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PREFACE

This Final Report for EPA Contract No. 68-02-0567, Air Quality for
Urban and Industrial Planning (AQUIP: Extension) is divided into three
parts. Part 1 presents a summary of work undertaken, including sections
describing the proposed scope of work for each of the three major tasks
for the study, together with a summary of the actual work undertaken and
an explanation of deviations, if any, from the intended scope of work.
The detailed findings of Tasks 1 and 2 are found in Parts 2 and 3 of

this Final Report, respectively; the detailed findings for Task 3 are

found in a separately bound report entitled, A Guide for Considering

Air Quality in Urban Planning. The report on Task 3 is available free
of charge to Federal employees, current contractors and grantees, and
nonprofit organizations - as supplies permit -~ from the Air Pollution
Technical Information Center, Environmental Protection Agency, Research
Triangle Park, North Carolina 27711; or, for a fee, from the National
Technical Information Service, 5285 Port Royal Road, Springfield,
Virginia 22161.
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PART 1
SUMMARY OF WORK UNDERTAKEN



TASK 1 DEVELOPMENT OF IMPROVED EMISSIONS PROJECTION ACTIVITY INDICES

The general approach to this tasik was to be based upon the most recent
point and area source inventories compiled for the development of state
implementation plans by the Environmental Protection Agency (EPA) and its
Basic Ordering Agreement (BOA) contractors with emphasis on a large statis-
tical sample drawn from the industrial point source inventories. Such data
were to be divided into specified land use categories and subcategories.
Activity indices were to be derived empirically from the relationships
between activity levels and fuel use or process emissions. Because of the
massive data-handling requirements, computer data processing was to be used.
Determination of activity indices provides factors for estimating current
emissions which can then be used as a basis for projecting activity indices
for future time periods. This task emphasizes determination of current
activity indices, but also establishes the procedures for projecting activity
indices. These projections may involve detailed assumptions concerning
changes in emission control regulations, industrial processes, fuel switching,
productivity, consumer preferences, and many other factors affecting the
relationship between land use and resultant air quality

Subtasks proposed included the following:

l1-a Defining principal land use categories and specifications

for statistical validity.

1-b Collecting 1970 implementation plan point and area source
inventories, particularly those available in machine readable
format. Conducting supplementary surveys of particular
industrial, utility and commercial sources, and surveys of

planning and governmental agencies

1-¢ Compiling and processing the available data using standard

tabulation and statistical computer programs.

1-d Analyzing the data and deriving activity indices for current
emissions estimation.
l-e Developing the mcthodology for projection of activity indices

for future enissions estirmation.



1-f Documenting the data, methodology, and derived activity

indices

l-g Incorporating the resulting activity indices into the AQUIP
System (an acronym standing for Air Quality for Urban and

Industrial Planning).

Early in the study the following were ascertained relative to data for
Task 1:

1) Data from the National Emissions Data System (NEDS) inventories for
the 1970 Implementation Plan (IPP) information was not available in suffi-
cient quantity and appropriate form for our study. The availability of this
data had been stressed as a necessity for successful completion of the

project.

2) The only data available in computer form was the point source
inventories for certain states from BOA contractors; there were significant
problems of confidentiality, making it difficult, if not impossible, for
EPA to release this data to us for our use in the study. Moreover, most of
the states were not in a position to release the data at the time due to

litigation over the question of confidentiality.

Accordingly, it was decided to obtain data for New Jersey and Massa-
chusetts directly from the states since ERT already had worked with agencies
in these states. As documented in the monthly progress reports, this process
resulted in (1) significant delays, (2) unexpected efforts in data gathering,
verifying, and manipulation, and (3) certain redirection of subsequent sub-
tasks relying upon these data.

By reducing the desired sample number and relying upon national indi-
cators of floor space per employee for industrial firms, the initial data-
gathering was concluded with the hope of maintaining sufficient detail of
information to carry out Task 1. Efforts that would have otherwise been
cevoted to supplemental surveys and literature searches (Subtask 1-b) were
instead concentrated on coding, lheypunching and data prepearation. Emphasis
was placed on industrial point source data to the exclusion of area source

data or other types of point source dzata.



The activity categories to be investigated were broadly defined as
"industrial" (Subtask l-a); this was to be narrowed according to the dis-
tribution of Standard Industrial Classification (SIC) contained in the final
sample obtained.

Unfortunately, errors and missing information were found in the data.
Field trips to each of the major data sources in Massachusetts and New Jersey
were then necessary to obtain supplementary information. Time was spent in
the New Jersey Department of Environmental Protection, Bureau of Air Pollution
Control Office, reviewing printouts of point source emission rates, employ-
ment, fuel consumption and process rates. A review of Bureau of Air Pollution
Control questionnaire files was needed to supply information not currently
stored in computer data banks. Likewise, in Massachusetts a review of
Department of Public Health source questionnaires was made to supplement data
in existing printouts.

It became clear as the technical work was concluded that the data
analysis of Task 1 would yield less than the desired statistical sample and
analysis results because of the data-gathering problems of Subtask 1-b.
Therefore, the documentation stresses the approach, problems, opportunities
and recommendations for further work, and de-emphasizes concrete statistical
conclusions. This re-orientation resulted from problems in obtaining requested
data and has been consistently documented in the progress reports.

When all Massachusetts data was identified and received and the status
of all New Jersey data determined, definition of the required tabulations
and statistical computer routines was begun. As a part of the previous AQUIP
study1 computer algorithms for comparing fuel use, emissions, floor space
and employment by SIC had been partially developed and, since the changes in
Subtask-1b required that data be coded, a form compatible with this software
was used. The software requirements for Subtasks 1-c and 1-d were, thus,
simultaneously formulated.

After initial computer analyses were performed for both the New Jersey
and Massachusetts data, errors corrected, and the final computer runs per-
formed, the interpretation of statistical analyses (Subtask 1-d) was brought
to the disappointing and abbreviated conclusion that the accuracy and com-
pleteness of the data were not sufficient to derive activity indices at the

level of detail anticipated.



The projection methodology (Subtask 1l-e) was most affected by data-
gathering delays. Preliminary work began with a literature survey and com-
parison of information with the initial Hackensack study1 and concluded with
the postulation of the kinds of information and decisions necessary for
emission projection. Given the late start for this subtask, the disappointing
results of Subtask 1-d (necessary as an input to Subtask l-e), and the lack
of other readily usable information, no definitive results were forthcoming
from this subtask,

Work related to documentation (Subtask 1-f) is contained in Part II of
this Final Report. The small degree to which information was shown to be
statistically conclusive and, therefore, documentable, and the inability to
incorporate revised activity indices into AQUIP to any great degree (Sub-
task 1-g) has been a function of the disappointing results of Subtask 1-d
which came ultimately from the data gathering problems of Subtask 1-b.
Moreover, the necessity of concentrating on a specific source category-—
industrial point sources— due to time and budget constraints precluded the
examination of activity indices which might have been more appropriate for

other source categories,

TASK 2 DEVELOPMENT OF A METIIODOLOGY FOR INCORPORATING COST DATA INTO
THE EVALUATION OF THE AIR POLLUTION IMPACT OF LAND USE PLANS

The general approach to this task was to focus on collecting and
assembling the results of EPA-sponsored studies on source control costs and
on cvaluation of economic impacts of various control strategies. ERT was to
examine the data available and formulate a framework for presenting such
data relative to land use plans, developments, or facility designs. Param-
eters to be examined were expected to include land use zone cost indices per
unit emission control

Subtasks proposed included the following:

2-a Surveying of literature and federal contract research efforts
to compile source air pollution conttol cost data and data on
costs and economic impact of implementation plan control

strategies.

2-b Developing a methodology for including cost data in the

evaluation of land use plans.



2-c Compiling representative cost data to test and demonstrate

the techniques for a hypothetical application.

2-d Documenting results of the test and demonstration and making
recommendations for inccrporation of the cost data base and

methodologies into the AQUIP system for planning use.

The research showed that existing data and literature were sparse but
that reasonable methodologies could be developed for including cost data in
the evaluation of land use plans. Literature pertinent to the economic
implications of air pollution may generally be categorized into three dis-

tinguishable areas of concern:

1) The tradeoff of economic activity with air quality.

2) The functional relationships of emission control costs and

damage costs to air quality.

3) Cost/benefit analyses assoc:ated with the control and damage
costs of air pollution for a given level of economic activity

as a function of land use strategy.

The findings of Subtasks 2-a and 2-b determined the depth possible in
demonstrating the methodology. Accordingly, work on the hypothetical appli-
cation of the methodology (Subtask 2-c) concentrated on a review of the
literature on air pollution damage functions. Documentation of the method-
ology (Subtask 2-d) was done in the form of Part III of this Final Report,
entitled '"Cost Effective Planning for Acceptable Air Quality."

TASK 3  PERFORMANCE OF LAND USE - AIR POLLUTION IMPACT SENSITIVITY
STUDIES

The proposed approach to this task was to utilize the AQUIP System to
carry out certain sensitivity analyses. ERT was to use the existing land
use data base for the Meadowlands, and, in addition, incorporate the improved
activity indices resulting from Task 1. Severallplanning agencies were to
be contacted to identify a set of specific and meaningful small area and
facility design alternatives. On the basis of such alternatives, ERT would
specify the number of scenarios or case studies and trade-off parameters to
be modeled. Air quality would be projected for each of these scenarios and

the results correlated with changes in different design parameters.



Subtasks proposed included the following:

3-a Identifying case studies, land use configuration alterna-
tives, and facility design choices to be included in the

sensitivity analysis.

3-b Defining the parameters and scope of specific sensitivity
analyses.
3-¢ Preparing inputs for the AQUIP System appropriate to each

sensitivity study.

3-d Running the AQUIP System and processing resulting air

quality as a function of parameters described in Subtask 3-b.

3-e Documenting results in the form of guidelines of general

applicability for planners.

Visits to planning agencies in New Hampshire, New York, New Jersey, and
Massachusetts indicated the specific need for a document containing guide-
lines dealing with air pollution for planners. Accordingly, such a guide-
lines document became the main goal of Task 3, with the sensitivity studies
a major contributor to this final product. This guidelines document is a
separately bound report, entitled "A Guide for Considering Air Quality in
Urban Planning."

ERT conducted several interviews of planning agency personnel projected
to be potential users of the findings of any air quality planning guidelines.
ERT initiated a dialogue with these professionals concerning the goals,
methods and data to be used in the study procedure and attempted to determine
which tools and format the intended beneficiaries of the investigations would
prefer to see developed. By acquainting potential users of the guidelines
document with the early stages of data collection, it was hoped that the
guidelines might be more usefully tailored to the needs of such users.

In addition to the air quality agencies in Massachusetts and New Jersey,
as well as EPA, four regional planning agencies were interviewed: Southern
New Hampshire Regional Planning Commission (Manchester, New Hampshire),
Central Massachusetts Regional Planning Commission (Worcester, Massachusetts),
Tri-State Regional Planning Commission (New York City), and the Hackensack

Mcadowlands Development Commission (Hackensack, New Jersey).



The information obtained from speaking to these agencies can be sum-
marized as follows. Traditional planring agencies appear to be relatively
ignorant of the relationships between planning practices and air quality.
While each knew that transportation vechicles and industries are the primary
sources of air pollution emissions, the concept of planning for air quality
was a new one. Each agency seemed eager to have some capabilities in the
area of planning for air quality. Motives among the agencies for wanting
these capabilities were diverse, however. Some saw AQUIP as a tool for use
in zoning, public hearings, or transpcrtation planning. Each agency

wished to have the study provide a simplistic approach to air quality

planning. The planners seemed much mcre interested in recéiving a manual
that would provide a cookbook methodology for studying air quality than a
semi-theoretical discussion of air queslity parameters. Specifying land uses
by SIC code (Standard Industrial Classification) was universally accepted
as desirable since both land use planrers and air quality agencies were
familiar with them. Other parameters received mixed reactions as being
acceptable indices. Some preferred floor area, etc., as a means for
projecting emissions activity. Each agency was anxious to see the guide-
lines document to be produced.

Subtask 3-a required the identification of ''case studies, land use
configuration alternatives, and facility design choices to be included in
the sensitivity analyses.'" As described in greater detail in the guide-

lines document,2 these were chosen to be the following.

Case Study No. 1

Relative effects on annual average air quality resulting from clustered
versus dispersed area sources. Land use configuration alternatives: (1)
clustering, and (2) dispersal. Facility design choices: (1) single area

source, and (2) four dispersed area sources.

Case Study No. 2

Relative effects or «nnual average air quality of clustered versus

dispersed point sources. Land use configuration alternatives: (1) clustering,



and (2) dispersal. Facility design choices: (1) single point source, and

(2) four dispersed point sources.

Case Study No. 3

Relative effects on air quality of clustered versus dispersed sources
in a worst-case situation. Land use configuration alternatives: (1)
clustering, and (2) dispersal. Facility design choices: (1) one point
source and one area source, and (2) one point source and four dispersed

area sources.

Highway Sources

Facility design choices: (1) elevated, (2) depressed, and (3) at-

grade.

Subtask 3-b required the definition of '"the parameters and scope of
specific sensitivity analyses." As described in greater detail in the

guidelines document, these were chosen to be the following.

Case Study No. 1

Comparison of annual average air quality for a concentrated area
source with annual average air quality for four smaller dispersed area

sources having the same total source strength. Parameters included:

1} Meteorological Conditions - annual stability wind rose for

Newark, New Jersey.

2) Source Strengths - (a) area source of 4,000 grams/sec, (b)

four dispersed area sources, each emitting 1,000 grams/sec.

Case Study No. 2

Compar®.on ot annual average air quality for a concentrated point
sr.ce with annual average air quality for four smaller, dispersed point

sources having the same total source strength. Parameters included:



1) Meteorological Conditions - annual stability wind rose for

Newark, New Jersey.

2) Source Strengths - (a) point source of 4,000 grams/sec, (b)

four dispersed point sources, each emitting 1,000 grams/sec.

Case Study No. 3

Comparison of worst-case air quality for a concentrated point source
and a concentrated area source with worst-case air quality for the same
concentrated point source and four dispersed area sources. Parameters

included:

1) Meteorological Conditions (identical for both source configurations) -

(a) high stability, (b) low wind speed, and (c) southwest wind.

2) Source Strengths - (a) point source of 5,000 grams/sec, and area

source of 4,000 grams/sec; (b) point source of 5,000 grams/sec,

and four dispersed area sources, each emitting 1,000 grams/sec.

Highway Sources

Discussion of worst-case air quality for different highway designs

under different meteorological and traffic conditions. Parameters included:

1) Meteorological Conditions - (a) stability, and (b) wind speed.

2) Highway Designs - (a) elevated, (b) depressed, and (c) at-grade.

3) Source Strenth Dependence on Traffic Characteristics: (a) volume,

(b) speed distribution, and (c) vehicle year and make mix.

Subtask 3-c required the preparation of '"inputs for the AQUIP System
appropriate to each sensitivity study' while Subtask 3-d required the
running of the AQUIP System and the processing of 'resulting air quality
as a function of parameters described in 3-b." The revised scope of the
sensitivity studies led to the decision to use them in illustrating an
important factor in planning for air quality: the influence of source
configuration for both stationary and highway sources. For this purpose,
the most effective use of the AQUIP System (Subtasks 3-c and 3-d) lay in
using the diffusion modeling capability, MARTIK (based upon the EPA Martin-

Tikvart Model), independently of thec rest of the system. For describing



the influence of source configuration on highway sources, results obtained
from the ERT numerical simulation model, EGAMA (developed by Dr. B. A. Egan
and Dr. J. R. Mahoney),were used. EGAMA is not part of the AQUIP System,
but its results have been found to be most useful in determining the impact
of alternative highway configurations on air quality.

The improved activity indices resulting from Task 1 were not available
to the sensitivity studies on account of data limitations. This precluded
the incorporation of such improved indices into the existing land use data
base for the Meadowlands. The processed air quality results for the
sensitivity studies are depicted graphically in the guidelines document.

As discussed above, the guidelines document itself represent the results of
Subtask 3-e.
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TERMINOLOGY

Because the terminologies of several different professions are used
in this task report, often in unfamiliar ways, this brief discussion of
terminology is presented to show thre context within which different terms
were used.
The basic land use and transportation planning units of intensity of
use - such as square feet of industrial plant space - are called the activities

or the activity level. The parameters which translate the activity levels

into demand for fuel for heating purposes are called activity indices; for

instance, BTUs (British Thermal Units of heat demand) per square foot for
industrial plant space.
A distinction has been made between fuel-related and nonfuel-related

activities or sources of emissions. The fuel-related sources use fuel for:

1) Heating area, for example, heating a building in the winter. The
amount of heat required and the fuel consumed is a function of the
temperature or the number of degreec-days (the sum of negative
departures of average daily temperature from 65°F). This fuel

use is that required for hsating, or space heating (or cooling).

2) Raising a product to a certain temperature during an industrial
process. The amount of fuel consumed is a function of the
activity and is generally not related to outside temperature.

This fuel use is that required for process heating, or nonspace

heating.

3) Space heating and process heating. The sum is sometimes referred

to as total heating fuel use.

The area to be heated for space heating purposes and the amount of the
year it will be heated (a function of the schedule, such as 250 days per

year for an industrial plant) help determine the heating requirements for an

activity. If the activity requires process heat as well, the total heating
requirements will be the sum of the spuce heating requirements and the non-
space heating requirements. The percent of the total allocated to either

tyre is called the percent space heat or the percent process heat.

The total heat requirement determines the demand for fuel. Different

activities are more apt to use one fuel than another; the propensity to use



particular fuel or fuels (the fuel use propensity) determincs the actual

fuel used to satisfy the heat requirecment.

Different types of activities may have varying activity indices or per-
cent space heat or fuel use propensities; for instance, each industrial
category in the U. S. Census 4-digit Standard Industrial Classification
(SIC) may have a unique value. However, we may know information only by
broad industrial groups comprising aggregates of the 4-digit classification
(e.g., 1l-digit or 2-digit SIC codes). Using the value applied to the
larger or broader group for the smaller or more detailed group, when the

unique value is not known, has been termed a default paramcter in these

studies,
Emissions from sources that do not result from the burning of fuel;
for example, evaporation from a refinery storage tank, are termed separate

process emissions or process emissions. Note the distinction between

process heating related or combustion emissions and separate process or non-

combustion emissions. Although the combustion of fuel is involved, trans-

portation emissions have been considered as process rather than fuel emissions

in this study for simplicity, since they do not vary with heating degree

days.

15
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INTRODUCTION TO PART 2

The Environmental Protection Agency (EPA) and the New Jersey Department
of Environmental Protection (NJDEP) sponsored a study, commencing in 1970,
addressed to their mutual concern for improving future air quality through
the planning of land use and transportation activities. The two fundamental
objectives of the Air Quality for Urban and Industrial Planning (AQUIP) study
were: (1) to develop a broadbased methodology for considering air pollution
in the formulation and evaluation of alternative urban plans; and, (2) to
demonstrate this methodology in detail by applying it directly to the
planning alternatives developed for the New Jersey Hackensack Meadowlands
District.l

One of the major goals of the AQUIP study was to develop a methodology
to aid planners in determining air pollutant emissions directly from land
use and transportation activity data. Procedures traditionally used to
estimate emissions from land use and transportation planning data often
emphasize empirical derivation of emissions indices as a one-step function
of "activity categories (e.g., activity times and index yields emissions).
In the AQUIP.study, however, a multistep approach was developed so that:
(1) all assumptions and constraints involved in transforming the levels of
activities into emissions could be examined; and (2) procedures for updating
the information which the planner does not directly input could be specified.

In response to the study objectives a five-step procedure was formulated

in the AQUIP study as shown in Figure 1.

Step 1 - Activities. For each land use or transportation planning

category identified for analysis, the "level of activity" is specified,

such as 10 dwelling units per acre for residential density.

Step 2 - Activity Indices. For each category of activity, 'default

parameters'" ior determining fuel requirements are developed, such as
1¢ BTUs (British Thermal Units of heat demand) per hour per square

foot of residential floor area.

Step 3 - Fuel Use. For each category of activity (and geographical

subregion of the study area) default parameters for the '"propensity"
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to use different fuels are applied to the fuel requirements, such
as the degree to which oil is ased (65%) rather than natural gas

(25%) for home heating.

Step 4 - Emission Factors. For each category of activity, engineering

estimates of fuel and nonfuel (process) related '"emission factors"
are developed and applied directly to fuel use and process rates to
determine emissions, such as 1) 1bs of particulates per 1000 gallons

of fuel o0il burned.

Step 5 - Emissions. Emissions calculated from fuel and process sources

are adjusted for season of the year, based on temperature variation
(degree-days) and default parameters representing the percent of fuel

used for '"space heating' purposes.

Of particular importance in the AQUIP study was the application of these
five-step procedures in two distinc: and consecutive phases. In the first

phase current planning data and current fuel use are correlated to produce

projecting indices - the default parameters. In the second phase these
projecting indices are modified to reflect future time periods and are
applied to planning data so as to generate future fuel demand and emission
levels. Current data on fuel use and emission factors are likewise used to
predict future information when better estimates are not known. The first
phase analysis provides the majority of the default parameters to be used
in the second phase in conjunction with the planner's own inputs.

The application of the emissions projection methodology to the Meadow-
lands plans showed that the five-step procedures were workable and, in fact,
quite adaptable to the land use considerations that were encountered. In
particular, the development of a 'conversion factors catalog' and sets of
"default parameters' demonstrated that the planner need input only planning-
related data to use a tool such as the AQUIP System.

However, it was found that the planner must specify data he does not
normally deal with, such as the sizes of developments in terms of their
heating requirements, and the types of manufacturing operations anticipated.
Furthermore, the level of detail available for empirically deriving the
default parameters was unsatisfactory for discerning between related activi-

tics; this was particularly true for deciding fuel use and determining



process-related emissions. Consequently, the greatest need for further work
was shown to involve the empirical derivation of activity indices and default
parameters.

Activity indices as shown in Figure 2-1 are the basic factors used to
convert land use activities to either fuel combustion or process emissions.
This is precisely the area, however, for which it was shown in the previous
AQUIP study that there is the greatest lack of data, and for which there is
the greatest need for detailed and accurate data (fuel use data and emissions
factors are generally readily available from EPA).

The objective of Task 1 of the current AQUIP Extension Study was, there-
fore, to define, collect and process activity data so as to derive improved
activity indices for the AQUIP System.

In previous studies (including the AQUIP Study) it has been demonstrated
that one of the principal variables in determining existing and future air
quality levels is land use. This is because land use dictates emission
source characteristics in terms of both the levels of activity and the
activity indices. In order to develop the desired activity indices for
land uses, it is necessary to define the land use categories to be studied
and to arrange these categories in a manner that facilitates statistical
analysis.

Of the major categories of emission sources we determined that indus-
trial point sources most warranted development of activity indices that could
be readily used in the planning process.

The two largest contributors to source emissions have been shown to be
transportation and industry. Most other source categories are either rela-
tively insignificant or have been studied to some extent. Since research
was already being supported by EPA in regards to transportation sources and
emission patterns, it was decided in conjunction with the project officer
to concentrate the efforts of Task 1 of the AQUIP Extension on industrial
sources. For several years research with respect to air quality has focused
on mobile sources. As a result, there are several documents now in publi-
cation that enable one to calculate existing vehicle emissions and to fore-
cast emissions from given numbers and.types of transportation vehicles for
future time periodsz. It was also decided that the air quality impacts of
transportation systcms are both very specialized and usually localized.

This being the case, major transportation studies should be accompanied by
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individual air quality assessments based on much more specific and detailed
data than that which could be collected, analyzed, and organized in the

AQUIP Extension Study. In addition, transportation sources cannot reason-
ably be groupcd as a land use for air quality considerations. Transportation
systems are products of other land uses and activities, but the variables
which affect pollutant emission from mobile sources are not at all similar

to the variables that affect emissions from point sources. Accordingly,

land use and transportation need to be treated as separate, but interdependent
emission sources.

Quasi-public activities, such &s incinerators and power plants, are
point sources which warrant individual analysis. Such activities do not
lend themselves well to statistical analysis since designs, capacities
and, therefore, emissions, may differ radically. Generally, the relatively
small number of such emission sources makes this individual assessment
feasible.

Other sources may generally be considered insignificant on a regional
scale. Although it is obvious that commercial and residential facilities
have a space heating function, the levels of emissions due to the space
heating needs are both small and fairly predictable using current information3
These sources do, however, need to be considered as inducers of transportation
sources.

The previous AQUIP study concluded that industrial sources are of
special significance because of the uncertainty as to the amount of fuel
required for process heating and the incidence of separate process emissions.
Efforts to develop a statistical sample of the propensity to use fuel for
process heating by industrial category, based upon the existing emission
inventories, were not successful in the previous study. It was possible
to divide the industrial SIC codes into only twc major categories of
"relatively clean'" and '"relatively unclean" industries. The clean indus-
tries were assumed to operate fewer hours per vear and use a greater
percentage of their fuel tor space heating.

A separate study of process cmissions corresponding to the industries
proposed for the New Jersey Hackensack Meadowlands was made as a part of
the previous study. With the exception of possible sources in the chemical
and petrochemical and prirnury rmetals area, the SICs proposed for the

Meadov lands were not found to bLe significuont separate process emitters.



There were some potential emissions of particulates and hydrocarbons from
selected industries. These were accounted for by adding an arbitrary best-
estimate percentage of the fuel-burning emissions to the fuel emission
estimates, since no information was available on process rate. The Meadow-
lands planners felt that there would be no petrochemical or primary metals
smelting operatins in the Meadowlands.
As a result of missing data, the concept of '"default parameters' was
developed in the previous study. If information is desired according to
a detailed industrial classification for the propensity to use different
fuels and the data is only available in aggregate form for all industries
in the region, a default parameter is used to assign the industry-wide
factor to each individual industry. If, at a later date, specific information
for an industry is available, it can be used in place of the default parameter.
As a result of the previous AQUIP Study, it was clearly evident that
the activity indices required better specification. It was hypothesized
that industrial point source emissions are a category particularly in need
for further study and that such sources would probably lend themselves to
some reasonable statistical analysis. These hypotheses were based on the
fact that industries have several inherent similarities that should make
planning for air quality a reasonable undertaking. The industrial activity

indices that were considered the statistical analysis were:

1) Employment

2) Floor area

3) Process weights (or production rates)
4) Fuel use

5) Hours of operation

6) Classification by product

The fact that industries are conveniently organized by type of activity
is probably the factor that makes this system of emission projection seem
most feasible. The U. S. Census Standard Industrial Classification (SIC)
codes aggregated land uses into numerical groupinés by product. It was
hypothesized, therefore, that industries with similar process emission
characteristics are grouped together. These same SIC codes were chosen as

the common denominator since they are famniliar to both planning agencies, as
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a tool to classify land uses, and to air pollution control agencies as a
classifier of point source activities.
The following chapters present the data used, analysis of emissions

data, and discussion of projecting future emissions.



DATA USED IN THE STUDY

In order to derive activity indices for emissions estimations, a
substantial data base is required. The original scope of work specified
that EPA would provide the desired data. Tt was intended that the EPA
data collected for the National Emissions Data System (NEDS) would provide
sufficient data to perform statistical analyses. Early in the study,
however, it was discovered that the EPA data could not be made available.

Much of the information in the NEDS files is confidential material.
Although its nature is limited to pollutant-related statistics, industries
are very sensitive about releasing any information to their competitors.
Likewise, some industries are reluctant to have figures on emissions and
fuels available to groups and organizations that may lobby against the
interests of .the industries. EPA was not able to provide the general
data files without ensuring that the confidence of the contributing
industries would not be violated. Accordingly, the General Counsel of
EPA decided that the data files would not be released during the course
of the study. Without these data the entire AQUIP Extension Study was
threatened.

After consulting with the project officer, the consultant elected to
apply directly to several state air quality agencies for the data required
for the study. The constraints of budget and time limited the number of
state air quality agencies that could be petitioned for information. It
was decided that two reasonable sources of emissions data would be
Massachusetts and New Jersey, since both were familiar with the contractor.
Massachusetts data was filed in the Boston Office of the Massachusetts
Department of Public Health, only a few miles from the consultant's office
and through previous contracts in the state, a working relationship with
Massachusetts officials had been established. New Jersey had been the
site of the previous AQUIP study, and was therefore considered an appropri-
ate state from which emissions data could be sclicited.

The consultant requested a fairly comprchensive set of data from both
states, including point source information for each of the following cate-

gories:

1) SIC code for each pcint source

2) Imple:nn

(&4

of {he yeoint =ource
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3) Annual operating hours of the source

4) Fuel use by type and amount of fuel

5) Percent of fuel used for space heat

6) Product process rate

7) Floor area of the point source building.

8) Emmission rates for sulfur dioxide (SOZ), total suspended
particulates (TSP), carbon monoxide, (CO),hydrccarbons (HC),
and nithogen oxides (NOy).

As in previous air quality studies, the air quality agencies from
each of the states were assured that all data used would be confidentially
handled. All point sources were, accordingly, coded to a source number,
and reference to the sources is by number and SIC codes only. Since all
data was supplied by the two states and since only EPA will review results
there was no loss in confidentiality of the data.

Although each of the states was quite cooperative, assembling the rele-
vant data presented some unavoidable problems. The consultant had hoped to
expedite the data-gathering process by securing the relevant materials in
the form of computer tapes or computer card decks, but this was not possible.
In each case compiling the data inventory involved obtaining clearances to
examine state air quality data and extracting the appropriate information by
hand from existing printouts and questionnaire files. Tn many cases,
accumulating the data required large amounts of time for cross-referencing
and for normalizing the inputs into congruent sets of units. 1In its final
form the data inventory reflects the problems that were encountered. Major
shortcomings of the data set include problems in the following areas:

Percent space heat or process heat data was not available for New

Jersey. Findings in this area are, therefore, extrapolated from Massachu-
setts data alone. Emplovment figures for the point sources from both
states were fragmented. (In some cases the consultant does not feel
confident that employment figures supplied are entirely accurate either,
but the figures obtained from the state agencies were used without review.)
Floor areas for the industries wers not available. Since floor areas were
not available from the industries, they were derived using employment
figures and a table which estinates unit floor areas per employec by SIC
code.  This cobviously means that where point source employment is unknown

fleor area is alse nlssing.



After screening and computer runs to organize the material, the final
form of the data consisted of some 5500 computer cards which outline informa-
tion (although fragmented and incomplete) for some 868 point sources of
industrial emissions. Of these, 555 sources were from Massachusetts and
313 from New Jersey. This included point sources with a wide range of SIC
code numbers, however. The final working file of data was trimmed to
include only manufacturing industries - those whose SIC codes begin with
the digits "2" or "3". Table 2-1 shows the two-digit classification for such
manufacturing industries. The analysis concentrated on the general area of
industrial sources, whle institutional, commercial, and all other sources
which were presumed to be relatively minor were excluded from subsequent
analysis. This decision left at least some statistical input for each of
a total of 644 manufacturing point sources.

Management of the data collected presented the study with the prodigious
tasks of recording, keypunching, checking, sorting, aggregating and analyzing.
The consultant made use of its electronic data processing capabilities to
record, compile, aggregate, and tabulate the various point source -statistics.

The data management capabilities of the algorithms used are as follows:

1) For each point source the statistical analysis program produces
a summary, by source, of identifying information such as source identifica-

tion number and the following parameters of interest.

SIC code

Number of employees
Operating hours/year

Gross plant area (sq.ft.)
Enclosed floor area (sq.ft.)

Percent process heat (e.g., nonspace heating fuel use)

Missing data, if any , is so indicated. Also, supplementary information

is genervated as follows: For each type of fuel, the amount of fuel, the

corresponding BTUs supplied ond the percentage of the total BIUs supplied
by this fuel, are so indicuted. Table 2-2 shows the parameters in terms
of their computer algorithms.

Also, for the sarce fuel-u<e data, given the total BTUs supplied (by

7]

all fuels), the totel precess boat BTUs and the tetal space heat BTUs are

conputed (if the percent process hoat is known); the correspending BTU/Louw:
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TABLE 2-1
TWO-DIGIT STANDARD INDUSTRIAL CLASSIFICATION (SIC)
CODES FOR MANUFACTURING

Industry Type . SIC
Food products 20
Textiles 22
Apparel 23
Lumber and wood 24
Furniture 25
Paper products 26
Printing and publishing 27
Chemical 28
Petroleum 29
Rubber and plastics 30
Leather products 31
Stone, clay and glass 32
Primary metals 33
Fabricated metals 34
Machinery 35
Electrical machinery 36
Transportation equipment 37

Professional, scientific
precision-made instruments 38

Miscellaneous manufacturing 39



TABLE 2-2

PARAMETERS EXAMINED

general parameters PROC. RATE
PERC. PROC. HEAT
HOURS/YEAR
heat content FUEL BTU/HR
parameters FUEL BTU/HR-EMPL

FUEL BTU/HR-ENC.*

(Broken down by Process, Space and Total heating,
where TOTAL = PROCESS + SPACE)

fuel emission FUEL AMT/HR
parameters FUEL AMT/HR-EMPL

FUEL AMT/HR-ENC*

(Broken down by pollutant: SO,, Particulates, HC, CO, NOx)

2)

separate PROC AMT/HR
Parametors PROC AMT/HR-EMPL

PROC AMT/HR-ENC*

(Broken down by pollutant; SO,, Particulates, HC, CO, NOX)

*BTU/hour per unit enclosed floor space

AMT/hour per unit enclosed floor space

27



(BTU divided by operating hours/year), BUT/HR-EMPL (BTU/HR per employee),
BTU/HR-ENC. (BTU/hour per unit enclosed floor area) are also computed for
the process heat and space heat portions of total BTUs. Note that if

such variables as percent process heat, operating hours/year, number of

employees, or enclosed floor area are missing, the related categories will

not be created or shown.

Emissions data are also analyzed; the amounts of fuel ('FUEL...) and/or
separate process ('PR@C...') emissions, by pollutant, are given. Additional
parameters such as AMOUNT/HR, AMT/HR-EMPL, AMT/HR-ENC may be computed and
printed, for both fuel and process emissions but only if certain variables,
as mentioned in the previous paragraph, are not missing.

For compatibility with the data sets from the previous AQUIP study,
summary data may also be given for FUEL BTU/HR-GR@., FUEL AMT/HR-GR@.,

PROC AMT/HR-GR@, where GRP is the gross plant area.

2) The statistical program will also aggregate or group, by 4-digit
SIC codes, the total sample size, the number of non-missing data,
the mean and the standard deviation of all of these variables. The mean
and standard deviation are determined as follows, where each of the 42
parameters examined (e.g., PROCESS FJEL BTU/HR) is symbolically represented
as XL, L=1,...,N:

N
I x

- - L= L
N

and

N N
Io(xp - x)2 z XLZ - NK

s =n |L=1 = [L=1 ,

N -1 N-1

To conserve storage of data in the computer files, the sums Ix and Zxp
are formed, by point source (N is the number of sources per SIC). It is

apparent that ZxL and ZXLZ may be determined by the following iterative

procedure:



For the kth source,

k

€=1XL = x1 ,k=1

k k-1 (1)
PR S At

; xLZ = xl2 ,k=1

L=1

K k-1 2)
I i SN A SN

The means and standard deviations of all relevant variables (see Table 2-2)
are computed, using these intermediate sums, and a tabulation of all para-
meters, with nonzero means is then given; this includes the total sample
size, the number of non-missing data, the mean and the standard deviation

of all parameters, by activity code (SIC).

3) The statistical program can also truncate the activity codes to a
specified number of characters (LENGTH-X) and reaggregate the total sample
size, the number of valid data, the mean and the standard deviation,
according to these truncated activity codes. In this way, statistics are
determined at the 1, 2, and 3-digit SIC levels. The statistical program

performs this function in the following way:

. . t ..
Given that Nm is the number of sources for the m h truncated activity

code, and xm and om are the corresponding mean and standard deviation,

respectively,
J —
T N x
- p=1 ® W (1)
x= N
where
J
N= ¢ Nm
m=1

intermediate sums (by cctivity code):
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I N
m m
J 5 ,
z - —— —
= {N 1) o # Nm X } NX
9= N <1
intermediate sum:
2 2
TN - Do+ Ny x )

where there are J sets of parameters (activity codes) per truncated activity

code.

A tabulation of these variables, similar to that described above for

4-digit SICs, will then be produced.

4) The statistical program also determines the percent of total BTU

satisfied by each of the possible fuels.
total BTU, by fuel, the following relationships are used:

Given that btuj = I btu (for all fuels)

and f£; = btu (by fuel)
J Ewwss ’
btuj
for all N sources,
Fi,0° %
Py = Fiy,g BTy 54 £5.0%95 1=2,3,...
BTU;  j * btu;
pL,J = 100 . FL,J, L=1,2,...

In calculating the percentage of



where

L = source number
- activity code number

FL-l,J and BTUL-I,J are the fraction of the previous total BTU,

by fuel, (up to and including the L-1st. source) for activity
code number J and that total BTU, respectively; fJ and btuJ
are the fraction of the total BTU, by fuel, for the present

source and that total BTU, respectively.

BTU for activity code J, for each fuel, is then calculated as:

BTUl,J = btuJ

BTUL’J = btuJ + BTUL—I,J, L=2,3, ... ,N

5) The statistical program took 320,000 bytes of capacity on an IBM
360/75. 1n the course of the study the program was used in some seven
individual operational runs. Typical run time was between 10 and 15 minutes.
The following pages give illustrative examples of example input data (Figure 2-

2) and a data coding sheet (Figure 2-3).
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PARAMETERS HACKENSACK FOLLOW=O0ON

LINPUT

JC=1¢2, ASTAT=,TRUE,,

QNAMz) 5 02!, PARTIC!',Y C O',t HYDRUC!', ! N OJX', QUNIT=5x' TQONS/YRY,
NFF=4, FNAMSICOALY,'RES, OILY,'DIS, OTLY,'NAT, GASY,
fUNIT='TUNS/YR'aa*'KGALS/YR':'MCUFl/YR'{ CFACT=25,¢15%24,102,,1100,,
CEND

RESLT
SRCE 1970 MASSACHUSETTS & NEw JERSEY PDINT SOURCES
POINT 2001
$ 3111
e 1970 10 qao6o0, 6583 S0,
3 ’ 158, v '
‘ 4 i 12, * ' » .
99999
POINT cvoe
{ 311
¢ 1970000001490 0062440, 0087600095,
3 « 0000630, . »
4 10000049, ) N ¢ , .
99999
POINT 2003
{ 31999
2 197000000020 00131220, 0030000100, 2
4 e ¢ M v 0000002, .
39999
POINT 2004
i 3271
2 197000000025 0023850, nou5590100,
3 « 0000164, . »
4 10000012, e ¢ ' .
99999
POINT 2005
1 3y43y
2 197000000053 oou47s2, 0020000100, 3.
L) e ’ . ] 0000003, .
99939
STATISTICS 3 & 4 DIGIT SIC'S
PARAMETERS TRUNCATE 70O 2 DIGITS
EINPUT LENGTH=2, &EMND
STATI3ZTICS 2 DIGIT sIcC!'Ss
PARAMETERS TRUNCATE TO § DIGIT
EINPUT LENGTH=L, SEND
STATISTYICS { DIGIT sIC'YS
ENDJOUY

Figure 2-2. Example of Input Data.



BASIC POINT SOURCE DATA ] | 73

CQLS ‘ ' 73 __SE@. AQ- L0
-5 |plalzlviT : I 11 !
SOURZL I.D. |n-18 - | -
KAME 204y | . I
[aD02:55 we-r0] | Lo

" FORLAT L~ FPLANT DATA 2carn)  COLG

. 5 [ ENEE NN

ACTIVITY CODE cli-18 I |
— n

MUNICIPALITY.AND CounTY SODE |21-30

UTM x-coorDinvATe . Km £AsST |31-36 " *1' .

UTM Y-CooRDIMATI . KM NORTH -4 ‘ : B :

BASE ELEVATIOMNIFT aCysE SEAL)  |51-56 |

ZONE 4D QPTIDN oL §5-70 i [ ‘ l

L FORLIAT 2= QFPERAT D8 DAva (1213 _ .
5 )7 L | |

YEAR To whicH DATA APPLIES |7-10 o I.

MUMBER oF EMPLOYEES 11-18 : '

GROSS PLANT AREA , ACRES 21-2¢ P

ENCLOSED AREAGSD-FT. 31-38 L B

OPERATIYG _scrfcouL:’_(!/es./'n‘ﬂlz) |45-50 f ' L

PERCENT PROCESS. FUEL USE 15/~55 | L

PROCESS RATE CUMITS: = = — - - —)|€4-68 i I

LFORMAT 3 ~FUEL USE Sars: (1canp

£r11850n CODE FACZTOR 9-10
FUEL®1 _ o _ 1-18
e e e e o e 21-28
. 3i1-38
W e o e o e e yr-y8| |
e 5/-58 !
6 sr-63__| | )
FORMAT ¥ - EMI2I942 DATA [T T T T I T r11
~ (1 0R 2 cARDY) FUEL EMISSIONS SEP. PROC. £MI35iaNS
54 ﬂ
Jerission TYPE, 10 l .1-
e n-18 IR | BN
2__' __________ 2128 | | | f P |
s RIS | g P ‘ l : |
I — — _|m-ys ' | L! : ' | '
————————— o 51531 ! i i = | ' ! i
A P 1T 1
29999 e {

Figure 2-3. Data Coding Sheet.
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ANALYSIS OF THE EMISSIONS DATA

Using data and procedures described in the preceding chapter, the
relationship of industrial categories (SIC code) to fuel and process emis-
sions for 802, TSP, CO, HC, and NOX vas to be analyzed. In terms of fuel
emissions the relationship of employment and floor area by SIC code to the
demand for space heating and total BTU demand was to be examined. Likewise,
any propensity to use differcnt fuels was of interecst as this might vary by
SIC code. As previously mentioned, several constraints existed in examining
the data. First, the distinguishing of emissions between fuel and process
was possible only for the New Jersey sample. On the other hand, the variable
"percent process heat'" was available for the Massachusetts sample only.

This parameter is necessary to distinguish between space heating and process
heating uses of fuels. Finally, the sample sizes were not very good at the 3-
4-digit SIC level. In fact, the sample sizes were not very good at the 3-
digit or 2-digit levels as well. This made it quite difficult to analyze
very many subsamples or to perform meaningful statistical tests.

Table 2-3 shows the results of the analysis at the 4-digit level for
certain of the Massachusetts data. The first column shows the SIC code and
the second column the total sample s:ze for each of the SIC codes. The
next two columns show the mean for the parameter ''percent process heat'

and the variance for that parameter as defined in the preceding chapter.

The next three columns show the sample size, mean and variance for the parameter

space heating in terms of BTUs per hour per employee. The following three
columns show the same variables for the parameter total heating BTUs per hour
per employee. The next six columns show the same variables, respectively,
for the parameters space heating BTUs per hour per square foot, and total
heating BTUs per hour per square foot. The final four columns show the
propensity to use different fuels by SIC code. It can be clearly seen that
for the ilassachusetts industries contained in the sample, residual oil was

by far the most commonly used fuel.

For industry group SIC 20, the data is shown at the 4-digit SIC level
with the first code being SIC 2010. A sample of only one existed here and,
therefore, no variance or analysis can be shown. For SIC 2013 a sample size
of five existed. The percent process heat is shown to be 88% with a variance
of seven. The space heating BTUs per hour per employee is shown to be 3617

with a variance of 1972. The total B3TUs per hour per employee is 30540
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with a variance of 9285. For many of the industries shown in this sample,
information on floor area in terms of square feet was obtained from a U. S,
Department of Transportation publication4 which relates employment to square
footage by 4-digit SIC. Accordingly, the means and variances shown in the
columns for BTUs per hour per square foot are directly proportional to the
means and variances shown in the columns for BTUs per hour per employee;

the only variation is that introduced by the varying square feet per
employee by 4-digit SIC as contained in the DOT publication.

In Table 2-3, only three 4-digit SIC categories were shown to have a
sample size greater than 10. These are S1C 2821 with a sample of 10, SIC
3069 with a sample of 13, and SIC 3111 with a sample of 14. In each case
some variance is shown for the parameter percent process heat, varying
between 19% and 24%. For SIC 3069 and SIC 3111 a sample size of eight
exists for the BTU per hour variables. For the space heating BTUs per
hour per employee and per square foot variables, significantly high vari-
ance is seen relative to the mean. In the case of SIC 3111 the variance
is actually higher than the mean. On the other hand, for the variables
total BTUs per hour per employee, and per square foot, the variance is
reasonably good, particularly in the case of SIC 3069. For these SIC
codes and for others which were examined, this type of pattern often
existed, leading to the tentative conclusion that the information on total
fuel use and, therefore, BTU demand, is probably more reliable and
accurate than the parameter percent process heat.

One would expect to find fairly good correlation between employment and
the heat demand for that number of employees, or between square footage of
plant area and the heat demand for that square footage. In other words heat
demand in BTU/hr/employee or BTU/hr/square foot should not vary significantly
from plant to plant within the same industry and climate. However, better
correlations were found with total fuel demand than with the demand for fuel
heating. This may be explaincd by the inaccuracies for the variable percent
process heat: when the percent process heat shows very little variance, then
the relaticonsl.ip between space heating BTUs per hour and total heat BTUs per
hour is shown to be quite gecod. This is true, for example, for SIC 2071 with

a sample size of four.
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On the 3-digit level SIC 201 shows the same information as SIC 2013
because the only valid information at the 3-digit level comes from that
particular 4-digit SIC. On the other hand, SIC group 208 includes the
information from SICs 2084, 2085 and 2086. Herc it is found that for a
sample size of four the variance for space heating BTUs per hour is greater

than the mean, whereas for total BTUs per hour it is approximately one-half
the mean. This may be due in large part to the very large variance seen in

the percent process heat variable.

At the two digit Ievel there is a sample size of 30, a fairly large
variance for percent process heat for SIC 20, and, again, variances greater
than the mean for both space heating BTUs and total heat BTUs.

Finally, if one looks at the variable space heating BTUs per hour per
square foot for all the 4-digit SICs shown in Table 2-3, ome sees a variation
in the mean from 6 to 102 BTUs per hour per square foot, although this
should be a fairly uniform number if the data were accurate and the reporting
of the percent process heat, in particular, were accurate. In the full
sample there is even greater variation as exhibited by the variance to the
mean. This was to have been the basc variable in the sense that if anything
could be thought to be uniform in terms of these parameters, it would be
the amount of heat required to heat "X' number of square feet of floor space.
The fact that one sees so much variation at the 4-digit level makes both
the use of this sample size and the reporting of the parameter 'percent
procéss heat" in particular, suspect. The relatively good results shown
for the variable total heat BTUs per hour underlines the weakness in this data.

Table 2-4 shows the entire sample for SIC 20 for Massachusetts. It shows
the variables percent process heat, space heating BTUs per hour, total heating
BTUs per hour, and employment. The data shown in Table 2-3 was derived from
this information. Figures 2-4, 2-5 and 2-6 show the plots of the variables space
heating BTUs per hour, and total heating BTUs per hour vs. employment.

This information was plotted to examine graphically the variance so as to
provide better insight into the analysis of the information shown in Table 2-3.

Figure 2-4 shows, on semilog paper, space heating BTUs per hour vs.
employment; whereas Figure 2-5 shows total heating BTUs per hour vs. employ-
ment. Finally, for the center area of the scale, Figure 2-6 shows on normal
graph paper total BTUs per hour vs. ewmployment. Again, the variable total
BTUs per hour exhibits better correlation than does the variable space
heating BTUs per hour, although intuitively the reverse would he expected.
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TABLE 2-4

MASSACHUSETTS TOTAL

SAMPLE FOR SIC 20

Percent Process Space Heat Total Heat
SIC Code Heat 105 BTUs/hr 105 BTUs/hr Employment
2010 100 90.0 150
2013 97 2.2 75.0 250
2013 90 5.2 52.0 200
2013 81 28.0 140.0 700
2013 80 .6 38.0 125
2013 90 9.0 91.0 200
2026 60 J1.0 230.0 200
2026 88 23.0 200.0 500
2033 68 24.0 75.0 250
2042 N/A N/A N/A N/A
2042 N/A N/A N/A N/A
2052 N/A N/A N/A N/A
2062 95 100.0 2100.0 500
2062 N/A N/A N/A N/A
2062 N/A N/A N/A N/A
2071 62 32.0 84.0 100
2071 50 130.0 360.0 500
2071 55 27.0 56.0 200
2071 70 52.0 174.0 1109
2084 0 200.0 200.0 262
2085 50 46.0 92.0 310
2085 90 4.3 43.0 52
2086 55 37.0 82.0 250
2087 N/A N/A N/A N/A
2094 90 7.3 73.0 40
2094 98 1.9 93.0 58
2095 100 N/A N/A 50
2095 N/A N/A N/A N/A
2098 N/A N/A N/A N/A
2099 N/A N/A N/A N/A
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Interestingly, in Figure 2-6, based only on a sample size of four, SIC 2013
shows a decent fit between the four data points, giving a nearly one-to-one
correlation between total heat demand and employment. The fit for SIC 2085
and SIC 2071 is not quite as good but is also promising, as is the case for
SIC 2094.

In summary, based on the information in Tables 2-3 and 2-4, as well as
Figures 2-4, 2-5 and 2-6, there seems to be some promise for finding good fit
between the variables under investigation. However, the sample sizes
and the lack of detailed information about how the data were originally
determined makes it impossible to prove or disprove any usefulness in
these correlations.

The next set of information exanined was the 4-digit SIC data for
New Jersey for fuel and process emissions per hour per employee and per
square foot., The data for SIC 28 at the 4-digit and 3-digit levels are
shown in Table 2-5, for emissions per hour per employee, and Table 2-6 for
emissions per hour per square foot. In each case, the first column shows
the sample size, mean and variance for total heating BTUs per hour per
employee. The remaining 10 columns show the mean and variance for SOZ’

TSP, CO, HC and NOX’

the fuel emissions and the second line shows process emissions. Immedi-

respectively. For each SIC code the first line shows

ately preceding the SO2 mean column in parentheses are found the sample
sizes for the fuel and process emissions. At the 4-digit level SIC 2818
has a total sample size of 10 with valid data for nine sources for fuel
emissions and seven for process emissions. The mean for total heating
BTUs per hour per employee is shown to be 222,000 with a variance of 134,000.
Referring to Table 2-3 for SIC 2818 in Massachusetts, there was a sample size
of two and a mean of 74,000 total hecating BTUs per hour per employee with
a variance of 53,000. This does not agree favorably with the 222,000
mean shown for the New Jersey sample, but is quite characteristic of the
results that were found for all SIC categories.

Looking at the emissions per hour per employee for fuel emissions,
the variance is greater than the mean for SO2 and is less than the mean
for the other four pollutants. For TSP and CO in particular, the variance
is one-third to one-quarter of the mean. For the process emissions,
based on a sample size of scven, only NOX shows a variance greater than the

mean. At the 3-digit level for SIC 281 for a sample size of 19 the total
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BTUs per hour per employee shows a mean of 329,000 with a variance of
291,000. Again, for fuel emissions only SO2 shows a variance greater than

the mean. However, for process emissions a larger variability is shown

with SOZ’ HC, and NOX

would expect that the process emissions would show greater variability

all showing variances greater than the mean. One

than the fuel emissions.

Table 2-6 shows the comparable data for emissions per hour per squarc
foot. Again, at the 4-digit level the numbers are directly proportional
to those shown in Table 2-5, since the square footage data is based upon
the U. S. DOT relationship of employment to square feet at the 4-digit
level.

For those SICs that end in 9, such as 2899 or 289, the data would be
expected to show additional variation because the industrial categories
themselves are aggregations of disparate industries. If one examines SIC
289 it is seen that for a sample of 27, the mean for total heating BTUs
per hour per employee is 582 with a variance of 1018. For fuel emissions
both 802, HC, and NOx show variances greater than the mean, whereas for
process emissions one also sees that SOZ’ HC and NOX show variances greatcr
than the means.

Looking at the table as a whole, the data is more complete for S0,

and TSP, less so for NO,, and inadequate for CO and HC. This is to be

,
expected since the init§a1 thrust of point source emission inventories in
states such as New Jersey was for stationary fuel sources and pollutants,
particularly 502 and TSP.

The fuel emission variability for 802 is from 4 to 143 for the mean.
The actual variability for the whole sample is much greater as shown by
the variance. Some of this variability can be attributed to the use of
different fuels, whereas other variability would be attributed to the non-
correlation of fuel use with employment; e.g., a disproving of the hypothesis
TSP varies from a mean of 147 to 10,700, showing a much greater variability,
which may reflect the use of control equipment as well as the parameters
nentioned for S0, . Inforrmation for process emissions is more incomplete
and, as expected, the variability much higher. It was not expected that
process emissions per hour per employee or per square foot would show very
good correlation or that any meaningful information could be determincd by

SIC code.
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Figure 2-7 shows the plotting of SO2 fuel and process emissions per hour
vs. employment for SICs 2810, 2813, 2815, 2818, 2819 and 28121. For fuel
emissions all but three of the sampled industries shown used 100% residual
0oil. The percentages of residual oil vs. other fuels are shown on the graph
for the three other sources sampled. With the exception of these three
sources, a good correlation between fuel emissions and employment would be
expected, since fuel emissions should correlate well with total BTUs per hour
and vary with space heating BTUs per hour only insofar as percent process
heat varies. A fairly good correlation is shown for SIC 2818 and SIC 2819,
the two 4-digit SICs with a reasonable sample size. Insufficient data
exists for an analysis of the process emissions in Figure 2-7. There are two
data points for SICs 2818 and 2819.

In summary, as in the case of the Massachusetts data, no definitive
conclusions can be reached because of the sample sizes. However, where the
samples are reasonably good the variance relative to the means for the
fuel emissions seems reasonable. This is borne out by the informatibn shown
in Figure 2-7. The expected variability and lack of information for process
emissions relative to fuel emissions was also found.

The variance between the SIC categories seems high enough to make the
analysis by SICs worthwhile. In other words, the variation shown in the
means at the 4-digit SIC level is quite high relative to the variance from
the mean for any particular SIC. As a result further research in this
direction should prove valuable in determining useful indices. In particular,
it is seen that the variances relative to the mean at the 3-digit level for SIC
281 are quite high relative to the variances at the 4-digit level for the SIC
281 series.

Table 2-7 summarizes the BTU per hour parameters analyzed at the 2-digit
and 1-digit SIC levels for the Massachusetts sample. The first column shows
the SIC code; the second, the sum of the New Jersey and Massachusetts samples
for each SIC category; the third column, the Massachusetts sample; the fourth
column, the percent process heat; the next three columns, the sample size,
mean and variance for space heating BTUs per hour per employee; the next
three columns, the sample size, mean and variance for space heating BTUs
per hour per square foot; and, the last three columns, the sample size, mean
and variance for total BTUs per hour per square foot. It shows the same
type of information as Table 2-3 except at the 2-digit ratﬁer than the 3-digit

and 4-digit levels.
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No systematic findings can be made; the BTUs per hour and per employee
vary quite a bit with some fairly high variances. 1In fact, it is not clear
whether one introduces more accuracy by using 2-digit indices than would
be found with a single index for manufacturing as a whole. The variability
between 2-digit SICs is high for both the total heating BTUs per hour and
the space heating BTUs per hour. Thus, it is not just a matter of inaccurate
reporting of the percent process heating variable.

Table 8 shows the propensities to use different fuels: residual oil,
distillate oil, natural gas and coal for both the Massachusetts sample and
the New Jersey sample for 1-digit and 2-digit SIC categories. From an
examination of Table 2-8, it is clear that variation in geography and supply
of fuels rather than SIC code predominate. There is a much higher propensity
across the board for SIC categories to use residual o0il in Massachusetts than
in New Jersey. However, it should be noted that the lowest percent residual
0il occurs for SIC 34 in both New Jersey and Massachusetts, and that in all
cases in New Jersey where the percent of residual oil is over 90, the percent
of residual o0il in Massachusetts is over 99%. It is difficult to examine the
fuel propensities in much greater detail because of the high dependence upon
residual oil for all industries sampled in both states.

Table 2-9 shows fuel} and process emissions per hour per employee on a
2-digit SIC level for both New Jersey and Massachusetts data. The New Jersey
data is an extension of Table 2-5 but at the 2-digit rather than the 3-digit
and 4-digit levels. The Massachusetts data shows aggregated fuel and process
emissions since no breakdown could be determined from the sample. The
numbers in this table were used to derive the industrial emissions in the
Task 3 Report.> Both the fuel and process emissions from the New Jersey
data were used as a guide as to whether an industry was an A, a B, or a C
classification and, further, whether it were a B-, a B, or B+ subclassifi-
cation., Where insufficient data for a particular pollutant was available
from the New Jersey data, the Massachusetts information was used but less
reliability was attached to it. Finally, for certain SIC categories (parti-
cularly SIC 23 and SIC 25) default information was used, based upon other
parameters in the table, with a general caveat that such industries were of
the cleaner variety.

In general, it was found that at the 2-digit level the variances are

quite high relative to the means although in the case of TSP the variances

49



SEy [eaniey o= 110-c
TTQ 23Tfri3sty = 110-d
I1Q fenpisoy = 1:07d
£9°8 8¥°0 68°06 6 0°001 92 6¢
¥.°89 97'1¢ 4 0°001 9 8¢
L9z 88°8 6£°19 8 VN VN VN VN VN LS
6£°0 19°66 8 0°00t at 9¢
1¢°2e Py o STTLL A 0 8°66 8¢ Y
6£°69 19°0¢ S 9° v £°9 1°1S Lz ve
Li°e 3% 571 08°LS [4 10 20 ¢t R°/6 2z €€
9¢ " 0¢ £0°9 19°¢9 0¢ 8°0C 60 £°8¢ €T A%
VN YN YN YN 0 8'0 8°0 9°86 s¢ 199
€8y L17LS L L0 £766 0z 0¢
68°2S PN 88°S¥Y X4 YN VN VN VN Z 62
8° 11 62°ST i8°¢ L0709 18 0°001 12 8¢
08¢y 14 28% LL7ES 9 0°00t 91 Le
S6°01 S0°68 At Z°0 8766 8¢ 9¢
VN VN VN VN 0 0"y 0°96 8 S<
*001 T VN VN VN VN S te
¥N VN VN VN 0 8°9 6°¢ £°68 9 £Z
S8°0¢ SI°6S g1 S°a §$°01 0°68 e t44
VN VN VN YN 0 VN VN VN VN VN 12
I1°0 £y 85°56 0z S°0 S°66 og 114
0 oot z 61
(sz°5) (s ¢9) (s°2) (sz°09) sog () (0 (96) 6sg (g~z *8av)
02°¢ 65°0¢ 6p°¢ ZL°E9 051 10 Sy 01 v re 681 £
A% 4 ST°9¢ 91 S8°LS SaT z°0 6°1 1°0 8°L6 0s1 z
1e0) Sed-N 110-a 110-9 9Z1§ 180D SeH-N 110-a 110-Y4 |z1g ?apo) JIS
atdueg atdues
N *SSTW
asf] Teng Iusdaag asQ) 1enj 3Iuadaad

STNd INFYHAIIQ SN OL STLLISNAJONd §-Z ITEVL

50



51

fo0L g~
z 82 6°¢ 9T [dn4="ssT,y
1 0° 00969 *30xd-
9 0°689 0°6LY 9 L761 ' 1t 9 9 8°¢€7 0Lyt 9 0'9 9 v 9 =N LT
*20I .}~
0°SLT 0501 14 ¥°6< 0°8¢ 8C Tonj-°ssey
¥ 0700111 0°0£19 ¥ 0°0L01 0°0LL8 *30x1d=
IT 0°001¢6 0°00S8¢|{ 1T 0°0ZSY 00961 11 0°00¥ 6°0ST 0T 0°06s¢ 0°005¢1 11 0°0S¥1i  0°0OvS 49 19nd=rN  g¢
0 *ssE)
*J01d-
0 IEUELI¥N Y
0 "SSU
- °J01,]~
1 0°81¢d 1 0°6€1 T 9°S I 1|/ =N e
Z L°68 v°€£9 *2014~
4 VI £°L 9 [enj=-"ssry]
*J0Xd~-
0 1oni-n o
14 |23 TSselN
v 0°00v1 0°082¢ v 1762 9°p1 v ST £°L To0L4-
S 0°0¢se 0°061¢ S 0°0.LY8 0°¢<8Y S 2701 9’y S 0°Sv9 0°¢2L S 6767 6°2¢ 01 Ton =1 Z
2782 0°8 0°v9C 0°589 184 9°L2 9°1¢ (63% TSST,
¥ 079z 0-0212 "d0x g~
L 0°00tSE 0°00.LT1 LT 0°0g81 0°899 LT 0°Ss1it 0°0¢ LT 0°09¢1 0°0s8¢% L1 0°0LY Q°S91 Qz 1ong-rN BN
m-oH X m-oq X n-oﬁ X w|o~ X w-o~ X m-oH X m-oﬁ X w-oH X o-cH X cloﬁ M oezig IIS
ardureg soueTIEp ueoyy [ordues sdueraep uedly] oydwes sduerses  ues| o1dues soueriep ueop {2 1dwes asuetiep uway, mwmwmw
X
ON OH 00 ds.l Nom

siy-aokordus /sqq

JIA0TdWNT ¥3d UNOH YId SNOISSIWH

‘6-C dT4VL




14

070881
0°s11

0°08¢g

0°S9¢v
0°00vZ1

s*0z

£°S

070891

a'0v92
0°00vL9

L°£6

0700621
0°06vL

0°LZ6
2°69

0°99¢L

07eTl
0°0c0L

9°'L

81

0°0Z81

0°4S6
0°009¢9

v°se

0°09¢2
0°02Z9S

0°028¢
0°LLe

0700602
LSS

1°¢¢
07899
0°006¢T

0°0016S
0°08LS

070992
0881

070000421
0°0060T

0°00¥81
L 8°8Z

Sv 0700282
19 0°008¢1

0°08L2 ﬂ
07501

0°00v61
1708

0" 062y

£°91
0°9¢Z

S°8
0° 08¢y
0°0000¢

0°0091s
0°0¢61

0°0¢LS¢
0°1¢1

0°0001PSE
0709¢9
0°006vC
6°01

0°09sS
0°ST1

0°8

1°1s
L've

L9

07000288
07981

Sy 0°009¢ty
19 0°.02

L'c

0°0008LT

070019¢
0°LLT

(AN A4
€6

L'z

0°000¢re
S°¥S

0°0SSL
L°¥S

0°0ggS
0° 12§
0°2¢1
0°000S0V
0°0009S

00102
0" psy

9°79

0700921
0°06SZ

L6

Sy 0°08Z1
19 0°0501

Lz

0°Sty
0°sez

0°00SsS¢
0°0ces
0°0S6
0°0000s¢¢
0°000s2E

0700611
0°0s¢C

0°861

0°2st
0°L28

0700068
0°00s¥¢

L76¢g

0°091¢
0°0ss¢g

~o

€1
61

Yol 2]

91
¥4

9
L

Sy
19

Lyl

9 1y

6°¢L
0°8pI

0°00¢£L2
0°09¢T

0°002

0" 1y
8°838

£°S

0° 0011

070089
0°LL8

0°6TI

*301d-
LT 19ni-°ssep

°2014~
S =N
*d01d~ -
T 19Mi~°SSTH

“o0x -
8¢ 19ng-N
30X~
€1 I9Ng=~°ssuj

204~
0¢ Tan =N

"301d~-
GZ [onji=°SSTiy

°201 4~

0 Tan4-py
*0a 4~

gz 1enj-°ssi;y

.uow;: B

L 1an =N
*J01 4~

120 j=°ssr;,;

* 204 j~
194 eng-prN
*201 -
1z Iang=-*ssey

*o01 -
18 ang=rN

¥e

€¢

[4)

g

8¢

JHAOTdNd ¥Hd UNOH ¥dd SNOISSIWA

“(penuTiIuod) 6-7 ATAVL

52




53

0°99

07892
07004

8 vL

0°¢0101
070089

VA 741

070012

0°9z1

0°Z19

0°06v1
2°69

0°L16
0°0T¥S

0°06¢¢

8°¢Z

CAVAS
0°ocee

PS¢

0°0¥S1

0700161

L 1L

0°01ST

£°68

0°L08

0°0901
9°vg

0°Zvs
0°06ST

070902

0°08L2

0°01¢9
0°zov
0°00S8L
[ A

0°00026S
0°0£2S

0°0.£6

0" 026S
0°911

L766

0°08vC
2782
0°SLT

1°8¢

0°00v01

0 orie
0°191

0" vov
0°0981
07922
0°00s£¢
0°2

0°00L8L
0°0¥91

0°0s¢6
0°0gS¢
0748

0°00S4

6°LL

6 oLLT
865
0°08s

0°0L6
6°¢C
0°021S

0°0v91
0°601

0°009LY
0°v8¢

6°T1

070001y
0°v0Z

0°sZ

0°1

o'y

6°91

070899
9°1S§
§'C

0°00148
L°¥S

0°0L11
Ll

1 ARY)

v'9

0°008¢6
0°008ST
0L
1414

.

~n OO0

0°0zZ1
0°¢£28

L'g

[ANXA

1724
0°1gL

0°0006¢T
0°006¥¢

0°06¢S
0° 0801
8°CI
0°8L¢
0700812
0°006L

2769
0°8LS

9°0v

S'otv
0°60¢

0°09¢
0°89L

9§
6¢

18
9L
£C
8¢

Vi
[4A1

-t ot o M

-

< N Wnn

S
L

0°0¢01
1°0v

0°00L21
0°¢8L

S°S

982

9°1

oy
0° 0451
0°5S¢

voel

1

*J0xd-
681 IaNg="5Sty

°n01d=

yo1 LGALE RN
*J0a §~

€ST Tong~-*ssu;,

*201f~
§s1 1o =N
*20d, ]~
gz T9ng=‘*ssr,.
201~
6 o04-IN
°201 4~
9 1onj-°SSEN

3014~
c 1end-N
0 "SSPy
*00d ]~
8 1ond =L
o001 q~
T Tonj=°ssyy
J0xd~-
8 1ong=N
*30d,=

¢ ION (=55

*201 4~
L ang-py

6¢

LS

Ne)
»y

-

JIA0TdWH ddd ¥NOH ¥dd SNOISSIWA

" (penuriuod) 6-7 14Vl



54

are in general less than the mean. Both the incidence and the accuracy of
process emission data are quite variable and no definitive conclusions can
be reached. Again, the more traditional point source pollutants, SOZ’ TSP
and secondarily NOX, show a more complete set of information. Examples of
the overall variability and unreliability of the data at an aggregated level
can be secn by examining the 1-digit figures at the bottom of the table.
For SIC 2 under 802, a value of 255 x 10-6 1lbs/employee-hour for fuel emis-
sions and 1570 x 10—6 1bs/ employee-hour for process emissions is found;
however, the sum of those, as exhibited in the Massachuestts total data, is
only 40 x 10;6 lbs/employee-hour. For SIC 3 the fuel emissions are 42 x 10~
lbs/employee~hour and the process 10 x 10—0 1bs/employee-hour whereas for
Massachusetts the aggregated number is 32 .x 10_6 1bs/employee-hour and for
those sources where separate process emissions were available the mean was
142 x 10-6 1bs/employee-hours. For SIC 2 the same kind of findings are ex-
hibited for TSP, whereas for SIC 3 Massachusetts values are of an order of
magnitude greater than the New Jersey ones.

Although reasonable results were not expected at such an aggregated

level, the variability that was found was quite disappointing. Moreover,

if one examines SIC 20 for SO2 one sees that fuel emissions are 165 x 10-6
1bs/employee-hour from New Jersey data and total emissions 21.6 X 10—6 1bs/
employee-hour Massachusetts data. In both cases the variances are greater

6

than the means. In general, there were too few 2-, 3- or 4-digit categories

that had enough information or showed similar findings to be able to make
either positive or negative conclusions about the accuracy or usefulness of
the different comparisons.

Accordingly, it was not fruitful to use this information to project

future emissions or to update the activity indices of the AQUIP System.



PROJECTING FUTURE EMISSIONS

The previous AQUIP study pointed out that current data should be used
as much as possible to develop the future inventory as shown in Figure 2-8.
For the purpose of consistency, sources in the current inventory should be
carried forward to the future time period and'only the most significant
new sources added as point sources; other sources should be added as area
sources. Regional and national projective data and ''control totals'" as
to fuel use, population, and employment should be used in conjunction with
the most reasonable activity indices. Many of these indices, such as the
heating demand per square foot, need not vary greatly from region to region,
except with variation in temperature. Others, such as propensity to use
different fuels, are highly a function of current uses in the particular
region. Fairly reasonable estimates can be made of the number of hours
of operation for each type of facility and for process heat for all land use
categories except industrial. Lack of information and tremendous variation
in this variable, as experienced in the point source inventory, affected
the results of the previous study. Finally, with uncertainty in inter-
national fuel supplies, even one to two years in the future, it was vir-
tually impossible to make reasonable estimates by land use category for
1990 as to fuel usage. In using the activity indices determined in the
previous AQUIP study, the planner is constrained by the national and
regional availability of fuel-use related data.

The projection of fuel consumption for 1990 made in the previous AQUIP
study was based largely on national trends. Little information is avail-
able on the different regional areas such as the New York metropolitan
area. Furthermore, it was beyond the scope of the previous AQUIP study to
undertake a detailed regional fuel projection analysis. Several nationwide
projections are available, the results of which are inconsistent with each
other. The majority of these projcctions were made before 1965 and all
projections make assumpticns that are suspect.

An elaborate system was sct up in the prcvidus AQUIP study to project
percent process heating, schedule, fuel use propensity and process emissions
for existing New Jersey industrial sources to 1990. Indices derived from
current activity data for the individual source as well as data on current

erployvees, enclosed space and gross plunt arca vere requested for each
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industrial source in the inventory. The data obtainable for a large number
of sources were the number of employees; therefore, this parameter was used
as the major projection variable. The availability of this parameter (and
the unavailability of other parameters) was confirmed in the AQUIP Exten-
sion Study.

For each point source the number of BTUs for space heat per hour per
employee was derived in the previous AQUIP study. It was assumed that this
parameter would not vary significantly by industrial category; however,
when summaries were made by industrial category, wide variation was found
and no statistical conclusions could be drawn. This is, no doubt, due in
part to the inaccuracy in the percent process heat variable from which
the amount of space heating vs. process heating is derived. Again, similar
findings have occurred for the AQUIP Extension study, although the data
base has been larger.

Information was determined on the ratio of 1980 to 1969 employment
by county and SIC code from the New Jersey Bureau of Labor and Industry
in the previous AQUIP study. Many assumptions had to be made because of the
categories of SIC codes for which the data are available and the labor market
areas (cutting across county boundaries) for which information was assembled.
It was intended in the previous AQUIP study to project 1990 space heating
directly in BTUs per hour using the employment ratios and any assumed change
in the BTUs per hour and employee index. This would then be combined with a
new projection of percent process heat to yield total BTU heat demand for a
source for 1990. Accordingly, information on current percent process
heat was used to develop an index of percent process heat by SIC. This
parameter yielded two broad categories of industrial use. It was therefore
concluded in the previous AQUIP study that present information was not
sufficient to carry through the analysis as intended.

Initially, our intentions in the AQUIP Extension study were to improve
upon the data and to relate indices contained within the basic categories of
economic, geographic and demographic factors to emissions associated with
industrial activities. Intuitively, this approaéh is sound for residential
and commercial activity where heating of homes and transportation are the
principal activities which generate emissions. Here one could expect a
high degree of correlation betuween such indices as '"floor space,'" 'number of

dvelling units,' "nu~lter of occryents,” "deoree-days,'" '"passenger miles,'" cte.,

i
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and emission levels. 1In fact, suitable and accurate relationships have been
derived by applying regression techniques to actual observations for such
variables. 1In such cases the fuels burned, the technology of heating and
the technology of the combustion engine were fairly uniform throughout the

area and range of observations made. Furthermore, the technology of emis-

sion control associated with the technology of heating and transportation

were also fairly uniform,

Relative to industrial activity, one would expect that for any industry
(described by an SIC code) similar relationships between such indices as
"floor space'" or "employment' and emissions might also pertain, provided

there was uniformity in:

1) Technology of supplying power and heat
2) Technology of the processes (manufacturing and production)

3) Technology of emission controls applied

Unfortunately, such a constraining condition is rare within any industry.
or group of industries. For example, if today one were to select any
industry that has the facility to supply its own power and heat, one will
find a vast' spectrum of fuels burned and applied technology. Figure 2-9
depicts schematically the range of possibility involved in this one instance.
Figure 2-10 illustrates in a similar way a limited range of possible process
variations in petroleum refining with just a small number of applied tech-
nologies. As a consequence, one would expect to find for any respectable
sample of facilities within any one industry a large variance between
activity indices which are purely demographic, geographic and economic in
character and emission levels. This is especially true when one takes into
consideration the vast array of emission-generating processes involved.
Indeed, observations associated with the analyses of variance recently
undertaken by others3 have vindicazed this expectation.

As the aforementioned realizations become more apparent, the plan for
simply relating activity indices to emissions by regression analyses was
augrented to include constraints of power generation technolcgy, process
technology (particular to a given industry) and applied emission control

technology. In accomplishing these investigations we would expect to:

1) Establish relations between eccnomic productivity, demographic

and geographic variables and emissions for each industrial element
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(as codified by SIC) employing similar energy-generating and

process technology.

2) Establish relations between applied technology and emissions

for the industrial elements considered.

These observations would assist in establishing trends in the effects
certain technologies might have in either augmenting or alleviating
emissions and would form the quantitative basis upon which the forecasts of
future emissions might be derived by planners. Furthermore, such studies
would also entail predictions relative to the qualitative changes in emis-
sions that would be likely as a consequence of application of more advanced
technology.

Our intentions were to establish models that would employ available
economic and technologic information as well as an appropriate analytical
framework for such models. The analytical framework depends mainly on
a multiple regression approach wherever the data permit. For the purposes
of formulating structural models, the number of data observations were to
be developed on a geographical basis for use in the regression models. Since
consistent and comparable data on emissions and other related variables would
probably not be available for any time periods of significant.duration, the
analysis to be carried out in this regard would be chiefly a cross-section
one on a spatial basis, rather than a time series against the two objectives
previously mentioned: (1) structural relations to explain the correlation
between emissions and related indices and technologies, and (2) prediction
of future emissions for use in planning formulations,

Development of forecasts would be carried out in two stages with
respect to quantity and to type. The latter would have to be developed
separately from the regression models since the models cannot be used in
predicting changes in composition or technolegy on a qualitative basis.

As previously mentioned, the analytical approach which was envisioned
involves fitting regression equations by the least-squares method of
estimation for different types of emissions. The success of this approach
depends upon the number of independent observations (at least ten) that
can be collected on a cross section basis for each type of emission within

the individual industries to be considered.
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A search for available information within various industry classifi-
cations that contained the distinction required relative to activity
indices, process technology, power technology and emission control tech-
nology, proved disappointing.6 All indications pointed toward a rather
extensive program of data-gathering by such means as interviews and question-
naire mailings since the existing data bases were so incomplete and incon-
clusive. Since neither time nor resources had been budgeted for this purpose,
investigations in this regard were curtailed. This direction appears to
hold considerable promise and such research should be supported.

Having worked with the 1970 Implementation Plan emissions data pro-
vided by the states has given the consultant some insight into the kinds
of data required to plan for urban and industrial air quality. While there
is sufficient information available to hypothesize planning procedures,
the quantity and quality of existing data are useful for only tentative
conclusions. It is suggested that future studies work within the framework
of this AQUIP Extension study, but that future results are now limited by
the availability of pertinent data. With this in mind, it is suggested
that the type of data inventory shown in Table 2-10 is necessary for further

studies of this nature.
Item 1

A point source code number is necessary for data handling since con-
fidentiality is important in dealing with emissions factors. Such a
code number would be used as a mechanism for storage and retrieval

by computer systems, of relevant air quality data. A numerical code
could be used at either the state or national level. A national cod-
ing of alphabetical and numerical figures would prove to be most
useful, For those states that already have their own coding systems
conversion to a national system would be relatively simple. For
mapping purposes x and y coordinates in some standardized coordinate

system would ziso be asked for.
Item 2

SIC codes are currently used in Implementation Plan data. Any
reasonable data file would incorporate SIC codes as a means of
grouping point sources by both land use and point source charac-

teristics. In future work, however, the use of SIC codes could



TABLE 2-10

INVENTORY OF AIR QUALITY PLANNING DATA
FOR IMPLEMENTATION PLAN QUESTIONNAIRES

1. Point Source Code Number (assigned by air quality agency) MA-1234
2. Standard Industrial Classification Code Number(s) 2431
3. Year to Which Data Applies 1970
4. Employment of the Point Source 215
5. Annual Hours of Operation 6000
6. Floor Area of the Point Source (square ft.) 40,000
7. Annual Fuel Use Coal (tons% a. 0
R. 0il (103 gal.) b. 155
D. 0il (10 ggl.)3 c. 0
Nat. Gas (10.  ft") d. 20
8. Percent of Fuel Used for Space Heating 60
9. Degree Days at Point Source 4000
10. Process Weight Rate (pounds per hour) 100
11. Solid Waste Rate (pounds per hour) 0
12.  Percent Fuel for Incineration of Solid Waste 0
13.  Space Heat 14. Separate 15. Solid Waste
Emissions Process Emissions
Tons/Yr Emissions Tons/Yr
Tons/Yr
802 a. 43.0 a. 0 a. 0
TSP b. 12.0 b. 0 b. 0
NOy c. 6.4 c. 2.1 c. 0
HC d. 8.2 d. 12.2 d. 0
co e. 2.4 e. 3.1 e. 0
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be greatly expanded. In this particular study the inventory

of manufacturing point sources was relatively small. This made

it necessary to use 2-digit SIC codes to group industries with
simlar point sources. These 2-digit groupings are in large part
responsible for large variances because of the tremendous diversity
within 2-digit SIC groupings. Future work should be done with a

sufficient base of data to fully use the SIC coding system.

The SIC codes for industries could be used on a 2-, 3-, or 4-

digit basis depending on thec size of the data base. The 2-digit
codes which have been used in this study (e.g., SIC 23) identify major
industry groups such as '"manufacturers of food and kindred products.’
At this stage there was only erough information to compile a marginal
statistical sample for most incustrial groups. With an expanded

set of point sources and with increased data completeness, 3-digit
codes (e.g., SIC 231) which identify subgroups within an industry,

or even the 4-digit ccdes which specify industries by specific
products (e.g., SIC 2311 meat packing plant) cculd be used. As the
code bécame more detailed so should it be expected that air quality

planning parameters would become more accurate.
Item 3

The year to which data applies is merely a '"bookkeeping' measure.
Since data will be solicited and checked periodically some means of

insuring consistency in time periods is required.
Item 4.

Employment is one of the two major units for quantifying activity
indices in the planning process. Production rates, population,
and economic growth are all dependent upon employment to scme
measure, yet Implementation Plan data fails to give employment by
point source. In the course of this study the employment figures
provided relatively major data management problems. It was neces-
sary to seek emplovment estimites from multiple sources. In some
cases questionnaires from the sources outlined the employment

figures. In other cases it was necessary to petition state agencies,
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such as the New Jersey Department of Commerce and Labor for employ-
ment figures.. These figures, when available, were of questionable
reliability for several reasons. First of all, the employment

may or may not correspond to the time period for which the Imple-
mentation Plan data is valid. Secondly, the employment may not
correspond directly to the point source (i.e., a manufacturer

may produce two or more products at different locations within the
state but the state agency will list employment by corporation,
rather than by point source). All the variables dependent upon
employment were affected by the quality of the employment figures
that had to be used in the study. Statistical analysis categories

that were affected by employment figures include the following:

1) "FUEL BTU/HR-EMPL'" - the activity index which indicates
a propensity to consume energy. (This might also be phrased

as a unit demand for fuel in BTUs per manhour.)

2) "FUEL AMT/HR-EMPL' - is the activity index which describes
the unit propensity to emit pollutants in pounds of pollutant

per manhour for space heating.

3) '"PROC AMT/HR-EMPL" - is the activity index which describes
the unit propensity to emit pollutants from industrial processes,

in pounds of pollutant per manhour.

Briefly, then, three major projection indices are directly affected

by the quality of employment data.
Item 5

Annual hours of operation are presently included in Implementation
Plan data. Operation hours are necessary to calculate unit time
figures for projection. The primary projection units (grams per
- employee hour and grams per enclosed floor area hour) require some
means of time normalization. The annual hours of operation provide

this means.
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Item 6

Floor area is the only index, other than employment, that can
currently be used to quantify emissions into a systematic unit
grouping for planning calculations and projections. Implementation
Plan data are void of floor areas, however. In fact, preliminary
investigations show that there are no figures on floor area avail-
able from any source. This diractly affects the remaining set of

activity indices.

1) "FUEL BTU/HR ENC" - is the fuel demand per unit time and

floor area.

2) "FUEL AMT/HR ENC" - is the unit propensity to pollute per

unit time and floor space for space heating.

3) "PROC AMT/HR ENC'" - is the unit propensity to emit industrial

process emissions per unit time and floor space.

Since no floor area data were available to input directly into
statistical analysis, rather than abandon consideration of floor
area as a useful tool in calculating and projecting emissions,
floor areas were synthesized from employment numbers. While this
provided some unit activity indices incorporating floor area, it
must be realized that all floor area data is limited by the quality
and availability of employment figures (since it is derived from
employment). Where employment is missing, floor area is missing;
where employment is not accurate, neither is floor area; but even
with reasonable employment date, floor area validity cannot be
assumed. Average floor height could also be obtained so that heat-

ing demand reflects building volume as well as floor space.
Item 7

Annual fuel use is currently included in Implementation Plan data.
Since fuel use is a major variable in pollutant emissions its
inclusion in data files is imperative. Current detail in providing

fuel data is adequate, howcver,



Items 8 and 12

The allocation of fuel use is particularly relevant to planning

for air quality. The knowledge of how a fuel is used helps project
the level of emissions by specifying the combustion characteristics
and also by providing a means for estimating related plant activi-
ties. Traditionally, air quality inventory data has included per-
cent process heat and percent space heat as the two means of fuel
use. It seems that probably three categories of fuel use may be

warranted.

1) Percent Space Heat Fuel has generally been estimated in the

past. The quantities of fuel required for space heating
should be fairly predictable and generally unrelated to
SIC code. Space heat is dependent upon enclosed floor

area and heated volume for the most part.

2) Percent Process leat Fuel has generally been taken to be the

total annual fuel consumption less the space heating fuel.
This process fuel use has been the index for estimating
process heating emission levels. The process heating
emissions are those that may be expected to differ from
industry by SIC codes. The greater the fuel use the

greater the process emissions that are anticipated.

3) Percent Incineration Fuel is not currently a data file vari-

able. In many cases solid waste may play a large part in
total point source emissions, yet the use of fuel for incin-
eration is unquantified. While this may be unimportant on
the large scale it may be quite important for local considera-

tions where solid waste disposal is a significant element.
Item O

Degree days are not available from Implementation Plan data, yet
are a necessary element in projecting space heating requirements.
Given the number of degree days and the floor area of a plant, a
reasonable space heating fuel estimate can be made. The accumu-

lation of degree-day data would be relatively easy. By knowing
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the location of each point source, degree-days for each point source
could be determined using data from the weather service and from

local distributors.

Item 10

Process Weight Rate is currently included in Implementation Plan

data inventories. This information is useful in forecasting process

emissions. 1Its current use and availability is adequate.

Item 11

Solid Waste Rate is necessary for projecting solid waste incinera-

tion emissions. Assuming that certain similar products have

certain similar wastes, it can te seen that as process emissions

are characteristic of industries (by SIC code), so are solid waste
emissions by product. It must te realized, however, that not all
facilities with similar production activities can be expected to
have similar solid waste characteristics; some may have all wastes
trucked away, some may burn all wastes, and some will be somewhere
between the two extremes. Solid waste, then, becomes an independent

variable for which data is required.

Items 13, 14 and 15

Space heating emissions and separate process emissions are currently
catalogued in Implementation Plan data. There is, however, no
current classification for solid waste emissions, or they are
recorded as process emissions. Where there are process emissions
there is no means for distinguishing which of the emissions are

due to separate process and which are due to solid waste burning

or incineration. Stack parameters - height, exit velocity, tem-
perature, etc. - would alsc be useful information for diffusion

studies.
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SUMMARY

This document presents a methodological approach to planning for and
evaluating the impact of land use on air quality. The planning process is
viewed as a series of sequential steps in which the economic implications
of planning decisions are evaluated in terms of their dollar value impact
on air quality. In this way postulated plans may be designed to be compat-
ible with both air quality criteria and various development preferences.

In addition, because running tallies of both benefits fostered by a given

plan and the resultant costs of air pollution control and damage are kept

for each planning option considered, alternative plans may be conveniently
compared and ranked according to how effectively, from a cost standpoint,

each utilizes the air resource.

The material presented is divided into three distinct but closely
interrelated chapters. The first chapter discusses the essential concepts with
which the methodology attempts to deal. The second chapter presents the methodology
itself, and the third chapter provides some application guidelines.

It is not intended that this document, of itself, be sufficiently com-
prehensive to enable the planner to implement the concepts presented. Rather,
it is expected that considerable effort will be required to fully research
individual areas of concern so that information sufficent to apply the
methodology is compiled. Furthermore, because specific applications of
the methodology are heavily dependent upon available site specific data,
the general technical and operational capabilities of the individual planner
or planning group, and the ever present constraints of time and money to do
detailed planning studies, it is anticipated that both the level of detail
and degree of sophistication of individual applications will be widely varied.

It is intended that this document, with its suggested analyses, be
used as a guide by the planning community in making and evaluating planning
decisions. It is hoped that sufficient ingenuity will be brought to bear in
the application of the concepts presented so that each use of this methodology

represents an accurate appraisal of actual physical and economic phenomena.
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INTRODUCTION TO PART 3
BACKGROUND AND PROBLEM DEFINITION

Because the urban planning process offers a fundamental means of
controlling long term air quality, it is necessary that the planner be able
to evaluate alternative land use plans in terms of their relative air
pollution impact.

The air quality of given regioans or sub-regions depends upon two sets
of phenomena:

1. The assimilative capacity of the air environment for pollutant
material

2. Pollutant emission characteristics.

The capacity of a given air environment for atmospheric pollutants is
determined by ambient meteorological, topographical, climatological, chemical,
and biological conditions. 1In general, very little functional control can
be exercised over these phenomena on a regional scale. Consequently, it
does not appear practical to postulate a regulatory program of air quality
based upon the specification of desired conditions of naturally occurring
physical phenomena.

Pollutant emission characteristics include the quantity of pollutants
released to the atmosphere, the physical location of emission sites, and
source types (e.g., mobile, stationary, elevated, and depressed sources).
These characteristics are determined from the specification of land use
type, level of activity or process rate, types and amounts of fuels used,
source controls, and activity schedules.

Because pollutant emission characteristics are directly derivative
from the specification of the mix, locations and intensities of land use,
it is evident that the urban and transportation planning process offers an
effective means of controlling long term air quality. Furthermore, both
analytical techniques and empirical data for estimating the relationships
between land use and air quality have reached the point of making air
quality impact-land use planning a practical tool in helping to manage
urban growth and development

For the planning process to effectively accommodate the requirements
of an expanding population within a limited air resource, it is necessary
that the planner be able to differentiate between and evaluate alternative
plans in terms of their relative air pollution impact. The problem then
is how to apply existing analytical techniques and data for quantifying
the impact of land use on air quality to an evaluative methodology for
estimating how effectively the air resource is used.
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Figure 3-1: The Dependence of Air Quality on Land Use - Shows how

AIR QUALITY

the planning process can contribute to the determination
of air quality and suggests that the planner needs a way
of evaluating the consequences of planning decisions in

terms of air pollution impact.
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THE ECONOMICS OF AIR POLLUTION

Cost implications provide the most tangible and immediate means of
evaluating the air pollution impact of alternative land use plans.

Air pollution may be viewed as the result of using the atmosphere as
a waste disposal medium for the urban processes supporting the economic
structure of a region. Because the air resource is not limitless, it is
apparent that a means of evaluating the effectiveness of 'spending' this
resource is important to the decisicn making processes which prescribe
urban growth and development. The ideal measure of effectiveness would
be a single quantitative indicator which is generally applicable to the
spectrum of planning variables as ar optimization parameter. On this
basis, cost effectiveness is the obvious comparison of proposed alternative
land use strategies relative to their air pollution impact, as well as to
the other constraints within which the planner must operate.

There are three broad areas of economic concern identifiable within the
scope of a cost effective approach to evaluating regional air pollution
impact. They are:

1. The trade-off between air quality and those urban activities
which determine regional economic viability

2. The costs incurred in controlling pollutant emissions

3. The costs of damage resulting from expected air pollution levels.

Their interrelationship with the planner and the planning process may be
represented as shown in Figure 3-2.

The first of these is important to the planning process because it defines
attainable limits for proposed land uses in terms of both air quality and what-
ever measure of economic viability the planner chooses. Federal and state air
quality standards and regulations have, in effect, placed constraints on the mix,
intensities, and locations of the various land use categories, particularly those
involving heavy industry and motor vehicular transportation. These constraints re-
quire the planner to reconcile the pressures for economic development, with their
anticipated impact on air quality, to a level of detail encompassing the spatial
allocation of both the sources and receptors of air pollutants.

Collectively, the cost of controlling pollutant emissions and the cost
of air pollution damage define the total cost of air pollution for a given
land use plan. Evaluation of totzl cost relative to the flow of benefits
inherent in the land use configuration which gives rise to these benefits
is the basis for determining the relative air quality impact cost effective-
ness of alternative plans.

Quantification of allowable limits to preferred land uses and cost ef-
fective evaluations of alternative proposed land use plans generated within
these limits may be taken as the initial and final steps in a methodological
approach to cost effective air quality impact land use planning. Subsequent
sections of this chapter discuss :ndividual aspects of air pollution economics
as they pertain to land use planning, and subsequent chapters outline the meth-
odology indicated above and present a set of guidelines for its application.



1 TRADE OFF: AIR QUALITY VS. URBAN ACTIVITY
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The Economic Implications of Land Use Planning in Terms of Air
Pollution Impact - Shows how three basic economic concerns may
be combined to provide both constraints to and a means of
evaluating land uses in terms of air pollution impact.
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!
Trade-Off: Air Quality vs Economic Viability

Because land use activities which promote a healthy regional economy
tend to degrade regional air quality, there is a trade-off between these
two basic planning goals.

It has long been recognized that activities which are conducive to a
healthy economy can, and often do, result in unwanted side effects. Known
in economic linguistics as external diseconomies, these effects generally
demonstrate a positive correlation with the level of their causal activity.
Air pollution is an outstanding example of an external diseconomy because
it is the unwanted result of urban activities which ultimately exist to
enhance the quality of urban life. Further, it generally increases as
the levels or intensities of these activities increase. The result of this
cause and effect relationship on a regional scale is an overall decrease
in air quality as a function of increasing urban activity.

Given that some general inverse relationship exists between air quality
and economic potency, the planner must at the outset reconcile these opposing
planning goals. On the one hand, severely curtailing those activities which
are major contributors to air pollution may provide for good air quality
but may, at the same time, so severely limit both productivity and mobility
that the regional economic base may be eliminated. On the other hand,
vigorous pursuit of an effective and vital economic base may cause air
quality to be unacceptable. It is essential that the planner be able
to quantitatively establish these extremes at the outset so that both
good air quality and an effective economic base are 'built-in' to proposed
land use schemes.

Considering the reliance upon the combustion of fossil fuels as the
major source of energy, there will slways be some level of urban activity
beyond which acceptable air quality is simply unobtainable. It should be
recognized however, that emission controls offer considerable latitude in
specifying activity types and levels which meet air quality criteria. As
indicated in the accompanying figure, control strategies have the effect of
either increasing the capacity of a given enviromnment for urban activity at
a given level of air quallty (control strategy Cl), or increasing the level
of air quality for a given level of urban activity (control strategy C3),
or some combination of the two (control strategy C )

Unfortunately, there are some very real economic constraints associated
with the degree of emission controls that a given land use strategy can
tolerate. For example, if a plan is proposed which attempts a very high
level of emission control (in order to allow, for instance, for high industrial
employment), it may become economically impossible for certain of the
activities which are being relied upon as potential employers to survive
on a competitive basis. The next section discusses in further detail the
effects of emission controls and air pollution damage in terms of achieving

regional economic viability.
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Figure 3-3, The General Relationship of Level of Urban Activity to Air Quality -
Shows the options available to the planner in terms of both air
quality and urban activity through the specifications of emission
control strategies.
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The Cost of Achieving Ecomomic Viability in Terms of Air Pollution Impact

For a given land use configuration, the cost optimum level of attainable
air quality may be determined from the combination of costs resulting from
the implementation of various control strategies and the corresponding
costs resulting from air pollution damage.

The cost of achieving regional economic viability in terms of air
pollution impact may be defined as the return received (e.g., in regional
employment) for each dollar spent on air pollution. Quantification
of this parameter for alternative proposed land use plans may be used as
the basis for performing cost effective evaluations and consequent ranking
of the alternatives in terms of their relative air pollution impact. It is
therefore essential to be able to determine the total cost of air pollution
for each of the proposed alternatives which have been postulated to provide
for both regional economic viability and acceptable air quality.

As indicated in the accompanying figure, the total cost of achieving a
given level of air quality for a given land use plan is the sum of the costs
resulting from controlling pollutant emissions and the corresponding costs
resulting from air pollution damage. Ideally, the planner should attempt
to attain, for each of the proposed alternatives, that level of air quality
which results in the minimum total cost of air pollution. This would re-
quire specification of an emission control strategy which provides for the
cost optimum level of air quality. However, as a result of satisfying either
basic planning constraints or the requirements of legislated air quality reg-
ulations, it may well be that the planner has had to specify emission controls
as an integral part of one or more of the alternative plans. If this is the
case, and if the control strategy is such that it becomes impossible to
operate at the cost optimum air quality level for that land use plan, addi-
tional emission controls should not be specified. The point is that the
planner should always attempt to opsrate as close to the minimum total cost
as possible for each plan considered because the utility received is inherent
in the specification of the plan.

By the same token, a plan which does not operate at the minimum total
air pollution cost should not necessarily be abandoned. If the utility
received from the plan is high, the cost effectiveness evalution may
indicate that it is the most desirable alternative. Again, it is not the
total cost of air pollution which is the indicator of relative worth, but
rather the air quality cost effectiveness. This is the most critical
concept involved in the economic evaluation of air pollution impact and its
importance cannot be overstressed. Assuming that it is necessary to spend
air quality to buy economic viability, it 1s essential that the maximum
return be realized for the damage that is done.
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Figure 3-4.

Level of Air Quality

The Total Cost of Air Pollution - Shows how the curves of
control and damage costs for a given plan combine to form
a total cost curve the minimum of which determines the
cost optimum level of air quality.
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The Cost of Controlling Pollutant Emissions

The cost of air pollution control is the economic indicator defining
the aggregate ability of the public, corporate, and ultimately the individual
sector to supply clean air.

Legislated air pollution control strategies and standards effectively
shift some of the direct cost burcen of air pollution from the individual
to the corporate and public sectors. That is, rather than the individual
having to bear the direct burden of air pollution damage, public and cor-
porate facilities are required to assume the responsibility for air pol-
lution control. Other things being equal, internalization of air pollution
costs results in a decrease in net productivity. In turn, the ability to
shift this burden back to the individual will generally determine the via-
bility of public and corporate facilities within the structure of the re-
gional and national economy.

For the public sector, the cost of controlling air pollution results
from the combined costs of directly controlling pollutant emissions from
municipally owned sources (i.e. power plants, incinerators, public trans-
portation facilities, etc.) and from the costs of operating and maintaining
air pollution control and regulatory services and facilities (e.g. enforce-
ment, research and development, monitoring, information services, litigation,
etc.) In as much as these facilities are publicly owned, the cost of
pollution control is generally passed on to the individual in the form of
increased taxes or usage rates.

Air pollution control strategies and regulations will have a signifi-
cant effect on the corporate sector as well. The final effect of pollution
control on quantity of output, facility location, profits, and consequently
prices will generally depend upon a) pricing policy of the industry in
which the individual firm is located, b) the direct cost of abatement
in terms of equipment required to meet emission standards and the operating
and maintenance costs of that equipment, c¢) the structure of the industry
(other than pricing policy), d) the demand elasticity for the firm's product
and, 3) the structure of the market. In order to counterbalance the effects
of internalizing pollution costs, individual firms will try to shift as much
of the burden resulting from the decrease in productivity as is possible to
the individual in the form of higher prices.

Ultimately of course, the largest burden of air pollution control costs
will be borne by the individual. While direct cost increases to the public
and corporate sectors do not, in general, translate dollar for dollar to
price and tax increases to the individual, for purposes of establishing a
relative system of accounts to perform cost effective analyses of alternative
1and use plans, these cost increases are sufficient. The justifying assumption
for this statement is that the factors defining multiplier effects in the
regional economy will not be significantly altered by differences in growth
options. The cost of controlling pollutant emissions may then be defined in
terms of direct costs to the corporate and public sectors.
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The Cost of Controlling Pollutant Emissions - Shows how the
individual costs of pollution control may be considered for
purposes of defining the total cost. The ability of the
individual sector to support this burden may then be viewed
as the aggregate ability of society to supply clean air.

81



82

The Damage Function

Air pollution damage functions define the extent of aggregate dollar
value damages attributable to polluted air.

The total nation-wide cost of air pollution damage for 1968 has been
estimated at approximately 16 billion dollars. This figure, while admittedly
a rough approximation, nevertheless, demonstrates that air pollution damages
are both quantifiable and significant. More recent studies have estimated
national damage costs ranging upwards of 300 billion dollars, indicating a
more complete understanding of the effects of air pollution as well as a
broader range of analytical capabilities with which to define its economic
consequences. As the body of knowledge concerning the effects of polluted
air continues to grow, it is expected that damage estimates will increase
even further.

Existing studies into the construction of air pollution damage functions
have postulated the following indicators as those best suited to establish
the deleterious effects of polluted air:

e Health Costs

e Materials Damage

e Property Devaluations

e Vegetation Damage

] Soiling Costs

° Animal Losses

® Asthetic Effects

e Litigation Expenses

Of these, sufficient data exists only for attempted quantification of
the first four. Even for these categories, data limitations have prevented
construction of reliable empirically based damage functions. Those postu-
lated to date are pro forma representations of indicated trends generated
through multivariate statistical analyses. In addition, it has not as yet

been possible to postulate an aggregate damage function of all pollutants.
Rather, damage functions are currently expressed by pollutant.

Data limitations notwithstanding, information currently available to
estimate per capita damage costs as a function of pollutant concentrations
is sufficient to indicate the comparative air pollution impact of alternative
land use schemes, particularly for the industrial pollutants, i.e., SO2
and particulates.
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Figure 3-6. Pro Forma Damage Functions for SO, and Particulates - Show
the effect of pollutant concentrations on annual per capita
damage costs,
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LITERATURE SURVEY AND EVALUATION

Although a considerable amount of material is available concerning each
of the various aspects of air pollution economics, a comprehensive methodolog-
ical approach to cost effect air quality impact planning is not available on
a level commensurate with both the requirements and constraints of existing
planning practices.

Available literature relative to the economic implications of air pollu-
tion may be categorized into the three individual areas of concern indicated
previously:

1) The trade off of air quality with urban activity
2) The damage functions

3) The cost of controlling pollutant emissions.

Information relevant to the first area of concern is fairly abundant
and relatively easy to obtain. Unfortunately, much of the available litera-
ture is descriptive in nature and, for the most part, reflects efforts to
implement various control strategies for existing land use configurations.
The outstanding examples of implemented studies in this area, and those for
which the preceding generalization does not apply, are referenced in the
accompanying table.

In terms of documented studies attempting to establish empirically based
damage functions, very little has been accomplished to date. Conceptually,
this area has been relatively well derfined; however, difficulties in compiliug
data have as yet precluded the availability of anything but pro forma repre-
sentations. It is anticipated that extensive research efforts currently under
way will provide more suitable information.

Since the adoption of the Clean Air Act, considerable effort has been
spent on defining the costs to be incurred in controlling pollutant emissions.
Much data is already available and this is being supplemented on an almost
daily basis.

As discussed in the Summary, it is not expected that the application
of the concepts presented here be accomplished through consideration of
this document alone. Because of a multiplicity of factors involving site
specific concerns of individual areas, the capabilities and limitations of
various planning groups, the availability of representative data, and the
relative position that air quality occupies within the priority structure
of a given state, region, or municipality, it is anticipated that extensive
literature and agency surveys will be required of potential users. It is
therefore suggested that references cited in the accompanying table be
obtained and examined as a first step in performing such surveys.
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A METHODOLOGICAL APPROACH TO COST EFFECTIVE AIR QUALITY IMPACT
LAND USE PLANNING

SCOPE AND OBJECTIVES

The methodology presented here attempts to provide an analytical frame-
work for considering the economic implications of air quality impact land
use planning.

Current concern about the environment has fostered attempts to improve
urban air quality. The major focus of these attempts has been on emissions
control through fuel utilization and waste gas cleansing devices. Unfor-
tunately, this type of approach recognizes neither the problems of planning
for long term air quality, nor basic questions related to the economics of
air pollution. The methodology presented here combines some of the most
significant aspects of air pollution economics with an existing air quality
impact planning process to form a '"bare-bones' procedural outline for:

1. Making preliminary planning decisions involving acceptable
amounts of heavily polluting land uses in terms of both
air quality and one or more planning goals considered rep-
resentative of economic viability

2. Evaluating alternative proposed land use plans in terms of
how effectively they use the air resource to obtain stated
planning goals.

In order that a cost effective planning and evaluation scheme for air
quality be of practical value to the planner, it must be both easily applicable
to a variety of planning situations and sensitive to time and budgetary con-
straints imposed on all planning exercises. Most especially it must be
flexible in scope, tolerant of a variety of operating variables, simple
to implement, and compatible with existing data and techniques for
relating land use to air quality.

The ultimate objective of this methodology is the improvement of the
decision making process concerned with the growth and development of urban
configurations in terms of air quality. The intention here is not to put
forth a dogmatic planning procedure but rather to provide a quasi-analytical
framework within which the planner can accomodate and evaluate the effects
of special characteristics of individual study areas. This is neither a
mechanism for producing ideal land use schemes nor a means of attaining
poliution free air. It is instead a planning aid and management tool for
conserving the air resource in the face of severe .pressures for economic
development and given the restrictions of a fossil fuel energy supply and
an imperfect emissions control technology.

Because this document is very conceptual and does not provide for the actual
application of the methodology presented, Table 3-2 may prove useful to those who
might wish to attempt an application. It presents the general objectives of the
methodology and indicates what these objectives translate to in terms of scope of
application. It represents, therefore, a concise statement of the intended util-
ity of the methodology. Additional comments on application may be found in
the third chapter.



TABLE 3-2.

SCOPE AND OBJECTIVES

Objectives of the Methodology

Implications to Scope
of the Methodology

1) To anticipate and evaluate the
air quality and economic implica-
tions of planning decisions.

1} Must recognize and include
quantification of air quality and
economic criteria.

2) To be compatible with existing
data and air quality and economic
analytical techniques.

2) Must allow for a range of
sophistication and detail.

3) To recognize and accommodate
the specific concerns of indi-
vidual planning areas.

3) Must be tolerant of a variety
of operating variables over a
range of physical scales.

4) To accommodate both the
operational capabilities and
limitations of individual planning
groups.

4) Must be sensitive to time and
budgetary constraints.
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CONCEPTUAL DESIGN

Conceptually, the methodology aims at establishing the most effective
use of the air resource from among alternative proposed land use plans which
accomodate both air quality and economic development criteria.

In addition to the general problem of defining appropriate state and
regional planning control strategies in compliance with the requirements
of legislated air quality criteria, a very practical problem facing most
communities is planning for the future to accommodate anticipated or desired
growth. Government environmental regulations and citizen group activities
have caused many communities to re-evaluate the process by which growth is
achieved, so that environmental quality is now as much a concern as the more
traditional problems of housing, employment, crime, and tax base. Consequently,
planning decisions involving the magnitude and direction of community and
regional growth must be cognizant of both economic and air quality constraints
and should be based upon the effectiveness of air resource utilization.

Generally, economic constraints to planning options will appear in the
form of minimum increases of industrial, commercial, and residential land
uses necessary to accommodate existing and anticipated or desired changes in
the economic, social, and political structure of a given study area. Factors
to be considered in establishing this 'lower bound to growth' should there-
fore include the existing land use configuration, indicated development trends,
physical characteristics of the area which either tend to promote or inhibit
certain types of development, specific political or legislative requirements,
and the development preferences of the existing population.

Air quality constraints to planning options are somewhat less difficult
to define than economic constraints. In most cases these air quality
constraints will be legislated federal or state standards. In addition to
absolute limits of individual pollutant concentrations, these may also
involve incremental limits, to either emission densities or pollutant
concentrations, over fixed values. In any event, these constraints will
translate to maximum amounts of industrial, commercial, and residential
land uses which can be tolerated within a given study area.

Together, the upper and lower tounds to growth, as established through
a consideration of air quality and economic constraints, provide a range of
land use types and intensities from which preliminary development options may
be specified. Designing within these limits will enable proposed plans to
effectively accommodate both economic and air quality requirements. However,
there are any number of combinations of land use mixes and intensities which
may be permitted in a given area so that most often a series of alternative
configurations will be postulated. An evaluation of the alternatives, defining
how effectively each makes use of the air resource, provides a basis for indi-
cating the preferred direction and magnitude of area growth. This evaluation
is accomplished by performing a simplified relative cost effectiveness analysis.

The following section discusses the implementation of these concepts with-
in the planning process.
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PROCEDURAL DESIGN

The procedural design of the methodology is effectively a step-wise
sifting process in which economic and air quality constraints are sequen-
tially applied to possible growth configurations and the residuals are
evaluated in terms of their relative air pollution impact cost effectiveness.

Translating the conceptual design of the methodology, as defined in the
previous section, into a practical, operational planning tool requires delin-
eation of a procedural set of workirg steps. Ideally, these steps are indi-
vidual operations which apply the current body of relevant information to
specific planning concerns and do so in a chronological sequence which eliminates
less promising plans early on and examines the residuals in further detail.

As indicated in the previous sectior, an Air Quality Impact-Land Use Plan-
ning Process has already been defined and documented. The process is outlined,
by its component steps, in the accompanying figure. It is the foundation upon
which the procedural design of the methodology is laid.

Establishing the upper and lower bounds to growth, as required by the
conceptual design, is accomplished by performing Steps 1 through 3 of the
Air Quality Impact-Land Use Planning Process (denoted by the dashed line).
These steps represent a 'quick and dirty' means of defining the trade-off
between air quality and the pollution generating activities which generally
support the economic structure (i.e., industry and transportation). The
output of Step 3 is in the form of a series of preliminary alternative plans,
specified in terms of types and amounts of industry and transportation. Each
of these preliminary plans has been generated within the limits set by stated
air quality and economic criteria.

Steps 4 and 5 of the Air Quality Impact-Land Use Planning Process de-
velop and refine preliminary designs into 'final' land use plans and provide
a statement of expected pollutant concentrations and their relative spatial
distributions within the planning area. This information is applied to cen-
sus tract data (or its equivalent) to obtain per capita air pollution damages
from pollutant specific damage functions. The total cost of air pollution
damage for the planning area is then the sum, over all census tracts, of

the total damage in each tract.

The cost of controlling pollutant emissions is determined from the com-
bination of costs fostered by controls imposed to limit pollutant emissions
in excess of federal emission requirements and the cost of operating state,
regional, and/or municipal control and regulatory agencies. Together, damage
costs and control costs define the total cost of air pollution for a given
land use plan. By iterating on control strategies and working back through
the Air Quality Impact-Land Use Planning Process, it is possible to define,
for each land use configuration proposed, the cost optimum level of air quality.
Emission controls should be specified to obtain this level as far as POS-
sible.

The total cost of air pollution is then used as the denominator in a
ratio of the dollar value of benefits received from a given plan to its air
pollution costs. This ratio represents the relative cost effectiveness of
that plan. Comparison of this value with those derived for other plans
establishes a preferential ranking of all alternatives considered.
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APPLICATION GUIDELINES

. The methodology presented is applicable to a variety of planning
situations over a range of physical scales each subject in its turn to a
variety of operating variables.

As indicated previously, the methodology presented is a loosely
structured framework within which planning decisions are formulated and
evaluated in terms of how effectively the air resource is used to
obtain stated planning goals. Becatse planning exercises are invariably
site specific, and because the special concerns of individual planning
areas are extremely difficult to address in a generalized context,
application of the methodology to a specific problem requires that
preliminary decisions relative to physical scale, operating variables
defining utility, and data requirements be made. Generally, these
three concerns will dictate both the scope and levels of detail
of specific analyses required within the generalized procedural
framework.

The physical scale over which the methodology may be applied is
considerable, ranging from macroscale studies involving several hun-
dreds of square miles to microscale studies of perhaps a square mile
or less. In the macroscale case the primary focal point of analytical
studies is the definition and evaluation of the aggregate effects of
all land uses within a given study area, in terms of both their economic
and air pollution impacts. By definition these are regional scale
planning exercises and are particularly effective for establishing
general development preferences in terms of over all land use types,
intensities, and relative locations. Microscale studies will usually
involve the design and placement of individual facilities within a
given study area. In many cases, it may be desirable to use such
studies as a tuning mechanism for regional scale exercises. For
example, after defining an acceptable regional configuration, alterna-
tive subregional and local development options may be examined and
evaluated within that regional context.

In choosing a physical scale which is appropriate for a given
study, it is important that the scope of impact of various planning
options be recognized. The environmental consequences of a regional
scale planning decision may be limited to the microscale. By the
same token, the economic implications of microscale development
options will often be regional in nature and might therefore require
an iteration on the macroscale scheme. :

Once a physical scale has been chosen, it is necessary to structure

the work study programs defining utility (benefits) and non-utility (costs]).

The first consideration in doing this should involve the specification of
operating variables.



The number and types of operating variables available to represent
the utility of a given plan are as varied as the connotative meaning of
the word 'utility.' Any single planning goal or objective, or any
combination of goals which can be quantified, and to which a dollar
value assignation may be made, is fair game. These variables may be
either positive or negative, although any plan which demonstrates a
net negative utility in terms of a combination of variables defining
stated goals is, by definition, less than useless and should be summarily
rejected. Optimally, operating variables should be specified so as to
be mutually independent, and therefore directly additive on a dollar
value basis. It must be noted here that the evaluation of alternative
plans in terms of their relative air quality cost effectiveness is
meaningless unless the same operating variables are used to define
utility for each plan.

The variables which may be used to define non-utility, or costs,
appear in two basic sets:

1) Expressing the costs of air pollution damage
2) Expressing the costs of air pollution control.

The operational definition of the damage function is limited by
lack of extensive available data. As indicated in the section entitled The
Damage Function, the present definition would involve the summation of health,
vegetation, property devaluation, and soiling costs. The costs of
air pollution control are more varied and will be more site specific
in nature. For this reason, a bit more creativity can be brought
to bear in their operational definitions for a given study. In
either case, it will usually be the availability of empirical
data which will dictate the variables to be used.

Because the validity of any quantitative evaluation scheme 1is
critically dependent on the validity of the data used, it is important
that comprehensive regional or locally specific data be used in defining
the operating variables. If this type of information is unavailable,
serious consideration should be given to a redefinition of utility
for that series of planning options. Where a redefinition cannot
retain the intended meaning of utility, pro forma data representations
may be used. However, even where relative evaluations will suffice,
results derived from these data should be closely scrutinized.

It should be painfully obvious at this point that an actual application
of the entire methodology will require a considerable effort. Furthermore,
there appears to be a general reluctance on the parts of both the planning
and economic communities to accept the validity of a cost effective approach
to air quality planning. However, it would be unreasonable to assume that a
cost effective approach to allocating perhaps our most precious resource can
be dismissed without further scrutiny.
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