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PRFTACE

As part of the Nation's long range effort to conserve petroleum,

a joint Federal ‘Task Force, led by the Secretary of Transportation,
was created to present the long range energy goals for the motor
vehicle fleet that are compatible with environmental, safety, and
economic objectives. 1In support of this effort the Transportation
Systems Center initiated several studies in 1975.

The work described herein was initiated and directed under the
auspices of the Applications Division, Office of Systems Research
and Analysis, with Bruce Rubinger as the contract monitor. It has
been funded under the Automotive Energy Efficiency Program. This
study resulted in the creation of a series of integrated computer
models that track the energy, materials, capital, and labor impacts
assoriated with various auto design concepts.

The Materials and Energy Resources Accounting Model goes beyond
earlier tools by allowing more flexible and realistic new car
design implementation schedules. These models accumulate annual
requirements for up to thirty major materials used in the produc-
tion of automobiles. The requirements for each material are trans-
lated into projections for recycled naterials, imported processed
materials, imported raw materials, and domestic raw materials.
Energy consumption associated with auto fabrication, fleet opera-
tion, and material production are also derived.

Capital and labor effects of auto design changes, disaggregated by
two-hundered industries, are also captured by using a modified
version of an existing model of the inter-industry flows within
the U.S. economy (INFORUM). This input/output model has been
adjusted to reflect the final demands, capital requirements, and
technology inherent in the scenarios.

Work is currently underway to further disaggregate the models
developed under this effort. These advances will be documented
in the final report covering the second phase.
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. INTRODUCT!ION

This report describes a Resource Accounting Model developed for the
Department of Transportation, Transportation Systems Center. The model
has been used for impact assessment in connection with the Interagency
Task Force on Motor Vehicle Goals Beyond 1980,*% but the methodology in-
troduced is of general applicability in connection with impact assessment
for advanced automobile technolugies. The resources accounted for consist
of the materials and energy required for producing and operating the auto-
mobile fleet in future years, and the capital and labor impacts in the
economy of future production and use scenarios. The model has beern im-
plemented as a series of data files and computer programs which produce
tabular and graphical summaries for each of the resources.

‘ This volume of the report** summarizes the objectives, results,
and conclusions of the work performed, and describes the Model in de-
tail. Section 2 of this volume describes the accounting procedure for
material and energy resources, Section 3 disqusses capital and lador
accounting, and Section 4 contains a summary and recommendations. Some
of the material presented jn this volume also appears in the appendices
to the Task Force report.

1.1 STATEMENT OF PROBLEM AND OBJECTIVE

The Resource Accounting Model was developed as 8 policy assessment
tool for the Task Force on Motor Vehicle Goals Beyond 1980, and the problem
statement is best explained in that context.

¢ "Interagency Task Force on Motor Vehicle Goals Beyond 1980," Federal

Register, Vol. 40, No. 217, 10 November 1975, p. S2431.

o The Final Report and the User's Guide are gubxishod as separate docu-
ments as follows: Final Report—Phase 1, R-938, February 1976; User's
Guide, C-4684, February 1976; and Program Listing, May 1976.

These reports will be followed by a second and final version of these
documents: Final Report—Phase 2, R-983, July 1976; User's Guide,
R-984, July 1976; snd Program Listing, July 1976.



In May of 1975, the Chairman of the Energy Resources Council
requested the Secretary of Transportation to lead a soint task force to
"examine long-rang- energy goals of the motor vehicle fleet, compatible
with environmentai, safety, and economic objectives.'"* The resulting
Task Force included representatives from the Energy lesearch and Devel-
opment Administration (ERDA), the Environmental Protection Agency (EPA),
the Federal Energy Administration (FEA), ti.c National Science Foundation
(NSF), the Department of Transportation (PoT), and many other agencies.
Within DoT, participants included the Federal Highway Administration
(FHWA) , the National Highway Traffic Safety Administration (NHTSA),
and the Transportation Systems Center (TSC).

The problem faced by the Task Force was to find a method whereby
future motor vehicle goals relating to fuel economy, emissions, noise,
and safety could be presented in a balanced and understandable fashion
for public debate. The establishment of a coordinated federal policy
involves value judgments on the relative merits of fuel €COnomy, envi-
ronmental quality, and safety, taking into account the associated
resource costs and tonsumer costs. These value judgments must neces-
sarily be made as part ot the political process.

At the heart of the Task Force's approach to this problem was the
analysis of a series of case studies or scenarios based on possible
future automotive technologies. Each of the cases provided a different
emphasis with regard to future motor vehicle goals. For example, one
case might emphasize fuel economy while holding safety and environmental
standards constant, whereas another might emphasize air quality, etc.
Task Force personnel were organized into a series of panels®* for the
purpose of defining and evaluating the cases and presenting information
in a number of interrelated areas. 1In addition, a systems integration
and report generation staff at TSC was charged with integrating the indi-
vidual panel reports in a single Task Force report together with a
detailed case-by-case analysis.

¢ "Interagency Task Force on Motor Vehicle Goals Beyond 1980," Federal
Register, Vol. 40, No. 217, 10 November 1975, p. 52431, o

an
The panels consisted of: Air Quality, Noise, and Health; Safety;
Fuels and Materials Resources; Automotive Design and Maintenance;
Automotive Manufacturing; Marketing and Mobility; National/Industrial/
Consumer Ecomomics; and Alternative Implementation Strategies.



In order to accomplish detailed case-by-zasc analysis based on
inputs from the various panels, the systems integration staff found it
necessary to develop a sericx of computer mcdels as shown in Figure l-1.
The Resource Accounting Model described in this report is shown as a
part of the overall modeling effort.

In brief, the process begins with scenario generation and a trans-
lation of the scenario definition into a technical description of a
number of advanced automotive vehicle types or families. A family is
a vehicle type having a uniform technological description (e.g., Otto
cycle engine, weight-conscious structure, oxidation catalyst, moderate
emissions standards, crashworthiness level I). Within each family,
three different sizes or classes of vehicles are defined (small, medium,
and large) and curb weights* are assigned. Automobile characteristics
assigned to each class and family are assumed to remain unchanged as
long as that family is in production.

In addition to vehicle description, the scenario definition in-
cludes a specification of how the advanced vehicle families are to be
phased into the existing fleet. Each of the Task Force scenarios
consisted of three or four families, with each family being phased into
full production over a 10-year period.

Following scenario generation, a manufacturing assessment takes
place which determines the materials and fabrication energy as well
as the assembly labor required for producing each of the vehicle
families. The motor vehicle capital investment associated with each
scenario is also determined. This information enables estimates of
manufacturing and maintenance costs which are used, in turn, by the
New Car Price Mode! and the Uscr Cost Model. Once new car prices are
determined, then new car sales, market shares (for small, medium, and
large), fleet size, scrappage, and fleet vehicle miles traveled (VMT)
can be projected using any of a number of demand models or assumptions.

The Fleet Accounting Model keeps track of the vehicles composing
the automobile fleet and provides fundamental data for a number of
other models and impact assessment procedures, including the Resource
Accounting Model. Safety, fuel industry, national macroeconomic, an<

‘ The curb weight is the weight of the standard vehicle with liquids,
in running condition, without disposabie load.
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air quality and hcalth impacts are estinmated for cach of the cases using
models made available through the various pancls. The Fleet Accounting
Modcl also determines final fucl consumption statistics for gasoline
(leaaed and unleaded), diesel fuel, and broad-cut fucls (used for
certain advanced automotive engines).

The objective of the Resource Accounting Model is to keep track
of total scenario resource requirements for materials, energy, capital,
and labor, and to present this information for impact assessment. The
‘materials to be tracked are the major materials used for automobile
production.* The cnergy requirements tc be tracked include the process
energy for producing the materials from primary or secondary sources,
the fabrication energy for manufacturing and assembling the vehicles,
and the operating cnergy for the vehicle fleet. The process and fabri-
cation energy componeats are jointly referred to as production energy.
Capital accounting must include capital investment in a variety of
industries related to motor vehicles production (such as the materials,
fuels, auto repair, and distribution industries), as well as the motor
vehicles industry itself. Similarly, labor accounting should be dis-
aggregated by industry.

The scope of the accounting is limited to resources used for U.S.
domestic production of passenger motor vehicles for U.S. use and for
export. In particular, Canadian production by U.S. firms is excluded,
as are other imported vehicles. The capital requirements are, thus,
domestic capital requirements and can be related to the national
accounts. The time frame for the analysis extends from 1975 (the base
year) to 2000.

1.2 APPROACH TO MODEL DEVELOPMENT

The basic approach in resource accounting has been to emphasize
completeness, consistency, traceability, and analytical simplicity.
The autoamshile production process is complex in terms of interindustry
relationships, and both incomplete accounting or duplicate ac:ouﬁting

The Resource Accounting Model has been designed so that, with minor
modifications, aftermarket materials data can be handled as well.
Aftermarket data was not available for the first set of Task Force
scenarios run in October, 197S.



are distinct possibilities. The important que:tions of resource cost,
the valuation of nonreplenishable versus replenishable resources, import
dependencies and strategic considerations, resource availability, ectc.,
are best handled once a fundamentally consistent and understandable

set of accounts has been established.

Two approaches to resource accounting were considered at the out-
set: family-tree, and economic input-output analysis. The approach
selected turned out to be a hybrid which used a simplified family-tree
approach for materials and energy accounting, with input-output being
used for capital and labor.

The family-tree approach traces a material or fuel resource from
finished form back through intermediate stages of production to its
ultimate raw material origins, tracking capital, labor, and energy
inputs required along the way. Its advantages are that it gives in-
sight into the details of materials and energy flow in physical units.
Materials and energy information are readily available in this form for
stecel, aluminum, and copper. The disadvantages of the family-trece
approach are that data on capital and labor inputs tend to be unavail-
able on this basis. Information for defining the tree is less available
for some of the economically less important materials, and information
for service industries (e.g., auto repair) is conceptually difficult to
handle. Finally, a tree structure can only appropriately be used to
describe a tree-organized production process. In particular, the feed-
back of finished goods for use in the production process leads to
difficulties in this approach.

tconomic input-output analysis® is a network-based approach which
traces the dollar flows (usually) of goods and services between indus-
tries required for satisfying a given level of final demand. Input -
output forecasting models are available with time-varying coefficients
and industrially disaggregated capital investment sectors.®*® Its
advantages are as follows. It provides a uniform method for handling al;

‘ Described in many economic references, a particularly good one being:
Richardson, H.W., Input-Output and Regional Economics, Weidenfeld
and Nicolson, London, 197Z.

e Almon, C., et al., 1985: Interindustry Forecasts of the American
Economy, Lexington Books, Lexington, ﬁiss.. 1977,




industries (including service industries and some of the econonically
less important matcrials). Data are available on capital and labor by
industry which are consistent wit* *he national accounts and statistics.
Input-output analysis can handle network-organized production processes.
The d:sadvantages of the input-output approach are the following. First,
considerably less product detail is available in the materials area, even
with models having a large number of industrial sectors. Second, the use
of dollar flows for materials and energy, rather than phy<ical unics,
makes it difficult to obtain the impacts in physical terms. Finally,
input-output analysis is somewhat harder to explain than a familv-tree
analysis, and the impacts are sometimes more difficult to trace.

After considering the relative strengths and weaknesses of thcse
two approaches, it was decided to account for materials and energy
using a separate procedure from capital and labor. Thus, a distinct
Materials and Energy Resource Accounting Model (ARAM) was established
which tracks a list of detailed materials and encrgy types on a physical
unit basis. The origins of the material are trsced in terms of domestic
versus imported and primary versus secondary (or scrap) sources. The
outputs of the materials and energy accounting process are then used as
inputs to a Capital and Labor Resource Accounting Model (INRAM) which
uses an input-output analysis for capital and labor accounting.

The following two sections of this report describe these twa
accounting procedures in detail starting with the Materials und Energy
Resource Accounting Model.



2. MATLRIALS AND ENERGY RESOURCE ACCOUNTING

ne of the goals of this project is to evaluatc the total impact
of alternative automobiie technnlogies on the materials and energy
resources of the nation.

In order to provide a tool to determine the impact of a numher ot
autonctive scenarios on the nation's resourcces and to investigatce poten-
tial material bottlenecks, a Materials and Energy Resource Accounting
Model (ARAM)* was developed. ARAM is composed of several computer
programs which accumulate and display materials and encrpy requirecwcnts
for cach Task Force scenario. Scenario output are stored for later
case-by-case comparison with the number of scenarios being limited
only by the amount of secondary storage available. The programs are
written in FORTRAN and PL/1, and were designed to run on an IBM 360/75.
The methodology is similar to that employed by Hittman Associates in
their technology assessment of advanced automotive propulsion systems. **
The methodology has been extended to provide for the phased introduction
of several vehicles into the scenarios,

ARAM accumulates annual requirements for up to 30 major matcrials
used in the domestic production of automobiles. The requirement for
each material is transformed into demands for:

(1) Recycled materials
(2) Imported processed materials
(3 Imported raw materials

(4) Domestic raw materials.

The acronym ARA'Y originally stood for Automobile Resource Accounting
Model prior to the developmont of the capital and labor accountiag
g;g:ﬁﬂ:re’(INRA:%AMwhigh of course léso applies to automobiles. In
usage, A refers to only the materia

the overall -64.1. . Y 13 and energy part of
as

Harvey, N.G., and W.R. Menchen, A Technology Assessment of the
Transition to Advanced Automotive Propulsion S RIT-S01
flttman Assoclates, 2 y [ ’




This transformation is performed using national averages, which will
be discussed subsequently, for cacl: material in the above demand categoriecs

ARAM also accumulates the energy requirements by form (i.e., cool,
natural gas, petroleum, and other or unspecified) where possible for:

(1) Materials production and processing
(2) Auto fabrication
(3) Auto fleet operation.

Much of the data required for ARAM to perform the matcrials and
cncvgy accounting is obtained from other Task Force modeling efforts.
bigure 2-1 illustrates the interaction of ARAM and these other modeling
etfforts. In order to hetter understand this interaction, the procedural
f1ov and computation methodology incorporated in the ARAM components are
dec<cribed in the following sections.

2.1 PROCVEDURAL FLOW FOR MATERIALS AND ENERGY RESOURCE ACCOUNTING

An overview of the procedural flow and interaction of the several
daita sources and component programs within ARAM is presented in

Figure 2 2.

the outputs of the Fleet Accounting Model, the auto family data
preprocessor (PPFAM), and the internal data preprocessor (PPINT) are
integrated in the auto production and consumer sector preprocessor
(DPPAPCH) .

The flcet model provides the following input data:

(1) Annual fleet operating fuel in gallons by class within
family for the following types.

] leaded gas

) unlzaded gas
° diesel

° broad cut

(2) © Annual flcet size by class within family.
(3) Annual number of autos sold by class within family.
(%) Annual retirements of autos by class within family.

The automobile family data preprocessor (PPFAM) serves the purpose
of allowing the flexible generation of scenarios composed of up to six
of the automobile families. A family consists of small, medium, and
large vehicles having the same technology, fuel economy, emissions, and
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saftety characteristics. PPFAM receives input data from the materials
composition and fabrication energy program (MATCOM) in the form of a
weight breakdown by material for the important materials required to
produce an auto, and a fabrication energy hreakdown by type. PPFAM
creates a file for each automobile family containing this information
for each class of auto for use by PPAPCS in generating scenarios.

The internal data preprocessor (PPINT) provides information on
the recycling and import characteristics of the various materials, the
materials waste ratio, and other similar quantities which do not vary
from scenario to scenario.

The auto production and consumer sector preprocessor (PPAPCS)
then int~grates the internally required data (as processed by PPINT) with
the fleet data and auto family file data for use by the ARAM computational
module (ARAMC). Job control language (JCL) parameters can be specified
which determine the families of automobiles (i.c., the family files as
created by PPFAM), phased into the scenario, and in what order. PPAPCS
and the subsequent computational modules are designed so that with minor
modifications they can accumulate data on the materials and energy
requirements for the automotive aftermarket as well as vehicle production
and operation. Such data are being developed for the Task Force scenarios,
but aftermarket accounting is not included as part of this report.

The output of PPAPCS is an integrated sequential disk file ready
for use by the ARAM computational module. The result of this sequence
of computations is a sequentially improving picture of the automobile
scenario. The programs PPINT, PPFAM, and PPAPCS all take inputs on some
separate aspect of the scenario, and produce files of outputs (on the
disk eventually used by ARAM) which are combined by PPAPCS to produce the
total picture.

The ARAM computational module, using the data file generated by
PPAPCS, computes annual and total materials and energy requirements for
the various Task Force scenarios. This data is output in the form of
a8 printed report, and is also stored in a direct-access disk file for
subsequent analysis and plotting. Annual materials usage information
is also written into a file for use by the INFORUM preprocessor for
capital and labor accounting (see Section 3).

These various ARAM components are now described in further detail
with examplcs of the output given.

12



,
2.2 ARAM INTLRNAL DATA PREPROCESSOR (PPINT)

The PPINT program rcads o deck of cards containing valuer (or the
internal ARAM constants, and (rcates a sequential) Jisk file of the Jdata
values. Table 2-1 lists the variahle mnemonics with their descriptions.
Tahle 2-2 lists the 1975 values for the first set of Task Force scenarios
(run “uring Octobhcr and November of 1975). Scection 2.3 discusses these
valucs and the sources on which they are bascd.

The use of 4 preprocessor allowed the development of the ARAN
computational module to be completed withnut concern for the format and
availability of the internally rcquired constants. As new or refined
values for these c(onstants became available they were incoirporated
into the data file using PPINT without requiring any changes in
ARAM.

2.3 SOURCES FOR THE ARAM INTERNAL DATA

The ARAM internal data contain information on the energy required
for materials processing, thc materials waste ratio, the scrap fraction,
and import fractions for hoth processed and raw naterjal imports. The
data values shown in Table 2-2 are those used tor the first set of Task
Force scenarios. The materials list for these scenarios involved the
24 materials shown in the table. The sources of this information and
related comments are as follows.

The basic sources for materials processing energy are a report
from Chrysler Corporation by Doran K. Samples,® and the study hy
Berry and Fels of the University of Chicago.** The energy dats shown
in Table 2-Z are cxpresscd in Btu/lh and includc encrgy for mining,
processing, and transportation of the material from the raw form through
to the finished product. Energy breakdown is not provided for materials

‘ Chrysler Corporation, "Ltnergy in the Automobile,” presentation by
D.K. Samples at an energy seminar at the University of Michigan, 1974.

L]

* Rerry, R.S. and M.F. Fels, "The Production and Consumption of Auto-
mobiles,” A Renort to the lllinois Institute for Eavirommental
Quality, July 1972, University of Chicago, Chicagn, Illinois.
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TABLE 2-1. INTERNAL ARAM DATA RINUIRIMENTS.

Data
Mnemonic

Description

PORJ

Sij

IMJ&
RIM

Jjk

BTURle

ITUNJZ

A column matrix in which each dati item represents the
percent of material 'j" which is recycled as industrial
scrap or lost during the production of an automobile.

A twn-dimensional matrix in which each data item repre-
sents the fraction of material "j'"' which is domestxcally
produced from old and new scrap in year "k".

A two-dimensional matrix in which each data item repre-
sents the fraction of material "j" received in processed
form from imports in year '"k".

A two-dimensional matrix in which each data item repre-
sents the fraction of material "j" received in raw
material form (e.g., ores) from imports in year "k'.

A column matrix in which each data item represents the
number of nonelectric Btu (I=1, coal; I=2, natural gas;
l1=3, petroleum; and l=4 other or unspecified)

required for processing one unit of recycled material
"j'" from energy source "l'.

A column matrix in which each data item represents the
number of electric kilowatt-hours required for processing
one unit of recycled material "j". ’

A column matrix in which each data item represents the
number of.nonelectric Btu (I=1, coal; l=2, natural gas;
l=3, petroleum; and l=4 other or unspecified) required
for processing one unit of material "jJ" from raw mater-
ials from energy source 1",

A column matrix in which each data item represents the
number of electric kilowatt-hours required for processing
one unit of material "jJ" from raw materials.
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production by fuel type at the present time, although the program can
handle this level of detail. Similarly, a brecakdown of the energy
requirements for recycled versus new materials could be added. This
would involve going to a greater level of detail than the Samples study,®*
and would only be significant if a major variation occurs in recycling
practice. The energy accounting is correct for the current level of
recycling.

A few comments on process energy are needed with respect to
specific materials.

With respect to plastics, the Samples stuly® states that "the
best judgment composite figures for plastics in Chrysler automobiles
are 25,000 Btu/lb for process energy and 45,000 Btu/1b for total eneryy
(processing and feedstock energy)." Samples proceeds to use the former
figure. The 45,000 figure is more suited to our purposes. Similarly,
a feedstock energy of 20,000 Btu/lb is added to the fijures for sound
deadeners and sealers, fluids, urethane foam, and also paint and
protective dip.

Energy figures were not established for platinum, palladium,
explosives, and ceramic materials. For the present, it is assumed
that their total energy impact in the scenarios is small or has small
variations.

The materials waste ratio (POR) is included to account for fabri-
cation losses and waste in the production of autos from the various
materials. A 10-percent loss was assumed for certain materials as
shown in Table 2-2. For steel, the materials waste ratio was based
on salvage market information** that indicates a new scrap ratio (from
industrial fabrication losses) of approximately 10 percent. Rolled
and stamped aluminum, and other similarly fabricated materials were
assumed to have the same fabrication overruan percent as that for steel.
For cast and similarly formed materials, there is isssumed to be no
overrun, since the unused material can be immediately resused by the
manufacturer.

* Chrysler Corporation, "Energy in the Automobile," presentation by
D.K. Samples at an energy seminar at the University of Michigan, 1974.

* Darnay, A. and W.C. Franklin, Salvage Markets for Materials in Solid
Nastes, SW-29C, U.S. Government Printing OIfice, Washington, J.C., 1972.
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The scrap fraction (SF) data were obtained from the report of the
National Commission on Materials Policy® and represent the fraction of
total shipments obtained from recycled materials. The data on recycling
of materials vary widely, presumably because of discrepancies concerning
what is included (home scrap, industrial (or new) scrap, old scrap).

The intent here is to include industrial scrap and old scrap, because
they indicate decreases in the actual requirements for production from
raw materials when they are recycled. The scrap fraction used in pro-
ducing autos is assumed to remain constant over the time period under
consideration—-1975 to 2000—but it can be varied if the scenario
requires.

Finally, the figures for the import fraction of processed mater-
ials (IM), and the import fraction of raw materials (RIM) were obtained
from a Department of Commerce source.** They are expressed as a frac-
tion of total shipments. The values for certain of these materials
vary slightly over the time period under consideration.

For both scrap fraction and import fractions, it was necessary
to make a few further assumptions for certain of the materials. It
was assumed that the imported processed aluminum would be in the rolled
and drawn category, with none of it being recycled (in its original
form). All of the recycled aluminum is assumed to reduce the raw
material needs in the cast aluminum category. Also, rubber for tires
and rubber for other uses are treated the same with respect to imports
and recycling.

2.4 AUTOMOBILE FAMILY DATA PREPROCESSOR (PPFAM)

The need for a capability to intersperse the different automobile
technologies in many different scenarios can creats a large data handling
requirement. The automobile family data preprocessor (PPFAM) creates a
file to serve as a repository for the data “or each family, including
all three classes which may be used repeatedly in differemt scenarios,
Family data are in general assumed to be functions of time, even though
most elements associated with a given family do not normally changs.
Family data are, therefore, stored by PPFAM in arrays of 26 values—
each value corresponding to a year in the reriod 197S to 2000.

. .
U.S. National Commission on Materials Policy, Material Needs and

the Environment Todaﬁ and Tomorrow, Final Repori, U.S. GCovernment
Printing Offlice, Was ington, D.C., June 1973.

‘ Private communication from Charles M. Ludolf (U.S. Department of
Commerce), August 6, 197S.
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The principal source of input data to PPFAM is the materials
composition and fabrication cnergy propram (MATCOM). The primary data
supplied by MATCOM are shown as the first three elecments of Table 2-3.

TABLE 2-3. INPUT DATA FOR THL FAMILY DATA PREPROCESSOR.
Data
Mnemonic De-cription
QMCijm The weight of material "j" required to produce an auto
of family type "i" and class "m".
chibn A three-dimensional matrix in which each cell represents
the number of Btu of nonelectric energy of type "I"
required for the production of a scenario vehicle of
family type '"i" and class '"m'".
EPCiM The number of electric kilowatt-hours required for the
production of a scenario vehicle of family type "i" and
class "m".
Alcikm Fraction of total domestic auto sales for vehicles of
family type "i" and class '"m" which are net imports
(including Canadian imports) in year "k".

The first element, QMC, is the weight* of each material required
to produce each type of auto as indicated. In the normal case, the mater-
ials composition of a given vehicle does not change as a function of
time, and MATCOM provides a single list of materials composition data
which is used for all years by PPFAM. It is also possible for the user
to change the composition of a given vehicle type at up to three points
in time, if so desired. This enables the user to regard a minor change
in the composition of a family (such as the addition of a catalyst) as
a variation rather than a new vehicle type.

The units are arbitrary, and may be selected by the ussr as long as
consistency is observed in defining the internal data parameters BTUM,
BTURM, KWM, and KWRM. However, the default weight unit for plot labels
is pounds. This may be overridden.

18



The variables BPC and EPC (also obtained from MATCOM) relate to
fabrication energy requirements for the vehicle type as indicated.

In addition to these primary elements, MATCOM supplies PPFAM with
family, class, and fuel-type identification parameters. The family
identification is used to locate a particular family for storage or
retrieval, and the class identification establishes an ordering within
the family file. The fucl-type parameter is used by PPFAM to associate
a Btu/gal value (BPG) with each family. The Btu/gal value is the heat
value of the fuel divided, in turn, by 0.92 to account for refinery
efficiency, and 0.98 to account {for losses in the distribution system.
The heat value associated with gasoline and broadcut fuels (used in
certain advanced engines, such as the Stirling) is 125,000 Btu/gal.

The heat value associated with diesel fuel is 136,000 Btu/gal.

The last variable, AIC, is a separate card input to PPFAM and
represents the net import fraction to be assumed for each vehicle type.
This fraction is used later by PPAPCS to connect new-csr sales data
supplied by the Fleet Accounting Model to domestic auto production as
required for resource accounting. Use of this fraction enables the
user to exclude nct foreign car imports (imports less exports) from
the sales data. Since net imports are excluded, ARAM accounts only
for those materials and energy used domestically for the production
of automobiles for domestic use and for export. This distinction
becomes particularly important when the ARAM ocutputs are usad as

inputs to capital and labor resource accounting processes as described
in Section 3.

2.5 AUTO PRODUCTION AND CONSUMER SECTOR PREPROCESSOR (PPAPCS)

The PPAPCS program generates the integrated input file for the
ARAM computational module as illustrated in Figure 2-3. In producing
this file, PPAPCS merges data from (1) PPINT, (2) PPFAM, and (3) the
Fleet Accounting Model. Tables 2-1, 2-3, and 2-4 list the variable
mnemonics and their descriptions for each of these respective sources.
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FIGURE 2-3. PPAPCS DEVELOPMENT OF THE ARAM COMPUTATIONAL
MODULE INPUT FILE.
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TABLE 2-4.  DATA FROM THE FLELT ACCOUNTING MODFEL.

Data crinti
Mnemonic Descripticn

Nscikm The number of automobilcs sold of family type ''¢" and
class "m" in year "k".

Rcikm The number of automobiles of family type "¢ and class "m"
retired in year "k'".

AOCikm The number of automobiles of family type i and class 'm"
in operation in year "k".

GPYCikm The number of gallons of fuel required to operate the
entire family fleet of type "i" and class "m" for the
year "k".

Once again, the use of a preprocessor allowed the development
of the ARAM computational module to proceed without concern for the
precise format of the input data. In addition, PPAPCS aggregates
certain of the data before creating the ARAM input file. The aggre-
gations performed are either sums or weighted averages over classes
within a family. Table 2-5 lists the new variahles created and the
equations used to generate the data.

2.6 ARAM COMPUTATIONAL MODULE (ARAMC)

The ARAM computational module (ARAMC) accumulates data on the
materials and energy for the domestic production and operation of the
vehicles in a Task Force scenario. The method by which ARAMC accom-
plishes the data accumulation is as follows:

(1) The materials required for the production of the automobiles

are computed. (Materials required for comstruction of the
auto production facilities are of lesser magnitude, and are

not currently accounted for.) The materials required are
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then broken down, through the use of national agerepate
factors, into imported processcd materials, imporvted raw

materials, domwestic raw materials, and Jdomestic scrap
materials.

(2) The energy requirements for (a}) the processing of the mater-
ials, (b) the fabrication ot the automohiles, and (¢) the

operation of the automobiles arc computed.

(3) The output reguired tor input to the [NRAM accounting
process is generacced.

(4) Sumwary data for materials and cnergy requirements are

computed for aggregate comparison of scenario runs.

(5) Hardcopy reports arce created for presentation of the ARAM
results. In additiun, a divect access disk file contain-
ing the ARAM results is created for plotting purposes.

The zbove process is executed for cach scenario generated hy the
Task Force.

The equations which have been used in ARAMC for auto-related
materials and cnergy accounting are shown in Tables 2-6 and 2-7. The
wmaterials equations apportion the matcrials rcquirements by source as
indicated. It is worth noting that the cnergy accounting excludes the
energy content of imported processed materiuals in accordance with the
reneral philosophy of inclyding only domestic encrgy requirements.
Also, the efficiency of converting heat energy to electricity in these
equations (EFF) has been assumed to be 40 rercent.

The ARAMC produces a yearly report (for the time period 197§
to 2000) for cach scenario which includes all input, internal, and com-
puted data. In addition, ARAMC produces a data file containing the
annual total materials requirements (by type), sales of autos (in
numbers of autos), and operating fuel requirements. This file is used
by the PINF (INFORUM preprocessor) program (Section 3.2).
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TABLLE 2-5.

PPAPCS EQUATIONS FOR DATA REDUCTION.,

Lquation

Description

R = L RGo

NS.,= ¥ NSC

7 km
= A0
AO,, = .
Tk II'ZI c1km

. - . . * .
P('Lkm NS("'km Nsik A“t

z | @ijen) (i)
WM =™

Pik

¥ . (QMC ;) (RC,,)

Rik

km

Sum of all classes of vehicles
of family " ¢" retired in year k',

Sum of classes of vehicles of type
"{" sold in year "k".

Sum of all classes of vchicles of
family "i" in operation in year "“k'.

Number of autos produced domesti-
cally of family "i" and class '"m".
(set equal to zero if negative)
Sum of all classes of vehicles of
family "1i" produced in ycar "k".

Fuel consumption over all
Classes of vehicles of family
"i" in ycar |lkll.

Weighted average of material ", "
requifenent over all classes of
vehicles of family ":" produced
in year ",

Weighted average of materiaj A
made available for scrap over all
clas<es of vehicles of family i
through vehicle retirements in
year ‘.,
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TABLE 2-6.  ARAMC EQUATIONS FOR MATLERIALS RESOURCE ACCOUNTING,

Lquation

Dascription

TP, = Z (P ) (M, 5)
™, = (1 + POR) (TMP )
TMS,, = (SF; ) (TM ;)
MIR 5 = (I 50) (TM ;)
DIRM;, = ™M, - MIR +

DRM %" DIRM

7 ik - IRM

Jk

Mz = & (Ry) (RM5)

Annual mate

ial requirements for

domestic auto production.

Total annual

for domestic

Total annual
for recycled

Total annual
for imported

Total annual

material requiremcnts

auto production.

material requirements
materials.

material requirements
processed materials.

material requircments

for raw materials.

Total annual

for imported

Total annual
for domestic

Total annual

material requirements
raw materials.

material requirements
raw materials.

material made available

for recycling due to auto retire-

ments.
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TABLL Z2-7.  ARAMU EQUATTONS FOR ENERGY RESOURCEL ACCOUNTING,

kv ition

Ne-cription

TP, = :z;(v,.k)(lzpi)

LT }t: (0 RP )

TKWRS -'21; (KWRM ) (TMS ;)
or 3'12 'I'KWRJ.I(

TBRMS, ~}I_, (n'rmm',. ,)('msj
o = " .
r i; 1|mn',. it

o

k)

TRNS, = KWHM.)(DIRM.
" 2:_21 nl J,()

T““Skl = ;8 (ll'l'llel ) (DlRMJ.k)

or = };-. Tlmjkl

l-"l‘“ ‘-F(GPY“‘) (BPGi)

T, -§ FT,,

TBPE - BEPkl . TBRNSkl

* Tlﬂsk

kLl
t

Ilectric enevpy requirements f(or
auto tabrication.

Nonclectric (c¢oal, gas, petroleum,
unspccificd! enerpy requirements
for auto fabrication.

Electric encergy requirements for
processing recycled materials usced
in domestic onto productinnm,

Nonclectric encrgy requirements
for processing recycled materials
used in domestic auto production.

lLlectric encrgy requircments for
processing raw materials used in
domestic auio production.

Nonclectric encrgy requirements
for processing raw materials used
in domestic auto production.

Btu of fuecl required to opecrate

vehicle type "i'" fleet for
year "k",

Total annual Rtu of fuel required
to operate aunto fleet.

Total annual nonelectric encrpy
(Btu) required for auto-related
materials processinyg and auto
fabrication.
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TABLE 2-7. ARAMC EQUATIONS FOR ENERGY RESOURCE ACCOUNTING (CONT.).

quation Description

TOTBTUkl - BEPkl + TBRMSkZ' TBMSkl Total annual nonelectric cnergy (Rtu)

{0 for ¢ v 1,2,4 for auto-related materials pro-
*lTBk for L = 3 cessing, auto fabrication, and fleet
operation.
TOTKUHk - TEPk + TKNRSk + TKWSk Total annual kjlowatt-hours of

electricity required for auto-
related materials processing
and auto fahrication.

TFEk -(}'l_‘, BF.PU) Total annual auto fabrication
+ (3412) TEP,/EFF energy (Btu).
TRSk -(2 TBRMSkl) Tetal annual energy for process-
. %3412) TKWRSk/EFF ing recycled materials (Btu).
'I‘Sk - (71:- TBMSH) Total annual energy for process-
+ (3412) TKWSk/BFF ing raw materials (Btu).
TPE, = (; 'm'rnru“) - T2, Total annual energy (Btu) for
+ (3412) TOTKWH, /EFF auto-r:lated material processing
k

and auto fabrication cnergy.

TOTEk = TPEko rnk Total annual energy (Btu) for auto
production and operation.
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Table 2-R prescats sample output from ARAMC showing cumulative
materials and cnerpgy requirements for the period 1975 to 2000, This
output is also available [or cach ycar of the period. The variable
names are listed ana defined at the hottom of the table. The table
shows cumulative materials requirements (in pounds) in the upper
part, and cumulative energy requirements (in kWh or Btu as indicated)
in the lower part. The column labeled TM shows the total material
demand for auto production (including the fabrication waste factor).
This is then broken down according to source: recycled material (TMS),
imported processed material (MIR), or raw material (DIRM). The raw
material is then further broken down by whether it is domestically
produced (DRM), or imported (IRM). The energy data is displayed in
summary form at the bottom of Table 2-8. The total energy is broken
down into energy for vehicle production and energy for operation. The
production energy is further broken down into energy for fabrication,
and energy for materials processing from recycled sources and raw
material sources. The bottom line in the table shows a breakdown of
operating energy by family.

Table 2-9 shows a second summary output from ARAMC, this one
presenting growth figures for materials use together with scenario
energy savings. For materials impact analysis, the tahle shows hoth
a growth ratio (2000/1975), and annualized growth rates for S-year
intervals hetween 1975 and 2000. These ratios and rates help the
analyst to spot potential bottleneck situations requiring further
analysis. For energy impact analysis, the table converts the
cumulative energy-use (1975 to 2000) values in Btu to barrels of crude
0il cquivalent (1 bbl = S.8~106 Btu), and further computes the scenario
energy savings in 2000 versus 1975 expressed in barrels per day. The
source of the savings (production energy versus operating energy) can
also be determined from the table. A negative sign in the savings
column implies a net energy loss.

The direct access file generated by the ARAMC, which contains
annual material and energy requirements, is used by the ARAM plot
program (GRPH).

2.7 ARAM PLOT IPROGRAM (GRPH)

Since a large volume of data is computed and tabulated by ARAMC,
it was necessary to develop a plotting program which would graphically
display this data. The resulting graphical output facilitated the

analysis and comparison of the materials and energy requirements of the
scenavrios.
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The GRPH program reads a deck of user suppliecd nlotting commands.
These commands enahle the uscr to ohtain the tollowing graphical output
over thc years 1975 to 2000.

(1) Single-line plots of a specified variable (e.g., carbon
steel requirements by year).

(2) Multiple-line plot, i.e., plots on which up to 12 variables
can be graphed (e.g., carhon steel, stainless stecl, iron,
aluminum).

(3 Multiple-case plots, i.e., plots on which a given variahle
can be graphed for up to 12 sccnarios.

(M) Additive plots, i.e., plots on which the distance between
adjacent lines represents the value of the variable.

Once the user commands have been processed, GRPH retrieves the
required data from the direct access file created hyv ARAM". The data
are then scaled according to user-supplied minimum and maximum or
automatically. Figures 2-4 through 2-8 iliustrate sample graphical
output as produced by the ARAM plot progranm.
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3. CAPITAL AND LABOR RESOURCE ACCOUNTING

To evaluatce the capital, labor, and industrial impacts of the
Task Force scenarios, a Capital and lLabor Resource Accounting Model
(TNRAM) employing input-output analysis was developed. The input-output
methocolog was selected since (1) it employs a forecasting tool already
tn existe ¢, and (2) permits the analysis of technological changes on
detail .. industries.

Other methodologies, such as the family-trce approach or dynamic
programming, could have been employed for analyzing the economic im-
pacts. llowever, these alternative approaches would have required the
development of a large and sophisticated data basc --a task involving

significant time and effort. After weighing these¢ considerations and
the time constraints imposed by the Task Force schedule, the input-output

approach appeared the most attractive.

Input-output analysis is based on data collected through the
various economic censuses, and requires such information as follows:

(1) Purchases/sales of production goods und services bhetween
industries.

(2) Purchases/sales of capital equipment by industries.
(3) Purchases of structures.

(4) Sales to final demand by industry.

(S) Employment (in jobs) by industry.

Due to the level of industry detail required to observe possible
industry bottlenecks, the INFORUM input-output* model developed at the
University of Maryland was selected to perform the economic analysis,

An additional advantage of using the INFORUM model is that forecasts of
other industry data (e.g., imports, exports, shipments) are. produced as a

* Almon, C. et al., 198S5: Interindustry Forecasts of the American
Economy, Lexington Books, Lexington, Mass., .
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byproduct of the capital and labor analysis, and often prove useful in
their own right. The INFORUM model is designed to run on a UNIVAC 1106
with an LXEC 8 opervating system.

Figure 3-1 presents the interaction of the Capital and Labor
Resource Accounting Model (INRAM) with other Task Force efforts.

AUTO PRODUCTION:
MOTOR VEHICLE CAPITAL
INVESTMENT REQUIREMENTS

CAPITAL AND LABOR
RESOURCE ACCOUNTING '“'“s::c‘;'f.:"“""
MODEL (INRAM)

MATERIALS AND ENERGY

RESQURCE ACCOUNTING MODEL

SCENARIO AUTO PRODUCTION

MATERIALS AND FLEET
OPERATING ENERGY REQUIRE-

MENTS

FIGURE 3-1. INTERACTION OF CAPITAL AND LABOR RESOURCE

ACCOUNTING MODEL, WITH OTHER TASK FORCE
EFFORTS.

3.1 PROCEDURAL FILOW FOR CAPITAL AND LABOR RESOURCE ACCOUNTING

The Capital and Labor Resource Accounting Model evaluates capital,
labor, and industrial impacts for each scenario. Scenario output data
are stored on tape for later case-by-case analysis. Figure 3-2 illustrates
the procedure through which this is accomplished.

The file created by ARAM for use by INRAM contains the following

data:
(1)

(2)
(3)
(4)

Annual requirements for up to 30 materials used in domestic
auto production.

Annual number of autos produced domestically.
Annual new car sales.

Annual fleet operating energy.

The INFORUM preprocessor (PINF) uses this information together with
data on motor vehicle capital investment (which was made lvaiilblo for Task
Force scenarios by the manufucturing assessment group) to alter selected
interindustry and final demand coefficients. The output of PINF is a deck
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MOTOR VEHICLE
INDUSTRY CAPITAL

FROM INVESTMENT
ARAM 8Y YEAR
INFORUM féLECTED INFORUM
PREPROCESSOR FINAL DEMAND &
(PINF) TECHNICAL COEFFICIENT
D/\TA

INFORUM
FINAL DEMAND
& TECHNICAL
COEFFICIENT
CHANGES STANDARD
INFORUM
REPORT
INFORUM INFORUM
FORECASTING ANALYSIS
MODEL PROGRAM
(INFRM)

FIGURE 3-2. CAPITAL AND LABOR RESOURCE ACCOUNTING MODEL .

of cards which contains these new coefficients in the format required
by INFORUM. These coefficients reflect the altered economic and tech-
nological environment induced by a given scenario.

The INFORUM model is then executed to obtain the capital, labor,
and industrial impacts of the new environment which appear in a series
of tabulations. These print files are also copied onto a tape for
subsequent processing by the INFORUM postprocessor (INFRNM) .

The INFORUM print file (converted to IBM format by the CNVRT pro-
gram, not shown in Figure 3-2) is processed by the INFRM pro;iaa to
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nhtain aguregatced industry differences, discounted and deflated industry
investments, diffcrences from the Reference Case for each scenario, and

a number of other useful summary outputs,

The output from INFORUM and INFRM (in either tabular or graphical
form) is then available for impact analysis by the user. A detailed
description of these programs follows.

3.2 INFORUM PRIEPROCLESSCR (PINF)

The data file created by ARAM is used by the PINF to modify the
INFORUM final demand and inter industry flow coefficients. This modi-
fication is performed to reflect a morc realistic economic and techno-
logical environment due to different Task Force scenarios.

At present, 14 cvefficients 1n the INFORUM input-output matrices
have hcen selected for modification to reflect the technological and
economic conditions of Task Force scenarios. These coefficienrts ar:
identified in Table 3-1. Tables 3-2 through 3-6 present the equations
which are used to modify the coefficients. These equations are cur-
rently being validated on historical data, and consequently may be

modified in future program versions.

The equations presented in the following tables can generally
be interpreted as follows:

The new coefficient in year k" is equal to the base year
cocfficient multiplied by the sum of:

(1) The proportional increase (or decrease) over the base year
in the inter-industry or final demand activity of that
fraction (R) of the activity pertaining to new auto
production.

(2) The fraction of the activity pertaining to non-auto
production (1-R). (In the case of the equations of
-Tables 3-3 through-3-6 it is assumed that the whole

" . coefficient pertains to personal autos, i.e., R = 1.)

Table 3-7 lists the temporary values assigned to the variable R as
required by the equation in Table 3-2. These values were estimated
using data from the 1972 Census of Manufactures.

The output of PINF is a set of cards in the format required
by INFORUM.
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TABLE 3-1. INFORUM COEFFICIENTS WHICH ARE MODIFIED TO
REFLECT SCENARIO CONDITIONS,

INFORUM Producing

INFORUM Consuming

Industry Industry
1. Steel (91) Metal Stampings (106)
2. Aluminum (95) Metal Stampings (106)
3. Steel (91) Motor Vehicles (145)
4. Aluminum (95) Motor Vehicles (145)
S. Copper (92) Motor Vehicles (145)
6. Glass (86) Motor Vehicles (145)
7. Tires § Inner Tubes (80) Motor Vehicles (145)
8. Other Rubber (81) Motor Vehicles (145)
9. Plastic (82) Motor Vehicles (145)
10. Paint (74) Motor Vehicles (145)

Additional INFORUM parameters to be modified:

- Personal Consumption Expenditures for
11. ® Motor Vehicles (145)
12. o Petroleum (76)
13. - Motor Vehicle (70) Equipment Investment
14, - Motor Vehicle (145) Imports
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TABLE 3-2.

GENERAL EQUATION FOR TECHNICAL COEFFICIENT CHANGE
(COEFFICENTS 1 THROUGH 10, INCLUSIVE.)

Ak e at,
1,J 1,J
where

k

A. .

1,J

75

U

s 2
1,

™. .
LyJ

78

™. .
t1,J

78

™ /p”
R, . *| ™sJ + |1 -R. .
1,d Ty /p7—§ 1y,

™l -

Input-output coefficient in year "k " for the
interaction between the "ith" producing industry

tho,

and the " consuming industry,

Base year ('75) value of the coefficient.

Fraction of output in industry "j * which is
used in the production of new autos.

Material in physicai units (e.g., tons, pounds,
etc.) used in industry "j " as produced in in-
dustry " ¢ " for the annual production of autos

in year "k ",

Number of autos produced in year "k ",

Base year (x = 75) vaiue of material in physical
units consumed by industry " ;" as produced by

industry "¢ " for the production of new autos.

Base year (i« = 75) number of autos proauced.
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TABLE 3-3. LEQUATION FOR MODIFYING PERSONAL CONSUMPT]ON
EXPENDITURE (PCE) FOR NEW AUTOS.

143 ‘

( A 75 ) pI_ ;e /le
PCE;\ = PCE'H ) mpns * (_.._) + (IMP )\T.Xd’"
wvhere

75 75
(%CE - IMP )
145 148

Base year value of PCL spent on
domestically produced autos (i.c.,
total PCE less imports - IMP--values

in millions of dolilars as per INFORUM),

P - Number of domestically produced and
consumed autos in year " k',
75 -
4 - Base ycar value of number of domestically
produced and consumed autos.
15 .
IMP - Base ycar value of autos imported (value

in millions of dollars as per INFORUM) ,

11¥ - Number of autos imported in year "k,

7s
Tl - Base year number of autos imported.
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TABLE 3-4. EQUATION FOR MODIFYING PERSONAL CONSUMPTION
EXPENDITURE (1'CE) FOR PETROLEUM.

S A —

I3

4
PeE ¥ = pepre | 1B
7% /4 TB7.
where
I . : N
PCFI‘ Persens ]l consumption expenditure (PCL1)
for pcetroleum in year "k ",
75
PCE“ PCE Tor petyoleum in hase vear (k= 7%),
k . .
T8 - Petroleum in Btu required for the
opcration ot the auto flcet in year " k"
Iy : Petrolcuwm 1n Btu requited tor the
operation of the auto flcet in the
basc ycear.,

TABLE 3-5. EQUATION FOR MODIFYING PRODUCER'S DURABLE EQUIPMENT
INVESTMENT (PDE) MADE BY THE MOTOR VEHICLES INDUSTRY.

Kk
pEX . ppp’s e [5—-]
70

/0 (-75

wherc

PDEfo - Equipment investment (PDL) by the motor
vehic’es industry in year " k",

vnn:: . Base ycar PDE by the motor vehicles
industry.
ck - Capital cxpenditure made by the motor

vehicles industry in year " k",

crs - Capital expenditures made by the
motor vehicles industry in base year.
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TABLE 3-6 LQUATION FOR HODIFYING MOTOR VENICLE IMPORTS.

’.
M = M
Ths Tus
wher.
IS
P -
T4t

iMp?’s -
148

TI -
|

T -
1es

. 11k
T17%

The value in millions of dollars of motor

vehicle imports (IMP)

in year "k,

The base year value in millions of dollars

(a< per INFORUM) of motor vehicle imports.

Number of autos imported in ycar "k'.

Numher of autos imported in base year.

TABLE 3-7. PRELIMINARY MARKET SHARES FRACTIONAL VALUE..

Confficicont

In Table 3-2 Mnemoni ¢ Value
1 Ro1,106 0.64
2 Rgs,106 0.64
3 R‘n.m' 0.70
4 R gs,145 0.70
5 R g2, 145 0.70
6 R86.145 0.70
7 R 80. 145 0.70
8 R 1,145 0.7
9 R 82,145 0.70
10 R 74,145 0.70
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3.3

INFORUM

INFORUM
tions to 1985 (a modification in progress at the University of

Marvland will
matrices and certain exogcnously <upplied data, INFORUM forecasts the

is

allow forecasting to

a4 model which enables

1990

one

or 2000),

to forccast cconomic condi-

Using 1nput-output

distribution of sales of 200 indus~tries to *heir respective buyers.
Figure 3-3 illustrates the input output matrix organization used in

INFORUM. *

kach of these matiices will be briefly described below in

order to demonstiate its use in cvaluating the distribution of capital

and labor impacts among the industry sectors due to a scenario.

N
\\\ BUYER
\,

\

SELLER\\\

PRODUCTS

PRODUCED
AND
SOLD

|
|
!
[
|

200

PRODUCTS BOUGHT
FOR USE IN
PRODUCTION

SALES TO
INTERMEDIATE
USE

EMPLOYMENT
(90 INDUSTRIES)

90

CAPITAL
EQUIPMENT
BUYERS

B MATRIX

SALES TO

CAPITAL
EQUIPMENT
INVESTMENT

- —=— GNP - COMPONENTS

28 9 4
TYPESOF | GOVERNMENT | OTHER FINAL
STRUCTURE | CATEGORIES | DEMAND
PURCHASED CATEGORIES
- F:: = "z — - 3 '-.=
b 4
CMATRIX G MATRIX Q
w
Ble §
HHUF
SALES TO SALES TO g 1K
CONSTRUC- | FEDERAL | W 3 g
TION AND CTATE 5 g
INVESTMENT | & LOCAL o | ¢
GOVEKHMENT
e

Taken from Almon* and used with permission from the publisher.

FIGURE 3.3.

*
Almon, C. et al.,
Lconomy, Lexington Books, Lexington, Mass., 7%

INFORUM INPUT-OUTPUT MATRIX ORGANIZATION FOR

DISTRIBUTICN OF SALES OF 200 PRODUCTS TO TYPE

OF BUYER.

1985:

Interindustry Forecasts of the American
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3.3.1 A Matrix

The A matrix ropresents the anter-andustiy tlows ol products.
Specifically the cells in this matrix ave coeltic.ents representing the
dollars of input required ot a "seller” (row) industry in order to pro-

duce a dollar of output for the "buyer' .cotumn; undustry. The sum of
the coefficients in any column, includ ng the vaiue added or marginal
coefficients, equals onc.

In other words, the A matrix represents the technology of a ypiven
buvyer industry by indicating the inputs (in dollars) required of
other industries in order for the buyer industry .o produce $1 ef
»1: output. As such, it is the coefficients in this matrix which are
modified to reflect the different material compositions or technologies
of the scenario autos (first 10 items ot Table 3-1).

3.3.2 B Matrix

The B matrix represents the purchases by 90 industries (which
are aggregates of the 200 seller industries) of capital cuuipment
from the seller industries. A cell in this nmatrix represents the
dollars of purchases of producers' durable equipment from a seller
industry by one of thc buyer industries per dollar investment of the
buyer industry.

INFORUM generates the capital investment required for producers'’
durables using capital investment equations (which can be overridden)
which link capital spending to total industry output. This implies
that when an industry's output increases, thc capital investment would
also increase.

Currently, none of thc s ma:rix coefficients are modified in
connection with the scenarios. Instead the total equipment investment
for one of the 90 capital equipment buyers (motor vehicles) is exoge-
nously input to reflect (1) an accelerated scenario implementation
strategy, or (2) significant retooling or reinvestment for the industry.
This total is then apportioned to the cells of the column by INFORUM,

3.3.3 C Matrix

The C Matrix represents the purchases from the 200 seller
industries by 28 aggregate construction industries. The 28 industries
are aggregated from the 200 basic industries by the type of structures
required.
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A column in this matrix represents the purchases required from the
200 scller industries to gencrate a dollar of construction for a specific
structure type (representing onc of the 28 aggregated industries).

INFORUM generates the capital investment required for structurecs
based on a set of structures cquations. Therefore, as output increases,
capital investment in structures will increase. At present, none of
the C matrix coefficients or column totals is modified.

3.3.4 G Matrix

The G matrix represents nine sectors of government purchases cf
products from the 200 scller industries. These nine sectors represent
a part of the final demand. A column in this matrix represents pur-
chases from 200 scller industries by a classification of government
expenditures, c.g., state, local, Department of Defense, NASA, etc.

A cell in this matrix rcpresents purchases of products from a single
seller industry by a classification of government expenditures.

There is currently no recognized need to modify any of these
final demand valucs.

3.3.5 Other Final Demand Vectors

There are four additional final demand vectors in INFORUM as
shown in Figure 3-3. These vectors are exports, imports, inientory
change, and personal consumption expenditures. Each of these vectors
represents purchases of products from the 200 seller industries by the
specific form of final demand.

Currently, there is no recognized need to modify any of the values
in the export and inventory change forms of final demand. The cells in
the import column represent, among others, the imports of crude petro-
leum, natural gas, petroleum refinery products, and motor vehicles.

Only motor vehiclc imports are currently modified to correspond to Task
Force assumptions.

The personal consumption expenditure (PCE) column represents
consumer purchases of products fron the 200 seller industries, not all
of which are sellers to PCE. Puichases in this column are based on
INFORUM projec*tions of personal disposable income. The cells in this
final demand column representing consumer purchases of gasoline, and
motor vehicles are modified to reflect (1) decreased gasoline purchases
due to higher fuel economy of advanced (scenario) automobiles, and
(2) assumed futurc motor vehicle sales levels.
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3.3.6 Exogenous Assumptions

The general user of the INFORUM model can mahe moditications to any

of the matrices or vectors previously listed (the PINE program makes
only those chanpes indicated in the previous section),.  These moditica-
tions would reflect the user's view of technotogy for a given industry
or sct of economic assumptions.. In addition to making such modifica-
tions, the general user can override the erogenons assumptions of
INFORUM.  Thesc assumptions pertain to:

(1) Disposable per capita income
(2) Population

(3) lLong-term investment rate

(4) Rent/construction cost index
(S) Households

(6) Investment tux credit

(7) Average forecign currency price
(8) Labor force

() Civilian unenployment rate.

None of these exogenous assumptions is varied from case to case in the
present implementation.

3.3.7 Outputs

The output generated by INFORUM is a series of tabulations in 1972
constant dollars as follows:

(1) GNP summary

(2) Personal consumption expenditures for 200 industries (PCI)
(3) Competitive imports in domestic port prices (IMP)

(4) Durable equipment investment by producers (PDE)

(S) Purchases of structures by type (STR)

(6) Number of persons employed by industry (EMP)

(7) Product shipments in producer prices by industry (SHP)

(8) Productivity (output per employed person)

(9) A selected set of buyer/seller tabulations for user
specified industries.
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liach of the nine tabulations contains the respective information
for a scries of uscresclected years between 1972 and 1985,  The print
files as listed above (with the exception of the last) are copicd onto
a tape for subsequent processing by the INFORUM postprocessor (INFRM).

Table 3-8 presents a sample of INFORULI output (the GNP Summary)
for an example casc. Other portions of the INFORUM output contain
industry detail rclated to these summary numbers,

3.4 INFORUM POSTPROCESSOR (INFRM)

Although the INFORUM model produces a wealth of detail relating
to capital and labor requirements for the various scenariss, much of
the specific data required for impact assessment can only be obtained
by further processing of the INFORUM output. The capital information
may be nceded on a discounted basis for cost-benefit calculations, and
INFORUM 1972 constant dollars may necd to be converted to constant dol-
lars for somc other base year. For hoth capital and labor, it is desir-
able to be able to cualculate absolute and percentage diffcrences between
the various cases. It is further desirable to be able to express
capitai and labor requircments on a cumulative basis. To be able to
make uscr-defined agepregations of the basic industries for summary
purposes is also helpful. Finally, a plotting capability is nceded for
rapid evaluation of scenario results and for data presentation. The
key to these various capabilities is the INFORUM postprocessor (INFRM) .

The INFRM program reads a series of user-defined commands which
indicate (1) the INFORUM scenarios which are to be processed, (2) the
INFORUM tables which are to be processed, and the industry aggregations
to be performed for each of these tables, and (3) the plots to be pro-
duced. After processing thesc commands, the r»quired INFORUM print
files are processcd. The following output can be obtained for the
scenarios selected:

1) Capital investment in producers' durable equipment by ycar
(actual, and deflated and discounted) for 90 industries.

49



50
5

it 69t (TR} 59 [ T3X 14 [YiX 14 (211 e st oLcet 18°08 204338 MVALIV¢
5°$Y L 1% 3 1 st 40°st £E°08 Teeet 1134 1) .u.on. [ 0 S QIR 7344 13340%N3 834 90018) 413511 MO
- 2u 2 S« ae ] E1ae s IR 221 13343 ) TILY BT TITY T Iy ULy A2 (3c0 2 )

30°091  E0°TST  6$°8ST  IT°9ET  L@efET QL USE  0:°eeT  ££°%ET  OT°SET  92°e3t WY Gv MIS
IT*§8 [IAIV LTS8 1 [T 13 (1171 (33134 (33444 33°0¢ e uTir Wil 2l 238-N00

6L °99 $Z°9y S1°99 00°%9 10°69 [V ) (Y33 £6°e9 (1] $9°2¢ JNISI8 WESTIWS

[ 33414 0 & ti M 13 [ 138§ [{ 2431 Wit [ L1213 afoag o et [V 34 SN 205427043900 I3 WNG
$3°05  O8°Z05 e RRZ  0Z°06Z  CUTOBZ  EL°98Z  6COLT  eeti9Z  Se°TIZ  99°sel SISVIOBRY JuJuNy 309
ot et~ (Y43 (142 &8 {3 8 e t- (133 3 w1~ (134 LI 7 4 &3 SN0 WALI Bu3i-SN0T “LADD °S°R
Ty~ s$oL- ey [ 9% 2o~ L1, 60"l - 00°1- EW'R- CVOul® Wiiesd Wudi-weY °s'h
$9°9 $4°9 $9°9 $5°9 secy 111X 5te9e ss°s se°s s *$°N 04 WALEUI NEdi-3WY NOINNOS
088~ [ T3 5 Mneg- (108 B et - T g - 288 - oL e- 52°8~ 20300824000
®ECUT-" TY°OUT- T EY°E- SOV~ 144 & 107 RN T4 e 404 TIMEEEE | A4 CEENSES | a4 O3 T TORSENY
2e° - 98 °- (110 8- $s°- - 15~ e - - 6L°- $331A83S 2ivAlie BINIS
w1~ n°y- (3285 DE* - 639 8s° 5~ ”neg- AT°5- wy- T 8- TUBISEL BA6 330V W ANISVI
e1°9- $0°c- ({348 iy s~ 28~ 88~ 60~ o8 - oy 0% - Imve
(19} 33 $¥L 0oL 1388 26°9 ncy 13°% asvs |y T IS duY talowww T
20°5- Lo L0 85 et o (12 eLc- 08°8 - E 4 3 ISI0Nduln 34 31 113 a6d-atn
WECTI-  NTUS-  TETSY- SSUEY TIVTY O WIS TINSRET YOS WIWE O OPTRSe T TSN
0281~ Zr°dot- B2°WlI- $6°00T- @£°L6-  2Z°06-  0I°¢s-  IT°TE8-  eL°SL-  C4"EL~ SIANIS SV S0008 2 319edm]
o2 oe2 w2 as*s o062 FTLY 2 ez [ 113 [132 LU UNEIAIS
[7%414 80°02 6°22 (Y3414 s°02 0% 1 £I°21 ) ¢ SI*IY  TY'IY 8382 InluiSTANY -
8% 28t fYexs et 9°t tsel FHLE 20t et [13%3 $IITANIS DivAlnd SIMLE
TITYY T ISy 45 1 §V§ 0§y SU°S T 03 T TZECW T OTIOW XYW IV0SWET WIV YSIWI TIWXSYe
s 0°S s6° e 0% 28w are LE°y ¥3°e (T34 n-z 3T
[1ond] 2570t 64°01 $0°0T (133 $2°¢ 189 132 30 TR 1 4 ] NI G SHESUW
6L st°w $8°gL 16°69 % 99 33" wess ai*2s 19°6e "2 IS IIMO I
IOSTLT  IS°SZ1 #M°p2T  63°S11 IZCDIT SICS0T  MeesE 23°99 weoe L 02 13 $23IA43s Oy 3Q00% & siyeqal
e s S ) S SN 3 01 Lk TR+ 4 ] 15t TR 1) SEEE- | o | QR | ML ' 4 N B L Lo TIIE) 1] pan
(13831 %0°2t 8031 s$2°11 211t 11 [T 733 20°¢ [T $332483S 0NV 22MVNIS

eIy [$ 548 FYAE 3] 2° 9T I3k )] T1e°53 sLege 252t [ £ o8 4 S 4 311 v N
T3} (133 $8°g1 eI°ct 60°2% 9021 (T334 08 21%¢ 9L $3131340

[T 3¢ 1 £L°3T $L°S1 $2°$¢ 1e°et (¥ 414 wett [{ a1 28°% " s WOLLIVIINNduDD

E2 343 8401 "ot 00°0t 29°% i®wee Zi*e 13t 22°3 $5°S nlivivedsval
“POCIT T O TYUYT ITWM (3 g1 fiod Lol 2 oo i R T oA 1 S MC 4 RIRAE 344 SRS + 34 SAUE | | b ) L | IR
”’2°st €8°et e et STt 1ot Dot 0ot £$°1T 49°0% 0L°e $0000 ) WYURGNen

3¢ T8°0 a4 ] P78d 13°3 11°s sy 5°tc T joat g WSTLINALINGS

133 e {34 12° 22 (130 sL°g 2t [T13 [ 1323 L2 1]

w1 WL E it ) i1°9 wes (T3] £ 1328 sy b1l WL MITEW

$E°0KT  ETLZT  ME2T  9§°02T LT TO"LTT  T3°60T  2§°e8 00°98 12°8¢ 10410l IWYERE . SUN e

T "9~ “TZTESS  ONSSE s s £3.26 3000 2 et S 1 - Mt < o Sube 1 3t ) inaminen 211 L7
SO°TTT  99°801 02°SOT  20°20Y N30T  USSSOT  F.°%01 e TS €3°$6 $IW40u1S
IE°UNZ  $I°eNZ  IE°9S2  IE°SEZ FICSEZ  $9°20Z T3CTZT [TULST 20°9%T frewit 19e5S3a8E TI11STNGU JLVALES $TIVS
L4°00%  TZ°SEe  OL°LZV  ZD°9TN 200 ST26L 83°e9C  fe°ZeE  $3°8Et 18°OIL - SAYE
16°26€  L6°06C  Me8L  TELLE  28°ILE TEENC  SI°NT  T3°38E ei°961 13°66Z $3230 ) Myshtnda
SYRET 22°9T STAEME WRONT ST S-St TS eIt SISTTT T WWetY— —— e — SENY TWYINE

el 200t «&°Q286 69°656 S€° 06 23° Lt $9 s6e £1°2a2 s8° €L 19°68L (28 118 vuld——-aunu WIIL4MEND) “’Cz

60°84ST ST INST  SE°LIST S ZOOT OS5 9501 02°LIeT BL°I0ET §S°0921 ¢S°u3l1 OO0°estl

v—— ———— e e cone vove cmow vema o aBea —ene

1204034 WHSIIWN ST

$0613 [T 15 (4134 296t 1861 osst LA 2.: S48t 46T

wAIIS NI - 15023801 JaF

(82268 2 -luu._‘:.. A VMuNS 4N

SIROT Ve - “INVEIS TYRTS TNV SIWATIIV WNIITIN % TS BBl ST

*LAdINO WNYOANT ITdRVS  "8-¢ I74VL




Y- — Y

86°S0ES  08°3TLE  08°SeXL 00°I5lS

[ 3 1] LT°s0T  66°20T

SIWE3L 04 30V 208 Ave Guv S13427 GINSI N4 246T 04 GIWIS G2I6 DAV SUIeNN

Y T Uy T WYY nlngﬂJQI]g

-0t 65°%8 85°86 4L°56  ss°90 ISESTVIEND 2I08J4 800

— T - T T = TSRV
ot°t (1341 1%t et P34 ¢ stet 00t 88°F 33584 ANINNR) BOTIN0J VOV
T - 30NN DITINI
L9° 90° i0° 1" 10° 13° 40° 43° 436383 Evi S03NAS MBI
W T OWWT I WS W WL Ive T TSR TR SV
9° .9 .9 [ 3 59° 69° 9° % 330HE 2360 90112008 NN/ ANES
50° (1 g0 g0 [+ ] [ i AR ¢ oA Ve 1S WR-TEOE -
f0° so° so° s8° (T4 0° £6° . 3198 13303.02 WM -GN
o TTOOTTT O T )i TESHET (TR T
sE°Ls 19°cs 10°08 29°%8 2e°98 18°48 L °0S 29°%8 W34V Mdb¢ IOV WaNs

TEIVSET T OWATIET BTNIRZ COWORIT T GMERE TITTRR2 T VT IIMIT WU RUER. TINTRN T IRIN - BUvEg
00°0T26 09°S$81f OC°058C 00°ST6Z G8°S8Z 00°SLLZ 005 J083T VAievd ¥ld ) WVSES1E

YV I SICRIT IV SIYTW It WImnws YW

19°02C  30°82f CE°OIC  26°SZi  a°eIE  TO°S0Z  L6°292  OL°Set W01 auv 2iva8
TI°WET IV TI°967  AT°HTZ O CWZ W SIVET WY OGeCRLY T T WM T T T
20°STIE SO SEE UL°SIE  ZL°CTA G9°EOf  L8°eLZ  LL°FSZ 39t 1 U380
TTETIET T XNTIET O STTOIT SSCUET GEOIT IDC[ET 6T°SIZ  TETSOZ TPULET OUHET T A 7
04°SSZ  24°IBT  62°LSZ  62°95T  GI°IST  23°62Z LS°RTZ st NILAIANLSNED WILNIGIS IS
TR T W @UTIXTT WU BT WS RITIZ TSI WWYT UEUSIT 1NNV JUVeM SUEmWSd
$S°66Z 20°I0C 9T"Z0€  £2°BOE  13°6Z  E3°932 eI XUl SINNLINNLS $52E510
SIWR  IS°SEZ UI'SST  LD"WEZ  TEUWeZ  TTSTIZ  I0TUBZ " TEEEY INSIANT §MIT TIVATH ST~
SEOCOT 49°092  23°CST  39°0SZ  BZLeZ  Ie°SEIZ $9°06T  Je°fsl $3334038
TT°|MT Le°ITT  9T°ITT GO°STT  I8°OXT  IL°SUZ T WICIET T OTUWEY : N TV
A9°2IT  BL°ITZ  €ITTZ 5S°B0C BeBET  SZ°AUT  e5°0sT g2t $0000 3N N0
TSI CIRCIET TETT CI0CVWIL STUSIT T SST00T W O UWIT T U7 WITHEIWI WEsNW - |

$9°28Z  09°282 20°2s2
$6°%2 §2I°602 eé"s02

13 & 4 [ 2344 61°2

Ilﬂ!]'ﬂﬂi’ljl =

it 9%°8T L 154 1
T Stoe sl
11°66 386 ] o 3

(1424 T8 1061

SL82TT v

nR°2z 22°2 "< $2°2 882 It} ]

98°60Z  £3°202 $0° 012 6L° 661 32T pu‘..t ‘..:-l in’
(Y871 14 [¥341 -1 LE°S0T  06°KLY cigtt (COTZL98T) NIGK] uun.s a.—.ni

SLSVIIN04 221W¢ 2LV0INDOY

51

LR R L R . 2O 1228 ¢ BWIN
22°s8 23°st S0t [ 1 s9°Lt 1030092400 V331829
(3] 1] wrn JeUrL BTy [ 304 )] ASLSAONS 2avALEd
S1°9% 1TeL6 2°se $i°58 (3 41 (SNOI1VIN) SHESUDd E340TMD
L L 1) et $463 246%
.-2: 4) SMILTIIO)  LNVMNAS sN9 VL0R0 110 - L39I3009 INAF

L bl .-drns WY SIMTIIV WHITIUE JI) AGVEENS W ReFoPe pIeT

*(*1NOD)

"INdLNO KWNYOINI FTIRVS  "8-¢ JT4YV1




(2) Reports on the following quantities for user-defined aggregsa-
tions of the individual industries with options as listed
(abbreviations defined under Qutputs in Section 3.3).

’ actual

a) PCt, IMP, SHP
' deflated

( acthal
deflated

bh) PDI:, STR { discounted

deflated and discountgd

\ cumulative for any of the above
c) EMP

(3) User-defined aggregations of the individual industries for
a numerical difference from a user-defined reference case
for the tables and options listed above.

(4) User—defined aggregations of the individual industries for
a percent difference from a user-defined reference case.
for the reports listed in (2), actual values only.

Figure 3-4 illustrates the flow, data requirements, and output
of INFRM as previously described. The CNVRT program shown in this
figure simply converts the UNIVAC print file produced by INFORUM to an
IBM compatible file for use with INFRM.

Table 3-9 presents a sample of INFRM tabular output. INFRM also
produces graphical output, samples of which are shown in Figures 3-5
through 3-7.
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PRODLCERS DURABLE EQUIPMENS

MILLTONS OF 1974 DOLLARS
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§S



CASE 0: PDE COMPOSIIION (RONTTLVE)
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CASE 0: MOTOR VEHICLE PCE
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4. SUMMARY AND RECOMMENDATIONS

A Resource Accounting Model has been Jeveloped as described in
Scctions 3 and 4 of this document. The following discussion summarizes
the current status of the model and presents recommendatiuns for further
improvements and sugpestions for its use.

4.1 SUMMARY
As indicated in the preceding sections of this report:

(n The mcthodology adopted has allowed tahular and graphical
display of resource requirements or impacts (materials,

energy, capital, and labor) associated with advanced auto-
mobile scenarios.

(2) The materials resource sources (domestic sources versus

imports; primary versus secondary) can he traced for future
years using ARAM and the effects of various assumptions can
he displayed.

(3N The energy impacts (materials processing, fabricntion.
fleet operation) can also be tracked and evaluated for
future years using ARAM.

) The capital, labor, and other industrial impacts through-
out the cconomy can be traced using INRAM, and the direct
and indirect effects associated with changes in motor
vehicle technology can be displayed and understood.

Experience with using the model for evaluating Task Force
scenarios suggests further that:

(5) The methodology adoprved can bhe used in a qualitative sense
to determine potential bottleneck or problem situations for
which a more detailed analysis is desirable.

(6) The Resource Accounting Model is easy to use and economical
to run.



Item (5) bridges into the area of impact evaluation, and thus
goes hcyond the scope of the work undertaken in the present effort.
Nevertheless, the point is an important one and deserves further comment.

Using the Resource Accounting Model, it was possible to verify that
the anticipated impacts were in some cases small or insignificant, or well
within current growth capabilities. In other cases, the growth in the
use of a key material during a period of years could be identified as
a possihle problem, and a detailed cost study undertaken. A similar
screcning to identify possihle prohlem areas was carried cut for capital
and labor impacts.

Thus, the Resource Accounting Model can be used tc identify or
isolate problem arcas. This is an advantage in that impact evaluation
(in a cost-henelit sense) in the resource arca is difficult, controversial,
and laced with various value judgments. The Model provides a basis for
cvaluation where necessary, but also helps by indicating wh:re such eval-
uation i< not necessary.

ftem (6) is significant in that ease of use and run-time efficiency
enablc the analyst to study a greater number of scenarios with differing
assumptions in order to explorc a hroad range of alternavive futures.
Further data on uvsage characteristics and run-time efficiency are
found in Volume 2.

4.2 RECOMMENDATTONS

- The following specific recommendations are offered “or improving
or excending the Resource Accounting Model.

(1) Improvements are recommended in the handling oif the auto-
motive aftermarket

input materials data are particularly critical here, as only minor
modifications are needed for data entry into the model. The model
alrcady coatains provisions for data storage, printout, and plotting.

(3) Lxtcensions are recommended for the hardling of energy
svstoem alternatives.

These extensions would be primarily in the input-output ares and
would consist of adding a syncrude sector to the mode! and improving
certain of the energy sector coefficients. Capitul investment for
energy system alternatives should be reviewed for consistency with other
studies of the energy sector.



(3) The input-output forecasting model should be extended
to 2000,

This would enabie capital and labor impact:s to he assessced over

the entirce target time frame.
K]
¥ - . . . »
(4) The developient of qQuartitative tools for impact evaluation

is rccommended to assist in scenario comparison and selec-
tion.

Although dif(icult, there is Plainly a nced to incorporate the
resource accounting process into a framework for assessing costs and
benefits. The frame work shoufﬁ enable an explicit valuation of resource
conservation, import impacts, strategic considerations, resource costs,
and the like. This is particularly important when resource issues are
found to be critical in the sccnario evaluation process. and when large
numbers of scenarios arc to bhe reviewed
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APPENDIX A

MATERIALS COMPOSITIOM AND FABRICATION ENERGY PROGRAM

As a prerequisite for tracking the materials and energy required
to produce the autos described in a Task Force scenario, it is necessary
to transform the technical description of a vehicle family into domestic
auto production requirements for materials and fabrication energy on a
per-vehicle basis. This is currently accomplished using the materials
composition and fabrication encrgy program (MATCOM), which operates on
the DECSYSTEM-10 at TSC. MAT(COM generatcs a report for each vehicle
family and class and also punches data on cards in the proper input
format for PrEAM, thus entering it into the resource accounting process.
MATCOM is not considered part of the Resource Accounting Model at present,
and hence is described only briefly in this appendix.

MATCOM currently calculates per-vehicle materials requirements
(except for platinum and palladium) based on a given curb weight and a
set of percentages. Different sets of percentages are used to apply to
cach of the vehicle-structure and engine combinations. A previously used
computational procedure for calculating materials changes for increased
levels of crashworthiness is no longer part of the program. Per-vehicle
materials data for platinum and palladium (expressed in troy ounces) are
input directly instead of being calculated as a percent of curb weight.
Platinum and palladium are used as part of the catalytic converter in
some vehicle designs.

lixample materials data inputs to MATCOM are shown in Tables A-1
and A-2. Table A-1 shows percentage data for a list of 24 materials
a» usel in vehicle scenarios analyzed for an early version of the Task
Force veport. Table A-2 shows example assumptions used for platinum
and palladium for various catalyst technologies.
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TABLE A-1.  MATERIALS COMPOSITION PERCENTAGE SIS,

Material

Basic

and

Weight
tonscious

Innovative
with
Catalyst

fanovative
without
Catalyst

Stirvling

10,
1.

b

~ .

13.
14.
15.
10.

cast lron

Yallceable § Nodular
Mtairn Carbon Stecel
Stainless Steel
Alloy Stceel
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TABLE A-2. PLATINUM AND PALLADIUM ASSUMPTIONS.

Amount per Vehicle (Troy oz)

Catalyst Technology Platinum P'alladium
Oxidation catalyst 0.056 0.024
J-way catalyst 0.112 0.048

62




MATCOM also calculates fabrication cnergy by typc based on the
curb weight of the vehicle. Each encerpy componcnt is assumed proportional
to vehicle curb weight, as indicated in Table A-3. The constants of
proportionality are bascd on data obtained from the Chrysler Corporation,*
and may not be representative of other manufacturers. Total fabrication
ernergy is obtained by expressing the electrical component in Btu of
input heat energy (40-percent conversion efficiency is assumed) and
adding it to the other Btu components. Although each of the fabrication
energy componcnts is punched out on cards for use in resource accounting,
only the total fabrication energy is shown in the program's printed output.

TABLE A-3.  FABRICATION ENLRGY COMPONENT EQUATIONS.,

Component Unit Equation
Llectricity kW-h EPC = 0.32932TW
Coal Btu BPCl = 1125aTW
Natural gas Btu BPC2 = 2893*TW
Petroleum Btu BPC3 = 347«TW
Other Btu BPC4 = 13962TW
Total fabrication cnergy Btu TE = EPC23413/0,40 ¢+ 5761*TW

Note: TW = vehicle curb weigh. in pounds

A typical MATCOM output table is shown in Table A-4. 1In this
table, the word "type' refers to the computational method used to
calculate the material weights., At pPresent, the calculation procedure
is to use straight percentages only (except for platinum and palladium),
and this is rcferred to as a type 1 procedure. Type 1 is the only
procedure currently available. The sum of the input percentages is
printed at the top of the table after the word "sigma'.

. —— . ———— . ——

* Chrysler Corporation, "Energy in the Automobile’”, presentation by
D.K. Samples at an Energy Seminar at the University of Michigan, 1974.
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TABLE A-4.

MATCOM OUTPUT.

FAMILY: A CLASS: SHALIL
TYPE: 1 CURB »T:2500,LBS,

FARRICATION FUFPGY:
STRAIGHT PLRCENTAGES UNLY

MATERIAL WT(LKS,)
CASlF Iuun Jus . 000
MALLEABLE & NODULAR 89,000
PLALIN CARKUN STEFE 1401 ,750
STAINLESS STEEL 11,2%0
ALLOY STFR.L 65,000
ROLLED AjUMINYM 0,000
CAST ALUNM]NIN 60,000
ZINC 19.7%0
COPPER 18,500
LEAD 16,750
BODY SNLOEP 4,000
PLATING 0,000
PALLAD UM N 0008
GLASS 57.500
RURBEE FOP TIRFES R1,000
RUBAEF AMOT TIRLS 63,000
PLASTICS 69,750
SOrT THIM 54,500
SOUND DEADENFRS 43,250
PAINT 16,300
FLUBIDS ¢ 1L.UK, 122,750
CERAMICS 1,750
URFETHANE, FOAM 0,000
EXPLNSIVE 0,000

FUEL: GAS
SIGMAR100,00

22916901 ATy PER VEHICLF

8 NF CURR T

12,16
3.96
56,07
0,45
2.60
0,00
2.4
0,79
0,74
0,67
0,16
0,00
0,00
2,30
.24
2,52
2,79
2,10
‘.,,
0,66
4,91
0,07
0,00
0,0

(8 &ELGHTS ARE 1IN TROY QUNACES RATHER THAN LBs)

DELTA WT (LRS VS, TYPF 1)

0,000
0,000
0,000
0,000
0,000
0,000
V000
0,000
0,000
v,000
n, 000
0,000
0.000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0.000
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APPENDIX B

REPORT OF INVENTIONS

After a diligent review of the work pcrformed under this
contract, no innovation, discovery, improvement, or invention
was made.  There are, however, several advances in this type of
analysis.  These developments are of interest and should be noted.

The phased introduction of new vehicles into the existing
automobile flect provides a more recalistic impact asscssment than

a single calculation assuming total fleet implementation.

The time-phased capital and labor impacts are generated within
industry sectors comprising an Input-Output model. This methodology,
with some understanding of the assumptions in the model, can
furnish the flcxibility further to disaggregate or alter the pattern
of assumcd cconomic impacts.

The material and energy requirements are also disaggregated
according to the sources of the raw materials and fuels, separating
domestic f(rom imported, and allowing changes tu be investigated
in the level of recycling.
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