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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 commonly found in many urban environments. Recently,
urbanization and industrial activity throughout Mexico has increased, resulting in air quality

concerns for several regions.

Air pollution results from a complex mix of, literally, thousands of sources, from industria
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.
Due to the complex nature of air pollution, detailed regional plans are needed to identify the
emission sources and to develop methods for reducing the health impact from exposure to air

pollution. Examples of air quality planning activities include:

Application of air quality models,

. Examination of the sources emitting air pollution for emissions control analysis,
where necessary;

. Development of emission projections to examine possible changes in 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 aspect for each of these air

quality planning functions.
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Developing emission estimates to meet air quality planning needs requires continua
development and refinement; “onetime” inventory efforts are not conducive to the air quality
planning process. For lasting benefit, an inventory program must be implemented so that 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. Therefore, a set of
inventory manuals is being 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 staff, as well as by industry and private consultants. The purpose of these
manuals is to 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 complete series of manuals that will be devel oped to support a comprehensive inventory

program. The main purpose of each manual 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/l ocal

levels, staff and data management requirements, identifying and selecting special studies.

Volume I1—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 (e.g.,
how to properly exclude nonreactive volatile compounds), point/area source delineation,

point/area source reconciliation.

ii Mexico Emissions Inventory Program
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VVolume I11I—Emissions Inventory Development: Basic Emission Estimating
Techniques (EETs). This manua presents the basic EETs used to develop emission estimates,
including examples and sample calculations. Inventory tools associated with each methodology
are identified and included in Volume X1 (References). Key Topics: source sampling, emissions

models, surveying, emission factors, material balance, extrapolation.

VVolume IV—Point Sources. Thismanual provides guidance for developing the point
source emissionsinventory. 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 EETs
presented in Volume 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, data collection forms.

Volume V—Area Sources (includes non-road mobile). This manual provides guidance
for developing 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 EETs presented in Volume Il1. 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, data collection forms (questionnaires).

Volume VI—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 manua
focuses primarily on the data devel opment 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, QA/QC.
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Volume VII—Natural Sources. This manua provides guidance for developing a natural
source emissions inventory (i.e., biogenic volatile organic compounds [VOC] and soil oxides of
nitrogen [NQ,]). 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, temporal and meteorologica adjustments, emission calculation approaches.

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

speciation, projections (growth and control factors).

Volume IX—Emissions Inventory Program Evaluation. This manual consists of three
parts:. QA/QC, uncertainty anaysis, and emissions verification. The QA/QC portion defines the
overal QA/QC program and is written to complement source specific QA/QC procedures written
into other manuals. The uncertainty analysis 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,
compl eteness review, accuracy review, consistency review, recommended uncertainty EETS,

applicable emission verification EETS.

VVolume X—Data Management. This manual addresses the important needs associated
with the data management element of the Mexico national emission 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, reports.

Mexico Emissions Inventory Program \Y
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Volume XI—References. Thismanua isacompendium of tools that can be used in
emission inventory program development. Inventory tools referenced in the other manuals are

included (i.e., hardcopy documents, electronic documents, and computer models).
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1.0 INTRODUCTION

This manual presents the basic EETs used to develop point and area source
(including non-road mobile) emission estimates. The basic EETSs presented here were identified
by examining inventory methods currently used in Mexico, Europe, Asia, and the United States
(U.S). Inventory techniques developed by the World Health Organization (WHO) and
technigues used to develop global-scale greenhouse gas (GHG) emissions inventories were also

reviewed. The six different basic EETs identified are:

. Source Sampling: direct measurements of the pollutant concentration in
aknown volume of gas and of the stack gas flow rate. Most commonly
used for combustion emission sources.

. Emissions Models: equations developed when emissions are not directly
related to a single parameter that may use computers if alarge number of
complex calculations are involved. For example, the U.S. Environmental
Protection Agency (U.S. EPA) TANKS program is a computer
emissions model used to estimate emissions from storage tanks.

. Surveying: questionnaires designed to collect emissions data. Often
used to collect point source data developed at the facility level or area
source data from a representative sampling of sources from a given
source category.

. Emission Factors: ratios that relate the quantity of a pollutant emitted to
asingle unit of activity. The activity may be process-based data (e.g.,
throughput, hours of operation, surface area) or census-based data (e.g.,
population, employment).

. Material Balance: using measurements of all but the air component of a
process to determine the air emissions. Most commonly used for solvent
evaporation sources where data are not available to support the other
approaches.

. Extrapolation: scaling emissions from a given source to another source
based on a scaling parameter known for both sources (e.g., production
quantity, land area, number of employees).

Mexico Emissions Inventory Program 1-1
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In this manual, each of the basic EETsis explained and discussed in detail. In

addition, sample calculations are provided to illustrate the implementation of each basic EET.

The basic EETs manud is intended to be used in conjunction with the Point and
Area Source Manuals (i.e., Volumes IV and V, respectively). The Point and Area Source
Manuals each contain atable that cross-references each point or area source category with one or
more of the basic EETs which may be used to develop emission estimates. For example, for
Electric Utilities’Combustion Emissions, the Point Source Manual cross-reference table refers the
user to source sampling, emission factors, or material balance as the basic EETs to use to develop
emission estimates for this source category. These basic methods are described in thisbasic EETs

manual.

The remainder of this manual is organized as follows:

. Section 2.0 presents the basic emission estimating equation and defines
and provides general guidance on information sources for each equation
variable,

. Section 3.0 addresses source sampling;

. Section 4.0 presents emissions models (mechanistic and multivariate);

. Section 5.0 discusses surveying;

. Section 6.0 covers emission factors (process-based and census-based);

. Section 7.0 describes material balance calculations,
. Section 8.0 explains extrapolation;
. Appendix I11-A contains sample calculations for emissions models,

. Appendix 111-B contains information on how to obtain U.S. EPA air
emission estimating tools; and

. Appendix I11-C contains an example surveying form for sample point
source questionnaire (i.e., INE’s Encuesta Industrial).

1-2 Mexico Emissions Inventory Program



2.0 FUNDAMENTAL EMISSION
ESTIMATING EQUATION

Developing an emissions inventory program for Mexico will require a

combination of approaches. No single emissions inventory method can be used to estimate

emissions for all emission source categories. Figure 2-1 depicts various approaches for estimating

emissions that should be considered when analyzing the costs versus the quality of the results. In

regions with serious environmental impacts from air pollution, more sophisticated and costly

emission determination methods may be warranted, such as source sampling. Conversaly, in

regions with minimal environmental problems, aless expensive

estimation method such as the use of emission factors may be acceptable.

The fundamental emission estimating equation is:

where: E

EF
CE
RE
RP

M%

E=AXEFx[l-(CE/I00XREXRP)]XTxM% (2-1)

Emission Rate

Activity Rate (e.g., throughput, population, etc.)
Emission Factor (Ib/activity rate unit)

Control Efficiency (%)

Rule Effectiveness

Rule Penetration

Temporal Adjustment

Mass% of pollutant

The accuracy of the emission estimate is dependent upon the relative accuracy

of each of these individual components. Errorsintroduced into any one of these components will
affect the final emission estimate.

Mexico Emissions Inventory Program

2-1



Volume llI - Basic EETs Final, May 1996

Scurce Sampling
I

Emisslons Models
|

Emission Factors
(Process-Baged)

Suryeying
I

Material Balance
]

INCAEASING COST

Emission Factors
[Cenxua-Bagnd)

Extrapolation
I

INCREASING RELIABILITY OF ESTIMATE

Figure 2-1. Imission Estimation Hierarchy

2-2 Mexico Emissions Inventory Program



Final, May 1996 Volume llI - Basic EETs

The information presented in this manual focuses on the first two components
of the basic emission estimating equation: emission factor and activity rate. Control efficiencies
are addressed more in the Point and Area Source Manuals (Volumes 1V and V). Rule
effectiveness and rule penetration are discussed further in the Emission Inventory Fundamentals
Manua (Volumell). Temporal adjustment and pollutant mass percent (i.e., non-reactive
compounds and speciation profiles) are explained in more detail in the Modeling Inventory
Development Manua (Volume VIII). Therest of this section provides definitions for each
component of the basic emission estimating equation and general guidance on where to find

information for each one.

Activity Rate. Activity dataare usually directly related to the emissive
process. For industrial processes, activity data are generally reported as process weight rates
(e.g., kg, ton, or L per month of material used or manufactured). Similarly, for fuel-burning
equipment, activity data are reported as fuel consumption rates (e.g., tons, L, or m?, or MJ per
hour or per month). In many instances, conversion factors must be applied to convert reported
consumption or production values to units that correspond to the emission factor throughput units
(e.g., tons, barrels, etc.). In addition, if U.S. emission factors are used, conversions from standard
to metric units may also be necessary. Point source activity data are usually process-based and
will most likely be collected by facility personnel and reported in summary format to the agency
(e.g., theindustrial questionnaire). Area source activity data are often surrogates which are
demonstrated or assumed to be correlated to the emissive process (e.g., number of employees).
Area source activity data are usually collected by the agency from available census data (e.g.,
from the Instituto Nacional de Estadistica, Geografia e Informética [INEGI]) or surveying of

small facilities.

Emission Factor. An emission factor is aratio that relates the quantity of a
pollutant released to the atmosphere to a unit of activity. Emission factors are generally classified
into two types: process-based and census-based. Process-based emission factors are commonly

used to develop point source emission estimates, and are often combined with the activity data
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collected from a surveying or material balance approach. Census-based emission factors, on the
other hand, are widely used to develop area source emission estimates. The most comprehensive
source for U.S.-specific emission factors for criteria pollutants is AP-42 Compilation of Air
Pollutant Emission Factors (U.S. EPA, 1995a). Also, the U.S. EPA’s Factor Information
Retrieval System (FIRE) database is a consolidation of emission factors for both criteria and toxic

air pollutants.

Control Efficiency. The overal control efficiency isthe product of the capture
device efficiency and the control device efficiency. The capture device efficiency indicates the
percentage of the emission stream that is taken into the control system, and the control device
efficiency indicates the percentage of the air pollutant that is removed from the emission stream
before release to the atmosphere. Control device efficiency data may be determined for specific
equipment from source tests measuring pollutant concentrations before and after application of
the control device, from literature values (e.g., Volume IV—Point Sources, Table 4-1) or from the
manufacturer’ s design specification or guaranteed performance specification. The overal control
efficiency may also need to be adjusted to reflect control device downtime during maintenance

operations or upset conditions.

Rule Effectiveness. Emissions inventory experience has shown regulatory
programs to be less than 100 percent effective for most source categories. Rule effectiveness
reflects the ability of aregulatory program to achieve the required emissions reductions. The
intent of this factor isto account for the fact that most emission control equipment does not
achieve emission reductions at the designed rates at all times and under all conditions. Process
upsets, control equipment malfunctions, operator errors, equipment maintenance, and other
nonroutine operations are typical examples of times when control device performance is expected
to be lessthan optimal. A default fraction of 0.80 (equal to 80 percent effectiveness) was
established by the U.S. EPA to estimate rule effectiveness required in some regions; however, the

limited accuracy of using a single default value for all source categories has been questioned and

2-4 Mexico Emissions Inventory Program



Final, May 1996 Volume llI - Basic EETs

efforts continue to develop guidance for devel oping rule effectiveness factors for specific source

types.

Rule Penetration. Rule penetration is the extent to which aregulation covers
emissions from all sources within a source category. For example, arule may be written such that
only the larger surface coating facilities must comply with new control requirements. If area
source emissions for all coating facilities are being estimated together as a single source category,
then arule penetration factor must be developed, since not all surface coating facilities will be

subject to the rule, and therefore, not all surface coating emissions will be further controlled.

Temporal Adjustment. Most inventories traditionally estimate annual
emissions. Hence, al procedures, emission factors, correction factors, and activity levels used in
the inventory have been developed to represent annual average conditions. For certain air quality
planning activities, temporal adjustments must be made to the annual emission estimates. For
example, high photochemical ozone levels are generally associated with the warmer months of the
year, while emissions from some sources vary seasonally. For air quality planning purposes,
0zone precursor emissions should be determined during the months constituting the ozone season
for ozone inventories. Peak ozone season for most areas of the U.S. is May through September.
However, in Mexico City, the most critical ozone season isin the winter (i.e., from 15 November
to 15 February). Regional air quality modeling efforts may require hourly emission rates. Default
temporal profiles (i.e., hours/day, days/week, weeks/yr) are often used to develop hourly

estimates from annual estimates.

Pollutant Mass Percent. In some instances, the pollutant or pollutant group
defined by an emission factor is not the same as the pollutant or pollutant group defined for the
emissions inventory. For example, several VOCs, are considered photochemically nonreactive by
the U.S. EPA as defined in the Clean Air Act (CAA) and are not included in VOC emissions
inventoriesin the U.S. (40 CFR 60, 1992). Many of the nonreactive compounds are hal ogenated
VOCs, which find principa application as metal and fabric cleaners, refrigerants, and propellants
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in aerosol products. A major industrial category employing these halogenated compoundsis
degreasing. As another example, the vast mgjority of landfill emissions are methane, which is not
considered aVOC. To the extent that emissions from these various processes are known to be
comprised of nonreactive VOC, they may be excluded from the total hydrocarbon (THC)
emissions inventories (e.g., the national point source emissions inventory data, SNIFF) for certain
emission inventory purposes such as ozone modeling. Similarly, particulate matter (PM) profiles
showing particle size distribution data can be used to determine the mass percent of total
suspended particulate (TSP) emissions that should be included in an inventory of particulate

matter with an aerodynamic diameter less than 10 microns (PM ).

The pollutant mass percent may aso be used to estimate emissions of a given
chemical species. For example, speciation profiles may be used to obtain data on the beryllium
percent of the total PM emissions from mining operations or the benzene percent of the total

VOC emissions from a storage tank.
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3.0 SOURCE SAMPLING

This section describes the use of source sampling data for estimating emissions
from point sources. Examples are provided to illustrate the calculation of emissions from data
collected during the source tests. Specific source sampling methods and data reduction

procedures can be found in published source sampling reference methods (40 CFR 60, 1992).

Due to the technical complexities of source sampling, substantial time and
equipment is involved to obtain accurate and valid emissions data for numerous pollutants from a
source. Consequently, conducting source sampling at a facility can be very expensive. However,
if properly applied, source sampling can provide a better estimate of emissions from a source than
emission factors or material balances. The use of source sampling data reduces the number of
assumptions regarding the applicability of generalized emission factors, air pollution control
device efficiencies, equipment variations, or fuel characteristics that are applied to smilar types of

emission sources in order to estimate emission rates of pollutants.

3.1 General Information

The purpose of any source sampling program is to determine the pollutant
concentration in a gas stream or the pollutant emission rate from a stack or process exhaust vent.
By measuring the pollutant concentration in a known volume of gas and determining the stack gas

flow rate, the pollutant mass emission rate can be calculated.

Source tests are integrated, short-term measurements that are typically
conducted over 1 to 4 hours. In order to collect a representative sample, three source tests
should be conducted at a stack or vent for each pollutant of concern under a defined operating

condition. Variations in the process operation during sampling can add a large degree of
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variability to source sampling data. Therefore, key parameters of a process operation that can

impact pollutant emissions from the source should be monitored during sample collection.

Collection of specific process data during the source tests is critical to
correlating sampling results to process operation. For example, emissions will fluctuate as
changes occur in the process (e.g., decreasing temperature of a combustion chamber may increase
emissions of some pollutants). Collection of specific process datais also important to correlate
emissions to process activity and to develop emission factors. For example, if 0.5 kg/hr NO, is
emitted during a4 hour source test in which 400 liters of fuel were burned, then an emission
factor of 0.005 kg of NO, per liter of fuel can be determined. This source specific emission factor

can then be used to estimate NO, emissions from this source based on the amount of fuel burned.

Source sampling data should be used for emission estimation purposes only if
the data were obtained under conditions that were representative of normal operating conditions
at the process. Emission data determined from a source sampling event can be extrapolated to
estimate annua emissions from a source if the process does not vary significantly in operation. If
the process does vary significantly, then multiple source tests will need to be conducted to obtain
representative emission results. If facility operation cannot be adequately characterized, then

source sampling data should not be used to estimate emissions from the source.

The procedures for conducting source tests are described in various reference
methods (e.g., U.S. EPA methods, boiler and industrial furnace (BIF) methods, etc.). Sampling
methods that describe procedures for short-term sample collection are referred to as manual
methods. These methods are usually specific for a source type (e.g., fossil fuel combustion
sources, fuel gas streams at petroleum refineries, electric steam generators) and for a pollutant
(e.g., particulate matter, hydrogen sulfide, lead) or class of compounds (e.g., dioxins, VOCS).

The extractive sampling systems for these pollutants usually consist of an absorbing solution or
media to capture the pollutant, a pump to pull the sample gas through the solution or media, and a

dry gas meter to measure the sample gas volume. Since a different type of absorbing solution or
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mediais used for the collection of different pollutants, source sampling for a variety of pollutants
(e.g., metals, particulate matter, dioxins) is complex, labor intensive, and expensive. A schematic
of amanual sampling system used to determine particulate matter emissions from a stationary

source (known as a Method 5 sampling train) is shown in Figure 3-1.

An aternative to manual source sampling is continuous monitoring, which takes
into account process variability over time. Instruments or continuous emission monitors (CEMS)
are typically used to measure stack gas concentrations of nitrogen oxides (NO,), carbon dioxide
(CO,), carbon monoxide (CO), sulfur dioxide (SO,), and total hydrocarbons (THC). There are
also commercially available CEMs to measure opacity, hydrogen chloride (HCI) and ammonia
(NH;). CEMs can either be permanently installed at a source to generate data 24-hours a day or
they can be used for emissions monitoring during a defined source testing period (e.g., for 1to 4
hours). A CEM system consists of a pump to withdraw the sample gas from the source, a series
of instruments or analyzers to analyze the gas for a specific pollutant, and a data acquisition

system to record the data over time. A schematic of a CEM system is shown in Figure 3-2.

3.2  Example Calculations Using Source Sampling Data

Following the completion of a source test, the sampling data (including
pollutant concentration and exhaust gas volumetric flow rate) are usually presented in areport.
Most source sampling reports summarize emissions for each pollutant by expressing them in terms

of either:

. A mass |loading or emission rate (mass of pollutant emitted per unit of
time); or

. An emission factor (mass of pollutant emitted per unit of process
activity).
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The variables and symbols used for the calculations are listed in Table 3-1. The
examples provided below show how to calculate mass emission rates or emission factors from

source sampling data.

Given the following source specific data,

Example 3-1:

AV = 0.78 Normal cubic meters (Nm3);

M, = 5.5 milligrams (mg);

M, = 9.5 mg;

Q = 34,170 Normal cubic meters per hour (Nm3/hr);
T = 2,920 hours per year (hr/yr);

R = 118 million kilo Joules per hour (MMkJ/hr).

Calculate the exhaust gas particulate matter concentration, C,, in units of milligrams per Normal

cubic meter (mg/N m3):

Step 1

C.= (M, + M)/ AV (3-1)

5 mg) / 0.78 Nm°

(5.5 mg + 93

= 19.2 mg/Nm

Calculate the mass emission rate, MER, in kilograms per hour (kg/hr):
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Table 3-1

List of Variables and Symbols for Emission Calculations

| Variable Symbols Units
"Gas sample volume AV? Normal cubic meter [dry basis] (Nm?)

Mass of particulate collected in the M, milligrams (mg)

rinse sample

Mass of particulate collected on the M; mg

ilter sample

Exhaust gas volumetric flow rate at Q Normal cubic meter per hour [dry basis]

andard conditions (Nm?hr)

Exhaust gas particul ate matter Cs milligrams per Normal cubic meter [dry basis]

concentration (mg/Nm®)

Mass emission rate MER kilograms per hour (kg/hr)

Annual mass emission rate MER, metric tons per year (metric ton/yr)

Annual hours of operation T hours per year (hr/yr)

Activity mass emission rate MER, kilograms per million kilo Joule (kg/MMkJ)

Boiler heat input rate R MMkJhr

"Pollutant concentration C parts per million by volume [dry basis] (ppmv).
"M olecular weight of the pollutant MW gram per gram-mole (g/g-mole)

Molar volume \Y Volume occupied by one mole of ideal gas at
standard temperature and pressure (0.024 m%g-
mole at 20°C and 1 atmosphere)

Fuel factor from U.S. EPA Method de dry standard cubic meters per Joule at 0%

19 oxygen [dry basis] (dscm/J)

"M easured oxygen concentration O,% percent [dry basig]

Concentrations of hydrogen, carbon, [H, C, S, N, O | percent as determined by fuel analysis
Ifur, nitrogen, and oxygen

||H=igher heating value of fuel HHV kilo Joule per kilogram (kJ/kg)

a

Normal cubic meter is based on O°C and 760 mm Hg.

standard cubic meter is based on 20°C and 760 mm Hg.

Mexico Emissions Inventory Program
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Step 2
MER = C, x Q/(10% (3-2)

= 19.2 mg/Nm® x 34,170 Nm>/hr/(10° mg/kg) = 0.66 kg/hr

These data are expressed in typical units for particulate matter emissions.
Results can aso be expressed in other units such as milligrams per Normal cubic meter (dry basis)
(mg/dscm) using standard conversion factors. Mass emission rates are often expressed on an
annual basis (e.g., metric tons per year) aswell. These estimates generally include an actual
annual usage rate (i.e., hours per year), as most sources typically do not operate continuously

throughout the entire year.

Assuming that the source discussed above operates 2,920 hr/yr, calculate the

annual particulate matter mass emission rate (MER,) in metric tons/yr:

Step 3

MER, = MER x T / 1,000 (3-3)

MER_= 0.66 kg/hr x 2,920 hr/yr / (1,000 kg/metric ton)

MER, = 1.93 metric tons/yr

Some emissions data are also expressed on a per unit of activity basis as an emission factor.
These emission factors are typically expressed as aweight of pollutant emitted per unit of process
activity. Asan example, calculate the activity mass emission rate (MER,) of particul ate matter
from a boiler with a heat input rate of 118 MMkJhr:
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Step 4

MER, = MER / R (3-4)

MER,= 0.66 kg/hr / (118 MMkJhr)

MER, = 0.0056 kg/MMkJ

Concentrations of pollutants that are present as a particulate or an aerosol (e.g.,
PM,,, lead, dioxins) are usually expressed in mass per units volume unit such as micrograms per
Normal cubic meter. Concentrations of other pollutants that are present as a vapor (e.g., NO,,
SO,, CO) are generally expressed in volume/volume units such as parts per million by volume

(ppmv) or parts per billion (ppbv) units.

3.3  Example Calculations Using CEM Data

To determine SO,, NO,, THC, and/or CO emissions, afacility may instal a
CEM system which continuously measures pollutant concentrations (in ppmv). The CEM system
istypically equipped with an oxygen (O,) and/or CO, monitor; these gases are considered diluent
gases (rather than pollutants) and they are monitored to serve as indicators of the exhaust gas
flow rate and/or excess air flow. O, and CO, concentrations are typically reported in units of
percent (by volume) since they are much higher than the levels of the other CEM gases noted
(i.e., ppmv). Depending on the regulatory requirements and the type of source, these instruments
may be either permanently installed to collect data continuously during unit operation or they may

be used temporarily to collect data over a certain time period.

The CEM concentration data are generally transmitted from the instrument to a

datalogging system which is programmed to store the data and prepare reports in a site-specific
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format. The concentration data are often averaged for specific time intervals (e.g., 10-minute,
1-hour, 24-hour).

In addition to the concentration units, the emissions data are often reported in
other units, such as mass emission rates (e.g., kg/hr), or emission factors (kg/process unit). In
order to convert the concentration units to these other data forms, additional data are required.
To convert the concentration data to mass rate data, the exhaust gas volumetric flow rate (e.g., in
units of Normal cubic meters per hour) must be either measured or estimated. The source may be
equipped with an exhaust gas flow rate monitor which will provide continuous flow rate data to
the system or the flow rate may be measured using a pitot tube. It isaso possible to estimate the
flow rate based on empirical measurements, fuel rate measurements, diluent gas concentrations, or
air intake measurements (e.g., fan speed, damper positions). To convert the emission data to
emission rate units (e.g., kg/MMkJ of heat input or kg/metric ton of coal fired), the process unit
rate (e.g., MMkJhr, heat input or tons per hour of coa fired) must be either measured or
estimated.

Empirical fuel factors, referred to as F-factors, may also be used to convert fuel
usage rate data to heat input or gas flow rates. F-factors are usually specific to afuel type (e.g.,
natural gas, #2 fuel oil). Examples of F-factors that have been adopted by the U.S. EPA are
presented in Method 19 (40 CFR 60, 1992).

The variables and symbols used in the following calculations are listed in Table

Table 3-2 presents an example output from a CEM system, consisting of SO,,
NQO,, CO, O,, and flow rate monitors, installed on an oil-fired boiler exhaust stack. The datain

the table represent a“ snapshot” of emissions from the boiler over a 60 minute period.
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Table 3-2
Example CEM Output for a Boiler Burning Fuel Oil

Stack Gas

o, SO, NO, CO Flow Rate

Period (%V) (ppmv) (ppmv) (ppmv) (Nmé/hr)
11:00 2.1 1,004.0 216.2 31.5 33,964
11:15 2.0 1,100.0 200.6 25.5 34,361
11:30 2.1 1,050.0 216.7 25.1 32,891
11:45 1.9 1,070.0 220.5 20.8 34,890
12:00 1.9 1,070.0 213.8 19.4 34,749
Average: 2.0 1,058.8 213.6 24.5 34,171

@ Based on afuel heating value of 41,828 kJ/kg (18,000 Btu/lb).

3.3.1 Calculating Hourly Emissions from Concentration Measurements

Although CEMSs can report rea-time hourly emissions automaticaly, it may be

necessary to manually estimate a source's annual emissions from hourly pollutant concentration

data. This section describes how to calculate emissions from raw CEM concentration data.

11:00 can be calcul ated:

Mexico Emissions Inventory Program
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Example 3-2:
Step 1
C x MW x
MER = Q6 (3-5)
(1,000 x V x 109
_ 1,004 ppmv x 64 g/g-mole x 33,964 Nm3/hr
(1,000 g/kg x 0.024 m3/g-mole x 10°)
= 90.9 kg/hr
To calculate the average SO, mass emission rate for the entire sampling period:
Step 2

Che X MW X Q.

MER_, -
(1,000 x V x 105

ave

(3-6)

_ 1,058.8 ppmv x 64 g/g-mole x 34,171 Nm¥hr
(1,000 g/kg x 0.024 m3/g-mole x 10°)

- 96.5 kg/hr

Annual SO, emission can be calculated using equation 3-3, assuming the boiler

operates 2,920 hours per year:

Step 3
MER, = 96.5 kg/hr x 2,920 hr/yr / (1,000 kg/metric ton)

= 282 metric tonglyr
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Assuming the heat input of the boiler is 118 MMkJ/hr, the SO, activity emission
rate can be calculated using equation 3-4:

Step 4
MER, = 96.5 kg/hr / (118 MMkJhr)

- 0.82 kgyMMKJ

3.3.2 Calculating Stack Gas Flow Rate

When direct measurements of stack gas flow rates are not available, Q can be
calculated using fuel factors (F-factors). The F-factor isthe ratio of gas volume of the products
of combustion to the heat content of the fuel and includes all components of combustion less
water. Thisfactor can be calculated from fuel ultimate analysis results using the following

eguation.

Fo = 10° [3.64(%H) + 1.53(%C) + 0.57(%S) + 0.14(%N) - 0.46(%0)] (3-7)

HHV

Fuel heating values are available in publications such as Steam, Its Generation and Use (Stultz
and Kitto, 1992). The average F-factors are provided in U.S. EPA Reference Method 19 for
different fuels and are shown in Table 3-3.

Using the CEM data in Table 3-2 and the F-factor for oil shown in Table 3-3,

the stack gas flow rate of the boiler can be calcul ated.
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Example 3-3:
20.9%
=F x| ——"__| xR x 10° -
Q= Fa [ 20.9% - oz%) (3-8)
0,
_ 247 x 107 dsem/d | —299% |+ 118 MMKJhr x 10° IMMKJ
20.9% - 2%
= 32,230 dscm/hr
Table 3-3
F, Factors for Various Fuels*
Fq
Fuel Type dscm/J° dscf/MMBtu

Coal

Anthracite® 2.71 x 107 10,100

Bituminous® 2.62 x 107 9,780

Lignite 2.65 x 107 9,860
oild 2.47 x 107 9,190
Gas

Natural 2.34 x 107 8,710

Propane 2.34 x 107 8,710

Butane 2.34 x 107 8,710
Wood 2.48 x 10”7 9,240
Wood Bark 2.58 x 10”7 9,600

a o o ®

3-14

Determined at standard conditions: 20°C (68°F) and 760 mm Hg (29.92 in. Hg).
dscm/J = dry standard cubic meters per Joule

As classified according to ASTM Method D 388-77.
Crude, residual, or distillate.

Mexico Emissions Inventory Program



4.0 EMISSIONS MODELS

Many emission estimates are developed using an emission factor which assumes
alinear relationship (i.e., an “emission factor”) between the emission rate and a unit of activity
(e.g., quantity of fuel consumed, production rate, population, employment, etc). For certain
source categories, the functional relationship between emissions and multiple process and
environmenta variables are studied sufficiently to support the development of complex models. If
these emissions models require complex calculations or large amounts of input data, they are
likely to be computer-based.

While emissions models are designed to yield more accurate emission estimates
than an emission factor approach, the accuracy of the emission estimate will always be dependent
on the quality of the input data and the assumptions underlying the model. Therefore, before
deciding to use a modeling approach for a given source type, it isimportant to compare the data
needs of an emissions model with the data available. The data requirements for such models vary.
To estimate emissions, one or many physical parameters may be needed from the source for which
the model will be used.

Some emissions models developed in other countries may be used in Mexico.
In these cases, it is especialy important to consult the user’ s manuals for these models to identify
any default values that are assumed in the absence of user-defined values, and to try and evaluate
whether these default values are appropriate for use in Mexico. Also, it isimportant to check that
the metric units of the available data are correctly converted to the standard/English units
required, if U.S. models are used.

Emissions models may be classified into three types. adaptive, mechanistic, and
multivariate. Adaptive models are based on software that integrates neural network, fuzzy logic,
and chaotic systems into one software package (Collins and Terhune, 1994). During the setup

stage, the software is trained with historic operating and emissions data. Operating parameters
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are then monitored and used by the software system (or “soft CEM”) to predict emissions at a
cost less than the application of atrue CEM device. However, the purchase cost of adaptive
software can still be quite expensive, approaching US$100,000. Therefore, adaptive models are
not recommended for near-term inventory effortsin Mexico due to the high cost associated with
implementation, and are not discussed any further in the Basic EETs Manual at thistime. The rest

of this section provides further description and examples of mechanistic and multivariate models.

4.1 Mechanistic Models

Mechanistic models are based on equations that have been developed using the
fundamentals of chemistry, physics, and biology to describe the emission rate for a particular
source type. Important VOC emitters for which a number of variables are needed to calculate
emissions are petroleum product storage and handling operations (e.g., aboveground and
underground storage tanks, tank car/tank truck loading, barge/ship loading, and gasoline

dispensing at service stations).

The remainder of this section presents information on U.S. EPA models

developed to estimate emissions from the following source categories:

Storage Tanks;

Petroleum Product Loading Operations;

Landfills;

Water and Wastewater Air Emissions Models; and
Fugitive Dust.

For each source category, a brief summary of the emission model equationsis
presented, followed by a summary of the required data parameters and the recommended U.S.
default values. Sample calculations for each model may be found in Appendix I11-A. In cases

where a computer model is available from the U.S. EPA, a brief description has been included.
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For more information about U.S. EPA models and other air emission estimating tools:

. CHIEF Bulletin Board System (BBYS):
95-919-541-5742 (dial in by modem)

. Info CHIEF Help Desk
95-919-541-5285 (phone)
95-919-541-5680 (fax)

Copies of many of the brochures distributed by the Info CHIEF Help Desk may be found in
Appendix I11-B.

4.1.1 Storage Tanks

The current U.S. EPA emission model equations for storage tanks are the best
examples of mechanistic models. For example, the fixed roof storage tank model applies heat

transfer and other principles to model breathing losses as shown in Figure 4-1.

The disadvantage of using the TANKS program or AP-42 equations is that
more resources are required to gather the input data and use the equations or program than using
other approximations. If thereisonly asmall amount of emissions, the extra effort may not be
warranted. A compromise isto develop region-specific default emission factors using the AP-42
equations or TANKS program that reflect average temperature, tank conditions, and chemical

contents for the inventory region.
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Fixed Roof Tanks

Emission Model Equations—The two significant types of emissions from
fixed roof storage tanks are standing storage and working losses. Standing storage loss is the
expulsion of vapor from atank through vapor expansion and contraction, which are the results of
changes in temperature and barometric pressure. This loss occurs without any liquid level change

in the tank.

The combined loss from filling and emptying is called working loss.
Evaporation during filling operations is aresult of an increasein theliquid level in thetank. As
the liquid level increase, the pressure inside the tank exceeds the relief pressure and vapors are
expelled from the tank. Evaporative loss during emptying occurs when air drawn into the tank
during liquid removal becomes saturated with organic vapor and expands, thus exceeding the
capacity of the vapor space.

Fixed roof tank emissions vary as a function of vessel capacity, vapor pressure
of the stored liquid, utilization rate of the tank, and atmospheric conditions at the tank location.
The emission modd equations are summarized below. The detailed equations may be found in
AP-42, Section 7.1 (U.S. EPA, 1995a). Required data parameters and U.S. default values are
listed in Table 4-1.
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Total emission losses from fixed roof tanks are defined as:

where: L; = total losses, Ib/yr;
Ls = standing storage losses, Ib/yr; and
Ly = working losses, Ib/yr.

Standing (breathing) loss:

where: V,, = vapor space volume, ft3;
W, = vapor density, Ib/ft?;
Ke = vapor space expansion factor, dimensionless; and
Ks = vented vapor saturation factor, dimensionless.
Working loss:
L, = 0.0010 M,,P, ,QK\K; (4-3)
where: M,, = vapor molecular weight, Ib/Ib-mole;
Pya = vapor pressure at daily average liquid temperature, psia;
Q = annual net throughput, bbl/yr;
Ky = turnover factor, dimensionless; and

Ke, = working loss product factor, dimensionless.
(0.75 for crude oils, 1.0 for all other organic liquids)

Floating Roof Tanks

Emission Model Equations—Total emissions from floating roof tanks are the
sum of withdrawal losses and standing storage losses. Withdrawal losses occur as the liquid level,
and thus the floating roof, islowered. Some liquid remains attached to the tank surface and is
exposed to the atmosphere. Evaporative losses will occur until the tank is filled and the exposed
surface, with the liquid, is covered again. Ininternal floating roof tanks with column-supported
fixed roofs, some liquid also clings to the columns.
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Fixed Roof Tanks

Table 4-1

Required Data Parameters and U.S. Default Values

Parameter Description

Variable

U.S. Default Value

[Tank Diameter D

Tank Shell Height Hs

Tank Liquid Height H,

Tank Cone Roof Slope S 0.0625

Tank Dome Roof Radius R Tank Diameter (D)
[Tank Capacity V x

Tank Paint Color

Used to determine

Tank Paint Condition

Used to determine

Tank Paint Solar Absorption

0.17 (i.e., white paint in good
condition)

Tank breather vent pressure setting  [Pgp 0.03 psig
Tank breather vent vacuum setting | Pgy -0.03 psig
Material Throughput Q
M, Molecular weight values provided

||M aterial Vapor Molecular Weight

for selected petrochemicals.

Material Vapor Pressure at Average,
Maximum, and Minimum Liquid
rface Temperatures

Pya, Pyx, and Py at

TLA! TLX! and TLN

Vapor pressure values provided
for selected petrochemicals.
Vapor pressure correlations based
on RVP and S available for crude
oils and refined petroleum stocks.

||M aterial Reid VVapor Pressure RVP Values provided for selected
refined petroleum stocks.
|||v| aterial Distillation Slope S Values provided for selected
refined petroleum stocks.
L ocation Daily Maximum and Tax and Tuy Vaues provided for various U.S.

Minimum Ambient Temperatures

locations.

|L_ocation Total Solar Insolation
Factor

Vaues provided for various U.S.
locations.

Mexico Emissions Inventory Program
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Standing storage losses from floating roof tanks include rim seal and roof fitting
losses. Rim seal and roof fitting losses can occur through many complex mechanisms such as
wind-induced loss, breathing loss from temperature and pressure changes, loss from permeation
of the seal material or loss from awicking effect of the liquid. For internal floating roof tanks,
standing losses also may include deck seam losses to the extent that the seams may not be
completely vapor tight.

The emission model equations are summarized below. The detailed equations
and supporting data tables and figures may be found in AP-42, Section 7.1 (U.S. EPA, February

1996). Required data parameter and U.S. default values are listed in Table 4-2.

Total emission losses from floating roof tanks are defined as:
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........................ Ly = Lg+ Lyp + Lg + Ly (4-4)

where: L; = total losses, Ib/yr;
L, = rim seal losses, Ib/yr;
Lwo = withdrawal losses, Ib/yr;
Le = deck fitting losses, Ib/yr; and
Lo = deck seam losses, Ib/yr.

Rim seal loss (Lg):

(Kgy + Kgp X V1) X ual14-7 xD x M, (4-5)
[1 + (1 - P, /14.7)%%?

(Note: the v term is only used for external floating roof tanks.)

Withdrawal loss (Lyp):

Lwo = 0.943 x Q x C x W, x (1 + Ne x Fe) (4-6)
D D

Deck fitting loss (L):

L P, /14.7 v %K
= F X X M, X 4-7
" T e @ - P, /14.7)092 v 4-7)
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Deck seam loss (Lp):
5 = Ky xS, x D2 x P47 XM, x K (4-8)
[1+ (1 - R,/14.7)°%%?
where: Kra = zero windspeed rim seal loss factor, Ib-mole/ft-yr
Kra = wind speed dependent rim seal loss factor, Ib-mole/(mph)n ft-yr
\ = average wind speed at tank site, mph;
n = seal-related wind speed exponent;
Pya = true vapor pressure at daily average surface temperature, psia;
D = tank diameter, ft;
M, = vapor molecular weight of liquid, Ib/lb-mol;
K. = product factor (0.4 for crude oils, 1.0 for all other organic liquids);
Q = throughput, bbl/yr;
C = clingage factor, bbl/1000 ft?;
W, = density of liquid, Ib/gal;
N, = number of columns;
F. = effective column diameter, ft; and
Fe = roof/deck fitting loss factor, Ib-mol/yr;
Ko = deck seam loss per unit seam length factor, Ib-mol/ft yr (0.34 for
bolted, 0.0 for welded); and
Sp = deck seam length factor, ft/ft>.
4-10 Mexico Emissions Inventory Program
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Table 4-2

Floating Roof Tanks

Required Data Parameters and U.S. Default Values

Parameter Description

Variable

U.S. Default Value

Tank Diameter D

Tank Number of Columns N¢ Look-up table based on Tank
Diameter (D).

Tank Effective Column Diameter Fc 1.0 feet

Tank Shell Condition

Used to determine C
(light rust, dense rust,
gunite lining).

Tank Clingage Factor

C

Tank Location Wind Speed

v (also used to
determine Fp)

Values provided for various U.S.
locations.

Tank Construction (Welded or
Riveted)

Used to determine Kg,,
Kgp, @nd n

Tank Deck Construction

Used to determine K
(bolted or welded) and
Sp (size of sheets or
panels).

Tank Deck Fitting Loss Factor

Fe

Can be calculated from tank-specific
counts of number of deck fittings.

Tank Seal System (types of
primary, secondary seals)

Used to determine Kg,,
Kgp, @nd n

Tank Seal Factors (and seal-related | Kg,, Kgp, N For externals, use values for welded,

wind speed exponent) average fit, mechanical shoe primary
seal. For internals, use values for
average fit, vapor-mounted primary
seal only.

Tank Deck Seam Length Factor Sp Sd=0.2 for bolted decks, 0.0 for
welded decks.

Material Throughput Q

Material Vapor Molecular Weight M, Molecular weight values provided for
selected petrochemicals.

Material Vapor Pressure at Pyaat Tia Vapor pressure values provided for

Average Liquid Surface
Temperature

selected petrochemicals. Vapor
pressure correlations based on RVP
and S available for crude oils and
refined petroleum stocks.

Mexico Emissions Inventory Program
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U.S. EPA Computer Model

The TANKS program is designed to estimate emissions of VOCs from storage
tanks. The user provides specific information concerning the storage tank and its contents; the
TANKS program then estimates the annual or seasonal emissions and produces areport. The
emissions can be separated into breathing and working losses (U.S. EPA, 1996).

The TANKS program has a chemical database of over 100 organic liquids and
meteorology (met.) data from over 250 citiesinthe U. S. The user may add new chemicals and
cities (with met. data) to their version of the database. The tank styles addressed in the program
include vertical and horizontal fixed roof tanks, and internal and external floating roof tanks. The
tank contents can consist of single or multiple liquid components.

TANKS Version 3.0 is currently available. The emission estimating equations that
form the basis of the TANKS 3.0 software program were developed by the American Petroleum
Institute (API). The API retains the copyright to these equations but has granted permission for
the nonexclusive, noncommercia distribution of this material to governmental and regulatory
agencies. The API, however, reserves the rights regarding all commercia duplication and
distribution of its material. Therefore, the TANKS program is available for public use, but the
program cannot be sold without written permission from the API.

The TANKS 3.0 program is written in FoxPro2.5,™ a dBase-compatible
language, and is distributed by the U.S. EPA through the CHIEF BBS or through the mail on
diskette. TANKS 3.0 may require revisions and modifications to ensure consistency with U.S.
EPA emission calculations methodology. The U.S. EPA welcomes feedback on the program from
users to identify limitations and to suggest changes to be incorporated in future versions of
TANKS.
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4.1.2 Petroleum Product Loading Operations

Loading losses are the primary source of evaporative emissions of petroleum
products from rail tank car, tank truck, and marine vessels. Loading losses occur as organic
vaporsin “empty” cargo tanks are displaced to the atmosphere by the liquid being loaded into the
tanks.

Emission Model Equations—The emission model equation is presented below.
More detailed information may be found in AP-42, Section 4.4 (U.S. EPA, 19954). Required data
parameters and U.S. default values are listed in Table 4-3.

E=QXEF (4-9)
where: E = average annual mass emission rate, Ib/yr;
Q = volume loaded, Mgal/yr; and
EF = emission factor, Ib/Mgal.
=12.46 x SX P x M, (4-10)
T
where: S = a saturation factor (based on fill method and service);
P = true vapor pressure of liquid loaded, psia;
M,, = molecular weight of vapors, Ib/Ib-mol; and
T = temperature of bulk liquid loaded, °R.

U.S. EPA Computer Model

Due to the ssimplicity of this model equation, no computer model is currently
available.
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Table 4-3

Loading Operations

Required Data Parameters and U.S. Default Values

| Parameter Description

Variable

U.S. Default Value

Loading Fill Method

Used to determine S (splash or
submerged).

Loading Service

Used to determine S (clean,
dedicated normal, or dedicated
vapor balance).

Material Throughput Q
Material Saturation Factor S Look-up table based on fill
method and service.
l\l\//l\/aterial Vapor Molecular My Molecular weight values
eight provided for selected
petrochemicals in AP-42, Section
7.1.
Material VVapor Pressure at P Vapor pressure values provided
Average Liquid Surface for selected petrochemicals in
[Temperature AP-42, Section 7.1. Vapor
pressure correlations based on
RVP and S available for crude
oils and refined petroleum
stocks.
Material Bulk Loading T
[Temperature
4-14
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4.1.3 Landfills

Methane and carbon dioxide (CO,) are the primary constituents of landfill gas, and
are produced by microorganisms within the landfill under anaerobic conditions. Though toxic
pollutant concentrations are typically very small, because landfill gas emission volumes can be
very large, landfills are often included in air toxics emission inventories. The rate of emissions
from alandfill is governed by gas production and transport mechanisms. Production mechanisms
involve the production of the emission constituent in its vapor phase through vaporization,
biological decomposition, or chemical reaction. Transport mechanisms involve the transportation
of avolatile constituent in its vapor phase to the surface on the landfill, through the air boundary
layer above the landfill, and into the atmosphere.

Emission Model Equations

Uncontrolled methane emissions may be estimated for individual landfill by using
the theoretical first-order kinetic model of methane production developed by the U.S. EPA. The
emission model equation is presented below. More detailed information may be found in AP-42,
Section 2.7 (U.S. EPA, 1995a). Required data parameters and U.S. default values are listed in
Table 4-4.

Qcrs = Lo X Rx (67 - &™) (4-11)
where: methane generation rate at time t, m%yr;
methane generation potential, m3CH,/Mg refuse;
average annual refuse acceptance rate during active life, Mg/yr;
base log, unitless;
methane generation rate constant, yr?;
time since landfill closure, yrs (c=0 for active landfills); and
time since the initial refuse placement, yrs.

O]

CH4

~ o x® ;g
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Table 4-4

Landfills
Required Data Parameters and U.S. Default Values

Parameter Description Variable U.S. Default Value

Methane generation potential L, 8120 m*CH,/Mg refuse. Based
on 80th percentile of the
literature value range (i.e., 200-
9540 m3CH,/Mg refuse).

Average annual refuse acceptance rate R
during active life

Methane generation rate constant k 0.02 yr. Based on the New
Source Performance Standard
(NSPS) default value.

[Time since landfill closure c

[Time since the initial refuse placement t

U.S. EPA Computer Model

The Landfill Air Emissions and Estimation Model (LAEEM) is a computer
program specifically designed to monitor the emissions from landfills. The system allows the user
to enter specific information regarding the characteristics and capacity of an individual landfill and
to project the emissions of methane, CO, nonmethane organic compounds, and individua
hazardous air pollutants (HAPSs) over time using the Scholl Canyon decay model for landfill gas
production estimation. The Scholl Canyon Model is afirst-order decay equation that uses Site-
specific characteristics for estimating the gas generation rate. 1n the absence of site-specific data,
the program provides conservative default values as presented in Table 4-4. The user a'so may
tailor decay rate characteristics on an individual basis. An integrated decay rate constant
calculator is provided for landfills that may be operating a gas recovery system to allow more
accurate assessments of decay attributes. Outputs may be reviewed in either tabular or graphical
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forms. A help system is aso provided with information on the model operation aswell as details
on assumptions and defaults used by the system.

The model is IBM™-PC compatible, requires at least 512 kilobytes (Kb) of
memory, and can be used with a monochrome or color graphics adaptor. Reading the user’s
guide before using the model is recommended.

4.1.4 \Waste and Wastewater Air Emissions Models

The U.S. EPA’s Office of Air Quality Planning and Standards (OAQPS) has
developed air emission models for hazardous waste treatment, storage, and disposal facilities
(TSDF).

VOCs in surface impoundments, land treatment facilities, landfills, wastepiles, or
wastewater collection and treatment systems can escape to the environment from waste and
wastewater through a variety of pathways. To alow reasonable estimates of organic compounds
disappearance, one must know which pathways predominate for a given chemica, type of waste
site, and set of meteorological conditions. Table 4-5 summarizes the relative importance of the
nine pathways for the emissions models developed for the various hazardous waste emission
sources (U.S. EPA, 1994).

Emission Model Equations

A pathway is considered to be any process that removes VOCs from asite. The
remova may be physical (asin volatilization of a solvent from a surface impoundment) or
chemical (asin oxidation of an acohol in awastewater treatment plant). Pathways may be
considered as rate processes, with rate often strongly dependent on concentration of the
disappearing species and temperature of the system.

Each pathway is briefly defined below. However, the emission model equations
developed to describe these pathways are very complex. Detailed discussion of the emission
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Table 4-5

Pathways for Hazardous Waste Area Emission Sources®

Wastewater Treatment

Plants
Land
Surface Non- Treatmen | Landfil
Pathway Impoundments Aerated aerated t |

Volatilization I I I I I
Biodegradation I I I I S
Photodecomposition S N N N N
Hydrolysis S S S N N
Oxidation/reduction N N N N N
Adsorption N S S N N
Hydroxyl radical N N N N N
reaction
Migrationb N N
Runoffb

1= Important

S= Secondary

N= Negligible or not applicable

& Individual chemicals in a given site type may have dominant pathways different from the ones shown here.
Water migration and runoff are considered to have negligible effects on ground and surface water in a properly sited, operated, and

maintained RCRA permitted hazardous waste treatment, storage, and disposal facility.

Sources: U.S. EPA, 1994.

model equations and sample calculations for each pathway may be found in the document Air
Emissions Models For Waste and Wastewater (EPA-453/R-94-080A) (U.S. EPA, 1994), available

4-18

from the CHIEF bulletin board.
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. Volatilization occurs when molecules of a dissolved substance escape to an
adjacent gas phase.

. Adsorption takes place when molecules of adissolved chemica (ina
liquid-solid system) become physically attached to elements of the solid
phase. Chemical bonding may aso occur (chemisorption).

. Migration occurs when chemicals applied to soils are transported through
the soils to groundwater.

. Runoff occurs when chemicals a or near the soil may be washed away by
ran.
. Biological decomposition takes place when microbes break down organic

compounds for metabolic processes.

. Photochemical decomposition may occur when achemical absorbs light
and react (direct photolysis) or the chemical reacts because of light
absorption by surrounding elements (indirect photolysis).

. Hydrolysis occurs when a chemical reacts with water.

. Oxidation/reduction is another pathway. Organic compounds in aquatic
systems may be oxidized by oxygen (particularly as single oxygen, 'O,) or
other oxidants such as hydroxyl radicals (OH) and peroxy radicals (RO,).
In anaerobic environments, reduction reactions may take place.

. Hydroxyl radical reactions may occur through addition of a hydroxyl
radical, abstraction of a hydrogen atom, or both.

Required Data Parameters

Different data parameters required for each waste and wastewater emissions
model. Table 4-6 provide some examples of the data parameters needed to support these
emission models.
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Table 4-6

Waste and Wastewater Models
Example Required Data Parameters

Parameter Units
Ratio of the area of waste to area of air flow in drain dimensionless
Fraction of entering organic lost to atmosphere dimensionless
Partition coefficient mol fraction gas per mol fraction liquid
Length of collection conduit m
Length of drain m
Underflow rate m°/s
Diameter of drain m
Radius of underflow conduit m
Depth of liquid in underflow m
Wind velocity m/s
Relative humidity percent
Collection system temperature deg.C
Cross-sectional area of vent holes cm*
Height of manhole cover above surface m

U.S. EPA Computer Model

CHEMDAT8—CHEMDATS8 isaLotus 123® spreadsheet prepared by the U.S.
EPA’s Emissions Standard Division that includes analytical models for estimating VOCs from
TSDF processes. The origina models include disposal impoundments, closed landfills, land
treatment facilities, and aeration and nonaeration impoundment processes. Predicted emissions
can be viewed on the screen or printed. A graphical presentation of the relationships between
emission prediction and vapor pressure and between emission prediction and the partition
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coefficient isalso available. The resulting scatter diagrams can be printed via PrintGraph®,
another Lotus® program.

The modelsin CHEMDATS can be applied to other types of TSDF processes
besides those contained in the original design. The nonaerated impoundment mode! in
CHEMDATS can estimate emissions from storage surface impoundments and open-top
wastewater treatment tanks. The CHEMDATS8 model for predicting emissions from surface
treatment impoundments and aerated wastewater treatment tanks is the aerated impoundment
model. The land treatment model in CHEMDATS can estimate emissions from land treatment
soil, open landfills, and wastepiles. Emissions from an oil film surface in aland treatment facility
or an oil film on surface impoundments can be predicted via the oil film model in CHEMDATS.
When aCHEMDATS8 mode is not available to predict emissions, the equations shown in the
reports that provide the background to the model can be used to perform hand cal cul ations of
emissions.

This eighth version of the CHEMDAT spreadsheet contains several major
operational modifications. In CHEMDATS, the user can select a subset of target compounds for
investigation. The user can also specify which TSDF processes are to be considered during a
session. These two selections improve the efficiency of CHEMDATS relative to some of the
earlier versions by minimizing storage requirements as well as actual loading and execution time.

Default input parameters in the CHEMDATS diskette demonstrate sample
calculations. However, the input parameters can be changed to reflect different TSDF
characteristics and then recal culate emissions under these modified conditions. Furthermore, the
list of 60 compounds currently in CHEMDATS8 can be augmented by an additional 700 chemicals.
Procedures for introducing data for additional compounds into CHEMDATS are described in the
supporting documentation report.
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WATERS

WATERS is a menu-driven computer program that is intended for estimating
emissions from wastewater treatment systems only. WATERS uses some of the same models
found in CHEMDATS, but has data for atotal of 800 compounds. The WATERS program also
has graphic enhancements to aid the user in visualizing the system being modeled.

4.1.5 Fugitive Dust

Significant atmospheric dust arises from the mechanical disturbance of granular
material exposed to the air. Dust generated from these open sourcesis termed “fugitive’, because
it is not discharged to the atmosphere in a confined flow stream. Common sources of fugitive
dust include paved and unpaved roads, agricultural tilling operations, aggregate storage piles, and
heavy construction operations. The dust-generation process is caused by pulverization and
abrasion of surface materias by application of mechanical force through implements (i.e., wheels,
blades, etc.) and by entrainment of dust particles by the action of turbulent air currents, such as
wind erosion of an exposed surface by wind speeds greater than 19 km/hr (12 miles/hr).

Various emission model equations have been developed by U.S. EPA to estimate
emissions from these fugitive dust sources. More detailed information may be found in AP-42,
Section 13.2 (U.S. EPA, 19953a).

Emission Model Equations—Example emission model equations are presented

below. More detailed information may be found in AP-42, Section 13.2.1 (U.S. EPA, 1995a).
Required data parameters and U.S. default values are listed in Table 4-7.
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Unpaved Roads

E = VKT x EF (4-12)

where: E = average annual mass emission rate, kg/yr;

VKT = vehicle kilometers traveled, VKT/yr;

EF = emission factor, kg/VKT.

0.7 05 :
= k7)) | = S| W R 365-p (kg/VI (4-13)
12 48 2.7 4 365

where: k = particle size multiplier, dimensionless;

s = silt content of road surface material, %;

S = mean vehicle speed, km/hr;

W = mean vehicle weight, Mg;

w = mean number of wheels;

p = number of days with a least 0.254 mm (0.01 in.) of

precipitation per year.
Paved Roads
E = VKT x EF (4-14)

where: E = average annual mass emission rate, g/yr;

VKT = vehicle kilometers traveled, VKT/yr;

EF = emissions factor, g/VKT.

0.65 15
EF = k i ﬂ (4-15)
2 3

where: kK = base emission factor for particle size range (9/VKT)

sL = road surface silt loading (g/m")

W = average weight (tons) of the vehicles traveling the road

Mexico Emissions Inventory Program 4-23



Volume llI - Basic EETs Final, May 1996

Heavy Construction Operations

E=AxTXxEF (4-16)
where: E = average annual mass emission rate, Mg/yr
A = construction area, hectares
T = construction time, months
EF = emission factor

2.69 Mg/hectare/month

Aggregate Handling and Storage Piles

E=QXxEF (4-17)
where: E = average annual mass emission rate, kg/yr
Q = quantity of material transferred, Mg/yr
EF = emission factor, kg/Mg

1
EF - k(0.0016) 22/

(4-18)
M 14
2
where: k = particle size multiplier, dimensionless
U = mean wind speed, m/s
M = material moisture content, %
Industrial Wind Erosion
E=AXEF (4-19)
where: E = average annual mass emission rate, g/yr
A = area of surface materé'al subject to disturbance, m
EF = emission factor, g/m"/yr
N
EF = k P (4-20)
i=1
where: k = particle size multiplier, dimensionless
N = number of disturbances per year
P; = erosion potential corresponding t the fastest mile of wind for the ith

period between disturbances g/m
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Table 4-7

Fugitive Dust
Required Data Parameters and U.S. Default Values

I Parameter Description Variable U.S. Default Value

Particle size for which emissions Used to determine k

are to be estimated

||Partic|e size multiplier k

Silt content of road surface S Table of default values presented

material by industry and road use/surface
material.

Mean vehicle speed S Range of test condition values was
21-64 km/hr.

Mean vehicle weight w Range of test condition values was
2.7-142 Mg.

Mean number of wheels w Range of test condition values was
4-13 wheels.

Number of days with at least 0.254 p Regional data provided for the

mm (0.01 in.) of rain per year U.S.

Road surface silt loading sL Table of values presented by U.S.
State and City.

||Surface material area A

"Construction time T

||Quantity of material transferred Q

"Mean wind speed U

Material moisture content M Table of values presented by
industry and surface material.

"Number of disturbances per year N

||Erosion potential function P;
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U.S. EPA Computer Model

In 1990, the U.S. EPA developed two programs to help estimate fugitive dust
emissions from mechanical disturbances (i.e., unpaved roads, paved roads, materials handling,
agriculturad tilling, and construction/demoalition) and wind erosion. These computer programs are
based on the material presented in the document, Control of Open Fugitive Dust Sources (U.S.
EPA, 1988). The Help feature provides definitions for terms with which the user might not be
familiar. In addition, for certain variables, typica or suggested default values are given. For
example, the number of days with significant rainfall is given for over 175 U.S. cities and the
mean annual wind speed is provided for over 120 U.S. cities.

The fugitive dust programs are distributed by the U.S. EPA through the CHIEF
BBS or through the mail on diskette. For further information, the reader isreferred to The User’s
Manual for the PM,, Open Fugitive Dust Source Computer Model Package (U.S. EPA, 1990).

Because these programs have not been updated since 1990, they are not as user-
friendly as more recently developed software. In many cases, it would probably be more efficient
for users to develop their own spreadsheets with the emission model equations.

As another option, the PARTS mobile model may be used to estimate fugitive dust
emissions from paved and unpaved roads.

4.2 Multivariate Emissions Models

A multivariate emissions model is a hybrid methodology that combines various
traditiona inventory approaches and site-specific information within an extrapolation framework.
As its name suggests, a multivariate emissions model expresses emission estimates in terms of a
set of variables that help characterize the system being modeled. This approach is particularly
well-suited for regions that have limited records and statistics to apply traditiona inventory
techniques. The fundamental concept is to develop emission estimates based on land use/land
cover characteristics. For example, agricultural, residential, commercial, and industria
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geographic sites dl have different emission characteristics. These emissions differences can be
characterized using different variables that describe emissions activity of land use/land cover type.

Although the use of multivariate models will likely have higher initial costs than
other inventory methods due to the model development step, the ease of application and possible
reduction in future inventory maintenance costs make this a very attractive approach. Another
significant advantage of multivariate models is that they are based on local data. This allows the
effects of local conditions to be included in the emissions estimates. Some possible source types
in Mexico that could be estimated with a multivariate emissions model include construction
activities, agricultural activities, and solvent use. The general approach for developing a
multivariate emissions model is outlined in section 4.2.1 and a conceptua exampleis provided in
section 4.2.2.

4.2.1 Developing a Multivariate Emissions Model

Thefirst step in developing a multivariate emissions model is the identification of
the variables that characterize the overall system that the model is intended to cover. These
variables will differ from system to system. Using agricultural activities as an example, these
variables could be atype of crop (orchards, row vegetables, etc.), acreage, or harvested quantity.
For construction activities, these variables could be a type of construction (building, road, railway,
etc.), construction size, or construction cost. Each one of these variables can be used to describe
the magnitude of emissions from these sources. For example, construction of two kilometers of
road would generate more particul ate emissions than construction of one kilometer of road.

The second step of multivariate model development is the determination of which
emission source types should be included in the model. For agricultural activities, thiswould
likely be defined as agricultural tilling, harvesting, and equipment exhaust emissions. For
construction activities, this could be much more complex and could include earth moving,
materials handling, equipment exhaust, and other emission source types. The total number of
emission source types covered in the model is ultimately determined by the emission activities of
the system that is being characterized.
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After defining the source types to include in the multivariate model, the next step is
the development of the emissions data to be used in the model. Emissions from each source type
at asingle site (construction, agricultural, etc.) are estimated using methods from the literature
(i.e. empirical equations) and site-specific data. I1n order to create a statistically robust
multivariate model, it is necessary to repeat this estimation for a number of other sites.

Tota estimated emissions from each geographical site would then be plotted
versus each of the variables identified as characterizing the entire system. Sites that differ
considerably from representative sites may produce significantly higher or lower emissions
estimates that could adversely affect the statistical analysis. These data points may be considered
“outliers” and excluded from further analysis. From these plotted data, a “best-fit” emission rate
for each site variable can be statistically determined (i.e., kg of PM,/acre of tomatoes, kg of
PM,/US$ of building construction, etc.). Statistical analysisis then used to assess the
imprecision of each best-fit emission factor and to quantify the uncertainty of the emissions
estimates. From this analysis, the most statistically accurate relationship is selected. It islikely
that this relationship will be asimple linear relationship, but it is possible that it might be
exponential, logarithmic, or piecewise (i.e., construction costs less than US $10 million might
have one best-fit relationship, while those with a cost greater than US $10 million might have a
different one).

After the determination of the most appropriate best-fit relationship, regional
emissions can be estimated by inserting regiona data into the model.

4.2.2 Example Multivariate Model - Construction Activities

Construction activities are awidely distributed area source and can be a significant
source of particulate matter (PM,,). Because construction activities are so widespread, it is
usually not feasible to estimate emissions from each individual construction site. This makes
construction activities an ideal candidate for multivariate models. The following example
conceptualy illustrates the development of a multivariate emissions model. Actua multivariate
models must be derived using the steps outlined below.
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Identification of System Variables. There are severa variables related to
construction activities that characterize the overall system (PM,, emissions). Some of the more
basic system variables include:

. Construction type (buildings, roads, railway, etc.);

. Construction size (building area, excavation volume, amount of concrete
poured, etc.);

. Project value; and

. Number of construction workers.

Other variables might be applicable for certain specia types of construction activities.

Determination of Emission Source Types. Construction activities generate
PM,, emissions from a number emission sources such as:

. Demolition and debris removal;

. Excavation and other earth moving;
. Vehicle and equipment exhaust;

. Materials handling; and

. Reentrained dust.
Development of Emissions Data. Emissions for a single construction site are

estimated by aggregating calculated emissions from each of the source types as shown in the
following equation:
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Etot = (Xd,c,e,m,r)(yd,c,e,m,r) (4'21)

where: total site emissions;

E e
X = activity rate;
y =
emission factor;
d
demolition and debris removal;
C =
excavation and other earth moving;
e =
vehicle and equipment exhaust;
m =
materials handling; and
r =
reentrained dust.

Table 4-8 lists the site-specific activity rates (x;) and empirical emission factors (y,) needed to
estimate construction emissions. The site-specific parameters contained within the empirical
emission factors are a so included.

Plotting Emissions Data. After obtaining site-wide PM,, emissionstotals (E,,)
for severa different building construction sites, these totals would then be plotted against
construction site area, construction project value, number of construction workers, and any other
relevant system variables. Hypothetical datafor six sites (labeled E, through E;) are plotted in
Figure 4-2.

Statistical Analysis of Plotted Data. The next step isto statisticaly determine
the “best-fit” relationship among the different data plots. For the hypothetical data plotted in
Figure 4-2, it is assumed that the “ best-fit” relationship is a simple linear regression that intercepts
the y-intercept at the origin (i.e., no construction activity will result in no PM,, emissions).

In this hypothetical example, comparison of the resultant R? values indicates that
the strongest statistical relationship exists between PM , emissions and construction area. In
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Table 4-8

Activity Rates and Emission Factor Parameters
Needed to Estimate Construction Emissions

Emission Activity Rate
Source Type (x:) Emission Factor (y;) | Required Site-Specific Parameters
Demolition/  |Amount of kg PM,,/Mg a Wind speed (m/s)
debris demolition demolition material Demolition material moisture content
removal (d) |material (Mg) (%)
Excavation/  |Vehicle VKT kg PMm/VKTa Equipment type
earth moving
()

ehicle/ Hours of g PMm/hBur of Equipment type
equipment operation operation Fuel type
exhaust (e) Rated horsepower

Operating load

Materials Amount of kg PMloéMg handled |Wind speed (m/s)
handling (m) |handled material |material Storage pile moisture content (%)

(Mg)

Reentrained
dust (r)

Vehicle VKT

kg PM,/VKT®

Silt content (%)

Vehicle speed (km/hr)

Vehicle weight (Mg)

Mean number of vehicle wheels (-)

Precipitation (Number of days with
> 0.254 mm precipitation per year)

Empirical equations for demolition/debris removal, excavation/earth moving, materials handling, and reentrained dust can be found
in Fugitive Dust Background Document and Technical Information Document for Best Available Control Measures (U.S. EPA,

1992)

Emission factors (g/hp-hr) for different equipment types can be found in Nonroad Engine and Vehicle Emission Study Report (U.S.

EPA, 1991a). Mexico-specific emission factors might need to be developed.

Mexico Emissions Inventory Program
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actual situations, emissions likely will not be dependent on one system variable; rather, they will
probably be dependent on severa system variables.

Calculation of Regional Emissions. Now that the “best-fit” relationship between
PM,, emissions and construction area has been established as being statistically valid, the
application of this relationship to calculate region-wide emissions is quite straightforward. As can
be seen in the Figure 4-2 plot of emissions versus construction area, the equation that determines
the linear regressioniis:

Total PM,, Emissions (tpy) = 0.0014 x Construction Area (m?)

If the total hypothetical regional construction areais 2,600,000 m?, then the regional PM
construction emissions are:

0.0014 x (2,600,000 m?) = 3,640 tpy PM,,

Mexico Emissions Inventory Program 4-33



5.0 SURVEYING

A survey questionnaire is the technique commonly used to gather point source
emissions inventory data (Figure 5-1). The questionnaire should be sent to each facility and
request information about the characteristics of each emitting device at the facility. Using a
guestionnaire to gather point source emissions datain Mexico is not new; the National Institute of
Ecology (INE) has been gathering point source data with this technique for several years. A copy
of the national point source questionnaire is shown in Appendix 111-B.

A survey approach can also be used to gather information needed to calculate area
source estimates or used to devel op region-specific emission factors for the development of
certain area source emission estimates. Figure 5-2 illustrates the process for area sources.

Conducting a survey consists of several steps. For either a survey of point or area
sources, the first step is to determine an appropriate sample size and to identify the
facilities/subcategories and process differences within the surveyed source category. Next,
mailing lists must be prepared; questionnaires must be designed, assembled, and mailed or
delivered; data-handling procedures must be prepared and organized; and response-receiving
systems must be established. Considerable thought and planning must be dedicated to the design
of anew questionnaire or the modification of an existing one. The success rate of a surveying
effort is largely dependent on whether the survey is backed by aregulatory agency and also the
conciseness, ease of use, and generality of the questionnaire. In addition the questionnaire
responses must be subjected to thorough QA/QC reviews to eliminate invalid data (e.g.,
supersonic stack exit gas velocities). The cost of a surveying effort is afunction of the
completeness and specificity of the questionnaire, the extent of the target audience, and the
thoroughness of the QA/QC follow-on activities.
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The material presented in the remainder of this section is intended to introduce the
reader to the concept of surveying and provide background information on the techniques used to
conduct a successful survey. These techniques are applicable to both point and area sources. For
more information about the use of specific questionnaires, see the document entitled Development
of Questionnaires for Various Emission Inventory Uses (Holman and Collins, 1979).

5.1 Initial Planning

Although not complicated, there are several important considerations to keep in
mind while planning and conducting a survey effort. This section summarizes the most important
considerations, which are applicable to both point and area sources alike. The key to agood
survey effort is adequate planning. Important points to consider during theinitial planning phase
for both point and area source surveys are:

. Historically, paper copies of questionnaires have been sent to individual
facilities. Another approach isto use computer media (floppy disks or
electronic transmission) instead of paper to return or update questionnaire
responses to the agency. This technique can aso include the use of
standardized computer forms or software so that data submitted to the
agency isin aformat easily handled by agency personnel. Thistechnique
has not been used in Mexico, but other regions have found severa benefits
from this approach. If properly designed the electronic questionnaire can
be easier to complete and minimizes data entry and QA reviews.

. Compile distribution lists from a number of different sources, using several
sources and cross checking those sources.

. Secure any administrative clearances needed under federal or state rulesto
conduct a survey of the private sector.

. Explain the reasons for the survey during the initial contact phase, whether
it is by phone or mail.

. Consider who should contact the survey recipient. Response rates for
industry surveys may be higher if the state or federal agency, not a
contractor, contacts the survey recipient.

. The survey process takes severa steps including identifying the correct
recipient. To identify the correct recipient at afacility, arrange convenient
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times for an interview and actually talk to the recipient and answer the
survey questions. For example the steps might be:

- Contact the facility by letter or by phone to inform them about the
survey, and set up a convenient time for answering questions. Be
certain that the person contacted is able to answer the survey
guestions.

- Send the survey questions to the recipient.

- Place a second call to interview the recipient about the survey
guestions.

Once the facilities have been identified and the questionnaire(s) developed,
surveying point sources is straightforward. Severa important items for planning an area source
survey are summarized below.

. Investigate and subdivide the source category if necessary. Many area
source categories, such as degreasing and surface coating consist of
different processes used by many different industries. Uses of particular
processes can vary widely from one industry to the next. Stratify the
population of sourcesif necessary (see Section 5.3).

. Design the survey for areasonable point in the product distribution
process. In the case of many solvent use categories, a survey could be sent
to either manufacturers, distributors, retailers, or users, but the most
practical choice might be just manufacturers or just distributors.

. Consider future needs in survey form planning; plan ahead if possible. For
example, the survey may collect data/information for emission calculations.
As part of the air quality planning process, emission projections are also
anticipated. Therefore, consider collecting emissions projection
information at the same time the basic data are collected.

. For area sources, plan how the information gathered through the survey
will be scaled up for the entire inventory region, since the survey design
will probably cover only a sample of al sources and it is unlikely that the
survey will have a 100 percent response rate. |dentify areasonable
surrogate activity, if necessary, and plan on collecting that information in
the survey (see Section 5.4).

. When data collection is based on sites identified by their Mexican
Classification of Activities and Products (CMAP) Code, and the source

Mexico Emissions Inventory Program 5-5
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category process may or may not take place at every site with that CMAP
Code, refine the distribution list by identifying the sites that do use the
process,

- For instance, industrial surface coating is typically associated with a
number of CMAP Codes, but not all of the facilities under a
particular CMAP Code may have surface coating operations.

- Calling afacility before sending the survey can make the
distribution more efficient. It will aso identify the proportion of
facilitiesin an CMAP Code that do or do not use a process, which
isuseful for scaling up area source survey data.

5.2 Facility Identification

A necessary step in the survey is the preparation of a contact list that tabulates the
name, address, and general process category (e.g., wood products manufacture) of each facility
that could be surveyed. The purpose of the contact list isto identify the individual facilities that
will be surveyed. The size of the resulting contact list gives an agency an indication of the
numbers and types of sources that can effectively be considered in the survey within resource
limitations. In thisregard, the contact list can be used to help an agency determine whether the
resources allocated for the compilation effort will be sufficient, and provide the basic information
needed to develop a sampling subset. The correct number of samples (returned and correctly
completed questionnaires) must be determined based on statistically sound sampling techniques,
the priority given to the category, and the resources available.

The contact list should be compiled from a variety of information sources,
including:

. Listings of air emission sources included in existing emissions inventory isa
good starting point.

. Listings of water pollution sources and hazardous waste generators may be
used to identify potential sourcesin various CMAPS.
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. Air pollution control agency files may provide valuable information on the
location and types of sources in the region of concern. These files can aso
be used later to cross-check certain information supplied on questionnaires.

. Other government agency files maintained by labor departments and tax
departments frequently aid in the preparation of the mailing list. Such files
will include various state industria directories in which companies are
listed aphabetically by CMAP Code and municipality.

. Local industrial directories may provide a current list of the sources that
operate in the inventory region. These are often organized by CMAP code
and may provide employment data. For example, facility listings along the
border can be obtained from the Maquiladora Association.

. National publications can be used when available. However, the
information in them may be older and less accurate than local primary
references.

The mailing list should be organized to facilitate the necessary mailing and follow-
up activities. A logical order in which to list companiesis by state or municipdity, then by CMAP
Code, and finaly, alphabetically. Ordering the list in this manner will increase the efficiency of al
subsequent data-handling tasks and will alow a quicker QC check of thelist.

5.3  Sample Selection

For area sources, developing the surveying plan will entail decisions regarding the
selection (or sampling) of facilities to include in the survey effort. Depending on the objectives of
the survey effort, different sampling techniques can be used. Table 5-1 lists severa different
sample selection techniques that can be used. For the development of area source emission
estimates, typically either random sampling or random stratified sample selection techniques will
be typically used. If the population of sourcesis small enough, the entire population can be
selected. If the population islarge and it’s not possible to survey every facility, then a subset of
the population must be selected. Careful consideration must be given to sample selection so that
the survey results remain unbiased. A thorough discussion of the statistical procedures for
selecting samplesis beyond the scope of this section. The reader is referred to more detailed

Mexico Emissions Inventory Program 5-7



Final, May 1996

Volume Il - Basic EETs

“Juswdolanap AJOJUBAUL

suoissiwa 01 Aujigearjdde paywi sey sanbiuyosy

SIyL "pansesw aq ued JaIsn|d palasles Ajwopuel
yoea ul 1un A1ans pue (019 ‘sueld jo sdwnjo ‘ysiy Jo
sjooyas) Jayiaboy Jarsn|o suun uoirejndod usym [nyasn

"painseaw aJe $131SN|9 UIsoyd Ul
SHUN || "WOPURI Je USSOYd SHUN [enpIAIpUI JO SI3ISN|D

Burdwres JsisnD

-Juswdojanap A1ousAul suoissiwa 0} Aujigeorjdde
pajwi| sey anbluyday siy L ajdures pjaty sy jo
sa|dwesgns uo apew ale SjusWaINSeaw Uaym papasN

"g|dwesgns yoea woJy

wopuel e sjonbife alow 1o 8uo 19918S Uy} ‘Wopuel

e (suun Asewnid) ssjdwes |10s 199]]09 :ajdwex3

‘syun Arewnid pa1os)as sy Jo yoes ajdwesgns Ajwopuey
-Bundwres wopuel apdwis Buisn syun Arewiid jo

185 ® 109]8S “suun Asrewnd ojur uonejndod 186.e) BpIAIg

Burdures abeis-nNIA

*paonpoud 1onpoud pua ayy 01 Buipiodde paiiens

aq 1yBiw abesn juanjos ‘sjdwexa 104 -snosusbowoy
Alleulaul aJe Jey) sued OJul UMOP UaX04q

aq ueo uone|ndod snosusbolalay e usym |nyasn

“Burndwres wopues sjdwis
AQ winyeas yoeas wouy palds|as aJe suonedo| Buijdwes
-suied Buiddepsanouou ojul uoneindod 186ue) apInIQ

Burdwres wopuel paynens

"sa]ed UOISSIWB
Jo suianed Jo spuaJy surejuod uolrejndod sy 41 sueaw
JO sa1ewnsa aeanage alow anlb Apusnbaly |jIm mojaq
subisep JaylQ -ubisap Burdwres wopuel 1sejdwis ay L

"SHUN J3Y10 JO UOI193[3S 8uanjjul lou
S0P 11UN 8UO JO UOIJBI8S "IUBIBINSEaW 0} Palda|as
Buiaq Jo adueyd enba ue sey uun uonendod yoe3

Burdwres wopuel sjdwis

-uone|ndod Jspim

© 0] SaouaJajul Bupjew 1oy ueyy Jayred 1salaul pue
anfeA anbiun J1ay} Jo} pa1da|as aJe sajdwes d1410ads
‘A1as1anuo) "wajqodd e jou si seiq uondsjes ajdwes
Teyl os ajqessasse Aja19]dwod pue ‘snosusbowoy
‘paulyap Ajes]d aq pjnoys uonejndod 1a6Je) ay L

*a4nseaw 0] 3NJ1Ip
Sl AJeJnJdy "Saew1Isa paselq 0} pes| ued Suollipuod
abriane Jo ,annelussaldal,, aq 01 Jeadde jeyy

sajdwies 193]S “[enpIAIpuUl Ue Ag UOI193]as aANdalgns

Burdwres juswabpnp

-uonduwnsse

Syl BulApIeAn Ul A3nd1yIp 03 anp papuswiwodal Jou
S1 UOI}D3]3S JO poyldW SIY | "Papaau aJe siajawesed
uone|ndod Jo SareWIISa paseIqun 1 [e1uassa Si

8oeds pue awi 18A0 uonejndod snosusbowoy AJen v

"S8]ewWIsa paselq 01 pes)
ueD "SaWl} JO SUOITRIO| JUBIUBAUOD Je sajdwies axe]
..0p |11m uoneoo] Burdwes Auy,,

Burdwres pezeydeH

_Inyasn si ubise@ Buijduwres ayy usypn SUOIIPUOD

uondiaasaq

POYISIN

spoy1a| Burdwes Asaing Jo sadA

1-G9lqel

Mexico Emissions Inventory Program

5-8



Volume Il - Basic EETs

Final, May 1996

"L86T ‘WaqIIO

e

“(swoaul pjoyasnoy snsiaA asn juswdinba

uapJeb pue ume| ‘sjdwexa 1o}) Jarawesed oiy10ads

e 0} diysuoIye|al Ul SUOISSILIS JO SINSIIBIORIRYD
leneds ay) 8qLI9SAp PINOM eyl uoljew.oyul

dojanap 01 pasn ag pjnod ‘1anamoy ‘yoeotdde siy
-Juswdojanap A10lusAul suoissiwa 0} Aujigeorjdde
paywi| sey anbiuydsl SIyl punoy aq Aew yaaess
au} 4o 108[go ay1 asaym ayeaipul sejdwes Jowd Jo
‘abpajmouy] 81IS ‘UOITBLIIOUI [BILIOISIY UBYM |NJBSN

"UOITRUIWBIUOD PateAs)s Jo ,.s10ds 10y, puly
01 Jo s824nos uonnjjod a1edo] Ajjeaiydesbosb 03 pasn

Burdwes yasess

"9]qeLIeA painseaw Ajises alow J0
dAIsUadxa sS3| B pue 1S8131UI JO 9]geLIBA Y} USaMISq
diysuoneas Jeaul| Buois e si a1ay) Usym [nyasn

‘poylsw anisuadxs

2J0W 3y} 10} UeaW 3y} alewnsa o) parjdde usy)

s1 sanbiuyos) oMy ay) usamiag diysuore|al Jeaur| ayL
‘poylaw anIsuadxa ssa| ayr Buisn usyel aq uea ssjdures
aJow ‘anbiuydsl JuswaInseaw Jayjoue Buisn 1oy

10 asuadxa ss3| Yym paurelqo erep 01 diysuoie|as Jeaul|
Buons e sey anbiuyodal Juswainsesw auo Buisn eyep §|

Burdwres ajgnog

"[eonoeadwi a1 Spoylsw Wopuel

Apowns usym Jo Lioud e umouy aJe Asyj Jo uasaid
10U aJe SuJalled pue spuaJ] Usym ueaw ay) Buirewnss
J0} |nyasn 0S|y 9Jeds J8AO SUOISSIWA JO suaned o
spuaJl Buiewsa usym ad1o0yd Jo poyiaw ayy Ajjensn

-uJanred pub e uo Jo aul| e Buoje sfeAlsiul Juelsipinba
1e :ajdwexs 104 -uJaned Jesodws) Jo [eleds e 0}
Bu1p1029e Sawil J0/pue SUOILIO| 18 SjusWaInseaw axe |

Burdures anewsisAs

Ingasn s1 ubise@ Buijdwes syl usypn suoiipuod

ko)

uondiaasaq

POYISIN

spoy1a| Burdwes Asaing Jo sadA

1-G9lqel

5-9

Mexico Emissions Inventory Program



Volume llI - Basic EETs Final, May 1996

discussions on this subject such as the text books Sampling Techniques (Cochran, 1977) and
Statistical Methods for Environmental Pollution Monitoring (Gilbert, 1987).

The concept of a stratified random sampling approach can be very useful for
devel oping area source emissions estimates, as well as developing data for use in multivariate
emissions models. In this technique, the population of N unitsis divided into subpopulations N,
N,,...,N, units. These subpopulations, or strata, are nonoverlapping, and together they comprise
the entire population. When the strata have been determined, a sample is drawn from each, with
drawings made independently in different strata. The sample sizes are denoted by n,, n,,...n,
respectively. From an emissions inventory perspective, the primary reason for conducting this
type of sampling approach is to divide a heterogeneous population into subsets, each of whichis
more likely to be internally homogeneous. A conceptual example is provided below.

5-10 Mexico Emissions Inventory Program
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Example 5-1

Most urban areas with a diversified economy contain numerous, small
manufacturing facilities which may be using solvents, primarily through coating, degreasing,
or wipe cleaning operations. Many of these facilities will not be included in the point source
inventory and will be comprised of numerous, diverse manufacturing operations (e.g., wood
products manufacture and coating; plastics coating; miscellaneous metal parts manufacture
and coating; etc). Due to the large number of operations and their differencesin raw
material and production characteristics, it is necessary to develop a survey approach that will
accurately collect information that can be statistically extrapolated to the entire population

of non-point source facilities. A stratified random survey can be used to solve this problem.

The first stratum might divide the facilities into groups based on two digit
CMAP code so that like facilities are grouped together (i.e., facilities manufacturing like
materials are likely to have similar emission characteristics). A second stratum might be
considered necessary to distinguish between large and smaller facilities to prevent biases
resulting from the different rates of material usage that could occur because of facility
operating efficiency. Once the survey is completed and emissions have been calculated, the
emissions data can be correlated with the strata used to define the subpopulations, in this

case two digit CMAP and number of employees.

Mexico Emissions Inventory Program 5-11
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54 Determination of Sample Size

The number of surveys that are mailed out will be dependent upon available
resources and initial goals established for the accuracy of the results. This subsection provides a
brief overview of the statistical procedures for selecting an appropriate sample size given a
specified accuracy goal. For amore through explanation of the following material, please consult
a standard text book on statistics.

For many area source surveys, the goal isto establish an average value for a
particular set of parameters that can be used to estimate emissions for the entire population of
sources. For example, the average amount of coating material may be determined, or the average
amount of liquefied petroleum gas (LPG) used per household. In general, the “error” or
uncertainty in the average value developed from the survey results can be minimized by sampling
more and more sources. The uncertainty in the mean value (X) can be stated as follows:

x=+ A (5-1)

where: = The sample standard deviation
A = t statistic divided by the number of samples (t/¥'n).

Thet statistic varies with sample size and desired level of confidence. As more
samples are taken, the level of uncertainty in the average value decreases. However, a point of
diminishing returnsis quickly reached as the number of samples approaches 20. Figure 5-3
illustrates this concept by plotting A (i.e., tA/n) versus number of samplestaken. This particular
plot isfor a 90% confidence level.

If desired, a more rigorous approach to determining the appropriate sample size
can be determined by specifying the amount of acceptable error. Establishing the sample size
based on acceptable error requires an iterative approach that begins with an initial survey.
Assuming a 50% response rate, limit the initial survey to approximately 40 questionnaires so that
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about 20 responses are received. From the results of the initial survey, a specific sample size can
be estimated based the survey error godls.

2
n:[zm) (5-2)
e
Where: n = samplesize
= dtandard deviation of the population
e = limit of error (usualy in the range of 5 to 10 percent of the value of
the mean)
= confidence leve
Z , = index derived from the normal curve which corresponds to the
desired confidence level:
percent Z 90 1.65
95 1.96
99 2.58
99.7 3.00

A simple example illustrating this concept is presented below for a hypothetical
survey applied to residential L PG usage.

Example 5-2

Assume that no more than a 10% error at the 90% confidence level is desired for a survey of
residential LPG usage. From the hypothetical survey, the average LPG usage determined
from the initial questionnairesis 1,000 liters with a standard deviation of 400 liters. Using
these data in equation 5-2, the number of needed samplesis:

o 165 x 400 |?
0.10 x 1,000

= 44 samples
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5.5 Limiting the Size of the Mail Survey

If more sources are identified on the mailing list than can be redlistically handled
with available resources, an agency should screen the mailing list in some manner to reduce the
number of facilities to be sent questionnaires. This can be done in a number of ways.

In many instances, the number of employees in a company will be known, and an
estimate of the emissions potential can be made by applying emissions per employee factors where
available. Thiswill provide arough estimate of the emissions potentia of those facilities, which
can then be used to select a sample of facilities that represent a range of emissions to receive the
guestionnaire. Another way to reduce the mailing list is to contact the intended recipients of the
survey by telephone before mailing the survey. These brief contacts with plant managers or other
appropriate employees will indicate whether the pollutant emitting process takes place at the
facility. If the processis not used at the facility, this response can be recorded and no further
contact with the facility is necessary thus reducing the number of surveys that are sent out.

5.6 Designing the Questionnaires

A questionnaire should be prepared for each source category that is surveyed.
These questionnaires can use industry-specific terminology that is familiar to those working in a
particular industry, which will enhance communication, reduce confusion, and increase inventory
accuracy. It may also be productive to first work with a small focus group of sourcesin the
industry to refine and “test market” the questionnaire. Input from knowledgeable industrial
personnel will help to eliminate ambiguity in responses and misunderstandings about the goals of
the survey. Although a survey questionnaire that istailored to a particular industry or process has
many advantages, there are aso severa disadvantages. One disadvantage is that designing many
industry-specific questionnaires can require significant resources. Second, the returned
guestionnaires will have different data storage requirements because of the variations in format for
different industries.

Mexico Emissions Inventory Program 5-15
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Developing a questionnaire involves identifying and writing the appropriate
guestions, establishing a suitable format, and developing a cover letter and instructions for filling
out the questionnaire. The basic rule isto design the questionnaire for the person who will be
asked to completeit. An agency should consider that the person who will complete the
guestionnaire may not have the benefit of atechnical background in air pollution, engineering, or
physical sciences. Hence, questionnaires and instructions should not be designed to require
specialized technical training to be understood. Each question should be self-explanatory or
accompanied by clear directions. All necessary information should be solicited on the
guestionnaire, thus avoiding later requests for additional data. Any additional data needed for
subsequent application of a dispersion or photochemical model should also be collected at this
time.

The format of the questionnaire should be as smple and functional as possible.
When data handling is to be done by computer, time will be saved if the questionnaire format is
designed such that the data entry personnel can readily enter the information directly from each
guestionnaire. If computerized data reporting is encouraged, agency time may be saved on data
entry. The questionnaire should be well-spaced for easy readability and should have sufficient
gpace for complete written responses. The questionnaire should be as short as possible; lengthy
guestionnaires are intimidating. Also, shorter questionnaires reduce postal costs.

The ultimate use of the data should always be considered when determining the
information to request on the questionnaire. For point sources, process information should aso
be requested, in addition to emission rates and genera source information such as location,
ownership, and nature of business. An effort should be made to request activity level datafor the
appropriate inventory year and inventory season. If datafor the appropriate time period cannot
be obtained, questions should be included that will collect the information needed to derive
temporal adjustment factors as accurately as possible. Control device information is also helpful
for determining potential reductions in emissions from applying various control strategies.

Finally, any information that is needed to make corrected or adjusted emissions
estimates should be solicited. For example, because emissions from petroleum product storage
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and handling operations are dependent on a number of variables, including temperature, tank
conditions, and product vapor pressure, the questionnaire should include requests for appropriate
values for these variables. If seasonal adjustments are considered, special emphasis should be
given to variables such as activity levels, temperature, and wind speed that cause seasonal
variations in emissions,

Each questionnaire should be accompanied by a cover letter stating the purpose of
the inventory and citing any statutes that require a response from the recipient. Cooperation in
filling out and returning the questionnaire should be respectfully requested. In addition, each
guestionnaire should be accompanied by a set of genera procedures and instructions telling the
recipient how the questionnaire should be completed and the date it should be returned to the
agency. Inlieu of a specific reply date, a specific number of calendar or working days in which to
respond can be indicated. In this manner, delays in mailouts will not require changing the reply
date.

If amore general questionnaire is sent out, the instructions should carefully explain
that the questionnaire has been designed for a variety of operations and that some questions or
sections of the questionnaire may not apply to a particular facility. In all cases, a contact name,
telephone number, and mailing address should be supplied in case a recipient has questions. The
cover letter and instructions can be combined in some cases, but this should only be done when
the instructions are brief.

5.7 Mailing and Tracking the Questionnaires

After the final mailing list has been compiled and the appropriate questionnaire
packages are assembled (including mailing label, cover letter, instructions, questionnaires, and
self-addressed stamped envelope), an agency should proceed with the mailout activities. The
mailing of the questionnaires can be performed in two ways. The first method is by registered
mail, which serves to inform the agency when a questionnaire is received by the company. This
does not guarantee that the company will return the form, but the response rate will probably be
somewhat greater than if the questionnaires are sent by first-class mail. However, the dight
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increase in response may not justify the added expense of sending every company a registered
letter. Asacompromise, registered mail may be used to contact only larger sources.

The second method is to send the questionnaires by conventional first class mail.
This method has proven to be effective if the mailing address includes the name of the plant
manager or if “ATTENTION PLANT MANAGER” is printed on the outside of the envelope.
This directs the envelope to the proper supervisory personnel and reduces the chances of the
guestionnaire package being discarded. It is highly recommended that a stamped envelope be
included with each questionnaire because the questionnaire is then more likely to be returned.

Incorrect mailing addresses are alarge part of unreturned questionnaires,
therefore, the extra effort applied to obtaining correct addresses will be rewarded. Also, itis
important to distinguish between facility physical location and mailing address. Identifying the
mailing address can have a critical effect on the questionnaire response rate.

Responses may begin arriving within afew days after mailing. Many of the early
returns may be from companies that are not sources of emissions. Also, some of the
guestionnaires will be returned to an agency by the postal service because either the
establishments are out of business or the company is no longer at the indicated mailing address.
New addresses for companies that have moved can be obtained by calling the establishments,
looking up their addresses in the telephone book, or contacting an appropriate state or local
agency, such as the tax or labor departments.

A simple computer program can be helpful in mailing and logging in the
guestionnaires. Such a program should be designed to produce a number of duplicate mailing
labels for each source sent a questionnaire. One label is attached to the outside of the envelope
containing the questionnaire materials. A second label is attached to the cover letter or
instruction sheet of the questionnaire. This facilitates the identification of the questionnaires as
they are returned, as well as name and mailing address corrections. Additional mailing labels may
be used for other administrative purposes or to recontact those sources whose responses are
inadequate. Information for an example labdl is shown below:
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Example 5-3 0000 (CMAP Code)
0000 (Plant Number)

INDIVIDUAL’S NAME and TITLE (or PLANT MANAGER)
COMPANY NAME

STREET

MUNICIPALITY, STATE, ZIP CODE

As shown above in the example labdl, it may be helpful to print the CMAP code
and the assigned facility identification number on the upper right corner of the labels. The
identification (ID) number can be used to group records of all correspondence with one company.
If the study areais large, a municipality identification number may aso be included on the mailing
label. Be careful to separate the internal coding information from the address so that the Post
Office does not confuse these items with the address.

It isimportant to develop a tracking system to determine the status of each facet of
the mail survey. Such atracking system should tell an agency: (1) to which companies
guestionnaires were mailed; (2) the dates the questionnaires were mailed and returned; (3)
corrected name, address, and CMAP information; (4) information on the type of the source; (5)
whether recontacting is necessary; and (6) the status of the follow-up contact effort. Tracking
can be accomplished manually through the use of worksheets or through the use of asimple
computer program. A computer printout of the mailing list can be formatted for use as atracking
worksheet.

As soon as the questionnaires are returned, some useful analyses can be performed.
One activity that can help enhance the timely completion of the mail survey, aswell asassist in
estimating the amount of resources that will be subsequently needed in the inventory effort, isto
classify each response in one of the five categories listed below:

P
A

point source
area source
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No emissions (Non-source)
closed/out of business

N
C
R recontact for reclassification

In addition, an agency can begin performing emissions calculations for sources that
have responded, and the resulting source and emissions information can begin to be loaded into
the inventory files. All responses should then be filed by CMAP code, source category,
geographic location, alphabetical order, or any other criteriathat provide orderly access for
additiona analysis.

5.8 Recontacting

The agency may have to recontact a company if it does not return the
guestionnaire or if the response provided is inadequate. 1f a company does not return the
guestionnaire as requested, a more formal letter citing statutory reporting requirements for
completing the questionnaire should be sent via registered mail. When the number of companies
to be recontacted is small, the information can be obtained through telephone contacts or plant
vigits.

Recontacting activities should begin two to four weeks after the questionnaires are
mailed. Telephone calls are advantageous when recontacting companiesin that direct verbal
communication is involved and additional mailing costs can be avoided. A second follow-up
mailing may be necessary if alarge number of companies must be recontacted. In either case,
recontact should be completed 8 to 12 weeks after the first mailing.

5.9  Accessing Agency Air Pollution Files

An agency may have specia files or databases that can be accessed for usein
emissions inventory development. These files may include permit files, compliance files, or
emissions statements. Permits are typically required for construction, startup, modifications, and
continuing operation of an emissions source. Permit applications generally include enough
information about a potential source to describe the nature of the source and to estimate the
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magnitude of emissions that will result from its operations. Some permits also include source test
data.

Some agencies may also maintain a compliance file, which records the agency’s
interaction with each source on enforcement matters. For example, a compliance file might
contain alist of air pollution regulations applicable to a given source, a history of contacts made
with that source on enforcement matters, and an agreed-upon schedule for the source to effect
some sort of control measures.

5.10 Scaling Up the Survey Results

A properly designed area source survey effort will also include a mechanism for
“scaling up” the survey results. By the nature of the source type, it may not be possible to survey
the universe of sources covered by the category. The method for scaling the results will depend
on the type of source that isincluded in the survey effort. Two examples are provided below.

In the smplest sense, the survey results could be scaled up by applying the average
material usage (or emissions) determined from the survey effort to the population of sources.
From an emissions perspective, this approach assumes that the population of sourcesis size
independent. For example, a survey of residential LPG usage could be performed to more
precisaly estimate the amount of thisfuel consumed on aresidential level. Surveying each homeis
not practical; therefore, a subset of population would be surveyed and the results scaled to the
entire population. For this hypothetical example, the average amount of LPG used per household
would be determined through the survey with the average value applied to the total number of
householdsin the region. A simple example follows:
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Example 5-4:

Based on a survey of a subset of the households using L PG, the average annual use of LPG
is 1,000 liters/yr. Available census data indicate that there are 500,000 households in the
region and that 90% of them use LPG as aresidential fuel. Estimate the total NO, emissions
from household use of LPG in the region.

Qe = 1,000 liters/household/yr x 500,000 households x 90%

= 450 million literslyr
EFvox = 1.7kg/1,000 liters (AP-42, Section 1.5)
Enox QLre X EFyox

(450 x 10° liter/yr) x (1.7 kg/1,000 liters)
765,000 kg NO,/yr

If the material usage is expected to vary by source size, then a more complex
approach isrequired. For example, the amount of coating material used in wood coating
operations will vary based on the production level of the facility. The survey design must include
guestions that collect sufficient information that can be used to scale the results to other facilities
that were not included in the survey effort. These data can consist of such things as the number
of employees, or economic parameters such as the value of goods or services produced. The key
isto think ahead and identify appropriate parameters that can be used to scale the inventory
results to other sources. A simple example follows:
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Example 5-5:

Based on a survey of a subset of the facilities manufacturing wood products, the average
coating usage per employeeis 30 liters/yr. The total number of employees in the region
involved in wood products manufacturing is 1,050 based on data from CANACINTRA.
Additionaly, the survey results indicate that the average coating has a density of 1.4 kg/liter
and is 45% VOC by weight. Estimate the total VOC emissions from wood products
manufacturing in the region.

Q 30 liter/employee/yr x 1,050 employees
31,500 liter/yr

EFyoc 1.4 kg/liter x 45%

0.63 kg/liter

QX EFyoc
31,500 liter/yr x 0.63 kg/liter

19,845 kg VOClyr

EVOC
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6.0 EMISSION FACTORS

Emission factors are commonly used to calculate emissions when site-specific
stack monitoring data are unavailable. An emission factor is aratio that relates the quantity of a
pollutant released to the atmosphere to a unit of activity. Emission factors can generaly be
classified into two types: process-based and census-based. Process-based emission factors are
commonly used to develop point source emission estimates, and are often combined with the
activity data collected from a surveying or material balance approach. Census-based emission
factors, on the other hand, are widely used to develop area source emission estimates (see
Figure 6-1).

6.1 Process-Based Emission Factors

Various source sampling programs have been conducted to measure emission rates
from certain devices or processes known to be air emission sources. Since source testing of
every individual emission source is often not required or economically feasible, the source test
results from “representative sources’ are used to devel op process-based emission factors for
similar device types or processes. These process-based emission factors are expressed in the
general form of mass of pollutant emitted/process unit. Some common process units are energy
input, material throughput, production units, operating schedule, or number of devices, or device
characteristic (e.g., IbPMMBLtu, Ib/gal, Ib/batch, 1b/hr, Ib/flanges or Ib/sqg ft [surface ared]).

The most comprehensive source for U.S.-specific process-based emission factorsis
AP-42 Compilation of Air Pollutant Emission Factors (U.S. EPA, January 1995a). The primary
reference for toxic air pollutant emission factors is the FIRE data system (U.S. EPA, 1995b).

Non-U.S.-specific emission factors for various source aggregates are available
from the Rapid Source Inventory Techniques guidance document developed for the WHO
(Economopoulos, 1993) and various GHG inventory guidance documents (Intergovernmental
Panel on Climate Change [IPCC], 1993a and b).
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Process-Based Emission Factors

kg of pollutant/10°m®

Natural Gas Boiler
of‘gas burned

kg-of ;mllutant/hr/m2

Vapar Degreaser of degreaser surface area

Battery Manufacturing kg of pollutant/1 o batteries

Census-Based Emission Factors

Per Capita kg of pollutant/person/yr

o

Per Employee kg-of pollutant/employee/yr

EMISSION.CDR - LCT 05.16.96 SAC

Figure 6-1. Examples of Emission Factors
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Below are afew sample calculations of emission estimates developed using
process-based emission factors. Volume IV - Point Sources provides more detailed guidance on
developing point source emission estimates.

Example 6-1:

Cdlculate the annual NO, emissions from an uncontrolled utility boiler (> 100 million Btu/hr
heat input) burning natural gas. The annual throughput of natural gas is 50 million cubic
meters.

EFyox = 8800 kg/10°n?® (From AP-42, Table 1.4-2)
quel =S 50 106m3/yr
Enox = EFnox X Qfel
= 8800 x 50
= 440,000 kg/yr
Example 6-2:

Cdculate the annual VOC emissions from an uncontrolled open-top vapor degreaser. The
solvent used is 100 percent VOC. The degreaser has a surface area of 5 cubic meters and
operates 8 hours/day, 5 days/week, 52 weeks/year.

0.7 kg/hr/m? (From AP-42, Table 4.6-2)
5m?

8 hrs/day x 5 days/wk x 52 wks/yr

2080 hrs/yr

_|

=

o

=

@
i n

EI:VOC X A X Thours
0.7 x 5 x 2080
7,280 kglyr
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Example 6-3:

Cadlculate the PM emissions from the grid casting step of the production of lead acid storage
batteries. Twenty thousand batteries are produced each month.

1.42 x 240
341 kglyr

EFoy, =  1.42kg/10® batteries (From AP-42, Table 7.15-1)
Cliwinss = 20,000 batteries/month x 12 months/yr

= 240,000 batteries/yr
EPM = EFPM X Qproduct

6.2 Census-Based Emission Factors

Sources in certain area source categories are difficult to inventory by any of the
previoudly discussed methodologies. The use of census-based emission factors is an efficient
method for dispersed and numerous emission source types that cannot be readily characterized by
aknowledge of process rates, fuel consumption rates, and/or material feed rates. Compared to
the other emission estimating techniques, the use of census-based emission factors is the most
“user-friendly” and cost-effective choice, since census data are readily available in most emission
inventory regions. In Mexico, population and housing data, and employment data by economic
sector and municipality are available in printed and el ectronic format from the INEGI.

The disadvantage of using existing census-based emission factorsis that most of
them were developed in the U.S. or Europe and may not account for the socioeconomic
conditions and control practicesin Mexico. The Department of the Federal District (DDF) has
begun to devel op Mexico-specific census-based emission factors. For example, the U.S. per
capita emission factor for consumer solventsis 6.3 pounds/person/year (i.e., 2.86
kilograms/person/year). For the Mexico City area source inventory, DDF has recently reduced
the aerosol contribution from 0.36 kg/person/yr to 0.05 kg/person/yr, thus adjusting the overall
consumer solvents per capita emission factor to 2.55 kilograms/person/yr.
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Also, it isimportant to remember that census-based emission factors are more
accurate when applied to the entire region for which the emission factor was devel oped than when
applied to smaller regions. For example, the Mexico-specific per capita emission factor for
aerosols developed by DDF is an “average” emission factor for the entire country (i.e., it was
based on national population and aerosol usage data). The accuracy of this emission factor
decreases asit is applied to smaller regions. For example, if the per-capita consumption of
aerosols in Xochimilco is higher than the nationa average, then use of the “average” emission
factor will result in an underestimation of emissions for Xochimilco).

Per-employee emission factors are generally more accurate than per capita
emission factors, since higher levels of employment reflect economic growth and, more
specifically, tend to reflect rises in pollution-generating activity levels. However, care should be
taken to eliminate employment data that are associated with non-manufacturing (e.g.,
adminigtrative and clerical) jobs, whenever possible, since they are not likely to contribute
significantly to pollution-generating activity levels. At aminimum, an effort should be made to
eliminate employment data associated with company locations that are administrative offices
rather than production plants.

6.2.1 Per Capita Emission Factors

Solvent evaporation from consumer and commercial products such as waxes,
aerosol products, and window cleaners cannot be routinely determined for many local sources by
the local agency. In addition, it would probably be impossible to develop a survey that would
yield such information. Using per capita factors assumes that emissionsin a given area can be
reasonably associated with population. This assumption is valid over broad areas for certain
activities such as dry cleaning, architectural surface coatings, small degreasing operations, and
solvent evaporation from household and commercial products.

Per capita emission factors should not be devel oped and used indiscriminately for
sources whose emissions do not correlate well with population. For example, large, concentrated
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industries, such as petrochemical facilities, should not be inventoried using per capita emission
factors.

U.S.-specific per capita emission factors for various activities are available from
severa sourcesincluding the U.S. EPA’s FIRE emission factor database, AP-42 Compilation of
Air Pollutant Emission Factors, and Procedures for the Preparation of Emission Inventories for
Carbon Monoxide and Precursors of Ozone, (U.S. EPA, 1991b).

Below is a sample calculation of an emissions estimate developed using per capita
emission factors. VolumeV - Area Sources provides more detailed guidance on developing area
source emission estimates.

Example 6-4:

Cdlculate the 1990 VOC emissions from consumer aerosol usage in Xochimilco (D.F.).
Assume that aerosols are 69% VOC. The 1990 population was estimated to be 642,753
people.

EFoc = 0.046 kg/person/yr x 69% VOC (From DDF, 1995)
= 0.032 kg/person/yr

IDXochimiIco = 642,753 p60p|e

Evoc EFvoc X Pxochimitco

0.032 x 642,753
20,568 kg/yr

6.2.2 Per-employee Emission Factors

This approach uses employment rather than population as the surrogate activity
level indicator. Per-employee emission factors are usually used to estimate emissions for those
source categories for which a CMAPP has been assigned and for which employment data
(typically by CMAP) are available at the local level. Generally, this involves manufacturing the
appropriate CMAP categories. In most cases, alarge fraction of VOC emissions within CMAP
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will be covered by point source procedures, so the per-employee emission factor approach can be
considered a secondary procedure to cover emissions from sources that are below the point
source cutoff level. Point source reconciliation is discussed in more detail in the Area Sources
Manua (Volume V).

The following sample calculation presents an emissions estimate developed using
per capita emission factors. The Area Sources Manual (Volume V) provides more detailed
guidance on developing area source emission estimates.

Example 6-5:

Calculate the annua VOC emissions from commercia dry cleanersin Mexico City (D.F.) for
the area source inventory. Assume the dry cleaning solvents are 100% VOC. Assume that
employment records for Mexico City show that there are 3,000 employees in the appropriate
CMAP. Assume that 1,000 of these employees work at facilities that are included in the
point source emissions inventory.

EFyoc = 2,937 kg/employeefyr (EPA-450/4-91-016)
S = 3,000 total employees - 1,000 point source employees

= 2,000 area source employees
Evoc EFvoc X Egry clean

2,937 x 2,000
5,874,000 kg/yr
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/.0 MATERIAL BALANCE

The materia balance (also known as a mass balance) is a method commonly used
for estimating emissions from many source categories. The materia balance method can be used
where source test data, emission factors, or other devel oped methods are not available. In fact,
for some sources, amaterial balance is the only practical method to estimate emissions accurately.
For example, source testing of low-level, intermittent, or fugitive VOC exhaust streams can be
very difficult and costly in many instances.

Use of amaterial balance involves the examination of a process to determine if
emissions can be estimated solely on knowledge of specific operating parameters and materia
compositions. Although the material balance is a vauable tool in estimating emissions from many
sources, its use requires that a measure of the material being “balanced” be known at each point
throughout the process. The material balance is most appropriate to use in cases where accurate
measurements can be made of all but the air emission component. 1f such knowledge is not
available, and is therefore, assumed, serious errors may resullt.

In the VOC emissions inventory, a material balance is generally used to estimate
emission from solvent evaporation sources. Thistechnique is equally applicable to both point and
area sources. Point sources may use a material balance approach at the device or facility level,
whereas area sources may use a material balance approach at the regiona or national level.

Figure 7-1 illustrates a few examples of using a material balance approach for point
sources. The simplest method of material balance is to assume that all solvent consumed by a
source process evaporates during that process. For instance, it is reasonable to assume that
during many surface coating operations, all of the solvent in the coating evaporates to the
atmosphere during the drying process. In such cases, emissions are smply equal to the amount of
solvent applied in the surface coating (and added thinners) as afunction of time. As another
example, consider adry cleaning plant that uses Stoddard solvent as the cleaning agent. To
estimate emissions, the agency needs only to dicit from each plant the amount of solvent
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C nverted to S0, during
the combustion process

. Waste Solvent

MATERIAL.COR - LGT 01.15.96 SAG

Figure 7-1. Examples o fMa"t‘é“rii’i”:l”Ba,ankce'i |

7-2 Mexico Emissions Inventory Program



Final, May 1996 Volume llI - Basic EETs

purchased during the time interval of concern, because the emissions are assumed equal to the
quantity of solvent purchased.

The assumption that makeup solvent equals emissions also holds in certain more
complicated situation. If a nondestructive control device such as a condenser or adsorber is
employed, this assumption is valid to the extent that the captured solvent is returned to the
process. Similarly, if waste solvent reclamation is practiced by a plant, by distillation or
“boildown,” this assumption will be applicable. Both of these practices ssimply reduce the makeup
solvent requirements of an operation, and therefore, the quantity of solvent lost to the
atmosphere.

Available test methods are published through the American Society for Testing and
Materials (ASTM) and have focused on providing information on material balance and
gravimetric determinations for various industrial processes (ASTM, Volumes 06.01 and 15.05).
The use of amass or materia balance to determine total emissions from a processis usually
simple and affordable. Total VOC emitted from a batch paint mixing process, for example, would
be calculated as follows (according to ASTM Method D 2369):

VOCin (Ib/gal) - VOCmixed paint (Ib/gal) = VOCemitted (Ib/gal) (7'1)

As another example, fuel analysis can be used to predict emissions based on
application of conservation laws. The presence of certain elementsin fuels may be used to predict
their presence in emission streams. This includes toxic elements such as metals found in coa as
well as other elements such as sulfur which may be converted to other compounds during the
combustion process.

The basic equation used in fuel analysis emission calculationsis:
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. MW
E = Q; x Pollutant concentration in fuel x [ ~ p] (7-2)
f

Where: Q = Throughput of the fuel, mass rate (e.g., kg/hr)

MW, = Molecular weight of pollutant emitted (Ib/lb-mole)

MW; = Molecular weight of pollutant in fuel (Ib/Ib-mole)

For instance, SO, emissions from oil combustion can be calculated based on the
concentration of sulfur in the oil. This approach assumes complete conversion of sulfur to SO,.
Therefore, for every pound of sulfur (MW = 32 g) burned, two pounds of SO, (MW =64 g) are
emitted.

Example 7-1:

Calculate the hourly SO, emissions (reported as SO,) from an internal combustion engine
burning diesel fuel, based on the fuel analysis data (i.e., sulfur content). The fuel throughput is
estimated to be 150 liters/hr. The density of diesel is 0.85 kg/liter (7.1 Ib/gal). The sulfur
content of the diesel is 0.05% by mass.

127.5 x 0.0005 x (64/32)
0.13 kg/hr

Qrel = 150 liters/hr x 0.85 kg/liter
= 127.5 kg/hr

Cs = 0.05/100
= 0.0005

Esoz = Qtier X Cs X (MW, /MWy)

In the above examples, the material balance is smplified, because of the
assumption that al of the material being balanced is emitted to the atmosphere. Situations exist
where this assumption is not always reasonable. For example, if a destructive control device such
as an afterburner, incinerator, or catalytic oxidation unit is employed on the process exhaust, any
VOC emissions will be either destroyed or so atered, that one could not reasonably assume,
without testing the exhaust downstream of the device, the characteristics and quantities of any
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remaining VOC material. Asanother example, degreasing emissions will not equal solvent
consumption if the waste solvent is sold to a commercial reprocessor. In such a situation,
emissions will be the difference of solvent consumed and solvent in the waste sent to the
reprocessor. As still another example, some fraction of the diluent used to liquify cutback asphalt
is believed to be retained in the pavement rather than evaporating after application.

Example 7-2:

Calculate monthly VOC emissions from a vapor degreaser. Each month, 100 liters of solvent is
added at the beginning of the month. During the month, an additional 20 liters are added to
replenish losses. At the end of the month, 100 liters of waste solvent is sent to a recycler and
0.2 kg of solid waste is collected for disposal. The solvent is 100% VOC. The waste solvent is
98% VOC. The solid waste is 5% VOC. The solvent density is 1.5 kg/liter.

Qsotvent = (100 liters/month + 20 liters/month) x 1.5 kg/liter
= 180 kg/month
Quaste = (100 liters/month x 1.5 kg/liter x 98% VOC) +
(0.2 kg/month x 5% VOC)
= 147 kg/month + 0.01 kg/month
= 147 kg/month
EVOC Qsolvent - Qwaste

180 - 147
33 kg/month

The above example shows that, in some cases, assuming total evaporation of all
consumed solvent would result in an overestimation of emissions. Therefore, material balances
can aso be used in conjunction with process-based emission factors (see Section 6.1) to estimate
emissions, such as those based on the difference between the raw material and the product when
the emission factor for aprocessis per unit of material consumed.

For example, material balances could be performed for area source emission
calculations involving fuel manufacture, distribution, and consumption (see Figure 7-2). A
material balance for fuel distribution and consumption was recently applied in the United States
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(De Luchi, 1993). A national material balance for solvents for surface coating materials may aso
be the best method for estimating VOC emissions from these source categories or pesticide
application.

Several other situations can complicate the material balance. First, not all of the
solvent losses from certain operations such as dry cleaning or degreasing occur at the plant site.
Instead, significant quantities of solvent may be evaporated from the waste solvent disposal site,
unless the waste solvent isincinerated or disposed of in a manner that precludes subsequent
evaporation to the atmosphere. Generally, one can assume that much of the solvent sent to
disposal siteswill evaporate. The agency should determine whether some solvent associated with
various operations evaporates a the point of disposal rather than at the point of use, since these
losses may occur outside of the area covered by the inventory.

Materia balances cannot be employed in some evaporation processes because the
amount of material lost istoo small to be determined accurately by conventional measurement
procedures. As an example, applying material balances to petroleum product storage tanksis not
generally feasible, because the breathing and working losses are too small relative to the total
average capacity or throughput to be determined readily from changes in the amount of material
stored in each tank. In these cases, AP-42 emission equations (i.e., models), developed by specia
procedures, should be applied.

In summary, with the exception of afew source types such as fuel and solvent use
examples presented above, a material balance approach is not recommended as the primary
method for estimating emissions. Rather, material balances may be more widely used as atop-
down method to evaluate the reasonableness of emission estimates generated using other
techniques.
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3.0 EXTRAPOLATION

Extrapolation techniques can be used to calculate emissions directly and to verify
the emission estimates cal culated using another approach. Figure 8-1 illustrates the general
concept of emissions extrapolation. Extrapolation of emissions from one geographic region to
another is generally considered the least desirable approach for emissions estimation. Such an
approach may not properly account for important differences between two regions and may
propagate biases from one inventory to another.

When combined in a modeling framework, however, extrapolation will be a
practical and cost effective approach to develop emission estimates for regions where there is
insufficient information to support more rigorous emissions estimating methodologies. The rest
of this section presents some examples of how an extrapolation approach may be used to develop
emission estimates.

First, emissions data from one type of process or one facility may be extrapolated
to similar source types or facilities. This type of extrapolation would be used to develop point
source emission estimates.

In other cases, if it can be argued that the socioeconomic conditions between two
or more geographical regions are comparable, then the available area source emissions data for
one region can be extrapolated to the remaining regions based on popul ation/employment data.
Emissions inventories compiled in the U.S. and in Europe can be used in this manner. Within
Mexico, emissions inventories that have been compiled for Mexico City and that are being
developed for other areas (e.g., Monterrey metropolitan area) may be used as a basis for QA
and/or development of portions of the emissions inventories for other regions.
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Figure 8-1. Examples of Extrapolation
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Example 8-1:

Based on detailed emissions calculations for Refinery A, the total annual VOC emissions are
estimated to be 100 tonnes (metric). The company has just purchased a smaller facility, Refinery
B, which processes one-half as much crude oil as Refinery A. For a meeting tomorrow, the
company president wants an estimate of the total cost that will be associated with permit fees for
VOC emissions. Since there is no time for detailed emissions calculations for Refinery B,
estimate the VOC emissions by extrapolating from Refinery A based on the refinery capacities
(i.e., the amount of crude oil processed).

Evocs = Evoca X Pcruben/Perupea
= 100 tonnes/yr x 1/2
= 50 tonnes/yr

Example 8-2:

Based on a surveying effort, the total annual VOC emissions from agricultural burning in State A
are estimated to be 50 tonnes (metric). Resources are not available to fund a similar surveying
effort in State B. Since the agricultural conditions are very similar in State B emissions (e.g.,
similar crops, agricultural methods, climate, etc.), estimate the VOC emissions by extrapolating
from State A based on the area of agricultural land in each state. Land use maps show 400,000
m? of agricultural land in State A and 50,000 m? of agricultural land in State B.

Evoca X Aac/Paca
50 tonnes/yr x 50,000/400,000
6.25 tonnes/yr

EVOCb

This approach can aso be used when the agency surveys only afraction of the area
sources within a given category. In this case, employment is used as an indicator to "scale up" the
inventory to account collectively for emission sources and emissions in the area source inventory.
Parameters other than employment, such as sales data or number of facilities, can be used to
develop emission estimates. However, employment is generally the most readily available
parameter. Scaling up emission estimatesis also discussed in Section 5.0 of this manual.
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Example 8-3:

A surveying effort is conducted to collect VOC emission estimates from small graphic arts
facilitiesin Coyoacan to use in the area source inventory for Mexico City. Due to resource
constraints, the questionnaire is only sent to some facilities in Coyoacan, and not all the
facilities that are included in the survey mailing list actually return the questionnaire. The
total annual VOC emissions reported on the questionnaires is 100 tonnes (metric). Since
resources are not available to survey each small graphic arts facility, estimate the VOC
emissions for Coyoacan by extrapolating (i.e., scaling up) the collected VOC emissions
based on employment. Available employment records show that 500 people in Coyoacan
work in the graphic arts industry and the questionnaires show that atotal of 125 people
work at the facilities completing the survey forms.

EVOCsur X Pcoy/ I:)sur
100 tonnes/yr x 500/125

400 tonnes/yr

EVOCcoy
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Sample Calculation—Fugitive Dust

M = VKT x EF (4-12)
where; M = average annual mass emission rate, kglyr;
VKT = vehicle kilometerstraveled, VKT/yr;
EF = emisson factor, kg/VKT.

_ s S) [ W% (w)%( 365-p
= 2) (2) ()7 (%) (222) ooven oo

EF = k(5.9) (1_52] [i] (%] > [%} > (%} (IbVMT) (4-14)

T

emission factor;

particle size multiplier (dimensionless);

silt content of road surface materia (%);

mean vehicle speed, km/hr (mph);

mean vehicle weight, Mg (ton);

mean number of wheds;

number of days with aleast 0.254 mm (0.01 in.) of
precipitation per year.

where:

TEsS0Wo XM

Calculate annua PM,, emissions (i.e., using an aerodynamic particle size multiplier of 0.36) from rural dirt
roads with an average silt content of 12 percent. Assume the mean vehicle weight is4 Mg, the mean
vehicle speed is 25 km/hr, and the mean number of wheelsisfour. Also, the mean number of dayswith
greater than 0.254 mm precipitation is 40 and the vehicle kilometers traveled is 3,650,000 km/yr.

0.7 0.5 _
EF = (0.36) (1.7) [i—;] (421_:] [%] (%] [36:6540]

=0.3737 kg/VKT

M = (3,650,000) x (0.3737)

= 1,364,000 kg PM,/yr
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Sample Calculation—Landfills
Qoa= LoX Rx (€%~ %) (4-11)
where: methane generation rate at time't, m*yr;
methane generation potential, m*CH,/Mg refuse;
average annua refuse acceptance rate during active life, Mglyr;
base log, unitless;
methane generation rate constant, yr;

time since landfill closure, yrs (c=0 for active landfills); and
time since theinitia refuse placement, yrs.

CH4

0O X0 ;UOI_,O

Calculate annual methane emissions from an active landfill that has been open for 15 years and has
accepted refuse at an average rate of 10,000 Mg/yr. Assume a methane generation potential of 125 m*Mg
and a methane generation rate constant of 0.02/yr
QCH4 - (125 m3 Mg) X (10’000 Mg/yr) X (e-(0.0Z/yr) ©Oyr) e—(0.0Z/yr) (15 yr)
=125 x 10,000 x (1 - 0.7408)

= 324,000 m® CH,/yr
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Sample Calculation—Fugitive Dust
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Sample Calculation—Landfills
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Sample Calculation—Storage Tanks
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Sample Cal culation—Petroleum Products L oading
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Sample Calculation—Waste & Wastewater
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APPENDIX 111-B

HOW TO OBTAIN
U.S. EPA AIR EMISSION ESTIMATING TOOLS
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APPENDIX IlI-C

SAMPLE POINT SOURCE QUESTIONNAIRE
(I.E., INE'S ENCUESTA INDUSTRIAL)
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