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I. REPS SYSTEM OVERVIEW

The Regional Emission Projection System (REPS) is a comput-

erized air pollution emissions projection model, for use at the AQCR

v level to project annual emissions, 1t combines exogenous national
and regional economic forecasts with point and area source emission
inventeries for Air Quality Control Regions {AQCRs) to project air
pollution emissions levels for the five criteria pollutants on an annual
basis, from the present to the year 2000. The projection methodology
involves the following major steps:

Determine regional growth factors for future years which
reflect the expected change (positive or negative) in pollu-
tion-producing activity, Growth factors are determined
from regional economic and demographic forecasts,

Prbject present regional emission inventories to future
vears using these growth factors. The base year emis-~
. sion inventories are those of the National Emissions Data

System (NEDS).

Adjust the emission projections to include the effects of
present and future control regulations, These include
existing regulations from NEDS, and promulgated Federal
standards (incorporated automatically by REPS) and state
or local regulations (supplied by the user).

These three steps in the projection methodology correspond to the
three basic elements of the REPS systern. The general relationship
among these elements and the soutrces of data used in each element
are illustrated schematically in Figure 1-1. As is indicated in the

: figure, the REPS svstem provides options for extensive user input to
override the key parameters which determinc the emission forecasts,

REPS can be used to project emissions for any of the 243 Air
Quality Control Regions (AQCRs) and for the nation as a whole, ° The

The four AQCRs which include U, S, territories were not con-
sidered becausc regional economic projections were not avaii-
able for them.
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FIGURE I-1
REPS System ilow ¢nd Data Sources
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base year to which all growth is referenced is selected by the user,
and projections can be made for any year between 1974 and the year
2000, One execution of REPS produces emission projections for a
single AQCR and a single projection year, At the present iime the
system is fully operational on the EPA's UNIVAC 1110 computer sys-

. tem at the Research Triangie Computing Center (RTCC), Research
Triangle Park, North Carolina,

- The three basic program elements of the REPS system:

. Ceaiculation of Growth Factors from Economic and
Demographic Forecasts

. Projecticn of Emission from Base Year Inventories

. Application of Emission Controls

are discussed in detail in the {ollowing sections., A more complete
description of the scope and applicability of the REPS system, includ-
ing discussion of:

. Outputs of the System
. Options for Users to Input Additional Data
. Potential Applications

is also given. These six sections provide a brief, but comprechensive,
overview of the REPS system,

1. CALCULATION OF GROWTH FACTORS FROM ECONOMIC
AND DEMOGRAPHIC FORECASTS

Regional economic and demogruphic forecasts are used in REPS
to determine the expected chonge in the region's pollution producing
activity. The Tundamental postulate of this approach is that a change
in pollution-producing activity is proportional te o change in purely
economic and demographic pavameters, such as total gross outpuat,
emplovyment or population,

There are two primary sourc«s fer the cconomic and Jemo-

S graphic forecast data used in REPS: EPA developed national economic

growth projections, and Department of Comnic ree regional activity
projections. National econoinic growth projections are taken from a

[T
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standard output of the SEAS system,™ and include total gross output
for each of 284 economic sectors and subsectors., The SEAS projec-
tions are based on a sophisticated model of che national economy in
which dynamic modeling of the inputs and cutputs of each eccnomic
sector with respect to all other sectors is used to project the total
gross output of each sector. These econometric projections for each
sactor are modifiel in the SEAS system to reflect additional factors
which do not influence economic projections for specific industrial
sectors, but which do have a substantial effect on emissions. These
factors include future process changes and materials substitution,
and disaggregation of selected scctors to account for indusirial pro-
cesses within one sector which may grow at different rates.

For each region, the relative share of the SEAS national ?utput
forecasts is established using the OBERS economic projections’ for
AQCRs, which contain rcgional forecasts of population and employ-
ment, in addition to projections of regional earnings for 28 industrial
sectors. The OBERS projections are reviewed and updated regularly
by the Department of Commerce., The methodology used in preparing
the OBERS projections involves two basic steps. First, the economic
growth of cach sector was projected at the national level. Then these
national totals werc distributed regionally in accordance with historic
and projected trends in the regional distributions of economic activity,
tempered by available industry- and region-specific growth informa-
tion.

The SEAS and OBERS projections have been supplemented in
REPS by a special unclysis of growth and relocation trends for five
industiries which are among the heaviest industrial polluters. These
critical industries include electric power generation, steel, chemicals,
puip manufacturing and petroleum refining. The output of this analysis
is a file of data on new plants expected to become operational in the
future. For each plant, the SCC1 Cads, the AQCR, the projected
startup yecar and the plant capacity are given. These data may be in-
put to the program at the user's option,

* Strategic iinvironmental Assessment System, an econometric
and emission forecasting model develog~d by the Office of Re=
search and Development, Environmental Protection Agency,
Washington, D.C.

i Regional Economic Activity in the U.S., 1972 OBERS Projec-
tions, developed by the UL S, bepartinents of Commerce and
Agriculture for the U, S, Water Resources Council.

1 Source Classification Codes defined in NIIDS,

1-4



- s At ] e 2 % 2 oo T T AT BT ey R e

ReiEadasaniy |

P B PN bl e A T ptan B AT meger FITEL OB Sy

To incorporate the economic and demographic forecast data into
the REPS program, dimensionless growth factors, reflecting the
change in economic and demographic parameters for the projection
year relative to the base year, are computed. By determining the
relationship between SCC processes and the SEAS and OBERS indus-
trial sectors, regional growth factors for each specific SCC process
are calculated in REDPS,

2. PROJECTION OF EAISSION FROM BASE YEAR INVENTORIES

Regional emissions in the base year, to which the growth factors
described above are applied, are taken from the point and area source
inventories of the KIPA's National IXmission Data System (NEDS)., The
REPS model uses the following elements of the data contained in the
NEDS point source inventory for each source:

. SCC process code

. Net annual emissions

. Control efficiency

. Emissions permitted bv existing regulations and compli-

ance to those regulations,

RIEPS also uses the data in the area source inventory which define the
levels of area source emission-producing activity in the base year.
This activity includes transportation, {ucl combustion, evaporation
and miscellaneous area sources. Appropriate growth factors are
applied to the data in order to calculate emissions in the projection
year. The REPS system has the advantage of building emissions pro-
jections on known activity and source data from NEDS, Clearly, the
accuracy of the projected emissions will depend on the accuracy of
NEDS in the base year. New activities and industrial sources enier-
ing the r-gion and not now accounted for in NEDS will appear in the
project ons only if entered into RIDPS via user options.

An alternative to the ubove approach, which was considered but
not adopted in developing REPS, weuld be to determine projected
regional cconomic uctivity, and then fo translate the projected activity
(given in terms of either dollars or physical units) directly to pro-
jected emissions without using @ base vear emission inventory, Since
regional economic projecetions usually provide no more than *wo or
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three digit SIC industrial detail (ec. g.. steel manufacturing), all indus-
trial sectors would have to be disaggregated to the SCC process level
(e.g., opcn hearth, BQF, etc.) to reflect the actual process mix of
the region. This is necessary, of course, because of the wide varia-
tica in emission characteristics for different processes. Even if the
projected regional process mix were determined, national average
emission factors would have to be used to convert the regional eco-~
nomic process activity to projected emissions.

The REPS approach, on the other hand, uses the actual process
mix in the base yeur, as given in the NEDS inventory, to define the
process mix upon which the projections are based, rather than relying
on disaggregating industrial scctor data. In addition, the base year
emission data entered in NEDS arc provided by the polluting facilities
and are often based on stack tests or local emission factors. To trans-
late economic data to cmissions with comparable accuracy would re-
quire knowledge of these local or plant-specific emission factors.

3. APPLICATION OF EMISSION CONTROLS

The final step of the RI:PS emission projection methodology is to
adjust the projected emissions to include the effect of emission con-
trols required for cach type of source in the projection year. This is
a very gnportant consideration because control regulations may re-
guire a reduction in emissions that more than offsets the projected in-
crease in activity. Thus net emissions may dccrease over time in
spite of expected increases in industrial activity.

The REPS system includes the cffect of control regulations in
two ways. First, if any point source has been granted a control vari-
ance which will have expired by the projection year, projected emis-
sions are reduced to the level allowable under those regulations, Data
on current controls are taken from the NEDS point source inventory.
Second, Federal New Source Performance standards which govern
new and retrofit industrial equipnent, are included in the REPS sys-
tem. standards already promulgated in the Federal Register are in-
cluded, as well as proposed <fandards which are likely to be promul-
gated in the future may be input at the user's option. The proposed
standards were sapplied by the Emission standards and ngineering
[ivigion of the FPA's Office of Air Quality Planning and Standards,
The effect of New Source Performance Standerds on fufure emission
is determined in the REPS svstem by estimating the portion of

-6
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projected activity which will involve equipment or facilities governed
by these standards.

The emission control data noted above may be supplemented by
accessing the State Implementation Plan file which is expected to be
an operational element of the Aerometric and Emissions Reporting
System (AEROS) in the near future. The REPS program is designed
to accept these data as soon as they are available. This file will con-
tain emission control regulations to be implemented as part of state
programs to maintain acceptable ambient air quality. Additional emis-
sion controls required by state or local regulations may be supplied by
the user, This point is discussed later in the system overview,

4. OUTPUTS OF THE SYSTEM

The output of the REPS system is in two forms., One is the pro-
jected point and area source emission inventory given in the standard
format of the NEDS system. All of the NEDS summary reporting pro-
grams may, therefore, be executed against the projected inventory.
One of these reporting programs is the NE11 progranr, which aggre-
gates all emissions into the National Emission Report (NER) format.
Also, air quality models which convert annual emission levels, as

_given i~ the emission inventory, directly to ambient air quality, may

be used.

The other prircipal output of the REPS system is a printed sum-
mary of projection statistics and error messages which occurred dur-
ing execution of the program. This printout is valuable both for inter-
preting the projection results, and interpreting any computer problems
which may have occurred. This summary contains:

. Listing of user-supplied override data

. Assumptions and defaults exercised

. Base year and projected fuel mix

. Automobile emission foctors for the projection year

. Other related projection data developed by the program.

Any errors encountered during program execution are also included in
the output, Standard error messages include:
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. Coding errors for user-supplied data

. Any inability of the program to locate reference data from
mass storage files.

Diagnostic messages explaining the path followed during program exe-
cution to overcome these errors are included in the printout.

5. OPTIONS FOR USERS TO INPUT ADDITIONAL DATA

The REPS system is complete and autonomous to the extent that
the program automacically accesses all the input data described previ-
ously to project a complete emission inventory. However, there is
provision in the system for extensive user input and override capa-
bility. Override data supercecdes or replaces those parameters cal-
culated automatically by the system which are used to forecast changes
in pollution-producing activity levels. The general categories of data
which may be overriden include:

. All economic and demographic growth factors (SCC-
specific)

. Prcjected fuel use and fuel mix

. Projected transportation activity.

In addition the user may enter new data into the system whicii supple-~
ments rather than overrides existing data. The user may specify local
emission control regulations which are more stringent than Federal
standards, The user may also input emissions inventory data for new
point sources expecfed to be operational in the future but which are not
already included in either the base year inventory or in the data on new
facilities for the five critical industries read b; the program at the
option of the user.

6. POTENTIAL APPLICATIONS

The REPS svstem is a tool whica may be ¢nsed to support any
program which involves estimating futurc emission levels. The pri-
mary goal of the REPS system design and development effort was to
achieve maximum {lexibility, as exemplified by the comprehensive
capubility of the svstem to accept user suppliced data,

I-8
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In particular the system may be used for the following applica-

. Projected emissions, aggregated by emission source cate-
gory, may be used to identify the future major pollution
source categories in a region

. The projected percent change in emissions from the base
year may be determined for aggregated emission source
categories

. Emissions may be projected for alternate regional growth

scenarios to determine the sensitivity of the projections
to estimated growth rates

. The projection scenario approach may also be used to
evaluate alternate emission control strategies.

The system is particularly well suited to projecting the effect of alter-
native growth/control scenarios mentioned above because of the ease
in modifying existing data or entering additional data into the model,
and because of the relatively efficient operation of the REPS program
from a computer systems standpoint. The flexibility which is charac-
teristic of the RIEPS system maximizes its utility for the above appli~-
cations and other potential uses,

I-9
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II. EMISSION PROJECTION METHODOLOGY

The purpose of this chapter is to describe in detail the method
used in the REPS syctem to develop emission projections. Familiarity
with both the general framework of the projection system and the spe-
cific procedures used to project emissions for each category of emis-
sion sources is essential for useful implementation of the system.
Factors which were considered in developing the general structure of
the system are discussed below.

1. EVOLUTION OF THE FRAMEWORK OF THE PROJECTION
! SYSTEM

The objective of the REPS program was to develop a computer-
ized model to project annual emissions for Air Quality Control Re-
gions. Certain characteristics of the output of the system were
defined at the outset of the project. These included:

. Projection of emissions at only one geographic level
(AQCR)M*
. Consideration of only the five criteria pollutants—particu-

lates, SOx' NOx, hydrocarbons and carbon monoxide

. Projection of all emissions in terms of tons per calendar
year
. Capability to generate projections for any year between

1974 and 2000

. . Use of econometric forecasts as the basis for estimating
future emission-producing activity.

There would be areas of potential inaccuracy inherent to any
projection model developed according to these criteria. The AQCR

* The system was, however, designed to accommodate input data
at a variety of different geographic levels (e.g., States, SMSAs).
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is a sufficiently small geographic region that the absclute accuracy

of any economic projections for AQCRs must be regarded with some v
caution. This is because it is extremely difficult to predict with con-
fidence local economic migration which results in economic growth of
one AQCR at the expense of neighboring AQCRs. Also, the industrial
sectors or categories for which economic projections are given are
usually defined on the basis of Standard Industrial Classification” (SIC)
codes. Emissions, on the other hand, are usually categorized accord-
ing to related emission processes or equipment, such as the EPA
Source Classification Code. Therefore, the correspondence between
economic sectors and emission source categories is not alwavs straight=-
forward. Lastly, activity levels for non-industrial source categories,
such as commercial or residential fuel use and some modes of trans-
portation, are not as directly related to purely economic indicators

as industrial activity. (The method used to calculate appropriate

growth factors for these sources is discussed later in this chapter.)

Although the pgeneral framework for REPS was specified by the
EPA at the outset, the approach to be used in meeting these broad ob-
jectives had to be developed. Two basic approaches were considered
originally, One of them involved using regional economic forecasts to
project a present regional emission inventory to the future. The other
approach involved determining projected regional economic activity and
translating the projected activity directly to projected emissions without
using the present emission inventory,

There are two significant disadvantages of the latter approach
which precluded its use in REPS. First, economic projections pro-
viding the greatest industrial detail are typically given at the national
level, not the regional level. Regional disaggregation of national
forecasts would be required to determine projected regional cconomic
activity. The accuracyv of anyv such national projections would be de-
graded substantially by repgional disagpgregation below the state level.
Second, economic projections typically provide detail at no better
that the two or three digit SIC level, which is not sufficient to identify
the mix of various industrial processes within an industrial sector for
a given region. The process mix must be known to compute emissions
with any degree of accuracy.

Consequently the first approach nentioned above was implemented
in REPS, This approach, which was summarized in the preceding chap-~
ter, involves the following operations., Present regional emission levels

Executive Office of the President, Office of Management and
Budget, Standard Industrial Classification Manual, 1272,
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are defined using a detailed emission inventory, and growth factors are
developed for future years for each emission source category, These
growth factors reflect the expected change in pollution-producing activity,
Base year emissions and activity are multiplied by these growth factors
to project future emissions, which are modified to reflect future emis-
sion control regulations, This method is the more accurate of the two
considered for three reasons:

. The base vear process mix, upon which the projections
are based, is defined by the region's base vear emission
inventory. Although it is known that the NEDS inventory
of emissions is not entirely accurate for some AQCRs,
continuing efforts are being made to improve its accuracy
and the potential for obtaining veryv precise base vear
emissions at some point in the near future through use of
NEDS is high,

. The base vear emissions for a given point source are
often based on stack tests or local emission factors, and
are more accurate than those which could be computed
from regional economic activity and national average
emissicn factors.

. I.Smissions may be forecast on a point source basis, rather
than an aggregated source category basis, This is de-
sirable because equivalent uncontrolled emissions (and
hence equivalent pollution-producing activity) may be com-
puted for each point source, provided the extent of emis-
sion control employed in the base vear is known,

The last factor is especially critical because of wide variation
among regions in control required for a given process or industry, and
the wide variation among point sources within a region with respect to
compliance with those regniations.

There are some disadvantages associated with the basic ap-
proach used in REPS and it is appropriate to review them briefly
here. The most accurate procecdure to use in forecasting emissions
would be to project emission-producing activity, which in the case of
industrial process emissions 1s plant throughput, for each peint
source. In the method used in REPS. uncontrolied emissions for
cach point source are assumed to be equivalent to throughput and are
multiplied by the same growth factor that is used for all point sources

11-3 .
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related to the given industrial process. Clearly the accuracy of the
projections will be influenced by this approximation. In addition,
projecting the base year inventory to the future excludes the following
kinds of developments from affecting the future process mix within a
region:

. Change in the process mix for a given industry to reflect
conversion from outdated or obsolete processes to more
modern ones (e. g., conversion from open hearth furnaces
to BOF s or electric arc furnaces in the steel industry)

. Introduction of new processes within an industry already
present in the region

. Relocation of new industries into or away from the region.

If such data are known by the user, they r ay be input to REPS through
the extensive user-input capability of the sy = =1, A final area for
potential inaccuracy in the REPS projection methoed is the inability to
allocate with precision that portion of projected activity governed by
Federal New Source Performance Standards, which are often more
stringent than regulations governing existing equipment. Uncertainty
in the projected emissions can occur if an increase in activity is due
to utilization of idle capacity rather than installation of new equip-
ment. The method used in REPS to apply both new source and exist-
ing source regulations to the emission projections is also discussed
later in this chapter. ’

The discussion in the preceding chapter dealt with the general
framework of the REPS system. The following section describes in
detail th~ four sources of input data actually.used in REPS to dzvelop
the emission projections within this general framework, and the re-
maining sections present specific information on the methodvlogy
used and the assumptions made in projecting emissions for each source
category.

~
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2. SELECTION OF DATA SOURCES

Future emissions are projected by tlie REPS system based on
four sources of input data:

. Economic and demographic forecast data from the SEAS
system” and the OBERS projections’

. Base year emission inventories and related data from the
EPA National Emissions Data System (NEDS)

. Growth and relocation trends for five heavily polluting
industries
. Additional data supplied by the system user.

The three steps in the REPS projection methodology, as shown in
Figure I-1 and discussed in Chapter I, are:

. Determining regional growth factors for pollution-
producing activity

. Projecting present emission inventories to the {future

Adjusting the emission projections to include the effect
of required emission controls.

As indicated schematically in Figure II-1, the four data sources are
combined to produce the output of the REPS system, projections of
activity and emissions which include the effect of future emission con-
trol regulations. General observations concerning the selection of

Environmental Protection Agency, Office of Research and
Development, Prototype Development of the Strategic Environ-
mental Assessment System (SEAS), April 1974, Draft.

U.S. Department of Commerce, Bureau of Economic Analysis,
Projections of Fconomic Activity for Air Quality Control
Regions {OBERS Projections), August 1973,
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the SEAS and OBERS projection data, and the NEDS inventory for use
in REP3 are given below. Development of the growth and relocation
trends for five critical industries and identification of the data which
may be supplied by the user are topics discussed later in this chapter.

(1) SEAS Projection Data

The projections of national industrial growth by sector,
as developed by the SEAS system, were used for a number of
reasons:

. The data zre obtained from a sophisticated and
widely accepted input-output model of the national
economy and the accuracy of the projections was,
therefore, felt to be relatively high.

. Substantial industrial detail is available because
284 economic sectors are represented in the
econometric model.

. The SEAS data are especially valuable for project-
ing emissions because the SEAS system models the
effects of materials and fuels supstitution, tech-
nological innovations and industrial process changes.
These factors are all critical for predicting future
levels of emission~producing activity.

. The SEAS system was developed by EPA. Use of
the SEAS projection data in REPS makes it possible
to compare emission forecasts generated by two
EPA models which utilize somewhat different
methodologies.

The REPS system is designed to produce annual emission .
projections to the vear 2000, while the last year for which SEAS
projection data were available was 1485. Consequentlv, national
growth for all industry sectors dnring the period 1985 to 2000
was assumed to be 3,8 percent per year, which has been the
rate of real growth in GNP in the recent past. * Regional growth

It is assumed that the recent decline in real GNP is a transient
phenomenon.
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for all industiial sectors for this period would not necessarily be %
3.8 percent per year since t'.e OBERS data is used to compute the
regional share of national growth, This assumption do¢s not rep-
resent a substantial degradation in the accuracy of the proj-~tions

for the years 1985 to 2000 because less confidence should also be
placed in the other sources of forecast data for long-term projections,

(2)  OBERS Proijection Data

The OBERS regional economic projections were used to region-
alize the SEAS forecasts, Although this approach involves severnl
basic assumptions and certainly introduces some deqree of e¢rior in
the final results, it was adopted for two basic reasons:

The OBERS projections, developed by the U, S, lscpart-
ment of Cemmerce, are based o1 extensive local data
accumulated by the U, 3, Government, some of which

are confidential or proprietary and vhich are consequentiy
no. available in other projection models

The OBLRS tapes are one of the few sources of regional
projection data available at the AQCR level directly,

The SEAS projections sre given in terms of total gross output;
the OBL RS projections in terms of earnings,  Both data are in
terms of constant dollars, which eliminates the effects of inflation
and permits real growth facicors to be computed. In regionalizing
the SEAS projections of gross ouinut, a scaling factor from OBLRS,
based on projected growth in sector earnings, 1s used, Although
the relaticnship between output and carnings will not recessarily be
uniform throuczhout the country or cven within an AQCR, it is fe't
that the assumption made here will not introduce any severe errors,

Also fur damental to the projection methodolocy is the assump-
tion that the growth as computed from the SEAS and OBLLIIRS project:on

Earnings, vhich comprise about 807 of personal income on an all-
indusiry basis, are defined as the sum of wuages, salaries, other
tabor inco—e and proprictors' mmcome, Because empleyees generally
share proportionately with capital in the productivity gains ¢ un in-
dustry, changes n earnings of enmyployees tend to be proportional to
changes in total production levels,
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data is proportional to growth in pollution-production activity such
as plant throughput, Ia addition, the REPS methodology is based
on the assumption that relative prices of industrial products will
remain static, This assumption n.ay introduce error if the prices
of exhaustible mineral and energy resources increase substantially
relative to other industrial products, but it is difficult to estimate
the magnitude of the error with any degree of confidence,

{3) NEDS Regional Emission Inventorv and Related Data

The NEDS inventory contains the following tvpes of data
for point sources:

. Base year emissions

. Emissions permitted by existing regulations and
compliance with these regulations

. Operating data for new plants expected to become
operational in the future.

The area source inventoryv defines the levels of emission-

producing area source activity; it does not contain emission
data explicitly.

Two data sources related to the NEDS inventory are used
by REPS in developing the emission projections. One is the
comp’'ation of emission factors as published in EPA document
AP-42.7 The other is a summary of Federal New Source Per-
formance Standards (NSPS) which govern emissions from new
and retrofit industrial equipment. This summary includes
standards already promulgated in the Federal Register, as well
as proposed standards which are likely to be promulgated in the
feture. The proposed standards were supplied by the Emission
Standards and Engineering Division of the EPA's Office of Air
Quality Planning and Standards, and are given following page 11-353,

The computer fiie containing the emission factors used by

"REPS is updated more often than docnment AP-42 and contains

current emission factor data.
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The NEDS system is used in REPS because it contains all
the data required for projecting a complete emission inventory®
In addition to net base year emissions for existing point sources,
it contains data concerning both base year emission regulations
and future point sources, as defined previously. The data are
referenced “v AQCR, and the format of the data is uniform from
region to region. Since the projections are produced in this
data format, they are compatible with any of the NEDS/AEROS
summary programs or air quality models.

Some characteristics of the NEDS system should be kept
in mind when evaluating the emission projections developed by
REPS. First, the projected emission inventories will be no
more complete or accurate than the base year inventories from
which they ars developed. The extent to which the NEDS inven-
tory is complete, accurate and timely is in many cases difficult
to evaluate. The NEDS inventory for a given AQCR is considered
in REPS to be accurate for calendar year 1874, even though the
data may have been collected and submitted prior to that year.
This was done primarily because all jurisdictions are required
to update their inventories regularly, so that all data in the
NEDS system are in principle timely and compiete.

The remainder of this chapter is devoted to a detaiied descrip~
tion of all the sources of data mentioned previously, and a compre-
hensive explanation of how those data are used to develop projections
of activity and emissions. This discussion is presented in three
sections:

The development of growth factors from economic and
demographic forecast data

The analysis of growth and relocation trends for the five
critical industries

. The methodology for projection future emissions and
activity and applying emission control regulations.

This discussion of the REPS methodology is followed by a summary
of the method used to implement the projection model on the EPA's
UNIVAC 1110 computer system, on which REPS is fully operational.

1I-10
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3. DEVELOPMENT OF REGIONAL GROWTH FACTORS

The regional growth factors computed from exogenous economic
forecasts are used to estimate future activity and emissions. These
growth factors reflect changes in economic activity levels forecast
for the region, and are of three general types:

. Economic growth for industrial sectors containing groups
of specific industrial processes

. Growth for aggregated groups of economic sectors (in
terms of employment or earnings)

Growth in population.

The above growth factors are computed from the two sources noted
earlier:

. National economic growth projections developed by EPA
using the SEAS projection system

The OBERS regional activity projections published by the

. Department of Commerce.

The approach used in REPS to develop the industrial sector
growth factors from SEAS and OBERS data is presented in detail be-
low. That discussion is followed by a description of the method used
to compute the growth factors both for population and for aggregated
economic groups which are both computed from OBERS data exclu-
sively.

(1) Industrial Sector Growth

The SEAS model of ‘he national economy develcped by
EPA, and incorporating the econometric and input-output models
created and maintained by the Bureau of Business and Economic
Research at the University of Maryland, produces fo:ecasts of
total gross output (TGO) for each producing sector in constant
dollars for each year between 1974 and 1985. ° Since the sector

Kefer to SEAS documentation for a detailed description of this
model.

II-11
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TGO is expressed in constant dollars for all years, dimension-
less growth factors reflecting change in sector TGO can be
computed. Thus, the growth in sector TGO can be directly
associated with changes in physical output. For those sectors
which have been disaggrepated, the subsector outputs are ex-
pressed in physical units from which the dimensionless national
growth factor for the subsector can be computed. Sectors and
subsectors in general are defined at the industry group (2- or
3-digit SIC) level. Of the 185 primary sectors and 99 subsec-
tors, only 95 produce air pollution emissions and these are the
only ones considered in the REPS system.

The SEAS projections of national total gross output used in

the program are a standard outpat of the "base case'' scenario, A
sample page of SI AS ouiput is shown in Figure 11-2, For each sec-
tor, the data for 1874 are national and the data for later years cor-
respond to the quantity (growth factor -1,00) No attempt tc modify
thz SEAS project »n data was made in REPS because the projections
are felt to be of sufficient validity and accuracy for the purpose of
the REPS system,

The SIAS projection data are processed by calculating 1or
each sector and subsectnr the national growth factor for each
projection year with respect to the base year (1974). For pro-
jection year t and base yvear tg, national growth GN, for SEAS
sector a is given by ‘

GN () = TGO_(1/TGO_(t ) , 8}
a a a o A

where TGO, is the total gross output for sector a. The factor
GN is always dimensionless since total gross output is defined
in terms of either constant dollars or units of physical output.

The p1ojections of national growth taken from SEAS are
regionalized using the OBERS economic projections, which
contain forecasts of regional growth in eanings for groups of
sectors. The OBERS data are used io def‘ne the relative share
of SIZAS national growth by industr” sector for each AQCR.

The OBERS projections contain forecasts of regional
growth for groups of sectors. These projections were developed
by the Office of Business Economics (OBLE), presently the
Bureau of Zconomic Analvsis of the U. S, Department of Com-
merce, and the Economic Research Service (IZRS) of the [, S.
Department of Agriculture. The effort was initiated in 1964

11-12



A4S

REAE ER

et A n T AT 3P UORD IS Y T

Ve e g Wate e s s s L T A e

s

Bt e s s

R T T

g

FIGURE 1I-2
Sample SEAS System Output
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and is sponsored by the United States Water Resources Council.
Projections of population, employment and earnings have been
developed by state, water resources area, 173 OBF economic
areas, AQCR and SMSA. At the present time only OBERS data
for AQCR's are used by REPS, so that regional emission pro-
jections are available only on an AQCR basis. However, the
program was designed so that it can be readily adapted to pro-~
duce projections for other geographic regions.

The OBERS projections were developed by the Commerce
and Agriculture Departments by first projecting growth in the
national economy and for each industrial sector on a national
scale, and then distributing the national totals regionally in
accordance with expected trends in the regional distributions of
economic activities. The projection and regional allocation
methodologies were based essentially on the extension of his-
torical trends, modified by the inclusion of available industry-
and regional-specific information.

The projection data includes regional population and em-
ployment, and regional earnings for 28 industrial groups defined
mainly at a two-digit SIC level of detail. The earnings pro-
jections are given in terms of constant 1967 dollars. The
OBERS projection data (earnings, population and employment)

" are given for the years 1970 to 2000 in 5-year increments as
shown in Figure II-3. Before regional growth factors are cal-
culated in REPS, two operations are performed on the OBERS
data. These involve:

Corrections for any data withheld from publication
because of proprietary disclosures

. Linear interpolation for intervening years.

The procedure used to correct incomplete or missing data is
described in more detail below.

Data are omitted from the OBERS projections whenever
publication would result in the disclosure of confidential or
proprictary information. In these cases either partial data are
published and indicated as such, or the data are missing com~
pletely. Thus, the status of any element in the projection data
could be either complete, partial or missing. Since data for
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FIGURE II-3
Sample OBERS Qutput
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either the base year or future years could be affected, there
were a total of nine possible situations resulting from the vari-
ous combinations of data status (complete, partial or missing)
and year (base or future). The processing logic of the program
provides for each of these combinations with one of four cor-
rective actions employed. The logical matrix for correcting
incomplete data designed for use in REPS is given in Table 11-1.

Table II-1
REPS Processing Logic for Incomplete
OBERS Input Data

Base Year Projection Corrective Action Taken
Data Year Data by REPS
Complete . Complete None
Complete . Partial Assume shift in regional share
Complete . Incomplete | is unity. This results in the
Partial . Partial INFORUM national growth fac-
Partial . Missing tor being used for the regional
Missing | . Partial growth factor.
Missing . Missing
L
Partial . Complete Extrapolate base year value
from projection data; use the
extrapolated value or the given
partial value for the base year,
whichever is larger.
Missing . Complete Extrapolate base year value
from projection data.

Correcting partial or incomplete OBERS data for at least one
industrial group was necessary for virtually every AQCR.
Following correction for partial or missing data, linear inter-
polation was used to compute projection data for all intervening
years which were not given specifically in the input data. This
operation produced projection data for each year between 1374
and 2000,

1I-17
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The shift or change in regional share GSb of national
earnings for OBERS sector b is given by

Eb(t)/ENb(t)
GS, (t) ~ x (2)
b Lb(to)/LNb(to)
where Eb is regional earnings for OBERS sector b and
ENb(t) = Z Eb(t)
all (3)

AQCRs
for any year t,

The regional share projections for industrial groups com-
puted from ORERS data are combined with the projections of
national industrial sector growth from SEAS data to produce the
dimensionless regional growth factors used by REPS to forecast
emissions. Since every point source in the NEDS emission in-
ventory is identified by SCC code, all regional growth factors
'were indexed in REPS by SCC code. This required the develop-
ment of a matrix, or map, defining the correspondence among
the 05 air pollution-producing SEAS sectors, the 28 OBERS in-
dustrial groups (both of which are SIC-oriented), and the ap-
proximately 1000 SCC codes, This correspondence was developed
by identifying each SCC with the appropriate SIC. The resulting
matrix is given in the AEROS program documentation of REPS
program module NE035 (see Chapter III).

The regional growth factor GR; for any SCC process c is
computed by first determining the SEAS sector a and OBERS
sector b corresponding to that SCC process, and then by com-
puting

4

GRC(t) = GNa(t) . GSb(t) (1)

EPA Source Classification Code, which is oriented toward
emission producing processes, rather than the economic and
industrial relationships upon which the SIC system is based.

I1-18



LN ey

A set of regional growth factors were calculated in this manner
for each AQCR. Each set contains growth factors for each SCC
process in the AQCR, for each vear {rom 1874 to 2000.

(2)  Growth for Aggregated Economic Groups and Population

The process-specific growth factors discussed in the
previous section are used in the REPS system to project point
source emissions. Area source activity is projected using ad-
ditional regional growth factors calculated in REPS from the
OBERS projection data. These include growth in:

. Population
Commercial/institutional emplovment
. Military employvment
. Earnings for the entire industrial sector.

Regional population projections, based on Series C Census pro-
jections as of August 1973, were available directly from OBERS
data. The meathod used 1o develop the other three types of growth
factors is discussed in detail below,

Emplovment projections for the commercial/institutional
and military sectors were developed by first forming ratios of
national emplovment to national earnings for each projection
vear for these two sectors from published OBERS data. Na-
tional emplovment forecasts for industrial groups are available
from OBERS but not emplovment forecasts at the AQCR level.
These national time-dependent ratios were then used to estimate
regional emplovment based on projections of regional earnings
for those sectors. If IFS(t) and LS(t) are national emplovment
and national earnings for vear t for the commercial/institutional
sector f and military sector g, and (1) represents regional
earnings for these two sectors, then the regional growth factor
GE(ty) for commercial/institutional emplovment for vear o
relative to base vear ty 15 given by

Fs.(t ) -
SN )] )
fp

s (t )
fp

(;F,(tp) - P
s !
(o]

-1
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and the growth factor GM(tp) for military employment is given
FS (t )
ES (t

by
. E (t )] (6)
g p) E P
FS (to)
l ES @) Eg(to)
g (6]

Employment and earnings data for the military sector are given
explicitly in OBERS; employment or earnings for the commercial/
institutional sector were computed as the sum of employment or
earnings for the following OBERS sectors:

GAlt ) =
p

. Contract construction

. Wholesale and retail trade
Finance, insurance and real estate
Services

Civilian government.

This appréach is based on the assumption that regional ratios
of employment to earnings will not differ significantly from the
natonal ratios actually used. Clearly this assumption intro-
duces some error into the calculation but it was not felt to be
unreasonable,

A growth factor reflecting the expected change in overall
industrial activity was computed from the CBERS earnings
projections for the following sectors:

Agriculture

Mining

Manufacturing

Transportation, - ommunications and public utilities.

The terminology used to represent these growth factors in the
projection equations given later in this chapter are as follows:

. Population: GP(t) :
Commercial/institutional employment: GE(t)
Military employment: GMI(t)

Overall industrial activity: GI(t)

1I-20



The value of eacli of these growtn factors for year t is defined
as (activity level for year t)/(activity level for the base year).

The application of these growth factors to the projection
of emissions levels for area sources is described later in this
chapter. In the following section an approach is described
whereby data on specific regional growth trends for five critical
industries were obtained. These results can be used in REPS
to override the growth factors for these five sectors which are
computed from SEAS and OBERS projections. In addition, the
user has the option to override many of the growth factors com-
puted automatically by REPS if more accurate local data are
available. The specific details on user options are presented
in Chapter III.
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4. ANALYSIS OF GROWTH AND REILOCATION TRENDS FOR
FIVE CRITICAL INDUSTRIES

The general forecast methodology employed in REPS involves
projecting present regional emission inventories to future years based
on economic forecast data. This approach produces emission projec-
tions which do not reflect directly the impact of:

. Relocation of new industries within the region

. Substantial expansion of activity at specific existing plants
which exceeds that indicated by regional economic growth
projections.

In either case, future emissions as predicted by REPS would be sig-
nificaintly understated.

There are two factors which indicate that the industrial compo-
sition of AQCR's with low current industrial concentration may be
altered. These include:

. The relationship of AQCR boundaries t¢ concentrations
of industrial activities, and

. The barriers hindering location of new plants in areas of
high industrial dev~lopment and concentration, and their
consequent location in sparse'y settled areas that desire
new development,

In many instances air quality control regions contain groups of
counties of similar levels of economic development and consequently
sinlar levels of ambient air quality. There are currently some
AQCRs with high concentrations of heavily polluting activities zad
many with low concentrations. A gradual shift of future industrial
development from areas with a high cencentraticn of industry to ad-
Jjacent areas with a lower concentration is a reasonable expectation,
based upon the prevailing "central hub” theory of regional develop-
ment. This pattern of future i1ndustrial development s encouraged by
legal barriers impeding or preventing location of certain industries
in areas with currently high industrial concentrations.

It can be expected that in some cases the S1IAS and OBERS

economic projections, in addition to defining mncompletely the devel-
opment of new industries within a region may fail to quantify precisely

11-22
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the expansion of certain existing industrial activities in the region to
the detail necessary to develop accurate emission projections. This
could be the result of migration of existing-industries to sparsely
developed AQCRs from neighboring AQCRs for the same reasons that
new industries would choose to locate there. ~Alternatively, there is
the possibility that the growth rate predicted by SEAS and OBERS data
for a given industrial group (2-3 digit SIC level of detail) may be much
less than the growth rate of one or more of the component industries
of that group. This could happen when the earnings or total gross out-
put of one industry relative to the entire industrial group is small, but
the emissionns of that industry are substantial.

If information concerning either relocation of new industries or
significant expansion of existing facilities is available to the user, he
may of course input those data to the system directly. Because such
information may not be available to the user, however, the data base
utilized by REPS was supplemented by an analysis of growth and re-~
location trends for five industries which are among the heaviest indus-
trial p~lluters.

In general the purpose of this analysis was to assemble data on
new plants expected to become operational in the future and on exist~
ing plants expected to :ncrease their output significantly, in order to
improve the accuracy of the data base used by REPS to project emis-
sions. In particular the analysis focused on the following objectives:

. Identification of factors necessary for determining the
Iccation of new industrial point sources or expansion of
activity at existing industrial plants within an AQCR

. Evaluation ¢f alternative assumptions concerning future
changes in the location of industrial activities that may be
appropriate for AQCR-level .emission projections

. Appraisai of the advantages and linmitations of prospective
techniques for determining possible industrial locational
shifts

. Generation of specific new plant information, where pos-

sible, for selected iadustirial sectors.

There are three bas.c alternative methadclogies for determining
the potent:ial for mdust.v location:

11-23
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Statistical models
Study of seirecred locational factors
Company new plant announcements.

Each of these approaches is discussed briefly Leicw:

Statistical Models

A review of statistical models of industry location indi-
cates tnat reasonable projections can be obtained for long-
term systematic shifts in economic activity where large
numbers of econormic units are involved, e.g., gasoline
service stations. However, where small numbers of
economic units are involved, the projections become highly
uncertain with respect to the timing and the geographic
location of new plants. For example, if an industry anal-
ysis of existing plant capacity and current and projected
demand indicates the potential for 5 new plants over the
next 10 years, projection of the year-to-year initial oper-
ation of these prospective plants would be highly specula-
tive as would projection of the probable location of these
plants within AQCRs.

In addition, observed trends in the regional orientation of
plants in the industry are used extensively in statistical
models. While these trends reflect true historical devel-
opment, they do not necessarily provide valid indications
of future location of plants when only a small number of
plants is concerned. For exampile, the fact that no new
plants have been built in a region over a period of 10 years
does not necessarily imply that none will be built there in
the next 10 years. Therefore, analysis of historical trends
in the location of industrial facilities appears to be irrele-
vant to the determination of the probable location of small
numbers of plants,

Study of Locational Factors

Study of seiected locational factors for particular indus-
tries can yield infermation concerning the influence of
changes in the location of markets or resources upon costs.
Individual companries evaluate these factors in the planning
process, and information of this type is often the basis for

11-24
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investment plans and decisions relating to construction of
new plants. Therefore, for the intermediate term of

3-5 years, new plant announcements and plant expansions
would include the impact of locational factors.

For a longer term analysis (10-20 years), use of such in-
formation to postulate major shifts in industry location
would, of necessity, rest on speculat.ve grounds with
respect to the timing of such shifts and the probable im-
pact of such shifts upon the industry composition of par-
ticular AQCRs. Because of the large number of uncer-
tainties implied in any such postulated shifts, particular
scenarios have nct been developed in this analysis, though
the interface between REPS and exogenous new plant data,
as described later in this section. can utilize such data.

Company Anncuncements

The major advantages of utilizing company new plant

announcements for identifying and incorporating possible

industrial locational shifts in the emissions projection

system include the fact that:

»

- Announcements are usually for specific types of
activities at particular locations; therefore the
poliution potential can be ascertained

- The impact of any changing locational factors will

be (should be) weighted in the decision of the company.

The possible disadvantages and limitations of this type of
information are that:

- Coverage may be inadequate due to unannounced
expansions or new plants

- Plans for many announced plants are sometimes op-
timistic, and the plans may be postponed or can-
celled

- Information is generally limited to 3-5 years in
advance of operation
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For the reasons indicated in the preceding discussion, neither
statistical models nor a study of locational factors were used in this
analysis to determine the potential for industry location; the method-
ology used was a review of company new plant announcements to iden-
tify future industry concentrations within relatively small areas,

Following the selcction of an analysis methodology, the indus-
tries upon which the an: lysis would focus were identified. This was
done based on nationwide annual emissions data for 1974 for the criteria
poilutants, as given in unpublished data produced by the SEAS system.
These data are summarized in Table 1I-2,

Rank of Heaviest Nationwide Polluting Industries

1971 Sector Rank

Inforum Seactor Part SO, NOy CO HC
Electric Generation 2 1 1 - T
Steel 4 4 - 1 6
Industrial Chemicals, Plastics

and Resins, Carbon Black - 6 3 4 2

* Pulp Manufacturing 6 - - 3 3
Petroleum Refining and .

Heacing Oil ) 11 5 2 2 1
Copper Smelting 7 2 - - -
Stone and Clay Manufacturing 1 - - - -
Grains 3 - - - -
Cement, Concrete and Gypsum 5 - - - -
Zing - 3 - - -
Glass - - 4 - -
Crude Petroleum and Natural

Gas - - - - 5

Source: Unpublished data provided by EPA, Washington Research
Center which was produced by the SEAS Test System as of
February 1974, Scenario 1,
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The first five industries listed in Table II-2:

. Electric generation 1
. Steel
. Chemicals, plastics and resins
. Pulp manufacturing
. . Petroleum refining

were selected as the critical industries to which the case study analysis
. was directed. It can be seen from the table that these five industries
are among the heaviest industrial potluters.

The major steps in collecting the data required for the analysis
of each »f these industries were as follows. First, the potential
sources of data were identified following consultation with represen-
tatives of the Department of Commerce and trade associations. These
sources included primarily trade publications and financial and economic
papers. A comprehensive review of these data sources was then per-
formed to accumulate company new plant announcements.

This eiffort identified a number of plant announcements; however,
not all such data were included in the output of the analysis. The
criteria ice selection of plant announcements tor inclusion in the REPS
system were:

. The dollar value of the expansion was greater than $5 million

. Expansion as a percent of existing capacity was greater
than 20 percent

. New equipment would not be replacing older equipment at
the same location

. Sufficient location information was given to permit the AQCR
involved to be identified

. The expansion was planned and announced with a high degree
of certainty or confidence,

With respect to the last criteria, sulficient degree of certainty
was indicated by one of the following conditions:
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. Publization of a date for initial operation of the new equip-
ment

. Announcement of contracts with engineering or construction
firms

. Appropriation of funds approved by the firm's board of
directors.

These conditions are listed in descending level of confidence., If the
announcement indicated a lack of certainty in the proposal expansion,
such as discussing only the conduct of engineering or feasibility
studies, the proposed facility was not included in the output of the
analysis. These selection criteria were used to screen the plant
announcements in order to ensure that only the most probable indus-
trial expansions would be included in REPS, and that those which were
included would have more than a negligible eifect on projected emis-
sions.

It should be noted that if the plant announcement did not give the
industrial capacity involved in the expansion, the capacity was esti~
mated based on the dollar value of the appropriation. Also, in some
cases the SCC code associated with the expansion could not be deter-
mined grecisely from the announcement a~~ consequently was estab-
lished using the judgment of indusiry report.-.

In general the output of the analysis of relocation t:ends for
critical industries cont-ins data for either specific new plants or ex-
pansions to specific existing facilities. The results of the analysis
vary for the five industries considered, both in terms of the extent
of industry coverage, reliability of the data, and the future period of
time for which expansions were announced. A summary of the results
for each industry are given below:

. Chemicals, Plastics and Resins

New plant announcements identified a number of new plants

and plant expansions associated with the raypid growth in the
petrochemical, plastics and synthetic fiber industries.
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Trade publications* follow these developments carefully
based on company announcements and follow-up surveys.
For inorganic chemicals related to fertilizer production,
the Tennessee Valley Authority (TVA) is credited with
careful analysis of new production capacity, though their
publication, Fertilizer Trends, is of limited usefulness
due to the long time lag between data collection and publi-
cation.

Locational shifts within the chemicals industry are not
expected because of the economic advantages associated
with major regions in which a number of chemical plants
already exist., One exception is plants producing sulfuric
acid, since a number of plants in the western states using
smelter gases for acid production are expected to be
closed.

The following limitations of using company announcements
for determining the location of new chemical plants should
be noted:

- Many plant expansions are not announced or reported
in the trade press :

- Many plants produce several chemicals, hence process
identifications are sometimes very general

- Heavil, polluting processes cannot be differentiated
from those which produce lower levels of emissions

- Since the number of chemical-producing companies
in any AQCR is sometimes small, data concerning
plant capacity, investment plans, and type of pro-
cess may be considered proprietary information

- Many plant expansions do not involve long lead-~times
s0 that most announcements concern only near-~term
plans .

Chemical and Fngineering News, various issues, 1973-1974.
AModern Plastics, Supply Status Reports 1, 2 and 3, May, June,
July 1974, Americal Chemical Society, Chemistry in the
Economy, 1973. Batelle Columbus Laboratories, Cost of Clean
Arr, 1974 (Appendix B).
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. Steel

Y
Company announcements* cover the plans of companies in

this industry in great detail for a period of up to five years,
particularly for the new mini-mills and the conversion from
open-hearth to BOF furnaces.

For integrated iron and steel producing, however, no new
U.S. mills have been announced despite the current and
projected shortage in processing capacity.’ Since an-
nounced expansion plans ordinarily do not significantly
alter the share of production for any one region, no
entries for this important segment of the steel industry
were included in the output of the analysis.

. - Petroleum Refining

Information concerning the location and probable timing of
new petroleum refining capaci. is maintained by industry
associations for their members.?! The status of the plans
and those of non-member firms are monitored by the
Federal Energy Admiristration, which is the source of
the data used in the analysis.?§

Iron Age, various issues, 1973-1974. Business Wuek, May 11,
1974-August 3, 1974, Thne Wall Sireet Journal, various 1ssues,
American Metals Market, various issues., DMetals Weekly, various
issues, Batelle Columbus Laboratories, Cost of Clean Air, 1974
(Appendix C).

t Business Week, Aay 11, 1974 and Paul Nelson, '""The Booming
Shortage of Primary Processing Capacity,' in Challenge, Jan./
Feb. 1974, pp. 45-48,

4 Oil and Gas Journal, various issues, 1973-1974. American
Petroleum Institute, Refining Capacitv Added in 1873 and
Publicly Announced Plans tu Increase Refining Capacity in the
U.S. for 1974-1977, press release.

§ Federal Energy Office, Trends in Refining Capacity and Utili-
zation, June 1074,
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Pulp Manufacturing

Invesiment plans for this industry are surveyed by trade
associations. Plant and company information from these
surveys are ccnsidered priorietary. However, a parallel
survey is ccnducted by a trade publication.* This survey
yielded data comparable to that compiled by the associa-~
tions, and was the source of data for this analysis., Some
of the SCCs associated with expansion of pulping activities
were estimated, since information identifying the probable
type of pulping process often is not provided and must be
inferred from other information.

Electric Power Generation

The most extensive information for any of the incustries
studied is available for the location and type of new elec-
tric power generating plants. These data are collected
by the Federal Power Commission from Regional Reli-
ability Councils.t This information is based upon long-
term plans of the electric utility companies for increasing
generating capacity.

[ 3

The limitations of these forecasts are as follows:

- Assumptions concerning the availability of nuclear
power may be optimistic, thus leading to an under-
statement of the potential increase in fossil-fuel
generating capacity.

- Specific locations for some new plants have not
been assigned; hence the AQCR involved cannot
always be identified precisely.

"Capital Spending, "' Pulp and Paper, January 1974.

Federal Power Commission, FElectric Utility Expansion Plans,
News Release No. 20143, Alarch 20, 1974, See also Business
Week, Alay 11, 1274, and National Coal Association, Steam
Electric Plant Factors, 1973,
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- Potential new sources of fuel are not specified in the
data.
- FFuel assignments for some plants are highly uncer-

tain; 1n many cases, several fuels were listed as
potential sources.

- In some cases only tentative informatio’: concerning
the type of pollution controls was avaiiable,

- Data for plants under 300 MW capacity were not in-
cluded.

Additional use:-supplied data concerning forecasts of
regional fuel availability, particularly the availability of
low sulfur coal and oil, would enhance the REPS projec~
tions of emissions for electric generation.

The data developed on new plant locations for the five critical
industries studied during the REPS development effort contain the
following information for each specific plant or facility:

. Plant name and description
. SCC code

. AQCR
. NEDS plant 1dentification code (if associated with an
existing facility) '

. Year in which the expanded facilities are expected to
become operational

. Estimated annual capacity.

These data are input to REPS at the option of the user, The data and
the format in which they must be coded for input to REPS are given in
the program documentation in Chapter 11I, Before entering the data
into REPS, however, the user rnust obtain the NEDS plant identifica-
tion code for cach existing plant in the AQCR for which critical indus-
tries' data are given.
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The general method by which the critical industries data are
input to the emission projection system is as follows. First the data
are sorted so that only plant expansions which involve the AQCR under
study, and which are expected to be operational by the projection year,
are considered. Based on the plant identification code and the plant
SCC, it is determined whether each plant for which expansion is in-
dicated is ¢lready included in the base year NEDS inventory. If it is
not, then : new point sourc¢ record is created, and future emissions
are estimated using the standard REPS projection methodology appro-
priatc ror the given source category. The growth factor used to pro-
ject emissions is adjusted to reflect growth from the year in which the
expanded facility will become operational, instead of from the normal
base year (1974).

In the event that the expansion involves a plant included in the
NEDS inventory, it must be determined whether the plant throughput
as defined in the critical industries data exceeds the plant throughput
as computed from the inventory data and the appropriate emission
factor. The results of this comparison are independent of whether
data for the vear in which the expansion becomes operational or for
the projection vear are used; this is because the same SCC-specific
growth factor is used to adjust the data from one source to the same
vear as the other source. The emissions entered in the projected
inventory for the plant in question are computed from either the ex-
pansion data or NEDS, whichever indicates greater plant throughput,
This assumption results in worst-case emission projections for the
plant involved.

From the preceding discussion it can be seen that the plant-
specific expansion data may have the effect both of enlarging the
projected emission inventor:, and of overriding the SEAS-OBERS
growth factor for those plants for which expansions have been
announced.
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5. DESCRIPTION OF THE METHODOI.OGY FOR PROJECTING
FUTURE ACTIVITY AND EMISSIONS

In Section 3 a description of the method used to develop SCC-
specific industrial growth factors and related economic growth factors
was given. In this section the methodology used.in REPS to project
the base year emission inventory to the future using those growth fac-
tors, as well as future emission control requirements, is presented.

The REPS system projects future regional activity and emissions
by applying dimensionless growth factors to base year activity and
emissions as given in the NEDS point and area source emission inven-
tory. The general procedure for projecting point source emissions in
RLEPS 15 to compute projection data for each individual point source in
order as contamned in the inventory until the entire point source inven-
tory in NEDS for the selected AQCR has been considered. Net emis-
sions for the projection year, including the effect of future emission
control regulations, are computed for all point sources,

The procedure for projecting area source emissions is to com-
pute future area source activity for each record in the NEDS area
source inventory, One NEDS area source data record ordinarily con-
tains a summary of area source activity for a given county.* For area
sources the output of the REPS system is projected act.vity, and not
emissions, because the NEDS area source inventory does not contain
emissions data explicitlv. Area source emissions are computed in the
NEDS system by NEDS/ALEROS sumimary reporting progran:s such as
NE1L1L.

The REPS system does not include emissions controls for any area
source category except gasoline highway vehicles, Regulations affecting
emissions from these vehicles will have the ultimate effect of lowering
the emission factors appropriate for future years, REPS, in addition to
projecting activity for gasoline highway vehicles, computes weighted
highway vehicle emission factors which reflect these reguiations, These

Al NEI; area source data records are identified by AQCR;

when RIIPS projects area source activity all area scarce records
for the AQCR 1n question are processed. In the event inat a
given AQCR contains only a portion of a county, NEDS either
contains an area source record for that portion, or the area
source activity for that portion is included in the record for
another county,
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weichted emaission factors are computed according to the method specificd
in document AP-42 (including Supplement No, 2), and include the ¢ffects of
vehicle age and model year distribution, The weighted emission factors

are based on national average data for projected composite emission factors
and for the model year distributions given in Attachment No, 1 to AP-42,

Weighted emission factors for the projection yvear are used to com-
pute future emissions from gasoline highway vehicles, and these emissions
arc included in the REP> printed output, IPProgram NE11l, on the other hand,
when executed against the projected arca source inventory, computes future
cmissions based on projected activity but using current vehicle emission
factors, Conscquently the projected gasoline vehicle emissions from the
REPS printout should be substituted for the gasoline vehicle emissions in
the NER or any other emissions summary,

There are two tvpes of point source emission control regulations,
One wype, the New Source Performance Standards, governs only equipment
instalied after those regulations become effective, The other type governs
all equipment, reccvurdless of wnether it was installed before or after pro-
mulgation of the standards, Tyvpically new source standards are more strin-
gent, because investment in new equipment justifies investment in pollution
control, Control regulations mayv be promulgated at the Federa! level or at
the regional level (state or local), T'here are four specific classes of con-
trol reculations considered 1n the REPS system:
Controls requirerd in the base year, as reported by NLEDS, A
point source 1nawv, Or may not, be in compliance with those re-
quirements dur.ng the base year,
Federal New Source Performance Standards (NSP3), Xarndards
already promulgated in the Federal Register and standards ex-
pected to be promulgated in the future are included 1in the RLPS
data {ile, These data are summarized on the following page,

[Locsl new source performance and standards governing existing
equ:pment, centered by the user,

State Implementation Plans (51P) contain for many jurisdictions the
most stringent of «ll appheuable emission control regulations, At the pres-
ent time >IP dutn defimine required control efficiencies are not avaalable
in & computer file. The REP>S svstem has the capability of avtomaticall,
accessing ~IP otz when the, become avalable,  Until then, enmission

[t-30
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control required by state or local regulations must be input to REPS
by the user.

A fundamental element of the projection methodology is the pro-
cedure used to incorporate these fiuture point source emission control
requirements in the projection of emissions. Since new source stan-
dards affect the emissions of new equipment exclusively, the activity
level of every point source during the projection year which is attrib-
utable to equipment governed by new source standards must ke iden-
tified. This is done by allocating all positive growth in activity after
the year the new standards become effective to new equipment, an
approach which assumes that any increase in activity is due to new
equipment and not to utilization of idle capacity.

The specific methodology for projecting activity and emissions
is described in five sections which follow:

. Definition of terminology
Point source industrial process emissions

. Point source emissions from stationary fuel combustion
and solid waste disposal

. Transportation area source activity

. Area source activity for fuel combustion and solid wa:te
disposal. y

(1) Definition of Terminologyv

The following notations are used in tlie equations given in
this chapter:

1. Subscripts
. c: Source Classification Code (SCC)
. d: Specific point source

. i: Pollutant (point and area source)

[1-36
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- Particulates
- NO,
- SOx [ ™
- HC
- CO
. j: Fuel (point and area sources)
- Anthracite coal
- Bituminous coal
- Lignite

- Residual oil
- Distillate oil

- Natural gas

- Process gas

- Coke

- Wood

- Liquid Petroleum gas

- Bagasse

- Solid waste with coal

- Diesel (stationary sources)

- Gasoline (stationary sources)
- Aircraft fuel (stationary sources)

. k: Customer category for fuel use (point and
area sources)

- External combustion, electric generation
- External combustion, industrial

- External combustion, commercial/
institutional

- Internal combustion, electric generation
- Internal combustion, industrial

- Internal combustion, cormmercial/
institutional

- Internal combustion, erg ne testing
- Solid waste disposal, gcvernment

- Solid waste disposal, commercial/
institutional

- Solid waste disposal, industrial

11-37



m: Road speed class for highway vehicles

(area sources)

Limited access
Rural
Suburban
Urban

Highway vehicle type (area sources)

Light-duty gasoline
Heavy~-duty gasoline
Heavy-duty diesel

Solid waste disposal method (area sources)

On-site incineration
Open burning

Sludge incineration
Auto body incineration
Rail car incineration

Transportation source categories {exclud-
ing highway vehicles and aircraft) (area
sources)

Off-highway vehicles, gasoline
Off-highway vehicles, diesel
Ralil locomotives

Vessels, diesel

Vessels, residual oil

Vessels, bituminous coal
Vessels, gasoline

Aircraft type (area sources)

Commercial
Civil
AMilitary.

I1-38
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2. User Override Data

The value of any parameter designated with "'*"
may be overridden at the option of the user. If the user
does not supply an override value, a default value is
automatically calculated by the program. For example,
GP#*(t) is the pcpulation growth factor, which is used a
number of times in developing the projections; the default
value for this parameter is computed from the OBERS
projections. If the user supplies an alternate value, that
value is substituted every time the program references
the populatioa growth factor.

3. Exogenous User Data

Unlike the user override data described previously,
these data do not override defarlt values calculated by the
prograun; these data supplement internally calculated data
to provide the user with additional ways to input growth
information to the program. If these exogenous data are
not supplied. the program uses the standard or default
procedures to project emissions. The data which can be
input include:

Gv;(t) = Growth factor for VMT of highway class m

GFU;(t) = Growth factor for highway vehicle fuel type

RT:('L) = Projected share of total VMT for highway
vehicle type n :

GFV (t) = Growth factor for transnortation source cate-

4 gory q (excludes highway vehicles and aircraft)

GFA;(t) = Growth factor for aircraft type r

PE'E(t) = T’ercentage of total residential space con~
ditioning Btu demand satisfied by electricity

RE“:(t) = Change in the fossil fuel residential Btu demand

due to substitution of electricity.

-39
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4, Notations for Point Source Calculations

The following terms are used in the equations for v
projecting point source emissions. The terms refer to
data for individual point sources,

. NEDS Inventory and Related Data: The follow-

data are read from the NEDS emissionr inventory
for each point source for the base year (t_): the
output projections are composed of data in the
same format for the projection year (tp).

- E,.(t) = net emissions for point source
di .
d and pollutant i

- AE _(t)= allowable emissions for point
di .
source d and pollutant i
- tx = year in which the source will
comply with allowable emis~-
sions
- Cdi(t) = control efficiency for point
source d and pollutant i
- Ai'(t) = emission factor (from NEDS
J emission factor file} for pol-
lutant i and fuel j
. Growth Factors (SCC-specific)

- GRP(t) = SCC-specific growth factor for
year t corresponding to SCC
process ¢, computed as
discussed in the previous sec-

tion
. Internally Developed Data
- EUdi«’to) = uncontrolled base year

emissions for point source d
and pollutant i

[1-40
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n

' - EN ;)

- ERdi(tp)

- Bgg® o=

i

- Bij (t)

- BCk(t) =

- RF .(t) =

(t) =

. Emission Control

LR 93

future net emissions for
point source d and pollut-
ant i controlled by NSPS

future net emissions for
point source d and pollut-
ant i controlled by exist-
ing source standards

Btu demand for a given
point source d for fuel j
within customer cate-
gory k

Btu demand for fuel j
within customer cate-
gory k (considering all
point sources)

total Btu demand for
customer category k

fuel use ratio for fuel j
within customer cate-
gory k

growth factor for fuel j
within customer cate-
gory k

Data

- CN, =
i

Ir-41

control efficiency for
pollutant i as required
by NSPS

year in which NSPS be-
come effective

control efficiency for
pollutant i as required
by existing source stan-
dards.
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K S. Notations for Area Source Calculations

The following terms are used in the equations for
projecting area source activity., Unless otherwise noted,
the terms refer to activity data aggregated to the geo-
graphic level of NEDS area source records (usually the

: county level).

. NEDS Inventory and Related Data

- FAk.(t) =  area source fuel use for
J fuel j within customer
category k
- SAkp(t) =  tonnage of area source

solid waste disposal for
disposal method p within
customer category k

- FUn(t) fuel use for highway

vehicle type n

measured vehicle miles
travelled for road speed
class m

- VMTm (t)

n

- FV {t) fuel use for off-highway
@ vehicles, rail and vessels

for source q

- LTr(t) landing-takeoff cycles

(LTO) for aircraft type r

-~ BTU, = Btu content per unit fuel
J for fuel j

- MGn = average miles per gallon
for highway vehicle

type n

Growth Factors

il

*
- GP (1) population growth factor

for year t

I[-42



et TR —— 51 U SO P s R A e e o

growth factor for com-
mercial/institutional em~ ,
ployment! for year t

%
- GM (1) = growth factor for military
employment for year t
*
- GI (t) = growth factor for towal
industrial activity for
year t
. Internally Developed Data
- BA_ (t) = Btu demand for fuel j
jk p s
within customer cate-
gory k
- BDk(t) = Btu demand for customer
category k
*
- RAk.(t\ = Fuel use ratio for fuel j
J within customer cate~
gory k
- SDk(t) = Solid waste tonnage for
customer category k
%
- RSkp(t) =  Solid waste disnosal

method ratio for method p
within customer cate-
gory k.

(2) Point Source Industral Process Fmissions

The methodology for projecting emissions from industria’
process point sources involves the following general steps:

. Net base year emissions are first converted to un-
controlled emissiors using the base year control
efficiencies given in NEDS.

[1-43
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. SCC-~specific growth factors are applied to the un-
controlled emissions to project future uncontrolled
emissions. This is equivalent to assuming that
changes in uncontrolled emissions are proportional
to changes in plant activity as given by the growth
factors.

. Uncontrolled future emissions are reduced to com-
ply with emission control standards for the projec-
tion year,

Fundamental to this approach is the assumption that activity is
proportional to uncontrolled emissions and hence that growth
factors reflecting the expected change in activity levels can be
applied to uncontrolled emissions.

Three types of required emission control which affect pro-
jected emissions are considered in REPS:

. Allowable emissions as reported by NEDS

. * Federal NSPS and/or local standards governing new
equipment (referred to as ''new standards'’)

. Local standards governing existing equipment (re-
ferred to as "'existing standards").

The general approach for projecting industrial process
emissions involves developing the emission projections for each
individual point source in sequence. The projection methodology
is discussed in detail below,

The equations given in this section are applicable to each
point source in the inventory. There are three alternate
approaches used to project future emissions; the approach used
for a given point source depends on the type of control informa-
tion, if any, supplied by the user. The alternate approaches
are:

. No control standards given.

In this case, projected emissions for each point
source d for pollutant i are given by:

I[-44
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Edi(tp) = Edl

{t )+ GR () X
o cp

Where GRC(t ) is the growth factor for .he SCC "c¢"

corresponding to the point soarce d in question.

This is equivalent to assuming that the extent of

emission control for the base year will be used for

the projection year.

. . Only new standards given.

Emissions governed by new standards are giver by:
ENdi(tp) = Egfty) - [ch(tp) - GR_(t )]« (1-CN)/(1-Cy)  (8)

Emissions not governed by new standards, but con-
trolled to the same extent as in the base year are
given by:

ERdi(tp) = Edi(Lo) . GRc(tn) (9)

Projected emissions are therefore:

Edi(tp) = ENdi(tp) + ERdi(tp) (10)

. Both new and existing standards given.

Emissions governed by new standards, EN;(t ),
are given by equation (8). Emissions governed by
existing standards are given by:,

ERdi(tp) = Edi(to) . GRC(tn) - {1 -CRi)/(l —Cdi) (11)

and projected emissions are given by equation (10).
The last step 1n the projection sequence is to ensure that

projected emissions do not exceed allowable emissions as given
- by NEDS. If the projection year, t , is prior to the comgliance

year, »tx' then the source is not required to be in compliance by

[1-45
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the projecticn year and projected emissions need not be reduced.
If the projection year is later than the compliance year, howeve®
then it is assumed that the source will comply to the regulations
and

Edi(tp) = AEdi (12)

is substituted for the projected emission level if the projected
emissions exceed the allowed level.

(3) Point Source Emissions from Stationary Fue! Combustion
and Solid Waste Disposal

Emissions from point source fuel combustion, including
electrical generation, are forecast by determining the prciected
Eiu demand for each customer category, and then apportioning
the Btu demand to the fuels expected to be used for that customer
category to satisfy the projected Btu demand, Specifically, the
projec:ions involve the following steps:

. Net base year emissions for each point source are
first converted to uncontrotled emissions using the
base year control efficiencies, and then to fuel con-
sumption using national average emission facters.

. The base year fuel use in equivalent Btus for sach
point source is computed based on average Btu con-
tent factor. vhich are incoiporated directly in REPS.

. The future Btu demand for each point source is de-
termined based on SCC -specific growth factors.

. The base year and projection year Btu demand for
each customer category are determined by summing
the base year and projected Btu demand for each
point source within each customer category. (Cus-
tomer categories are defined earlier in this recticn,)

Growth factors for each fuel, for each customer

category are computed based on base year and pro-
jection year Btu demand, and the fuel mix for the
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projection year for each customer category. In the
absence of user suppliecd fuel mix data, the base
year fuel mix is used. These growth factors are
then used to project the fuel use for each pcint
source,

. Future net emissions are then computed based on
the emission factors incorporated in NEDS and emis-
sion controls required during the projection year,

Emissions from solid waste disposal are computed in a
similar way, except that the amount of solia waste brrrned,
rather than the Btu demand, is determined for each customer
category in ifie base year and projection year, and the projected
tonnage is allocated to disposal methods in the same way that
future fuel mix is used to allocate the projected Btu demand.

The equations which follow define the method for project-
ing fuel combustion emissions. The equations are valid for pro-
jecting emissions frem solid waste disposal as well; in that case,
subscript "k'" refers to solid waste customer categories, and

LR ]

subscript "'p" refers to disposal! method. Uncontrolled base year
emissions for pollut-~t i for each point source d are given by:

= / - o
EUdi(to) Edi(to)' (1 Cdi) (13)

Projected Btu demand for each point source d for yvear t can be
computed fron: the uncontroiled emissions for only one pollutant
using the emission factor A, for pollutant i and Btu equivalent

. i
BTU.‘i for fuel j:

Bdkj(tp) = EUdi(to) . BTUJ. . GRc(tp)/Aij (14)

for customer categosy k and fuel j, where GR (t ) is the growth
fa:tor for the SCC process "¢' which corresponds to the point
sources. The specific pollutant i for which data is used to com-
pute the projected Btu demand is determined by selecting the
first pollutant in ascending subscript order for which both base
year emissions E i(t } and the emission factor Aij are nonzero.
For year t , the Btu demand for each fuel j within customer

~ category kpis computed from the Btu demand for each point

source d within that customer category as

I1-47
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Bijap) =E Bdkj(tp) (15)

d
The Btu demand for each customer category is d
BC (t ) = BF .(t ) (16)
k'p ZJ: kj'p

The base year fuel use ratio for fuel j within customer category k
is equal to the Btu demand for fuel j divided by the Btu demand
for the entire customer category k:

RF, ) - Bij(to)/Z BF,(t)) = BF € )/BC t) (1)
J

Note that:

Z Rij(to) = 1.0 (18)
J

The growth factor for fuel j within ¢ *stomer category k is given
by
*. t
RFk}( p) BCk(tp)
RF _(t ) BC, (t) °
j o k' o

(19)

GF, (t ) =
kj p

where RF":.(t } is the user supplied fuel mix for the projection
year. ThisJ ig equal to:

GF. (t ) = RF (t) «BC. (t )/BF Lt 20
it s (& )/BE ¢ ) (20)

at,
N

If the user does not supply RF, .(t ), the base year fuel mix
Rij(to) is used and the growthjfa%tor becomes:

BC () Z Bij(tp)
GF, (t ) - P -

kj p BC () -
RREN TN
J
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If the user supplies some, but not ali, of the projected fuel use

ratios for a given customer category, then it is assumed that the
fuels for which no ratios are supplied will be used in the base

year proportions. In nther words, if some RF, (t ) are given,
. . ki p
then the remaining Rij(tp) are given by:

RF, .(t )
kj o #* (22)
RF (t) = —————— . 1 - RF, (t )
ki 'p }: RF, (t ) Z . kip
_ kj o } speci-
] not fied
specified

The preceding equations define the growth factor GFk.(t ) which
is used for each point source in the inventory, within customer
category k, and burning fuel j. The method for applying this
growth factor to the emissions data for each point source is
identical with that given previously for industrial process emis-
sions. That method involved:

Multiplving uncontrolled base year emissions

EU ,.(t ) by the appropriate growth factor GF, .(t )
i .. kji'p

to project future uncontrolied emissions

. Allocating the projected increase in activity to the
. portion governed by NSPS and the portion governed
by existing standards, and adjusting the projected
uncontrolled emissions tc account for the effects of
required emission control.

(4) Transportation Area Source Activity

Activity for the following five transportation source cate-
gories is projected by the REPS system:

Highway vehicles

. Off-highway vehicles
. Rail locomotives
Vessels

Aijrcraft,

The following section contains a description of the projection
mcthodology for highway vehicles. This is followed by a section
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describing the projection methodology for the four remaining
transportation source categories,

1. Highwayv Vehicles

Base year activity for highway vehicles is defined in
NEDS in terms of two types of related data: fuel use by
vehicle type (light-duty gasoline, heavy~-duty gasoline and
heavy-duty diesel vehicles) and measured vehicle miles
travelled (\V'AT) by average road speed class (limited
access, rural, suburban and urban roads). Inclusion of
fuel use data is mandatory for the NEDS area source in-
ventoryv; VAIT data are optional and are included when
available., Consequently the projection data include either
f1el use only, or fuel use and VMT, depending on the type
o data included in the NEDS base year’inventory. The
approach used in REPS to project transportation activity

_ depends in part on the method used in the NEDS sumimary

reporting programs to compute emissions from transpor-
tation activity., The NE11 program comgputes emissions in
one of two ways:

. If measured VMT are given, the VAIT for each
road speed class are allocated to the three
vehicle categories.based on fuel~use and
naticnwide estimates of average miles per
gallon. Emissions are computed using emis-
sion factors which reflect the average vehicle
speed for each road speed class.

. If measured VAT are not given, fuel use for
each vehicle category is converted to VAT
using nationwide average miles per gallon, and
these data are then converted to emissions
using emission factors which are based on
nationwide average.vehicle speeds,

Thus all growth information developed internally in RIZPS,
or supplicd by the user, must be translated to expected

change in fuel-use or V2T, , .

While the general approach used in REPS to estimate
future transportation activity involves using scalar growth
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factors to project base year activity to the future, the
specific approach utilized in the program for a given areaws
source record depends on bcth the type of override data,

if any, supplied by the user, and whether VMT data are
given in the base year NEDS inventory. There are five
different calculation methods for projecting future activity;
. Table 1I-3 identifies the approach corresponding to all
possible combinations of user supplied data, as a function
of whether VMT data were given in the base year inventory.

Table 1I1-3
Method of Projecting Highway Vehicle Activity
As Determined By the Input Data

USER SUPPLIED DATA |[VMT GIVEN IN NEDS
GVMT RFU GFU NO YES
3 1 )
° 3 1
. : g g Projection
o 3 4 Y Method
. . 3 1 (1 through 5)
° ® 3 4
° ° ® 3 1 )

For example, if both GVMT and RFT are supplied by the
user, and VMT data are included in NEDS, Method 2 is
used to project activity.

The five alternate projection methods are as foliows:

. AMethod 1

Projected VMT for highway class m is given
by

VAIT (t) = VMT (t )GV () (23)
m p m o m p
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I Gan(tp) is not given by the user then
VMT_(t) = VMT (t) - GP (t) (24)
m p m o P

Projected VMT for highway class m, obtained
as in Method 1, is given by equations 23 and 24.
Projected fuel use for vehicle type n is then
computed from total projected VMT and user-
supplied data defining the projected share of
total VMT:

FUn(tp) = [Z VMTm(tp)] . RTn(tp)/MGn (25)
m

. Method 3

Projected fuel use for vehicle type n is com-
puted based on growth factors for each vehicle

3 type:
o FU (t) = FU (t )+ GFU (t ) (26)
np n o n'p
. Method 4

Projected fuel use for vehicle type n is com~
puted ag in Method 3, according to equation (26).
If GFUn(tp) is not given then

FU (t) = FU (t)-GP (¢t ) 27
np n o p

These fuel projections and the base year VMT
are used to compute projected VMT for each
highway class m:

£y -y ST U ) e VS v
VMT t) = VMT_ (1) -3 (FU () \mn,/‘% VMT_(t)  (28)
n
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. Method 5

Projected fuel use for vehicle type n is first
computed as in Method 3, according to equa-
tion (26). These fuel projections are then
adjusted to conform to the user-supplied data
defining the projected share of total VMT for
each vehicle type n:

FU (t) = [FL‘ (t )+ MG ] RT (t )/ng (9
np np n np n
n

The five preceding methods are used to project future
activity (\'AIT and fuel use) for highway vehicles, These
data are then entered n the projected area source inven-
tory. In addition, RLEPS computes emissions from highway
vehicles based on this projected activity and includes these
emissions in the printed output of the system. Emissions
are calculated according to the method specified in EPA
dcrument AP~42, This method involves computing weighted
emission factors appropriaie for projection vears which in-
clude the effects of vehicle age and model year distribution.
The data used to compute these weighted emission factors,
also taken from document AP-42 and Attachment No, 1 and
Supplement No., 2 to AP-42, included low altitude, non-
California test emission factors and national model year
distributions, tor more information on the methcd or data,
consult document AP-42,

2. Off-Highwav Vehicles, Rail, Vessels, and \ircraf:

Base vear activity is given in terms of landing-
takeoff cycles (1L.TO) for aireraft, and in terms of fuel-
use for all other sources. In general, activity is pro-
jected by multiplving base vear activity for each =ource
categorv bv a scalar growth faetor reflecting *he expected
change in zctivity for that categorv, The genersl cquution
for projecting fuel-uze for off-highway vehicles, rail
locomotives and vessels for source category q !s:

FVv () = Vi) -Gy (30)
q o p



e

where G(t ) is the appropriate growth factor (see below).

The general equation for projecting LLTO cycles for air-
craft type r is

= - . G t ) » <
LTr(tp) LT () - Gl p (51)
where again G(tp) is the appropriate growth factor.

The growth factors for non-highway source cate-
gories are as follows:

. Off-highway vehicles:

%
- Diesel: G(t ) = GFV (t ), otherwise
* D qap

GI (t )
p *
- Gasoline: G(tp) = GFVq(tp). otherwise
GP"‘(tp)
*
. Rail Locomotives: G(tp) = GFVq(tp), other-
GP(t )
P
. Vessels

- Diesel: G(t ) = GFV (t ), otherwise
: p Q'p
Gri )
p .
- Residual Oil: G(tp) = GFVq(tp). other-
wise Gl*(tp)

*
- Bituminous coal: Gt ) = GFVq(tp).
otherwise GI"\(tp)

s
- Gasoline: G(tp) = GFVq(tp). otherwise
GP (t)
p
Alrcraft
- Commercial: G(tp) = GFA:(tp), other-
wiss GP (1 )
p Sz
- Civil: G@ ) = GFAr(tp), otherwise
GP (t )
P
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*
- Military: G(tp) = GFAr(tp). otherwise
GM'(tp).

The option in each case is used when the user does not
provicde input data.

(5) Area Source Fuel Combustion and Solid Waste Disposal
Activity

In general, future area source fuel combustion is estimated
by projecting the Btu demand for each customer category and
allocating that demand to the fuel mix for the projection year.
Future levels of area source solid waste disposal are estimated
by projecting the future level of solid waste disposal for each
customer category, and distributing that amount among the
various methods of disposal. The specific approaches for pro-
jecting these area source activities are given below. Activity
for each area source reporting region (usually a county) is pro-
jected independently in REPS. However, user supplied data for
area source projections are applied to all regions. The equa-
tions pre:sented refer to data for a given reporting region.

The methodology for projecting emissions from area source
fuel combustion is as follows. Base year Btu demand for fuel j
and customer category k within the AQCR is given by

BA ((t) = FA () BTU, (32)

where FA _(to) is the consumption of fuel j within the customer
category kJand BTU. is the Btu equivalent for fuel j. Total base

year Btu demand [or customer category k is given by

(33)
= t
BD, (t ) JZ BA ()
Base year fuel use ratios are given by
- 34
I{Akj(to) BAkj(to)/BDk(to) (34)
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and future Btu demand for each customer category is

where:

BDk(tp) = BDk(to) -G(tp) , (35)

Gt ) = GP":(’L ). RE*(t ) for the residential cus-
tomer category. RE™(t ) is the user-supplied factor
reflecting the change in the projected fossil fuel

Btu demand due to substitution of electricity. If

PE™(t) is the percent of total residential space heat-
ing and cooling Btu demand satisfied by electricity in
vear t, then the change in the projected residential
Btu demand for space conditioning is

RE (t ) = [I-PE*(t )]/[1-?13*« )] (36)
p p o

If RE*(t ) is not supplied by the user, it is assumed

to be 1.0, indicating that electricity in the projec-
tion year will account for the same share of the
residential Btu space conditioning demand as it did
in the base year.

Git ) = GE:':(t ) for the commercial/institutional
custorter category

Gt ) = GI:‘:(tp) for the industrial customers cate-
gory. '

The projected fuel use for fuel j in customer category k i.

FA (t) = BD (t)- RA (t )/BTU. (37)
ki p k p) kJ(P)/ J

Where RA;.(t ) is the user-supplied fuel mix for the projection

year. If the user does not supply RA;.(t }, then the base year
fuel mixes are used. P

RA ) = RA (t) (38’
kj(tp i kj o
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The projection methodology for area source emissions
from solid waste disposal is as follows. The base year solid
waste level for customer category k is given by

SD(t) = D, SA,(t,) (39)
p

where SA, (t ) is the solid waste for customer category k dis-

posed of by method p. The base year disposal method ratios
are given,

P.Skp(to) = SAkp(to)/SDk(to) (40)

Future solid waste levels are given by

B} . (41)
SD ) = SD (). Git)

Where

. G(tp) = GP (t ), for the residential customer cate-
G(t ) = GE (t ), for the commercial/institutional
customer category

G(tp) = Cl (tp), for the industrial customer cate-
gory.

o

The projected levels of solid waste for disposal method p within
customer category k is

SA_ (t) = SD (t).RS (t) (42)
p P k' p kp p

where RSL\ b
the projection year. If the user does not supply RSl'; {t ) then
the base year ratios are used, pp

{t ) is the user-supplied disposal method ratio for

. R (43)
RS, () RS, ()
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This Section has presented the analytical methods and procedures
used in the REPS projection system. There are implicit in the methods
used a number of important assumptions which havé been identified in
the text. It is emphasized that, although the eguations which have been
used in REPS are considered to be reasonable, they could certairly
be refined substantially to achieve greater projection accuracy in
many cases, and it is expected that the REPS methodology will be
almost continually improved.

Chapter 1! of this documentation provides a detailed description
of the ccmputational procedures used to translate the methodology de-
fined and described here into a working model, The following, and
final, section of this chapter presents a brief overview of the tech-
niques used to implement the model,
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6. ADP INMPLEMENTATION OF THE REPS SYSTFEM

The preceding sections of this chapter contain a presentation
of the functional and mathematical procedures used in the REPS sys-
tem to forecast future activity and emissions. The mathematical
model described by the equations given above has been implemented
on the EPA's UNIVAC 1110 computer svstem and is fully operational
at the present time, In this section an overview of the present com-
puter program configuration of the REPS svstem is given. This over-
view focuses on identifying the correspondence between elements of
the projection methodology discussed previously and program elements
of the computerized projection svstem. In addition, a brief functional
description of the various computer programs which form the REPS
system is also given.

A functional system flow diagram is given in Figure 11-4. The
figure identifies the various modules of the REPS system, illusirates
the flow of information within the svstem, and identifies the corre-
spondence between program modules and the four primary sources
of input data discussed earlier in this chapter.

Referring to FFigure 11-4, it can be seen that the REPS svstem
is modular in structure, consisting of a number of independent pro-
grams. Additional segmentation within the complex REPS module is
achieved by distributing the program's operations to various subrou-
tines. All the modules are grouped into two distinct subsystems,
the static svstem and the dyvnamic system,

The purpose of the static system is to process all the exogenous
input data which are static in nature and to organize these data for
access by the dvnamic system. These exogenous data include the
SEAS and OBERS projections containing economic and demographic
forecast information, and the file of emission factors incorporated
in NEDS. Jlodules of the static svstem need be executed only if anv
of the exogenous input data are modified or updated. The dynamic
system reads all input data, both econometric and emission-related,
which are necessary to develop emission projections for the AQCR
and for the vear of interest, The emission projections are developed
by modifving the data in the base vear emission inventory to reflect
changes in activity levels and #miszion control, while preserving
the format ana structure of the inventorv recorrds. Projections for
other vears or geographic regions require additional executions of
the dynamic svstem,
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The modular approach was used in designing the REPS computer
system in order to maximize the efficiency of projecting emission
for a large number of geographic regions. Only the dynamic system
must be executed to produce emission projections. Furthermore,
when running certain projection scenarios, onlya limited number of
the modules of the dvnamic system may need to be executed. The
modtlarity of the system eliminates redundant or unnecessary opera-
tions, resulting in the REPS system being a valuable tool for scenario
projections because the required CPU time and operator assistance -
are minimized,

In order to produce emission projections using the REPS sys-
tem, the user must specify only the AQCR and the projection vear,
\When he inputs that information via punched cards he may at his op-
tion also input the card deck containing growth data for the five criti-
cal industries., While this is the minimum input required of the user,
he may of course override virtuallyv 21! the data used by the system to
predict growth for every emission source, and he may supplement
the data concerning future allowable emissions with state or local
emission control regulations. Identification of all available user-~
supplied input data is given in Chapter IIlI, which contains complete
program documentation of all REPS modules in standard A EROS for-
mat.

. The output of the REPS system is in two forms. One is the
projected point and area source emission inventory given in the stan-
dard format of the NEDS system. All of the NEDS summary reporting
programs may, therefore, be executed against the projected inven-
torv. One of these reporting programs i3 the NE11 program, which
aggregates all emissions into the National Emiscion Report (NER)
format. Also, air quality models which convert annual emission
levels, as given in the emission inventory, lirectly to ambient air
quality, may be used.

The other principal output of the REPS system is a printed sum-
mary of projection statistics and error messages which occurred
during execution of the program. This printout is valuable both for
interpreting the projection results, and interpreting any computer
problems which may have occurred. This summary contains:

. I.isting of user-supplied override data
. Assumptions and defaults exercised

I1-61
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. Base year and projected fuel mix .
. Automobile emission factors for the projection year
Other related projection data developed by the program,

Any errors encountered during program execution are also included
in the output.

. The format of the projected point and area source emission

’ mnventory, as well as identification and interpretation of all possible
diagnostic and error messages is given in Chapter I1Il. A summary
printout of the REPS system for a typical projection scenario is
given on the following pages.
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I, DESCRIPTION OF REDPS PROGRAM MODULES

The modules of the REPS system were identified in the previous
chapter, Figare Ili-1, the general REPS system flowchart, shows
the input-output relationships of those program modules, This
chapter contains an abstract and a detailed description of each of
these modules, This information appcars cxactly as given in the
AEROS program documecntation of the RLPS system. Additional
information concerning these modules can be found in the program
documentation; the following topics are discussed for all orogram
modules, in which the following:

. Module flow charts

. Input~output description

. Test data

. Operating instructions

. Suggestions, warnings and changes
. Program listing,

HI-1



TIGURE [II-1
General System Flowchart




1,

o et e v misrm e ser ceatmem e oM e W e e e o

PROGRAM NEO033 (SIFAS)

e ABSTRACT

The purpose of the FORTRAN prograr NEHO053 (SEAS) is to
extract and process national cconomic growth prejections from the
input file and to write a file which contains those growth factors from
1974 to the vear 2000. It 1s necessary to execute this program only
wiien the INFORUM! economic projections in the input file have been
updated.

The input file is a standard ocutput of the SIZAS” system and was
provided by KEPA Washington. The SIIAS projections are based on the
INFORUDI input-output econometric model, ['or further info:rmation
consult the RIIPS design methodology presented earlier in this report,
as well as the SIAS program documentation. The file contains projec-
tions of national total gross output for each INFORUNM sector and sub-
sector for the years 1971 to 1985 1in one vear increments, and refiects
the "base case’ SI'AS scenario. In the absence of INFORUM projection
data after this time period, growth for the perod 1985 to 2000 for all
sectors was assumed to be 3.8 percent per vear., Naticnal output for
an entire INFORUDN sector is given i millions of 1967 dollars, and
for subsectors within a sector, output is given 1n physical umits. In
either case dimensionless real growth can be computed. Sectors and
subsectors in general are defined at the industry group (2 or 3 digit
SIC) level.

Program N1:053 performs three distinct operations:

- l.ocates records which contain the required data fcr the
yvears 1874 (base year) through 1890

- Assigas data for each sector/subsertor to a unique SFAS
output section

Stratecic nvirommental Assessnient Svstem, an cconemetric
and emiz-1on forecasting models The sAS model was devel-
oped by the FIPA Olfice of Research and Development,
Wa=hmgton, . C.
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- Calculates scalar growth (from the base year) ratios for
each INFORUM sector and subsector.

The output file created by the program contains national growth ratios
associated with each INFORUM sector for each projectron year. This
file is read by the program NII055 (MAP), which also reads the ontput
file of program NL054 (OBFERY) containing the growth in regional share
for each of the 28 OBERS sectors for the same years,

e RUN DESCRIPTION

The INFORUM 1np1at file is a FORTRAXN variable-length, fixed
block file., it is recommended that the program remain at EPA
Washington® because of the difficuity in reading IB\M-generated,
variable-length FORTRAN records on a UNIVAC system. The [ile
contains 10 types of records:

- Record 1 - Header

- Record 2 - General sector and run description
(Begin sets of 8 records, one set for each vear's data)

- Record 3 - Miscellaneous data

- Record 4

Consumer purchases sector

- Record 5 - Output sectors (dollars)

- Record 6 - Output subsectors (physical units)

- Record 7 - Net iniports sectors

- Record 8 - Implovyment sectors
- Record 9 - Capital investment sector

- trecord 10 - Construction sector,

The prograra NL033 (S1HAS) and the INFORUNM input Nile are
resident on the IB3M 370/158 svatem Jucated at Optinium Systems,
Inc, (OSD), Hethesda, Md.
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B

Out of the 10 record types, only two types are required for processing
by the program. These are Records 5 and 6. Record 5, "Outpat
Sectors' contains tot~l gross output d ta (in coastont dollars) for each
INFORUM sector, while Record 6, "Output Subsectors, ' contains

total gross output data in physical units (tons, Btu's, etc.) for each

INFORUM subsector,

Only 9% of {tie 185 primary sectors and 399 subsectors produce
air pollution ¢missions and thus have correspondence to an SCC pro-
cess. Hence the SEAS program calculates prowth raaos only for
these sectors and subsectors, Table {H-1 shows the sector number
a.signed in this program to each of the INFORUM sector-subsector
combinations which correspond to SCC processes. This numbering
system was developed [or use internallyv by the modules of the REPS
system.  In this case the output sector codes are referenced by pro-
gram NEO035 (MAP).
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Table 11I-1
INFORUN! Sector ldentification Matrix

REPS
INFORUN  INFORUM Sector
Description Sector Subsector (used internally)

Cotton 4 “ 400
ZPhosphate Rock ] 9-02 902
Titanwun Ore 9 9-03 903
Coal 14 - 140C
Indas. Combustion: Coal 14 14-01 1401
Oi., Petroleum, Gas 15,69,%0 - 1599
Stone and Clay 16 - 1600
Meat 23 - 2300
Dairy 24 - 2400
Grain 2€ - 260C
Sugar (Beet) 28 28-01 2801
Sugar (Cane) 28 78-02 2802
Candy 29 - 2900
l.iquor . 30 - 3000
Mise. Food 33 ~ 3300
Textileg 35,37,3£,39,40 - 3500
Rugs 34 - 3600
Wood 41 - 4100
Mitlwork 43 - 4300
Furniture 45, 46 - 4599
Pulp 47 - 4700
Ingustriul Chemicals 55 - 5500
Chlorine 55 55-01 5501
Nitric Acid 55 55-02 5502
Hudrofluorie Acid 35 55-05 5505
Sulfurte Acud 95 85-006 55086
Phosphorie Acid 35 55-07 5507
sodwum Carbonate 55 55-08 5508
Fertilizer 59 - 5000
Pe-ticides 60 - 6000
Aisce, Chemiieals 61 - 6100
“arbon Black 6} 61-01 Grot
Plastie & V\lise, Plastices 62,54 - GRATH
Plastic Aatemald 62 - G200
Rubbher Produrts 63,722,732 ~ $g3an
Svinthetic Rubber . 63 - 6300

HI-6
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Table UI-1 (Continued)
L 7]
REPS
INFORUAY  INFORUA) Sector
Description Sector Subsector (used aternaily)

Cellulose Froers 64 - 6400
Non-Cellulose Fibers 65 - 6500
Cleaning Preparations 67 - 6700
Paint 68 - 6800
asoline 69 - 6900
Heating O1l 70 - 7000
Indus. Combustion: Qil 70 70-01 7601
Paving & Asphalt 71 - 7100
Tires & Inner Tubes 72 - 7200
Rubber Products 73 - 7300
Mise. Plastic Products 74 - 7400
[.cather PProd. 75,76,77 - 7599
Glass 78 - 7800
Structural Clav 79 - 7900
Potiery & Other Clay 30,00 - 8098
Cement &1 - 81060
Other Clav 82 - 8200
Asbextos Products 82 82-01 8201
Primary letals 83,54,85,86,87 - 8399
Steel 83 - 8300
Coking in Steed 83 83-01 8301
By-Product Coking 83 83-30 8330
Beehive Coking 83 82-31 8331
Basic Oxvoen Furnace 83 83-32 8332
lectric Furnace 63 85-33 8335
Open Hearth Process 83 63-34 8334
Copper 84 - 38400
Copper Smelting 14 84-351 8431
l.ead 85 - 8500
Znce an - 8600
Alumianum 3T - 3700
Baver-tall Process 87 87-34 8731
Primuacy Non-errous 86 - 8800
Meroury 88 8G-02 as0?
Berrvihm o8 36-06 8806
Gord HE H58=-040 3000
AMolebdenu o0 68-11 8811

-



Table 111-1 {(Continued)

REPS
INFORUM INFORUNM Sector
Description Sector Subsector (used internally)

' Non-Ferrous Rolling 89 - 8900
Non~Ferrous Casting 01 - 9100
Metal Cans 92 - 3200
Alisc. Manufacturing 03-102,104-143 - 9399
Other Fabricated \Metals 101 - 106100
Flectric Utilities 160 - 16000
Flectricity by Coal 160 160-01 16001
Flectricity by Oil 160 160-02 16002
Flectricity by Natural Gas 160 160-03 16003
Flectricity: Low Sulfur Coal 160 160-30 16030
Electricity: High Sulfur Coal 160 160-31 16031
Flectricity: Low Sulfur Oil 160 160-32 16032
FElectricity: High Sultur O:l 160 160-33 16033
lectricity: High Temp, Gas 160 160-34 15034
Tlectricitv: Water Reactors 160 160-35 16035
Flectricaty: Gasified Coal 160 160-36 16036
Electricity: Natural Gas L350 160-37 16037
Process Spent j'uel Rods 160 160-338 16038
i Natural Gas 16 - 16100
o Indus. Combustion: Gas 18 161-01 16101
Water and Sewer Service 162 - 16200

-8
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PROGRAM NEGo4 (OBERS)

o  ABSTRACT

The purpose of the FORTRAN program NE034 (OBERS) is to
extract, sort and condense the OBIRS economic projections™ for
AQCRs and to write two files which contain regionai growth projec-
tion data 1ir a more convenient and efficient format, to be read by
later programs (NEO055 and NLE253)., It is necessary to execute the
program only when the OBIIRS projections are modified, and not
every time the REPS system 13 exercised.

The input file, NADD REPS-OBRS-IN., which contains the
QOBERS projection data pro.ided by the U.S. Department of Commerce,

contains the following data categories for each AQCR:

- Larnings by each of 28 OBLERS industrial sectors (in
1967 dollars)

- Midvear population

- Total perscnal income (in 1967 dollars)
These data are given for the vears 1970 to 2000 in 5 year mncrements,
(data are ai-so included for 1962, 1968, and 1969, but arc not used by

the program). The p.ogram performs four distinct operations:

- Correction for any data incomplete or missing from the
projections (because of proprietary disclosures)

- Linear interpolation for intervéning vears

- Calculation of dimensionliess ¢rowth factors referenced
to the buse vear

- Calenlation of growth factors for population and for eni-
plovment for tle commercial/institutional and mil-tary

Regiorut economic projections developed by the U, S, Depart-
ment o { ommerce and Acriculture.  For information consult
the REPs desron nethodelooy presented earlier in thns report,

11y~



sectors. The latter are haied on regional earnings pro-
jections for these sectors, and national ratios of emplovg
ment to earnings for thes¢ scctors.,

Three output [iles are creuated by the program, two permanent and
one temporary, One of the two permanent files contains regional
base year data and projected growth factors for commercial/
institutional employment, military employment, population, and
personal mncome. This file 1s REP3-GEMPL, and the data it contains
are referred to in the program documentation as "regional growth in
emploviment. " Thnis file 15 read directly by the REPS program. The
other permanent output file contains regional earmngs for cach of the
28 OBLRS industrial sectors, and growth lactors reflecting the pro-
iected regional change in share relative to nationa: earnings forecasts.
This file 15 read by the pregram N1I055 (MAP), which also reads the
nat:onal earnings forecasts from SEAS and produces projection growth
factors for ecach OBLERS sector to be used by the REPS program. The
temporvary file is created to store data read by the program from the
OBERS input file for later use by the program. This file may be
scratched after exccution of N¥.05- (OBIIRS) nrogram is complete.

° RUN DESCRIPTION

There are two distinet phases of this program. During the first
phase the projections for earnings. population and personal income
are read from the input file and are accumulated over all AQCRs to
produce national projections for cach vear. lach record is processed
and only those data which will be needed by the progran during its
second phase are written o a temporary storage file, During the
sccond phase of the program the temporary file 18 read and the regional
growth factors for each industrial sector in each AQCR are computed
in sequence.  The permanent outpat {iles arce written after all the data
for a piven AQCR nhave been developed,

The outpnt data sfored on the permanent file later read by RTIPS
consist of the folluwing:

- National population, personal mcome, commeraal’
mstitutzonal crupiovinient and nulitery enplovnient for

all vears
- 'or each AQCH, growth [actors for each of the gbove

variables for eaen projection vear, delined as (Quture level)/
(}3215 e vear loeveld,

[HI-10



The output data stored on the permanent file later read by MAP
consist of the following:

- National earnings data for each OBERS sector for base
year and projection years

- I'or each AQUR, factors refllecting the regional shift in
share of national earnings forecasts delined as:

(projected revional earnings)/(projected national earnings)
(base year regional earnings)/(base vear national earnings)

Table [11-2 shows for each of the 28 OBERS sectors the Department of
Commerce code (by which the projection data are indexed on the input
file), and the REPS sector number used internally by RIFS system
modules. These sector numbers (by which tl:e data referenced in the
MAP program) are assigned in this program.

Hi-11



Table HI-2
OBERS Sector Identification Matrix

Department of REPS
Commerce Sector
Sector Description (used internally)
8110 Agriculture 1
8120 Forestry & Fisheres 2
§231 Metal 3
8210 Coal 4
8220 Crude Petroleurn & Natural Gas 5
8232 Nonmetallic, Except Fuels 6
8300 Contract Construction 7
8410 Food & Kindred Products 8
8420 Textile Mill Products 9
8430 Apparel & Other Fabric Products 10
8460 L.umber Products & Furniture 11
8491 Paper & Atlied Products 12
8440 Printing & Publishing 13
8450 Chemicals & Allied Products 14
8492 Petroleum Relining 15
8493 Primary Metals 16
8494 Fabrirated Metals & Ordnance 17
8471 Machinery, Ixciuding Flectrical 18
£472 I'lectrical NMachinery & Supplies 18
8481 Alotor Vehicles & Fauipment 20
8482 Trans. IFquip., Excl. Motor Vehicles 21
8495 Other Manutacturing 22
8500 Trans., Commun., & Public Utilities 23
8600 Wholesale & Retail Trade 24
8700 Finance, Insurance & Real lstate 25
8800 Services 26
8910 Civibian Government 27
8920 Armed Forces 28

I-12
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PROGRAN NL055 (MADP)

® ABSTRACT

The FORTRAN program NEO03S (MAP) combines econometric
growth projections from the NEO053 (SFEAS) and N1:054 (OBIRS) pro-
grams to produce regional prowth factors from 1974 to 2000 for each
SCC, and creates a mass storage file containing a list of all SCC codes
and the corresponding regional growth factor. The main element of
this program 1» a mapping table which contains the SEAS and OBERS
sector numbers corresponding to cach of approximately 350 SCC
codes. The regronal growth factor for each SCC 1s computed from the
growth in national total gross output (as given by N1£053)and the shift
in regonal share (as given by NEOS4),

Program NEO055 (AIAP) 1s 2 module in the static subsystem of
the RIIPS svstem; due to the nature of the data it uses and creates the
program must be executed onlv when one or more of the following con-
ditions occur:

1) Lxccution of the OBIIRS program of the RIIPS system is
required due to creation of a new Department of Commerce
(OBIRS) regional earnings projection. (The next DOC
update of the OBLIRS projections is scheduled for 1978,
The NEOOD prepgram must then be run to update the RIIPS
regional growth factors.

2) Ixecution of the N1L0O33 program of the REPS system is
required duc to update of the INIFORUN econometric
model, resulting in updated SEAS projections of nationol
cconomic growth., The NLOBJS progran must then be run
to update the RITPS regronal growth factors.

3) Additions, dejetions or corrections of the SCC-OBFERS~
INFORUA sector mapping matrix would necessitate a

rerun of the MADP program,

® RUN DE=CRIPTION

In order to relate the INFORUL and OBYRY econorite projec-
tien data 1o erss,on orented SCC processes, a comprel.ensive
mapping of sector rdlaticnsibips was developed.  Since the sector

=10



definitions for the INFORUA! and OBILIRS systems are SIC oriented,
the methodolopy for creating a cross-index or map from one system
to the other mvolved a rather simple counparison of the SIC categories
included in cach sector, Winle in most cases the mapping involved
aggregating a number of INORUNM sectors to form one OBERS sec-
tor, there are a few cases where the INFORUM sector is mapped to
two or more OBERS scctors, This difficulty inherent in the mverted
mapping was overcome by aggregating the OBERS sectors to a level
which no longer requires disaggregation of an INFORUM sector, Two
examples of situations in which the approach was used are the OBILRS
scctors for Agriculture and lorestry-1isheries, which were agpregated
to form one OBERS sector so that INI'ONUN sectors 08 and 10 would
not have to be disagpgregated,

The secror definitions for INFORUM and OBERS cconor .ic pro-
jection data are given previously in Tables HI-1 and HHI-2, Table 1II-2
shows for each of the 28 OBIRS sectors the Department of Commerce
code {bv which the projection data are indexed on the OBLERS input file)
and the REPS sector number used internally by the REDPS system,.
These scctor numbers (by which the data are referenced in the MAP
program) are assirned in program NLE034, Table iIl-1 shows the
INFORUM sectors and subsectors which are associated with air
pollution emissions, and for each sector-subsector combination the
REPsssector number used internally by the REPS system., These
sector numbers (by which the data 1s referenced in the MAP program)
are assigned n prorram NI053, Note that, when the two rightmost
digits of the oatput secrtor are "4, the output sector rep. esents an
acoresation of two or wore INTORUM sectors or subsectors,

In order to determine the projected growth 1n gross national
product originating and the shitt in regional share for each SCC
process, relationshins amonge INPORUM and OBERS economic sectors
and all SCC procences were developed, This mapping or cross-index
1s cwvenan Taie -0 The INTORUN ard ODRS cector designations

shouwn an Table -5 are those whien vere dofincd in Tables TH-1 and 1H1-2,

respectively, to be v-ed internadts by modules of the RIIPS evetem,

The NP7 (A P)Y procram u<es the relationshaps an Table 1HI-3
to connmite, Do ench SCO and tor ecach prosection vear, a orowth
facror wihen rorbocis Poth prov cred narteonal oorowin (rom INTORURD
anc projected shntoon cach reon's Share ol tnar nanienal growth (from
GRENR), A enmplore descrmtion of the methoaolopy unithized in the
REEPS svetein to comapute theco pronth factors 1< miven ecattior in ths
report,
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Table I1I-3
INFORUM-OBERS-SCC Mapping Matrix

. _ZCC UTERS  IMFCRUM n1ucsrz 14 6ICC
3n1rnNg 99 14 €100
o o o I01C1093 14 £1ccC
i01nr199 27 16001 303101193 14 X4y
10100293 o1 16502 30101293 4 ferT
101C0399 RS 1€C0C: 33101293 Y4 crpo
10i00493 23 17 Cn? 301C1492 14 Fecr
10100599 21 1cce? 30101592 14 cager
101CP693 . 23 1frCrd 30101699 2 57
10100799 23 1€Ccn? 301C1799 14 scr?
10100899 ol 16701 301501393 : czre
10101199 nhd 2eCP 301197 14 f2ce
_10101293 T arcrcr o 30102097 e o rfice
10200193 oy 1401 0102193 i A
17200299 22 t4ry 30102292 U S % o
101200393 22 1403 10122392 4 XA ole
10200801 oo e 30162493 14 repr
102304C3 22 e I61C°593 ) F4yCr
10200499 o2 rrot ‘ 30102893 1 323
10200502 ol 7701 30102792 py ©oeyrp
102003599 22Tt 3cicoec: 14 cace
1c2coeoy il 10101 30107897 iy - Yolal
10260502 o 1101 3102399 iy Faps
1020NE 937 o2 16102 3710523037 4 cenn
10200793 o 10101 30107193 14 ceop
1020n392 g 1401 3010174972 ) regen
10°¢cos9c? e 4inn 30102392 14 coee
10200992 22 sicr 3C10 7427 14 £rge
102-1099 oo 17151 01632597 : reon
102011283 o0 Al eke 3Ir1nI699 14 Tern
10200199 hdy 1402 35103723 14 rere
10300299 2c 1402 107390 14 €sco
103c0393 ac 1401 3ciczacn 14 recn
10200499 oc oot 301243592 2 T
10;:9500 o ool 3ci080°93 0 1y £1re
1C2ICre 93 oc 10171 EFLEE ) £239
xrdprqea s y1r° 10109192 14 “ire
10231092 or 17101 3C110092 14 frer
2olooLen oz 17007 10110199 14 £Irn
2ci1c0299 oz wre Iri1ipen iy L oly
20100399 7 1rocn 10111199 o CRobt
RS L) R ITt TTESI3tase T g -irn
26.Cn2 92 T 1riee iri3egoe ) e
20200391 oo 1710 kisbelakel Aiks! " il
20000499 or 17102 Icocores 2 e
20100192 e 1F1C0t inoccIan 3 r3en
2040189 2L iy 7000040t 1 [
20820293 ol rre TTTTTrp phce T U0 M“im" T yoo T
30100199 Ty A TOITO40S 1 o
iC1c0293 14 reoe 60004 92 1 s
30100397 1y reen 30000897 o e
30100493 1y R oo Inrr(zea o e iole
22160505 4 cicr ITICLTOL 2 e
301C 0593 ) c1re B SoTeloR ok Ak BN L A
30100699 b Tire bielelat ok Kok o ~fnr
30100799 ) ! inargeey c e
l01cc3es ) i IM-15 27201792 ° Yoo



&

Table [[I-3 (Continued)

30201199 o a rHen
nori129s @ 2ITO
ipZnNi3a e DPICD
30201493 o aF Tl
1]2rni1593 ° *2l1
Iz 1le99 4 AR
3IGICiT99 e *oLT
3In-C18492 ° foer
3g2cir9g e ~qrC
30229399 e 2¢cn
353CTnss 17 ayrn
I5100190 ¥e A 757
20300293 o ir LAY Aale
crcer3iaga if e3zC
ILIC0492 1c 2221
IcIaosea 7 2y 71
joIcrenaq Ny AL
30300793 it 077~
ILzIerseas 1~ ecr
3c2c0r939 b 210D
1gicioe2 1L LER e
InIc1093 LS LANe.
ICIC1192 .7 [ e
20151239 ir 3rz?
3cici1xaq L °o:xr”
30301493 T oorn
302101513 1c I
Inicre99 i€ 20T
101025693 o7 ~Lo7
IL3C1099 T Er e
30132993 bt ez~
nsT N9l 27 QqICT
4L 0299 1e 24
Io04C 0301 1L 220"
304073197 s arps
ICUOC403 ot 3
000U bie orrr
34205933 . C Rk
ITLLeT 39 S o
©3c40rT8e i nrer
IN4CIR 99 L
I04L2C190 o
340109 s
IC4C 1199 s
Iosnznen MY
MeUT 4 k] Mg
ML PEERE <y L
JCLorLes M ADEEe
IGLCrrl b i Eals
ITLOOI0? 1t L
IcLcr2an b A tele
INEL03I9D T T T
M Nl s acg "
T3iinrcay oo T TR T
ICO005 97 o7 LB ke
nLeerag o RIDRANS
peoRon e Ao

<)

30500999 22 azre
30501099 4 1400
30501101 o2 81
3C5C1199 o7 0103
30L01299 27 erpr
3cnc1392 a0 0201
LEB U 22 Torr
0501499 o Tzon
30£01€99 2" o3rc
3CSC1601 a2 °1¢C
L 30 C1699 2" °irs
J5C1799 a0 eCrT -
33591%93 2" °20 7
30C01293 22 1"
zseCoee: ol LTl
32562002 e SIdete
_2cs3:004 o oxrp
3sScoree o2 Lo
3CCN2007 iy 0200
3coe2ce? o2 °2pr
30502195 ~o °2CC
125072299 o2 LRl o¥o
10Lno303 oo o2gn
ICTCT4 99 - EXE
10802501 s ¥ ale
R ANIACL r 1°L"
32502699 i orpr
30502002 a2 opno
3rTrr19s g A0 S
3CE02793 hJe Ao
ICECypan o ponr
10439927 N 0r0s
cerr1an ie 1791
3cEne2 99 ir 1599
1Cis0399 Lr 1700
30coty an i Tigaq '"—
35860599 .c 1ene
3LENC0S 27 1T 1:90
IZECET 29 ir 1690
MEERE: ir 107"
RIORGReR s Bt 1] LT 1733
(it es T 163°7
10001197 ir 1747
coonizen 1T 100
001392 1T 1007
70{ 19792 e 1077
_Enioni el Lo 47070
B R S Tl -
3577 00 11 ool
107,77 50 il wige
MIRAIAA:S 11 ulro
s T o 11 4.0’
2oTrnraen 21 wyr -
el aolats Rl ”L T wicrT T o
ERRABYelets ] ool
INTT20; i1 4757
sr7ieaa3 11 T ale



Table I1I-3 (Continued)

33cC0ece
33CC06 07
39000503
330500609
33000818

9

t

tojre

109001 99 1€ e3nl
30901039 17 103100
10902093 17 arch
303C3099 17 aza0
10939999 17 aznn
12739999 22 7529
33"0(‘,1’)0 9 'PI‘("
33con2 e o TI00
szccnsse 9 Tern
330001099 o ~
719060201 g e1ir”
39C¢CCa0l a0 °10C
33000204 a2 ooCn
38C0C0206 nde Tarn
9000207 - oo
zapco2c3 14 1407
13;&92F3 ¢ 1707
2370299 r o
29000401 22 oong
33000402 27 a1r"
I9C00403 o2 LBl
23000404 2- norn
TILCOE DT bR 2230
79500406 c2 ~oure
3900C4CY € 1,07
190C04C3 o2 ~arr
33L0C0409 £ 17207
35030417 Y c1no
13000431 o onr?r
23000430 e mgor
330004 21 e A
330CCY 32 14 rann
I350C4 5C i1 4707
33000452 21 Gins
330004 29 0 -
13LC05CL a- Rale
33C0N5 02 oo T ds
39000503 e ay(-
130005 04 oo "ol
39000508 s 2767
13200565 o2 rorn
23000507 13 1o07
1600523 e T
330005809 z 177
13000517 Ty garn
19000511 o arrr
330008 30 3 e
230006528 o LT
s FeTote lotiide L rec”
310005650 i1 yooo
1ILrE5 8 L2 s
130008 "3 9 z
TACTLG 0L "o 20" B
13000602 o2 e 100
19000613 107
IILTO00 4 b "oy T
330006 0L 1e LIV

I-17

o
€
2
f
y
390006121 > e2cn
I3LGCE 2L 3 ~enr
3a0Cre 1 3 i Ao
33LC06 22 1y crpn
3alccese 21 4zen
. 3acrreey i1 urrr-
39rces99 T AT T
I3ccore: i€ azsa
3srcrran n s
I3cco8n: 22 azpr
33001393 r -~
33crrass o -
err”lqﬂakw 3 Teqne
421502 o cor
QC:OFI?Q by cope
4M"2C03%3 14 crmn
4r2cC4 92 iy (Blels
4ITOreas 18 reor
4ntors9r iw L
cingeen 14 rire
402CC993 L4 c.re
400019 e 1732
423002733 s 1e20
L s6oanzes o7 1£73
Cacaoriey T iw riec T
AGETr199 2F cene
G300193 "t 1230
Loecc2a pas 1527
B3LZD300 bs 1419
4BErr493 i C 1599
43059992 i° 133 -
tnizrien 27 1e~cre
€oinroan . 17200
56100r 03 i 1r.on
tolircen 2 rrorn
_TClnpies o veorr
ECIZTIER o TR
£llrne e N T 1tenrr
AL - 1ronn
Thiorpen R Rt
SNaTrE o) 2 1rorc
CCIeeyes - 1mare
e 7 L e e
Tr5on oT o
130 e o e
22330 o pAselete



e e e

e e e

TR e

R

4,

R TR S T T UV UG R T T T e e e

PROGRAM NEO050 (AT-42)

* ABSTRACT

The purpose of the COBOL program NEO050 (AP-42) is to con-
vert the NEDS Emission Factor file to field data format, In addition,
it also reduces each 603 character record te an 80 character record,
The program, part of the static system, was first executed for the
initial creation of the REPS Emission Factor file, Subsequent runs
of the program are necessary only if an update to the master NLEDS
Emission Factor file has taken place,

L RUN DESCRIPTION

The COBOL program NIE050 (AP-42) converts the NLEDS Emis-
sion FFactor file to field data and reduces each 603 character record
to an 80 character record, The resulting file contains the SCC value
and the emission factors for the five criteria pollutants, The pro-
gram consists of two compenents, a COBOL main program and a
FORTRAN subroutine, The main program reads the COBOL-
oriented input file and passes tlie necessary data to the subreutine
{NE£A050), which writes the reduced record in field data format,
readable by the REDPS System. The program need only be executed
when the NEDS LEmission IFactor file 15 updated; in that case the
entire Emigsion Factor file must be read as input by program NE050,
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PROGRAN NEOSI (NEDS-IN)

. ABSTRACT

The COBOL. program NLOS1 (NEDS-IN) extracts, reduces and
converts into feld data those NEDS-USER [ile point and area source
records which match the region cade (AQCR, state or nation) specified
in the program run controi card., ach resulting output record contains
abbreviated NIIDS emission inventors data in a form readable by the
FORTRAN program NE2533 (REPS).

L] RUN DISCRIPTION

Currently the N1.OD1 (NEDS-IN) program s designed to process
only one geographic region at a time, eithier the nation as a whole, a
state, or an AQC R, If a number of regions are to be processed this
program must be run once for ecach different region.

The program contains three major components. One is a
COBOIL. main routine wlich reads the entire NITDS~USER {de, tests
the geouraptace revion of the NEDS recorvs for acceptunce, and pass.es
control and the neces~sary data f1elds to the appropriate FORTRAN
subrountines. The other congonents are two subrout:ines, one for
point records (NIIBO31) and one {or area records (NLLAOSL), which
merely write the passed data i the output f1i€ as enus»ion mvertory
records which eontn NEDS data i a format compatible with pro-
gram N[2064. T order of area source output recorg- corresponds
to the order i wiieh the mpnr records- vere read, while the point
~ource records are sorted ov S5CC code foest and then are weitten n
the output fic,
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- 6. PROGRAM NLE253 (REPS)

o ABSTRACT

Program NF.253 (REPS module) is the nucleus of the entire
: emission projection system. The relationship of this program to
the rest of the system is illustiated in the next section (Flow Charts).
Following all necessary initializations, the program locates all re-
quired growth factors and modifies these as required to reflect user
supplied data. Fach point source and area source record is then read,
and activity and net emissions are calculated for the projection year,
The program writes an output fil~ containing the projected records
(these are converted to NEDS-UCIR file forma. by program N052)
as well as 2 summary report containing a complete documentation of
all asgumptions and postulations used in computing the emission pro-
jections.

. RUN DESCRIPTION

The FORTRAN program NE253 (REPS module) consists ¢l a
main program and fi1ve subroitines, The {ollowing sccticon deals with
the main program; and that 15 [ollowed by a discussion of the sub-
rouﬁtines.

1. Main Program

The REPS main program contains essentially all of the

11O commands for the REPS module, The reduced NEDS-USER
file is read one record at a time along with any of the miscel-
laneous data files which may be requirca to process that re_ord.
Based on the type of record, the program wiix call the appro-
priate subroutine for the actual projection calculations. The
data which are passed to the subreutine contawn the key base
yvear NIIDS data required in the projection equations 1n addi.ion

. to the growth factor fo- that year. Control is then returned to
the mman program section to write the updated projection NEDS
records. The cvele 1s then repeated unil all records are pro-
cessed. Currently the program 1. set up to "loop” back for
pro- ¢ssing of another region or a difllerent projection year for
the same reguon,
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The flow of information through the REPS "AMain'', as in
the Nive subroulines, s essentially sequential through all pzo‘:
gram statements as thev appear in the program listing, except
for minoy branching to miscellanvous read and write error
routines, Comment cards appearing throughout the program
histing give very concise explanations of the function of each
section and subsection.

The REPS "Mamn" prorram is divided into five functional
sections. Duplication of some ot the programming statements,
necessary to make each section independent of the others, was
done to facilitate understanding of the program listing. These
five sections are as follows:

- Initialization Section

- NEDs Point Processing Section

- NLDS Area Processing Sect:on

- Error Messages & FFormats Section
- Final Statistical Section.

The fullowing paragraphs describe the operation of these
sections:

- Initialization Section: This section is executed once,
at the beuinning of the run; 1ts purpose 13 to perform
all necessarv functions prelimunary to the process-
ing of point and arca source emission records.  First
the run control carid, which contains the projection
year and AQUR, 13 read. Then all user supplied
data 1s read and stored.  All miscellan~ous input
files contaning AQCU R specific data are read to
locate the frie scoments contaming data for the AQCR
specified on the run contrel card,  PFinally, the emis-
siion taventory fles are read to obtam data for cal-
cuiat.ne the fuel Use wna base vear I3t demand {o»
ciach customer cateeory (an subrontine NilA208

(BTUCANLDY, Thig data s al-o used later iy rom-
puting tare Btu demund o subroutine COMNBLUS,

- HEDS Poarnt Processing Sectons in this s ction the

recu o v D= point recards frorted by SO0 previoasie
1 the ND=-iN rreduled are read scequent:olly and

ertinnlvna wre projected for one record at o tome,
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Projection duta are obtained from the different input
files by nm:atching their SCC value to the SCC of the
NEDSs record. At least a six=-digit SCC match is re-
quired at ali times. Growth factors are obtained and
recalculated 1f an override option was exercised.

(A summary of available user options and overrides
are discussed in detail later in this section,) Based
on the first digit of the SCC of the NIXDS record,
control is passed to the appropriate point source sub-
routine for the actual project in calculations. (There
are six such subroutines or entry points; the first
digit of the SCC must be between 1 and 6.) Descrip-
tion of the variables that are passed are given later
in this section. After the emissions have been pro-
jected, control is returned to the ""Main" program
and the updated projection record 1s written, Then
another NEDS point record is read, and the cycle is
repeated. At the end of the Iile of point source
records, control 1s passed to the NEDS Area Section.

NEDS Area Processing Section: In the initial series
of statements all area source growth lfactors are
calculated prior to reading the first reduced NLIDS
area record. Then the two area projection sub-
routines are called in series, one for transportation
activity projections and the other for non-transportation
activity projections. Control 1s thon passed back to
“Mamm” for writing the arca projection records.
Another area record is read and the process is
repeated. At the end of the tile of area source
records, control is passed to the FFinal Statistical
Section.

Irror Messaces and Format Section: This section
contains all write and format statements for anv
error mes.sages, and is accessed from any other
section only to print out ¢rror message=s, Descrip=
tions of some of the Lev error messages are in-
cluded 1n Section 6.

Final statistieal section: This section prints sum-
mary results of the run, These mmceluge:

ir-22



. Record count by SCC type

. Percent change in emissions from base year
to projection vear for emission source cate-
gories (each source category contains all
SCCs for which the first three digits are iden-
tical)

. Percent change in area activity from the base
year to the projection year

. Emissions by transnortation vehicles,

Subroutines

The five subroutines of program NE253 {REPS module)
are described in this section.

NINA253: This subroutine (BTUCAL) is executed
only once, at the beginning of the REEPS "Main"
program. It generates the Btu radios for each fuel
type fcr those point recoras which contain fuel use
data. The Btu ratios are computed for each cus=»
tomer category as the Btus consumed for each fuel
diviged by total Btus consumed for all fuels., In
addition to generating the Btu ratios, the subroutine
calculates vrowth factors for each fuel type within
each customer catepgory based on projectied 13tu
demand for each customer category.

The four remaining subroutines include two for point source
projections and two for area sonrce projections. There are a
total of seven entrv points to the point source processing sub-
routines, and a total of two entry points to the arca soiurce
processing ~ubroutines.

N2 This subroutine (COMBUS) caleulates the
projected pomnt source emis-ions [or those records
n v hich emissons were the result of fuel combuas-
tion, or solid waste disposnl., It acceswes informa-
concerning buse vear fucl uve and Bta demnand for
each customer category, which wus caleulated in
the subroutine BTUCANL,
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- NIEC?253: ‘Lhis subroutine (INDPRC) calculates the
projccted emissions for those point records in which
the emissions were the result of industrial procvs?cs.
cvaporation, or miscellancous point sources.,

- NED253: This subroutine (ARFASC) is called to cal-
culate projected increase in non-transportation ac-
tivity for area records.

- NELZ25Z2: This subroutine (TRANS) is called to cal-
culate projected increase in transportation activity,

Table III-4 contains a summary of information concernirg
entry to the five subroutines. or each individual entry point,
the subroutine contamning the entry pomt 1s given, as well as
the tvpe of NEDS record which 1s precessed (point or area),
and the criteria used in the "Aain" program to branch to the
given entry point.

The RIIPS system is complete and autonomous to the extent that
the program contains all the data required to project a complete emis-
sion inventorv. lHowever, provision 1s made in the system f{or exten-
sive override of this data with alternate data supplied at the option of
the user. These user supplied data can be divided into two types:

- Data which affect the projected change in activity levels
(growth factors)

- Data which alfect projected emissions by altering or sup-
3 3 P
plementing the ba~e vear emission inventory data,

Instructions for entering user~supplied data into the REIP3 svstemn are
given in Section 5 of 'he documentation for this module, Ticure -2 con~
tams, for ecach emission producing activity category, the available

user overrides of the first tvpe, together with the factors which are

used by the program to project activity in the absence of user over-
rides.

User sapplicd dota o override SCC-spectfic growin factors are
read by the program fvom the S ADB=-REPS-COMP-ST Nle; all other
override data referepce in Froure Hi-2 are rcad from the Tuser overrcide

options' card mpnt,
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Table I11-4

Subroutine Entry Points and kEntry Criteria

Subroutine

Containing Type of
Entry Point  the Intry NEDS Criteria for Brunching to the
Name Point Record ntry Point
COMBUS NEB253 Point - Initialization of the subroutine
Recoeords
BTUCAL NEA253 Point -~ Calculation of Btu's per fuel
Records for those records whose 1st
position of the SCC cguals 1,
2, orb
EXTCMB NEB253 Point - Calculation of emissions for
Records external combustion records
(1st position of the SCC = 1)
INTCMNB NEB253 Point - Calculation of emissions for
Records internal combustion records
(1st position of the SCC = 2)
INDP?{C NEC253 Point - Calculation of emissions for
Records industrial processcs point
sources (1st ~osition of the
SCC = 3)
EVAPT NEC253 Point ~ Calculation of emissions for
Reco *ds evaporation point sources
{1st position of the SCC = 4)
SL.LDWST NEB253 Point ~ Calculation of emissions for
Records solid waste point sources
{1st position of the SCC = 5)
AISPT NEC253 Point - (Calculation of miscellanc-

AREASC

TRANS

NED253

NER

2
o

i

>3

I

Records

Arca
Records

NMrea
Records

=25

cus point emissions (st posi-
tion of the SCC = 6)

Caleulation of projected in-
crease for all non-transpor-
tation arca activities

Calculation of projected trans-
portation arca activitics re-
Lated
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The seccond type of user supphied data affects projected emis-
sions by altering the base vear emission inventory data on which the
projections are based. This tyvpe ol user supplied data includes:

- Required control efficiency for sources governed by new
source standards

- Required control efficiency for sources governed by
existing source standards

- New pomnt sources expected to be operating during the
projection year which were not entered in the NEDS file
and which were not included 1n the Case Study input data, -
(The NEDS file containz some duata on plants to become
operational in the future).

User supplied control efficiency is read by the program from the
REPS-COXMPT-ST file; any new point source data is included with the
Case Study card input,

The Cu=e swmdy s a ~pecial analyvsis of growth and relocaiion
trends for five indus-tiies which are among the heaviest indus-
tr:a! polluters, These crtical mdustrie< include electrice
power generat.en, steel, crenacals, pulp manufacturing and
petreletm refiminge. T output of this anaivsis was a tite of
Lata on new pisnt- expocted to hovome operational o the future,

whit! un read by o REZPS noodste o= card mput at the user's
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SUBROUTINE NEA253 (BTUCAL)

[ ABSTRACT

The subroutine NEA253 (BTUCAL) is excecuted only once, at
the beginning of the REPS "Main" program, It generates the Btu
ratios {or cach fuel type for those point records which contain fuel
use data, The Btu ratios are computed {or each customer category
as the Btus consumed for cach fuel divided by total Btus consumed
for all fuels, In addition to generating the Btu ratios, the subroutine
calculates growth factors for cach fuel type within each customer
category based on projected Btu demand for each customer category,
Unhlike the other subrovtines in the N253 program, NLEA233 pre-
reads the NLEI)s point source records along with the Emission Factor
file and the SCC growth factors, The resulting matrices are passed
to the "Main" program via the CALL statement,

® RUN DESCRIPPTION

The processing sequence of the NEAIZD3 subroutine is as follows,
Net base vear emissions from fucl combustion are first converted 1o
uncontrolled émissions using base year control ¢fficiency information,
These data are then converted to fucl usace based on emnssion factors
from the Emission Factor file and finally converted to Btu equivalents
using an mnternal matrix {fable 111-5).  The Btu totals by fuel type and
by SCC classification are used to produce the Btu ratios for the base
vear, Growth factors for cach »CC arce computed using the base year
Btu ratios. the expected rrowth in Btu demand and the fuel mix for the
projection vear,
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‘Table 111-0
RBtu Conversion Table

Iuel Type Btu's (103) per Unit Burned

Coal:

Bituminous coal 26,2 /ton

Anthracite coal 25,4 /ton

Coke 24,8/ton

Solid waste wfcoal 23.4/ton

Lignite coal 14, 8/ton
Gas:

Natural gas 1050.0/cu ft

Process gas 145, 0/cu ft
Oil:

Residual oil 150, 0/gal

Distitlate oil 140, 0/pal

Diesel 138, 0/gal

Gasoline 125, 0/gal

Aviation fucl 120, 0/pal
Miscellaneous:

Liguid petreoleum gas 94, 0/cu 1t

Wood {.ry) 10,5/cu 1

Bagasce 17.0/cu ft

Sixty percent ccal and for'y percent solid waste,

=20



8. SUBROUTINE NEB253 (COMBUS)

. ABSTRACT

The subroutine NEDB233 (COMBUS) computes projected emissions
for external and internal combustion and solid waste point sources,
The subroutine 1s passed base yvear emiszions and associated data
from the main program N1:253 (REPS) and returns net emissions and
' associated data for the projection vear in the same data format. The

projected ermssions in~lude the effect of control regulations already
in effect as well as performance standards which will become effec-
tive 1n the future. There 1s provision for uscer override of ull the fac-
tors used to project future fuel use and net emissions.

° RUN DESCRIPTION

The processing routines are 1dentical for external and internal
combustion and solid waste point source emissions.  All input and
output data are passed through common storuge and the subroutine
argument list. The data passed through commmon storage includes net
emissions, control cefficiency, allowable emissions, and compliance
information for the base vear from the NEIDS file. Also passed are
all necessarv data on control regulations and projected growth.

There are two tvpes ol user-supphied control regulations affect-
g future point source emissions.  Oae tvpe affects only new equip-
ment which becomes operational alter the effective do*e of the regu-
lation. T!ese regulations are referred to in this section as new source
standards. The other type of regulation 1s erther in effect in the base
vear or will be in effect before the projection vear, and governs hoth
existing and new facilities. These regulations are referred to in this
section a> existing source ~tandards,

The processing sequence te project fuel combustion emissions
is as follows, Net base vear enmussions are converted to unconcrolled
cemissions (using the hase vear contrel officiency) and to fuel use
(u-1ne emission factors read feom the enussion factor file),  Fuel
use for cach customer catecory s converted to equivalent base vear -
Ptu demnandy SCC-speartic vrosih factors are used to forecast the
future o demard, winen i- allocated to fuels hased on the expected
fuel mux tn the projecuon vear, T roontrolled emissions are then
“% computeg

b
disposal are prowccted i the same penoeal way, except that the

coime the emi-ston factors,  bonus=ons from solid waste

-0



amount of solid waste burned, rather than the Btu demand, is pro-
jected for each customer category, and the projected tonnage is
allocated to dispocral methods in the same way that future fuel mix
is used to allocate the projected Btu demand,

This approach produces one of the following types of output
records:

- When no control standards are supplied: one record with
emissions controlled by the base year control efficiency

- When only new source standards are given: one record
with emissions which are affected by the base year con-
trol efficiency and one record with emissions which are

affected by the new source standards

- When btoth existing and new source standards are given:
one record with enussions which are affected by the exist~
ing standards and one record with emissions which are
affected by the new source standards,

Thus one or two output records may be produced for each input record.
»

The next step in the processing sequence involves reducing the
projected emissions if the projection yeur follows the expiration date
of a variance and if projected emissions exceed the allowable emis-
sions from which the variance was granted. Variance information and
allowable enussions are included in the NEDS emission luventory data.

Projected emissions arce finally returned through common storage
to the main program.
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9.

SUBROUTINE NEC253 (INDPRC)

° ABSTRACT

The subroutine NECZ253 (INDIPPRC) computes projected emissions
for industrial process, evaporation and miscellaneous point sources,
The subroutine is passed base year emissions and associated data
from the main program NE253 (REPS) and returns net emissions and
associated data for the projection yecar in the same data format, The
projected emissions include the effect of control regulations already
in effect as well as performance standards which will become effec-
tive in the future,

The general projection methodology, presented earlier in this
report, involves converting net base year emissions to uncontrolled
emissions, forecasting equivalent uncontrolled emissions in the pro-
jection year, and then estimating projected net emissions as affected
by emission control regulations. The methodclegy is Lased on the
fundamental assumption that uncontrolled emissions are proportional
to emission-producing activity (e, g, , plant throughput) and that
growth in uncontrolled emissions is equivalent to growth in plant
activity as deflined by the dimensionless growth factors, There is
provision for user override of all growth factors, and user input of
any local emission regulations (the program defaults to proposed
Federal regulations),

® RUN DESCRIPTION

The processing routines are identical for industrial process,
evaporation and miscellancous point source emissions. All input
and output data arc passed throush common storage; the subiroutine
argument list contiins only two clements, a parameter to count the
number of calls to the subroutine, and a switch to control printout
of error messages. The data pussed throusgh common storage in-
cludes net emissions, control efficiency, allowable emissions, and
compliznce information for the base yveur from the NEDS file. Also
passed are all necessary data on contro! regalitions and projected
growth, ‘

There are two tyvpes of sser-supplied control regulations
affecting futare point source emissions, One fyvpe affects only new
cquipment which becomes operational after the effective date of the
regulation, These regulations are referred to in this section as
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new source standards. The other type of regulation 1s either in effect
in the base vear or will be in effect before the projection year, and
governs both existing and new facihities. These regulations are re-
ferred to in this scection G5 existing source standards.,

The processing sequence of the subroutine 15 as follows, Net
base year eniiss:ons are first converted to uncontrollied emissions
usting the base vear control efficiencies, Growth factors and the
effect of user supphied control regulations are applied to the uncon-
tiolled emissions to produce one of the following types of output

records:

- When no control standards are supplied: one record
with emissions centrolled by the base vear control effi-
crency

- When only new source standards are given: one record

with emissions which are atfected by the base vear con-
trol e¢fficrency and one record wit! enussions which are
affected by the new source standards

- VWhen both cxistaig and new acurce standards are Jiven:
one vecord with emissions whieh are affected by the
existing standards aad one record with emisatons whieh
are alfected by the new source »tandurds.

Thus one or two output records mav be produced for each iput
record,

The next »tep sn the processing ~equence 1nvol.es reducing the
nrojected enassions 1f the nrojection vear fotlow: the exniration date
of wvariance and 1f projected emi==stons exceed the allowable ens-
soons fromy which the var tance wus grantes,  Variance mforeation and

aticwable emission~ are mcladed o the N DS einiss.on inventary data.

Projecred emassions are Dmally returned throngh common

Sroraoe 10 the v oproore,
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SUBROUTINE NED253 (ARFEASC)

. ABSTRACT

The subroutine NED253 (AREASC) compates projected activity
for all area sources other than transportation, Acuvity and not
emissions is projected because the NEDS-USER file contains only
activity data for arca sources, kmissions are calculated by NEDS
summary reperting programs (¢, g,, NE11} which accept NEDS-USER
are.a source :Jdata as input, The subroutine 1s passed base year active-
ity data from the main program NE203 (ILLPS) via the argumen. list,
growth factors are apphied to the base year activity, and projected
activity is returned via the argument list (under the same data format)
to the main program, Nontransportation area scurce activity includes
fuel combustion, solid waste disposal and evaporation, There is pro-
vision for user ovcrride of the fuel mix, substitution of electricity
for fossil fucls, and average energy consumption per capita in the
projection vear, as well as for growth factors for the activity cate-
pgories, U ser override data are available to the subroutine through
common storage,

o HUN DESCRIPTION

Each time the subroutine is called, all nontransportation area
source activity data from one NEDS area source record is processed,
The processing sequence 1s fuel use, solid waste and evaporation,

Base vear Btu d2manl for each customer category (residential,
commercial/mstitutional and industrial) 1s computed, moaified f
necessary by the expected change in substitution of clecimicsty (ser-
supplied), projected to the future Btu demand, and reapportioned te
future fuel use, {in the absence of uzer-supplied future fuel mis use
thie base vear mix s used), Solid waste disposal and evaporation-
producing activity are simply multiphied by the projected groswth
factors, Default growth facir s used when others are not suppites by
the user are:

- Resuplential fuels and solid we ~te disposal: population

- Commercial/institutional fuels and solid waste ¢isposal:
total industrial gross output
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Industrial fuels and solid waste disposal:

gross outpun

Evapcration:

population,

total industrial

L%

Projected activity is returned tc the main program through the

argume..t tist,
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SUBROUTINE NEE253 (TRANS)

e ABSTRACT

The subroutine NELE253 (TRANS) computes projected activity
for all transportation sources, Activity and not emissions is pro-
jected because the NEDS-USLER file contains only activity data for
all area sources, Emissions are calculated by NEDS summary re-
porting programs (e, g,, NE11) which accept NEDS-USER area
source data as input,

The subroutine is passed base year data on fuel use, activity
and emissions for all transportation sources, and the necessary
growth factors, from the main program NE253 (REP3). Awny user-
supplied projection data are also accepted and future transportation
fuel use, activity and emissions (in the same formati are computed
and returned to the main program. All data are passed to and re-
turned from the subroutine through the argument list.

. RUN DESCRIPTION:
»
The input data passed to the subroutine from the main program

NEZH3 (REPS) include the following transportation activity data from

the NEDS-USER area source file:

Light-duty vehicles: pasoline use

- Heavy~cuty vehicles: gasoline and diesel use

- Vehicle miles traveled (VAT) combined for all vehicles
- Off -highway vehicles: gasoline and diesel use

- Rail locomotives: diescl use

- Vesscels: anthracite coal, diesel, residual oil, and
gasoline

- Aircraft: landing-takeoff cyveles (L'TOY for commercial,
civilian and mihitary aircrafl,
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Since the output of the main program NKE253 (REPS) will be projection
data to be converted by program NLEO052 to standard NEDS-USER file
format, the output data returned to RLPS inust include, and are lim-
ited to, the above categories,

The user may input growth factors for any of the five transpor-
tation categories, The population growth factor is used as the defau'c
growth factor for all transportation sources in the absence of such
overrides, Additional user input options are available for proicctions
of highway v<hicle activity for the three types of highway vehicles:
light~ and heavy-duty gasoline and heavy-duty diesel vehicles, These
additional user inputs include growth factors for VMT and the pro-
jected percentage of future VMT for cach vehicle type. Input data
and growth factors are combincd in the subroutine to produce projec-
tions of transportation activity, which are rcturned to the main pro-
gram using the input data format.

One additional function is performed by the subroutine, The
first time the subroutine 1s called by the main program NE253 (REPS),
weighted emission factors for NOX, CO, 1C (exhaust) and HC (evap-
oration) are computed for light- and heavy-duty pacoline vehicles,
These are computed from published data on low milecage emission
factors, deterioration of control devices due to vehicle age, average
vehicle speed and weighted annual travel of vehicles of a given age,
Some of these factors are a function of the projection year, so they
cannot be computed until they first pass through the subroutine, The
composite emission factor for IHC is formed as the sum of the
weighted ractors for HC (exhaust) and /T (evaporation).

These emission factors are co' ined with projected activity
for gasoline highway vehicles {fucl use and VMT) to compute pro-
jected emissions for these vehicles, These data are also returned
to the main program and printed out immediately, swince emissions
cannot be included in projected NS records, Emiscions are cal-
calated in this manner because summary reporting programs
(~.g., NE11) operating on the NEDS-USIER file data compute highway
vehicle emissions using emission jactors appropriate for the current
year, not a projection vear,
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PROGRANM NEO52 (NIIDS-0OUT)

° ABSTRACT

The COBOIL, program NFEO32 (N1IDS-OUT) is the final module
in the REPS System, This program takes the FORTRAN-oriented
records containing projected regional activity and emissions [the
output of the NE233 (RLIPS) program] and creates 302 character,
standard format NEDS-USLR file records. The resulting output fiie
contains both point and arca source records.  These records are
identical with the base vear NEIDS records in data and format except
for those parameters which were modificed to reflect the growth in
activity for the projection vear, Summary reporting programs can
be executed against thys file to produce statistical reports for the
projection vear. An example would ne a projection NIIR gencrated
by the NE11 program. For more information on available reporting
program consult the program documentation hibrary of the EPA
Aeromerric and Emissions Reporting System {(AFROS).

. RUN DIISCRIPTION

The program contains three major elements, a CORBOIL. main
routine and two FORTRAN subroutines (NLIA0J2, NFB052), One sub-
routine (MI1B052) reads all the projected point source records and the
other suhroutine (NFAQ52) reads all the projected area source records.
These subroutines pass the data to the COBOL, man routine which
writes the standard 552 character sequential record 1n YEDS-USER
file format. Upon completion of this program the temporary files
contamming the projected pent and area source anventory data (output
of the NI:233 procram)} can be deleted.
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