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CHAPTER I
INTRODUCTION

THE PURPOSE OF THIS DOCUMENT

The purpose of this Technical Guidance Document is to provide
California facility operators with additional technical guidance in
implementing the inventory plans required by the Air Toxics "Hot Spots"
Information and Assessment Act of 1987 (Health and Safety Code Sections
44300 et seq.) (the "Act"). These inventory plans must meet requirements of
the Emission Inventory Criteria and Guidelines Regulation, (the
“Regulation”) California Code of Regulations, Subchapter 7.6, Sections 93300
through 93347. The Technical Guidance Document focuses on emission
estimation methods the faciiity operator may use to quantify Tisted
substances when source testing or other measurement is not required. An
adjunct to the Regulation, this document is not requlatory. The estimation
methods included are suggestions, and facility operators should refer to the
Regulation as well as consult with their local air pollution control
district or air quality management district when implementing their plans.
(Copies of the Regulation are available from the districts.)

In developing this document, the ARB staff received assistance from a
technical advisory committee which included representatives from several air
pollution control districts and air quality management districts, the
Department of Health Services, and the California Air Pollution Control
Officers Association. The public also provided comments and suggestions at
two sets of public consultation meetings held in Sacramento and Los Angeles
during February and July of 1989.

Periodic updates to this report are planned as time and staff resources
permit. Updates will incorporate new information and additional technical
guidance for facility operators to use to comply with the Reguliation. A
high priority of the ARB staff is developing process-specific estimation
techniques for facility operators to use to comply with the Regulation. As
required by the Act, emission data derived from the AB 2588 process are to
be used to support the ARB's Toxic Air Contaminants Identification and
Control Program, commonly referred to as the AB 1807 process (Health and
Safety Code, Sections 39650 et seq.). Facility operators should check with
the air pollution control districts for the most current version of the
Technical Guidance Document.

THE EMISSION INVENTORY CRITERIA AND GUIDELINES REGULATION

On April 14, 1989, the Air Resources Board approved the Emission
Inventory Criteria and Guidelines Regulation, California Code of
Regulations, Subchapter 7.6, Sections 93300 through 93347. The Regulation
provides facility operators with criteria and guidelines to use in
completing their emission inventory plans and emission inventory reports
required by the Air Toxics "Hot Spots" Information and Assessment Act of
1987 (AB 2588 or the “"Act"). The Regulation was adopted by the



ARB Executive Officer on May 23, 1989, and became effective on June 1, 1989,
as an emergency regulation.

Beginning July 1, 1988, the Act applies to any California facility that
meets one of the following criteria: (1) manufactures, formulates, uses, or
refeases any listed substance, and reieases 25 tons per year or more of
total organic gases, particulate matter, nitrogen oxides, or sulfur oxides;
or (2) is listed in any current toxics use or toxics air emission survey,
inventory, or report released or compiled by an air pollution control
district or air quality management district and referenced in Appendix B of
Title 17, California Code of Regulations, Sections 90700 through 90704. 1In
addition, beginning July 1, 1989, this Act also applies to any facility
which manufactures, formulates, uses, or releases any listed substance and
releases 10 or more but less than 25 tons per year of total organic gases,
particulate matter, nitrogen oxides, or sulfur oxides.

Facilities subject to the Act in 1988 were to submit an emission
inventory plan to their appropriate district by August 1, 1989. Those
facilities subject to the Act in 1989 must submit their plans to the
appropriate district by August 1, 1990. The plan must present a
comprehensive and detailed description of the methods the facility operator
proposes to use to quantify air releases or potential air releases from all
points of release of substances listed in Appendix A-I of the Regulation.
That Appendix is contained in Attachment A-I of this document.

The Regulation sets forth the requirements for quantifying emissions.
Source testing and other measurement requirements are found in Appendix D of
the Regulation, and are incorporated in Attachment A of this report as
Appendix D. The Regulation also specifies the acceptable estimation methods
to quantify substances for which source testing or other measurement is not
required. Under the Regulation, the plan must also account for the effects
of control equipment on emissions, and Jjustify the use of any proposed
control efficiencies to the district.

Facility operators should work with their districts as they develop
their plans. Once the district approves the plan, the facility operator is
committed to using that plan, and has 180 days to implement the plan by
completing and submitting an emission inventory report to the district. The
emission inventory report must include the results of all required source
tests, material analyses, and any other measurement performed to quantify
specific substances as well as emission estimation methods used to quantify
substances not requiring actual measurement.

The Regulation contains the reporting forms facility operators must use
to complete the emission inventory report; these are available at local
district offices and will be provided upon request (see Appendix B of the
Regulation for "Reporting Forms and Instructions"). However, if the
district requires, facility operators will use an alternative format.

Attachment B of this document contains a more detailed summary of the
Emission Inventory Criteria and Guidelines Regulation.



CHAPTER II
WHERE TO FIND INFORMATION

This Chapter provides facility operators with guidance on where to
locate the necessary information to implement the emission inventory pian.
These plans must be prepared in accordance with the requirements set forth
in the Emission Inventory Criteria and Guidelines Regulation. Facility

operators must familiarize themselves with the Regulation. To assist
operators in doing this, Table 1 in this Chapter references key sections in

the Regulation, and Attachment A contains the following sections from the
Regulation:

"Summary of Requirements for Measurement and Alternatives”

“Substances for Which Emissions Must Be Quantified"
“Substances for Which Production, Use, or Other Presence Must Be

Reported"”

Table 2 of this Chapter contains a series of questions and answers to
guide the operator to the information in this document needed for estimating
emissions when source testing is not required. Table 3 lists those ARB
publications available to facility operators at the district office.
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TABLE 3
ARB PUBLICATIONS AVAILABLE THROUGH DISTRICT OFFICES

The Emission Inventory Criteria and Guidelines Regulation
Emission Inventory Reporting Forms

The Technical Guidance Document for The Emission Inventory Criteria
and Guidelines Regulation

ARB Speciation Profiles
(Source Classification Codes and ARB profiles are cross
referenced.)







CHAPTER III
GENERIC EMISSION ESTIMATION METHODS

INTRODUCTION

The purpose of this Chapter is to provide facility operators with
information about general emission estimation methods that are available for
facility operators to use in preparing emission inventory reports. Where
source testing is not required but listed substances must be quantified,
Tacility operators may use emission estimation methods such as emission
factors, mass balance, engineering calculations, and speciation profiles.
These methods are suggestions only. Operators need to determine the method
that applies to their facility's process and the substances being emitted.

This Chapter provides specific examples of the general estimation
methods to demonstrate how a facility operator would calculate emissions
using one of these methods. Each example presents emission estimates from
one process and substance, but does not account for facility-wide emissions.
Facility operators must account for all the sources of emissions of any
substance Tisted in Appendix A-I of the Regulation (reproduced in
Attachment A-I of this document.) 1In addition, the numbers representing the
process rates and emission factors used in these examples may not be
representative of the operator's facility, and should not be used without
independent verification.

To comply with the reporting requirements in the Regulation, facility
operators must report emissions of listed substances as an annual average
and a maximum one-hour emission during the reporting year and must also meet
the degree of accuracy requirements set forth in the Regulation. These
terms are defined below for the purposes of this document and the
Reguiation.

Annual average emissions are defined as the total emissions (expressed
in pounds) of listed substances released under normal operating
conditions during the reporting calendar year.

Maximum hourly emissions are defined as those emissions (expressed in
pounds) of listed substances occurring in one hour, which are allowable
under normal operating conditions, and which are expected to result in
the worst emissions of those substances. In calculating maximum hourly
emissions, the facility operator should use those process conditions
resulting in the worst emissions within the range of allowable
conditions, under routine operation or predictable upset, but not
including conditions reflecting atypical shut-down or malfunction of
control equipment.

If the facility operator is unable to determine the hourly process
parameters used to calculate "maximum hourly emissions,” then the daily
maximum emissions divided by the number of operating hours in the day
may be used. If this second approach is not possible, the facility
operator should consult with the district to determine the appropriate
options. In some cases, the operator may be able to use the design



value or maximum capacity of the piece of equipment to determine maximum
hourly emissions,

The Degree of Accuracy for emission quantification is specified in
Section 93334 of the Regulation. The emission results from source
testing, where required, must be reported to within the detection and
accuracy levels of the ARB-adopted source test method used. The total
emissions of listed substances from processes not requiring source
testing must meet the degree of accuracy specified in Section 93334 (d)
and (e). If a facility's emissions of a substance fall below the
required degree of accuracy, the facility operator shall report only the
presence of that substance on the use/production form provided in the
Requlation.

ESTIMATION METHODS
Emission Factors

Emission factors can be used to estimate emissions of listed substances
from a wide range of sources. An emission factor expresses air emissions as
a ratio of the amount of a pollutant released to a process-related parameter
or measurement ("process unit"), frequently expressed as the amount of
pollutant emitted per throughput of a process or piece of equipment, or per
quantity produced or processed, (for example, pounds of a particular
substance emitted per pounds of product produced).

When using emission factors, Section 93345 (a) (3) (B) of the Regulation
requires facility operators to use published AB 1807 emission factors to
estimate emissions where applicable to the facility's emitting process.
Attachment E-I contains the published AR 1807 emission factors. If an
appropriate factor is not in Attachment E-I, facility operators may use
other available emission facters which are found in Attachment E-II. The
emission factors included in Attachment E-II were developed from source test
data and mass balance calculations.

If operators find no applicable emission factor listed, they should
explore the following alternatives. Operators should check with the
district staff for an emission factor applicable to the facility's process.
If the district does not have an acceptable emission factor, then operators
will need to use some other method of estimating emissions, such as mass
balance, engineering calculations, and speciation profiles. These other
methods are described later in this chapter.

Examples Using Emission Fact

1. Estimating Emissions of Chloroform From a Pulp and Paper Mill Using An
Emission Factor

A mill uses wood chips and recycled paper to produce approximately
35,000 tons of bleached kraft pulp and 52,500 tons of tissue paper pulp per
year by chemical pulping process. The facility's maximum process rates are
122 tons of bleached kraft pulp and 157 tons of tissue paper pulp per day.
The mill operates 10 hours per day, 350 days a year. Other days are



reserved for maintenance. To estimate annual average and maximum hourly
chloroform emissions from the pulping process, the facility operator should
use the following method.

Using Attachment E-II, the operator finds that the uncontrolled emission
factor for bieached kraft pulp is 0.00022 1b of chloroform per 1b of pulp
produced (or 0.00022 ton of chloroform per ton of puip produced), and the
uncontrolied emission factor for tissue paper pulp is 0.00016 1b chloroform
per 1b of pulp produced.

Using these emission factors and the calculated process rates, the
facility operator estimates chloroform emissions as follows:

EMS = PR x EF (1)
Where:

EMS =  Annual average chloroform emissions, tons/yr

PR = Annual process rate, tons/yr

EF = Emission factor, ton chloroform emitted/ton pulp produced

A. Annual Average Emissions
For bleached kraft pulp:
EMS = 35,000 tons/yr x 0.00022 ton chloroform/ton pulp produced

7.7 tons of chloroform emitted per year
15,400 1bs chloroform emitted per year

For tissue paper pulp:

EMS 52,500 tons/yr x 0.00016 ton chloroform/ton pulp produced

8.4 tons of chloroform emitted per year
16,800 1bs chloroform emitted per year

Total annual chloroform emissions from the pulping process for the
facility:

15,400 1bs/yr + 16,800 1b/yr
32,200 lbs/yr

B. Maximum Hourly Emissions

In this example, the operator cannot estimate maximum hourly emissions
directly because the maximum hourly process rates are not available.
However, the maximum daily process rates and the daily hours of operation
are known.

10



To calculate the maximum hourly process rates, the operator uses the
maximum daily process rate and the daily hours of operation as follows:

HPR v = DPR .y *+ DHO (2)
Where:

HPRmax =  Maximum hourly process rate, tons/hour

DPRmax =  Maximum daily process rate, tons/day

DHO = Average daily hours of operation, hours/day

For bleached kraft pulp:

HPRmax

122 tons of bleached kraft pulp/day + 10 hours/day

12.2 tons of bleached kraft pulp produced/hour
For tissue paper pulp:

HPRmax

157 tons tissue paper produced/day + 10 hours/day

15.7 tons tissue paper pulp produced/hour

To estimate maximum hourly emissions, the facility operator uses
Equation (2), and follows a procedure similar to the one used for
calculating annual average emissions. In this case, maximum hourly
parameters replace all the annual ones.

HEMSmax= HPR .4 EF (3)
Where:

HEMSmax =  Maximum hourly chloroform emissions, 1bs/hour

HPRmax =  Maximum hourly process rate, tons/hour

EF = Emission factor, ton chloroform/ton pulp produced

For bleached kraft pulp:
HEMSmax

12.2 tons/hr x 0.00022 ton chloroform/ton pulp produced

0.00268 tons chloroform emitted per hour

The maximum hourly emissions must be expressed in pounds, so to convert
tons of chloroform to pounds, the operator does the following:

HEMSmax 0.00268 tons/hr x 2,000 1bs/ton

5.4 Tbs of chloroform emitted per hour

11



For tissue paper pulp:

HEMSmax = 15.7 tons/hour x 0.0001& ton chioroform/ton puip
produced x 2,000 1bs/ton

= 5.0 Tbs chloroform emitted per hour

Total maximum hourly chloroform emissions from the facility's pulping
process:

5.4 1bs/hour + 5.0 ibs/hour
= 10.4 1bs/hour.

2. Estimating Emissions of Nitrobenzene From Nitrobenzene Production Using

An Emission Factor

Faciiity "P" produces 5,000 gaiions of nitrobenzene per year for use in
manufacturing benzidine and quinoline. The facility operates 16 hours per
day, 250 days per year. The maximum quantity of nitrobenzene produced daily
in this process is 28 gallons. The facility operator knows that
nitrobenzene weighs approximately 10 pounds per gallon. (The density of the
sclvent is used to convert from gallons of solvent to pounds of soivent in
the emissions calculation.) The facility operator calculates the annual
average and maximum hourly pounds of nitrobenzene emitted during this
process using the following method:

Calculate the activity level or process-related parameter:

PR = PRV x DN (4)
Where:
PR = Amount of nitrobenzene produced through the wash and
neutralization phase in mass units, 1bs/year
PRY = Amount of nitrobenzene produced through the wash and

neutralization phase in volumetric units, gallons/year

D Density of nitrobenzene, 1bs/gallon

N

PR 5,000 gatlons produced/year x 10 ibs/gallon

50,000 1bs of nitrobenzene produced/year

nn

Using Attachment E-II, the facility operator finds that the emission
factor for nitrobenzene during its production is 8.0 x 10_61b of
nitrobenzene per 1.0 1b of nitrobenzene produced, which represents

i2



uncontrolled fugitive emissions. Thus, the facility operator estimates
nitrobenzene emissions as follows:

A. Annual Average Emissions

Using Equation (1) again: (1)
EMS = PR x EF
Where:
EMS = Annual nitrobenzene emissions, Tbs/yr
PR = Amount of nitrobenzene produced during the wash and
neutralization phase in mass units, 1bs/yr
EF = Emission factor, Tbs nitrobenzene/lbs of nitrobenzene
produced
EMS = 50,000 1bs/yr x (8.0 x 10°®) 1b nitrobenzene/

1bs nitrobenzene produced
= 0.4 1b nitrobenzene emitted per year
B. Maximum Hourly Emissions
To estimate the maximum hourly emissions, the facility operator must

estimate the maximum hourly process rate. The operator inserts the maximum
daily process rate and the daily hours of operation into Equation (2).

Using Equation (2) again: (2)
HPRmax= DPRmax+ DHO
Where:

HPRmax = Maximum hourly process rate, 1bs/hour

DPRmax =  Maximum daily process rate, 1bs/day

DHO = Average daily hours of operation, hours/day

IDPRmax = 28 gallons/day x 10 1bs/gallon

(density of nitrobenzene)
DPRmax = 280 lbs/day
HPRmax = 280 lbs/day + 16 hours/day

= 17.5 1bs of nitrobenzene produced per hour

13



After calculating the maximum hourly emissions, the operator uses
Equation (3) and the previous emission factor for nitrobenzene to estimate
the maximum hourly nitrobenzene emissions as follows:

HEMS . = HPR . x EF (3)
Where:
HEMSmax = Maximum hourly nitrobenzene emissions, 1bs/hour
HEMS _ = 17.5 lbs/hour x (8.0 x 107°) Ibs of nitrobenzene/1b

nitrobenzene produced
= 0.00014 1bs nitrobenzene/hour for this process
Mass Balance

Mass balance can be used to estimate emissions when emission factors are
unavailable, or when mass balance would provide a more accurate estimate
than the use of emission factors. Mass balance is a method which equates
the input of material to the consumption, accumulation, and loss of that
material. All mass balance calculations must account for all routes of
inflow and outflow, as well as any accumulation or depletion of the
substance in the equipment, including control devices, and through any
chemical reaction.

Us i as
1. Estimating Emissions Using Mass Balance with a Single Component

In one process, facility "Z" uses a solvent bath to clean its product,
widgets. The solvent density is 7.7 1bs per gallon. (The density of the
solvent is used to convert from gallons of solvent to pounds of selvent in
the emissions calculation.) Substance A is the only substance in the
solvent for which emissions must be quantified, and it constitutes 87% of
the solvent by weight. At the beginning of 1989, the facility had 7,500 1bs
of this solvent in storage and purchased another nine tons over the year
At the end of 1989, the facility has 10,000 1bs in storage.

A. Annual Average Emissions

Assumptions:

a. Solvents are typically volatile, and the total volume is usually
emitted to the atmosphere. Thus, emissions equal amount of
solvent used.

b. No control device is used to reduce the emissions of solvent.

14



Because emissions equal the amount of solvent used, emissions (EMS) are
determined using the following equation:

EMS = (SB + SI - SE) xF (5)
Where:

EMS Annual emissions of substance A, 1bs/yr

SB Amount of solvent in storage at the beginning of the year,
SI = Aﬁgunt of solvent purchased during the year, Tbs

SE = Amount of solvent left in storage at the end of the year,
F = ;Ethion of substance A in the solvent, 1bs A/1b solvent
EMS = [7,500 Tbs + (9 tons x 2,000 1bs/ton) - 10,000 1bs]

x 0.87 1b A/1b solvent
= 15,500 1bs x 0.87 1b A/1b solvent
= 13,485 1bs of substance A emitted in 1989
B. Maximum Hourly Emissions
The facility operator reviews the facility's production records for the
maximum amount of solvent used in the tank in a one-hour period, and uses

the following equation to determine the maximum solvent used in an hour.

Assume other process parameters remain the same throughout the year.

HEMS_ _ = [(SBH + SIH - SEH) x D] x F (6)
max
Where:
HEMSmax =  Maximum hourly emissions of substance A, 1bs/hour
SBH = Amount of solvent in bath at start of hour, gallons
SIH = Amount of solvent added throughout the hour, gallons
SEH = Amount of solvent remaining in bath at the end of hour,
gallons
D = Density of solvent, Ibs/gallen
F = Fraction of substance A in solvent, 1bs A/1b solvent

The facility operator determines the parameters of the facility's
maximum hourly emissions, and inserts these values into Equation (6) to -
estimate maximum hourly emissions. There are 10 gallons of solvent in the
widget cleaning tank at the beginning of the hour. At the
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end of the hour, there are 8.03 gallions of solvent left in the tank. No
solvent was added during the hour.

HEMSma (10 gals + 0 gals - 9.03 gals)hr x 7.7 lbs/gal

X x 0.87 1b A/1b solvent

6.5 1bs of substance A emitted/hour (rounded off)

2. Estimating Emissions Using Mass Balance With Multiple Components

A facility uses a solvent "B" that is 16% perchloroethylene (PERC), 28%
methyl chloroform (1,1,1-trichloroethane or TCA), and 45% xylenes by weight.
The remaining 11% consists of components not found on the list of substances
to be quantified. The facility began 1989 with 1,250 lbs of solvent "B" in
storage. The facility purchased 1,500 1bs that year, and when 1989 ended
had 875 1bs of solvent "B" in storage. The facility operates 8 hours per
day, 260 days per year. Although the facility operator does not keep count
of hourly production rates, purchase records indicate that the maximum daiiy
amount of solvent "B" used is 7.88 1bs.

Assumptions:
a. No solvent is reclaimed.
b. All solvent used is eventually emitted to the atmosphere.

The facility operator estimates the annual average and maximum hourly
emissions of PERC, TCA, and xylenes as follows (Remember: input = output):

A. Annual Average Emissions

Equation (5) is also applicable in this example, and is repeated here.
In the calculation, emissions of each substance is rounded off.

EMS = (SB + SI - SE) x F {5)
Where:
EMS = Annual emissions of listed substance, lbs/yr
SB = Amount of solvent in storage in the beginning of the year,
1bs
SI =  Amount of solvent purchased during the year, 1bs
SE =  Amount of solvent left in storage at the end of the year,
1bs
F = Fraction of listed substance in the solvent, 1bs of listed
substance/1b of solvent
miss
EMS = (1,250 1bs + 1,500 1bs - 875 1bs) x

(0.16 1b PERC/1b solvent "B")
= 1,875 1bs x 0.16 1b/1b

= 300 Tbs of PERC emitted in 1989
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Emissions of TCA

EMS

(1,250 1bs + 1,500 1bs - 875 lbs) x
(0.28 1b methyl chloroform/1b sclvent "B")

1,875 1bs x 0.28 1b/1b

525 1bs of methyl chloroform emitted in 1989

Emissions of Xvienes

EMS

(1,250 1bs + 1,500 1bs - 875 1bs) «x
(0.45 1b xylene/1b solvent "B")

1,875 1bs x 0.45 1b/1b

844 1bs of xylenes emitted in 1989

For a quick check on whether or not the annual average calculations are
correct, add the individual quantities of each listed substance emitted to
determine whether the total equals the percentage of listed substances to be
quantified.

In this example, the individual quantities of substances emitted are:

300 1bs/yr + 525 lbs/yr + 844 1bs/yr

= 1,669 1bs of three quantified substances in solvent “B"
emitted/year

The operator needs to quantify 89% of solvent "B."
1,875 Tbs/yr x .89 1b to quantify/ib *B"
= 1,669 1bs of PERC, TCA, and Xylenes emitted in 1989
The calculation is correct.
B. Maximum Hourly Emissions
In this example, the maximum daily emission rates of each listed

substance have been determined. The facility operator estimates the maximum
daily emissions for each listed substance as follows:

DEMSmax = Dsmax x F (7)
Where:
DEMSmax = Maximum daily emissions of a listed substance, 1bs/day
DSmax = Maximum daily emissions of solvent "B", lbs/day
F = Fraction of listed substance in solvent "B", 1bs/1b
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The facility operator estimates the maximum hour]y emissions of each
listed substance as follows:

HEMS ., = DEMS ..+ DHO (8)
Where:
HEMSmax =  Maximum hourly emission of a listed substance, 1bs/hr
DEMSmax =  Maximum daily emissions of solvent "B", lbs/day
DHO = Daily hours of operation, hours/day

The operator

uses Equations (7) and (8) together to calculate the

maximum houriy emissions of the three listed substances in solvent "B" as

follows:
L f Perchl Coos
DEMSmax = 7.88 1bs solvent "B"/day x .16 1b PERC/1b solvent "B"
= 1.26 1bs PERC/day
HEMSmax = 1.26 1bs/day + 8 hours/day
= 0.16 1bs of perchloroethylene emitted/hour
Emissi f Methyl Chlorof
DEMS .y = 7.88 lbs solvent "B"/day x .28 1b methyl chloroform/
1b solvent “"B"
= 2.21 1bs methyl chloroform/day
HEMSmax = 2.21 lbs/day + 8 hours/day
= 0.28 1bs of methyl chloroform emitted/hour
Emissi £ Xyl
DEMS,., = 7-88 lbs solvent "B" emitted/day
x .45 1bs xvlenes/1b of solvent "B"
= 3.55 lbs xylenes/day
HEMSmax = 3.55 1bs/day + 8 hours/day

= 0.44 1bs of xylenes emitted/hour
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Engineering Calculations

Engineering calculations involve the use of principles of chemistry and
physics to estimate emissions. (For example, information derived from the
ideal gas law is frequently used to establish gaseous concentrations of a
particular substance.) Engineering calculations generally provide "fill-in"
information needed for another emission estimation method when emissions
cannot be directly estimated. Information about the design of the unit of
operation, equipment design, or emission information from similar processes
are used to calculate emissions.

‘Exampies Using Engineering Calcuylations

1. Estimating Releases From a Process Vent

A facility withdraws 1iquid from a process tank to feed a reactor. The
mixture in the tank contains 5 percent by weight of substance A, 15 percent
by weight of substance B, and 80 percent by weight of substance C. To
prevent possible explosion, the vessel is vented at the top of the tank
under a hood. A fan is used to draw the vapgr to the atmosphere at the rate
of 0.5 cubic feet per minute (measured at 70 ). This fan is operated
continuously for 200 days per year. The process is simplified in the
following figure:

Atmosphere

!

To reactor -«

Assumptions:
a. Vapor above the liquid in the tank is continuously emitted to the
atmosphere at the exhaust rate of the vent.
b. The substance content vapor is constant in compesition.
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The facility operator estimates emissions of any species from the tank
as follows (any component in the mixture is denoted the "ith" species):

EMS, = [ER x Y, x (K)7'1 x M, (9)
Where:

EMS]T = Emissions of the ith species, 1bs/yr

ER =  Exbhaust rate, ft3/yr

Y. = Mole fraction or volume fraction of the ith species in

i X .
vapor phase, dimensionless

K = Conversion factor from molar unit to volumetric unit,
3

ft7/1b-mole
Mwi = Molecular weight of the ith species, 1b/1b-mole

The facility operator calculates the exhaust rate, ER, from the vent
rate and the operation rate as follows:
0.5 ft3/min x 60 min/hr x 24 hr/day x 200 days/yr

1.44 x 10 °ft3/yr

ER

Assume equilibrium exists between vapor and liquid in the tank. For an
ideal solution, the relationship (also known as Raoult's Law) among the
partial pressure, the liquid mole fraction, and the vapor pressure of
any component in the mixture is:

0

pi = Xi X pi (10)
Where:
P; =  Partial pressure of component i, atmosphere
Xi = Mole fraction of the ith species in the liquid,
dimensionless
p? =  Vapor pressure of pure component i, atmosphere

For an ideal gas, partial pressure of any component (also known as
Dalton's Law) is expressed as:

P; = Yi X PT (11)
Where
Yi = Mole fraction of component i in the gas, dimensionless
PT = Total pressure of the vapor, atmosphere
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By setting Equation (10) equal to Equation (11), the facility operator
determines the mole fraction in the vapor.

(o}
Yi= (P + Pp) x X, (12)

Assume the vapor is exposed to air; therefore the total pressure is
equal to 1.0 atmosphere.

Note: Raoult's Law works best if the liquid and the gas are ideal
solutions. For ideal solutions, the components in the liguid mixture are
very similar chemically and physically, and the pressure of the gas is
relatively low (approximately less than 3 atm). A more rigorous approach to
estimating the gaseous mole fraction requires the Henry's Law constants in
place of the pressure ratios. Henry's Law is applicable te non-ideal
solutions, and these constants must be determined experimentally for each
substance.

Only weight percents of the Tiquid components are provided; therefore
the 1iquid mole fraction, Xi’ is estimated as follows:

X; = [ Wty + MW, 1+ 2 [ Wej= MW, ] (13)

Where:

Wt .

i Fraction by weight, dimensicnless
MW,
i

Molecular weight, 1b/lb-mole

The symbol T represents the summation of alj species in the solution.
As an example, the facility operator calculates the liquid mole fraction of
A in the mixture as follows:
i A

MWA
Mole fraction of A =

WL A+ HLB + HLC
M Mbig MW

To calculate the liquid mele fraction, Xi” and the vapor mole fraction,

Yi’ the facility operator needs the physical properties of the substances A,

ics is one scurce. Some other

B, and C. ‘
cal properties of supstances

sources that proVide iﬁfbrmatio on‘tﬁeuphysi
include the ineerj Handbook

Qg;g_gn_ﬂ;ggnjg_ﬁhémi;glg. ﬁémp]e, the data for A, B, and C are:
Substances Molecular Weight Yapor Pressure (atm)
A 78 Q.10
B 92 0.03
C 106 0.01

From the above properties, the facility operator uses Equation (13) teo
calculate the liquid mole fraction of XA, of substance A:
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[.05 + 78] + [(.05 + 78) « (.15 + 92) + (.80 + 106]
0.065

XA
X

A

Similarly, the facility operator calculates XB and Xc as 0.166 and 0.769,
respectively.

Using Equation (12) and the calculated liquid mole fraction of A, XA’

the facitity operator calculates the vapor mole fraction of A, YA’ as
follows:

n

Y (0.10 + 1.0) x 06.065

A
0.0065

The vapor mole fractions YB and Ycare 0.005 and 0.00769, respectively,

Because the total of vapor mole fractions equals 1.0, the balance of 0.922
is air.

To estimate the conversion factor, KV, from molar unit to volumetric

unit, the facility operator would use Equation (14) as follows:

Ky = 359 ft3/1b-mole x [(T, + 460) °R + (32 + 460) °R ] (14)
Where:
Ta = Measured temperature of the vent exhaust, °F

Assume the vapor follows the ideal gas relationship. Therefore, one
Ib/mole of gas at standard temperature and pressure (32°F and 1

atmosphere) occupies 359 ft3/1b—mole. In this case, Tais 70°F;

therefore the conversion factor is corrected to the actual temperature

Ta. In this example, Kv is calculated as follows:

359 ft3/1b-mole x (70 + 460) °R + (32 + 460) © R

7~
n

387 Tt3/1b-moie

With all the available data, the facility operator uses Equation (9) to
estimate emissions of any substance as follows:

1.44 x 10° £t3/yr x 0.0065 x (387 ft3/1b-mole) !

EMSA
x 78 1b/1b-mole

189 ibs/yr
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Emissions of species B are 171 1bs/yr and emissions of species C are 303

Tbs/yr.

2. Estimating Emissions of Trace Metals Using Engineering Calculations,
with a Control Efficiency

Facility A burns 5 miliion gallons of distillate oil a year 1in its
boilers. The facility's boilers operate 12 hours per day, 300 days a year.
The maximum amount of distillate oil the facility's boiler can burn is 2,000
The facility hires a contractor to analyze its oil, and the
contractor provides the following average trace metal composition from all
the storage tanks in the facility as follows:

gallons/hr.

Metals

Arsenic
Beryllium
Copper
Cadmium
Chromium
Lead
Mercury
Manganese
Nickel
Selenium
Zinc

Concentration (ppmw)

.01
.003
.01
.20
.01
.10
.04
.30
.2
.20
.02

OOV OORROODOOOD

‘ The ppmw is the part per million by weight, or one unit mass of the
substance per million unit masses of the filuid.

Assume all metals in the o0il are emitted upon combustion.

The facility operator estimates the trace metal emissions resulting from
burning the oil as follows:

EMSi = (1 - CNTLi) Xx PR x D x Ci (15)
Where:

EMSi = Annual emissions of the ith trace metal, Tbs/yr

CNTLi = Control efficiency for the ith substance (expressed as

fraction), dimensionless

PR = Amount of distillate oil burned per year, gals/yr

D = Density of distillate 0il, lbs/gallon

C = Concentration of the ith element in distillate oil, ppmw or

16/10° 1bs

Given that Facility A uses a baghouse (fabric filter) with an 85%
control efficiency for trace metals except mercury. Assume the average
density of distillate oil equals 7.2 1b/gal.



Using the nickel concentration of distillate oil, the facility operator
estimates the annual average and maximum hourly emissions of nickel as
follows:

A. Annual Average Emissions

Using Equation 15: (15}
EMSi = (1 -.85) x B x 106 gals/yr x 7.2 1b/gal x 5.2 1b/ 1061b
EMSi = 28 1b of nickel emitted per year

Similarly, emissions for other trace contaminants are estimated by
substituting their concentrations in distillate oil as reported. However,
the operator knows that mercury behaves like a gas under these conditions

and escapes through the baghouse. Therefore, for mercury, the control
efficiency of the baghouse is zero.

B. Maximum Hourly Emissions

The maximum hourly process rate is available, and the operator uses
Equation (15) to estimate maximum hourly emissions of nickel:

HEMS, (1 -.85) x 2,000 gals/hr x 7.2 1bs/gal x 5.2 1bs/10%1bs
HEMS

.011 1bs of nickel emitted per hour

Note: The calculation(s) in the above section apply to trace metals.
Emission factors or source testing should be used to estimate emissions
for organic gases such as benzene and formaldehyde.

3. Estimating Emissions of Carbon Tetrachloride Using Engineering
Calculations Based on the Conversion of a Chemical Reaction

A facility manufactures a specific drug which uses 5,000 1bs per year
of carbon tetrachloride as an intermediate. The operator determines that
90% of carbon tetrachloride is converted to the manufacturer's product, and
only 10% of carbon tetrachloride is lost at the end of the process. The
effluent of this process is 85% liquid and 15% gas by weight. The gas is
vented to the atmosphere and the liquid is drained into the sewer. (The
POTW accounts for the emissions from the sewer.) The maximum hourly usage
at any given time is approximately 2 pounds. The weight ratio between
carbon tetrachloride and other processed materials is 1:4.
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To simplify the emission estimation, the process is diagrammed as foljows:

Gas to atmosphere

PROCESS

Feed » REACTOR

—— Product

Liquid to drain

Using the available information, the facility operator estimates carbon
tetrachioride emissions as follows:

The caiculation for emissions vented directly to the atmosphere at the
plant is:

EMS1 = [(R x PR) x (1 - xc)] x (1 -1) (16)
Where:
EMS = Emissions of carbon tetrachloride from exhaust,
1 1bs/yr
R = Weight ratio of carbon tetrachloride to feed material,

dimensionless

PR = Amount of feed materials, 1bs/year
X, = Fraction of conversion, carbon tetrachloride, dimensionless
L = Fraction of liquid discharged into the sewage,

dimensioniess

25



A. Annual Average Emissions

Using Equation (16) and the information provided about the process, the
operator estimates carbon tetrachloride emissions directly at the plant as:

EMS

i (.-20) x 5,000 lbs/yr x {1 - .90) x (1 - 0.85)

15 Tbs/yr

o

B. Maximum Hourly Emissions

To estimate maximum hourly emissions, the operator uses Equation (16)
along with the facility's hourly process rate of 2 1bs/hour:

HEMSmax

[(.20) x 2 1bs/hour x (1-0.90) x (1-0.85)
0.006 1b/hour

1

Speciation Profiles

A speciation profile lists the chemical composition of total organic
gases (T0G) or particulate matter (PM) by specific device/process. These
profiles are developed from a variety of sources including actual
measurements and engineering judgments. Speciation profiles do not always
provide an accurate method for estimating emissions, and may not include all
AB 2588 substances that need to be quantified. Therefore, facility
operators should use one of the other methods discussed in this chapter, if
that method gives a more accurate estimate of emissions.

To determine emissions using a speciation profile, the operator must
use the TOG or PM emissions and then multiply the TOG or PM emissions by the
the fraction(s) of the substance(s) to be quantified in the speciation
profile. TO0G or PM emissions can be obtained by measurement or by the use
of methods similar to those in this chapter. Where emission factors for TOG
or PM are needed, the operator should consult the appropriate district. 1In
addition, the Compilation of Air Pollution Emission Factors. Volume I:
Stationary Point and Area Sources. (EPA AP-42) can be used to find emission
factors. However, when looking for factors for total organic gases, the
operator needs to obtain the emission factor for total organics and not just
the reactive gases.

Once the operator has the TOG or the PM emissions, the operator finds
the speciation profile in the ARB manual entitled Identification of Volatile

Organic Compounds Series Profiles, (ARB Speciation Manual)l. This manual
contains approximately 500 speciation profiles for TOG and approximately 70
profiles for PM emissions. Copies of this manual are available at the
district office. If no ARB speciation profile is available, the EPA Air
Emissions Species Manual Volume I: Volatile Organic Compound Series
Profiles is another reference for speciation profiles.
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Example Using Speciation Profile

1. Estimating Emissions from an External Combustion Boiler Using an ARB
Speciation Profile

Facility "W" uses an external combustion boiler which burns natural
gas. The facility operates 300 days per year, 12 hours per day, and emits
1,500 1bs of TOG daily from this natural gas combustion. After reviewing
this document, the facility operator realizes that the the EETs in Chapter V
and the generic methods in Chapter III are not appropriate for the
facility's emitting process, and the operator considers using a speciation
profile.

The facility operator knows that the facility's Source Classification
Code is 1-03-006-03. Using the ARB_ Speciation Manual with the Source
Classification Code, the operator finds the ARB speciation profile code is
#3. This profile lists several substances, but emissions of only three of
these substances must be quantified: formaldehyde, benzene, and toluene.
The weight fraction of each substance in the exhaust gas is 0.0768 for
formaldehyde, 0.0325 for benzene, and 0.0164 for toluene.

Although the facility does not keep account of the hourly production
rates, the operator does know that the maximum daily emissions of TOG are
1,750 1b a day, and then estimates emissions of the listed substances using
the following equations:

EMS = PR XF (17)
Where:
EMS = Emissions of a listed substance, 1b/yr
F = Fraction of the Tisted substance in the exhaust gas,
dimensionless (wt/wt)
PR 300 days/yr x 1,500 1bs/day of T0G

450,000 1bs/year of TOG
A. Annual Average Emissions

Emissions of Formaldehyde

EMS

450,000 1bs/year x 0.0768

EMS 34,560 1bs of formaldehyde emitted/year
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Emiss f B

EMS = 450,000 lbs/year x 0.0325

EMS = 14,625 1b of benzene emitted/year
Emissi f Tol

EMS = 450,000 lbs/year x 0.0164

EMS = 7,380 1b of toluene emitted/year

B. Maximum Hourly Emissions

HEMS .. = (DPR .. x F) + DHO (18)

Where:

HEMSmax =  Maximum hourly emissions, lb/hr

DPRmax =  Maximum daily emissions of T0G, 1b/day
F = Fraction of listed substance in the exhaust gas,
dimensionless

DHO = Daily hours of operation, hr/day
Emissions of Formaldehyde

' HEMSmax = (1,750 1b of TOG/day x 0.0768) + 12 hr/day
HEMS max = 134.4 1bs/day + 12 hr/day
HEMSmax = 11.2 1bs of formaldehyde emitted/hour
Emissi £ B
HEMSmax = (1,750 1b of TOG/day x 0.0325) + 12 hr/day
HEMS max = 56.87 1bs/day + 12 hr/day
HEMS ., = 4.74 1bs of benzene emitted/hour
Emissi f Tol
HEMS ., = (1,750 1b of TOG/day x 0.0164) + 12 hr/day
HEMS max - 28.7 1bs/day + 12 hr/day
HEMSmax = 2.39 1bs of toluene emitted/hour
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CHAPTER IV
CONTROL DEVICE EFFICIENCIES

This Chapter provides facility operators with basic information on
control device efficiencies. For the purposes of this document, control
efficiency is defined as the fraction of the uncontrolled emissions
collected and/or eliminated by the control device. Control devices are an
essential part of the emission inventory plan and report, and facility
operators must account for any depletion or accumulation of listed
substances which pass through the controil device(s). In Chapter III, the
second sample engineering calculation "Estimating Emissions of Trace Metals
Using Engineering Calculations, With A Control Efficiency” demonstrates the
use of control efficiencies in the calculation of emissions.

To determine the exact control efficiency of a control device for any
particular substance, the emissions of the substance at the inlet and outlet
of the device must be directly measured. In cases where the operator is not
using direct measurement, a control efficiency must be used from another
source such as the manufacturer's performance tests. If the facility
operator has substance/device-specific control efficiencies, he or she
should submit them, with the appropriate justification, to the district for
approval.

Few control efficiencies are available from the literature for the
listed substances. Table 4 is a compilation of substance/device control
efficiencies found in the literature which may be useful for the facility
operator. These control efficiencies should be used under the conditions
specified in the table.

If the facility operator cannot find substance/device control
efficiencies, it may be possible to use control efficiencies for TOG or PM
in determining emissions of listed substances. However, this method is not
the preferred method of estimating emissions because .it introduces a
significant degree of uncertainty. Table 5 lists control efficiencies for
TOG and PM. In many cases, ranges of efficiencies are given; the operator
should use the lower end of the range unless the higher range can be
Justified.

There are numerous factors which affect the control efficiency of a
control device. These include the substances emitted and their potential
for chemical interaction. Particle size is another factor affecting control
efficiency. Table 6 demonstrates the relationship between particle size and
control efficiency, and shows the broad range of control of emissions of PM
a facility operator might expect from a control device. The variation seen
is based solely on particle size. Table 6 is a starting point for facility
operators who use those types of control devices listed and have knowledge
of the range of size of the PM the facility emits.
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TABLE 6: CONTROL EFFICIENCIES RELATED TO PARTICLE SIZE

Particle Control
High Efficiency Cyclone 0.4 5%
2.5 50%
Venturi Scrubber*
P = 10 inches H20 0.4 20%
1.2 99%
P = 20 inches H20 0.1 15%
1.0 99%
P = 100 inches H20 0.28 99¢%
1.1 99.9%
Filter Fabric 0.10 99.8%
0.35 99.2%
4.0 99.9%
10.0 99.6%
Electrostatic Precipitators
(ESPs)
Hot 0.05 99.2%
0.50 97.0%
7.0 99.95%
Cold 0.015 80%
0.10 96%
0.40 92%
7.0 99.9%
Calvert Collision Scrubber 5.2 - 99.8%

*P = Pressure
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CHAPTER V¥
SPECIFIC EMISSION ESTIMATION TECHNIQUES

This Chapter contains process/device-specific emission estimation
techniques (EETs). This first set of EETs was developed with technicai
review from the technical advisory committee identified in Chapter I. The
ARB initiated the development process by requesting district representatives
to submit a 1ist of those processes/devices with significant toxic emissions
in their respective districts. These lists were then compiled and evaluated
by the ARB staff to form a prioritized 1ist of processes/devices for the Air
Toxics "Hot Spots" program.

Time constraints did not allow the ARB staff to develop an EET for each
process/device on the prioritized 1ist. As the "Hot Spots" program
progresses, more EETs will be developed and included in this Technical
Guidance Document.

If an operator has not been able to utilize a generic emission
estimation method and an EET has not been developed for the facility's
process, the ARB staff recommends that the operator review the available
EETs in this Chapter. While process-specific, each EET explains the use of
one or more of the general methods described in Chapter III. A process
described in an EET may be sufficiently similar to the process at the
operator's facility to allow the operator to use the estimation method in
that particutar EET. If the operator is still in doubt as to whether an
estimation method described in Chapter III or in an EET is appropriate, the
operator should contact the appropriate air pollution control district or
air quality management district. Table 7 below lists the general methods
used in each EET.
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TABLE 7

GUIDE TO GENERIC ESTIMATION METHODS DISCUSSED
IN THE EMISSION ESTIMATION TECHNIQUES (EETs)

Emission Estimation Technique Generic Estimation Method(s)

Chrome Electroplating Emission Factor
Mass Balance

Combustion of Petrolemm Derivatives Emission Factor
Engineering Calculation

Incineration Emission Factor

0i1 and Gas Production Engineering Calculation
0i1 Refinery Engineering Calculation
Perchloroethylene Production Emission Factor
Smelters and Secondary Foundries Mass Balance

Emission Factor
Engineering Calculation
(With Examples of
Control Efficiencies)

Storage Tank Engineering Calculation

Surface Coating Mass Balance
(Estimation of solvents
emitted by evaporation)

Wood-Fired Boilers Engineering Calculations
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CHROME ELECTROPLATING
EMISSION ESTIMATION TECHNIQUE {EET)

I. INTRODUCTION

This document is an Emission Estimation Technique (EET), developed by
the Air Resources Board staff in accordance with the Air Toxic "Hot Spots™
Information and Assessment Act of 1987 (the Act). Specifically this report
describes the processes used in the electroplating of metals. This process
resuits in the air emission of toxic substances listed pursuant to the Act.
This report specifies the method(s) a facility operator would use to
calculate resulting emissions of these listed substances.

A number of different industries use electrolytic deposition
(electroplating) to decorate and coat a variety of industrial and consumer
goods, resulting in emissions of listed substances such as chromium (VI) as
well as methyl chioroform (1,1,1-trichloroethane), trichloroethylene,
perchloroethylene, methylene chloride, and fluorocarbon-113. The focus of
this EET is quantifying emissions of chromium (VI) as well as other listed
substances.

The listed substance chromium (VI) is very toxic. The cancer unit risk

value, 1.5 x 1071 (ug/m3), for chromium (VI) is the highest among commonly
used industrial substances such as benzene, carbon tetrachloride, methylene
chloride, or perchloroethylene. (A cancer unit risk value relates the
possibility that one person in a million, exposed over seventy years, will
get cancer).

II. PROCESS DESCRIPTION FOR ELECTROPLATING WITH CHROME

The process(es) used in chrome electroplating depend upon the function
of the plating and the composition of the work piece. Generally, a
workpiece must be cleaned prior to electroplating.

A. Cleaning

Several cleaning steps are possible including physically removing loose
dirt and scale from the workpiece with a wire brush or wire wheel, or
soaking it in a solvent bath to remove paint or grease.

Possible intermediate steps include: soaking the work piece in an
alkaline bath, electrocleaning, and pickling. In electrocleaning, a
current is passed through the alkaline bath, mechanically and
chemically removing dirt. A final intermediate step is pickling,
soaking the work piece in an acid bath and possibly passing an electric
current through it. Once cleaned, the work piece is ready for
electroplating.

Thirty percent of chrome electroplating is for decorative purposes
while seventy percent is for wear- and corrosion-resistance purposes.
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However, of that seventy percent, ten percent involves chromic acid
anodizing.

B. Decorative and Hard Electroplating

Although differing in their function, decorative and hard plating are
similar in that the workpiece is placed in a chromic acid bath as a
cathode of an electrolytic cell.

Typically, a layer of chrome with a thickness of 0.25 microns

(10'51nches) is applied as a protective and decorative coating to such
items as auto parts, furniture, and plumbing fixtures. In hard

plating, a layer of chrome with a thickness of 10-300 microns (10'4 to
.01 inch) is applied to such workpieces as tools, rellers, and pump
shafts.

Decorative and hard electroplating occur in tanks containing chromic
acid and a catalyst, generally sulfuric acid. A workpiece is placed in
a chromic acid bath as a cathode of an electroiytic cell; then a low
voltage, direct current is applied across the cell. Positively
charged, chromium (VI) is drawn to the work piece and the metal is
deposited on it.

During this process, electrolysis occurs; water is broken down into
hydrogen and oxygen, and with these bubbling gases, chromium can be
dispersed into the air. Eighty to ninety percent of the current that
is consumed results in the breakdown of water into hydrogen and oxygen.
The remaining 10 to 20 percent of current is used for the actual
electroplating process. Any remaining chromium (VI) must be reduced to
trivalent chromium (a much less toxic substance than chromium (VI)).
Substances such as ferrous sulfate, iron, sodium bisulfate, and sulfur
dioxide may be used to facilitate reduction.

C. Anodizing

Unlike decorative and hard plating, in anodizing an aluminum or
magnesium workpiece is placed in a bath of chromic acid as the anode of
an electrolytic cell (positive electrode); then a low voltage, direct
current is passed through the bath. In the process, chromium (VI) is
reduced and the surface oxidized (adds free oxygen) to form a
protective finish.
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ITI. POTENTIAL SOURCES OF EMISSIONS
Cleaning

As discussed in Section II, five steps are generally taken to clean a
workpiece prior to electroplating, and within each step emissions of
toxic listed substances are possible. During the cleaning process,
several solvents are used that contain listed substances including
1,1,1-trichloroethane, trichloroethylene, perchloroethylene, methylene
chloride, and fluorocarbon-113.

a) Emissions of potentially toxic particulate matter are of primary
concern when dirt and scale are physically removed.

b) Emissions of potentially toxic vapors and mists, especially in the
work area, are of primary concern during the the soaking process.

c) Emissions from caustic aerosois, especially in the work area, are of
primary concern during the alkaline bath and during electrocleaning.

d) Emissions from caustic aerosols, especially in the work area, are of
primary concern during electrocleaning.

e) Emissions of toxic substances during pickling and electropickling
are possible.

Chrome Electroplating

The electroplating process itself is a primary source of toxic
emissions. The bubbling of the plating bath, due to electrolysis,
disperses chromium (VI) as an aerosol or mist. If there is no control
equipment or if such equipment is not working properly, the chromium
(VI) can reach the ambient air. Workplace emissions may reach the
ambient air through the vents for the exhaust fans in the plant's
circulation system.

IV. CONTROL DEVICES

An emission control device may greatly reduce air poeilutants leaving a
device relative to those entering a device. Any one of the following
possibilities, or combinations of them, exist when an air poliutant enters a
control device. The pollutant may be transferred from the air stream to
another medium, be modified toc a less toxic state, destroyed through
combustion and/or dissociation, or it may pass through untreated. When a
pollutant is transferred into another medium, the medium is a potential
source of emissions. If the medium has any emissions while located anywhere
on the facility site, the emissions must be accounted for. Emission
estimates must take into account the effect of the control device(s) used.
Usually the efficiency of the control device must be known. The data used
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should reflect the efficiency achieved during typical day-to-day operations,
not the theoretical optimum efficiency. The control efficiency used in
estimating emissions of each 1isted substance must be justified by the
facility operator, and the justification must be cited.

The ARB has determined that in the electroplating process, the
following control devices .are applicable: a ventilation system channeted
through a system of scrubbers is the principle method used to control
emissions from the plating system. The most common type of scrubbers
utilized are water misting/recycling systems. These scrubbers are
associated with slot vents by the tank sides. These slot vents remove toxic
mists and vapors prior to those mists and vapors entering the breathing zone
of the plant employees. There are other scrubbers that utilize an alkaline
solution that neutralizes the vapors and mists produced during the
electroplating process. Source tests in California have shown that a
control efficiency of 75% can be achieved for chromium (VI) when such a
ventilation system is used.

Other control devices for electroplating emissions include foams
applied to the surface of the plating tanks. The EPA has estimated the
control efficiency of foams to be 90 to 99 percen$in reducing emissions of
chromium (VI). For the purposes of developing emission factors for use by
electroplating pursuant to the control phase of the Toxic Air Contaminant
Identification and Control Program (the AB 1807 Program), a control
efficiency of 95% has been used (1988 Technical Support Document to Proposed
Hexavalent Chromjum Control Plan.)

V. EMISSION ESTIMATES

Source testing is the preferred method of accurately determining toxic
emissions of listed substances when testing is feasible and when approved,
reliable methods exist. Although source testing is available for the chrome
electroplating processes, the Air Toxics "Hot Spots" Emission Inventory
Criteria and Guidelines Regulation accompanying this document does not
require any new source testing for determining toxic emissions at this time.
The regulation does require, however, that source test results be reported
from all source testing performed pursuant to district regulations adopted
to implement the ARB airborne toxic control measure for hexavalent chromium,
which was adopted pursuant to the AB 1807 program.

Generally, for chrome electroplating operations, emission factors are
used to quantify emissions of chromium (VI). The emission estimate must
account for control devices used. Several emission estimation methods are
discussed on the next several pages.

A. Mass Balance

In general terms, a mass balance procedure accounts for all input and
output streams of a chemical in a whole process or subprocess. This
procedure is useful for estimating emissions when emission data have not
been measured, but input and output streams have been either measured or
estimated.
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The emissions can be calculated as the difference between the input and
output streams. Any accumulation or depletion of the chemical in the
equipment such as by reaction must also be accounted for. Individual
operations within the mass balance usually must be evaluated.

Example Using a Mass Balance

Mass balance is appropriately used to estimate emissions of listed
substances from cleaning solvent solutions. Plating Shop "A" uses a solvent
bath that is 95% perchloroethylene. At the beginning of 1989, Plating Shop
"A" had 4,000 pounds of this material in storage. The shop purchased 15,000
pounds; 7,000 pounds were left in storage when the year ended. Assuming ne
solvent is reclaimed, the emissions of perchloroethylene for that year are
calculated as follows {remember: input = output):

(]

9

(4,000 1bs. + 15,000 1bs.- 7,000 lbs.)(D.95) = Emissions of PER
ibs/year

(12,000 1bs.)(0.95) = emissions of PERC, 1bs/year
11,400 1bs. = 1bs of perchloroethylene emitted in 1989

B. Emission Factors

Emission factors usually express air emissions as a ratio of the amount
released of a pollutant to a process-related parameter or measurement
("usage unit"), frequently expressed as the amount of pollutant per
throughput of a process or piece of equipment, or as the amount of pollutant
per quantity produced or processed. The throughput must be quantified to
use this type of emission factor. Emission factors for air emissions are
commoniy based on averages measured at several facilities within the same
type of industry. The applicability and accuracy of emission factors are
dependent on whether the chemical substances, processes, and equipment are
substantially equivalent between those tested and those to which the
emission factor is to be applied.

For chrome electroplating, the appropriate measure of throughput is the
current applied to the plating bath.

To calculate chromium (VI) emissions, an operator must know the
current applied to the plating bath (in amps), the emission factors
for chromium (VI), and whether emission control equipment is in
use.
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Chromium (VI) Emission Factors For Uncontrolled Svstems
Hard plating/anodizing: 5.2 mg/amp-hour
Decorative plating: 0.50 mg/amp-hour

Chromium (VI) Emission Factors For Controlled Svstems
Hard plating/anodizing (scrubber): 1.3 mg/amp-hour

Hard plating/anodizing (foam)lz 0.26 mg/amp-hour
Decorative plating (scrubber): 0.13 mg/amp-hour

Decorative plating (foam)l: 0.025 mg/amp-hour
1- foam or foam plus scrubber

(Emission factor information was taken from ARB, 1988, Techpical
Support Document to Proposed Hexavalent Chromium Control Plan.)

Using the current (in amps) and these emission factors, an operator
would calculate chromium (VI) emissions using the following equation:

Emission factor x _gram x 1b x # Amps = 1b/hour
(mg/amp-hours) 1000 mg 453.6 grams

# Amps= the current used (in amperes)

The above hourly estimate is converted to annual emissions by
multiplying by the number of hours of operation per year.

Example Using Emission Factors

Plating Shop "A" plates industrial equipment in a tank that is
operated at an average current of 10,500 amps over the year. This shop also
operates at a maximum of 12,000 amps. On an annual basis, shop "A" operates
the chrome plating tank approximately 4,000 hours. Facility "A" currently
has no emission control devices associated with its chrome electroplating
operation. The chromium (VI) emissions are calculated as follows:

1. Annual Average Emissions of Chromium (VI) from Plating Shop A

Ems = 5.2 mg/amp-hour x gram/1,000 mg x pound/453.6 grams
X 10,500 amps x 4,000 hours/year
= 481.48 pounds/year

2. Maximum Hourly Emissions of Chromium (VI) from Plating Shop A

Ems = 5.2 mg/amp-hour x gram/1,000 mg x pound/453.6 grams
x 12,000 amps

= 0.138 pounds/hour

-44-



WETNT) UHROME --PAGE /
August, 1989

REFERENCES

California Air Resources Board. 1986. Technical Support Document to
Proposed Hexavalent Chromium Control Plan. Sacramento, California.

California Air Resources Board. 1988.
Proposed Airborne Toxic antrol Measurg For_Emissi9n§ of Hexavalent

Operations. Sacramento, California.
Durney, Lawrence J. et. al. Electroplating Engineering Handbook. Fourth

Edition, 1984.

South Coast Air Quality Management District. 1985. i
85-481 Conducted at Plato Products. Los Angeles, California.

Suzuki, Susan et. al. 1984, source Emission Testing and Industrial
Yentilation ildj i
Shipyard. NEESA 2-119. Port Huenema, California.

U.S. EPA. 1986. :
86-CEP-3. Research Triangle Park, North Carolina.

U.S. EPA. 1986.

. . . ) ,
Report 86-CHM-11. Research Triangle Park, North Carolina.

U.S. EPA. 1986. H
Platers. 86-CEP-1. Research Triangle Park, North Carolina.

U.S. EPA. 1986. Ch iy ectroplate est Re
86-CHM-11. Research Triangle Park, North C

PO : LEC
arolina.

-45-






EMISSION ESTIMATION TECHNIQUE: COMBUSTION OF PETROLEUM DERIVATIVES






CARB Combustion--Page 1
August 1989

COMBUSTION OF PETROLEUM DERIVATIVES
EMISSION ESTIMATION TECHNIQUE (EET)

I. INTRODUCTION

Many facilities in California use combustion processes to generate heat
and/or power for various purposes, such as utility electrical generation,
industrial mechanical power, and commercial or residential space heat. Although
this EET only covers combustion of petroleum derivatives, every combustion
process emits listed substances that should be reported. If the primary purpose
of a combustion process is hazardous waste incineration, the incineration EET
should be used. If the process is primarily for energy generation, and if
relatively small amounts of hazardous waste are cofired (burned together) with
oil or gas, or if waste fuel is used, this combustion EET should be used. The
incineration EET may be helpful in estimating emissions from some waste fuels.
This EET may also provide some general background for combustion processes which
aren't specifically addressed herein.

Fuels which are petroleum derivatives include (but aren't limited to) all
the standard liquid fuels such as fuel oils (residual, distillates and diesel),
gasoline, kerosene, jet fuel, and light distillate gas turbine fuel. Also
included are gaseous petroleum derivatives such as methane (natural gas),
propane and butane, in gas or liquid form. In addition, there are the non-
standard fuels such as crude oils, waste oils, waste solvents, and waste gasses,
as well as process-derived fuels similar to those listed above, such as may be
used in oil extraction and refining. Typically, process-derived fuels result
from some process within a facility which yields a non-standard fuel which
nevertheless has significant heating value.

Since combustion is such a complicated process, its toxic emissions are
more difficult to estimate than those from most other processes. Combustion
emissions typically include more 1isted substances than other process emissions,
many of which (both organic and inorganic) can be emitted in gaseous and
particulate form, simultaneously. A flow chart of the basic procedure to follow
Tor each substance has been included for your reference. (See Fig. 1 in Section
IV of this EET.)

The Facility Look-up Table (App. C of the Regulation) includes most of the
listed substances which could be emitted. In addition, they are categorized in
Table I of this EET. Given the complex nature of the combustion process, these
tables may not include every listed substance which is being emitted, if the
substances haven't actually been researched, tested, and mentioned in the
literature. It should be noted, however, that facilities are still responsibie
for reporting known or suspected emissions of any listed substances. Also, the
diversity of fuels and devices which are currently used appears to exceed the
presently available information on emission factors and contaminant
concentrations. Thus, this EET includes a general discussion of combustion
(Section II) for reference when adjustment of existing information for a special
situation is appropriate. Those readers only interested in the emission
calculations should go directly to Sections IV and V.
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The outline of the rest of the EET is given below, to assist you in finding
the topic you need at any particular time.

I. Introduction (p. 1)
II. General Aspects of Combustion Processes (p. 2)
A. Combustion Emissions
B. Fuels
C. Devices
D. Control Devices
1. Particulate Matter
2. Gas/Vapor
III. Potential Emission Sources (p. 6)
IV. Emission Estimation (p. 6)
A. Source Tests
B. Fuel Analysis
C. Emission Factors
D. Control Efficiencies
V. Sample Calculations (p. 8)
VI. References (p. 17)
Attachment I (Table I)
Attachment II (Table II)
Attachment III (Table III)

II. GENERAL ASPECTS OF COMBUSTION PROCESSES

The main reason combustion is so complicated is the number and interactions
of the variables involved. In addition to chemistry, heat and mass transfer
play a very important role in theoretical descriptions of the process. On a
practical level, the most important factors affecting combustion processes are:

Equivalence Ratio

Combustion Temperature

Residence Time

Quenching Effects

Design of Combustion Chamber & Air-Fuel Mixing Devices

The Equivalence Ratio (usually denoted by @) is defined as a ratio of
ratios. Specifically, it is the ratio of the actual fuel-to-air ratio to the
stoichiometric (chemically exact) fuel-to-air ratio. Thus, if @ = 1 then the
actual process provides exactly the number of oxygen molecules required to
convert the fuel completely to CO02. If @ < 1, one has lean combustion, with
excess air. If @ > 1, one has rich combustion, with excess fuel. Lean
combustion often gives rise to high NOx emissions, whereas rich combustion is
associated with high emissions of CO and products of incomplete combustion
(PICs). Generally, automobile engines have higher equivalence ratios than other
combustion devices.

Combustion temperature also affects combustion efficiency, often in
conjunction with residence time. Higher temperatures mean faster combustion,
while lower combustion temperatures require longer residence times for complete
combustion. Sometimes the situation is more complicated; combustion
temperatures of 900-1450 deg. F have been found to promote dioxin formation,
while higher temperatures promote its destruction (assuming of course the
presence of chlorine in the fuel). (EPA 1984 Dioxin)
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Quenching refers to rapid cooling of combustion products (or intermediates)
such as would occur near a boiler’'s heat transfer surfaces, and is associated
with formation/retention of PICs and with particulate matter condensation.

Efficiency of air-fuel mixing is a major factor in combustion chamber
design as well as in fuel atomization and/or vaporization by means of speciail
fuel injection and/or burner designs. Mixing is more important than often
realized, since chemical oxidation can only occur if oxygen and fuel molecules
come in contact. Such designs, many of them for energy efficiency purposes,
also tend to reduce PIC formation. Gaseous fuels, such as natural gas, have a
distinct advantage over oil in this respect, since it is much easier to mix two
gasses on a molecular level than air and liquids or solids.

Secondary combustion is a fairly common pollution-control strategy which
illustrates the interrelationship of several of these factors. It is an
integral part of the combustion process whereby the PICs from first-stage
combustion are mixed with additional air, for more complete combustion. While
the temperature range is typically 1200-1700 deg. F, both oxygen concentration
and residence time are apparently more important than temperature in promoting
compliete combustion. Complete oxidation of organic particulate is especially
sensitive to residence time. (Edwards) Thorough mixing is very important since
if oxygen and fuel molecules never meet, they cannot react chemically.

Combustion emissions will be minimized by well-tuned, steady-state
combustion processes. Predictable process upsets or transients such as start-up
and shut-down, load variations, and air or fuel feed variations, will result in
higher emissions. While these may he part of normal operations, they will
1ikely result in maximum emissions from combustion processes. Poor maintenance
or poor operating practices will also typically result in increased emissions.

A. COMBUSTION EMISSIONS

These emissions include particulate matter (PM) and total organic gas
(T0G), which together are expected to contain virtually all of the listed
substances which combustion would be expected to produce. (Exceptions include
H2S, HC1, HF, phosgene and Hg.) Both of these categories give rise to a
“species profiie,” which is the set of particle types or volatiie organics and
the fractions of each individual substance which make up the whole. For PM,
both the particle sizes and the type and amount of substances present are
defined by the profile. For TOG, only type and amount matter. Different
devices and different fuels both lead to variations in these profiles. For
example, destruction efficiencies have been found to be lower for more volatile
organics in small commerical boilers. (EPA 1984 Waste 0ils) All fuels can iead
to both of these types of emissions, even natural gas in poor combustion
conditions such as insufficient air or flaring.

In addition to benzene, toluene, xylene, aldehydes, and other common
combustion emissions of listed substances, almost all combustion processes also
emit polycyclic organic matter (POM), which includes polycyclic aromatic
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), polychlorinated dibenzo-
dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs). Depending on the
source, POM may include substances containing nitrogen, sulfur, chlorine, and
oxygen, as well as hydrogen and carbon. POM formation correlates with poor
combustion conditions as well as with high C/H ratios and high aromatic and
oxygen concentrations in fuels. (EPA 1983 PQOM)
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In cases of combustion of waste fuels or other sources of principal organic
hazardous constituents (POHCs), there will be emissions of toxic products of
incomplete combustion (PICs) which are formed during combustion and which would
be considered POHCs if present in the fuel prior to combustion. This is of
course in addition to the breakthrough emissions of POHCs. Mass emission ratios
of toxic PICs to POHCs range from 5 to 20, with lower values in this range
typical for incinerators and higher values typical for boilers. (Castaldini,
Acurex/EPA, EPA 1985 Haz Waste) See Table III for defauilt breakthrough factors
for POHCs and formation factors for toxic PICs. While this table only includes
conservative averages derived from the literature for boilers and flares, other
values for other situations can be proposed in facility plans, based on the
general discussion herein.

In 13 field emission tests of 8 industrial boilers, the most common
halogenated toxic PICs were chlorinated methanes such as chloroform,
dichloromethane, and chloromethane, and the most common non-halogenated toxic
PICs were toluene and benzene. (Castaldini)

B.  FUELS

Many listed substances (such as formaldehyde, PAHs, and other PICs) are
formed from fuel components during the combustion process, while others (such as
benzene and nickel) are present in the new fuel. A1l other combustion
parameters being equal, fuels with higher molecular weight and higher
carbon/hydrogen ratios lead to increased emission of heavier organics and of
particulate. Also, the presence of chlorinated organics can promote PIC
formation, and metals can catalyze certain reactions. (EPA 1984 Waste 0il Risk)
Also, the presence of chlorine may lead to finer particulate matter. (CARB 1981)

New fuels can also contain a bewiidering variety of additives, some of
which contain metals, organometallics and/or complex organic compounds which may
include listed substances. Waste fuels such as used oils and solvents typically
contain more kinds and greater amounts of listed substances (particularly
chlorinated organics, as well as PAHs and higher metal ccncentrations) than do
new fuels. On the other hand, new fuels are only relatively clean. Residual
0il ends up with many of the original crude oil contaminants, while others may
contain additives (such as ethylene dibromide (EDB) in gasoline or metal
additives in boiler fuel) which can lead to emissions of listed substances.
Natural gas typically contains no metals, but its combustion will always lead to
emissions of some PICs. Landfill gas may contain vinyl chloride, benzene, EDB,
EDC, methylene chloride, perchloroethylene, carbon tetrachlioride, chloroform,
methyl chloroform, and TCE. (CARB 1986)

Particulate matter from oil combustion differs from particulate matter
emitted from coal combustion. Coal particulate is characterized by
"enrichment," whereby metals with low boiling points (particularly As, Cd, and
Hg, and also to some extent Be, Cr, Cu, Mn and Ni) are partially or completely
volatilized during combustion, and then tend to condense more on smalier
particles which have a greater surface-to-volume ratio. 0il particulate has a
different structure such that surface area may be less strongly related to
particle size, resulting in less enrichment. (Radian 1986) ARB staff believes a
conservative approach might be to assume that enrichment of oil PM is 80% of
that of coal PM.
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€. DEVICES

There are many combustion devices currently used, each of which is
characterized by its own specific emissions. In general, these devices emit
many of the same overall set of combustion products and coentaminants, but
typically in differing proportions. Combustion devices capable of burning
petroleum derivatives include the following:

Boilers Miscellaneous
Firetube Furnaces Ovens
Watertube Heaters Flares {can be control devices in
Cast Iron Dryers certain situations--
Kilns see Section II.D.2 below)

Internal Combustion Engines
Reciprocating Engines
Spark Ignition (gasoline)
Compression Ignition (diesel)
Turbines (1ight distillate oil
& natural gas)

For institutional and commercial space heat, firetube and cast iron boilers
are typically used. Industrial boilers are usually either firetube or
watertube. These devices use various designs for fuel atomization, such as
mechanical, rotary cup, pressurized-air, and steam-atomized. Burner position(s)
also vary, and include tangential (typical for utility boilers), front wall, and
horizontally opposed. Many of the larger boilers also now incorporate various
devices for NOx control, which are often an integral part of the combustion
device and process, and can affect emissions of listed substances.

For combustion of waste fuels, firetube and cast iron boilers have been
found to work better than watertube boilers (EPA 1984 Waste 0i] Risk), possibly
due to quenching considerations. (See above discussion of quenching.) For
boilers larger than 1 MBtuh (M = 1E6), one study found no correlation between
boiler size, firing method, and destruction efficiency. (EPA 1984 Waste Qils)
Combustion of waste fuels in cement kilns works fairly well, since in addition
to high temperatures and ample residence time, the alkali from the cement
neutralizes the hydrochloric acid which is formed from the chlorinated organic
contaminants. (CARB 1981) The Incineration EET also includes a discussion of
boiler types.

D.  CONTROL DEVICES

In general, pollution control devices are designed primarily for removal of
either particulate matter or gasses and vapors. However, in some cases, a
device which is intended to control one type of pollutant may also, as a side
effect, remove some portion of the other type of pollutant when the two types
occur together as in combustion. For example, a fabric filter (baghouse) which
s installed for particulate removal may, through adsorption by, or chemical
reaction with, the previously collected particles, retain a portion of NOx
(which is known to react with organic particles). Similarly, organic vapors may
adsorb onto particulate matter, especially organic particulate: in the case of
dioxins and furans this apparently leads to decreased toxicity. (CARB 1981)

Then there are devices such as wet scrubbers which may have been selected
primarily for one or the other, but typically remove both. Another control
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strategy with dual effectiveness is water injection. Although not very common
except in gas turbines, it can reduce both NOx and soot formation.

Remember, though, that the efficiency rating given by the manufacturer or
other reference is usually a general efficiency describing overall gas/vapor or
particulate removal. Such overall efficiency ratings cannot be assumed to be
equal to removal efficiencies for individual 1isted substances. Another
important aspect of actual control device efficiency is the quality of operation
and maintenance procedures. Many control devices need regular and careful
attention if they are to continue to work as well as they did when recently
installed. (Some control devices take a Tittle time after installation to
achieve maximum efficiency.)

The exact location of a given control device, with respect to the
combustion chamber, can affect its efficiency. As combustion products travel
away from the combustion chamber, they cool off, and an increasing portion of
the gaseous exhaust condenses, into or onto particulate. A fair number of
metals (such as mercury, arsenic and cadmium) and organic compounds (such as
PAHs and other organics of intermediate molecular weight) can be affected in
this way. Thus, a particulate control device should have a greater efficiency
when installed further away from the combustion chamber, where temperatures are
Tower. Devices for vapor pollutant control would typically not be greatly
affected by this phenomenon, although some such as carbon adsorption units may
suffer from uneven or over-saturation.

1. Particulate Matter Control
The b main types of particulate control devices are:

Gravity Settlers (momentum separators, gravity spray towers)
Centrifugal Separators or Collectors (cyclones)
Electrostatic Precipitators (ESPs)

Scrubbers (spray towers, packed-bed unit, venturi scrubbers)
Filters (baghouses)

The selection of a specific particulate control device typically depends on
the flow rate, temperature, the type of pollutant, the particle size
distribution, and the particle concentration. Efficiency can be based on either
the weight or the number of particles removed; for reporting purposes,
efficiency in terms of weight should be used. Remember that overall
efficiencies cannot be used for individual listed substances. Two kinds of
information are needed to accurately estimate actual control efficiency for a
specific particulate substance: 1) the particle size distribution of that
substance and 2) the variation of control device efficiency with particle size.
Gravity and centrifugal settlers typically aren't very good at collecting
smaller particles (less than than 5-10 um in diameter). Venturi scrubbers and
(especially) baghouses are more efficient than settlers at removing small
particles. ESPs, on the other hand, are less efficient with particles having
high or low electrical resistivities, but can be quite efficient at sub-micron
particle removal. (Theodore) For particle sizes between 0.1-1 um, at least 95%
efficiency is typical, with 98-99% for other sizes. (Pedco)
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2,  Gas/Vapor Controls
The 4 main types of gas-phase poliutant control are:

Condensation (contact & surface condensers)

Adsorption (with activated carbon or alumina, silica gel)
Absorption (packed or plate columns)

Incineration (flaring, thermal or catalytic oxidation)

The selection of a particular method and device depends on the type of
pollutant and characteristics of the gas stream such as flow rate, temperature,
pressure, humidity, and chemical reactivity. As with particulate control
devices, the overall efficiency rating will differ from the efficiencies for
individual listed substances. (Theodore)

Flares as control devices are most often found in the chemical, petroleum,
and metatlurgical industries. While exact flare efficiencies will probably
never be available, some useful generalizations can be made. Flare stability is
limited by insufficient gas exit velocities (i.e., insufficient heating value)
and by excessively windy conditions. (The flare stability information below and
in Table III cannot be assumed to be relevant when ambient breezes exceed about
5-10 mph.) For a given flare gas mixture, stability can be described by a ratio
of actual gas exit velocity to the minimum exit velocity necessary to avoid
flame extinction. For ratios exceeding 1.2 (1.5 for toluene), flares studied
have shown combustion and destruction efficiencies of at least 98%. For ratios
near 1, 90% is typical, but may decline as low as 50%. Particulate matter
emissions are likely to occur in these transient unstable regions. (E&ERC 1986
& 1984, Eng’'g-Science, EPA 1986 Flares)

The presence of chlorinated organic gasses in flares tends to inhibit
combustion. For methyl chloride, flare flame stability correlated with H/C1
ratios. Also, excessive amounts of chlorine are likely to increase soot and POM
emissions. (E&ERC 1986) On the other hand, H2S appears to burn more readily
than some hydrocarbon gasses. Pilots will of course enhance stability, though
at the expense of additional emissions. (EPA 1986 Flares) Steam injection can
suppress significant soot and particulate matter formation unless too much
resuits in quenching and decreased combustion efficiency. (E&ERC 1984, Eng'g-
Science) .

III. POTENTIAL EMISSION SOURCES

Combustion devices emit the majority of toxic air pollutants associated
with combustion processes. The most common types are listed in section II.C of
this EET. Virtually every indoor combustion device (except a residential gas
stove) is required by code, if not by the local Air Pollution Control District
or Air Quality Management District, to be vented to the outdoors through some
sort of stack or flue, which represents the primary emission point source
associated with combustion. Devices which are outdoors may also exhaust through
stacks or flues. Some of these have only an exhaust pipe or short flue which is
part of the combustion device.

Combustion devices which have been burning waste fuels or other toxic

substances typically collect some portion of these substances and of related
toxic products of incomplete combustion (PICs) on their interior surfaces, and
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