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1.0 INTRODUCTION

The Clean Air Act Amendments (CAAA) of 1990 established new
requirements for State implementation pPlans (SIP) for many areas
that have not attained the national ambient air quality standards
(NAAQS) for ozone. These requirements include an expansion of
the applloablllty of reasonably available control technology
(RACT) to sources of volatlle organic compounds (VOC) smaller
than those prevzously 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 oontlnual progress toward attainment of
the ozone NAAQS. 1In addition, certain areas require a
demonstration through atmospheric dlsperSLon modeling that voc
emission reductions will produce ozone conoentratlons consmstent

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 requlre EPA to publish alternative control
technology (ACT) documents for a variety of VOC sources. This

industry for Federal guidance to assist in providing a more
uniform information base for State decision-making. The ,
information in this document pertains to bakeries that produce
bread, rolls, buns, and similar products, but not those that

document was produced in response to a request by the baklnj

_produce crackers, pretzels, sweet goods, or baked foodstuffs that

are not yeast-leavened. 1In this document, bread refers to yeast-
leavened Pan: bread,. rolls, buns, or szmllar Yeast-leavened
products unless otherwise noted.




other reasons.

1.1 OBJECTIVES

One objective of this document is to provide information on
the baking process, potential emissions from baking, and
potential'emiseion 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 oven in their area and
comparing to other facilities or industries to judge where money
might be epent'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 i.2), but for total VOC, using
recentiy gathered edlission test.data.

1.2 OVERVIEW OF THE BAKERY INDUSTRY

- About 600 large commercialrhakeries 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 popuiation centers. Because
population correlates with vehicular travel and other VOC
emission sources, bakeries are frequently located in ozone
nonattainment areas. J

About 23 bakery ovens in the United States currently have
emission control devices. lnstalledﬁ Some of these are located in
States or districts that have rﬂles specific to bakeries (such as
california's Bay Area and South'toast) The other controlled
bakery ovens are located in ozone nonattainment areas where RACT
15 required for major etatlonary sources, in ozone attainment
areas subject to prevention of sxgnlficant deterioration (PSD)
review, or at bakeries eleotmng-go control VOC emissions for

‘The primary VOC emltted from.bakery operation is ethanol.
In yeast-leavened breads, yeast metabolizes sugars in an
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anaerobic fermentation, producing carbon dioxide that is largely
respohsible for causing the bread to rise. Besides the carbon
dioxide, equimolar amounts of ethanol and small amounts of other
alecohols, 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 (L70°F), it is not emitted in
appreciable amounts until the dough is exposed to high
temperatures in the oven. Although high concentrations of voc
‘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 %
recent development;' Three major studies, detailed in Section
2.3.2, have been conductedﬁto establish an emission factor for
quantifying VOC emissions from bakeries.

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

The second study was performed by the Bay Area Air Qﬁality
Management District (BAAQMD) in San Francisco.* After early
tests showed that ethanol was the pPrimary vVOC emltted, a total of
16 ovens were tested using aqueous impingers and gas
chromatography/flame ionization. Ethanol emissions were
calculated to range from 0.6 to 14.0 1b/ton of bread.: o

The third study was performed by the American Institute of
Baking (AIB).‘ This study was intended to explain the w1de range
of emission factors resulting from the BAAQMD study and to
provide a mathematical model for predlctlng ethanol em;sszons |
from bakeries. Statistical analysis suggested that the factors
correlating best with ethanol emissions were yeast concentration

and total fermentation tlme, and that the relationship was
described as: '
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EtOH = 0.40425 + 0.444585 (Yt)
where

EtOH = pounds ethanol per ton of baked bread
Y = haker's percent yeast |
t = total time of fermentation |
This formula includes a little hnown correction for the.addition
of spiking yeast where:

Yt = (Y, x t) + (8 x t)
and |

Y; = baker's percent yeest in sponge

t; = total time of fermentation in hours

S = baker's percentlyéast added to doqu

t, = proof time + floor time

‘ , - & ,

The "percent yeast in spdnge” an@-"percent'yeast added to dough"
are'in terms of baker's percent Ef yeast to the nearest tenth of
a percent. The "total time of fermentation" and "proof time +

floor time" are the fermentat;on ‘times in hours to the nearest
tenth of an hour.

1.3 CONTENTS OF THIS DOCUMENT

Typical bakery processes, eduipment, operating parameters,
emission sources, emission stream characteristics, emission
estimates, techniques for determéning emissions and regulations
currently affecting-Voc.emission%ufrom bakeries are described in
Chapter 2.0. Chapter 3.0 presené% emission control techniques
that are generally used, emissioﬂ'control techniques that may be
effective but are not in general . use, and emission control
techniques that involve transfer of technology from other
industries. Chapter 4.0 presents: ‘capital and annualized costs of
controlling emissions for the control technlques 1dent1f1ed as
feasible in Chapter 3.0, guidance on methods of estlmating the
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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 4ndustry in/;h; United States is large and
decentralized. 1In 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 f
billion.’ cConsumer expenditures for bakery food in 1990 rangeﬁ
between 9 and 11 percent of all dollars spent on food consumed at
home, with from $209 to $259 spent per year per household.® per
capita bread consumption in 1990 was 49.93 lbs, 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, region, and state.® Because 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 dividinq of thgxdbugﬁs, is performed mechanically.
Most dough batches are caﬁveyed ﬁhrough each step of the process,
from the initial dividing througﬁ the final slicing and bagging,
with minimal handling. : L

Four basic dough processes are used by commercial bread

bakeries: sponge and dough, stréight 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 féﬁuires four ingredients:
flour, water, yeast, and salt. Attributes such as loaf volume,
crumb softness, grain uniformity;  silkiness of texture, crust
color, flavor and aroma,.softneségretention,'shelf life, and,
most important, nutritive value één all be improved by the
addition of appropriate ogtional}ﬁngredients. The materials that
are either required or may befopﬁianally'included in the
production of various standardizé& bread Products are legally

‘defined by the Food and Drug Admifiistration (21 CFR Part 136).°

A representative formula for white pan bread is shown in
Table 2-1,1 Two terms used thrgughout the document which are




I

Table 2-1. Representative White Pan Bread Formuia®

Ingredients Sponge %* Dough (Remix) %* Total % in
g . Formula
% Essential - |
% _ Flour 65.00 35.00 100.00
- Water 37.00 27.00 64.00
j Yeast 2.75 2,75
! - Salt y 2.1 21
: Optional . . |
(. Yeast food ... 050" 0.50
Sweeteners (solids) N 7.25 7.25
Shortening | A~ 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

*Reference 10

% equals baker's

T ———
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' unique to the bakery industry are "baker's percent" and

nfermentation time"., The baker's percent of an ingredient in a
bread formula refers to the weight of that ingredient per 100
1bs. of flour in the formula. For a given formula, the baker's
percent of all the ingredients will total to more than 100
percent as the flour alone equals 100 baker's percent. Table 2-1
presents a bread formula and the baker's percents (or weights) of
each ingfedient. The total weight of flour in the formula is 100
lbs., the total weight or bakeris percent of yeast is 2.75. The
baker's percents of all %the lngredlents in this formula totals td
182.35 baker's percent. Fermentat;on time refers to the pericd J‘
of time the yeast is fermenting. The clock for fermentation tim
starts when the yeast comes in contact with water (whether it is
in a brew or dough) whlch}pan supply it with nutrients needed for
reproduction. The clockrstops when the bread enters the oven.

As about 50 percent of whlte pan bread produced in the
United States is made by the sponge and dough process, the
formula in Table 2-1 is shown 1n’;ts 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 1n ‘their formulations and that the‘
values shown represent wezghted averages.

In the sponge and dough method, the major fermentative
action takes place in a preferment called 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
fermentlng_yeast. The sponge ;s;subsequently combined with the
rest of the dough ingredients to receive its final physical
development during the dough mixing or remix stage. n

The mixed sponge is dischar ed into a greased trough and s&t
to ferment in a special fermentatlon room. The sponge i
fermentatzon time normally lasts 4 5 hours, but may vary from 3\5

\
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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 conditioens).® | |

The straight dough method is a single-step process in which
all the dough ingredients are mixed into a single batch. The
quality of the flour, the temperature of the mixed dough and the
amount of yeast used.will determine the fermentation time.* Th
dough is fermenteé for per1oQﬁ'of 2 to 4 hours, with the actual|
practice time being generalf& close to 3 hours.” ‘Once
fermentation begins, the completion schedule is inflexible.'

About 70 yYears 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 m11k

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 oondition, by cooling.! |

Since the 1950's, the stable ferment process has been
subjected to a number of modifications and the resultant ferments
are variously referred to as 11qu1d sponges, liquid ferments,
preferments, brews or broths, and continuous mix.® ;

Although many variations on ‘the orlginal list of 1ngred1ents
exist, flour-free ferments are currently often made up of 82 |
percent water, and small amounts of sweeteners, yeast, salt, anq
buffer salts to control the pH.? These ferments undergo
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fermentation for 1 to 1.5 hours while being mildly agltated, the
mature ferment is used or cooled.2

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 polnt. :

Attempts to reduce the tlme required before the final proof
have taken two directions: (1) mechanical dough development
obtained by intensive high-speed mixing of dough for a short
time, and (2) chemical dough development in which the dough is
treated with approprzate reduczng agents and oxidants and mixed
at conventional speeds. Both approaches, in effect, eliminate
the bulk fermentation staggpfiatmrepresents about 60 per cent of
‘the total time in the traditlonal breadmaking process.?  These
doughs are often called no~time doughs.

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 }j
of 1.0 to 2.0 percent in the amount of added sweeteners. The
~ production time from the start of mlxlng to the end of baking may
be reduced to less than 2 hou:.'s.*s

'short-t1me doughs if they are subjeoted to bulk fermentation for
periods of 0.5 to 1 hour, and nontzme doughs if they are taken

directly from the mixer to the divider with no more than 15 ;
minutes of floor time.® These douqhs require an increase in the ?
yeast level of 0.5 to 1.0 per oent and a decrease of 1.0 per cent
in the amount of added sweetenerS* After an average fermentation
time of 30 ninutes, the Yeast slurry may be cooled or mixed as a ‘
straight dough.?” The productio %ime from the start of mixing to %

the end of baking may be reducedito less than 3 hours._

WY e L e




Following fermentation, the dough produced by any of theﬂ
above prodesses is divided, rounded and made up into pieces of
proper weight for intermediate proofing, moulding, final prooflnq
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 canj
last anywhere from 30 seconds to 20 minutes, although it will
usually fall within a range of 4 to 12 minutes.® oOn leaving the
intermediate proofer, the dough pieces enter a moulder in whi¢h
they are shaped and moulded into a cylindrical loaf form and #hen
deposited in the baking pag/? . |

After the dough is deéposited 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 periods
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 stageé 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 individuali
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 others all have a bearing on
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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 i
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.¥

These are typlcally 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 humld and
warm, and are designed to have minimal air changes.

2.2.2.3 Intermedjate Proofers. Intermediate proofers are

used to relax dough Pieces for 3 to 12 minutes® after dividing
and roundlng and before they are moulded into loaves.
Intermediate proofers are generally operated under ambient

conditions. The intermedlate proof time is usually between 4 and
12 mlnutes.

2.2.2.4 Proof Boxes. Proof boxes are where some doughs are
allowed to proof (rise) after belng Panned. The proof box is a
relatively large chamber, fabrlcated of well insulated panels and
equipped with temperature and humadity controls. The three basic
control factors in final proofinq are temperature, humidity, and
time. In practice, temperatures yith;n the range of 32 to 54° C
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(90 to 130° F) and relative humidities of 60 to 90 percent aﬁe
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 lncreasing
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.%®
S Ty ”

2.2.2.5 OVEnz. Large,bakeries typlcally operate from one to
four ovens of varying Slzws, each one suited to produce certaln
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 oil. Indirectly fired ovens tend to be found in areas
where natural gas is not available, and often are adapted for:
'hlgher 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 bakerles also have one or more smaller ovens for
Producing buns, rolls, and short-run specialty breads. There;are
three basic configurations of large ovens:

® Tunnel Oven: Doughs are conveyed along the length of tne
' oven from the front entrance to the
rear exit. Generally, the oven has two or
more exhaust stacks (see Figure 2=1).




s i

Figure 2-1. thnel oven.




¢ Lap Oven: Conveyor is "1apped" so that doughs 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 doughSw
‘ circle the oven 1at1tud1nally 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 tﬁe same way,as other minor emission sources.

Many ovens are also & 1pped 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 emzssxons have_

a greater potential for emissions.

- When an oven is first installed, it takes approxlmately 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 mlscellaneous items as muffins, croutons, and :
breadstzcks. This equipment differs substantially from bread
ovens and was not within the scope of this document.

2.2.2.6 Cooling Boxes. After baklng, bread is conveyed to
an area .to cool. Cooling may take place either on a spiral
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Figure 2-2, Single-lap oven.




Figure 2-3. Spiral oven.
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conveyor or on a multi-tier looped conveyor suspended from the
ceiling. cboling 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 QOperating Parameters

The oven is‘separated into several temperature zones to
control the baking process. 1n the initial zones of the oven,
the loaf rises to its final volume (oven spring) and the Yeast is
killed, halting the fermentatioﬂfreactions, In the middle zones,
excess moisture and*ethanol are' driven off. In the final Zones,
the crust is browned and thgkéidés of the loaf become firm enough
for slicing. The baking process is complete when the temperature
at the céntgr of the loaf reaches approximately 90 to 94°C (194
to 201°F) .4 o

_ The operator can adjust the oven temperature to compensate
for differences between hatches and bread varieties based on
visual inspection and experience. The temperature in each zone
is controlled by adjusting the bﬁrner'heat output with
temperature controllers and manually adjusting the exhaust
dampers. Constant temperature aﬁd laminar flow of exhaust gaseé

must be maintained across the width of the oven.
' The entire baking process-iénvery sensitive to upset, By
law, white pan bread must weigh ﬁhe amount stated on the package
without exceeding 38 percent moisture.%

All equipment must be extremely reliable to maintain high
bread quality while maintaining ﬁétight, continuous production
schedule. For example, panned dgﬁgh and bread are usually
transported from one process to iﬁother, such as from baking to
cooling, by mechanical conveyor 5§1ts.- A conveyor shutdown may
cause the bread in the oven to remain too long in the oven and to
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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 prooflng
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. th 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 malntenance 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 anaerobic ‘
environment. Under anaerobic conditions, yeast ferments sugare,
creating carbon dioxide, ethanol, and other by-products by the
enzymatic conversion of sucrose to glucose to pyruv1c acid to
acetaldehyde to ethanol. The yeast fermentation of 100 lbs of |
sugar (from either added sugar or sugar converted from starch by
the yeast) produces 49 1lbs ethanol, 47 lbs carbon dioxide, and 4
1bs 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 ethanel 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 ethanol. 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_the dough without ethanol
formation. However, since the ﬁ?aceforganic flavoring agents are
also not formed, the resulting Siead products taste different

from conventional breads.
'
. , ' A
2.3.1 Emission Sources

The primary source of voc eﬁissions at a bakery is the oven.
Screening measurements taken at mixers, fermentation vessels,
comfort hoods, Proof boxes, oven  exhausts, ¢ooling area'exhausts,j

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

2.3.2 Emjission Stream cnagacteriggics

Most studies of emissions fﬁ@m dough and bread have been to
investigate flavor cdnstitueﬁts,éﬁather than to evaluate air
pollution concerns,4 Sever':al sﬁhdies, however; have been
conducted to characterize bakery air emissions. They are
described below. o | |

2.3.2,1 ¢ -Ba eries as

VYolatile organic Gases. This stuﬁy, performed under an EPA

contract in 1977, represents the first attempt at estimating




- 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 1bs bread for
the straight dough process and 5.6 lbs ethanol per 1000 1lbs b#ead
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 lbs 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 relatjve quantity and type of
ingredients used: ' Sweetener .and yeast concentrations were both
relatively hiQh, and a stafidard commercial baking grade of yeast
was not used to‘make the test loaves.

2.3.2.2 B rea Ajr Quality Management District AAOMD
Study.. This 1985-1986 study entailed source testing of bakery
ovens.® 1In 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'bakerigé 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 pdunds of bread, were
calculated for each test performed. The results obtained rangéd
from 0.3 to 7.0 1bs of ethanol per 1000 1bs of bread baked. The
Teasons for this variation of ethanol emissions were not . |
reported. ' |

2.3.2.3 american Institute of Baking (ATIB) 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 inoluded_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 (lbs 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, AIB 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 eachiyafiety of bread, and ethanol emissions
from an oven baking breads of tne 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 -
gtudy. This 1988 survey was initiated by the SCAQMD's Rule
Development Office to quantify ethanol emissions and determine
the number, types, and charaoteristics 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 Sohthern California Baker's Air
Quality Association. Informatioh on bakery operations was
supplied by the major bakeries in the District. The quantity of
ethanol emissions reflected in answers to the questionnaire wass
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_Distriw,s 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 1lbs 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 emlssions,(rather than just ethanol emissions)
from common baking paramete;s, emission data were gathered.
Sampling and analysis wasﬁberformed using EPA Test Methods 18 (to
quantify total organic carbon) and 25A (to speclate the ‘
constituerits of the exhaust gas) at four typical bakeries on 18
different products with varying yeast concentrations and
fermentation times. Products sampled were selected to previde a
range of yeast concentrations and fermentation times similar to
the AIB study and representative of the baking lndustry A
multiple step-wise linear regression was pPerformed on the process
parameters and emission rates. The resulting data is summarized

in Appendix B, and indicates that total VOC from bakery ovens pan'
best be described as: :

Voc E.F. = 0.95Y; + 0.195t;, - 0.51S - 0.86%, + 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
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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 (8), 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:

VOC E.F. = 0.95Y; + 0.195¢%;, + 1.90

This Predictive equation can be used for quantifying voc
emissions from bakery'ovens:w-g baker knows the yeast
concentrations afid yeast action times for each variety baked.
Those values can be inse:té& intd this equation and pounds of VOC
per ton of bread baked can be calculated. This number is
multiplieduby the tons of bread baked during a given time period,
and the product is pounds of VOC emitted from the oven for that
pérticular pProduct for the given time period (typically‘per'
year). The following equation demonstrates this calculation:

- VOC Emissions tons/yr = VOC;E,F. X BP 2 k

where S f@ | .
VOC E.F. = 1lbs VoOC emissions/ton of bread- produced
BP = bread production in toh?/yr ' |
k = conversion constant (ton?20001b)

2.3.2.6 Other studies. Numerous other studies of bread
emissions or constituents have beén performed but are primarily

qualitative. These include Rothe;“ Wiseblatt ang Kohn,*
Hironaka,* El-Samahy, Makuljukow Markova,® and others. These
works discuss the relative affect”fof baking parameters such as
proof temperature and baking timeﬁbn ratios of aldehydes to

alcohols and other similar relationships. While of interest in

v
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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 ATIR 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 regulakion
exempts chemicériycleaVeneq?béked goods; miscellaneous baked
goods such as croutons, ndffins, crackers, and breadsticks;
bakeries producing less than 100,000 1bs per day of bread,
averaged monthly; and ovens emitting less than 150 lbs per day of
ethanol. Ovens operating before January 1, 1988, are exempt if
they emit no more than 250 1bs per day of ethanol. Emissions are

estimated using the AIB-fdrmula and measured uSing BAAQMD Method
ST-32. '

2.4.2 SCAQMD

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 more than 50 1lbs per day of
VOC, 95 percent reduction of VOC emissions by July 1, 1994, from
ovens bperating before January 1, 1991, that emit 100 or more l1bs
of VOC per day, and 70 percent reduction of VOC emissions by July
1, 1993, from ovens operating before Januafy 1, 1991, that enmit
between 50 and 100 lbs voc per day. Emissions are estimated |
using the AIB formula and measured using. EPA Test Method 25, or
SCAQMD Test Method 25.1. -

SCAQMD in 1990 adopted Rule 1153 - Commercial Bakery QveTs
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2.4.3 New Jersey

The State of New Jersey regulates VoC emissions from

 bakeries according to the New Jersey Administrative Code Title 7

Chapter 27 Subchapter 16.6 "Sou;ce 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 angrloqgl agencies regqulate one or more
of the constitﬁent;'of-bakewqfovgn enissions under a general
approach such as the regq}ationééf hazardous air pollutants. In
the State of Washihgton, 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 Noxrth
Carolina limits acetéldehyde emissions to levels that will not
cause ambient concentrations greéter than 27 mg/w*.® Thig type
of standard is not known to havejbeen used to require emission
reductions by a control device aﬁla bakery.

‘Areas in attainment with Naﬁﬁonal Ambient Air Quality
sténdards'(NAAQS) and subject toﬂbrevention-Of significant
deterioration (PSD) regulations qypically evaluate significant
increases in emissions of Voc frd% a modification to an existing
bakery or a new bakery (to the extent that either is considered a
major PSD source, i.e.,'zsq tons ﬁér year) by using either the
AIB formula or a source test genéé&ted_at a similar facility.
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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 exlstlng
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 as
marginal or moderate. Modifipatidns in areas classified as
serious, severe; or extrereware subject to more strlngent levels
for determining a signifi®ant emissions increase. While not the
subject of this document, the EPA is developing guidance as to
how this Feview 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 ggfogceahilitx

Careful record-keeping by any source of air emissions is
essential to the determination of compliance for that source.
This is particularly true of VocC sources since the ozone standard
related to VOC emissions is of short duration compared to other
criteria pollutants. Continuous emission monltorlng (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
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thermistors,
CEM.

and various flow-based alternatives to classical
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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 con51dered although
some show promlse for the future.

This chapter describes emission control techniques
potentially appllcable to. voc from bakeries and identifies tﬁe
control techniques to be e Iuated in Chapter 4.0. These control
technlques are grouped ;ﬁﬁfﬁtwo broad categories: combustion
control devices and noncombustion control devices.

3.1 COMBUSTION CONTROL DEVICES

3.1.1 Direct Flame Thermal Oxidatio

3.1.1.1 Control Descriptijon. 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 &esign and operation limit unburned hydroca:bons 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 ctiv s and._ cabilit a xidation
to nge;x Ovens. Oxidizers are most effective at controlling
exhaust streams with relatively high concentrations of organics.
When the oxidizer temperature is maintained at 870 °C (1600 °r)
and a residence time of 0.75ﬂggqonds, over 98 percent of the
'unhalogenated organf% compouna xin the waste stream can be
converted to carbon dioxidg}égzgwater.’° Although Voc
concentrations in bakery éxhausé'éan 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'békery ovens. Thermal oxidation
is a technically feasible but réiatively expensive technique for
the control of voc emissions.from bakery ovens and was not |
evaluated in Chapter 4. I o - ]

3.1.2 Regenerative oOxidatjon - | |
3.1.2.1 ggg;;g;_gggg;iggigg;_'Régenerative thermal oxidation o

is a variant of thermal 6xidation (see Figure 3-1). The inlet
gas first passes through a-hotucqxamic-bed‘thereby heating the |
stream (and cooling the bed) to its ignition temperature, If the

desired temperature is-not_attai@éble, a small amount of
auxiliary fuel is added in the combustion Chamber. The hot gases
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.eyelic process affords very high energy recovery (up to 95%).

then react (releasing energy) in the combustion chamber and while
pPassing 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. Thi

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 ceramic 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
sSupplemental heat when needed.

- —_—
v 3

Oxidizers to Bakery ovens”. VOC reduction efficiencies greater
than 98 percent are achievable.? Regenerative oxidizers are a
feasible "Eontrol 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 oxidizer is evaluated in Chapter i

|
3.1.3 catalytic oxidatjon |
3.1.3.1 Control Description. A catalytic oxidizer is

similar to a thermal oxidizer except that combustion 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 650°C (600 to 1200 °F),*
consequently reducing NO, formation, supplemental fuel

consumption, and associated operating costs. Temperatures below_
this range slow the oxidation reactions resulting in lower

destruction efficiencies. Tempe#?tures above this range can

cause premature catalyst failure;}_Where catalytic oxidation of

3-4




Oven

Supplamentéry Exhaust
Fuel Preheater Gas
. W
, Heat
” - Exchanger
o Catalyst Bed (Optional)
;

Figure 3-2. Catalytic Oxidation




vapor streams with a high organic content can produce
temperatures above 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 gurrentlgqexgluating such a system.!

3.1.3.2 ectiveness d licability of Catalytic
Oxidize to_Bakery Ovens. VOC reduction efficiencies greater
‘than 98 percent are achievable.'*”® catalytic oxidation is.
considered to be technically and economically feasible. Of the
23 known existing oxidizers on bakery ovens, 21 are of a
catalytic d351qn." :

3.2 NONCOMBUSTION CONTROL DEVICES

3.2.1 Carbon Adsorption.

3.2.1.1 contro) Description. A carbon adsorption unit
consists of one or more beds of activated carbon, which adsorb
organic compounds from the exhauéf stream. The organic vapors
adhere to the large surface area | and when the bed becomes
saturated, steam is passed through 1t to regenerate the carbon.
The steam/organic vapor mix is than condensed and either sent for
disposal or distilled to recover the organic compounds.
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3.2.1.2 ectiveness a licability of C o) o jon
to Bakery Ovens. Carbon adsorption is very effective in removing
low concentrations of VOC, with efficiencies greater than 95 o
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 thelcarbon 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 dlsposal. Because of these problems, carbon

adsorption is not conszdered for reduction of VOC emissions from
W - e T
bakery ovens. .- _ ‘1

-

i

3.2.2 Scrubbing

L’

3.2.2.1 Co ol 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 H
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 gg;;cgbllltx of Scrubbing to

Bakery Ovens. Since ethanol is readily soluble in water,
scrubbers are technically feasible as a control device for voc
removal in-some: applications. Substantial quantities 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




ethanol recovery, scrubbing is not considered feasible ag a
technique for vOC reduction from bakery ovens.

3.2.3 Condensatijon : |
3.2.3.1 Control Description. Condensation is the process by

which pollutants are removed by;cooling the gases below the dew
point of the contaminants, cauéing 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 wal) and-ﬁo not contact each other.

‘ Contact gonden&ers‘cdbfwvigors_by_spraying a re1ative1y cold
ligquid into the éés stream "iﬁgy are generally more efficient,
inexpensive, and flexible“thanigurface condensers, but typically
produce lawge amounts of wastewater if the condensate cannot be

recycled, and therefore, are-noﬁ considered appropriate for
bakeries.

3.2.3.2 ec veesad._ icabi of Condensatio o

Bakery Ovens. Condensing the VQC gas stream emitted by baking

would require freon-chilled coiLs to cool a very wet gas stream
from 120 to 10 °c (250 to 50 °F) . Water would freeze on the
coils, insulating them,'thereby"reducinggthe abatement efficiency
of the system. Fats and oils wﬁ@ld condense more readily,
exacerbating any potential saniiétion Problems in the ductwork.
However, the resulting,condensedﬁliquid&wculdﬁpresent a dispbsal
problem. cCondensers are usually associated with airflows less
than 2,000 ft’/min," ang most.oléér ovens are operated at

- Substantially higher airflows. _Condensation is not considered a
technica;ly feasible option forLébntrolling Vbc emissions from
bakeries because most ovens dre;éﬁérated at an airflow higher
than desirable for condensers, the cost of refrigeration is high,

; j.,;
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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 Contro) 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 sell, which absorbs the organic !
compounds. Microorganlsms urally 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
micrdorqeﬁiems. 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 addltlonal ducting. Annual operating
expenses are minimal, and include minor bed maintenance and
electricity for the exhaust fan only.

3.2.4.2 Effectiveness and Applicabjility of Biogilt;ation to

Bakery Ovens. Because the gas stream temperature from a bakery
oven is higher than the temperature which soil microorganlsms can
tolerate, biofiltration has not been demonstrated to be a
feasible control technlque for bakery ovens. Even if this
temperature problem were solved by cooling the gas stream (by
scrubbing, for example), the wastewater and fats condensation

problems associated with most coollng strategies are 51gn1flcant

and sufficient space for these soil beds - is unavailable at mady
bakeries in the United States. The effectiveness of

biofiltration as a technique for VOC reduction from bakery evqns
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is not knowﬁ. Therefore, biofiltration is not considered iﬂ
Chapter 4.

3.2.5 ocess o tion Cha ge

3.2.5.1 an;;g;_ggggglpgign. The AIB study demonstrated

that shorter fermentation and lower yeast bercentages  do reduce
the amount of ethanol emitted. However, 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.

emissions, Exagpléélof suéﬁwﬂfehds include corn bread and Irish
soda bread. However, by iminating the fermentation reactions,
the chemical leavening process &iéo\ptevents_formation of the
various agents responsible for thé flavors and aromas of
'conventicnal Yeast-leavened bread. Chemically leavened breads
have their own distinct flavor which may not be acceptable to

consumers as a substitute. ’

flavor of bread pPrepared with short fermentation time," but none
has been successful.® major'ygast manufacturer is currently
testing an additive intendgd'to'éhorten fermentation time and
thereby lower voc emissions, but initial tests have not provided

consistently acceptable products,®

o ﬁ"at _Cha s_to e vens. Process and formulation
changes can be effective in reduéihg or nearly eliminating voc
emissions from bakery ovens. Howéver,_no modified yeast,
additive, or enzyme that lowers ﬁbc emissions has been
démonstrated to provide taSte aéﬁéptableuto_the baking industry
and consumers in the Uniteq staté%. Although future prospects

3-1_0 L meeeems wma
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are promising, process and formulation changes are not currenﬁly
feasible as a means of substantially reducing bakery VOC
enissions.

~a
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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. Thls
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 analysi‘
are catalytic and regeneratixg oxidizers. The cost analysis was
performed usxng the '0AQPS Control Cost Manual, Fourth Edltlon.”
Example calculations are inVii;endlx cC.

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
fepresent 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 operation. Nine different size
ovens and three different dough formulas were used in the
modeling. This approach pProvides 27 different representative
model baking lines for analysis (see Table 4- l). The parameterF
chosen are optimized in some respects and may not reflect the
mode of operation of some bakeries. For instance, many bakerie:
do not operate 24 hours per day, their schedule belng driven by
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TABLE 4-1. MODEL OVENS

Bread

Imital . Spike YAction  Spike VOC Emissions voe

Came Oven Size Production Yeast Yeut Time Time Factor Emissions®

Mo FBTUN  ww' v e @ () Qotom) __ (owvi)
1 2 576 226 0 163 ' “ 13
2 3 3,654 225 0 1.63 0 44 19
3 4 11,538 225 0 1.6 0 a4 2%
4 [ 14423 225 0 1.8 0 a4 32
[] ] 17.308 228 0 1.8 0 44 38
6 s 20,192 225 0 163 0 44 44
? ] Bo77 225 0 1.63 0 44 st
] 9 25962 225 0 1.8 0 44 57
9 10 28,346 22 0o . 1.6 0 44 6

e e

10 2 5,769 / 0s 567 138 54 16
n 3 4,654 “-4 0 5.67 r3s 54 3
12 4 11,538 4 05 567 138 54 3
1B, e § 14423 4 0.5 567 138 54 39
14 I 17.308 4 0s s.61 138 sS4 a7
15 1 20,192 4 05 567 138 54 55
16 ] 23,077 4 05 567 133 54 62
17 9 22962 4 s 567 138 54 7
18 10 2845 4 a5 567 138 sS4 7
19 2 5,769 425 0 515 0 69 20
2 3 2654 425 0 SIS 0 69 30
21 4 11538 428 0 815 0 69 40
2 5 1442 425 o . s1s 0 69 50
5 6 17.308 425 o 515 0 69 50
% 7 misz 428 ) 515 0 69 ™
2 '] o7 425 0 515 0 69 20
26 9 25982 425 0 .15 0 69 %
2. 10- 28845 4.25 0 5.1 0 69 100

* Asmames 520 BTU/b bread and 6000 hrfyr production

¥ Eenirsions 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. Selectien of the bakery
process parameters is discussed below.

4.1.1 voC issjon Factors

In the absence of specific source tests, the emission of
VOC's from bakery ovens is best described by a formula relating
yeast concentratlon,and totalwgpast actlon*tlmes (mixing,
proofing, floor,’hnd fermentation times) to VOC emissions as
described in Chapter 2. O.XfKQtordlng to this study and the AIB
study on bakery oven ethanol em1551ons, parameters such as dough
type (spondge, 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. In 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 rango
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 oven Type and Number of Stoggs

Model ovens were assumed to be directly fired by natural Qas
and have only one stack. Because indirectly fired ovens make qp
a small portion of the known ovens, they are not considered.
Since the products of combustion would presumably not enter the
control dev;oe in indirectly fired ovens, the flow rate to the
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‘design (spiral, tunnel, tray) is not thought to affect emission

control device for indirectly fired ovens would be lower and the
control device may be smaller, lowering control costs. Oven

levels.? ‘
Because adjustments to exhaust stack dampers in a multi- |
stack oven will change the air flow distribution and, therefore,l

the distribution of emissions from individual stacks, the need t
treat the exhaust from one or more stacks must be examined on a
case~by-case basis.?* Such a siﬁe—specific engineering analysis -
is beyond the scope of this document. The analysis in this
chapter assumes that each contr@l technology would require an
exhaust system ducting sufficient stacks in multi-stack ovens
through a single plenum tqwgﬁcogtrtl device, in order to achieve
the required level of emissjidn reduction. An estimate for the
increased capital cost 3ﬂ“§idit§onal stacks is $40,000 per
stack.® | o :

™

4.1.3 Qve eat

Oven heat inputs from 2 to{io 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 heaﬁ}input, oven airfiow, and bread
production, and uses heat input4as the independent variable;
however, the physical quantity actually most affecting control
device cost is airflow. i |

4.1.4 Oven Operating Time

All ovens were assumed to operate 24 hours per day, five
days a week (6000 hours per.yeanpjand represents common practice .

'in the commercial baking industﬁﬁy




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
regeherative 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. Assumlng 7«37 1b aiﬁmuged in combusting 10,000 Btu of|
natural gas, 110 percent th etical air as supplied, 0.0808 1b
air per cubic feet,® andy&ﬁzf:; the resulting value to the 10
percent moisture'” potentially evaporated from the white bread
dough, flow rates can be calculated.! The percent moisture 1mss
will vary for other products. The values so derived were doubled
to compensate for the increase in temperature and moisture.?

411.7 Bread Proguc;ion'

Bread production is assumed to be a linear function of heat

‘input. The common design value of 520 Btu per pound of bread 1s

used” (see Table 4-1).

4,1.8 Qest;gctigg-gffigiegcy

A destruction efflclency of 98 per cent is assumed,
consistent with EPA policy." The EPA policy maintains that 98
percent destructlon efficlency is reasonable for oxidation based
on the results of emission tests at incinerators in several

‘industries. Certaln exlstlng control deV1ces ‘may have been

designed for a lower control efficiency, such as 95 per cent.

_State or local agencles considering control of bakery VOC
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4.2 COSTING METHODOLOGY GENERAL ASSUMPTIONS

The following éssumptions were made in estimating control
costs: ‘

® All costs are Presented in 19931 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 oveng (one
oxidizer per oven); - :

¢* Costs of combining multiple stacks are not included;
® There is no salvage value for the useq control equi

allowed by - the OAQPS Control cost Manual is
~included (site—speciﬁiﬁhcgsts such as

is not includad); ahd _
® Utilities are available at the site.

o T

4.3 TOST ANALYSIS

Tables 4-2a and 4-2p summarize the bparameters, total capital
investment, utility costs, and total annual cost used in the cost
analyses for catalytic and regénéxativa oxidization.

4.4 COST EFFECTIVENESS

bakeries. As reflected in the tables, the technologies becone
‘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 (&h& therefore, Production
capacity) increases. B
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" Total Capital

evmﬁedmthlmhtycompam&sandtheappmpnate

Case Investment Natural Gas Usage Ble_cﬁcicy Usage Annyal Cost
No. (%) (scfm)  ($A1) (kWhAT) (A1) (&}/yr)
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  $5400 33,100 $2,000 $56,000
6 $169,000 5. 53 86300 38,600 $2,300 $60,000
7 $182,000 .- 6.1 $7200° 44,100 $2,600 $65,000
8 $194,000 6.8 }5:%3 49,600 $2,900 $68,000
9 $206,000 .- 1.6 ~7$9,000 55,100 $3,300 $72,000
10 -+~ 584,000 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 $55,000
15 $169,000 41  $4,900 38,600 $2,300 $59,000
16 $182,000 47  $5,600 44,100 - $2,600 $63,000
17 $194,000 53  $6,300 49,600  $2,900 $67,000
18 $206,000 59  $7,000 55,100  $3,300 $70,000
19 $84,000 0.7  $800 11,000  $600 $35/000
20 $106,000 0.9 $1,100 16,500  $1,000 m}ooo
21 $124,000 1.2 $1,500 22,000 $1,300 $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 $2,600. 38,500 $2,300- $£57,000
25 '$182,000 25 $2,900 44,000 $2,600° $60,000

correction applied. The additional costformorethanonestackhasNOTbeenusedmthlscalculauon. Although

of 0.1628 and would equal $6,512.00.
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TABLE 4-2b. COST OF REGENERATIVE OXIDATION?

Total Capital R -~
Case Investment Natural Gas Usage Electricity Usage Annual Cost
No, () (scfm) ~ ($hm) &Whir)  (Shr) (341)
1 $197,000 4.4 $5,200 10,000 $600 $72,000
2 $218,000 66 $7,800 15100  $900 $74,000
3 $234,000 87  $10400 20,100  $1,200 $85,000
4 $248,000 109 $13,000 25100  $1,500 $91,000
5 $259,000 131 515,600 30,100  $1,300 $96,000
6 - $270,000 153 $18200 35,100  $2,100 $101,000
7 $279,000 175 $20,700 40200  $2,400 $106,000
8 $287,000 197 523300 45200  $2,700 $110,000
9 $295,000 218 . $25500 50200 $3,000 $115,000
10 $197,060 40 . /754,200 10,000 $600 $71,000
1  $218,000 60+ $7200 15100  $900 $78,000
12 5234000 80 '$9,500 20,100  $1,200 $84,000
13 5248000 100 $10,300 25100  $1,500 $90,000
14 $259,000 12.1 $14,300 30,100  $1,800 $95,000
15 $269,000 141 $16,700 35100  $2,100 $99,000
16 $279,000 161 - $19,100 40,100 ' $2,400 $104,000
17 $287,000 181 $21,50 45200  $2,700 $108,000
18 $295,000 201 523,900 50200 $3,000 8113000
19 $197,000 35 400 10000  $600 $71,000
20 - $218,000 44 36200 15000  $900 $77,000
21 $234,000 6.9 $8,200 20,000  $1,200 $83,000
2 $248,000 86 $10,300 25000 51,500 588,000
23 259,000 104 - $12,300 30,100 - $1,800 $93,000
2. $269,000 121 s14400 35100 52,100 $97,000
25 $279,000. 138 $16400 40,100 $2.400 $101,000
26 $287,000 155 $18,500 45,000 $2,700 $105,000

2l

and the appropriate correction applied. Theaddz
- used in this calculation. Although this cost woul
istics, an increase in capital cost of $40,000;

amual cost of $40,000 muitiplied by a capital reco

d be based on oven

tioal cost for more than one stack has NOT been

size and other site-specific

per stack can'be used. This would translate to an
very factor (CRF) of 0.1628 and would cqual $6,512.00.




VOC Emissions VOC Reductions

Bread Production Cost Effectiveness
No. (tonsiyr) * (tons/year) Qbiyr) (S50 VOC) _ (S/lbbread)
1 13 12 11,538,000 $2,945 0.0031
2 19 18 17,308,000 $2274 0.0024
3 ) 25 25 23,076,000 $1,913 0.0020
» 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 51,404 0.0015
7 51 49 46,154,000 $1,311 0.0014
8 57 $5 51,924,000 $1.236 0.0013
9 63. ., ¥ 627y 57,692,000 $1,173 . 0.0013
10 B JA‘!/ 11,538,000 $2.364 0.0031
iy ~ ot 23 17,308,000 $1,819 0.0024
12 31 30 23,076,000 $1,526 0.0020
13 39 38 28,346,000 $1,340 0.0018
14 a7 45 34,616,000 $1.210 0.0016
15 55 53 40,384,000 81,113 0.0015
16 62 61 46,154,000 $1,037 0.0014
17 70 - 68 51,924,000 $976 0.0013
18 78 7% $7,692,000 $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 $1,145 0.0019
2 50 49 28,846,000 ~ $1,001 0.0017
23 60 59 34,616,000 $501 0,0015
24 70 69 40,384,000 $825 0.0014
25. 80 79 46,154,000 $767 .0.0013
26 90 88 51,924,000 $720 0.0012
27 . 100 . 98 57,692,000 $631 0,0012

#

Emissions calcuiated from predictive formula.
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TABLE 4-3b. COST EFFECTIVENESS OF REGENERATIVE OXIDA

TION AT BAKERY O

Case VOC Exmssmns VOC Reducuous Bmd
No. (tons/yr) * (tons/year) (Prod. Ib/yr) (8/ton VOC) _ ($/1b bread)
1 13 2 11,538,000 $5831  0.0062
2 19 18 17,308,000 $4,186 0.0045
3 25 25 23,076,000 $3.457 00037
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 62w 57,692,000 $1.863  0.0020
10 16 As/ 11,538,000 $4,707  0.0062
1 2 23 17,308,000 $3.444 00045
12 e 31 30 23,076,000 $2,78 00037
13 - 39 38 28,846,000 $2,367 0.0031 |
14 47 45 34,616,000 $2,083  0.0027
15 85 53 40,384,000 $1,875  0.0025
16 62 61 46,154,000 SL715  0.0023
17 70 68 51,924,000 $1,589  0.0021
18 78 76 57,692,000 - $1,48  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 00036
22 50 49 28,346,000 $1,794 00031
px; 60 59 34,616,000 $1,575  0.0027
24 .70 69 40,384,000 $1,414 00024
25 80 79 46,154,000 $1,291 0,002
2 90 88 51,924,000 SL193  0.0020
27 100 98 - 57,692,000 $L114 00019

* Emissions calculated from predictive formula 'f-:-f'!"
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Figure 4-1

Cost Effectiveness of Catalytic Oxidation on Bakery ngﬁs
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Figure 4-2
Cost Effectiveness of Regenerative Oxidation on Bakery Ovens
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R
|
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 fons/year), % 4400 lb/yr
(5.4 1lb/ton) (2000 tons/yeaf) = 10800 1b/yr
(7.0 1b/ton) (5000 tons/Vear) = 35000 1b/yr |
.~ (8000 tons/year) 50200 1b/yr = 25 tons/yr

(50200 1b/yr)/(8000 tons/yr) = 6.3 1lb/ton

4-13 I -
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APPENDIX A
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TABLES REFERENCED'Iﬁ}ﬁgﬂTION 2.1 - INDUSTRY DESCRIPTION
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Tabls A-1

(

&

. Number of Bakeries by Product Category and Number of Employees*

N r’

Products ﬁioduced

l{lufnbéi@l Employees

1332, pp. 24-20.

| 1-19 20-49 | 5099 | 100-249 | 250.499 | 500-1000 | TOTAL
| white pan bread 75 289 | 152} 195 92 51 854
| Buns/soft rolls_* ' 118 | 254 | 173 [\ 19 90 46 950
] Variety breads 147 443 | 197 | 182 84 44 1,097
IHaanh breads/rolls’ 114 | 337 | 129 80 38 15 713 I
orman Pubiishing. Gorman Red Book, 1991, Chicago. February







‘Table A-2 Top 100
Regional Contribution To Sales (%)"
# —
Rank Company sales Placis Employeen Routes Northeast |: Southcast Midwent * Southwest Went Canada
(l$) ;o
: : —
1. Nabisco Brands USA, 2,600 9 9,500  1,600) 20 s 30 1s|] 2 )
Biscuit Div.* |
2. Continental Bsking Co.* 1,836 37 22,400 7,000 13 124 45 sl s o"
3. Keebler Co.t 45 a0 9,757 NA 18 o, 50 6 7 )
4. Campbell Taggart, Inc. 0] 83 20,000 5,100 0 | 15 5] 15 0
*|Is. General Foods Baking 1,100 17 9,600 NA NA ~ NA} NA NA| NA NA
. ' " Cos., Inc.ta ' : 3
6. Intorstate BakeriesCopt | 1,09 2 14800 4,000 0 ;s | 2 10 25 0
: - "
, 7. Flowers Industriest 782 28 9,500 1,500 0 10042 0 0 0 0
> Hs. Pepperidge Farm, I | ss2| 7 5,000 1,500 52 18 18 7 s 0
' N
v Ho. Sunshine Biscuits, Inc® 540 5 3,800 NA NA NA NA Na| wa NA
10. Sara Leo Bakeryt - 502 6 1,550 NA 20 20 30 0] 2 0
11. CPC International Inc. Best 500 n 4,800 2,000 30 20 0 5| 2 s
- Foods Baking Group* : )
© 1l 12. Lance, Ins. 446 2 5,911 2,442 20 59 8 k) ° 0
13. Metz Baking Co.* 434 p7) 6,500 1,443 0 0 95 0 4 0
| 14. Woston Bakerics, Lid a0 P 3,600 709 o ) 0 0 0 100
|l 15. MeKee Baking co. 395 2| 3,700 500° 12 2 26 6] 4 ) .
: 16. Frito-Lay, Inc.* o] - s{ - 2600 10000 15 25 25 is] 2 ) '
|t 17. Rich Products Corp.s 350 8 1,785 NA 26 13 30 2| 1 0
’ 1.8. Strochmann Bros. Co.'t kLY 10 4,500 600 100 0 0 1] o 0
|| 19. Cutinar, Inc | 330 | a0 a2 5 'S ° 0 95




Table A-2 (continued)

—— e B e e —— E————
1990
salea Planis Employees Routes
_ (mil$)
| 20. The Kroger Co.t 3u 6 2,500 )
| 21. Wyndham Baking Co. Inc. 300 8 2,700 700
N 22. Multi-Marques, Inc.9 268 19 3,750 1,280
i 23, cuet Piomme~ 29 2 1,200 0
| 24. Safeway Stores, Bakery 225 7 900 o
Div.t '
1 25. Mes. Smith’s Frozen 218 6 1,357 0
200 s 950 270
195 4 2,000 20
| | Taf 1,200 500
1 _
‘ 175 i 3,000 650
30. Northeast Foods® " 189 7 1,000 110
{ 31. Countey Home Bakery, 157 s 1,600 m
1 Incr
| 32. 2.9. Nissen Baking Co.s 151 4 1,300 450 100 o 0 ol o 0
1 33. Alfred Nickles Bakeryt 150 s 2,000 500 20 2 78 0 ) 0
i 34. Archway Cookies 140 9 900 600 20 10 50 1of 10 0
‘ 35. Gai's Seauls French 140 2 2,200 350 0| 0 0 o] 85 I$
i Baking Co.*
| 36. Hazetwood Farms 140 3 800 NA 20 25 21 18 16 0
Bakerics, Inc.*
1 37. Londer’s Bagel Bakery 140 4 700 80 35 15 o of 20 0
| 38. McGlynn Bakericst 140 3 1,500 NA 5 s 70 ol 20 oH




Table A-2 (continued)

& (—] o (-] Ll -] @
e~ —————
. .

————e
| Rank Company sales Pﬁnu Employecs Routes Northeast Southeast Midwest Somhwest West Canada

_ ' (mil$) :
39, Babtson, Inc. 136 1 900 0 30 { 30 30 5 5 0
40. Christle Brown Co. 129 5 1,450 0 ol 0 ) 0 0 100
43. Good Sff Bakery 120 3 1,600 400 0 ol 0 o] 100 0
42. Drake Bakerics® | 115 3 1,521 503 97 3} 0 () 0 ol
43, San Francisco French 110 10 1,525 300 5 of% 15 s| s )

_ Bread Co.t :

44. Southern Bakeries, Inc.* 102 3 982 246 0 . 100 0 o 0 0
45. Mother's Cake & Cookle - 100 1 NA 0 0 | \o 0 0 100 0

Cot - 1 ¥ :
46. Newly Wed Foods, Inc.s 10| 3 410 ) so| 30} 10 o] 10 0
47, s:h;nim'n.ung Co., Inc. 100 4 1,400 a00) 10 90 0 0 0 0
48. Mission Foods 2 600 220 0 0 0 35 65 0
49. Lowis Broa. Bakeries, Inc.? 90 7 1,600 280 0 30 70 0 ( 0
50. McGavin Foods, Lid.% 8s 3 1,000 200 0 0 0 0 (i} 100
51. Schwebel .Baklng Co.t 81 3 1,100 300 30 ) 70 0 (]
smsmﬁumanms 81 2 610 128 0 100 0 0 0
53. Tho Bachman Co. 80 3 525 339 96 1 1 )} 1
54. Porfection Bisouit Co., Ins. 80 5 950 400 0 0 100 ) o
55. Kern’s & Assoc. Bakerics ” 4 1,100 362 0 100 0 0 0

{l 56. Ktostorman Bating Co.s % 5 830 170 ) 20 80 0 o|

57. United States (Franz) 7% 4 980 235 0 0 0 ol 100

Bakeryt -

. Alphs Baking Co.t - 75 33— o080 - n0f -2 2] 8 1

e
| —=
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Table A-2 (continued)
m=

Employees . Routes

700 50
500 200
_’ Gl Maier's Bakery 930 300
| 62. Alpha Beta Bakoryt 70 1 220 0
N 63 Bake-Line Produots, Ino. 70 1 750 0
70 1 3w 12
70 3 900 20
711 1} 419 o
. S .1,000]-- . 300}
ol n 900 110
51| s| 410 0
55 nE a2 0
Dpeulinnl'
11 Bulem Bakerios, Lid s 54 6 625 215
. Awuy Bakeriest s2| 1 s0] = 30
i 73 Grocers Baking Co.t s 1 657 143
| 2. anHInBakingCo Tcs 51 4 675 200 .
i 75. American Bread Co.$ 50 3 800 75 .
- 76 DoughDel!glu, . sh 2 340 'o
| 77. Fuchs Baking Co.% 50, 2 610 185
\ 78. Gourmet Baker, Inc. 50 8 350 0
.[ 79. Waldensian Bakeries, Inc.t 50 1 675 215
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Table A-2 (continued)

Rank Company sales Plants Emplofou Routes Northeast _Southeast Midwest Southwest Wen Canada
(mil§) :
$0. Crackin'Good Bakers Ino. 49° 1 370 0 o 100 0 o 0 0
81. Ben's Limitedt j 46 2 500 100 0 o 0 0 0 100
82. Meyer's Bakerics, Inc.% awl 4 481 70 10 0] 20 30 10 0
83. Schulzs & Burch Biscuit 42 1 700 of 0 2515 75 of o 0
Co. i
84. Mrs. Alison’s Cookie Co. 40 2 378 27 20 0| - 45 5 10 0
85. Bdward's Baking Co. 38 1] 200 0 1s v 40 10 20 15 0
86. Fink Banking Corp* 38 1 420 99 100 \\o ; 0 0 0 0
87. New swmwen Baking 35 1 200 1] o A‘ f 0 60 0 0
Cot -
. Publix Super Marketa Inc 1 3s 1 320 0 0 100 o o 0 0
). Scneau’s Baking Co.t 35 1 150 0 70 20 10 0 0 0
. Gonnells Baking Co. 35 3 325 7 0 0} 100 0 0 0
. Pan-0-Gold Holsum 33 2 500 100 o 0 100 0 0 0
Baking Co.% *
92. Sterling Foods, Inc.3 32 1 NA NA NA NA NA NA|] Na NA
93. Buns bnlimile’d. Ino.s .3 3 225 NA o0 30 35 o] .25 0
94. Venice Bakery® 3l 1 353 65 0 o 0 o s 95
95. Bridgford Foods Corp. 30 4 200 0 1s 15 25 15 30 0
95. International Baking 30 2 300 100 o 20 0 10 70 0
97. Lucerne Foods, Lta.t 30 3 300 0 0 0 0 0 0 100
98. Modern Maid Food 10 3 375 NA 20 3s 45 0 o 0
Products, Inc.t -
99. Pioneer French Baking! 30 1 350 80 0 o 0 o| oo 0




Table A-2 (continued)

: ‘Sublidiuy of l!.lll Nlhilco. lno.
*Subsidiasy of Ralxion Purins, Inc.
Subsidiary of United Biscults PLC
*Subsidinry of Aheusor-Busch, Inc.
‘Includes Entenmana's, Ino., Oroweat Foods Co., Chas. Frelhofer Baking Co.
*Subsidiary of Campbeli Soup,
Subsidiary of G. F. Industrics, Ins
‘Subsidiazy of Sara Lee Corp :
iSubsldiary of George Wasion Ltd. : :
SSubaldisry of Pepal Co., Ing. \ !
- 'Yincludes only Tauyhte Co. bakery salon _ _ . \ . !
. "Purchascd by Culinar, Dec. 38, 1990 - ' ' ~ T
* “Formerly with BSN Groupe '
*Wholesale bakery saies only, pending sale to Ylmlakl Baklng )
- 'Formedg Empuu Foudll'._ql.._ )

.o




Table A-3. Plants By Bakery Type, Region and State®

| Connecticut

Multi-Unit
Retail

Cookie &
Cracker/

Frozen Food

Dist. of 6 1 9
Columbia
Maine 17 0 0 1 18
Massachusetts 54 2 - 12 17 8§
New 7 ; 0...., 1 1 #
Hampshire v L -
e -
New Jersey 80 .4 8 30 118
| New York 169 1 19 29 218
| “ Pennsylvania 123 1 16 36 176
| Rhode Isiand 12 0 0 1 13
| vermont 5 0 0 2 7
| 7otar 499 5 63 124 6971

Winois

A=-11

91 3 16 - 30

Indiana 31 3 4 18
lowa 15 0 2 4 21
Michigan 56 5 16 19 96
‘Minnesota 31 3 7 9 56
| Missouri 27 2 2 7 38
[ onio 66 5 18 25 114
I wisconsin 38 5 10 10 63
| 7otar 355 26 75 122 578




Table A-3 (continued)

Wolesale

Grocery
Chain

Multi-Unit
Retail

Cookie &
Cracker/
Frozen Food

Alabama 14 0 0 3 17
Arkansas 13 1 -0 6 20
Delaware 2 (0] 0 2
Florida 73 1 4 13 91
Georgia 29 0 3 19 51

" Kentucky 6 0 2 14
Louisiana 17 0 3 1 21
Maryland 32 | 2. 8 4 46
Mississippi N %Z 0 1 9

| North Carolina 32 B 3 11 46

" South Carolina 8 0 1 4 13
Tendessee 28 0 5 11 44
Virginia 32 1 2 41
West Virginia 5 0 1 2 8

7 2

25

123

1317

0
_.1‘_
2
6
9

180
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Table A-3 (continued)

V\iholesale

Multi-Unit
Retail

Colorado

Cookie &
Cracker/
Frozen Food

S e e o s v —

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 |

I south Dakota 4 0 3 1 8

Utah 17 5l 25wy 3 6 28

Total 74 ;/ 9 22 110

plants

*Gorman Publishing. Gorman Red Book, 1991. Chicago. February 1992, pp. 24-29.

A=-13

1
| california 212 9 26 65 312
1| Hawai 20 0 3 6 29
| 1daho 4 0 0 4
|| Nevada 8 0 0 0 8
Oregon - 26 1 4 10 41
Washington 32 1 3 g s |
| Totar 307 12 36 89 aa |
: Cookie &
. Grocery | Multi-Unit Cracker/ ;
Region Wholesale Chain Retail Frozen Food Total
Puerto Rico 3 0 2 6 11
Canada 154 2 9 34 199
Total no. of 1,820 63 235 518

2,636
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Test [D Numbes

Indtia) Yeast (¥ bn B%)

Final Yeast (S in B%)

Yeast Action Time (U in hrs)
Spiking Time (s in hrs)

Bake Time (Bt fn min)

Bake Temp (BF in deg F)

Water (H20 in B%)

Sugur (S in BY4)

Oven Type

Process

Sample Time (min)

Bresd Produced (Ib)

VOC meanwed (Ibs)

vou

© Yerisghs :
yOoC meu.nnd (Ib7on bread)
VOC-RTI predicted (Ib/on biead)
| EtOH-AIB predicied {IbAon biesd)
Solution of y=mx...+b

330
000
100

- 000

150
409
49.5
2

1

1

50
10898
40.940
17792
tm
6.261
623
131
&n

29
023
352
052

7687
30499
10.269
10398
6613
4f0
501
480

92
02
35
051
170

1N
30,068
10463
10609
5939
an
s12
478

237
028
i
05
210
410

50
9123
27687
1M
3.507
s.002
426
4ty
426

292
028
158
o
200
410

6

50
2438
26.760
10463
10.609
5216
478
s
478

-

Bakery Oven ‘resé Results

237
023
19
053
00

9215
25401
0337
049
4595
426
413
426

425
000
513
0.00
190
190
53

50
»n
12250
20088
21888
3

- 696
10.14
696

200
0.00
n
000
03

405

5463
15473
1607
1607
5663
510
X
519

100
000
567

170
442

7

t

1

50
6745
14007
17.000
12,000
31659
587
19
LE 1

oo
125
450

89

0
2
3
60
snes
13038
1840
1040
4562
3.12

389
.12

A
«

n. n
-
271 % 280
190 . 000
358 297
0ss 000
\t: J no

§ aso

6™ o
96 0

[ 2

3 3

0 6
s 4764
12678 12676
93  £307
10366 8307
2504 $322
a9 s
s 4l
a9 s

400
030
567
.1
03
410

6l

| 2]
67199
12548
22661
3
5219
s
1079
538

1.50
0.00
51
0.00

90

9
14

50
AT18
10489
1.700
1100
4063
413
n
433

240
2.00
E Ry
L43
no

1475
8967
13.167
imm
M
6.26
244

250
1128
392
167

3609
6894
97192

11.875
1184
298
56t
298

”

400
075
9
120

69
27
55.3
13.5

50
1
4290
10133
11.033
1542
430
53
430

80
100

s
1.3
195

w8 ¥
-=zubgB

-ce

-

1997
im
10080
15.303
in
170
548
10

150
0.00
1.63
0.00

35
513
26
s
5
5919
5.56
298
5356

28
0.00
1.63
0.00
195

5
T

3618
31675
3326
436
104
436
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OAQPS Control Cost Analysis for Catalvtic Incinerators

Saction 3.4.1 - Steps Common to Regenerative and Catalytic Units

Step 1. Establish Design Specifications - : ‘
Enter the following data corresponding to the waste gas: : !
Volumetric Flow Rate, scfm (77 degrees F, 1 atm) 447.00 sefm
Temperaturs, preheater inlet, Twi 100.00 deg. F
{Assume balance oxygen composition) :
Chemical Composition of Combustibles ‘
anter namas here -->  athanol . 1,939.00 ppmiv please use two mast combustible
acetaldehyde 19.39 ppmv compounds. if less than two,
. please enter 1'3 to avoid
division by zero errors

Heating Value of Combustibles

ethanol 2,407.00 neg.del.h sub ¢, BTU/scf
acetaldehyde 2,149.00 neg.del.h sub ¢, BTU/scf
Enter hours per yesr of operation . 8,000.00 hours/year
- _ 3‘,.:#”" ' "”“lﬁfr-q‘-’

i

Enter the following data specific to the inc uﬁ(

L

Desired Contrul Efficiency (best to assumne > 0.90) 0.98
Combustion Charnbar Outlet Temperature 700.00 deg. F
" Dasired Percent-Energy Recovery, daecimal 0.7

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

Step 2. Verify that the oxygen content of the waste gas excesds 20%. .
Air Content = 99.80 Vol. %
Oxygen Content = 20.86 percent

Step 3. Calculate the LEL and the Percent of the LEL of the gas mixture
Enter the LEL of the following compounds: '
‘ 3.25 vol. % 32.500.00 ppmv

ethanol
acetaldehyde 3.97 vol. % 39,700.00 ppmv
sum of x sub i, i equais 1 to n 1.958.39

Lower Explaosive Limit of the mixture equals: - 34,997.41 ppmv

Parcent LEL of the mixtura equais: 5.60 percent

if greater than 25%, dilution air should be added -
to avoid fire insurance ragulations

Ste_p 4, Caleulate the volumetric heat of combustion of the waste gas stream

hest of combustion, ethanol 2,407.00 BTU/scf

acetaldehyde 2,149.00 BTU/scf
Heat of combustion for the mixture iz 4.71 BTU/acf

Assuming wasto gas is principally air {molecular
weight 28.97, density 0.0739 Ib/sof), then

Heat of combustion per pound of incoming gas is - 3.72 BTUMb

For catalytic applications the heat of combustion must normally be less
than 10 BTU/sef (for VOC's in air).




Section 3.4.3 - Steps Specific to Catalytic Units
Step Sc, Establish desired outiet temperature of the catalyst bed, TH

Enter catalyst bed outlet tamp,
assutne 300-900 deg. F for 90-95% destruction efficiancy
maximurm temp. of 1200 deg. F should net be axeseded

Step 6c. Caleulats waste @as temperatura at proheater exit

Define the following temperaturas: ‘
Two, VOC straam leaving haat exchanger.
Twi, waste gas injet temperaturs
Tfo, flue temperature after heat axchanger
TH, catalyst chamber outlet temperature
X = to be oalculated
thermal efficiency of heat exchangor =

Two is therefore calculated to be:
Tfo is therefore calculatad to be:
Step 7¢. Calculate the auxiliary fu.i‘ requlmrqlp’t_u. Qaf - "w»;,-,
Enter the auxiliary fuel heat of combustion / '
for methane, use 21,502 BTunb
also for methana, rho = 0.0 -ib./scf

Qaf is therefore calculated to be:
this must be & Pasitive number for burner flame stability

Summary of Varisble Valuation
Stream subscriptj rhosubj Q sub i
Ib/sct gefm
IN - Sensible Haat
Auxiliary Air a na - n/a
Auxiliary Fus| af 0.0408 0.70
Waste Gas ) 0.0739 447,00
OUT - Sensible Heat :
Waste stream fi 0.0739 447.70
Energy Balance around Combustor o subsgtipt
IN - Senaible Heat, tho*Q*Cp*(Ti-Tref) : o
Auxiliary Air a:’
Waste Gas wo
QUT - Sensibie Heat E
Wasto Stream ‘ fi
QUT - Losses ‘ '

ten parcent of total energy input .
GENERATION -Heat of Cambustion, rho *Q*(neg.del.h sub.c)
Waste Gas wo'
Auxiliary Fuel

Step 8¢, Verify that auxiliary fuel requirement wil stabilize burner flarrie

. Five percent of Total Energy input equals:
Auxiliary Fue| Energy Input equalg:

900.00 deg. F

X deg. F
100.00 deg. F
x deg. F
900.00 deg. F
0.70
660.00 deg. F

340.00 deg. F

21,502.00 neg. del, h sub ¢

sub af, BTUMD,

0.70 scfm

Comsubj Taub j
BTU/#*F deg. F

n/a nia
not used - 77
0.248 660.00

0.248 -900,00

Value,
BTU/min
4,77¢
6,753
675.

2,108
617

338 BTW/min
617 BTU/min

- for methane

for air

assuming
primarily air




If Aux. Fuel Energy input is greater than 5% Total Enargy Input,

burner flame should be stable.

Step 9e¢. Estimata the inlet temperature to the catalyst bed, Tri

Tri is caloulated to be:

Deita T (termpearaturs rise across catalyst hed) equalg:

674.91 deg. F

225.09 deg, F

Step 10c. Calculate total volumetric flow rate of gas through the incinerator, Qfi

Flue Gas Flow Rate, Qfi, aquals:

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(80) =

convention of 60 deg. F. 1 atm.

. M ’ ey
Input catalyst space valogity i per minute

Precious metal catalysts vary: 166.87 to 1,009«I#Iinuto

Volume of catalyst bed therefore aquals: ~-

R

Section 3.5.1 - Estimating Total Capital Investment

Scope of Cost Correlations

Total (flue)
Incinarator Type flow, sefm
Fixed-bed Catalytic - 2,000-580,000
Fluid-bed Catalytic 2,000-25,000

447.70 scfm

433.53 cofm
500 /min

0.87 cubic feat

packaged
packaged

If Qfi is outside these parameters for the specific incinerator type,

this costing formulation may not be used,

Section 3.5.1.1 - Equipment Costs, EC

Catalytic Incinerators

Total flus gas rate, Qfi
heat recovery factor

Fixed-Bed and Monalithic Catalytic Incinarators

Hesat Recovery Equipment Cost , EC
(parcont) 1988 dollars
[v] _ $31,169
35 $46,727
.80 $36,518
70 ) $42,118
Fluid-Bad Catalytic Incinerators .
Heat Recovery Equipmant Cost , EC
(percent) 1988 dollars
s] : : . $90,710
- 35 - . 494,938
50 $93,674
70 992,496

- C=4

447.70 scfm
70 percent

deita P
in. Water
]
4
8
15

delta P
in. Water
o
4
8




Section 3.5.1.2 - Installation Costs

Choose Equipment Cost based on Catalvnc
incinerator type and Heat Recovery percent
and enter base squipment cost (EC) here ~>

Section 3.5.2 - Estimating Total Annual Cost
Section 3.5.2.1 - Direct Annual Costs .

Enter the deita P, fixed-bed catalytic incinerato (6):
Enter the deita P, fluid-hed catalytic incinerator (6-1 0)
Enter the deita P (based on heat recovery)

ffrorn 3.5.1.1, abova)
Numbet of hours/year of operation:
Enter the combinad motar/fan efficiency (decimal);:
Enter the cost per kilowatt hour of electricity:
Enter natural gas unit cost in $/scf:

Fixed-Bed:Power (fan), in kilowqttgf equds W":’
Fluid-Bed: Power (fan), in kildivatts, equals //
Elactricity Cost, $/yr, equals o o
Annual Fuel Cost:

{MetiEno assumed to be combustor fusl) N

Raste of fuel usage
Annual Fuel Cost, in $/yr, equals

Total Capital Investmeant

Table 3-8, page 3-52, OAQPS Control Cost Manual (EPA 450
Capital Cost Factors for Catalytic Incinerators

Direct Costs
Purchased Equipment Costs
Incinerator (EC) + auxiliary equipment
Instrumentation.
Sales Tax
Freight
Purchaged Equipment Cost, PEC

Direct Installation Costs
Foundation and supports
Handling and erection
Elactrical
Piping
Insulation for ductwork
Painting
Direct instaliation Cost

" Enter Site Preparation Costs
Enter Buildings Costs

Total Direct Cost, DC
|nding:' Costs (installation)

- Engineering - -
Construction or field expenses

444,410

6 in. Water
8 in. Water
15 in. Water

. 6000 hours/year
0.6
0.059 $/kWh
0.0033 $/scf

1.83 kW
2.01 kW

3649 per yoear Fixed-bed
$711 per year Fluid-bed

0.70 scfm
$835 pér year

/3-90-006, January 1990)

$44,410 as estimated,A
$4,441 A *0.10
$1,332 A 0.03
$2,220 A *0.05

$52,404 B=1.13"* A

$4,192 B * 0.08
$7.336 B * 0,14
$2,096. 8 *0.04
$1,042 B * 0.02
$524 B.* 0.01
$524 B * 0.01
$15,721 B * 0.30

80 As raquired, SP
_ $0 As raquired, Bidg.

-$68,125 B * 1.30 + SP + Bldg.

$5,240 B * 0.10
$2,620 B * 0.05




Contractor fees $5,240

Start-up $1,048
Performance test $524
Contingencies 41,572
Total Indirect Cost, IC ‘ $16,245
Total Capital Investment =DC + 1€ $84,370

Total Annual Cost

B*0.10
B *0.02
B *0.01
B*0.03
B *0.31

B * 1.61 + SP + Bldg.

Table 3.10 page 3-54, OAQPS Control Cost Manual (EPA 450/3-20-006, January 1990)

Annual Costs for Catalytic Incinerators

Total Capital Investment (from previous table)

Cost ltem Suggested Unit Cost
Factor
Direct Annual Costs, DC
Operating Labor C e o
. Operator _ . 0.5 hrs¥shift “I¥2:96/Mour
Supervisor 15% of eperator / ‘.
Operating rmaterials I f -
Maintenance :
Labor g e 0.5 hrs/shift $14.26/hour
Material Equals Maint. Labor -
Catalyst Replacement Every 5 yoars $3500/cu.ft. (matal oxide)
Utilities
Natural Gas, $/scf . $ 0.0033 per scf
Electricity, $/&kWh - $ 0.059 perkWh

Total Direct Cost, DC

Indiract Annual Coats, IC .
Overhead Sixty percent of sum -
of op.. supv., & maint.

labor & maint. mat'|l

Adrnin. charges
Property taxes
Insurance
Capital recovery

Total Indirect Costs, IC"

Total Annuai Cost

TC! * 0.02 . -
TCI * 0.01
TC! * 0.01

CRF [TCl - 1.08 * {Cat. Cost)}

TAC = DC + IC

* based on user-provided hours/year of operation
CRF: The capital recovery factor, CRF, is a function of the catalyst or equipment life (typically, S and 10

years, respectively) 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.

$84,370
Catalytic
Fluid-Bed
$4,860 *
$729 ¢
$0
$5,348 *
$5,348 *
$607
$335
$649 Fixed-bed

$18,37S

$14,340

$1,687
$844
$844
$13,822

316,897,

« $35,272 per year
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OAQPS Cantrol Cost Analysis for Reqenerative Incinerators
Saction 3.4.1 - Steps Common to Regenerative and Catalytic Units

Stop 1. Establish Design Specifications

Enter the following data corresponding to the waste gas:

Volurnetric Flow Rate, scfm (77 dsgrees F, 1 atm) 447,00 scfm

Temnperatura, preheater inlet, Twi 100.00 deg. F

(Assume balance oxygen composition)

Chemical Composition of Combustibles

onter names here —>  gthanol 1,939.00 ppmv please use two most combustible

acotaldehyde 19.39 pprmv compounds. If less than two,,

pleasze enter 1's to avoid
divigion by zero errors

Heating Value of Combustiblea :
athanol 2,407.00 neg. del. h sub ¢, BTU/sef

acotaldehyds 2,145.00 neg. del. h sub ¢, BTU/scf
Entar the number of hours/yaar gfppamﬂbn: i iy 6000 hours/year
.ot . F
o . . "
Enter the following data specific to the incineratoy,
Desired Control Efficiency (hest to assume > @50) 0.98
Combustion Chamber Outlet Temperatura - 1,600.00 deg. F
Desired Percent Enargy Recovery, dacimal 0.70

_.thogse 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 Content = 20.86 percent

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

ethanol 3.25 vol, % 32500 ppmv
acetaldehyde 3.97 vol. % 39700 ppmv
sumof xsubi,iequals 1ton 1,9%8.39

Lower Explosive Limit of the mixture equals: : 34,997.41 ppmv

Percent LEL of the mixture aquals: 5.60 percent

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

Step 4, Calculate the volumetric heat of combusﬁon of the waste gas stream

heat of combustion,  ethanal ' 2,407.00 BTU/sc
acetaldehyde - 2,149.00 BTU/sef
Heat of combustion for the mixture is 4.71 BTU/scf

Assuming waste gas is principally air (molecular |
weight 28.97, density 0.0739 ib/scf), then

Heat of combustion per pound of incoming gas is " 83.72 BTUMb
Section 3.4.2 - Steps Specific to Reéanerative Units
Step St. Establish incinerator operating temperature, Thi
’ .oporating tempar&ure (eohh. chamber outlet temp.) " 1,600.00 deé. F _ '

Step 6t. Calculate waste gas temperature at praheater exit o ) _ }
| c-7




Define the following temperatures:
- Two, VOC stream leaving heat exchanger
Twi, waste gas infet tomparature
Tfo, flue tomperature after heat exchanger
Tii, incinerator operating tamperature
X = to be calculated

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

Tto ia therefore calculated to be:

Step 7t. Calculate the auxifiary fuel réquirumant, Qaf

Enter auxiliary fusl heat of combustion
for methane, use 21,502 BTU/b
" also for methane, rho = 0.0408 Ib./sct
Qaf is tharefore calculated to ba:

Summary of Variable Valmtipn PR

s R
Stroam w eript j . rho sub i, Qsubj
Iblsol;/ scfm
IN - Sensible Heat /
Auxiliary Air -a “nia n/a
Auxiliary Fuel af 0.0408 3.45
Waste Gas — wo 0.0739 447.00

QUT - Sensible Heat

Waste stream fi 0.0739 450,45
Energy Baiance around Combustor subagcript
IN - Sensible Heat, rho*Q"Cp *(Ti-Tref) .
Auxiliary Air o a
Waste Gas s . wo.
OUT - Sensible Heat EL
Waste Stream , fi
OUT - Losses

ten percent of total energy input
GENERATION -Heat of Combustion, rho*Q*{neg.del.h stib c)

Waste Gas : wo.

Auxiliary Fuel : af::

Stap 8t. Verify that auxiliary fuel requirement will stabilize burner ﬂqﬁ\e

Five percent of Total Energy Input aquals:
Auxiliary Fuel Energy Input equals;

Ch o

x deg. F
100.00 deg, F
x deg. F

11600-00 dﬂg. F

0.7
1,150.00 deg. F

§50.00 deg. F

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

3.45 gefm

Comsubj Tsubj
BTU/#2*F deq. F

nia n/a :
not usad 77.00 - for methane
0,258 1.150.00 for air

0.255 1,600.00 assuming
primarily air

Value,
BTU/min

0
92,038

12,928
1,293

2,108
3,029

646 BTU/min
3,029 BTU/min

If Aux. Fuel Energy Input is grester than 5% Total Energy Input,

burner flame. should be stable. ) 1

i

Step 9t. Calculate Total Voldmotric Flow Rate of gas thrﬁugh inciner: br, afi

~ Section 3.5.1 - Estimating Total Capital Investment

Flue Gas Flow Rate.'Q.ﬁ. equals:

c=8

R yeu——

450.45 scfm




Scope of Cost Correlations

Total {flue)
Incinerator Type flow, scfm
Thermal - regen. 500-50,000 fisld-erected
Thermal - recup. 10,000-100,000 packaged

If Qfi is outside these parameters for the spacific incinarator 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 scim
heat recovery factor Q.7
Heat Recovery Equipment Cost , EC delta P
{percent) 1988 dollars in. Water
0 | 943,403 0
35 L. B 884,749 Ty 4
50 i $78,672 8
70 $98,321 15
95 T $225,612 35

Section 3.5.1.2 - Installation-€Costs
Choose Equipment Cost based on Heat

Recovary percent and :
Enter base equipment cost (EC) here —> $103,671

Section 3.5.2 - Estimating Total Annual Cost

Section 3.5.2.1 - Direct Annual Costs

Enter the delta P for a regenerative incinerator (4): 4 in. Water |
Enter the delta P (based on heat recoveryl 15 in. Water -
ffrom 3.5.1.1, abovel
Numnber of hours/year of operation: 6000 hours/year .
Enter the combined motor/fan efficiency (decimsi); 0.6 |
Enter the cost per kilowatt hour of slectricity: . 0.059 $/kWh 1 .
Enter natural gas unit cost in $/scf: 0.0033 $/scf
Power (fan),.in kilowatts, equals 1.67 kW
Electricity Cost, $/yr, aquals $591 per year

‘Annual Fuel Cost;

(Methane assumed to be combustor fuel)
) Rate of fuel usage ’ 3.45 scfm
Annual Fuel Cost, in $/yr, equals ' $4,102 per year

Total Capital Investment i
Table 3-8, page 3-52, OAQPS Control Cost Manual (EPA 450/3-90-006, January 1990)
Capital Cost Factors for Regenerative and: Catalytic Incinerators

. Direct Coata ' -
Purchased Equipment Costs

c-9 - o




Incinerator (EC) + auxiliary squipment $103,871
instrumentation ’ $10,367
Sales Tax 33,110
Freight 45,184
Purchased Equipment Cost, PEC $122,332

Direct Installation Costs
Foundation and supports $9,787
Handling and arection $17,12¢6
Bectrical - 84,893
Piping $2,447
Insulation for ductwork 41,223
Painting $1,223
Direot installation Cost 436,899
Enter Site Praparation Costs: 0
Enter Buildings Costs: $0
Total Dirsct Cost, OC $159,031

Indirect Costs (installation)
Engineering L T $12,233
Construction or, ‘ﬁala"‘i'xpanses ™ W $5,117
Contractor feéa $12,233
Start-up $2,447
Performance tast _ £ 41,223
Contingencies 43,670
Total Indirect Cost, IC $37,923

wrrg e vam

Total Capital Investment =DC + |C $196,954

Total Annual Cost

as estimated, A
A*0.10
A *0.03
A * 0,05
B=118*A

8 *o0.08
8"0.14
8 *0,04
8 *0.02
B*oM
B *0.01
B *0.30

A3 required, SP
As required, Bldg.

B * 1.30 + SP + Bidg.

B *o0.10
B8*0.05
B * 0,10
B * 0,02
8 *0.01
B *0.03
B*0.31

B * 1.61 + SP + Bldg.

Table 3.1Q page 3-54, OAQPS Control Cost Manual (EPA 450/3-90-006, Jhnuary 1990)
Annual Costs for Regenerative and Catalytic l‘ncin_erators_-_

Total Capital Investment (from previous table)

Cost Item

Direct Annual Costs, DC
Operating Labor
Operator
Supervizor

Operating materials.
* - Maintenance
Labor
Material
Utilities
Netural Gas, $/scf
Electricity, $/kWh
Total Direct Cost, DC

indirect Annual Costs, IC
Overhead

Suggested
Factor

0.5 hrs/shift
15% of operator

-

0.5 hrs/shift
Equal to Maint, Labor

Sixty parcent of sum of

Unit Cost

$12.96/our

- i

$- 0.003§j‘-'__'per scf
$ . 0.059 perkWh

$196,954

Regenerative

$4,860
$729

$0.

$5,348
$5,348

$4,102
$591

$20,976

$9,770




operating, supv., & maint.
labor & maint, materials

Administrative charges TCI * 0.02 - - 43,939
Property taxes TCl * 0.0t . 31,970
Insurance TCI * 0.01 41,970
Capital recovery CRF *TCt ) $32,064
Total Indiract Costs, IC $49,713
Total Annual Cost, TAC TAC = DC + IC $70,689

* based on user-provided hours/year of operation )

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

years) and the opportunity cost of the capital (i.e., interest rate). For example, for a 10 ysar
equipment life and a 10% interest rate, CRF = 0.1628.

B
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APPENDIX D

BAY ARFA KIR QUALTTY’ MANAGEMENT DISTRICT
REGULATION 8 RULE 42
LARGE COMMERCIAL BREAD BAKERIES
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REGULATION 8 I
ORGANIC COMPOUNDS
RULE 42
LARGE COMMERCIAL BREAD BAKERIES
INDEX

8-42-100 GENERAL

8-42-101 Description

8-42-110 Exemption, Small Bakenes

8-42-111  Exemption, Low Emitting Ovens

842-112 Exemption, Existing Ovens

8-42-113 Exemption, Miscellaneous Bakery Products
8-42-114 Exemption, Chemically Leavened Products

ol
8-42-200 DEFINITIONS e

8-42-201 Approved Emission Caﬁro_l System
8-42-202 Baseline Emissions

8-42-203 _Bread

8-42-204 ™ Fermentation Time

8-42-205 Large Commercial Bread Bakery
8-42-206 Leaven

8-42-207 Yeast Percentage

' 8-42-300 STANDARDS

8-42.301 Newand Mddiﬁed Bakery Ovens

8-42-302 Emission Control Requirements, New and Modified Ovens
8-42-303 Emission Control Requirements, Existing Ovens

8-42-304 Delayed Compliance, Existing Ovens -

8-42-400 ADMINISTRATIVE REQUIREMENTS

8-42-401 Compliance Schedule '
8-42-402 Delayed Compliancs Schedule

8-42-500- MONITORING AND RECORDS (Nat Inciuded)
8-42-600 MANUAL OF PROCEDURES

8-42-601 Determination of Emissions
8-42-602° Emission Calculat_ion_ Procedures

8421 - September 20, 198




8-42-100
8-42.101
8-42-110

8-42-111

8-42-112

8-42-113

FIEGULATION 8 ..
ORGANIC COMPOUNDS
RULE 42
LARGE COMMERCIAL BREAD BAKERIES
(Adopted September 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 Bakeries: This ruie shall not apply to bakeries whose total
production of bread, buns, an .folls per operating day is less than 45,450 kg
{100,000 pounds), averaged over ali operating days in any one month.

Exemption, Low Emitting Ovens: Ovens demonstrated to the satisfaction of the
APCO to emit less than 68.2 kg (150 pounds) of ethanol Per operating day
averaged over a period of one 'year shall be exempt trom the requirements of
Section 8-42-301. = e : ' '
Exemption, E;lmng-wm,requirements of Section 8-42-303 shall not apply
to overis, which commenced operation prior to January 1, 1988 and which are
demonstrated to the satlsl;'cffgn.'.of the APCO to emit less than 113.7 kg (250
pounds) of ethanol per opfrating day, averaged over a period of one year.
Exemption, Miscellaneous Bakery Products: This ruie does not apply to
equipment used exclusively for the baking of bakery products other than bread,

~+Jling, and rolls. Such products include, but are not limited to, muffins, croutons,

8-42-114

- 8-42-200

8.42-201

8-42-202

8-42-203

8-42-204

breadsticks, and crackers. ‘

Exemption, Chemicaity Lomnod Products: This rule does not apply to
equipment used exclusively for the baking of bakery products leavened chemically
in the absence of yeast. .

DEFINITIONS

Approved Emission Control System: A system for reducing emissions of
Precursar organic compounds to the atmosphere consisting of a control device,

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

conditions:

equipment being controlled. .
201.2 The collection system shall vent all exhaust from the oven stack or stacks to

the control device during norimal operation.
Bagollm-- Emissions: Th average: amount of precursor organic compounds

Bread: A perishable foodstuft prepared from a dough whose primary ingredients
are flour, sugar, sait, water, and yeast and which is baked into loaves, buns, or
rolis S

Fermentation Time: Elapsed time.\'ﬁétween adding yeast to the dough or sponge
and placing the loaves into the‘ovaf'_tf expressed in hours.

e423 September 20, 1989




8-42.208
8-42-206
8-42-207

8-42-300
8-42-301

8.42-302

-8-42.303

.. .2Xisting ovens which commenced operation prior to January 1, 1989, shall b

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 hundred pounds of total recipe flour,
expressed as a percentage. ‘ .

STANDARDS

New and Modifled Bakery Ovens: Effective January 1, 1989, a person subject to’
this rule shall not operate the following equipment uniess the requirements of
Section 8-42-302 are met: _ !
301.1 Any newly constructed oven commencing operation after January 1, 1989,
301.2 Any newiy 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 replacement 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 Centrol” Requirements, New and Modified Ovens: Al new and
modified-ovens shail be required to vent all emissions to an approved emission

- control system capabie ucing emissions of precursor organic compounds by

90% on a mass basis. ..
Emission Control Requirements, Existing Ovens: Effective January 1, 1992, all

required to vert emissions to a control system meeting the following standards:
303.1 Emission collection system shall capture all emissions of precursor organie
compounds from all oven stacks. ‘
303.2 . Collected emissions shall be vented to an approved emission control device
which has a destruction efficiency of at least 90% on a mass basis.
Delayed Compilance, Existing Ovens: In lieu of complying with the requirements
of Section 8.42-303, an applicant may elect to replace those ovens subject to
Section 8-42-303 with new ovens meeting the requirements of Section 8-42-302 by
January 1, 1994. Such election 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, 1994 installation of new ovens.

ADMINISTRATIVE REQUIREMENTS

Compliance Schedule: Any person subject to the requirements of Section 8-42-

303 of this rule shall comply with the following increments of progress:

401.1 By January 1, 1990: Submit a status. report to the APCO stating the options
under consideration for retrofitting or replacing existing ovens.

4012 By January 1, 1991; Submit a plan describing the methods proposed 1o be.
used to comply with 8-42-303. _ ‘

401.3 By March 31, 1991; Submit a completed. application. for any Authority to:

. Construct necessary to comply with these requirements.

401.4 By January 1, 1992: Be in full compliance with all applicable requirements.

Delayed Compliance Schedule: Any person seeking to comply with this rule:

under Section 8-42-304 shall comply with the following increments of progress:

402.1 By January 1, 1991: Submit a plan describing the methods propesed to be
used to comply with 8-42-302.

8424 : September 20, 1989
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8-42-600
8-42-601

8-42-602

10.0
10.5
110
115
120
125
13.0
13.5
14,0
14.5
15.0
15.5

"Vt = (yeast percentage) * (fermentation time).

4022 By January 1, 1992: Submit to the APCO a status report on the purchase of
. thenewovens.
402.3 By January 1, 1993: Submit a completed application for any, Authority to
Construct necessary to comply with these requirements.
402.4 By January 1, 1994: Bein full compliance with all applicable requirements.

MANUAL OF PROCEDURES

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

Emission Calculation Procedures: It emission measurements conducted in
accordance with Section 8-42-601 are not available for a specific bakery product,
cven emissions shall be calculated using the emissian factors in Table |.

“TABLE |

Pounds VOC/ton | v* . Pounds vOGson

bakery product _ bakery product
8488 16.0 75176
0711 16.5 7.7399
12934 . 17.0 7.9622
- . B1sy i 17.5 8.1845
“ 1,7380 / 18.0 © 8.4068
19603 » 18.5 8.6291
21826 ~ 5 19.0 8.8514
© 2.4049 ) 195 9.0737
26272 L 20.0 9.2059
2.8495 - 20.5 9.5182
.3.0718 210 9.7405
3.2941 215 9.9628
35163 220 10.1851
3.7386 225 10.4074
3.9609 230 10,6297
41832 : 235 10.8520
4.4055 B, 240 11.0743
46278 245 11.2966
4.8501 T 250 11.5189
5072¢ 255 11.7412
5.2947 260 11.9635
55170 _ 285 12.1857
5.7393 - 27.0 12.4080
59616 i 275  12.6303
6.1839 - i 28.0 - 12.8526
6.4061 285 13.0749
6.6284 290 13.2972
6.8507 295 13.5195
7.0730 30.0 13.7418

72953 o .

W yeast is added in 2 steps, Yt = ((initial yeast percentage) * (total fermentation time) + -
(remaining yeast percentage) * (remaining femﬁ_k_mation time)].
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RULE 1153. COMMERCIAL BAKERY OVENS

(2)

(b)

(Adppted January 4, 1991)

- 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)

@)

P

3)
(4)

©)

AVERAGE DAILY EMISSIONS is the product of the total calendar
year emisti6ns (in tofiS/yaar) divided by the number of days the oven was

employed fow during that year.
BAKERY OVENs an oven for baking bread or any other yeast leavened

products by convection. _ .
BASE YEAR is the calendar 1989 or any subsequent calendar year in
which the average daily emissions are 50 pounds or more perday.
EMISSIONS are any VOC formed and released from the oven as a result
of the fermentation and baking processes of yeast leavened products.
EXEMPT COMPOUNDS are any of the following compounds which
have been determined to be non-precursors of ozone:
(A) Group I (General)

chlorodifiuoromethane (HCFC-22)

dichlorotrifluoroethane (HCFC-123)

tetrafluoroethane (HFC-1342)

dichlorofluoroethane (HCFC-141b)

chlorodifluoroethane (HCFC-142b)
(B)  Group II (Under Review)

methylene chloride

L,1,1-trichloroethane (methyl chloroform) -

trifluoromethane (FC-23) _ |

trichlorotrifluoroethane (CFC-113)

dichlorodifiuoromethane (CFC-12)

trichlorofluoromethane (CFC-11)

dichlorotetralfuoroethane (CFC-1 14)

chloropentafluoroethane (CFC-115)




Rule 1153 (Cont.) | (Adopted Jantary 4, 1991)

(c)

(d)

(6)
™)

@®
®

(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 before 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 into 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 _tha¥~¢ontains ?.E&"”‘blement of carbon compound, excluding
carbon monoxide, carbo ioxide, carbonic acid, metallic carbxdes or
carbonates, methane, exempt compounds.

YEAST PERCENTAGE is the pounds of yeast per hundred pounds of

total recipe flour, expressed as a percentage.

Requirements

(1)

(2

- No person shall operate an exlstmg bakery oven unless VOC emissions

are reduced by at least:

(A) 70 percent (by weight) for an oven with a base year 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 pounds 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 Schedule - - '
No person shall operate a:bakery oven_subject to this rule unless the followmg

increments of progress are met:

(1)

For bakery ovens subject to subﬁaragraph (c)(1)(A):

(A) By Jamuary 1, 1992, subm:t requued applications for permits to

construct and operate. :_;,g;};.;
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(e)

®

(®

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

Alternate Compliance Schedule

The subparagrapt(d)(1) and (d)(2) compliance deadlines may be postponed by

one year if the owner of ;?ry oven elects to replace the existing oven with a
new one. Such election nrist 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 bakéry
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 Attachment A, or according to any test methads
specified in paragraph (h). -

Recordkeeping Requirements- _ |

Any person operating a bakery oven subject to this rule .and claiming an
exemption under paragraph (f) shall maintain a daily record of operations,
including, but not limited to, the amount of raw material processed, yeast
percentage, fermentation time, and the type of product baked. Such records
shall be retained in the owner's or operator's files for a period of not less than
two years. - |
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(b) Test Methods |
EPA Test Method 25, or SCAQMD Test Method 25.1, or any other method
determined to be equivalent and approved 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 —_—
1.0 0.8488 16.0 7.5176 |
1.5 1.0711 16.5 7.7399
2.0 1.2934 17.0 7.9622
25 15157 175 8.1845
3.0 1.7380 18.0 8.4068
35 1.9603 185 8.6291
4.0 2.1826 19.0 8.8514
45 _ 2.4049 19.5 9.0737
5.0 g 26272 20.0 92959
55 Lo 28495 - 205 : 95182
6.0 3.0718 21.0 9.7405
65 _ 3.29 - 215 9.9628
7.0 3.5163 220 10.1851
75 o 3.7386 25 10.4074
8.0 . 3.9609 23.0 ' 10.6297
85 4.1832 235 10.8520 -
9.0 \ 44055 24.0 11.0743
--95 4.6278 - 245 112966
10.0 : 4.8501 25.0 11.5189
105 ‘ 5.0724 . 255 ' 11.7412
11.0 52947 26.0 119635
115 55170 265 12.1857
12.0 5.7393 27.0 12.4080 -
12.5 59616 275 12.6303
13.0 6.1839 28.0 12.8526
13.5 6.4061 285 ' 13.0749
14.0 6.6284 29.0 13.2972 |
145 6.8507 . 295 13.5195
15.0 7.0730 30.0 13.7418
155 _ 7.2953 ‘

* Yt = (yeast percentage) x (fermentation time)

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