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PREFACE

Air pollution can negatively impact public health when present in the atmosphere
in sufficient quantities. Most rural areas rarely experience air quality problems, while elevated
concentrations of air pollution are found in many urban environments. Recently, there has been
an increasingly larger degree of urbanization and industrial activity throughout Mexico, resulting
inair quality impairment for severa regions.

Air pollution results from a complex mix of literaly thousands of sources ranging
from industrial smoke stacks and motor vehicles to the individual use of grooming products,
household cleaners, and paints. Even plant and animal life can play an important role in the air
pollution problem. The complex nature of air pollution requires the development of detailed
plans on aregiona level that provide afull understanding of the emission sources and methods
for reducing the health impacts associated with exposure to air pollution. Example air quality
planning activities include:

Application of air quality models,

Examination of source attribution for emissions control where deemed
necessary;

Development of emission projections to examine possible changesin
future air quality;

Analysis of emission trends; and
Analysis of emissions transport from one region to another.

Development of fundamentally sound emissions inventoriesis a key need for each
of these air quality management and planning functions.

Developing emission estimates to meet air quality planning needs requires
continual development and refinement; “one time” inventory efforts are not conducive to the air
quality planning process. For lasting benefit, an inventory program must be implemented so that
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accurate emission estimates can be developed for all important geographic regions, refined over
time, and effectively applied in the air quality planning and monitoring process. Consequently, a
set of inventory manuals will be developed that can be used throughout the country to help
coordinate the development of consistent emission estimates. These manuals are intended for use
by local, state, and federal agencies, as well as by industry and private consultants. The purpose
of these manualsisto assist in implementing the inventory program and in maintaining that
program over time so that emissions inventories can be developed in periodic cycles and
continually improved.

The manuals cover inventory program elements such as estimating emissions,
program planning, database management, emissions validation, and other important topics.
Figure 1 shows the series of manuals that will be developed to support a complete inventory

program. The main purpose of each manual or volume is summarized below.

Volume I — Emissions Inventory Program Planning. This manual addresses
the important planning issues that must be considered in an air emissions inventory program.
Program planning is discussed not as an "up-front" activity, but rather as an ongoing process to
ensure the long-term growth and success of an emissions inventory program. Key Topics:
program purpose, inventory end uses, regulatory requirements, coordination at federal/state/local
levels, staff and data management requirements, identifying and selecting special studies.

Volume Il — Emissions Inventory Fundamentals. This manual presents the
basic fundamentals of emissions inventory development and discusses inventory elements that
apply to multiple source types (e.g., point and area) to avoid the need for repetition in multiple
volumes. Key Topics: applicable regulations, rule effectiveness, rule penetration, pollutant
definitions (excluding nonreactive volatile), point/area source delineation, point/area source

reconciliation.
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Volume 11l — Basic Emission Estimating Techniques. This manual presents
the basic methodol ogies used to develop emission estimates, including examples and sample
calculations. Inventory tools associated with each methodology are identified and included in
Volume XI (References). Key Topics: source sampling, emissions models, surveying, emission
factors, material balance, and extrapolation.

Volume IV — Emissions Inventory Development: Point Sources. This
manual provides guidance for developing the point source emissions inventory. A cross-
reference table is provided for each industry/device type combination (e.g., petroleum
refining/combustion devices) with one or more of the basic methodologies presented in VVolume
I11. Key Topics: cross-reference table, stack parameters, control devices, design/process
considerations, geographic differences and variability in Mexico, quality assurance/quality
control (QA/QC), overlooked processes, data references, and data collection forms.

Volume V — Emissions Inventory Development: Area Sources (includes
non-road mobile). This manua provides guidance for devel oping the area source emissions
inventory. After the presentation of general area source information, atable is provided to cross-
reference each area source category (e.g., asphalt application) with one or more of the basic
methodol ogies presented in Volume I11. Then, source category-specific information is discussed
for each source category defined in the table. Key Topics: area source categorization and
definition, cross-reference table, control factors, geographic differences and variability in
Mexico, QA/QC, data references, and data collection forms (questionnaires).

Volume VI — Emissions Inventory Development: Motor Vehicles. Because
motor vehicles are inherently different from point and area sources, the available estimation
methods and required data are also different. To estimate emissions from these complex sources,
models are the preferred estimation tool. Many of these models utilize extensive test data
applicable to a given country or region. This manual focuses primarily on the data development
phase of estimating motor vehicle emissions. Key Topics: available estimation methods,
primary/secondary/tertiary data and information, source categorization, emission factor sources,
geographic variability within Mexico, and QA/QC.
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Volume VII — Emissions Inventory Development: Natural Sources. This

manual provides guidance for developing a natural source emissions inventory (i.e., biogenic
volatile organic compound [VOC] and soil nitrogen oxide [NOx]). In addition, this manual
includes the theoretical aspects of emission calculations and discussion of specific models. Key
Topics: source categorization and definition, emission mechanisms, basic emission algorithms,
biomass determination, land use/land cover data development, tempora and meteorological

adjustments, and emission cal culation approaches.

Volume VIII — Modeling Inventory Development. This manual provides
guidance for developing inventory data for use in air quality models and addresses issues such as
temporal allocation, spatial allocation, speciation, and projection of emission estimates. Key
Topics: definition of modeling terms, seasonal adjustment, temporal allocation, spatia allocation,

chemical speciation, and projections (growth and control factors).

Volume IX — Emissions Inventory Program Evaluation. This manual
consists of three parts: QA/QC, uncertainty analysis, and emissions verification. The QA/QC
portion defines the overall QA/QC program and is written to complement source-specific
QA/QC procedures written into other manuals. The uncertainty anaysis includes not only
methods of assessing uncertainty in emission estimates, but also for assessing uncertainty in
modeling values such as speciation profiles and emission projection factors. The emissions
verification section describes various analyses that can be performed to examine the accuracy of
the emission estimates. Examples include receptor modeling and trgjectory analysis combined
with specific data analysis techniques. Key Topics: description of concepts and definition of
terms, inventory review protocol, completeness review, accuracy review, consistency review,
recommended uncertainty methodologies, and applicable emission verification methodologies.
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Volume X — Data Management. This manual addresses the important needs
associated with the data management element of the Mexico national emissions inventory
program. Key Topics: general-purpose data management systems and tools, specific-purpose
software systems and tools, coding system, confidentiality, electronic submittal, frequency of
updates, recordkeeping, Mexico-specific databases, and reports.

Volume X1 — References. This manual is acompendium of tools that can be
used in emissions inventory program development. Inventory tools referenced in the other
manuals are included (i.e., hard-copy documents, electronic documents, and computer models).
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1.0 INTRODUCTION

Over the past 25 years, numerous studies have been performed to address air
quality problems. More recently, many of these investigations have relied upon the use of
advanced air quality models. Air quality modeling is often used to show compliance with
ambient air quality standards for criteria pollutants (e.g., ozone [O3], carbon monoxide [CO],
nitrogen oxides [NQy], etc.) or to analyze the effectiveness of various control strategies. Though
photochemical modeling has traditionally been used to demonstrate attainment with ozone
standards, regional modeling is expected to also be used in the future as atool for demonstrating
attainment with particulate matter and regional haze standards. Also, regiona modeling is
sometimes used to examine the health and/or environmental risk associated with hazardous air
pollutant (HAP) emissions. Pollutant emission rates are a key input to these models. A modeling
emissions inventory is a compilation of these pollutant emission rates, which are then utilized by
an air quality model.

The purpose of this manual isto educate the reader on the steps that are involved
in developing a modeling inventory. It is intended to be an introductory “bridge” document
between Volume IV (Point Source Inventory Development), Volume V (Area Source Inventory
Development), and Volume VI (Motor Vehicle Inventory Development) of this manua series and
the user’s guides for specific emissions modeling tools (e.g., Geocoded Emissions Modeling and
Projections System [GEMAP] [Radian, 1993], Emissions Modeling System-95 [EMS-95] [U.S.
EPA, 19994], etc.). As such, the content of this document is not model-specific, but presents the
general concepts of modeling inventory development and illustrates them through the use of
figures and numerical examples.

A number of papers that describe the use of GEMAP and EMS-95 for developing
modeling inventories were identified in the technical literature (Beidler et al., 1996; Benjey and
Moghari, 1995; Bruckman, 1993; Bruckman and Oliver, 1993; Dickson and Oliver, 1991,
Dickson et al., 1992; Dickson et al., 1993; Dickson et a., 1994; Janssen, 1996; Janssen, 1998;
Koerber, 1992; Mayenkar et al., 1992; and Oliver et al., 1998); these references are provided in
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Section 10.0. It should be noted that GEMAP and EMS-95 are two widely used emissions
modeling tools; other useful emissions modeling tools may exist. The specific inventory and

modeling objectives should be examined in order to select the appropriate emissions modeling
tool. Selection of an emissions model is often made on the basis of:

Familiarity with existing emissions models; and

Compatibility of emissions model formats with both existing input data
and requirements of the air quality model.

The availability of input data for the emissions model is essential to the success of emissions
modeling, but usually does not significantly affect the selection of a particular emissions model.

All such models require a great amount of site-specific and source-specific input data.

The technical steps conducted during modeling inventory development to process
the inventories for input to air quality models are as follows:
1 Temporal allocation — breaking down the annual emission estimates in the
base year inventory into smaller time increments (usually hourly);

2. Spatial allocation — distributing the base year emission estimates into
individual grid cells defined over the inventory domain;

3. Speciation — breaking down total organic gas (TOG)/reactive organic gas
(ROG) emissionsinto reactivity groups and/or individual chemical
species, total NOk into nitric oxide (NO) and nitrogen dioxide (NO), and
total particulate matter (PM) by particle size and/or individual chemical
species; and

4. Projections — combining base year emission estimates with growth and
control factors to estimate emissions for future years.

To implement these technical steps, many different data sets are required. These
data need to be specifically tailored to the geographic modeling region and to the operating
conditions of the source types within that region. For example, site-specific data are needed for
gpatial alocation profiles and seasonal operating rates. Source-specific data are needed for
temporal allocation profiles (seasonal, weekly, hourly), emissions chemical speciation, and
growth/control factors. Thus, each modeling domain and each source category requires specific
data sets for tempora and spatial allocation, speciation, and emission projections.
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Many of the required data sets should not be generalized. For example, hourly
vehicle traffic patternsin Mexico City are likely to be different than in metropolitan areas along
the Mexico-U.S. border (e.g., Ciudad Juarez, Mexicali, etc.). The appropriate data needed for the
emissions model are specific, in many cases, to prevailing conditions in each region and for each
source type. In such cases, these data cannot smply be assumed without affecting the validity of
the emissions model results. Examples include the required spatial allocation profiles, tempora
profiles for motor vehicles and airports, and emission projections.

For those data sets in which assumptions or generalizations will not compromise
the results, Mexico-specific data are preferred. However, it is expected that U.S.-derived data
setswill be used in selected cases until the Mexico- or site-specific information can be
developed. Examples of these types of data include emissions, chemical speciation profiles for
most source types, and some temporal alocation profiles (e.g., operating patterns for solvent
usage, €tc.).

Nevertheless, alarge amount of datais required to implement the temporal,
gpatial, speciation, and projection steps in an emissions modeling system. These data sets must
be obtained for the modeling domain so that the emissions modeling methods described in this
manual can be reliably applied.

In order to clearly explain the four modeling inventory development steps listed
above, an easy-to-understand modeling inventory example is used throughout this document and
is presented in shaded boxes. The example is based upon the hypothetical modeling inventory
community presented in Figure 1-1. The community contains the following six emission sources:

A point source (i.e., alarge factory) with a boiler for seasonal heating and
a surface coating process (counted as two separate emission sources);
On-road motor vehicles (i.e. light-duty passenger automobiles);

Gasoline stations;

Residential consumer solvent use; and

Agricultural pesticide application.

Mexico Emissions Inventory Program 1-3
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All six emission sources emit TOG, while CO and NO, emissions are limited to
the two combustion sources (i.e., the factory boiler and light-duty automobiles). Assumed annual
emissions for these six emission sources are presented in Table 1-1.

Table 1-1. Assumed Annual Emissions for Emission Sources in Hypothetical
Modeling Inventory Community

Emission Source TOG (Mglyr) CO (Mglyr) NOy (Mg/yr)

Factory (Boiler) 200 600 400
Factory (Surface Coating) 300 N/A N/A
Light-Duty Automobiles 400 800 600
Gasoline Stations 150 N/A N/A
Residential Consumer Solvent Use 200 N/A N/A
Agricultural Pesticide Application 100 N/A N/A
Mglyr = megagrams (10° grams or 1 metric ton) per year

N/A = not applicable

The number of emission sources has been limited to six, so that the various
modeling inventory development steps can be adequately demonstrated without the number of
associated calculations becoming too large. An actual modeling inventory will contain many
more emission sources and will require more sophisticated data manipulation tools than the
simple calculations presented in this manual. In addition, only TOG, CO, and NOy emissions will
be directly addressed in the model. There will be some discussion of PM and other pollutants,
but the main focus of the example will be on TOG, CO, and NOx. Finally, it should be noted that
all vaues used in the hypothetical modeling inventory are for demonstration purposes only and
should not be used in actua modeling inventories.

The remainder of this manual is organized as follows:
_Section 2.0 presents the data and computing requirements for a modeling
inventory;
Section 3.0 explains tempora allocation,
Section 4.0 describes spatial allocation;
Section 5.0 explains speciation;
Section 6.0 discusses emission projections,
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Section 7.0 presents the modeling inventory development example for one
source category;

Section 8.0 contains some analyses of the entire hypothetical modeling
inventory;

Section 9.0 presents a conclusion for this manual;
Section 10.0 contains references used in development of this manual;

Appendix A contains the cal culation spreadsheets used for the
hypothetica modeling inventory;

Appendix B presents the TOG speciation profiles associated with the
source categories used in the hypothetical modeling inventory; and

Appendix C presents the PM speciation profiles associated with the source
categories used in the hypothetical modeling inventory.
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2.0 MODELING INVENTORY
REQUIREMENTS

The starting point for development of a modeling inventory is a database of
emissions-related data, often referred to as the base year inventory. It isimportant to understand
that a spreadsheet containing only the annual emission estimates for the base year would not be a
sufficiently robust enough data set to support modeling inventory development. Examples of
other emissions-related data that would need to be included in the base year inventory are facility
information, material types and throughputs, stack parameters, etc. An extensive, but not
comprehensive, list of needed base year inventory data for point sourcesis provided in Table
2-1. Similar data for area, motor vehicle, and biogenic sources are presented in Tables 2-2
through 2-4.

Table 2-1. Typical Base Year Inventory Data — Point Sources

Data Type Data Element
Facility Data Facility ID
Facility Name
Facility Industrial Code — SIC, NAICS, CMAP
Facility UTMs (Easting, Northing, Zone)
Stack Data Stack 1D
Stack Inside Diameter
Stack Height (above ground surface)
Stack Exit Temperature
Stack Exit Velocity
Stack Exit Flow Rate
Stack UTM Coordinates (Easting, Northing, Zone)
Stack Elevation (of base above sea level)
Device Data DevicelD
Operation Schedule Data —
Fractional Monthly Throughputs
Fractional Seasonal Throughputs
Operation Weeks/Y ear
Operation Days/Week
Operation Hours/Day
Process Data Process ID
SCC
Annual Process Rate/ Throughput
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Table 2-1. (Continued)

Data Type Data Element

Emissions Data Pollutant ID

Actual Emission Factors

Actual Annual Emissions

Primary Control Equipment Code
Secondary Control Equipment Code
Overall Control Equipment Efficiency

CMAP = Mexican Classification of Activities and Products
ID = identification number
NAICS = North American Industry Classification System
SCC = Source Classification Code
SIC = Standard Industrial Classification
UTM = Universal Transverse Mercator
Table 2-2. Typical Base Year Inventory Data — Area Sources
Data Type Data Element

Location Data State Code

County/Municipality Code
Source Data Area Category Code
Emissions Data Pollutant ID

Actual Emission Factor

Allowable Emission Factor

Actual Emission Estimate

Allowable Emission Estimate

Primary Control Equipment

Secondary Control Equipment

Control Efficiency

Temporal Basis (Average Annual or Average Day)
ID = identification number

Table 2-3. Typical Base Year Inventory Data — Motor Vehicle Sources

Data Type Data Element

Location Data State Code
County/Municipality Code

Source Data Vehicle Class
Vehicle Technology Type

Emissions Data Pollutant ID
Motor Vehicle Emission Process Code (i.e., REX, CST, HST, REV, HSK,
DNL, CC)
Total Daily County-Wide Emission Estimate

CcC = crankcase emissions HST = hot start emissions

CST = cold start emissions ID = identification

DNL = diurna emissions REV = running evaporative emissions
HSK = hot soak emissions REX = running exhaust emissions
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Table 2-4. Typical Base Year Inventory Data — Biogenic Sources

Data Type Data Element
Location Data State Code
County/Municipality Code
Source Data Plant Community Code (i.e., Vegetation Type)
Emissions Data Pollutant ID
Canopy Type
Biogenic Emission Flux (ug/m?-hr)