suited to contributing to solutions of the
second two criticisms listed. Assume that the tax rates should in some way represent the
energy input into fuel production. We could rank the various fuels by the energy inten-
sity of their production. Using this information, tax rates per Btu could be devised

which penalize those energy forms which are most energy intensive in their production.




3. Assessment of Technological Change
One straight-forward application of energy balance studies is in its ability to
aid in the evaluation of technological change as it affects energy use. Traditionally,
economists have considered technological change as a process which allows a given output

to be produced at a lower cost.(ll)

"Cost" however refers to total cost and does not
distinguish among the various components of "cost", i.e., between energy cost and all other
costs. Hordhaus' (1974) work shows that in the 1900-1970 period the cost of energy (as

well as other minerals) declined relative to the cost of labor.(l2)

It is a basic tenet

of economic theory (and substantiated by empirical evidence) that as the price of one
input into‘a production process rises relative to other inputs, there occurs a substitu-
tion of the now relatively cheaper input for the relatively dear one. Thus, as energy
becomes relatively cheap by comparison with labor we would expect energy to be substituted

for labor so as to accomplish a given amount of output.(l3)

This substitution can lower
total costs (and in fact will not be done unless it does) and thus "efficiency" goes up.
But this is by the conventional definition of efficiency and does not speak to the fact -
that energy efficiency has declined. Indeed economic "efficiency" relates costs to out--

put and an improvement in efficiency is defined as decreasing cost for a given output.

Clearly over the past seventy years "efficiency" in terms of total cost per given
unit of output has increased. But due to the probable substitution of energy for other
inputs, labor being only one of them, energy efficienty may have declined. Now that we
have realized the important role of energy in our society and have become painfully aware
of the limited supplies of it, concern is shifting in order to distinguish between over-
all efficiency and energy efficiency. The methods being developed by CERI are particularly
well suited to evaluations of the latter. A monitoring system which periodically recorded
the energy balance for a given production process would allow us to see how energy
efficiency is faring over time. These data have not been collected in the past and thus
estimates of energy efficiency in the past can be made only by inference. 1In the future,
however, we can begin to rely upon energy balance studies to evaluate technological
changes as they occur.

4. Models of Resource Exploitation
One of the major problems in economic models which analyze the optimal rates for
resource exploitation is that they do not take into account the finite resources with
which the world is endowed. Most of these models deal only on the micro level, such as
that of the firm engaged in resource exploitation. These models deal only with such
variables as price, capital costs, costs of exploration, technical progress (as convent-
(14,15,16,17) It

has been clearly pointed out, however, that on the macro-level greater attention must be
(18)

ionally defined above) and others, which are of relevance to the firm.

paid to the finiteness of our natural resource, and particularly energy endowment.

Georgescue~Rogen clearly points out that "available" energy (available to do work) comes
from two sources: (1) the stock of energy locked up in the earth's minerals and (2) the
flow of energy from the sun. Modernization throughout the world has shifted man's source
of energy from the sun (infinite energy) to the finite sources of the earth's crust. The
"modernization" of agriculture is. probably the most vivid example of this trend. As we
"use up" the finite stock of energy in the earth (raise its entropy) we approach the
point where the sun will constitute the only source. Simply, if the stock is "S" and the

rate of degradation (maximization of entropy) is "r", the stock will last for S/r years.




More rapid economic growth implies that "r" rises and thus the shorter S/r; i.e., the

life-style of the human species as we know it. R

Some economists have been comfortable in the short run belief that somehow the tech-
nological change that we have experienced in the past will bail us out again as resource
scarcity increases.(19> Macro-level analysis can produce fairly accurate projections of
energy demands. For example, the Paley Commission, created in 1952 by the Truman adminis-
tration to project resource demands for the 1970's, estimated a 97 percent increase in
energy demand by the mid-1970's. The actual demand increase was 112 percent. This small
error occurred because the Commission was rather pessimistic in its expectations for

(20)

Nevertheless, none of these analyses consider the finite resources
(21)

economic'growth.
with which we are working.
account in any empirical sense since calculations of this sort would regquire: (1) know-

What is worse, none of these models can take this into

ledge of resource availability which we do not now have, and (2) knowledge of future tech-

(22) _The energy balance analytical methods

nological change (which we do not have either).
of this study cannot provide for these missing ingredients. However, these methods can
help us evaluate technical progress while it is occurring and perhaps help foresee pro-
gress which will occur in "new" energy areas such as oil shale exploitation, coal gasi-
fication, etc. While we still may not know total resources available worldwide, we know
that they are finite and that reducing their rate of degradation will prolong human

society as we know it. The energy balance calculations speak directly to this rate.

The application of this point could come about through modification of models used

by ERDA, FEA and others, or through the development of entirely new models.

As an example, in a recent study by CERI, results made it possible to envision a very
plausible scenario for growth of electricity production. This scenario would be based
on high population growth, shifts to electricity in end uses, and more rapid development
of energy-intensive industries. Various mixes of electricity generation and of Colorado
coal production and exports can be considered. If 40 million tons of coal were being
produced in Colorado by about the year 2000, then the present reserves of surface coal
could be exhausted by perhaps year 2010. Figure 17 illustrates this potential growth
and alternatives. However, if coal syngas were to meet the inherent demand for energy
and shifts to coal-electric did not occur due to constrained gas supplies, the coal
reserve depletion would be reduced. Figure 18 illustrates the concept, which needs more
exploration. The policies of FPC and Congress would affect the decisions; the State

government could play a role.

C. Problems and Caveats

In discussing the potential applications of net energy analysis, we have thought about
a number of reservations and caveats which should be mentioned whether one is talking

about public policy or energy company use of net energy analysis.

Energy balance studies are not easy to conduct at this time. They will become easier
because of this study and perhaps others, so that ground rules, methodologies and data
are readily established. Then, a single company could, in general, do an energy balance
study fairly easily. There would be some cases where an energy balance study would be
difficult, but a company would have the data at hand and would not have to dig it out
as the CERI team has done. |
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If companies do such studies, they will have to decide whether to do them on complete
trajectories, or only on the portion of the trajectories over which they have control.
It might be impossible for them to analyze a complete trajectory, as they may lack infor-
mation on the behavior of the trajectory before or after the energy enters their part of

the trajectory.

Legislation may be difficult to enforce or monitor. At the State level, this might
not be too difficult or costly if the State has some existing mechanism, such as Montana's
Energy Facilities Siting Act or California's Energy Conservation and Development Commission
and its staff. If a special body had to be created simply to handle the monitoriné of
energy balance studies, the wisdom of such a use of State financial and personnel resources
is guestionable. The mechanisms and reports needed for monitoring would probably be a

burden.

At the Federal level, the monitoring could be done for programs or projects. At the

project level, no single agency has control authority over all types of energy development,
so project net energy review would reside with various agencies. This means, that even if
there were a common codified set of ground rules, interpretation and utilization would
vary from agency to agency. Again, at the project level, ground rules would be needed
to decide if the analysis were confined to the facility in question or on a while tra-

jectory or trajectories.

At the Federal program level, a single agency could have comprehensive energy systems
review authority for net energy, or different agencies could deal with the various aspects
of energy in different programs. If only monitoring/review/non-regulatory roles were en-
visioned for Federal programs, then ERDA might well assume all responsibilities. It
could utilize net energy analysis to seek technological improvements through Rs&D. Taxa-
tion and benefit-cost analysis, as discussed, could be done by various branches of

government.

Enforcement at State or Federal level is another problem, if it is to be considered.
There would have to (a) established net energy balance procedures, or (b) minimum

acceptable ratios of net yields.

The rapidity of technological change militates against the establishment of minimum
threshholds. These would have to be established for every type of energy needed for end
uses. They would vary from type to type, and could change every year or two as tech-
nological improvements occur. It could actually be counter-productive to lock in any
standards, as these might become the maximum for which a company would aim. The entire
mechanism for legal adoption and enforcement could be cumbersome and unwieldy, given

requirements of due process of law.

One possible use of net energy analysis in the regulation or control context would be
in a permit process. A company could be required to show that it had used "best practicable
means" to minimize input of .energy, minimize or utilize waste energy, etc. - This could be
similar to the air and water quality control laws. Again, questions of the responsible

agency, how to enforce, and other matters are relevant.

Legislation on net energy analysis may not be the best way to achieve the objectives

underlying such analysis. Administration of such legislation would require money and
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people, as noted. This could be counter-productive as noted in "(3)" above and might
direct attention from larger objectives and solutions. It could burden a company with
reports, permits, controls, etc., few of which might add to national productivity. There
is, however, a strong potential case that company overhead devoted to improvement of
energy balances would increase national productivity. If companies (and government) were
forced to take a look at the inputs and outputs of energy and energy equivalents of

materials, it may well be that significant improvements in productivity could result.

It might be a better use of personnel and money to directly attack issues of waste

' 1life style, etc., without burden of massive net

heat, end use efficiency, "energy parks,"
energy legislation and monitoring. Legislation could perhaps be oriented towards other
goals than doing net energy analysis, for instance, towards stimulating renewable energy
sources through tax incentives or assisting in creating new industries to provide the
incentives to create them. It could stimulate technological changes such as "bottoming
cycles," perhaps with economic incentives such as fast tax write~offs for the equipment.
These may be more productive than rigorous governmental requirements for energy balance
studies, considering the use of personnel and money. Net energy analysis could be used

as a tool, but not necessarily in a legislative or regulatory manner.

A critical question legislators or regulators would have to face is in selecting the
issues they wish to address, in order to decide on system boundaries and accounting
methods. There is no reason why several boundaries/accounting systems could not be
included. To do so, however, would increase'the complexity of the legislation/regulation

and would create more debate in operating the legislation or regulation.

Another important question regarding legislation on project-level net energy analysis

is: would decision-making be altered? Aspects of this have been discussed above. Other

aspects are:

e Would companies be forced to alter decisions in a manner contrary to the
economics which must be the most influential aspect of their decisions? This
might vary with the tYpe of company (regulated utility, partially-regulated
o0il and gas firm, coal mine, etc.). Some could pass costs on to consumers if
. they were forced to spend money to improve energy balances. Others could not.

e Would companies go through the motions of a study without actually using the
study to improve energy balances? Would they do this if there were no

economic incentive to improve energy balances?

"Program-level"” (such as mineral leasing programs) net energy analyses would usually
be governmental. If used to compare alternative types of energy production, it must be
decided how the comparisons should be weighted between energy balance, economic impact,
end use needs, environmental impact, foreign policies and economics, capital needs,

materials needs, manpower needs, resource depletion and other factors.

Program-level analysis could become more political than technological if a study of
comparative net energy analysis showed one alternative as "more favorable" but this al-
ternative would result in economic or environmental implications to one state or region.

The study itself could be misused and challenged, and would end as a political football.

The comparison of actual vs. theoretical efficiencies, as used by the Federal Power

Ccommission in one decision and BAmerican Physical Society, is one approach. Should it be
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utilized in preference to net energy analysis?

2 decision involving the Federal Power Commission illustrates the complexity of issues.
The FPC decision involved an application for use of off-shore gas as refinery fuel in
southern Louisiana, The application was denied; the decision variables included the
efficient use of fuels and the input-output factors of the refineries. "Science" stated
that this is "perhaps the first example of government order" incorporating the input-

output guestion.

The FPC case in Opinion No. 727, "Tennessee Gas Pipeline Company, a Division of
Tenneco, Inc., et al.," Docket No. CP72-6 et al, dated April 17, 1975. The basic issue
was approval or denial of a request to transport 77,000 Mcf/day of natural gas from off-
shore Louisiana to refineries. The refineries, existing and in planned expansions, de-
gired to use natural gas, along with by-produce gas, as fuel in steam cracking furnaces,
gas turbines and engines, feedstock, process furnaces, steam and electrical generation,
and other similar uses. The companies provided estimates of their costs to convert to
0il, which would cost from $3.0 million to $33.5 million and would result in lost product-
ion time and revenues. Also, increased air pollution and decreased thermal efficiency

would result.

The producers stressed their ownership of the natural gas, the costs of conversion of
facilities to use alternate fuels, the efficiency of refinery use of natural gas, the
increased operating expenses that would be incurred in using alternate fuels, and the
adverse impact that the use of alternate fuels would have upon the environment. Opponents
contended that all offshore gas should be reserved for the interstate pipelines, with ﬁhe
refineries and chemical plants securing such gas from a pipeline subject to Commission
priority and curtailment policies. Also, it was contended that to grant the current
applications would permit these individuals to obtain firm gas, and avoid Commission cur-
tailment priorities. The FPC contended this major use of natural gas for expanding in-
dustrial use is improper in time of shortage, and oil should be used instead. FPC noted
that, if pipeline supplies are curtailed, pieplines cannot operate at the highest load
factors and efficiency and this will cause higher rates to their customers. Factors
which were considered were the use to which the gas is put, the need of the user, pros-
pective alternative uses, whether alternate fuels were available and at what cost, the
efficiency of the proposed use of the gas, the effect upon the public of devoting or not
devoting the gas to the proposed use, as well as any other. factors which bear upon the
desirability of gas going to one user rather than another. 1t was argued that refinery
use of gas is so great that it would reduce interstate reserves; this argument was un-
convincing to FPC. Refineries, unlike most industries, convert fuel to useable forms as
well as consume it, thus somewhat offsetting the reduction in gas reserves. FPC found
that the use of gas by the producers in their own refineries in the present case did not
amount to unlawful discrimination against independent refiners or producers and there was
no unlawful discrimination or violations of anti-trust laws. It was contended that
environmental considerations dictate that the certificates be granted, and that they be

denied. There was evidence. to support either action.

Two types of efficiency were discussed. Witnesses testified that the furnace of
"stack" efficiency in the refineries was 79 to 85 percent, and the industry, in general,

had an "efficiency" rating of about 84 percent, measured by the ratio of total energy




input, including feedstock, to the energy contained in the product output of the refinery.
Neither of those measures of refficiency" of fuel use provides a reliable basis for com-
paring efficiency of the refining industry with the fuel use efficiency of other industrial
processes. FPC said that a more meaningful basis for comparison can be drawn if the theo-
retical new energy required to effectuate the chemical process in the feedstock is related
to the actual process energy that is used. This approach employs the concept of efficiency
pased upon the theoretical minimum energy required to perform the chemical reactions of

the refining or other process. This did not suggest to FPC that the theoretical minimum
can be attained in practice. However, it defines a fundamental expression of efficiency
that is independent of the use that is made of the fuel, and hence, direct comparison of
this efficiency for any fuel consuming process can be more meaningfully made, according

to FPC. By defining efficiency as the ratio of minimum energy to the actual energy used,
the various industries can be more meaningfully compared in regard to utilization of
energy. One refinery uses approx1mately 563,000 Btu's to refine a barrel of crude oil,
which compares favorably with the United States average of 637,000 to 682,000 Btu's per
parrel of crude. However, the theoretical minimum energy necessary to accomplish the

(24) Thus
measuring actual fuel "efficiency" against that standard indicates that efficiency is

refining process which is no more than approximately 60,000 Btu's per barrel.

only slightly in excess of 10 percent. The equivalent efficiency for selected industries

is as follows:

Product Energy Efficiency
Petroleum 9%
Steel 21%
Aluminum 13%
Cement 10%
Paper 0.3%

Thus, petroleum refiners in general do not outpace other industries in the overall
efficiency of energy use.

The FPC further stated that boiler fuel use of natural gas in refineries or chemical
plants cannot be justified to a different extent than boiler fuel use in other contexts.
The United States is confronted with an apparently continuing diminution in the supply of
natural gas which will require progressively greater conversion of facilities to use
alternate fuels. While the burning of natural gas in boilers may be a more efficient use
of natural gas in absolute terms than some other non-boiler uses, alternate fuels can be
more readily substituted and the facilities can be more readily converted in the boiler

context than with respect to other industrial uses.

Several factors stand out. First, a broad range of issues were considered. It would
appear at present that the energy efficiency issues did not have a high priority in the
decision. Second, energy efficiencies for alternative end uses of the fuel ("the desir-
ability of the gas going to one user rather than another") bear on the problem. To
address this, one would have to know the end users, and their efficiencies, to make
comparisons. This could be exceedingly difficult in cases such as pipeline gas. Third,
site-specific aspects of the environmental impacts of alternatives must be evaluated be-
fore comparisons can be made. Fourth, the FPC compared real vs ideal efficiencies for
various industries. The implication seems to be that fuels should be denied to industries

which are farthest below their theoretically ideal efficiency. If that were the case,




then the steel industry should have allocated to it all the fuel that it needs, and the
refineries should be cut off because of their low rating. This ignores fuel or energy
quality, or in this case, materials and energy quality. It appears that a balance must
be struck between efficiency for the sake of efficiency and the need for diverse types

of energy and materials. Indeed, FPC recognized this in stating that "refineries convert

fuels to useable forms as well as consuming it."

Apparently, FPC did not consider some oil-related impacts in using oil as a refinery
fuel, such as dollar outflow to OPEC countries, fuel 0il shortfalls, and other matters.

FPC did not use net energy analysis, but did use the "second law efficiency” analysis
advanced by the American Physics Society. It could have conducted a net energy analysis.
Specifically, it would have found  out which option actually yielded what amount of various
fuels. This case is discussed in detail as one example of the potential application of

net energy analysis.

D. Summary

In summary, it is evident that net energy analysis has potential applications in many
types of decisions, through many mechanisms, and by various. techniques. It also has limit-
ations and problems;(25’26) We close this discussion, however, with an emphatic state-
ment that other factors must influence responsible decisions. These include: (1) economics,
(2) environment, (3) national security and safety, (4) energy mixes and substitutability
of energy of various qualities desired by society, (5) lead times in development, (6)
institutional restraints and regulations such as fair trade, discrimination, etc.,

(7) availability of materials, water, transportation, labor, capital and other components
of energy production, (8) local attitudes and growth, (9) potentials for effectiveness of
energy conservation, (10) the need for sufficient energy of various qualities at a

'reasonable price, and (11) depletion rates of various resources.
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