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pollution control agencies. Mention of trade names or commercial
products is not intended to constitute endorsement or
recommendation for use. Copies of this report are available - as
supplies permit - from the Library Services Office (MD-35), U.S.
Environmental Protection Agency, Research Triangle Park, North
Carolina 27711, or for a nominal fee, from the National Technical

Information Service, 5285 Port Royal Road, Springfield, Virginia
22161.

ii



TABLE OF CONTENTS

Section

1.0

INTRODucTION - - - . - - . - .
1.1 Objectives . . . . . . . .
1.2 Overview of the Bakery Industry

1.3 Contents of this Document

1.4 References . « « « « o o o

.

INDUSTRY DESCRIPTION, PROCESSES,

2.1 Industry Description . .

2.2 Unit Operations . . . . .

2.2.1 Dough Processes .

2.2.2 Equipment . . . . .

2.3.1 Emission Sources
2.

3.2 Emission Stream Characteristics
Summary of Current Air Emission Regulations

2.4.1 BAAQMD . . . .« ¢ 4 ¢ o e o .
2.4.2 SCAQMD . . &« v ¢ o o o o o
2.4.3 New Jersey =« « « « o s o «
2.4.4 Other Areas . . . . . . e e
2.4.5 Prevention of Slgnlflcant Deterloratlon
2.4.6 New Source Review . . . . . .
2.4.7 Monitoring and Enforceability .
2.5 References . . . . . . . . o e .
VOC EMISSION CONTROL DEVICES . . . . . .

Combustion Control Devices

2.2.3 Operating Parameters
Air Emissions . . . . . .

3

3

.

3.1.1 Direct Flame Thermal Oxidation
3.1.2 Regenerative Oxidation

3.1.3 Catalytic Oxidation
Noncombustion Control Devices

3.2.1 Carbon Adsorption
3.2.2 Scrubbing . . . .
3.2.3 Condensation .
3.2.4 Biofiltration .

3.2.5 Process and Formulatlon Changes .

3.3 References . . . « +. « . .

IMPACT ANALYSIS OF ALTERNATIVE CONTROL TECHNIQUES

.

.

4.1 Model Ovens and VOC Emissions
4.1.1 VOC Emission Factors

4.1.2 Oven Type and Number of Stacks

4.1.3 Oven Heat Input .

iii

.

-

.

.

.

g

!

el
BN

t

NN DD
| i

R REOAON S 0NN

INESESE SN SHIN N
|
N N

ww
T LULWWLULLWL WL
L. ! !

NOWR~TAQ SN

NN NN
[ T T I |
F WS ¥ B e



TABLE OF CONTENTS

Section
4.1.4 Oven Operating Time . . . . . .
4.1.5 Control Devices . « « « +« « + .
4.1.6 Flow Rates .« .+« ¢ « ¢ ¢ « o o« &
4.1.7 Bread Production . . . . . . .
4.1.8 Destruction Efficierncy . .
4.2 Costing Methodology General Assumptlons
4,3 Cost Analysis . . . « . ¢ ¢« ¢ « o « .
4.4 Cost Effectiveness . . . . . . . . . .
4.5 References . . . « « o o o o ¢ o o o o »

iv

. L L - L[]

-
|
H

¥

PR N
!

{
AU O



Number

LIST OF TABLES

Representative White Pan Bread Formula . . .
Model OVeNS . ¢ ¢ o o o o o o o o o o o o &
Cost of Catalytic Oxidation . . . . . . .

Cost of Regenerative Oxidation . . . . . . .

Cost Effectiveness of Catalytic Oxidation at
Bakery OVENS . . + +v ¢ « 4 o« 2 « o « o o ¢ =

Cost Effectiveness of Regenerative Oxidation
at Bakery OVeNS . ¢ v ¢ ¢ ¢ o o o o o o o«



Number

LIST OF FIGURES

Tunnel Oven . . .
Single-Lap Oven .

Spiral Oven . . .

.

Regenerative Oxidation

Catalytic Oxidation .

Cost Effectiveness of Catalytic Oxidation on

Bakery Ovens . .

Cost Effectiveness of Regenerative Oxidation

on Bakery Ovens .

vi

.



APPENDICES

Appendix Bpe

A Tables Referenced in Section 2.1 Industry
Description . . . . ¢ ¢« ¢ ¢ ¢ ¢ ¢ 4 4 4 e e 4 . A-1

A-1 Number of Bakeries by Product Category
and Number of Employees . . . . . ¢« . « . .+ & A-3

A-2 Top 100 Regional Contribution To Sales . . . . A-5

A-3 Plants by Bakery Type , Region, and State . . A-11

B Bakery Oven Test Results'. . . . . . . . . . . . . B-1
c Example Calculations of Cost Analysis . . . . . . c-1
OAQPS Control Cost Analysis for Catalytic )
Incinerators . . . . . . e e e e e « . . c-2

OAQPS Control Cost Analysis for Regeneratlve
INCinerators . .« « « « « « « o o o o '« « « o c-7

D BAAQMD Regulation 8 Rule 42 . . . . . . . . . . . D-1

E SCAQMD Rule 1153 . ¢ ¢ ¢ 4 ¢ o o o o o = 2 o « &

vii



1.0 INTRODUCTION

The Clean Air Act Amendments (CAAA) of 1990 established new
requirements for State implementation plans (SIP) for many areas
that have not attained the national ambient air quality standards
(NAAQS) for ozone. These requirements include an expansion of
the applicability of reasonably available control technology
(RACT) to sources of voiatile organic compounds (VOC) smaller
than those previously covered by the U.S. Environmental
Protection Agency (EPA). They also require that certain
nonattainment areas reduce VOC emissions below the existing RACT
requirements to ensure continugl progress toward attainment of
the ozone NAAQS. 1In addition, certain areas require a
demonstration through atmospheric dispersion modeling that VOC
emission reductions will produce ozone concentrations consistent
with the ozone NAAQS.

To help the States identify the kinds of VOC control that
could be used to help meet these and other requirements, the 1990
Amendments also require EPA to publish alternative control
technology (ACT) documents for a variety of VOC sources. Thié

-document was produced in response to a request by the baking
industry for Federal guidance to assist in providing a more
uniform informaticn base £or State decision-making. The

information in this document pertains to bakeries that produce
bread, rolls, buns, and similar products, but not those that
produce crackers, pretzels, sweet goods, or vbaked “oodstuffs that
ar=s not yeast-leavened. In tnis document, bread refers to yeast-
leavened pan bread, rolls, buns, or similar yeast-leavened
products unless otherwise noted.



1.1 OBJECTIVES

One objective of this document is to provide information on
the baking process, potential emissions from baking, and
potential emission control options for use by State and local air
pollution control agencies in their analysis of new and existing
bakeries. This can be accomplished by identifying the cost
effectiveness of controls for each cven in their area and
comparing to other facilities or industries to judge where money
might be spent 'most wisely to lower emissions in the air shed.
Another important objective of this document is to provide a
predictive equation similar to an existing industry-derived
equation (described in Section 1.2), but for total VOC, using
recently gathered emission test data.

1.2 OVERVIEW OF THE BAKERY INDUSTRY

About 600 large commercial bakeries produce breadstuffs in
the United States.' Because bread is perishable and delays in
distribution to retail outlets are undesirable, bakeries are
usually located in or near population centers. Because
pepulation correlates with vehicular travel and other VOC
emission sources, bakeries are frequently located in ozone
nonattainment areas.

About 23 bakery ovens in the United States currently have
emissicn control devices installed.’ Some of these are located in
States or districts that have rules specific to bakeries (such as
California's Bay Area and South Coast). The other controlled
bakery ovens are locatad in ozcne ncnattainment areas where RACT
is required for malor stationary sources, in ozone attainment
areas subject to prevention of significant deterioration (PSD)
review, or at bakeries electing to control VOC emissions for
other reasons. _

The primary VOC emitted from bakery operation is ethanol.
In yeast-leavened breads, yeast metaibolizes sugars in an
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anaarobic fermentation, producing carbon dioxide that is largely
responsible for causing the bread to rise. Besides the carbon
dioxide, equimolar amounts of ethanol and small amounts of other
alcohols, esters, and aldehydes are produced.

The primary emission source at a bakery is the oven.
Because the ethanol produced by yeast metabolism is generally
liquid at temperatures below 77°C (170°F), it is not emitted in
appreciable amounts until the dough is exposed to high
temperatures in the oven. Although high concentrations of VvoC
‘exist in the proof boxes that are often used to raise the panned
dough, the low airflow through those boxes minimizes emissions.

The regulation of VOC emissions from bakery ovens is a
recent development. Three major studies, detailed in Section
2.3.2, have been conducted to establish an emission factor for
quantifying VOC emissions from bakeries.

The first, Commercial Bakeries as a Major Source of Reactive
Volatile Organic Gases, was conducted in 1977 under an EPA
contract.’ Ethanol emissions were calculated as 1.0 1lb/ton of
bread for straight dough and 11.2 1lb/ton of bread for sponge
dough.

The second study was performed by the Bay Area Air Quality
Management District (BAAOMD) in San Francisco.* After early
tests showed that ethanol was the primary VOC emitted, a total of
16 ovens were tested using aquecus impingers and gas
chromatcgraphy/flame ionization. Ethanol emissions were
calculated to range from 0.6 to 14.0 lb/ton of bread.’

The third study was performed by the American Institute of
Baking {AIB).‘ This study was intanded %o exvlain Zhe Wwide Tange
of emission factors resulting from the BAACMD study and %o
provide a mathematical model for predicting ethanol emissions
from bakeries. Statistical analysis suggested that the factors
correlating best with ethanol emissions were yeast concentration

and total fermentation time, and that the relationship was
described as:



EtOH

0.40425 + 0.444585 (Yt)
where
EtOH = pounds ethanol per ton of baked bread
Y = baker's percent yeast
t = total time of fermentztion
This formula includes a little knowr. correction for the addition
of spiking yeast where:
Yt = (Y, x t,) + (S x t,)
and

Y, = baker's percent yeast in sponge

-

t, = total time of fermentation in hours
S = baker's percent yeast added to dough
t, = proof time + floor tine

The "percent yeast in sponge" and "percent yeast added to dough"
are in terms of baker's percent of yeast to the nearest tenth of
a percent. The "total time of fermentation" and "proof time +
floor time" are the fermentation times in hours to the nearest
tenth of an hour.

1.3 CONTENTS OF THIS DOCUMENT

Typical bakery processes, equipment, operating parameters,
emission sources, emission stream characteristics, emission
estimates, techniques for determining emissions and regulations
currently affecting VOC emissions from bakeries are described in
Chapter 2.0. Chapter 3.0 presents emission control techniques
that are generally used, emissiocon <ontrol techniques that may oe
2ffective Hut are not 1n gereral us2, and 2amission control
techniques that involve transfer of technology from other
industries. Chapter 4.0 presents capnital and annualized costs of
controlling emissions for the control techniques identified as

feasible in Chapter 3.0, guidance on methods of estimating the



costs of alternative control techniques, and environmental and

energy impacts.
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2.0 INDUSTRY DESCRIPTION, PROCESSES, AND EMISSIONS

This chapter presents a description of the baking industry,
regulations currently affecting the industry, and information on
typical bakery unit operations including processes, equipment,
operating parameters, emission sources, and emission stream
characteristics.

2.1 INDUSTRY DESCRIPTION

The baking industry in the United States is large and
decentralized. In 1990 there were 2,636 commercial bakeries in
the United States.! As shown in Table A-1, located in Appendix
A, 854 bakeries produced white pan bread, 980 produced buns and
soft rolls, 1,097 produced variety bread, and 713 produced hearth
bread and rolls.? These four types of baked goods constitute the
bulk of the baked goods considered in this document. As shown in
Table A-23}, of Appendix A, the -top 100 bakery companies operated
618 plants with sales ranging from $30 million to $2.6 billion in
1990.* Aggregate sales from these 618 bakeries was $89.5
billion.’ Consumer expenditures for bakery food in 1990 ranged
between 9 and 11 percent of all dollars spent on food consumed at
home, with from $209 to $259 spent per yvear per household.® Per
capita bread consumption in 1990 was 49.93 1lbs, and was predicted
to increase 2.2 percent annually through 1996.7 Table A-~3, in
Appendix A, presents the national distribution of bakeries by
type, ragicn, and 3ctats.’ 3ecause bread is perishable and
distribution delays are undesirable, the location of bakeries

tends to correlate with population and are in larger cities in
all States.



2.2 UNIT OPERATIONS

The following descriptions are aggregate and composite, and
not necessarily descriptive of a particular operation.
Production volumes, for example, fluctuate by daily orders,
holidays, and seasonal fluctuations.

2.2.1 Dough Processes

Bread production at large commercial bakeries is a highly
automated process. When operating at full capacity, a single
large bread bakery may produce up to 300,000 pounds of over 100
different varieties of bread and other bakery products per day.
All physical mixing and blending of ingredients, as well as the
working and dividing of the doughs, is performed mechanically.
Most dough batches are conveyeé through each step of the process,
from the initial dividing through the final slicing and bagging,
with minimal handling.

Four basic dough processes are ised by commercial bread
bakeries: sponge and dough, straight dough, liquid ferments, and
no-time dough. The sponge and dough and liquid ferment methods
are used most often by large commercial bakeries. Straight
doughs are used for a few types of variety breads.

Bread in its simplest form requires four ingredients: -
flour, water, yeast, and salt. Attributes such as locaf volume,
crumb softness, grain uniformity, silkiness of texture, crust
color, flavor and aroma, softness retention, shelf life, and,
most important, nutritive value can all be improved by the
addition of appropriate optional ingredients. The materials that
are either reguired or may be optiocnally included in the
production of various standardized biead products are legally
defined by the Food and Drug Administration (21 CFR Part 136).°

A representative formula for wh:te pan bread is shown in

Table 2-1.'° Two terms used throughout the document which are



Table 2-1. Representative White Pan Bread Formula*

Ingredients Sponge %* Dough (Remix) %* Total % in
Formula
Essential
Fiour 65.00 35.00 100.00
Water 37.00 27.00 64.00
Yeast 2.75 2.75
Salt ' 2.1 2.1
Optional
Yeast food 0.50 0.50
Sweeteners (solids) 7.25 7.25
Shortening ; 2.3 2.3
Dairy blend 2.0 2.0
Protease enzyme 0.25 0.25
Emulsifier 0.50 0.50
Dough strengthener 0.50 0.50
Preservative 0.20 0.20
182.35

* % equais baker’s percent
*‘Reference 10



unique to the bakery industry are "haker's percent" and
"fermentation time". The baker's percent of an ingredient in a
bread formula refers to the weight ¢f that ingredient per 100
lbs. of flour in the formula. For a2 given formula, the baker's
percent of all the ingredients will total to more than 100
percent as the flour alone equals 1C0 baker's percent. Table 2-1
presents a bread formula and the baker's percents (or weights) of
each ingredient. The total weight cf flour in the formula is 100
lbs., the total weight or baker's percent of yeast is 2.75. The
baker's percents of all the ingredients in this formula totals to
182.35 baker's percent. Fermentation time refers to the period
of time the yeast is fermenting. The clock for fermentation time
starts when the yeast comes in contact with water (whether it is
in a brew or dough) which can supply it with nutrients needed for
reproduction. The clock stops-when the bread enters the oven.

As about 50 percent of white pan bread produced in the
United States is made by the sponge and dough process, the
formula in Table 2-1 is shown in its adaptation to that
procedure. In the straight dough method, a somewhat higher yeast
level (about 3.0 percent or more) is generally used, and all of
the listed ingredients are processed as a single batch. It
should also be kept in mind that individual bakers introduce
minor quantitative variations in their formulations and that the
values shown represent weighted averages.

In the sponge and dough method, the major fermentative
action takes place in a preferment, <alled the sponge, in which
normally from 50 to 70 percent of the total dough flour is
subjected to the physical, chemical, and biological actions of
{ermenting veast. The sponge is subseguently combined with the
rest of the dough ingredients to receive its final physical
development during the dough mixing or remix stage.!

The mixed sponge is discharged ».nto a greased trough and set
to ferment in a special fermentation room. The sponge

fermentation time normally lasts 4.5 hours, but may vary from 3.5



hours for sponges incorporating 75 percent of the total flour to
5 hours for sponges with only 50 percent of the total flour.
Increased yeast levels bring about a noticeable reduction in
fermentation time.!

The fully fermented sponge is returned to the mixer and
mixed into the final dough, which receives additional
fermentation for a short floor time (no more than 45 minutes
under average conditions) .’

The straight dough method is a single-step process in which
all the dough ingredients are mixed into a single batch. The
gquality of the flour, the temperature of the mixed dough and the
amount of yeast used will determine the fermentation time." The
dough is fermented for periods of 2 to 4 hours, with the actual
practice time being generally close to 3 hours.” oOnce
fermentation begins, the completion schedule is inflexible.!

About 70 years ago, efforts to simplify the sponge and dough
method of breadmaking resulted in a stable ferment process that
replaced the sponge with a liquid, flour-free ferment.!” The
basic stable ferment was made of up to 70 percent water, and
small amounts of yeast, yeast food, malt, sugar, nonfat dry milk,
and salt.!® The resultant suspension was fermented at a constant
temperature for 6 hours under gentle agitation. The mature
ferment was then either used immediately in whole or in part for
doughmaking, or it could be stored for about 48 hours, in a
stable condition, by cooling.'

Since the 1950's, the stable ferment process has been
subjected to a number of modifications and the resultant ferments
are varicusly referrad =5 as liquid sponges. liquid fermentcs,
preferments, brews or broths, and continucus mix.?®

Although many variations on the original list of ingredients
exigt, flour-free ferments are currently often made up of 82
percent water, and small amounts of sweeteners, yeast, salt, and
buffer salts to control the pH.? These ferments undergo



fermentation for 1 to 1.5 hours while being mildly agitated; the
mature ferment is used or cooled.®

In general, the time required for the proper fermentation of
liquid ferments depends primarily on the level of flour in the
ferment. Flour-free ferments, given an appropriate set
temperature, require about 1 hour of fermentation, whereas
ferments containing 40 percent flour need 2 to 2.5 hours to reach
the end point.?

Attempts to reduce the time recuired before the final proof
have taken two directions: (1) mechanical dough development
obtained by intensive high-speed mi»ing of dough for a short
time, and (2) chemical dough development in which the dough is
treated with appropriate reducing acents and oxidants and mixed
at conventional speeds. Both approzches, in effect, eliminate
the bulk fermentation stage that represents about 60 per cent of
the total time in the traditional breadmaking process.”® These
doughs are often called no-time douchs.

The elimination of bulk fermentation time by mechanical
dough development usually means that these doughs require an
increase in the yeast level of 0.5 to 1.0 percent and a decrease
of 1.0 to 2.0 percent in the amount of added sweeteners. The
production time from the start of mixing to the end of baking may
be reduced to less than 2 hours.?

Chemically developed doughs are generally referred to as
short-time doughs if they are subjected to bulk fermentation for
periods of 0.5 to 1 hour, and no-time doughs if they are taken
directly from the mixer to the divider with no more than 15
minutes of floor time.?® These doughs require an increase in the
yeast level cf 2.5 to 1.0 per cent and a decrease of 1.0 per cent
in the amocunt of added sweeteners. After an average fermentation
time of 30 minutes, the yeast slurry may be cooled or mixed as a
straight dough.” The production time from the start of mixing to
the end of baking may be reduced to less than 3 hours.®



Following fermentation, the dough préduced by any of the
above processes is divided, rounded and made up into pieces of
proper weight for intermediate proofing, moulding, final proofing
and baking. Dividing and rounding operations subject the dough
to considerable physical abuse.” The rounded dough balls are
given a brief rest period in an intermediate or overhead proofer.
Proofers are cabinet areas off the floor of the bakery which are
protected from drafts. The actual proof time in practice can
last anywhere from 30 seconds to 20 minutes, although it will
usually fall within a range of 4 to 12 minutes.® On leaving the
intermediate proofer, the dough pieces enter a moulder in which
they are shaped and moulded into a cylindrical loaf form and then
deposited in the baking pan.™

After the dough is deposited in the baking pan, it is ready
for final proofing in a proof box. Proof times in practice
generally fall within a range of 55 to 65 minutes. For the most
part, panned dough is proofed to volume or height rather than for
a fixed time.®

After final proofing, the dough is baked in an oven. Modern
ovens are generally designed to convey the baking loaf through a
series of zones in which it is exposed for definite time periocds
to-different temperature and humidity conditions. The first
stage of baking, at a temperature of about 240°C (400° F) lasts
about 6.5 minutes. The second and third stages of baking
together last some 13 minutes at a constant temperature of about
238° C (460° F). The final zone is maintained at a constant
temperature of 221 to 238° C (430 to 460° F) and the loaf baked
for about 6.5 minutes.®

While these temperatures and durations of the individual
baking phases are representative of conventional baking practice,
considerable deviations are encountered. Factors such as oven
design, weight or volume of product, crust character and color,
level of residual crumb moisture and cthers all have a bearing on



actual baking temperature and time. Product size in particular
is an important determinant of baking time.*

These are only the basic processes. Each bakery employs
variations of these basic processes to suit its production

equipment, which is further varied for each individual type of
product.

2.2.2 Equipment

2.2.2.1 Mixers. Various mixing devices are used to combine
the dough ingredients. These devices vent inside the bakery and
are sources of minimal volatile organic compound (VOC)
emissions.®

2.2.2.2 Fermentation Vessels. These are typically vats in
brew processes and tubs in sponge processes. The yeast
reproduces here if under aerobic conditions; it generates carbon
dioxide gas, liquid ethanol, and other products if under
anaerobic conditions. The rooms housing these vats are humid and
warm, and are designed to have minimal air changes.

2.2.2.3 Intermediate Proofers. Intermediate proofers are
used to relax dough pieces for 3 to 12 minutes’ after dividing
and rounding and before they are moulded into loaves.
Intermediate proofers are generally operated under ambient

conditions. The intermediate proof time is usually between 4 and
12 minutes.¥

2.2.2.4 Proof Boxes. Proof boxes are where some dcughs are
allowed to proof (rise) after being panned. The proof box is a
relatively large chamber, fabricated of well insulated panels and
equipped with temperature and humidity controls. The three basic
control factors in final proofing are temperature, humidity, and
time. 1In practice, temperatures within the range of 32 to 54° C
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(90 to 130° F) and relative humidities of 60 to 90 percent are
encountered, with proofing temperatures of 41 to 43° C (105 to
110° F) being most prevalent for bread doughs.® Under the
influence of the elevated temperature, the yeast activity in the
dough is accelerated and the loaves expand under the increasing
pressure of carbon dioxide produced by the yeast until its
thermal death in the oven.® Care is taken to minimize exhausts
from these rooms, thereby minimizing the cost of heating and
humidifying them. Although significant VOC concentrations have
been measured in proof boxes, the small flow of air through them
indicates small VOC emissions.®

2.2.2.5 Ovens. Large bakeries typically operate from one to
four ovens of varying sizes, each one suited to produce certain
types of breads, buns, rolls, and other bakery products. All
known ovens burn natural gas, although some are equipped to burn
propane as a standby fuel. Approximately 85 to 90 percent are

directly fired* by long ribbon burners across the width of the

oven. Indirectly fired ovens use gun burners and separate burner
and oven exhausts, allowing for the use of fuel such as
distillate o0il. Indirectly fired ovens tend to be found in areas
where natural gas is not available, and often are adapted for
higher heat input after natural gas becomes available by jetting
(drilling) the fire tubes. This modified oven is sometimes
referred to as a semi-indirect-fired oven.

Generally, large commercial bakeries operate one very large
oven for baking high-volume products such as white and wheat
breads. Most bakeries 21lso have cne or mere smallar ovens for
producing buns, reclls, and short-run specialty breads. There are
three basic configurations of large ovens:

* Tunnel Oven: Doughs are conveyed along the length of the
oven from the front entrance to the
rear exit. Generally, the oven has two or
more exhaust stacks (see Figure 2-1).
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Figure 2-1. Tunnel oven.
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® Lap Oven: Conveyor is "lapped" so that docughs are both
loaded and removed at the front of the oven,
after travelling the length of the oven and
back. Usually the oven has two or three
exhaust stacks (see Figure 2-2).

¢ Spiral Oven: Conveyor path is spiraled so that doughs
circle the oven latitudinally several times.
The oven requires only a single exhaust stack
(see Figure 2-3).

Ovens are often equipped with a purge stack for exhausting
residual gases in the oven prior to burner ignition. The damper
for this stack is normally closed prior to baking. Emissions
from these purge stacks should be very minor, and for the
purposes of control devices and permitting, they will presumably
be treated in the same way as other minor emission sources.

Many ovens are also equipped with comfort hoods on either
end. These devices collect air emissions from the oven that
might otherwise vent to the bakery interior. Comfort hoods that
rely on fans rather than on convection to exhaust emissions have
a greater potential for emissions.

When an oven is first installed, it takes approximately 2
weeks to adjust it* and balance the airflows before it is ready
for production. Turbulence in the exhaust airflow can cause
unstable or extinguished burner flames and non-uniform lateral
heat distribution throughout the zone. This may result in
uneven, improperly baked bread with poor texture, crumb
characteristics, and flavor, as well as other undesirable
characteristics.

Some bakeries have additional baking equipment for
producing such miscellanecus items as muffins, croutans. and
breadsticks. This equipment differs substantially from bread
ovens and was not within the scope of this document.

2.2.2.6 Cooling Boxes. After baking, bread is conveyed to
an area to cool. Cooling may take place either on a spiral




Comfort
Hood
Rear Exhaust
Exhaust

Purge
Stack

Front
Exhaust

Comfort
Hood
Exhaust

Trays In
Vg
Trays Out

Figure 2-2. Single-lap oven.
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conveyor or on a multi-tier looped conveyor suspended from the

ceiling. Cooling conveyors may or may not be enclosed.

2.2.2.7 Packaging. After cooling, the bread is packaged for
shipping. Some bread products are sliced before packaging.
These processes are highly mechanized.

2.2.3 Operating Parameters

The oven is separated into several temperature zones to
control the baking process. 1In the initial zones of the oven,
the loaf rises to its final volume (oven spring) and the yeast is
killed, halting the fermentation reactions. In the middle zones,
excess moisture and ethanol are driven off. In the final zones,
the crust is browned and the sides oil the loaf become firm enough
for slicing. The baking process is complete when the temperature
at the center of the loaf reaches approximately 90 to 94°C (194
to 201°F).%

The operator can adjust the oven temperature to compensate
for differences between batches and bread varieties based on
visual inspection and experience. The temperature in each zone
is controlled by adjusting the burner heat output with
temperature controllers and manually adjusting the exhaust
dampers. Constant temperature and lzminar flow of exhaust gases
must be maintained across the width cf the oven.

The entire baking process is very sensitive to upset. By
law, white pan bread must weigh the amount stated on the package
without exceeding 38 percent moisture.®

All equipment must be extrsmely reliable to maintain highn
bread quality while maintaining a tight, continuous production
schedule. For example, panned dough and bread are usually
transported from one process to another, such as from baking to
cooling, by mechanical conveyor belts. A conveyor shutdown may

cause the bread in the oven to remain too long in the oven and to



overheat. If the loaves about to go into the oven are delayed,
they may rise above the size that will fit in the bread bags.

Each process unit depends on the smooth operation of the
preceding unit, and a breakdown in one process may affect dough
not scheduled for baking for several hours. For example, even a
minor malfunction of the bag twist-tie machine can result in the
loss of dough in the proof box. This dough cannot be baked and
stored or stored at temperatures low enough to retard proofing
because there are rarely provisions for storage at any
intermediate stage in processing. One cost of installing control
equipment on a bakery oven is the loss of production time while
rebalancing the heat flow in the oven after installation of the
control equipment. ’

As bread is produced for human consumption, bakeries are
required by health and safety regulations to maintain strict
sanitary conditions. In addition to daily cleaning, most
bakeries are shut down for cleaning and maintenance one or two
days per week.

2.3 AIR EMISSIONS

The major pollutants emitted from bread baking are VOC
emissions, chiefly the ethanol produced as a by-product of the
leavening process, which are precursors to the formation of
ambient ozone. Under aerobic conditions, yeast uses sugars added
to the dough or converts starches in the dough to sugars for -
nutrients supporting the generation of new yeast cells. Oxygen
consumption during yeast reproduction produces an anaercbic
environment. Under anaerobic conditions, yeast ferments sugars,
creating carbon dioxide, ethanol, and other by-products by the
enzymatic conversion of sucrose to glucose to pyruvic acid to
acetaldehyde to ethanol. The yeast fermentation of 100 1lbs of
sugar (from either added sugar or sugar converted from starch by
the yeast) produces 49 1lbs ethancl, 47 lbs carbon dioxide, and 4

lbs of glycerol, organic acids, aldehydes, and various minor
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compounds.® These compounds are responsible for the

characteristic flavors and aromas of bread. The ethanol formed
in the dough is vaporized and emitted from the oven during the
end of the baking process when the internal crumb temperature
reaches the boiling point of ethancl. Emissions of criteria
pollutants arising from combustion (oxides of nitrogen, oxides of
sulfur, and carbon monoxide) are comparatively small from the
typically natural gas-fired ovens.

A few types of bread, such as corn bread and soda bread, are
chemically leavened with baking powder. An acid/base reaction
releases carbon dioxide, raising thes dough without ethanol
formation. However, since the tracs organic flavoring agents are
also not formed, the resulting bread products taste different
from conventional breads.

2.3.1 Emission Sources

The primary source of VOC emissions at a bakery is the oven.
Screening measurements taken at mixers, fermentation vessels,
comfort hoods, proof boxes, oven exhausts, cooling area exhausts,

and packaging areas suggest that greater than 90 percent of VOC
emissions are from the oven.®

2.3.2 Emission Stream Characteristics

Most studies of emissions from dough and bread have been to
investigate flavor constituents, rather than to evaluate air

pollution concerns.*#

Several studies, however, have been
conducted to characterize bakery air emissions. Thev are

described below.

2.3.2.1 Commercial Bakeries as 31 Ma-jor Source of Reactive
Volatile Organic Gases. This study, performed under an EPA
contract in 1977, represents the first attempt at estimating
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ethanol emissions.® Four loaves of bread were prepared,
fermented, and baked in a small electric oven under a tent to
capture emissions from each stage of the breadmaking process.
Emissions were measured at 0.5 lbs ethanol per 1000 1lbs bread for
the straight dough process and 5.6 lbs ethanol per 1000 lbs bread
for the sponge dough process. Over 90 percent of the ethanol was
emitted during the baking. Several other emission factors,
ranging from 5 to 8 1lbs ethanol per 1000 lbs bread, were also
calculated from various theoretical considerations for comparison
purposes.

The dough formulas used differed considerably from standard
industry recipes in both relative quantity and type of
ingredients used. Sweetener and yeast concentrations were both
relatively high, and a standard commercial baking grade of yeast
was not used to make the test loaves.

2.3.2.2 Bay Area Air Quality Management District (BAAQMD)
Study. This 1985-1986 study entailed source testing of bakery
ovens.® In its attempt to develop more realistic emission
factors, the BAAQMD performed at least one source test using
BAAQMD Method ST-32 on every bread, bun, and roll oven at each of
the seven large commercial bakeries within the Bay Area. A total
of 16 ovens were tested, with some tested several times under
different operating conditions. Source emission factors,
expressed in pounds of ethanol per thousand pounds of bread, were
calculated for each test performed. The results obtained ranged
from 0.3 to 7.0 lbs of ethanol per 1000 lbs of bread baked. The
reasons for this variation of ethanol emissions were noct
reported.

2.3.2.3 American Institute of Baking (AIB) Study. This 1987
study examined the ethanol emissions data collected by the

BAAQMD.’! The purpose of this study was to explain the wide

fluctuations in levels of ethanol measured during the BAAQMD
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survey and to look for correlations in the levels measured. The
AIB was requested to study the relationship between the test
results and process parameters that.may affect emissions. The
parameters studied included yeast and sweetener concentrations,
fermentation time, type of process (sponge dough vs. straight
dough vs. brew), type of product (white bread, buns, sourdough
bread, variety), and baking conditions (time and temperature). A
linear relationship was found between emissions (1lbs ethanol per
1000 lbs bread) and the product of the initial yeast
concentration and total fermentation and proof time. The dough
process type (sponge, straight, and liquid brew) also had a small
influence.

To confirm this relationship, 2IB derived a mathematical _
model based on the source test data. Using the formula developed
based on this model (see page 1-4), an ethanol emission factor
can be estimated for each variety of bread, and ethanol emissions
from an oven baking breads of the varieties for which the formula
is applicable can be quantified by multiplying the product mix by
the appropriate emission factors.

2.3.2.4 South Coast Air Quality Management District (SCAQMD)
Study. This 1988 survey was initiated by the SCAQMD's Rule
Development Office to quantify ethanol emissions and determine
the number, types, and characteristics of bakery ovens operating
in the District.’® The study was carried out using a
questionnaire designed by SCAQMD and distributed to bakery
operators by the newly formed Scuthern California Baker's Air
Quality Association. Information on bakery operations was
supplied by the major bakeries in the District. The quantity of
ethanci emissions reflectad in answers to the guestionnaire was
estimated by the bakery owners using the AIB formula. Results
from the questionnaire indicate that there were 24 major bakeries
operating 72 ovens in the District. Total bread production in

the District was 446,700 tons per year and total ethanol



emissions there were calculated as 4.1 tons per day. Average
emission rates were calculated as 2.5 lbs ethanol per 1000 lbs
bread produced.

The SCAQMD's Emissions Inventory Unit also attempted to
quantify ethanol emissions generated by bread bakeries. Based on
their report, the total VOC emissions from bakeries in the South
Coast Air Basin was 2442 tons per year or 9.4 tons per day.

2.3.2.5 Current Study. Because of increasing regulatory

concern for certain constituents emitted in small quantities
(such as acetaldehyde) from bakery oven exhausts and the need to
predict total VOC emissions (rather than just ethanol emissions)
from common baking parameters, emission data were gathered.
Sampling and analysis was performed using EPA Test Methods 18 (to
quantify total organic carbon) and 25A (to speciate the
constituents of the exhaust gas) at four typical bakeries on 18
different products with varying yeast concentrations and
fermentation times. Products sampled were selected to provide a
range of yeast concentrations and fermentation times similar to
the AIB study and representative of the baking industry. A
multiple step-wise linear regression was performed on the process
parameters and emission rates. The resulting data is summarized
in Appendix B, and indicates that total VOC from bakery ovens can
best be described as:

VOoC E.F. = 0.95Y; + 0.195t, - 0.51S - 0.86%t, + 1.90
where
VOC E.F. = pounds VOC per ton of baked bread
Y, = initial baker's percent of yeast to the nearest tenth

of a percent
t, = total yeast action time in hours to the nearest tenth

of an hour

S = final (spike) baker's percent of yeast to the nearest
tenth of a percent



t, = spiking time in hours to the nearest tenth of an
hour

Although it appears that by changing a bread formula and
increasing the amount of final yeast: (S), it would be possible to
obtain low or even a negative value for VOC emission estimates, a
product of high quality would not be produced.’® Where no final
yeast is added, the formula condenses to:

VOoC E.F. = 0.95Y; + 0.195¢; + 1.30

This predictive equation can be used for quantifying VOC
emissions from bakery ovens. A baker knows the yeast
concentrations and yeast action times for each variety baked.
Those values can be inserted into this equation and pounds of VOC
per ton of bread baked can be calculated. This number is
multiplied by the tons of bread baked during a given time period,
and the product 1is pounds of VOC emitted from the oven for that
particular product for the given tim= period (typically per
year). The following equation demonstrates this calculation:

VOC Emissions tons/yr = VOC E.F. x BP x k
where
VOC E.F. = lbs VOC emissions/ton of bread produced
BP = bread production in tons/yr
k = conversion constant (ton/20001b)

2.3.2.6 Other Studies. Numerous other studies of bread

emissions or constituents have been performed but are primarily
qualitative. These include Rothe,* Wiseblatt and Kohn,™
Hironaka,’® El-Samahy,” Makuljukow,® Markova,®® and others. These
works discuss the relative affects of baking parameters sucﬁ as
proof temperature and baking time on ratios of aldehydes to
alcohols and other similar relationships. While of interest in



efforts directed at narrowing the range of species for which to
analyze and minimize emissions through process modification,
these studies relate only slightly to the quantification and
control of total VOC emissions from bakery ovens.

2.4 SUMMARY OF CURRENT AIR EMISSION REGULATIONS

2.4.1 BAAOMD

BAAQMD in 1989 adopted Regulation 8 Rule 42 (Appendix D),
effective January 1, 1992, requiring 90 percent reduction of
ethanol emissions from large commercial bakeries. The regulation
exempts chemically leavened baked goods; miscellaneous baked
goods such as croutons, muffins, crackers, and breadsticks;
bakeries producing less than 100,000 lbs per day of bread,
averaged monthly; and ovens emitting less than 150 1lbs per day of
ethanol. Ovens operating before January 1, 1988, are exempt if
they emit no more than 250 lbs per day of ethanol. Emissions are

estimated using the AIB formula and measured using BAAQMD Method
ST-32.

2.4.2 SCAQMD

SCAQMD in 1990 adopted Rule 1153 -~ Commercial Bakery Ovens
regulating VOC emissions from bakery ovens with a rated heat
input capacity of 2 million BTU per hour or more (Appendix E).
The rule requires 95 percent reduction of VOC emissions by
July 1, 1992, from new ovens emitting nore than 30 lks per dav of
VOC, 95 percent reduction of VOC emissions by July 1, 1994, from
ovens operating before January 1, 1991, that emit 100 or mores lbs
of VOC per day, and 70 percent reduction of VOC emissions by July
1, 1993, from ovens operating before January 1, 1991, that emit
between 50 and 100 1lbs VOC per day. Emissions are estimated
using the AIB formula and measured using EPA Test Method 25, or
SCAQMD Test Methed 25.1.



2.4.3 New Jersey

The State of New Jersey regula:es VOC emissions from
bakeries according to the New Jersey Administrative Code Title 7
Chapter 27 Subchapter 16.6 "Source Operations other than Storage
Tanks, Transfers, Open Top Tanks, Surface Cleaners, Surface
Coaters and Graphic Arts Operations." This rule limits VOC
emissions to between 3.5 and 15 lbs per hr. Emissions estimates
and measurement are by approved methods.

2.4.4 Other Areas

Several other State and local agencies regulate one or more
of the constituents of bakery oven emissions under a general
approach such as the regulation of hazardous air pollutants. 1In
the State of Washington, The Puget Sound Air Pollution Control
Agency limits ethanol emissions to levels that will not cause
ambient concentrations greater than 6000 ug/m’.® Compliance
determination is by ambient modeling. The State of North

Carolina limits acetaldehyde emissions to levels that will not
' cause ambient concentrations greater than 27 mg/m*.%! This type
of standard is not known to have been used to require emission
reductions by a control device at a akery.

2.4.5 Prevention of Significant Dete:rigration

Areas in attainment with National Ambient Air Quality
Standards (NAAQS) and subject to prevwention of significant
detarioration (PSD) regulaticns =ypically evaluate significant
increases in emissions of VOC from a modification to an existing
bakery or a new kakery (to the extent that either is considered a
major PSD source, i.e., 250 tons per year) by using either the

AIB formula or a source test generated at a similar facility.



Under PSD, the level of significance is a 40 tons per year (tpy)
increase.

2.4.6 New Source Review

Areas in nonattainment with ozone NAAQS and subject to new
source review (NSR) regulations typically evaluate increased
emissions of VOC from a significant modification to an existing
bakery or a new bakery by using either the AIB formula or a
source test generated at a similar facility. Under NSR, the
level of significance is a 40 tpy increase in areas classified acs
marginal or moderate. Modifications in areas classified as
serious, severe, or extreme are subject to more stringent levels
for determining a significant emissions increase. While not the
subject of this document, the EPA is developing guidance as to
how this review will be implemented. The major source cutoff for
new sources ranges from 100 tons per year in an area classified
as marginal ozone nonattainment to 10 tons per year in an area
classified as extreme ozone nonattainment. Several bakeries,
including an existing bakery in Atlanta, GA, and a new bakery in
Denver, PA, have been required to install VOC emission control
devices as a result of NSR regulations.

2.4.7 Monitoring and Enforceability

Careful record-keeping by any source of air emissicons is
essential to the determination of compliance for that source.
This is particularly true of VOC sources since the ozcne standard
related to VOC emissions is of short duration compared to other
criteria pollutants. Continuocus emission monitoring (CEM) is one
method used to record emission rates. However, other
alternatives are available that‘may be less burdensome. These
include but are not limited to permit limits based on verifiable

quantities, temperature increase across catalysts, hot wire



thermistors, and various flow-based alternatives to classical
CEM.
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3.0 VOC EMISSION CONTROL DEVICES

Control technologies such as thermal oxidation, catalytic
oxidation, carbon adsorption, scrubbing, condensation,
biofiltration, and process changes were considered for reducing
VOC emissions from commercial bakery ovens. Devices under
development or not demonstrated were not considered, although
some show promise for the future.

This chapter describes emission control techniques
potentially applicable to VOC from bakeries and identifies the
control techniques to be evaluated in Chapter 4.0. These control
techniques are grouped into two broad categories: combustion

control devices and noncombustion control devices.
3.1 COMBUSTION CONTROL DEVICES

3.1.1 Direct Flame Thermal Oxidation

3.1.1.1 Control Description. Direct flame thermal

oxidation, also called thermal oxidation, is the process of
burning organic vapors in a separate combustion chamber. One
type of thermal oxidizer consists of a refractory-lined chamber
containing one or more discrete burners that premix the organic
vapor gas stream with the combustion air and any required
supplemental fuel. A second type of oxidizer uses a plate-type
burner firing natural gas to produce a flame zone through which
the organic vapor gas stream passes. Supplemental fuel,
generally natural gas, may be added to the bakery oven exhaust to
make the mixture combustible if the oven exhaust has a heating
value of less than 1.9 MJ/m’ (50 Btu/ft’),! as is usually the case

in bakery ovens. Supplemental fuel consumption can be minimized



by installing a heat exchanger to recover heat from the exhaust
gas to preheat the incoming gas.

Thermal oxidizer exhaust gas is mainly carbon dioxide and
water. Good design and operation limit unburned hydrocarbons and
carbon monoxide emissions to very low levels. These design
considerations include residence time, temperature, and
turbulence in the oxidizer chamber.

3.1.1.2 Effectiveness and Applicability of Thermal Oxidation
to Bakery Ovens. Oxidizers are mosit: effective at controlling
exhaust streams with relatively high concentrations of organics.
When the oxidizer temperature is maintained at 870 °C (1600 °F)
and a residence time of 0.75 seconds;, over 98 percent of the
unhalogenated organic compounds in the waste stream can be
converted to carbon dioxide and water.?® Although vOC
concentrations in bakery exhaust car. fluctuate, a thermal
oxidizer can be designed to achieve reduction efficiency greater
than 98 percent.’ _

Although effective at VOC removal, the high cost of
supplemental fuel for thermal oxidizers usually makes some form
of heat recovery desirable in applications having gas exhaust
with heating values similar to bakery ovens. Thermal oxidation
is a technically feasible but relatively expensive technique for
the control of VOC emissions from bakery ovens and was not
evaluated in Chapter 4.

3.1.2 Regenerative Oxidation

3.1.2.1 Contxrol Descripticon. Regenerative thermal oxidaticn
is a variant of thermal oxidation (see Figure 3-1). The inlet
gas first passes through a hot ceram..c Ted thersby heating the
stream (and cooling the bed) to its ignition temperature. If the
desired temperature is not attainable, a small amount of

auxiliary fuel is added in the combustion chamber. The hot gases
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then react (releasing enerqgy) in thre combustion chamber and while
passing through another ceramic bed,-thereby heating it to the
combustion chamber outlet temperature. The process flows are
then switched, now feeding the inlet stream to the hot bed. This
cyclic process affords very high energy recovery (up to 95%).

Regenerative thermal oxidizers are available with either
single or multiple beds. When a single bed is employed, the bed
is used both as a combustion chamber and a regenerative heat-
recovery exchanger. Combustion of the air pollutant occurs in
the midsection of the single cerami: bed. When the multiple beds
are used, the combustion chamber is separate from the heat
transfer beds and is equipped with a burner to provide
supplemental heat when needed.

3.1.2.2 Effectiveness and Appl:.cability of Regenerative
Oxidizers to Bakery Ovens. VOC reduction efficiencies greater

than 98 percent are achievable.? Regenerative oxidizers are a

feasible control technique for control of VOC from bakery ovens,
and one is installed at a bakery in the United States. The cost

effectiveness of a regenerative oxicizer is evaluated in Chapter
4.

3.1.3 Catalytic Oxidation

3.1.3.1 Control Description. A catalytic oxidizer is

similar to a thermal oxidizer except that combusticn of the
exhaust gas takes place in the presence of a catalyst (see Figure
3-2). This allows the oxidizer to be operated at lower
temperatures, ranging from 320 to 633°C (500 to 1200 °%),°
conseguently reducing NO, formation, supplemental fuel
consumption, and associated operatingy costs. Temperatures below
this range slow the oxidation reactions resulting in lower
destruction efficiencies. Temperatures above this range can

cause premature catalyst failure. Where catalytic oxidation cf
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vapor streams with a high organic content can produce
tamperatures acove 650 °C (1200 °F), catalytic oxidizers can be
suitable after dilution of those streams with fresh air.
Catalysts are typically composed of a porous inert substrate
plated with metal alloy containing platinum, palladium, copper,
chromium, or cobalt, and require an extremely clean exhaust
stream. In early bakery applications, there was some concern
that trace compounds and fine particulates may foul the catalyst,
reducing the efficiency. However, a catalytic oxidizer installed
in 1987 on a large bakery oven in the Bay Area has been running
trouble-free for five years.! Although no test results are
available at this time, advances in catalyst technology may
eliminate the need for a preburner, thereby lowering costs. At

least one bakery is currently evaluating such a system.!!

3.1.3.2 Effectiveness and Applicability of Catalvtic
Oxidizers to Bakery Ovens. VOC reduction efficiencies greater
than 98 percent are achievable.!? (atalytic oxidation is

considered to be technically and economically feasible. Of the
23 known existing oxidizers on bakery ovens, 21 are of a
catalytic design."

3.2 NONCOMBUSTION CONTRCL DEVICES
3.2.1 Carbon Adsorption.

3.2.1.1 control Description. A carbon adsorption unit
consists of one or more beds of activated carbon, which adsorb
organic compounds from the exhaust stream. The organic vapors
adhere to the large surrace area and when the bed becomes
saturated, steam is passed through it to regenerate the carbon.
The steam/organic vapor mix 1is then condensed and either sent for

disposal or distilled to recover the organic compounds.



3.2.1.2 Effectiveness and Applicability of Carbon Adsorption
to Bakery Ovens. Carbon adsorption is very effective in removing
low concentrations of VOC, with efficiencies greater than 95
percent. However, there are several problems with adapting this
technology to a bakery oven. Ethanol, the primary organic gas in
oven exhaust, has a high affinity for carbon and is difficult to
strip from the carbon beds. Incomplete stripping lowers bed
capacity and reduces abatement efficiency. Fats and oils in the
exhaust may clog the carbon pores, reducing capacity and bed
life. The resulting ethanol/water mixture would require further
treatment and disposal. Because of these problems, carbon
adsorption is not considered for reduction of VOC emissions from
bakery ovens.

3.2.2 Scrubbing

3.2.2.1 Control Description. Scrubbing is the absorption of
gaseous pollutants by liquid. In a packed tower scrubber, a fine
water mist is sprayed countercurrent to the exhaust flow in the
presence of packing material with a large surface area to
maximize liquid/gas mixing. Soluble organic compounds are
absorbed by the water and the water/organics mixture is either

treated for recovery of the organics or sent for disposal.

3.2.2.2 Effectiveness and Applicability of Scrubbing +c

Bakery Ovens. Since ethanol is readily soluble in water,

scrubbers are technically feasible as a control device for VOC
removal in some applications. Substantial gquantities of water
would be required to handle the exhaust gas from bakery ovens
that would either present a massive wastewater disposal problem
or require the installation of large-~scale wastewater treatment
that does not simply release the ethanol to the ambient air or
cause other cross-media emissions transfer, or ethanol recovery

equipment. Due to the high costs of wastewater treatment and
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ethanol recovery, scrubbing is not considered feasible as a
technique for VOC reduction from bakery ovens.

3.2.3 Condensation

3.2.3.1 Control Description. Condensation is the process by
which pollutants are removed by cocling the gases below the dew
point of the contaminants, causing them to condense. Two types
of condensation devices are surface condensers and contact
condensers.

Surface condensers are generally of a shell-and-tube design
in which the coolant (usually water) and vapor phases are
separated by the tube wall and do not contact each other.

Contact condensers cool vapors by spraying a relatively cold
liquid into the gas stream. They are generally more efficient,
inexpensive, and flexible than surface condensers, but typically
produce large amounts of wastewater if the condensate cannot be
recycled, and therefore, are not considered appropriate for
bakeries.

3.2.3.2 Effectiveness and Appl:cability of Condensation to
Bakery Ovens. Condensing the VOC gas stream emitted by baking
would require freon-chilled coils to cool a very wet gas stream
from 120 to 10 °C (250 to S50 °F). Water would freeze on the
coils, insulating them, thereby reducing the abatement efficiency
of the system. Fats and oils would condense more readily,
exacerbating any potential sanitaticn problems in the ductwork.
However, the rasulting condensed liquid would present a disposal
problem. Condensars are usually asscclatesd wvith airflows less
than 2,000 ft’/min,"” and most older ovens are operated at
substantially higher airflows. Condensation is nct ccnsidered a
technically feasible option for controlling VOC emissions from
bakeries because most ovens are operated at an airflow higher

than desirable for condensers, the cost of refrigeration is high,



the value of the VOC recovered is low, and the potential for
wastewater disposal problem is high. Condensers have been not
been demonstrated to be effective VOC control devices on bakery

ovens.
3.2.4 Biofiltration
3.2.4.1 Control Description. Biofilters are a relatively

new, unproven technology, used in Europe for odor control and in

the United States on processes (such as yeast production) which

discharge gases at near ambient temperature.!® The exhaust stream
is passed through a bed of soil, which absorbs the organic
compounds. Microorganisms naturally present in the soil break
down the organics into carbon -dioxide and water. The beds must
be monitored and kept damp to prevent cracking or insult to the
microorganisms. This system appears to have several advantages
not offered by other control options. The capital costs are low
enough to permit the installation of separate beds for each stack
of‘a multi-stack oven. This avoids any flow-balance problems and
minimizes the expense of additional ducting. Annual operating
expenses are minimal, and include minor bed maintenance and
electricity for the exhaust fan only.

3.2.4.2 Effectiveness and Applicability of Biofiltration to

Bakery Ovens. Because the gas stream temperature from a bakery

oven is higher than the temperature which soil microorganisms can
tolerate, biofiltration has not been demonstrated o be a
feasible ccntrol tachnigque for sakery ovens. 3Iven 1 this
temperature problem were sclved by cooling the gas stream (by
scrubbing, for example), the wastewater and fats condensation
problems associated with most cooling strategies are significant,
and sufficient space for these soil beds is unavailable at many
bakeries in the United States. The effectiveness of

biofiltration as a technique for VOC reduction from bakery ovens
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is not known. Therefore, biofiltration is not considered in
Chapter 4.

3.2.5 Process and Formulation Changes

3.2.5.1 Control Description. The AIB study demonstrated
that shorter fermentation and lower yeast percentages do reduce
the amount of ethanol emitted. Howaver, these changes also
affect the taste, texture, and quality of the finished product.
It is not known if comparable products can be produced using low-
ethanol formulations.

By substituting chemical leavening (baking powder) for the
yeast, bakers can produce bread yithout any ethanol formation or -
emissions. Examples of such breads include corn bread and Irish
soda bread. However, by eliminating the fermentation reactions,
the chemical leavening process also prevents formation of the
various agents responsible for the flavors and aromas of
conventional yeast-leavened bread. Chemically leavened breads
have their own distinct flavor which may not be acceptable to
consumers as a Substitute.

Much research has been done to find ways to enhance the
flavor of bread prepared with short fermentation time,” but none
has been successful."® A major yeast manufacturer is currently
testing an additive intended to shorten fermentation time and
thereby lower VOC emissions,' but iritial tests have not provided
consistently acceptable products.?®

3.2.5.2 Effectiveness and Applicability of Process and
Formulation Changes %2 Rakerv Ovens. Prccess and formulation

changes can be effective in reducing or nearly eliminating VoOC
emissions from bakery ovens. However, no modified yeast,
édditive, or enzyme that lowers VOC emissions has been
demonstrated to provide taste acceptable to the baking industry
and consumers in the United States. Although future prospects



are promising, process and formulation changes are not currently
feasible as a means of substantially reducing bakery VOC

emissions.
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4.0 IMPACT ANALYSIS OF ALTERNATIVE CONTROL TECHNIQUES

This chapter presents the cost effectiveness of various
control strategies based on a set of model baking lines. This
approach identifies a range of oven sizes and dough formulas
typical for the industry and derives VOC emissions and the
resulting costs of control for an oven. Of the control methods
described in Chapter 3.0, oxidation is the most feasible and
widely used, and the control devices selected for cost analysis
are catalytic and regenerative oxidizers. The cost analysis was
performed using the OAQPS Control Cost Manual, Fourth Edition.'!
Example calculations are in Appendix C.

Because the parameters affecting bakery oven emissions vary,
a range of parameters such as yeast concentration, proofing time,
oven heat input, and air flow were used, and the resulting values
for cost per ton of VOC removed and oven heat input and air flow
are displayed as summary graphs.

4.1 MODEL OVENS AND VOC EMISSIONS

Due to the number of bakery ovens and wide variation in
process parameters affecting emissions, models were used to
represent typical baking lines. The models are not intended to
represent all bakeries, nor any specific bakery, but rather to
summarize the range of process parameters encountered at
commercial bakeries in current overation. Nine diffsrent size
ovens and three different dough formulas were used in the
modeling. This approach provides 27 different representative
model baking lines for analysis (see Table 4-1). The parameters
chosen are optimized in some respects and may not reflect the
mode of operation of some bakeries. For instance, many bakeries

do not operate 24 hours per day, their schedule being driven by



TABLE 4-1. MODEi. OVENS

Bread

Imtial

Spike Y /wction Spike VOC Enussions voc
Case Oven Size Production Yeast Yeast Time Tine Factor Emussions
No. 1¢° BTUAr (tonsim)" 9) () (1) (ts) (Ibs/ton) (tonsivr)

I 2 5.769 225 0 163 0 44 13
2 3 8,654 225 0 163 0 44 19
3 4 11,538 225 Q 163 0 44 25
4 s 14,423 225 "} 163 0 44 32
s 6 17,308 2.25 Q 163 Q 44 38
[ 7 20,192 228 0 163 0 44 44
7 3 23,077 225 0 163 0 44 51

3 9 25,962 225 0 1.63 0 44 57
9 10 28,846 225 0 1.63 0 44 63
10 2 5,769 4 as 5.57 1.33 54 16
1" 3 8,654 4 0.5 5.57 1.38 54 23
12 4 11,538 4 05 5.57 138 5.4 3

13 5 14423 4 05 5.57 1.38 54 39
14 6 17.308 4 0.5 5.57 1.38 54 47
15 7 20,192 4 0S5 5457 1.383 54 ss
16 8 23,077 4 0.5 547 1.33 54 62
17 9 25,962 4 0.5 507 1.38 5.4 70
18 10 28,846 4 0.5 507 1.33 54 78

19 2 5,769 425 0 5.5 0 69 20
20 - 3 8,654 425 0 515 0 69 30
21 4 11,538 425 0 5.15 0 6.9 40
22 s 14,423 425 0 5.15 0 6.9 50
3 6 17,308 425 i) 515 Q 6.9 80

24 7 20,192 425 0 5.15 0 6.9 70
25 3 paXizgs 425 0 5.15 0 6.9 80
26 9 25,962 425 0 515 0 69 90
27 10 23.346 425 0 515 9 59 100

* Aznmmes 520 BTU.tb bread and 6000 hr/yr oroduction

® Enmussions calculated from predictive formula



orders, holidays, and seasonal variations. In the case of
bakeries operating less than 24 hours per day, the decrease in
hours means a decrease in emissions, but since the control device
need not be operated when the oven is not baking, fuel and other
operating costs are also reduced. Selection of the bakery
process parameters is discussed below.

4.1.1 VOC Emission Factors

In the absence of specific source tests, the emission of
VOC's from bakery ovens is best described by a formula relating
yeast concentration and total yeast action times (mixing,
proofing, floor, and fermentation times) to VOC emissions as
described in Chapter 2.0. According to this study and the AIB
study on bakery oven ethanol emissions,? parameters such as dough
type (sponge, straight, brew), sugar concentration in the dough,
oven type, and bread type do not appreciably affect VOC
emissions. In this study four bakeries were tested. The
bakeries were chosen to test a wide variety of products
indicative of the range in the industry. 1In this model, values
for initial yeast (Y;), total yeast action time (t,), final yeast
(S), and spiking time (t,) that are known to result in a
marketable product were chosen. These values reflect the range
of values found in the dough formulas that were tested in this

study and, therefore, represent a reasonable range of the
industry.

4.1.2 Qven Tvroe and Number =f Stacks

Model ovens were assumed to be directly fired by natural gas
and have only one stack. Because indirectly fired ovens make up
a small portion of the known ovens, they are not considered.
Since the products of combustion would presumably not enter the

control device in indirectly fired ovens, the flow rate to the



control device for indirectly fired ovens would be lower and the
control device may be smaller, lowering control costs. Oven
design (spiral, tunnel, tray) is not thought to affect emission
levels.?

Because adjustments to exhaust stack dampers in a multi-
stack oven will change the air flow distribution and, therefore,
the distribution of emissions from individual stacks, the need to
treat the exhaust from one or more stacks must be examined on a
case-by-case basis.? Such a site-specific engineering analysis
is beyond the scope of this document. The analysis in this
chapter assumes that each control technology would require an
exhaust system ducting sufficient stacks in multi-stack ovens
through a single plenum to a control device, in order to achieve
the required level of emission reduction. An estimate for the
increased capital cost of additional stacks is $40,000 per
stack.®

4.1.3 Oven Heat Input

Oven heat inputs from 2 to 10 MBtu/hr were selected in
increments of 1 MBtu/hr. This is representative of the range of
heat inputs for commercial bakery ovens. This analysis assumes a
linear relationship between heat input, oven airflow, and bread
production, and uses heat input as the independent variable;
however, the physical quantity actually most affecting control
device cost is airflow.

4.1.4 Oven Operating Time

All ovens were assumed to operate 24 hours per day, five
days a week (6000 hours per year) and reprasents common practice
in the commercial baking industry.



4.1.5 Control Devices

Of the approximately 23 ovens currently controlled, 21 use
catalytic oxidizers, one uses a thermal oxidizer, and one uses a

7

regenerative oxidizer.’ Cost effectiveness analyses were

generated for catalytic and regenerative oxidizers.

4.1.6 Flow Rates

Flow rates are estimated by the same mathematical model used
by the SCAQMD.® Flow rates are calculated as a function of heat
input. Assuming 7.37 1lb air used in combusting 10,000 Btu of
natural gas, 110 percent theoretical air as supplied, 0.0808 1lb
air per cubic feet,’ and adding the resulting value to the 10
percent moisture!® potentially evaporated from the white bread
dough, flow rates can be calculated."! The percent moisture losé
will vary for other products. The values so derived were doubled

to compensate for the increase in temperature and moisture.!

4.1.7 Bread Production

Bread production is assumed to be a linear function of heat

input. The common design value of 520 Btu per pound of bread is
used”® (see Table 4-1).

4.1.8 Destruction Efficiency

A destruction efficiency of 928 per cent is assumed,
consistent with EPA policy.”™ The EPA policy maintains that 98
percent destruction efficiency is reasonable for oxidation based
on the results of emission tests at incinerators in several
industries. Certain existing control devices may have been
designed for a lower control efficiency, such as 95 per cent.
State or local agencies considering control of bakery VOC

4-5



emissions should consider allowing facilities to continue to use

these devices rather than requiring immediate replacement.
4.2 COSTING METHODOLOGY GENERAL ASSUMPTIONS

The following assumptions were made in estimating control
costs:

¢ All costs are presented in 1991 dollars;

¢ The factor method used is nominally accurate to within
+ 30 per cent;

® The site is readily accessible by rail or road;

® Control devices are dedicated to single ovens (one
oxidizer per oven);

® Costs of combining multiple istacks are not included;

¢ There 1is no salvage value for the used control egquipment
at the end of its service li‘fe;

® No site preparation or civil engineering cost other than
the amount allowed by the OA(QPS Control Cost Manual is
included (site-specific costs such as roof reinforcement
is not included); and

e Utilities are available at the site.

4.3 COST ANALYSIS

Tables 4-2a and 4-2b summarize the parameters, total capital
investment, utility costs, and total annual cost used in the cost

analyses for catalytic and regenerative oxidization.

4.4 COST EFFECTIVENESS

Tables 4-3a and 4-3b summarize the cost-effectiveness of
catalytic and regenerative oxidation as control technologies for
bakeries. As reflected in the tables, the tachnolecgizs beczme
more cost-effective as the size of the oven increases. The cost
of control decreases per ton of VOC removed and per pound of
bread produced as the oven size (and therefore, production
capacity) increases.

Figures 4-1 and 4-2 graphically summarize the relative cost-
effectiveness of catalytic and regenerative oxidation. The
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TABLE 4-2a. COST OF CATALYTIC OXIDATION®

Total Capital Total
Case Investment Natural Gas Usage Electricity Usage Annual Cost
No. &) (scfm) ($4T) &WhAr)  ($Ar) (&209)
1 $84,000 1.5 §1,.800 11,000 §700 $36,000
2 $106,000 23 $2,700 16,500 $1,000 $42,000
3 $124,000 3.0 $3,600 22,000 $1,300 $47,000
4 $140,000 3.8  $4,500 27,600 $1,600 $52,000
5 $155,000 46 $5,400 33,100 $2,000 $56,000
6 $169,000 53 $6,300 38,600 $2,300 $60,000
7 $182,000 6.1  $7.200 44,100 $2,600 365,000
8 $194,000 6.8 $8,100 49,600 $2,900 $68,000
5 $206,000 7.6  $9,000 55,100 $3,300 $72,000
10 $84,000 1.2 §1,400 11,000 $700 £36,000
11 $106,000 1.8 $2,100 16,500 $1,000 $41,000
12 $124,000 23 $2,800 22,000 $1,300 $46,000
13 $140,000 29  $3,500 27,500 $1,600 $51,000
14 $155,000 3.5 $4.200 33,100 $2,000 855,000
15 $169,000 4.1  $4,900 38,600 $2,300 $£59,000
16 $182,000 47  $5,600 44,100 32,600 $63,000
17 $194,000 S3 36,300 49,600 $2,900 367,000
18 $206,000 5.9 $7,000 55,100 83,300 $70,000
19 $84,000 0.7 $800 11,000  $600 $35,000
20 $106,000 0.9 $1,100 16,500 $1,000 $40,000
21 $124,000 1.2 31,500 22,000 31,300 $45,000
22 $140,000 1.5  $1,800 27,500 $1,600 $49,000
23 $155,000 1.9  $2,200 33,000 $§1,900 $53,000
24 $169,000 22 32,600 38,500 $2,300 $57,000
25 $182.000 2.5 82,900 44000 $2.,500 $60.000
2 $194,000 23 33300 49,500 $2,900 $64,000
27 $205.000 3.1 83,700 55,000 $3.200 $67,000
a

Costs in thus table are in 1988 Joilars. Tctal Capital [nvestment can be muitiplied by (.06 to reflect 1992 doilars.

For updating Total Annual Costs, current utility rates should be verified with utility companies and the appropriate
correction applied. The additional cost for more than one stack has NOT been used in this calculation. Although

this cost would be based on oven size and other site-specific characteristics, an increase m capital cost of 340,000

per stack can be used. This would translate to an annual cost of $40,000 multiplied by a cavital recovery factor (CRF)

of 0.1628 and would equal $6,512.C0.



TABLE 4-2b. COST OF REGENERATIVE OXIDATION?

Total Capital Total
Case Investment Natural Gas Usage Electricity Usage Annual Cost
No. ) (scfm)  ($hm) (WD ($iyo) (ShT)

1 3197,000 44 35,200 10,000 §600 $72,000
2 3218,000 6.6 37,800 15,100 3900 374,000
3 3234,000 8.7 $10,400 20,100 31,200 385,000
4 $248,000 10.9 313,000 25,100 31,500 391,000
5 $259,000 13.1 315,600 30,100 31,800 . §96,000
6 $270,000 15.3 318,200 35,100 32,100 $101,000
7 3279,000 17.5 320,700 40,200 32,400 3106,000
8 3287,000 19.7 $23,300 45,200 $2,700 $110,000
9 3295,000 218 325,900 50,200 33,000 3115,000
10 $197,000 4.0 34,800 10,000 3600 $71,000
11 $218,000 6.0 §7,200 15,100 3500 378,000
12 $234,000 8.0 39,500 20,100 31,200 384,000
13 3248,000 10.0 310,300 25,100 31,500 390,000
14 $259,000 12.1 314,300 30,100 $1,300 395,000
15 $269,000 14.1 $16,700 35,100 32,100 $99,000
16 $279,000 16.1 $19,100 40,100 32,400 $104,000
17 $287,000 18.1 321,500 45,200 $2,700 3108,000
18 $295,000 20.1 323,900 50,200 33,000 3113,000
19 $197,000 3.5 34,100 10,000 3600 371,000
20 3218,000 4.4 36,200 15,000 3900 $77,000
21 $234,000 6.9 $8,200 20,000 $1,200 $83,000
22 3248,000 3.6 $10,300 25,000 31,500 388,000
23 $259,000 10.4 $12,300 30,100 $1,300 $93,000
24 $269,000 12.1 $14,400 35,100 32,100 $97,000
25 $279,000 13.8 316,400 40,100 $2,400 $101,000
26 3287,500 155 $18,500 45,100 32,700 $105,000
27 $295,000 17.3 320,500 50,100 33,000 $109,000

* Costs 1n this tadie are 1n 1988 dollars. Total Capital nvesiment can be muitiplied by 1.06 to reflect 1992
dollars. For updating Total Annual Costs, current utility rates should be verified with utility companies
and the appropriate correction applied. The additional cost for more than one stack has NOT been
used in this calculation. Although this cost would be basei on oven size and other site-specific
charactenistics, an increase in capital cost of $40,000 per stick can be used. This would translate to an
annual cost of 340,000 multipiied by a capital recovery factor (CRF) of 0.1628 and wouid equal $6,512.00.
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TABLE 4-3a. CbST EFFECTIVENESS OF CATALYTIC OXIDATION AT BAKERY OVENS

Case VOC Emissions VOC Reductions Bread Production Cost Effectiveness
No. (tons/yr) * (tons/year) (Ib/yr) ($/ton VOC) ($/1b bread)
1 13 12 11,538,000 $2,945 0.0031
2 19 18 17,308,000 $2,274 0.0024
3 25 2s 23,076,000 $1.913 0.0020
4 ) 32 31 28,846,000 $1,684 0.0011
5 38 37 34,616,000 $1.524 0.0016
6 44 43 40,384,000 $1,404 0.0015
7 S1 49 46,154,000 $1.311 0.0014
8 57 55 51,924,000 $1,236 0.0013
9 63 62 57,692,000 $1,173 . 0.0013
®
10 18" 15 11,538,000 52,364 0.0031
11 s 23 17,308,000 $1,819 0.0024
12 31 30 23,076,000 $1,526 0.0020
13 39 38 : 28,846,000 $1,340 0.0018
14 47 45 34,616,000 $1210 0.0016
15 55 53 40,384,000 $1,113 0.0015
16 62 61 46,154,000 $1,037 0.0014
17 70 63 51,924,000 ‘ $976 0.0013
18 78 76 57,692,000 $925 0.0012
19 20 20 11,538,000 $1,797 0.0031
20 30 29 17,308,000 $1,372 0.0023
21 40 39 23,076,000 51,145 00019
2 50 49 28,846,000 $1,001 0.0017
23 60 59 34,616,000 $901 0.0015
24 70 69 40,384,000 5825 0.0014
25 80 79 46,154,000 §767 00013
26 90 . 38 £1.924 200 723 2.0012
27 100 98 57.692.000 $681 0.0012

a3 . -
Emissions calculated from predictive formula.
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TABLE 4-3b. COST EFFECTIVENESS OF REGENERATIVE OXIDATION AT BAKERY OVE

Case VOC Emissions VOC Reductions Bread Cost Effectiveness
No. (tons/yr) * (tons/vear) (Prod. Ib/yr) ($/ton VOC)  (S$/1b bread)
1 13 12 11,538,000 $5,831 0.0062
2 19 18 17,308,000 $4,186 0.0045
3 25 25 23,076,000 $3,457 0.0037
4 32 31 28,846,000 $2,949 0.0031
5 38 37 34,616,000 $2,599 0.0028
6 44 43 40,384,000 $2,342 0.0025
7 51 49 46,154,000 $2,146 0.0023
8 57 55 51,924,000 $1,990 0.0021
9 64 62 57,692,000 $1,863 0.0020
10 16 15 11,538,000 $4,707 0.0062
11 23 23 17,308,000 $3,444 0.0045
12 31 30 23,076,000 $2,780 0.0037
13 39 38 28,846,000 $2,367 0.0031
14 47 45 34,616,000 $2,083 0.0027
15 55 53 40,384,000 $1,875 0.0025
16 62 61 46,154,000 $1,715 0.0023
17 70 68 51,924,000 $1,589 0.0021
18 78 76 57,692,000 $1,486 0.0020
19 20 20 11,538,000 $3.602 0.0061
20 30 29 17,308,000 $2.527 0.0045
21 40 39 23,076,000 $2,113 0.0036
22 50 49 28,846,000 $1,794 0.0031
23 60 59 34,616,000 33575 12.0027
24 70 69 40,384,000 $1,414 0.0024
25 80 79 46,154,000 $1,291 0.0022
26 90 88 51,924,000 $1,193 0.0020
27 100 98 57.692.000 $1.114 0.0019

a . v -
Emissions calculated from predictive formula
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minimum, average, and maximum cost per ton of VOC removed is
labeled on each graph. These cost-effectiveness curves can be
used to evaluate the cost of VOC removal for an individual oven.

Because it is rare that an oven is dedicated exclusively to
the baking of one product, the VOC emissions for each product
typically baked in an individual oven must be estimated. These
individual product estimates are multiplied by their annual
production tonnage and then summed to reflect actual total
emissions from the oven. This sum should then be divided by the
sum of the individual annual production tonnages. This quotient
is in pounds of VOC emissions per ton of bread. For example:

(4.4 1b/ton) (1000 tons/year)
(5.4 1lb/ton) (2000 tons/year) .
(7.0 lb/ton) (5000 tons/vear)

4400 1b/yr
10800 1lb/yr
35000 1b/yr
(8000 tons/year) 50200 lb/yr = 25 tons/yr

(50200 1lb/yr) /(8000 tons/yr) = 6.3 1lb/ton
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Table A-3. Plants By Bakery Type, Region and State"

Cookie &
Region wh Grocgry Multi-U.nit Cracker/
olesale Chain Retail Frozen Food Total
NORTHEAST . |
Connecticut 26 0 38
Dist. of 6 2 0 S
Columbia
Maine 17 0 0 1 18
Massachusetts 54 12 17 85
New 7 0 1 1 9
Hampshire
New Jersey 80 0 8 30 118
New York 169 1 19 29 218
Pennsylvania 123 1 16 36 176
Rhode Island 12 0 0 1 13
Vermont 5 0 0 2 7
Total 499 5 63 7124 697 |
|
MIDWEST
lllinois 91 3 16 30 140
Indiana 31 3 4 18 56 |
lowa 15 0 2 4 21 |
| Michigan 56 5 16 19 96 !
| Minnesora 31 3 7 9 50 |
Missouri 27 2 2 7 38 |
Ohio 66 5 18 25 114
Wisconsin 38 5 10 10 63
Total 355 26 75 122 578 |




Table A-3 (continued)

Cookie &
Grocery Muiti-Unit Cracker/
Region Wholesale Chain Fletail Frozen Food Total
SQUTH -
Alabama 14 0 0 3 17
Arkansas 13 1 0 20
Delaware 2 0 0 0 2
Florida 73 1 4 91
Georgia 29 0 3 19 51
Kentucky "~ 6 0 2 14
Louisiana 17 0 3 21
Maryland 32 2 8 4 46
Mississippi 6 2 0 1 9
North Caralina 32 0 3 11 46
South Carolina 8 0 1 4 13
Tennessee 28 0 5 11 44
Virginia 32 1 2 6 41
West Virginia 5 0 1 2 8
Total 297 7 32 37 423
SOUTHWEST
Arizona 25 1 0 3 29
New Mexico 6 0 1 10
Oklahoma 13 0 2 3 18
| Texas 87 5 6 25 123
Total 1317 6 S 34 180




Table A-3 (continued)

Cookie &
Grocery Multi-Unit Cracker/

Region Wholesale Chain Retail Frozen Food Total
PLAINS
Colorado 21 1 1 6 29
Kansas 14 2 0 4 20
Montana 2 0 0 1 3
Nebraska 10 0 1 2 13
North Dakota 6 0 1 2 9
South Dakota 4 0 3 1
Utah 17 2 3 6 28
Total 74 5 9 22 770
WEST
Alaska 5 1 0 0 6
California 212 9 26 65 312
Hawaii 20 0 3 6 29
ldaho 0 0 0] 4
Nevada 8 0 0 0
Oregon 26 1 4 10 41
‘Washington 32 1 3 8 44
Total 307 12 36 89 444

T
i Cookie &
Grocery Multi-Unit Cracker/

Region Wheleszle ., Chain Retaii Frozen Food Total
Puerto Rico 3 0 2 6 11
Canada 154 2 9 34 198
Total no. of 1,820 63 235 518 2,636
plants

*Gorman ~uoilsiing. sorman ed 3cok, 1891, Chicago. February 1392, pp. 24-28
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BAKERY OVEN TEST RESULTS
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APPENDIX C

EXAMPLE CALCULATIONS OF COST ANALYSIS



QAQPS Control Cost Analysis for Catalytic Incinerators

Section 3.4.1 - Steps Common to Regenerative and Catalytic Units

Step 1. Establish Design Specifications

Enter the following data corresponding to the waste gas:

Velumetric Flow Rate, scfm (77 degrees F, 1 atm) 447.00

Temperature, preheater inlet, Twi 100.00

{Assume balance oxygean composition)

Chemical Composition of Combustibles

enter names here -->  ethanol 1,839.00
acetaldehyde 19.39

Heating Value of Combustibles

ethanol 2,407.00
acetaldehyds 2,149.00
Enter haurs per year of aperation 6,000.00

Enter the following data specific to the incinerator:”

Desired Control Efficiency (bast to assume > 0.90) 0.98
Combustion Chamber Qutlet Temparature 700.00
Dasired Pearcent Energy Recovery, decimal 0.7

{choose: 0, 0.35, 0.50, or 0.70)

Step 2. Verify that the oxygen content of the waste gas exceeds 20%.
Air Cantent = 98.80
Oxygen Content = 20.886

Step 3. Calculate the LEL and the Percent of the LEL of the gas mixture
Enter the LEL of tne following compounas:

gthanol 3.28
acetaldehyde 3.97
sum of x sub i, i equals 1 to n 1,958.39
Lower Explosive Limut of the mixture aquais: 34,997.41
Percent LEL of “he muxturs 2quals: 5.680

if greater than 25%, ailution air should be added
to avoid fire insurance regulations

Step 4. Calculate the volumetric heat of combustion of the waste gas stream

“eat 57 comouston. athanoi 2,407.00
acstadenyae 2.748.CO
Heat of combustion for the mixture is 4.71
Assuming waste gas is principaily air {molecular
weight 28.97, density 0.0739 Ib/scf), then
Heat of compusuon per pouna of incoming gas is 63.72

For catatytic appiications the heat of combustion must normally be less
than 10 BTU/scf {for VOC's in air).

scfm
deg. F

ppmv
ppmv

please use two most combustible
compounds. If less than two,
please enter 1's to avoid

division by zero errors

neg.del.h sub ¢, BTU/scf
neg.del.h sub ¢, BTU/scf

hours/year

deg. F

Vol. %
percent

vol. %
vol. %

ppmv
percent

3TU/sct
BTU/sct

B8TU/scf

BTU/b

32,500.00 ppmv
39,700.00 ppmv



Section 3.4.3 - Steps Specific to Catalytic Units
Step 5c. Establish desired outlet temperature of the catalyst bed, Tfi

Enter catalyst bed outlet temp.
assume 300-900 deg. F for 30-95% destruction efficiency
maximum temp. of 1200 deg. F should not be exceeded

Step 6¢. Calculate waste gas temperature at preheater exit

Define the following temperatures:
Two, VOC stream leaving heat exchanger
Twi, waste gas inlet temperature
Tfo, flue temperature after heat exchanger
Tfi, catalyst chamber outlet temparature
x = to be calculated
thermal efficiency of heat exchanger =

Two is therefore calculated to be:
Tfo is therefore caiculated to be:
Step 7c. Calculate the auxiliary fuel requirement, Qaf
Enter the auxiliary fuel heat of combustion -
for methane, use 21,502 BTU/b

also for maethanse, rtho = 0.0408 tb./sct

Qaf is therefore caiculated to be:
this must be a positive number for burner flame stability

Summary of Variabie Valuation

Stream subscript | rho sub j Q subj
Ib/sct scfm

IN - Sensible Heat

Auxiliary Air a n/a n/a

Auxiliary Fuel af 0.0408 0.70

Waste Gas WO 0.0733 447.00

QUT - Sensible Heat

Waste stream fi 0.0739 447.70
Energy Balance around Combustor subscript
IN - Sensibie Heat, rho*Q*Cp *(Ti-Traf)

Auxiliary Air a

‘Naste Gas wo
JUT - Sensibie Haar

‘Wasts Stream fi
QUT - Losses

tan percent of total energy input

GENERATION -Heat of Combustion, rno*Q*{neg.del.h sub ¢)

Waste Gas wo
Auxiliary Fuel af

Step 8c. Vernfy that auxiliary fuel requirement will stabilize burner flame

Five percent of Total Energy Input equals:
Auxiliary Fue! Energy Input equals:

900.00 degq. F

X deg.
100.00 deg.
X deg.
900.00 deg.

b2 Wt M B 4 |

0.70
660.00 deg. F

340.00 deg. F

21,502.00 neg. del. h sub ¢
sub af, BTU/b.

0.70 scfm

Cpmsubj T subj
BTU/#F deg. F

n/a n/a

not used 77
0.248 660.00

Q.248 900.00

Vaiue,
BTU/min

Q
4778

6,753
875

2,108
817

338 BTU/min
617 BTU/min

for methane
for ar

assuming
primariy air



if Aux. Fuel Energy Input is greater than 5% Totai Energy Input,
burner flame should be stable.

Step 9c. Estimate the inlet temperature to the catalyst bed, Tri

Tri is calculated to be: 674.91 deg. F

Delta T {temperature rise across catalyst bed) equals: 225.09 deg. F
Step 10c. Calculate total volumetric flow rate of gas through the incinerator, Qfi

Flue Gas Flow Rate, Qfi, equals: 447.70 scfm
Step 11c. Calculate the volume of catalyst in the catalyst bed.

Given Qfi and nominal residence time,
catalyst volume can be calculated.

First, adjust Qfi to petro-chemical industry Qfi(60) = 433.53 cfm
convention of 60 deg. F, 1 atm.

Input catalyst space velocity in per minute 500 /min
Precious metal catalysts vary: 166.67 to 1,000 /minute

Volume of catalyst bed therefore equals: 0.87 cubic feet

Section 3.5.1 - Estimating Total Capital Investment

Scope of Cost Correlations

Total {flue)
Incinerator Type flow, scfm
Fixed-bed Catalytic 2,000-50,000 packagad
Fiwd-bed Catalytic 2,000-25,000 packaged

If Qfi is outside these parameters for the specific incinerator type,
this costing formulauon may not be used.

Section 3.5.1.1 - Equipment Costs, EC
Catalytic Incinerators

Total flue gas rate, Qfi 447.70 scfm
heat recovery factor 70 percent

Fixed-Bad and Monolithic Cataiytic Incinerators

YHeat Recavery Zautoment Tast , 20 detta £
‘percent) 1988 Jotiars .n. Mater
0 $31,169 0
35 $46,727 4
50 336,518 3
70 $42,118 15
Fiuid-Bed Catalytic Incinerators
Heat Recavery Equipmant Cast , EC delta P
(percent) 1988 dollars in. Water
o] $30,710 0
35 $94,936 4
50 $33,674 8
70 382,438 13

e
]
£



Section 3.5.1.2 - Installation Costs
Choose Equipment Cost based on Catalytic

Incinerator type and Heat Recovery percent
and enter base equipment cost (EC) here —-> $44,410

Section 3.5.2 - Estimating Total Annual Cost

Section 3.5.2.1 - Direct Annual Costs

Enter the delta P, fixed-bed catalytic incinerato (6}: 6 in. Water
Enter the deita P, fluid-bed catalytic incinerator (6-10): 8 in. Water
Enter the daita P (based on heat recovery) 15 in. Water
(from 3.5.1.1, above)
Number of hours/year of operation: 6000 hours/year
Enter the combined motor/fan efficiency (decimal): 0.6
Enter the cost per kilowatt hour of electricity: 0.059 $/kWh
Enter natural gas unit cost in $/scf: 0.0033 $/scf
Fixed-Bed:Power (fan), in kilowatts, equals 1.83 kW
Fluid-Bed: Power (fan), in kilowatts, equals 2.01 kW
Electricity Cost, $/yr, equals ) $649 per year Fixed-bed

$711 per year Fluid-bed
Annual Fuel Cost:
(Methane assumed to be combustor fuel)
Rate of fuel usage 0.70 scfm
Annual Fuel Cost, in $/yr, equals $835 per year

Total Capital Investment
Table 3-8, page 3-S2, OAQPS Control Cost Manual (EPA 450,3-30-006, January 1990)
Capital Cost Factors for Cataiytic Incinerators

Direct Costs
Purchased Equioment Costs

Incinerator (EC) + auxiliary equipment $44,410 as estimated,A
Instrumentation $4,441 A * 0.10
Saies Tax $1,332 A *0.03
Freight $2,220 A * 0.05
Purchased Equipment Cost, PEC $52.404 B = 1,18 * A

Direct Installation Costs

Foundauon and supports $4,192 B * 0.08
Handling and erection $7,336 8 *0.14
Electrical 32,096 B * 2.04
2101ng $1.048 *oC2
insutanion for auctwork $524 B * 0.01
Painting $524 B * 0.01
Direct Installation Cast $15,721 8 * 0.30
Enter Site Preparation Costs $0 As required, SP
Enter Buildings Costs $0 As required, Bidg.
Total Direct Cost, DC $68,125 B * 1.30 + SP + Bldg.

indirect Costs (instailation)

Engineering $5,240 B * 0.10
Construction or field expenses $2,520 B *0.05%

(‘3,
(e}



Contractor fees $5,240 B * 0.i¢C

Start-up $1,048 B * 0.02
Performance test $524 B * 0.01
Contingencies $1,572 B * 0.03
Total Indirect Cost, IC $16,245 B * 0.31
Total Capital Investment =DC + IC 484,370 B * 1.61 + SP + Bldg.

Total Annual Cost
Table 3.10 page 3-54, OAQPS Control Cost Manual (EPA 450/3-90-006, January 1990)
Annual Costs for Catalytic incinerators

Total Capital Investment {from previous table) $84,370
Cost Item Suggested Unit Cost Catalytic
Factor Fluid-Bed

Direct Annual Costs, DC
Operating Labor

Operator 0.5 hrs/shift $12.96/hour $4,860 *
Supervisor 15% of operator - $729 *
Operating materials .- $0

Maintenance

Labor 0.5 hrs/shift $14.26/hour $5,348 *
Matenal Equals Maint. Labor - $5,348 *
Catalyst Replacsment Every 5 years $3500/cu.ft. Imetal oxide) $607
Utilites
Natural Gas, $/scf - $ 0.0033 per scf $835
Electneity, $/kWh - $ 0.059 perkWh $649 Fixed-bed
Total Direct Cost, DC 318,375

Indirect Annual Costs, IC
Overhead Sixty percent of sum - $14,340
of op., supv., & maint.
labor & maint. mat’l

Admun, charges TClL * Q.02 - $1,687
Property taxes TC! * 0.01 $844
Insurance TCI * 0.01 $844
Capitai recovery CRF {TC! - 1.08 * (Cat. Cost)} $13,522
Total ingiract Costs, !C 318,397
Total Annual Cost TAC = DC +~ IC + $35,272 per vear

* based on user-orovided hours/vear of operation

CRF: The capitai recovery factor, CRF, Is a function of the cataiyst or equipment life (typicaily, 5 and 10
years, respectively) and the opportunity cost of the capital (i.e.. interest rate). For example, for a 10 year
squipment hfa and a 10% interest rate, CRF = 0.1628.

C-6



QAQPS Control Cost Analysis for Regenerative Incinerators

Section 3.4.1 - Steps Common to Regenerative and Catalytic Units

Step 1. Establish Design Specifications

Enter the foliowing data corresponding to the waste gas:

Volumetric Flow Rate, scfm (77 degrees F, 1 atm| 447.00 scfm

Temperature, preheater inlet, Twi 100.00 deg. F

(Assume balance oxygen composition)

Chemical Composition of Combustibles

enter names here —->  ethanol 1,939.00 ppmv
acetaldehyde 19.39 ppmv

Heating Value of Combustibles

please use two most combustible
compounds. If less than two,
please enter 1's to avoid

division by zero errors

ethanof 2,407.00 neg. del. h sub ¢, BTU/scf
acetaldehyde 2,149.00 neg. del. h sub ¢, BTU/scf
Enter the number of hours/year of operation: 8000 hours/year

Enter the following data specific to the incinerator:

Desired Control Efficiency (best to assume > 0.90) 0.98
Combustion Chember Outiet Temperaturs ) 1,600.00 deg. F
Deasired Percent Energy Recovery, decimal 0.70

chooss 0, 0.35, 0.50, 0.70, or 0.95

Step 2. Verify that the oxygen content of the waste gas exceeds 20%.
Air Content = 99.80 Vol. %
Oxygen Contsnt = 20.886 percent

Step 3. Calculate the LEL and the Percent of the LEL of the gas mixture
Enter the LEL of the following compounds:

athanol 3.25 vol. %
acetaldehyda 3.37 vol. %
sumof x sup 1, i equais ! ton 1,958.39
Lower Explosive Limit of the mixiure equals: 34,997.41 ppmv
Percent LEL of the mixture equals: 5.60 percent

it greater than 259, adution arr snould be added
+o avoid fire insurance ragulations

Step 4. Calculate the volumetnc heat of combustion of the waste gas stream

heat of combustion, ethanol 2.407.00 BTU/s=f
acetalaenvda 2.149.00 3TU/ser
~@4at of oMOUSUCN 'Or The Mmixtura 13 4.717 BTU/scf

Assuming waste gas 1s principeily air {moiecular
weight 28.37, aensity 9.0739 brscf), then

Heat of combustion per pound of incaming gas is 83.72 3TUnb
Section 3.4.2 - Steps Specific t0 Regenerative Units
Step St. Establish incinerator operating temperature, Tfi

oparating temperature (comb. chamber sutlet *amp.) 1,500.0C deg. *

Siap &t. Calculate wasie gas "smperatura at preneatsy axit

)
t
wd

32500 ppmv
33700 ppmv



Dafine the following temperatures:
Two, VOC stream leaving heat exchanger
Twi, waste gas inlet temperature
Tfo, flue temperature after heat exchanger
Tfi, incinerator operating temperature
x = to be calculated

thermal efficiency of heat exchanger =
Two is therefore calculated to be:

Tfo is therefore calculated to be:

Step 7t. Calculate the auxiliary fuel requirement, Qaf

Step 8t. Venfy that auxiliary fuel requirement will stabilize burner flame

Enter auxiliary fusi heat of combustion
for methane, use 21,502 BTU/lb
also for methane, rho = 0.0408 Ib./scf

Qaf is therefore calcutlated to be:

Summary of Variable Valuation

Stream subscnpty  rho sub | Qsubj
Ib/scf scfm

IN - Sensible Heat ’
Auxiliary Air a n/a n/a
Auxiliary Fuel af 0.0408 3.45
Wasts Gas wao 0.0739 447.00
OUT - Sensible Heat
Waste stream fi 0.0733 450.45
Energy Baiance around Combustor subscnpt
IN - Sensible Heat, rho*Q2*Cp " (Ti-Tref)

Auxiliary Air a

Waste Gas wo
QUT - Sensible Heat

Waste Stream fi
QUT - Losses

ten percenr of total energy input

GENERATION -Heat of Combustion, rho*Q*{neg.del.h sub ¢)

Waste Gas wo
Auxiliary Fuel af

Five cercant of Toral £nergy inout aguais:
Auxiiiary Fuel Snergy ‘nput squals:

X
100.00

X
1,600.00
0.7
1,150.00

§50.00

21,502.00

3.45
Cpm sub |
BTU/#*F
n/a

not used
0.255

0.288

348
3.029

if Aux. Fuel Znergy input is greatar than 5% Total Energy input,

burner #lame should be stasie.

Step 91. Calculate Total Volumatric Flow Rate of gas through incinecater, Qfi

Flue Gas Fiow Rate, 2fi. 2quals:

Section 3.5.1 - Estimating Total Capital Investment

(@]

(o9

deg.
deg.
deg.
deg.

MMM

deg. F

deg. F

neg. del. h sub ¢
sub af, BTU/b.

scfm
T sub j
deg. F
n/a

77.00
1,180.00

1,600.00

Vaiue,

BTU/min

o}
3,038

12,928
1,293

2,105
3,029

2TU/min

3TU/mun

450.45 sefm

for methane
for atr

assuming
primarnly air



Scope of Cost Correlations

Total {fiue)
Incinerator Type flow, scfm
Thermal - regen. 500-50,000 field-erected

Thermal - recup. 10,000-100,000 packaged

if Qfi is outside these paramaeters for the specific incinerator type,
this costing formulation may not be used.

Section 3.5.1.1 - Equipment Costs, EC

Regenerative Incinerators

Total flue gas rate, Qfi 450.45 scfm
heat recovery factor 0.7
Heat Recovery Equipment Cost , EC deita P
(percent) 1988 dollars in. Water
(¢} $43,403 0
35 $64,749 4
50 478,672 8
70 $98,321 15
95 $225,612 35
Section 3.5.1.2 - Installation Costs
Choose Equipment Cost based on Heat
Recovery percent and
Enter base equipment cost (EC) here ~-> $103,671
Section 3.5.2 - Estimating Totai Annual Cost
Section 3.5.2.1 - Direct Annual Costs
Enter the deita P for a regenerative incinerator {4): 4 in. Water
Enter the deita P (based an heat recavary] 15 in. Water
{ffrom 3.5.1.1, abova)
Nuraber of hours/year of coeration: 86000 hours/vear
Enter the combined motor/fan erficiency ldecimasii; 0.5
Enter the cost per kiiowatt hour of slectricity: 0.053 $/kWh
Enter natural gas unit cost in $/scf: 0.06Q33 $iscf
Power {fan), in <illowartts, 2Guais 1.57 kN
Ziscwnicity Cosy, Sfyr. 3quars 3531 per year
Annual Fusi Cost:
'Methane assumed 0 oe compustor fusi}
Rate of fuel usage 3.45 scfm
Annual Fuel Cost, in $/yr, aquals 54,102 per yeer

Totai Capital Investment

Table 3-8, page 3-52, OAQPS Controt Cost Manual (EPA 15G/3-30-008, January 1990)
Capitai Cost Factors for Regenerative and Catalytic Incinerators

Diract Casts
Purchased Egquipment Costs



Incinerator (EC) + auxiliary squipment $123.871

Instrumentation $10,367
Sales Tax $3,110
Freight $5,184
Purchased Equipmaeant Cost, PEC $122,332

Direct Installation Costs

Foundation and supports $9,787
Handling and erection $17,126
Electrical $4,893
Piping $2,447
Insulation for ductwork $1,223
Painting $1,223
Direct Installation Cost $36,699
Enter Site Preparsation Costs: 30
Entar Buildings Casts: $0
Total Direct Cost, DC $159,031

Indirect Costs {installation}

Engineering $12,233
Construction or field expenses $8,117
Contractor fees . $12,233
Start-up $2,447
Performance test $1,223
Contingencies $3,670
Total Indirect Cost, IC $37,923
Total Capital Investment =DC + IC $196,954

Total Annusi Cost

as estimated, A
A *0.10
A *0.03
A * 0.05
B=1.18"A

B *0.08
B *0.14
B * 0.04
B * 0.02
8 * 0.0%
B *0.01
B * 0.30

As required, SP
As required, Bidg.

B *1.30 + SP + Bldg.

8 *0.10
8 * 0.05
B *0.10
B *0.02
B * 0.01
B *0.03
8 * 0.31

B *1.61 + SP + Bidg.

Table 3.10 page 3-54, OAQPS Control Cost Manual (EPA 450/3-90-006, Jenuary 1220)

Annual Costs for Regenerauve and Catalyuc incinerators

Total Capital Investment (fram previous table)

Cost ltem Suggested Umit Cast
Factor
Direct Annuai Costs, DC
Operating Lapor
Operator 0.5 hrs/shift $12.9€/hour
Sugervisor 15% of operator -

Opsrating materiais

\Veaintenanca

Labor 0.3 hrs/shurft v 14.26/hour
Matanal Egqual to Maint, Labor

Utlities
Naturai Gas, $/scf - $ 0.C033 oper scf
Electncity, $kWh - $ 0.083 ser KWh

Total Direct Cost, DC

indirect Annuai Cests, IC
Jverhead Sixty percent or sum o7

a
J
-
[&]

$1386,354

Ragenerative

34,380
$729

30

$4,102
3881

320,978

313,770



Administrative charges
Property taxes
Insurance

Capital recovery

Total Indirect Costs, IC

Total Annual Cost, TAC

ogaratng, supv., & mant.
labor & maint. materiais

TCl * 0.02
TC! * 0.01
TCl * 0.01
CRF *TCI

TAC =DC + IC

* based on user-provided hours/year of operation

CRF: The capital recovery factor, CRF, is a function of the aquipment life (typically 10

$3,939
$1,970
$1.970
$32,064

$49,713

$70,689

years) and the opportunity cost of the capital (i.e., interest rate). For example, for a 10 year

aquipment life and a 10% interest rate, CRF = 0.1628.

s
=



APPENDIX D

BAY AREA AIR QUALITY MANAGEMENT DISTRICT
REGULATICGN 8 RULE 42

LARGE COMMERCIAL BREAD BAKERIES
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8-42-100

8-42-101
8-42-110
8-42-111
8-42-112
8-42-113
8-42-114

8-42-200

8-42-201
8-42-202
8-42-203
8-42-204
8-42-205
8-42-206
8-42-207

8-42-300
8-42-301

8-42-302
8-42.303
8-42-304
8-42-400

8-42-401
8-42-402

3-42-500

8-42-500

8-42-£801
8-42-802

REGULATION 8
ORGANIC COMPOUNDS

RULE 42
LARGE COMMERCIAL BREAD BAKERIES
INDEX
GENERAL
Description

Exemption, Small Bakeries

Exemption, Low Emitting Ovens
Exemption, Existing Ovens

Exemption, Miscellaneous Bakery Products
Exemption, Chemically Leavened Products

DEFINITIONS

Approved Emission Control System
Baseline Emissions

Bread

Fermentation Time

Large Commercial Bread Bakery
Leaven

Yeast Percentage

STANDARDS

New and Modified Baksry Ovens

Emissicn Control Requirements, New and Modified Ovens
Emission Control Requirements, Existing Ovens

Delayed Compliance, Existing Ovens

ADMINISTRATIVE REQUIREMENTS

Complianca Schedule
Celayed Compliance Schedule

MCONITCRING ANDC RZCORDS (Net !nclucsd)

" MANUAL OF PRCCEDURES

Determunaticn of Emissicns
Zmission Caiculation Procedures

8-42-1

September 20, 1889



8-42-100
8-42-101

8-42-110

8-42-111

8-42-112

8-42-113

8-42-114

8-42-200

8-42-201

8-42-202
8-42-203

8-42.204

REGULATION 8
ORGANIC COMPOUNDS
RULE 12
LARGE COMMERCIAL BREAD BAKERIES

(Adopted Septembier 20, 1989)

GENERAL

Description: The purpose of this rule is to limit the emission of precursor organic
compounds from bread ovens at large commercial bread bakeries.

Exemption, Small Bakerles: This rule shall not apply to bakeries whose total
production of bread, buns, and roils per operating day is less than 45,450 kg
(100,000 pounds), averaged over all oparating days in any one month.

Exemption, Low Emitting Ovens: Ovens demonstrated to the satisfaction of the
APCO to emit less than 68.2 kg (120 pounds) of ethanol per operating day
averaged over a period of one year shall be exempt from the requirements of
Section 8-42-301.

Exsmption, Existing Ovens: The requ rements of Section 8-42-303 shall not apply
to ovens, which commenced operation prior to January 1, 1988 and which are
demonstrated to the satisfaction of the APCO to emit less than 113.7 kg (250
pounds) of ethano! per operating day, averaged over a period of cne year.
Exemption, Miscellaneous Bakery Froducts: This rule does not apply to
equipment used exclusively for the bacing of bakery products other than bread,
buns, and rolls. Such products include, but are not limited to, muffins, croutons,
breadsticks, and crackers.

Exemption, Chemically Leavensd P-oducts: This rule dces not apply to
equipment used exciusively for the baking of bakery products leavened chemicaily
in the absence of yeast.

DEFINITIONS

Approved Emission Control System: A system for reducing emissicns of

precursor organic compounds 1o the armeosphere consisting of a control device,

which has been approved by the APCO and which satisfies the following
conditions:

201.1 Tha control dewvice shall achieve the contrei efficiency specified in the
applicabie standards section at all times during normai operation of the
squipment being controiled.

201.2 The coilecticn system shall vent all exhaust from the oven stack or stacks to
the ¢antrol devica dunng normai ccerauaon.

3aseiina Imissions: The average _nount oI Iracurser rganic somocunds

2miec 2er Jperaung Jay from an cven etween January !, 1988 ana Decemper

31, 1988. EZmussions shail be calcutated 11 aceccrdance with Section 8-42-602.

8reac: A perishable fcodsiulf prepared frcm a dough whese pnimary ingredients

are lour, sugar, 3ait, water, and yeast and which IS baked into locaves, buns, or
rolls.

Fermentation Time: Elapsed time betwsen adding yeast to the dougn or spenge

and piacing he lcaves :nto the oven, expressac n [Curs.

8-42-3 Septemper 20, 'S89



8-42-205

8-42-206
8-42-207

8-42-300

8-42-301

8-42-302

8-42-303

8-42-304

8-42-400

8-42-401

8-42-402

Large Commercial Bread Bakery: Any bakery producing more than 45,454 kg
(100,000 pounds) of breads, buns, and rolis per day.

Leaven: To raise a dough by causing gas to thoroughly permeate it.

Yeast Percentage: Pounds of yeast per nundrea pcunas of total recipe flour,
expressed as a percentage.

STANDARDS

New and Modlfied Bakery Ovens: Effective January 1, 1989, a person subject to
this rule shall not operate the following equipment unless the requirements of
Section 8-42-302 are met:

301.1 Any newly constructed oven commencing operation after January 1, 1989.

301.2 Any newly constructed oven replacing an existing oven and commencing
operation after January 1, 1989.

301.3 Any existing oven which has been modified, with modifications compieted
after January 1, 1989, at a cost exceeding 50% of raplacement cost of the
oven.

301.4 Any oven with a change in production after January 1, 1989, resulting in an
emission increase, averaged over a 30 day period, of 68.2 kg (150 pounds)
per operating day above the baseline emissions.

Emission Control Requiresmenis, New and Modiftled Ovens: All new and

modified ovens shall be requirsd to vent all emissions to an approved emission

control system capable of reducmg emussions of precursor organic compounds by

90% on a mass basis.

Emission Control Requirements, Existing Ovens: Efective January 1, 1992, all

existing ovens which commenced operation prior to January 1, 1989, shall be

required 10 vent emissions to a control system meeting the following standards:

303.1 Emissior: collection system shall capture ail emissions of precursor organic
compounds from all oven stacks.

303.2 Collected smissions shall be vented 1o an approved emission control device
which has a destruction efficiency of at least 90% on a mass basis.

Dealayed Compllance, Existing Ovens: In lieu of complying with tha requirements

of Saction 8-42-303, an applicant may sisct o replacs those ovens subject to

Section 8-42-303 with new ovens meeting the requirements of Secticn 8-42-302 oy

January 1, 1894. Such eiection must be made by January 1, 1991, subject to

approval of the APCO. In approving such an election, the APCO may require the

posting of a bond and may impose permit conditions on the existing subject ovens
in order to assure compliance with the January 1, 1834 installation of new cvens.

ADMINISTRATIVE REQUIREMENTS

Compilance Schedule: Any parson subject tc the requirements ¢f Section 3-42-

303 of this rule shalil compiy with the following increments of progress:

4G1.1 By wanuary 1, 18590: Sucmdt a status racont T the APCC siating ihe Joucrs
ander :::nsxderaz.on ‘or ratrofiting =r -sniacing IsUNg Svens.

4012 gy vanuary 1, 1851 Submit 8 cian Jescrioing the methods proposed © e
used ta comply with 8-42-303.

401.3 By March 31, 1991: Submit a completad application ‘or any Authcrty 2
Construct nacessary o comply with these requirements.

401.4 By January 1, 1992: Be in fuill compliance with all applicable recuirements.

Delayed Complianca Schedule: Any person seeking o compiy with ihus rule

under Seclion 8-42-304 shail comply with the foilowing increments of progress:

402.1 By January 1, 1991: Submit a plan describing the metheds proposed tc ze
used to comply with §-42-302.

8-42-4 Septemper 206, 15393



8-42-600
8-42-601

8-42-602

4

Yt

1.0
1.5
2.0
25
3.0
3.5
4.0
45
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
8.0
35
10.0
10.5
11.0
11.5
12.0
125
13.0

133
1290
‘43
15.0
15.5

402.2 By January 1, 1992: Submit to the APCO a status report on the purchase of
the new ovens.

402.3 By January 1, 1993: Submit a completed application for any. Authority to
Construct necessary (o comply with these requiremnents.

402.4 By January 1, 1994: Be in full compliance with all applicable requirements.

MANUAL OF PROCEDURES

Determination of Emissions: Emsisions of organics shall be measured as
prescribed in the Manual of Procedures, Source Test Procedure ST-32.

Emission Calculation Procedures: If emission measurements conducted in
accaordance with Section 8-42-€01 are not available for a specific bakery product,
oven emissions shall be calculated using the emuission factors in Table 1.

TABLE |
Pounds VOC/ton " Pounds VOC/ton
bakery product bakery product

8488 16.0 7.5176
1.0711 16.5 7.7399
1.2934 17.0 7.9622
1.5157 17.5 8.1845
1.7380 18.0 8.4068
1.9603 . 18.5 8.6291
2.1826 18.0 8.8514
2.4049 19.5 9.0737
2.6272 200 9.2958
2.8495 205 9.5182
3.0718 21.0 9.7405
3.2841 215 9.9628
3.5163 20 10.1851
3.7386 225 10.4074
3.8609 23.0 10.6297
4.1832 235 10.8520
4.4053 240 11.0743
4.6278 245 11.2868
4.8501 25.0 11.5189
5.0724 255 11.7412
52947 26.0 11.5635
55170 26.5 12.1857
5.7393 27.0 12.4080
5.8616 275 12.6303
€.1839 28.0 12.8526
6.4061 28.3 13.0749
£.5284 %0 13.2972
8.8507 29.5 13.5198
7.0730 30.0 13.7418

7.2953

1t = {yeast percentage) * (fermentation time).
If yeast is addad in 2 steps, Yt = {{intial veast percentage) * (total fermentation time) +
(remaining yeast percentage) * (remaining fermentauson ume)].

8-42-5 September 20, 1389



APPENDIX E

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT
RULE 1153

COMMERCIAL BAKERY OVENS



(Adopted January 4, 1991)

RULE 1153, COMMERCIAL BAKERY OVENS

(a)

(b)

Applicability

This rule controls volatile organic compound (VOC) emissions from commercial
bakery ovens with a rated heat input capacity of 2 million BTU per hour or more
and with an average daily emission of 50 pounds or more of VOC.

Definitions

For the purpose of this rule the following definitions shall apply:

(1) AVERAGE DAILY EMISSIONS is the product of the total calendar
year emissions (in tons/year) divided by the number of days the oven was ‘
employed for production during that year.

(2) BAKERY OVEN is an oven for baking bread or any other yeast leavened
products by convection.

(3) BASE YEAR is the calendar 1989 or any subsequent calendar vear in
which the average daily emissions are 50 pounds or more per day.

(4) EMISSIONS are any VOC formed -and released from the oven as a result
of the fermentation and baking processes of yeast leavened products.

(5) EXEMPT COMPOUNDS are any of the following compounds which
have been determined te be non-precursors of ozone:

(A) GroupI (General)
chlorodifluorometharne (HCFC-22)
dichlorotrifivoroethane (HCFC-123)
tetrafluoroethane (HFC-134a)
dichlorofluoroethane (HCFC-141b)
chlorodifluoroethane (HCFC-142b)

B)  Group T (Under Review)
meztityiene cnioride
1,1,1-trichloroethane (methyl chloroform)
mifineromethane (FC-23)
trichlorotrifluoroethane (CFC-113)
dichlorodiflucromethane (CFC-12)
trichlorofluoromethane (CFC-11)
dichlorotetralfuoroethane (CFC-114)
chloropentafinoroethane (CFC-115)
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(©)

(d)

(6)
M

®)
9

(10)

The Group II compounds may have restrictions on their use because they
are toxic or potentially toxic, or upper-atmosphere ozone depleters, or
cause other environmental impacts. The District Board has adopted a
policy which states that chlorofluorocarbons (CFC) will be phased out at
the earliest practicable date on or bzfore 1997.

EXISTING OVEN is an oven that was constructed and commenced
operation prior to January 1, 1991.

FERMENTATION TIME is the elapsed time between adding yeast to
the dough or sponge and placing it iato the oven, expressed in hours.
LEAVEN is to raise a dough by causing gas to permeate it.

VOLATILE ORGANIC COMPOUNDS (VOC) is any volatile chemical
compound that contains the element of carbon compound, excluding
carbon monoxide, carbon dioxide, carbonic acid, metallic carbides or
carbonates, methane, and exempt ccmpounds.

YEAST PERCENTAGE is the pounds of yeast per hundred pounds of
total recipe flour, expressed as a percentage.

Requirements

(1)

@)

No person shall operate an existing bakery oven unless VOC emissions

are reduced by at least:

(A) 70 percent (by weight) for ar oven with a base vear average daily
VOC emissions of 50 pounds or more, but less than 100 pounds.

(B) 95 percent by weight for an oven with a base year average daily
VOC emissions of 100 pound: or more.

No person shall operate a new bakery oven unless VOC emissions are

reduced by at least 95 percent by weight if the uncontrolled average daily

VOC emissions are 50 pounds or more.

Compliance Scheduie

1

No person shall operate a bakery oven sukject to this rule uniess the fcllowing

increments of progress are met:

(1)

For bakary ovens subject to subparagraph (¢)(1)(A):
(A) By January 1, 1992, submit required applications for permits to
construct and operate.
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(e)

®

g

(B) By July 1, 1993, demonstrate compliance with subparagraph
(c)(1)(A).
(2)  For bakery ovens subject to subparagraph (c)(1)(B):
(A) By January 1, 1993, submit required applications for permits to
construct and operate.
(B) By July 1, 1994, demonstrate compliance with subparagraph
(c)(1)(B).
(3) For bakery ovens subject to subparagraph (¢)(2) be in compliance by
July 1, 1992 or by the date of installation, whichever is later.

Alternate Compliance Schedule

The subparagraph (d)(1) and (d)(2) compliance deadlines may be postponed by-
one year if the owner of a bakery oven elects to replace the existing oven with a

pew one. Such election must be made by January 1, 1992 via a compliance plan

submitted to, and subject to approval of, the Executive Officer or his designee.

In approving such an election, the Executive Officer may impose interim

conditions or control measures on the existing oven in order to assure

compliance pending the installation or construction of the new, replacement

oven.

Exemptions

The provisions of paragraphs (c¢) and (d) do not apply to any existing bakery
oven that emits less than 50 pounds of VOC per operating day on an
uncontrolled basis. Daily VOC emissions shall be determined according to the
calculation procedures of Attacament A, or according to any test methods
specified in paragraph (h).

Recordkesping Requirements

Any person operating a Cakery oven subject to this rule and claiming an
exemption under paragraph (f) shall maintain a daily record of operaticns,
inciuding, but not limited to, the amount of raw material processed, yeast
percentage, fermentation time, and the type of product baked. Such records

shail be retained in the owner's or operator's files for a period of not less than
two years.
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(h)  Test Methods
EPA Test Method 25, or SCAQMD Test Method 25.1, or any other method
determined to be equivalent and apprcved by the Executive Officer or his
designee, may be used to determine compliance with this rule.
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ATTACHMENT A

Yt Pounds VOC/ton Yt Pounds VOC/ton

Bakery Product _ _ Bakery Product _
1.0 0.8488 16.0 7.5176
1.5 1.0711 16.5 7.7399
2.0 1.2934 17.0 7.9622
2.5 15157 175 8.1845
3.0 1.7380 18.0 8.4068
3.5 1.9603 185 8.6291
4.0 2.1826 19.0 8.8514
4.5 2.4049 19.5 9.0737
5.0 2.6272 20.0 9.2959
55 2.8495 205 9.5182
6.0 3.0718 21.0 9.7405
6.5 32941 - 215 9.9628
7.0 3.5163 22.0 10.1851
75 3.7386 25 10.4074
8.0 3.9609 23.0 10.6297
8.5 4.1832 235 10.8520
9.0 4.4055 24.0 11.0743
95 4.6278 245 112966
10.0 4.8501 25.0 115189
105 5.0724 255 11.7412
11.0 52947 26.0 11.9635
115 55170 265 12.1857
120 5.7393 27.0 12.4080
125 5.9616 275 12.6303
13.0 6.1839 28.0 12.8526
135 6.4061 285 13.0749
14.0 6.6284 29.0 132972
14.5 6.8507 295 13.5195
15.0 7.0730 30.0 13.7418

15.5 7.2953

2 -

71 = (yeast percentage) x (fermentaton time)

If yeast is added in 2 steps, Yt = (initial yeast percentage)
* (total fermentation timc% + (remaining Yeast percentage)
* (remaining fermentation time)
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