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INTEROFFICE MEMORANDUM 

MIDWEST RESEARCH INSTITUTE 

March 19, 1997 

To: 

From: Brian Shrager 6I-s 

Subject: National Emission Estimate 

AP-42 Section 9.12.1, Malt Beverages, Project File 

I. Introduction 

. The recently published AP-42 Section 9.12.1, Malt Beverages, includes emission factors for 
filterable particulate matter (PM), PM-IO, PM-2.5, carbon monoxide (CO), carbon dioxide (COz), 
volatile organic compounds (VOC) (as ethanol), VOC (as propane), and hydrogen sulfide. Sufficient 
data are not currently available to estimate national emissions of CO or hydrogen sulfide from 
breweries. However, breweries are not expected to be significant sources of CO or hydrogen sulfide. 
Sufficient process information is not currently available to complete a national emission estimate for 
filterable PM, PM-10, and PM-2.5. If the required information is obtained, national estimates of 
filterable PM, PM-IO, and PM-2.5 will be completed at a later date. This memorandum presents 
national emission estimate for VOC and C02 emissions from breweries. The emission estimates were 
calculated by State, and a summation of the State estimates was used to develop the national 
estimates. To illustrate the emission contribution from different types of breweries, separate estimates 
are provided for four classes of breweries; large breweries, regional breweries, microbreweries, and 
brewpubs. The Brewers Resource Directory, compiled by the Institute for Brewing Studies, provides 
the following definitions for these four classes of breweries: 

Large Brewery: A brewery with sales of more than 500,000 barrels per year @bl/yr) 
Reeional Brewery: A brewery with a capacity to brew between 15,000 and 500,000 bbl/yr 
Microbrewery A brewery that produces less than 15,000 bbl/yr 
Brewpub: A restaurant-brewery that sells the majority of its’ beer on site 

11. Annual Production Datal4 

The data for total beer production are based on information contained in an article from the 
USA Today that states that about 181 million barrels (1 barrel is equal to 31 U. S. gallons) of 
domestically-brewed beer were sold (assumed to represent total volume packaged) in 1993. This 
figure includes 179.1 million barrels produced by large-scale (assumed to include large and regional 
breweries) brewing operations and 1.7 million barrels from small-scale operations (assumed to include 
microbreweries and brewpubs). Small scale operations have grown at a rapid pace since 1993. In 
1993, 471 small-scale breweries were reported in the United States. The North American Brewery 
List reports 1,014 small-scale breweries operating in 1996. Also, during this time, microbreweries 
have begun bottling more beer, primarily for regional distribution. Therefore, for purposes of this 
estimate, the production from large-scale operations is estimated as 176 million barrels packaged per 
year, and the production from small scale operations is estimated at about 5 million barrels packaged 



per year. These estimates are based on the assumption that the total volume of beer produced has 
remained relatively constant since 1993. The average production for each type of brewery was 
estimated using the following assumptions. 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

I11 

Total large and regional brewery production is estimated as 176 million bbl/yr 

The Coors brewery in Golden, Colorado, production is estimated as 18 million bbl/yr 

Anheuser-Busch controls about 40 percent of domestic beer production, or 72 million bbl/yr. 
The North American Brewery List, obtained from the Institute for Brewing Studies, lists 13 
large breweries operated by Anheuser-Busch. Based on Anheuser-Busch's total production 
divided by the number of large breweries, the average production of each brewery is 
estimated as 5.54 million bbl/yr. 

The Institute for Brewing Studies web page states that regional breweries brew between 
15,000 and 500,000 bbl/yr. For this study, an average regional brewery was assumed to 
produce 250,000 barrels per year. The North American Brewery List lists 46 domestic 
regional breweries. Using these data, the total production from regional breweries is 
estimated as 11.5 million bbl/yr. 

Using the above estimates for production totals from large and regional brewery 
(176 million bbl/yr), Coors (Golden, CO) brewery (18 million bbl/yr), the Anheuser-Busch 
breweries (72 million bbl/yr), and regional breweries (11.5 million bbl/yr), an average 
production for "other large breweries" (not including Coors [Golden, CO] and Anheuser- 
Busch) was calculated. The North American Brewery List lists 27 other large breweries. The 
total production estimate for other large breweries is estimated as (176 - 18 - 72 - 11.5) 
million bbl/yr, or 74.5 million bbl/yr. Using these data, the production from an average 
"other large brewery'' is estimated as 2.76 million bbllyr. 

The Institute for Brewing Studies web page states that microbreweries brew.less than 15,000 
bbllyr. For this study, an average microbrewery was assumed to produce 8,000 bbl/yr. The 
North American Brewery List lists 376 domestic microbreweries. Using these data, the total 
production from microbreweries is estimated at just over 3 million bbl/yr. 

The Institute for Brewing Studies web page states that brewpubs sell the majority of beer on- 
site. For this study, an average brewpub was assumed to produce 3,000 bbllyr, less than half 
of the production of an average microbrewery. This level of production is a conservative 
Digh) estimate. Data that document the average size of a brewpub are not available. The 
North American Brewery List lists 638 domestic brewpubs. Using these data, the total 
production from brewpubs is estimated at just over 1.9 million bbl/yr. 

VOC Emission Factors' 

Estimates of VOC emissions from pre-fermentation processes are presented as VOC (as 
propane), and estimates of emissions from fermentation and post-fermentation processes are presented 
as VOC (as ethanol). The two estimates are summed to estimate total VOC emissions from 
breweries. Table 1 shows the data used to calculate the VOC emission estimates, and includes 
estimates, by State, for each type of brewery. Table 2 shows a summary of the VOC emission 
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factors used to develop the estimate. Total brewery emission factors for VOC emissions from the 
four types of breweries were developed using the emission factors shown in AP-42 Section 9.12.1, 
Table 9.12.1-2. The units for all of the emission factors are pounds per 1000 barrels (lb/1000 bbl) of 
beer packaged. The following paragraphs present the assumptions and rationale used to develop each 
brewery emission factor. 

A. VOC (as ethanol) emission factors 

Laree and Reeional Breweries. For typical large and regional breweries, factors for the following 
processes were summed to determine a total brewery VOC (as ethanol) emission factor: activated 
carbon regeneration, aging tank--filling, bottle filling line, can filling line, fermenter venting--closed 
fermenter, and keg filling line. These process, and the assumptions used to estimate emissions, are 
described in the following paragraph. 

Activated carbon regeneration systems are associated with closed fermenters. These systems 
remove ethanol and other organic impurities from the activated carbon that is used to purify the C02 
collected from fermentation. In the "aging tank--filling" process, ethanol is released to the 
atmosphere as it is displaced (by liquid) from the aging tank. A filling line is mechanized system of 
filling bottles, cans, or kegs with beer. "Closed fermenter--venting" is the release to the atmosphere 
of fermenter exhaust prior to collection of C02. The length of the venting period varies by facility. 
All facilities with "closed fermenters'' release, or vent, the fermenter exhaust until the exhaust is pure 
enough (C02) to collect, purify, and use elsewhere in the process.Although most regional breweries 
use "open" fermenters and do not have activated carbon regeneration systems, the sum of VOC 
emissions from "activated carbon regeneration" and "fermenter venting-closed fermenter" should 
provide a good estimate of VOC emissions from open fermentation. To avoid double counting 
emissions from filling operations, an assumption was made that 45 percent of beer packaged by large 
and regional breweries is canned, 45 percent is bottled, and 10 percent is kegged. The VOC (as 
ethanol) emission factors (shown in AP-42 Table 9.12.1-2) for the bottle crusher, bottle soaker, and 
can crusher were not included in the total factor because the emission factor units are different for 
these factors, and production data (in the appropriate units) are not available. However, these 
processes are expected to be minor contributors to total emissions. Separate emission factors were 
developed for breweries that use conventional filling lines and sterilized filling lines. The factor for 
sterilized filling lines is only used to estimate emissions from the three Coors breweries. Although 
other breweries use sterilized filling lines, the extent of the use is not known. The emission factor 
calculations for VOC (as ethanol) from large and regional breweries are as follows: 

EF = act. carb. regen. + aging + 0.45 x @ottle line + can line) + 0.10 x keg line + ferm. vent. 

Laree and regional breweries with conventional filline lines 

EF = 0.035 + 0.57 + (0.45 x (17+ 14) + 0.10 x 0.69) + 2.0 = 16.6 lb/1000 bbl 

Laree breweries with sterilized filline lines 

EF = 0.035 + 0.57 + (0.45 x (40 + 35) + 0.10 x 0.69) + 2.0 = 36.4 lb/1000 bbl 

Microbreweries. For microbreweries, factors for the following processes were summed to determine 
a total brewery VOC (as ethanol) emission factor: activated carbon regeneration, aging tank--filling, 
bottle filling line, fermenter venting--closed fermenter, and keg filling line. Although microbreweries 
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use "open" fermenters and do not have activated carbon regeneration systems, the sum of VOC 
emissions from "activated carbon regeneration" and "fermenter venting--closed fermenter'' was 
assumed to be equal to VOC emissions from open fermentation. To avoid double counting emissions 
from filling operations, an assumption was made that 50 percent of beer packaged by microbreweries 
is bottled, and 50 percent is kegged. To our knowledge, microbreweries do not package beer in cans. 
The filling estimates are likely to overestimate the amount of beer that is bottled by microbreweries, 
but data are not available on the amount of beer bottled by microbreweries. The VOC (as ethanol) 
emission factors (shown in AP-42 Table 9.12.1-2) for the bottle soaker were not included in the total 
factor because the emission factor units are different for this factor, and the required data are not 
available. However, this process is expected to be a minor contributor to total emissions. The 
emission factor calculation for VOC (as ethanol) from microbreweries is shown below. 

EF = act. carb. regen. + aging + 0.5 x (bottle line + keg line) + ferm. vent. 

or 

EF = 0.035 + 0.57 + (0.5 x 17 + 0.5 x 0.69) + 2.0 = 11.5 IbllOOO bbl 

Brewoubs. For brewpubs, factors for the following processes were summed to determine a total 
brewery VOC (as ethanol) emission factor: activated carbon regeneration, aging tank--filling, 
fermenter venting--closed fermenter, and keg filling line. Although microbreweries use "open" 
fermenters and do not have activated carbon regeneration systems, the sum of VOC emissions from 
"activated carbon regeneration" and "fermenter venting-closed fermenter" was assumed to be equal to 
VOC emissions from open fermentation. An assumption was made that filling operations at brewpubs 
are 100 percent keg filling. Some brewpubs do bottle beer, but most brewpubs have very limited 
distribution. If more than 50 percent of a brewpub's beer is shipped off-site, the brewpub is 
reclassified as a microbrewery. Therefore, any emission factors associated with bottling or canning 
were not included in the emission factor calculation. The emission factor calculation for VOC (as 
ethanol) from microbreweries is shown below. 

EF = act. carb. regen. + aging + keg line + ferm. vent. 

or 

EF = 0.035 + 0.57 + 0.69 + 2.0 = 3.3 lb/1000 bbl 

B. VOC (as propane) emission factors 

Large Breweries. For typical large breweries, factors for the following processes were summed to 
determine a total brewery VOC (as propane) emission factor: brew kettle, brewers grain dryer, 
cereal cooker, hot wort settling tank, lauter tun, mash tun, open wort cooler, and trub vessel--filling. 
The brewers grain dryer emission factors shown in AP-42 have units of Ib/ton of dried grain 
produced. Data provided by Coors (AP-42 Section 9.12.1, Reference 3) show a VOC (as propane) 
emission factor of 2.64 lb/1000 bbl of beer packaged. This factor was used to calculate the VOC (as 
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propane) emission factor for large breweries. The emission factor calculation for VOC (as propane) 
from large breweries is shown below. 

EF = brew kettle + brewers grain dryer + cereal cooker + hot wort settling tank + lauter tun + 
mash tun + open wort cooler + trub vessel--filling 

or 

EF = 0.64 + 2.6 + 0.0075 + 0.075 + 0.0055 + 0.054 + 0.022 + 0.25 = 3.7 lb/1000 bbl 

Reeional Breweries. For regional breweries, factors for the following processes were summed to 
determine a total brewery VOC (as propane) emission factor: brew kettle, cereal cooker, hot wort 
settling tank, lauter tun, mash tun, open wort cooler, and trub vessel--filling. An assumption that 
regional breweries do not operate brewers grain dryers was used in calculating this emission factor. 
The emission factor calculation for VOC (as propane) from regional breweries is shown below. 

EF = brew kettle + cereal cooker + hot wort settling tank + lauter tun + mash tun t 
open wort cooler + trub vessel--filling 

or 

EF = 0.64 + 0.0075 + 0.075 + 0.0055 + 0.054 + 0.022 + 0.25 = 1.1 lb/1000 bbl 

Microbreweries. For microbreweries, factors for the following processes were summed to determine 
a total brewery VOC (as propane) emission factor: brew kettle, cereal cooker, hot wort settling tank, 
lauter tun, mash tun, open wort cooler, and trub vessel--filling. Microbreweries do not operate 
brewers grain dryers. The emission factor calculation for VOC (as propane) from microbreweries is 
shown below. 

EF = brew kettle + cereal cooker + hot wort settling tank + lauter tun + mash tun + 
open wort cooler + trub vessel--filling 

or 

EF = 0.64 + 0.0075 + 0.075 + 0.0055 + 0.054 + 0.022 + 0.25 = 1.1 lb/1000 bbl 

Brewmbs. For brewpubs, factors for the following processes were summed to determine a total 
brewery VOC (as propane) emission factor: brew kettle, cereal cooker, hot wort settling tank, lauter 
tun, mash tun, open wort cooler, and trub vessel--filling. Brewpubs do not operate brewers grain 
dryers. The emission factor calculation for VOC (as propane) from brewpubs is shown below. 

EF = brew kettle + cereal cooker + hot wort settling tank + lauter tun + mash tun t 
open wort cooler + trub vessel--filling 

or 

EF = 0.64 + 0.0075 + 0.075 + 0.0055 + 0.054 + 0.022 + 0.25 = 1.1 lb/1000 bbl 
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IV. Carbon Dioxide Emission Factors5 

Total brewery emission factors for C02 emissions from the four types of breweries were 
developed using the emission factors shown in AP-42 Section 9.12.1, Table 9.12.1-2. Table 1 shows 
the data used to calculate the (2% emission estimates, and includes estimates, by State, for each type 
of brewery. Table 2 shows a summary of the C02 emission factors used to develop the estimate. 
The units for all of the emission factors are pounds per 1000 barrels (lb/1000 bbl) of beer packaged. 
The following paragraphs present the assumptions and rationale used to develop each brewery 
emission factor. 

Laree Breweries. For large breweries, factors for the following processes were summed to determine 
a total brewery C02 emission factor: aging tanbfilling, brewers grain dryers, bottle filling line, can 
filling line, fermenter venting--closed fermenter, and keg filling line. To avoid double counting 
emissions from filling operations, an assumption was made that 45 percent of beer packaged by large 
breweries is canned, 45 percent is bottled, and 10 percent is kegged. Emission factors were not 
available for breweries that use conventional filling lines. Therefore, the (2% factors for sterilized 
filling lines were assumed to represent conventional filling line emissions. The brewers grain dryer 
emission factors shown in AP-42 have units of Ib/ton of dried grain produced. Data provided by 
Coors (AP-42 Section 9.12.1, Reference 3) show a conversion factor of 3.62 to convert from Ib/ton 
of dried grain produced to lb/1000 bbl of beer packaged. Using this conversion factor, emission 
factors for C02 emissions from brewers grain dryers were calculated for use in this estimate. For 
natural gas-fired dryers, the emission factor is 3040 lb/1000 bbl. For steam-heated dryers, the 
emission factor is 192 lb/1000 bbl. For simplicity, an assumption was made that half of the grain 
dryers are steam-heated and half are natural gas-fired. The emission factor calculation for C02 from 
large breweries is as follows: 

EF = aging tank--filling + 0.5 x (gas-fired grain dryer + steam-heated grain dryer) + 0.45 x 
(bottle line + can line) + 0.10 x keg line + fermenter venting 

or 

EF = 26 + 0.5 x (3040 + 192) + 0.45 x (4300 + 1900) + 0.10 x 46 + 2100 = 6,536 lb/1000 bbl 

Reeional Breweries. For regional breweries, factors for the following processes were summed to 
determine a total brewery C02 emission factor: aging tank--filling, bottle filling line, can filling line, 
fermenter venting--closed fermenter, and keg filling line. An assumption that regional breweries do 
not operate brewers grain dryers was used in calculating this emission factor. To avoid double 
counting emissions from filling operations, an assumption was made that 45 percent of beer packaged 
by regional breweries is canned, 45 percent is bottled, and 10 percent is kegged. Emission factors 
were not available for breweries that use conventional filling lines. Therefore, the C02 factors for 
sterilized filling lines were assumed to represent conventional filling line emissions. Regional 
breweries typically have open fermenters, which, unlike closed fermenters, vent (2% to the 
atmosphere for the entire fermentation cycle. Therefore, the "fermenter venting-closed fermenter" 
emission factor provides a low estimate of C02 emissions from open fermentation operations. For 

6 



this estimate, the closed fermenter factor is multiplied by 1.5 to estimate emissions from open 
fermenters. The emission factor calculation for C02 from regional breweries is as follows: 

EF = aging tank--filling + 0.45 x (bottle line + can line) + 0.10 x keg line + 1.5 x ferm. vent. 

or 

EF = 26 + 0.45 x (4300 + 1900) + 0.10 x 46 + 1.5 x 2100 = 5,971 lb/1000 bbl 

Microbreweries. For microbreweries, factors for the following processes were summed to determine 
a total brewery C02 emission factor: aging tank--filling, bottle filling line, fermenter venting--closed 
fermenter, and keg filling line. Microbreweries do not operate brewers grain dryers. To avoid 
double counting emissions from filling operations, an assumption was made that 50 percent of beer 
packaged by microbreweries is bottled and 50 percent is kegged. Emission factors were not available 
for breweries that use conventional filling lines. Therefore, the C02 factors for sterilized filling lines 
were assumed to represent conventional filling line emissions. Microbreweries use open fermenters, 
which, unlike closed fermenters, vent C02 to the atmosphere for the entire fermentation cycle. 
Therefore, the "fermenter venting--closed fermenter" emission factor provides a low estimate of C02 
emissions from open fermentation operations. For this estimate, the closed fermenter factor is 
multiplied by 1.5 to estimate emissions from open fermenters. The emission factor calculation for 
C02 from microbreweries is as follows: 

EF = aging tank--filling + 0.5 x bottle line + 0.5 x keg line + 1.5 x fermenter venting 

or 

EF = 26 + 0.5 x 4300 + 0.5 x 46 + 1.5 x 2100 = 5,349 lb/1000 bbl 

BrewDubs. For brewpubs, factors for the following processes were summed to determine a total 
brewery C02 emission factor: aging tank--filling, fermenter venting--closed fermenter, and keg 
filling line. Brewpubs do not operate brewers grain dryers. Brewpubs use open fermenters, which, 
unlike closed fermenters, vent C02 to the atmosphere for the entire fermentation cycle. Therefore, 
the "fermenter venting--closed fermenter" emission factor provides a low estimate of C02 emissions 
from open fermentation operations. For this estimate, the closed fermenter factor is multiplied by 1.5 
to estimate emissions from open fermenters. An assumption was made that filling operations at 
brewpubs are 100 percent keg filling. Some brewpubs do bottle beer, but most brewpubs have very 
limited distribution. If more than 50 percent of a brewpub's beer is shipped off-site, the brewpub is 
reclassified as a microbrewery. Therefore, any emission factors associated with bottling or canning 
were not included in the emission factor calculation. The emission factor calculation for C02 from 
brewpubs is as follows: 

EF = aging tank--filling + keg line + 1.5 x fermenter venting 

or 

EF = 26 + 46 + 1.5 x 2100 = 3,222 lb/1000 bbl 
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V. Emissions From Other Associated S o ~ r c e s ~ ? ~  

Several additional sources of VOC associated with beer production are yeast lysing, yeast 
storage, waste beer storage, and evacuation of aging tanks and closed fermentation tanks. Data of 
suitable quality for inclusion in the malt beverages section of AP-42 are not available for these 
sources. The emissions from these processes were not included in the emission estimates developed 
in this memorandum. 

In addition, some large breweries have process wastewater treatment plants, which may or 
may not be considered to be part of the brewery. One brewery reported annual ethanol emissions 
from wastewater treatment of 42.2 tons (annual production of 5.3 million barrels). This corresponds 
to an emission factor of about 16 lb/1000 bbl. This emission factor is not used in this memorandum 
to estimate national emissions from breweries. 

VI. summary 

The national emission estimate for VOC emissions from breweries is 2,027 tons per year. Of 
this total, 1,714 tons per year is ethanol. Large breweries account for about 93.9 percent of total 
VOC emissions (1,902 tons); regional breweries account for about 5.0 percent (102 tons); 
microbreweries account for about 0.9 percent (19 tons); and brewpubs account for about 0.2 percent 
(4 tons). The national emission estimate for C02  emissions from breweries is 583,000 tons per year. 
Large breweries account for about 92.3 percent of C02  emissions (538,000 tons); regional breweries 
account for about 5.8 percent (34,000 tons); microbreweries account for about 1.4 percent 
(8,000 tons); and brewpubs account for about 0.5 percent (3,000 tons). Table 1 shows the data used 
to estimate national emissions of VOC and C02, and includes estimates by State and by brewery 
type. If additional detail is needed on the location of breweries in the United States, Reference 3 
provides the brewery locations by city. 
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Table 1. State and National Emission Estimates for VOC and C 0 2  from Breweries 3/19/97 

State 
Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
D.C. 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
loWa 

Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetk 
Michigan 
Minnesota 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
NewYork 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsybania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee" 
Texas 
Utah 
Vermont 
Virginia" 
Washington 
West Virginia 
Wisconsin 
Wyoming 

Total 
"The Coors bre 

c02 
oduction, emissions. 
300 bbVyr tondyr 

0 0 

4RGE BREWERIE 
umber of Brewerie VOC as propane VOC as ethanol Total VOC 

emissions. emissions. emissions, 
tondyr tondyr tondyr 

0.0 0.0 0.0 
0 
0 
0 

13840 
23540 

0 
0 
0 

13WO 
83w 

0 
0 

2760 
0 
0 
0 
0 
0 
0 

5520 
0 

2760 
2760 
5540 

0 
0 
0 

5540 
5540 

0 
8300 
5520 

0 
8300 

0 
2760 
8280 

0 
0 
0 

2760 
16580 

0 
0 

8300 
5520 

0 
8280 

0 251 
ies in Virginia and 

0 
0 
0 

45226 
76924 

0 
0 
0 

45226 
271 23 

0 
0 

901 9 
0 
0 
0 
0 
0 
0 

18038 
0 

9019 
901 9 

181 04 
0 
0 
0 

18104 
18104 

0 
271 23 
18038 

0 
27123 

0 
901 9 

27057 
0 
0 
0 

9019 
541 80 

0 
0 

271 23 
18038 

0 
27057 

0 

1 

0.0 
0.0 
0.0 

25.5 
43.4 
0.0 
0.0 
0.0 

25.5 
15.3 
0.0 
0.0 
5.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

10.2 
0.0 
5.1 
5.1 

10.2 
0.0 
0.0 
0.0 

10.2 
10.2 
0.0 

15.3 
10.2 
0.0 

15.3 
0.0 
5.1 

15.3 
0.0 
0.0 
0.0 
5.1 

30.6 
0.0 
0.0 

15.3 
10.2 
0.0 

15.3 
0.0 

- - 
nheuser- * 

1 
inessee 
- 

0.0 
0.0 
0.0 

140.4 
417.0 

0.0 
0.0 
0.0 

140.4 
84.2 
0.0 
0.0 

28.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

56.0 
0.0 

28.0 
28.0 
56.2 
0.0 
0.0 
0.0 

56.2 
56.2 

1 

1 
1 

1 

2 

1 
1 

1 
2 

1 

1 
3 

4 

2 

3 

164,540 537,684 303.6 1.598.51 1.902.1 

0.0 
0.0 
0.0 

114.9 
373.6 

0.0 
0.0 
0.0 

11 4.9 
68.9 
0.0 
0.0 

22.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

45.8 
0.0 

22.9 
22.9 
46.0 
0.0 
0.0 
0.0 

46.0 
46.0 
0.0 

68.9 
45.8 
0.0 

68.9 
0.0 

22.9 
68.7 
0.0 
0.0 
0.0 

50.2 
137.6 

0.0 
0.0 

96.2 
45.8 
0.0 

68.7 
0.0 

::;I 
56.0 
0.01 

84.21 0.0 
28.0 
84.0 
0.0 
0.0 
0.0 

55.3 
168.2 

0.0 

111.5 "."I 
56.0 
0.0 

84.0 
0.0 
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Table 1. State and National Emission Estimates for VOC and C02 from Breweries 

umber 
f 
reweries 

c02 VOC as propane VOC as ethanol Total VOC 
Production. emissions, emissions, emissions. emissions. 
1,000 bbVyr tonslyr tonslyr tonslyr tonslyr 

0 0 0.0 0.0 0.0 

Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
D.C. 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 

Total 
i 

2501 0 

46 I 11,MoI 34.331 

0 
1250 
500 
0 
0 
0 

250 
0 
0 
0 
0 

250 
250 

0 
0 

Mo 
250 

0 
250 

0 
1 om 
250 

0 
0 
0 
0 
0 
0 

250 
0 
0 

250 
0 

2000 
1WO 

0 
0 
0 
0 

500 
0 

250 
250 

1000 
0 

1 wo 
0 

6.01 95.51 101.5 

7461 0 
0 

3732 
1493 

0 
0 
0 

746 
0 
0 
0 
0 

746 
746 

0 
0 

1493 
746 

0 
746 

0 
2985 
746 

0 
0 
0 
0 
0 
0 

746 
0 
0 

746 
0 

5971 
2965 

0 
0 
0 
0 

1493 
0 

746 
746 

2985 
0 

2985 
0 

0.1 
0.0 
0.0 
0.7 
0.3 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
0.0 
0.0 
0.3 
0.1 
0.0 
0.1 
0.0 
0.5 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.1 
0.0 
1.1 
0.5 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.1 
0.1 
0.5 
0.0 
0.5 
0.0 

2.1 
0.0 
0.0 

10.4 
4.2 
0.0 
0.0 
0.0 
2.1 
0.0 
0.0 
0.0 
0.0 
2.1 
2.1 
0.0 
0.0 
4.2 
2.1 
0.0 
2.1 
0.0 
6.3 
2.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.1 
0.0 
0.0 
2.1 
0.0 

16.6 
8.3 
0.0 
0.0 
0.0 
0.0 
4.2 
0.0 
2.1 
2.1 
8.3 
0.0 
8.3 
0.0 

2.2 
0.0 
0.0 

11.0 
4.4 
0.0 
0.0 
0.0 
2.2 
0.0 
0.0 
0.0 
0.0 
2.2 
2.2 
0.0 
0.0 
4.4 
2.2 
0.0 
2.2 
0.0 
8.6 
2.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.2 
0.0 
0.0 
2.2 
0.0 

17.7 
8.8 
0.0 
0.0 
0.0 
0.0 
4.4 ;:;I 
2.2 

0.0 

0.0 *.-"I 

\ 
31 9/97 
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Table 1. State and National Emission Estimates for VOC and C 0 2  from Breweries 31 9/97 

umber 
f 
reweries 

2 

c02 VOC as propane VOC as ethanol Total VOC 
Production. emissions. emissions. emissions. emisions. 
1,WO bbl/yr tonslyr tonslyr tonslyr tonslyr 

16 43 0.0 0.1 0.1 
state 
Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
D.C. 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 

Total 

81 64 I 
0.5 
0.1 
2.5 
2.1 
0.3 
0.1 
0.0 
0.4 
0.3 
0.2 
0.5 
0.3 
0.1 
0.1 
0.1 
0.1 
0.2 
0.6 
0.4 
0.7 
0.5 
0.1 
0.0 
0.7 
0.0 
0.1 
0.2 
0.4 
0.3 
0.5 
0.7 
0.0 
0.6 
0.0 
0.6 
0.7 
0.1 
0.2 
0.1 
0.2 
0.6 
0.3 
0.2 
0.3 
1.5 
0.1 
0.5 

~ 0.2 

171 I 0.01 

376 3.0081 8,0451 1.61 17.3 

0.41 

18.9 

9 
1 
50 
42 
6 
1 

8 
5 
4 
9 
6 
1 
2 
2 
1 
3 
12 
8 
14 
10 
2 

13 

1 
3 
7 
5 
10 
13 

12 

12 
14 
1 
3 
1 
3 
12 
5 
4 
6 
30 
1 
10 
4 

72 
8 

400 
336 
48 
8 
0 
64 
40 
32 
72 
48 
8 
16 
16 
8 
24 
96 
64 
112 
80 
16 
0 

104 
0 
8 
24 
56 
40 
90 
104 
0 
96 
0 
96 
112 
8 
24 
8 
24 
96 
40 
32 
48 
240 
8 
80 
32 

193 
21 

1070 
899 
128 
21 
0 

171 
107 
86 
193 
128 
21 
43 
43 
21 
64 
257 
171 
3w 
21 4 
43 
0 

278 
0 
21 
64 
150 
107 
214 
278 
0 

257 
0 

257 
3 w  
21 
64 
21 
64 
257 
107 
86 
128 
642 
21 
214 
86 

0.0 
0.0 
0.2 
0.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.1 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.1 
0.0 
0.1 
0.1 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 

0.4 
0.0 
2.3 
1.9 
0.3 
0.0 
0.0 
0.4 
0.2 
0.2 
0.4 
0.3 
0.0 
0.1 
0.1 
0.0 
0.1 
0.6 
0.4 
0.6 
0.5 
0.1 
0.0 
0.6 
0.0 
0.0 
0.1 
0.3 
0.2 
0.5 
0.6 
0.0 
0.6 
0.0 
0.6 
0.6 
0.0 
0.1 
0.0 
0.1 
0.6 
0.2 
0.2 
0.3 
1.4 
0.0 
0.5 
0.2 

1 1  
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umber 
f Production, 
rewpubs 1,000 bbUyr 

5 15 

Table 1. State and National Emission Estimates for VOC and C02 from Breweries 

COZ VOC as propane VOC as emanol Total VOC 
emissions. emissions. emissions, emissions. 
tonslyr tondyr tonslyr tondyr 

24 0.0 0.0 0.0 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
D.C. 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 

Total 

0.0 
0.1 
0.0 
0.6 
0.2 
0.0 
0.0 
0.0 
0.2 
0.1 
0.0 
0.0 
0.1 
0.1 
0.0 
0.1 
0.0 
0.0 
0.1 
0.1 
0.1 
0.1 
0.0 
0.1 
0.0 
0.0 
0.1 
0.0 
0.0 
0.1 
0.2 
0.1 
0.0 
0.1 
0.1 
0.3 
0.1 
0.0 
0.1 
0.0 
0.1 
0.2 
0.1 
0.1 
0.0 
0.2 
0.0 
0.1 

3 
10 
2 

97 
37 
5 
3 
2 

38 
9 
2 
7 

19 
9 
3 

11 
5 
3 

11 
9 

22 
11 
6 
9 

6 
8 
7 
7 
8 

36 
10 
3 

13 
8 

40 
13 
3 

13 
5 
8 

38 
8 
8 
7 

26 
2 

16 
7 

9 
30 
6 

291 
111 
15 
9 
6 

114 
27 
6 

21 
57 
27 
9 

33 
15 
9 

33 
27 
66 
33 
18 
27 
0 

18 
24 
21 
21 
24 

108 
30 
9 

39 
24 

120 
39 
9 

39 
15 
24 

114 
24 
24 
21 
78 
6 

48 
21 

14 
48 
10 

469 
179 
24 
14 
10 

184 
43 
10 
34 
92 
43 
14 
53 
24 
14 
53 
43 

106 
53 
29 
43 
0 

29 
39 
34 
34 
39 

174 
48 
14 
63 
39 

193 
63 
14 
63 
24 
39 

184 
39 
39 
34 

126 
10 
77 
34 

0.0 
0.0 
0.0 
0.2 
0.1 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.5 
0.2 
0.0 
0.0 
0.0 
0.2 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.1 
0.0 
0.0 
0.1 
0.0 
0.1 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.0 
0.0 
0.1 
0.0 
0.2 
0.1 
0.0 
0.1 
0.0 
0.0 
0.2 
0.0 
0.0 
0.0 
0.1 
0.0 
0.1 
0.0 

3/19/97 



Table 1. State and National Emission Estimates for VOC and C02 from Breweries 3 1  9/97 

State 
Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecficut 
Delaware 
D.C. 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
loWa 

Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 

Total 

lumber c02 VOC as propane VOC as ethanol 
i Total production, emissions, emissions, emissions, 
reweries 1,000 bbVyr tonslyr tonslyr tonslyr 

7 31 67 0.0 0.1 

Total VOC 
emissions. 
tondyr 

0.1 
12 
19 
3 

155 
83 
11 
4 
2 
50 
16 
6 

16 
26 
11 
6 

13 
6 
8 

24 
19 
37 
22 
13 
11 
13 
6 
9 

11 
15 
13 
49 
25 
3 

26 
8 

61 
34 
4 

16 
6 

12 
57 
13 
13 
16 
62 
3 

33 
11 

2.6 
0.5 
0.1 

154.6 
423.6 

0.3 
0.1 
0.0 

143.3 
84.5 
0.2 
0.5 

28.4 
2.3 
2.3 
0.2 
0.1 
4.6 
2.9 

56.5 
3.1 

28.6 
37.0 
58.5 
0.7 
0.0 
0.1 

58.4 
56.6 
0.3 

87.1 
56.7 
0.0 

67.1 
0.1 

46.5 
93.6 
0.1 
0.2 
0.1 

55.5 
173.5 

0.3 
2.5 

114.1 
66.5 
0.1 

93.4 
0.2 

323 
102 
14 

15781 
24487 

63 
17 
6 

14266 
8367 

38 
93 

2665 
285 
275 
49 
23 

533 
379 

561 1 
428 

2873 
3794 
5817 

104 
16 
32 

5585 
5617 
64 

8738 
5654 

9 
8685 

24 
4976 
9431 

17 
63 
23 

2808 
17290 

64 
306 

6619 
6638 

14 
9408 

53 

1,101 

932 
241 
31 

50,497 
79,494 

153 
36 
I O  

46,327 
27,273 

95 
226 

9,239 
61 1 
604 
96 
46 

1,571 
1,056 

16,253 
1.152 
9.286 

12,076 
18.893 

278 
29 
60 

18.202 
18,287 

146 
28.257 
18,365 

14 
28,189 

39 
15.440 
30,405 

36 
127 
46 

9 .1n  
56,113 

146 
871 

28.031 
21,791 

31 
30,334 

119 

160.962 583,143 312.2 1,714.41 2,026.6 

0.2 
0.1 
0.0 

26.6 
43.9 
0.0 
0.0 
0.0 

25.8 
15.3 
0.0 
0.0 
5.1 
0.1 
0.1 
0.0 
0.0 
0.3 
0.2 

10.2 
0.2 
5.2 
5.6 

10.4 
0.1 
0.0 
0.0 

10.2 
10.3 
0.0 

15.5 
10.3 
0.0 

15.5 
0.0 
6.3 

15.9 
0.0 
0.0 
0.0 
5.1 

31 .O 
0.0 
0.2 

15.5 
10.9 
0.0 

15.9 
0.0 

2.5 
0.5 
0.1 

126.0 
379.8 

0.3 
0.1 
0.0 

117.5 
69.2 
0.2 
0.4 

23.3 
2.2 
2.2 
0.1 
0.1 
4.3 
2.7 

46.2 
2.8 

23.4 
31.3 
48.1 
0.6 
0.0 
0.1 

46.2 
46.3 
0.3 

71.6 
46.5 
0.0 

71.6 
0.0 

40.3 
77.7 
0.1 
0.2 
0.1 

50.4 
142.5 

0.3 
2.3 

98.6 
55.6 
0.1 

77.6 
0.2 

13 



TABLE 2. Summary of Brewery Emission Factors 

Brewery type Pollutant Emission factor, lb/1000 bbl 

Large (conventional filling lines) 

I CO? I 6.536 II 

VOC as ethanol I 16.6 

VOC as propane 3.7 

Large (sterilized filling lines) VOC as ethanol 36.4 I 
I CO? I 6,536 II 
VOC as propane 

Regional 

3.1 

I vocasethano~ I 16.6 II 
VOC as propane 1.1 

Micro I vocasethano~ I 11.5 II 

Brewpub 

VOC as propane 1.1 

co2 5,349 

VOC as ethanol 3.3 

VOC as DroDane 1.1 

co2 

14 

3,222 
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MIDWEST RESEARCH INSTITUTE 
Suite 350 

401 Hanison Oaks Boulevard 
Cay, Nonh Carolina 27513-2412 

Telephone (919) 677-0249 
FAX (919) 6774065 

Date: 

Subject : 

From: 

To: 

April 14, 1994 

Site Visit--Stroh Brewery Company, Winston Salem, NC 
Review and Update of AP-42 Chapter 6, Food and 
Agriculture, EPA Contract 68-D2-0159; MRI Project 
3605-99 

Brian Shrager 

Dallas Safriet 
EPA/EIB/EFMS (m-14) 
U. S. Environmental -rotection Agency 
Research Triangle Park, N.C. 27711 

I. Puruose 

The purpose of the visit was to familiarize the project team 
with brewery operations in order to facilitate the development of 
the new AP-42 section addressing beer brewing. 

I1 

I11 

Place and Date 

Stroh Brewery Company 
U.S. Route 52 
Winston Salem, North Carolina 

Date: September 24, 1993 

Attendees 

Stroh Brewery ComDanv (Strohl 

Greg Miller, Manager-Environmental Affairs 
Joe Kwolkoski, Plant Engineer 
Paul Heppler, Assistant Engineer 

U.S. Environmental Protection Asencv (EPA) 

Dallas Safriet, EIB 
Ron Ryan, EIB 

Midwest Research Institute (MRI) 

Roy Neulicht 
Brian Shrager 



IV. Discussion 
The group began the trip with a brief discussion of the 

plant operations as well a s  Stroh operations throughout the 
United States. The following are some of the key points of the 
discussion: 

1. Malting operations are not performed at this plant. 

2 .  The plant uses corn syrup instead of corn in the brewing 
process. This eliminates corn cookers from the brewing 
process. 

3. In addition to the normal can and bottle filling lines, 
the plant has two sterile filling lines. These lines are 
located within the filling area of the facility, but each 
line is located in plastic sheeting enclosures, which are 
maintained under positive air pressure during operation. 

4 .  The plant produces about 5.5 million barrels of beer per 
year, and is relatively small compared to the Coors plant 
(20 million.barrels per year) that furnished the filling 
operations emission data to EPA. There are 31 gallons in a 
barrel. 

5. Mr. Miller indicated that the largest ethanol emission 
source at the plant is the alcohol stripper, which is used 
to decrease the ethanol content from waste beer. The 
alcohol stripper is a submerged burner which heats the 
liquid waste stream, resulting in evaporation of the 
ethanol. The alcohol stripper is needed to reduce the 
biological oxygen demand (BOD) load on the city sewer 
system. The alcohol stripper removes about 65 percent of 
the alcohol from the liquid stream. The source emits about 
300 tons of ethanol per year. Mr. Miller indicated that the 
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plant is planning to replace the alcohol stripper with an 
ethanol recovery system in the next year. 

6. Mr. Milier suggested that filler emission factors be 
based on beer spillage rather than production, because the 
only ethanol emissions from filling operations come from 
beer loss. Stroh is concerned about the use of the Coors 
data for filling operations because Coors filling operations 
are not representative of the industry. 

Following the discussion, the group toured the facility. 
Figure 1 shows a process flow diagram for the plant. Malted 
barley is shipped to the plant by rail, and is pneumatically 
conveyed to 20 grain storage silos. Particulate matter (PM) 
emissions from the grain unloading process are controlled by 
filter receivers, which are cyclones followed by fabric filters. 
From the silos, malted grain is pneumatically conveyed to four 
whole malt scales, which weigh the malt and discharge the proper 
amount to three malt mills. The malt mills grind the malt, which 
is then screw-conveyed to two ground (milled) malt hoppers. 
Particulate matter emissions from the malt mills and milled malt 
hoppers are controlled by a fabric filter. From the milled malt 
hoppers, the ground malt is gravity fed to two mash tubs where 
hot water is added as the malt is being fed. Corn syrup is then 
added, and the mixture is cooked in the mash tubs. The product, 
known as wort, is pumped to one of two lauter tubs, in which the 
wet grain is separated from the wort. The mash tubs and lauter 
tubs are all vented to the atmosphere through natural draft 
stacks. The liquid wort from the lauter tubs is transferred to 
four brew kettles, and the wet or “spent” grain from the lauter 
tubs is pneumatically conveyed to the spent grain tank and is 
sold to a neighboring facility that dries and processes the 
grain. In the brew kettles, hops are added to the wort and the 
mixture is boiled for an extended period of time. In addition to 
boiling in the brew kettles, the Stroh brand of beer is cycled 
through a direct-fired brewing process. The wort is then 
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transferred to the four hot wort settling tanks where the hot 
wort is held to allow settling of insoluble material called trub; 
the trub is introduced back into the lauter tubs. Emissions from 
the brew kettles are ducted to the atmosphere through four 
forced-air stacks, and the hot wort settling tanks are vented 
through a natural draft stack. The hot wort is pumped to 
coolers, which cool the liquid from about 99OC (21O0F)  to about 
l l ° C  (52OF). The cooling system is a glycol- and ammonia-based, 
refrigeration system. The only potential emissions from the 
cooling system are fugitive ammonia emissions from valves or 
seals. Yeast, which is produced in several yeast tanks, is mixed 
with the cooled wort as it is pumped into the fermentation tanks. 

The plant has 86 fermentation tanks, each of which typically 
holds about 1270 barrels of liquid. The liquid is typically 
fermented for a little more than a week. The fermentation tanks 
are vented to the atmosphere (through a single six inch diameter 
stack) for the first 1 2  to 14 hours of the fermentation process. 
This is a potential VOC source. For about seven days (following 
the initial 1 2  to 14 hours), the emissions from the fermentation 
tanks are collected for the purpose of recovering the carbon 
dioxide (COz)  generated during fermentation. Impurities in the 
C02 are removed by a wet scrubbing and carbon adsorption system; 
impurities collected in the carbon bed are released to the 
atmosphere as emissions during carbon regeneration. At the time 
of the visit, the stack venting emissions from the fermentation 
tanks was emitting a considerable amount of waste gas, but 
Mr. Kwolkoski noted that this was not typical and was probably 
due to a malfunctioning compressor in the C02 recovery system, 
which prevented recovery of gases from all the fermentation 
tanks. From the fermentation tanks, the liquid is transferred to 
surge tanks, and then processed through a centrifuge to remove 
waste yeast. After the centrifuge, the liquid is aged for 
30 days (secondary fermentation) in "ruh1I storage tanks. The ruh 
storage tanks are vented to the atmosphere. Following ruh 
storage, the liquid is sent through a filtration process. 
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Diatomaceous earth is added to the ruh and the mixture passes 
through a filtration system that includes a prefilter, final 
filter, and trap filter. This diatomaceous earth filtration 
process removes any remaining impurities in the beer. Carbonated 
water is added to the liquid and the beer is then pumped to final 
storage ("government tanks"). The surge tanks used in the 
filtration process and the government storage tanks are 
maintained under counterpressure using C02 (i.e., they are not 
vented to the atmosphere, except prior to and during cleaning). 

The diatomaceous earth used in the filtration process is 
received in 50 lb bags; the earth is dumped into a mix tank and 
mixed with water to form the slurry which is used during 
filtration. The mix tank is a potential source of fugitive 
particulate matter emissions. The mix tanks were covered; the 
door in the cover was hooded and the exhaust is vented to a 
baghouse prior to discharge to the atmosphere. 

From final storage, the beer is canned or bottled by several 
filling lines located in a large building. The two enclosed 
filling lines, for nonpasteurized products, were not operating 
during the visit. 
appear to spill much beer, and some of the lines were shrouded at 
the point where spillage occurred. 
spilled beer which drained quickly into catchpans connected to 
the collection system, thus limiting potential ethanol emissions. 
One canning line was not shrouded, and beer spillage was more 
noticeable; more beer appeared to escape capture by the catch 
pans and instead ended up on the floor where it subsequently 
flowed to a floor drain. Bottling operations appeared to spill 
more beer than canning, with most of the spillage occurring as 
the beer foamed up after the injection of  steam or C02 for oxygen 
removal prior to capping. 

The canning lines that were operating did not 

The shrouds contained the 

Damaged and partially filled cans and bottles from the 
filling lines are deposited in bins that feed two crushers, one 
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can crusher and one bottle crusher. Beer from the crushed cans 
and bottles is collected in the waste beer collection system. 
The waste beer is pumped from the collection tank to the alcohol 
stripper. The cans and bottles are recycled. The alcohol 
stripper is a submerged combustion system that is a major source 
of ethanol emissions, but as discussed earlier, it is going to be 
replaced in the near future. 

IV. Conclusions 

The site visit was informative and assisted in identifying 
the potential sources of emissions which include: 

PM - -  Grain/malt handling 

voc - -  Brew kettle 

_ -  Diatomaceous earth mixing 

_ _  Lauter tub 
_ _  Hot wort settle tank 
_ _  Fermentation 
_ _  Secondary fermentation 
- -  Bottling 
_ _  Waste beer handling 

eo2 - -  Fermentation 
Other - -  Ammonia from refrigeration system 
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Date: 

Subject : 

From: 

To: 

MIDWEST RESEARCH INSTITUTE 
Suite 350 

401 Harrison Oaks Boulevard 
Caw, North Carolina 27513-2412 

Telephone (919) 6774249 
FAX (919) 677-0065 

May 5, 1994 

Site Visit--Stroh Brewery Company, Winston Salem, NC 
Review and Update of AP-42 Chapter 6, Food and 
Agriculture, EPA Contract 68-D2-0159; MRI Project 

Brian Shrager 

Dallas Safriet 

U. S. Environmental Protection Agency 
Research Triangle Park, N.C. 27711 

3605-99 

EPA/EIB/EFMS (MD-14) 

I. Pumose 

The purpose of the visit was to familiarize the project team 
with brewery operations in order to facilitate the development of 
the new AP-42 section addressing beer brewing. 

11. Place and Date 

Stroh Brewery Company 
U.S. Route 52 
Winston Salem, North Carolina 

Date: September 24, 1993 

111. Attendeen 

Stroh Brewerv ComDanv (Stroh) 

Greg Miller, Manager-Environmental Affairs 
Joe Kwolkoski, Plant Engineer 
Paul Heppler, Assistant Engineer 

U.S. Environmental Protection Auencv (EPA) 

Dallas Safriet, EIB 
Ron Ryan, EIB 

Midwest Research Institute (MRI) 

Roy Neulicht 
Brian Shrager 
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IV. Discussion 

The group began the trip with a brief discussion of the 
plant operations as well as Stroh operations throughout the 
United States. The following are some of the key points of the 
discussion: 

1. Malting operations are not performed at this plant. 

2 .  The plant uses corn syrup instead of corn in the brewing 
process. This eliminates corn cookers from the brewing process. 

3 .  In addition to the normal can, bottle, and keg filling 
lines, the plant has two sterile filling lines. These lines are 
located within the filling area of the facility, but each line is 
located in plastic sheeting enclosures, which are maintained 
under positive air pressure during operation. 

4 .  The plant produces about 3.9 million barrels of beer per 
year, and has a capacity of approximately 5.0 million barrels per 
year. The plant is relatively small compared to the Coors plant 
(20 million barrels per year) that furnished the filling 
operations emission data to EPA. There are 31 U.S. gallons in a 
barrel. 

5. Mr. Miller indicated that the largest ethanol emission 
source at the plant is the alcohol stripper, which is used to 
decrease the ethanol content from waste beer. The alcohol 
stripper is a submerged burner which heats the liquid waste 
stream, resulting in evaporation of the ethanol. The alcohol 
stripper is needed to reduce the biological oxygen demand (BOD) 
load on the city sewer system. The alcohol stripper removes 
about 65 percent of the alcohol from the liquid stream. The 
source emits about 300 tons of ethanol per year. M r .  Miller 
indicated that the plant is planning to replace the alcohol 
stripper with an ethanol recovery system in the next year. 

based on beer spillage rather than production, because the only 
ethanol emissions from filling operations come from beer loss. 
Stroh is concerned about the use of the Coors data for filling 
operations because Coors filling operations are not 
representative of the industry. 

Following the discussion, the group toured the facility. 
Figure 1 shows a process flow diagram for the plant. Malted 
barley is shipped to the plant by rail, and is pneumatically 
conveyed to 20 grain storage silos. Particulate matter (PM) 
emissions from the grain unloading process are controlled by 
filter receivers, which are cyclones followed by fabric filters. 
From the silos, malted grain is pneumatically conveyed to four 
whole malt scales, which weigh the malt and discharge the proper 
amount to three malt mills. The malt mills grind the malt, which 

6. Mr. Miller suggested that filler emission factors be 
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is then screw-conveyed to two ground (milled) malt hoppers. 
particulate matter emissions from the malt mills and milled malt 
hoppers are controlled by a fabric filter. From the milled malt 
hoppers, the ground malt is gravity fed to two mash tubs where 
hot water is added as the malt is being fed. The mixture is 
heated in the mash tubs. The product, known as mash, is pumped 
to one of two lauter tubs, in which the wet grain is separated 
from the mash to produce wort. The mash tubs and lauter tubs are 
all vented to the atmosphere through natural draft stacks. The 
liquid wort from the lauter tubs is transferred to one of four 
brew kettles, and the wet or "spent" grain from the lauter tubs 
is pneumatically conveyed to the spent grain tank and is sold to 
a neighboring facility that adds dry ingredients to reduce the 
moisture content and processes the grain. In the brew kettles, 
hops and corn syrup are added to the wort and the mixture is 
boiled for an extended period of time. In addition to boiling in 
the brew kettles, the several Stroh's brands of beer are cycled 
through a direct-fired brewing process. The wort is then 
transferred to one of four hot wort settling tanks where the hot 
wort is held to allow settling of insoluble material called trub; 
the trub is introduced into the spent grains for drying and 
processing. Emissions from the brew kettles are ducted to the 
atmosphere through four forced-air stacks, and the hot wort 
settling tanks are vented through a natural draft stack. The hot 
wort is pumped to coolers, which cool the liquid from about 99OC 
(210OF) to about 13OC (56OF). The cooling system is a chilled- 
water heat exchanger; water is chilled by an ammonia-based, 
refrigeration system. The only potential emissions from the 
plant refrigeration system are fugitive ammonia emissions from 
valves or seals. Yeast, which is collected from previous 
fermentations in several yeast tanks, is mixed with the cooled 
w o r t  ?e  i t  i n  pimped into the fermentation tanks. 

holds about 1270 barrels of l i q u i d .  The liquid is typically 
fermented for approximately a week. The fermentation tanks are 
vented to the atmosphere (through a single six inch diameter 
stack) for the first 12 to 14 hours of the fermentation process. 
This is a potential VOC source. For about seven days (following 
the initial 12 to 14 hours), the emissions from the fermentation 
tanks are collected for the purpose of recovering the carbon 
dioxide (C02) generated during fermentation. Impurities in the 
C02 are removed by a wet scrubbing and carbon adsorption system; 
impurities collected in the carbon bed are released to the 
atmosphere as emissions during carbon regeneration. From the 
fermentation tanks, the liquid is transferred to surge tanks, and 
then processed through a centrifuge to remove the yeast. After 
the centrifuge, the liquid is aged for 7 to 14 days in "ruh" 
storage tanks. The ruh storage tanks are vented to the room on 
filling and emptying. Following ruh storage, the liquid is sent 
through a filtration process. Diatomaceous earth is added to the 
ruh and the mixture passes through a filtration system that 
includes surge tanks, a prefilter, final filter, and trap filter. 

The plant has 86 fermentation tanks, each of which typically 
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This diatomaceous earth filtration process removes any remaining 
impurities in the beer. Carbonated water is added to the liquid 
and the beer is then pumped to final storage in packaging release 
tanks. The surge tanks used in the filtration process and the 
packaging release tanks are maintained under counterpressure 
using C02 (i.e., they are not vented to the atmosphere, except 
prior to and during cleaning). 

received in 50 lb bags; the earth is dumped into a mix tank and 
mixed with water to form the slurry which is used during 
filtration. The mix tank is a potential source of fugitive 
particulate matter emissions. The mix tanks were covered; the 
door in the cover was hooded and the exhaust is vented to a 
baghouse prior to discharge to the atmosphere. 

by several filling lines located in a large building. The two 
enclosed filling lines, for nonpasteurized products, were not 
operating during the visit. The canning lines that were 
operating did not appear to spill much beer, and some of the 
lines were shrouded at the point where spillage occurred. The 
shrouds contained the spilled beer which drained quickly into 
catchpans connected to the collection system, thus limiting 
potential ethanol emissions. One canning line was not shrouded, 
and beer spillage was more noticeable; more beer appeared to 
escape capture by the catch pans and instead ended up on the 
floor where it subsequently flowed to a floor drain. The waste 
beer collected at the fillers is pumped to the alcohol stripper. 

Damaged and partially filled cans and bottles from the 
filling lines are deposited in bins that feed two crushers, one 
can crusher and one bottle crusher. Beer from the crushed cans 
and bottles is collected in the waste beer collection system. 
The waste beer is pumped from the collection tank to the alcohol 
stripper. The cans and bottles are recycled. The alcohol 
stripper is a submerged combustion system that is a major source 
of ethanol emissions, but as discussed earlier, it is going to be 
replaced in the near future. 

The diatomaceous earth used in the filtration process is 

From final storage, the beer is racked, canned, or bottled 

IV. Conclus iondl 

The site 
the potential 

PM - -  _ -  
voc - -  - -  

- -  
_ -  
_ _  

visit was informative and assisted in identifying 
sources of emissions which include: 

Grain/malt handling 
Diatomaceous earth mixing 

Brew kettle 
Lauter tub 
Hot wort settle tank 
Fermentation 
Ruh storage 
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- _  Bot t 1 ing _ _  Waste beer handling 

co2 - -  Fermentat i o n  
Other - -  Ammonia from refrigeration system 

A 
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MIDWEST RESEARCH INSTITUTE 
Suite 350 

401 Hamaon Oaks Boulevard 
Cay, North Carolina 27513-2412 

Telephone (919) 6770249 
FAX (919)671-0065 

June 8, 1994 

Ms. Jere Zimmerman 
Adolph Coors Company 
Golden, Colorado 80401 

Dear Jere: 

Thank you for taking the time to discuss the Coors test data 
with me last Friday. I have put together a brief summary of our 
discussion for your review. I will begin to remove the 
confidential information from the summary report and test reports 
after I receive the replacement calculation pages from you. I am 
planning to send the pages containing confidential information 
back to you so that you can confirm that the confidentiality is 
not compromised. The pages that require white out will be 
copied, and I will send these originals to you also. I will take 
care of these matters as quickly as possible so that we can 
continue with the revision of the Malt Beverage AP-42 section. 
Thank you very much, and I look forward to hearing from you. 

Sincerely, 

Brian Shrager 
Environmental Engineer 

Enclosure 

3061\460108 



From: 

CONTACT REPORT--MRI Project NO. 4601-08 

Brian Shrager, Environmental Engineering 
Department 

Date of Contact: 

Contacted by: Telephone 

Company/Agency: Adolph Coors Company 
Golden, Colorodo 80401 

June 3, 1994 

Telephone Number: (303) 277-383 1 

Personk) Contacted/Titlefs) 

Jere Zimmerman, Environmental Control Manager 

CONTACT SUMMARY: Ms. Zimmerman was contacted to discuss the possibility of using the 
Adolph Coors Company (Coors) emission test data (currently held in confidential business information 
[CBI] files) for developing emission factors for inclusion in AP-42. Prior to the discussion of any 
specific CBI, Ms. Zimmerman was informed that our telephone lines are not secured. The data and 
information in question include emissions data from 11 test reports supplied by Coors to MFU and one 
summary document that provides process descriptions, process rates, and emission factor calculations 
for the emission tests documented in the test reports. Ms. Zimmerman stated that there was very 
little information in the actual test reports that Coors would consider to be CBI, and she will provide 
a list of any CBI pages contained in the reports. We then discussed the summary document, which 
contains several items that Coors considers to be CBI. These items, however, are details that MRI 
does not need to use to accurately characterize emissions from the processes tested and to develop 
emission factors. Table 1 presents the pages of the document that were discussed, indicates the pages 
that contain cleared information and the pages that contain CBI, and the steps that will be taken by 
MRI and Coors to eliminate the need to treat the material as CBI. 

Another topic that was discussed was the basis for the filling operation emission factors. 
Ms. Zimmerman stated that Coors has data that suggest that the amount of beer spilled does not affect 
the magnitude of ethanol emission from filling operations. However, the data may suggest that the 
surface area of the beer spilled (not the depth) is the determining factor in the magnitude of these. 
emissions. These data will be supplied to MRI for use in the background information for the revised 
AP-42 section. 



TABLE I .  STATUS OF INFORMATION IN COORS SUMMARY DOCUMENT 

Status Action 

None Cleared Brewhouse 

Two brewhouse calc. sheets and I1 article 
Cleared None 

11 wort processing CBI MRI to remove the lenzth of the batch cvcle 

Cleared None 

Cleared None Fermentation 

Fermentation calc. sheet II CBI Coors will provide a new calc. page that does 
not contain CBI. 

None Cleared Aging 

CBI Coors will provide a new calc. page that does 
not contain CBI. 

Cleared None Graph of aging data 

CBI MRI to remove the last 2 sentences of the 4* 
paragraph as well as note (5) of the table titled 
"Brewing Table" on the sb page of the 
document 

Blending/finishing calc. sheet II CBI Coors will provide a new calc. page that does 
not contain CBI. 

None 11 Packaging--fillers Cleared 

11 Packaging--Tables 2,3.4,5,6 Cleared 

Cleared 

None 

Coors will provide a new defilling section 
because an error was made in the process 
description and the calculations (only 3 tanks 
were operating rather than the 6 reported). 

These data are based on a mass balance. 
However, Coors has performed some 
subsequent tests including a stack test on the 
bottle wash process. Coors will provide these 
data. 

None 

Packaging-defill 

Cleared 

Cleared Byproducts 

MRI will remove the sb note on page I of 8 

Nnnp 

CBI 

Cleared 

Cleared None Waste beer 
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Ia 1991 a the Coon Brewing Company began a comprehsnsive inventory of air emissions sources 
throughout the Golden, Cololado facility as pan of an ongoing effort to assure compliance with 
environmental laws and reguladons. As a result of this inventory, it was discovered that the 
facility was emitting large amounts of VOCs in the form of Ethanol associated with beer 
productioa, packaging and disposal. Thc emissicas inventory effofl consumed 19 months and 
mom than SI million, and is considered to be the most exhaustive evaluation of emissions from 
a Brewery ever completed 

The following re~rpmvidcsthcdetails ofthis study, and is iotended to provide guidance to the 

obtainiag the eppropriate pumits for our facilitb. 
envinmmental profusiaaal within your orga&.adon, and the nguhOr3 who wil l  assist us in 

The fouOari general a m s  of the Caors' GoMen, Colorado b m a y  were identif-- 
sources of particulate hiatfer 0, a d  Volatile Organic Compouads (VOCs). 

potentid 



@ n e d  M e s s  Desc riutioa 

In the brewhouse VOC and PM (UT emitted, primarily fmm tbe brew kettles. The VOC 
consists of a c~mplex &lure of at least 60 d i f f e m  compouads. No measurable b o 1  is 

&&ion F w  

A mum resf aasperfoxmedoaaqmsuuan 've brew ketllestackaud combined cooker stack. 
~remissioDfa*otforVoCfrom~houseopaa~nsisO.94 WlOOObarnlskerproduced 
(fmished pmdu* volume). Tbt emissiOn fiuror for PM from brewhouse operations is 0.52 
lb/loOO bands (finished produa volume). Tbe VOC is reponed as propane, due to the 
complex of the snwm. 

pnscnt in the. liquid at thfs poim in me process. 

AU breweries have bmvhouse opemtions as parr of their bming process. This factor ghauld 
apply to virtually any brewery, exccpt w k c  the c a t h i m  from brew k u t k  or other brewhouse 
vessch ars cooxrollcd. \ 



j4mlicabiIity 

If a brewery removes the trub Fmm the hot WOK, the factor for the wort holding vessel should 
apply. Many breweries cool rheir woe using closed phrt heat exchangers, so the wort cooling 
factor would not apply to them. However, whcn the WOK Beraton rrap is done as an open 
process, the open won cooling factor gives a good appraximation of emissions from that 
process. 

r 

AGING 



occurs under Cot pressure. Emissions of VOC fmm t h  process would Dccur during rank 
f i n g  or after the tank is empty. if the tauk is opened to atmospheric pressure for any -on. 
Conditions under which the pressure would require venting, aud the CQ p u w ,  would be any 
time the tank must be opened, my time manual tank entry is required, or any time the tank is 
to be automaridly cleaned with a caustic sofution. 

At the facility studied, emissions fmmtheagiagemissbns cuaua Ihe tank i s  fiued, and after 
the tnnL is  emptied. During filling the dispiacuwnt gas vented to 0mtospkts is air, CG, and 

process. Theemissioafanorfor~prmcessis0.09lb/1000bamls(flnishedproduct volume). 
'Ihirappliesiftbedirplacemcprt gases illt ventedto atmosphme forevery batch. 

The actual aghgproass is ConductEd underC02 prasum. Once tbtankisempfitdof beer, 
the C a p n s s u n  must bevmcdand thtmnabhg C Q  in thetaukpurgd. A oourcttcst was 
conducted on the venmg of CQ pnssure fmm the agiug tank. 

After the pressure is vented, the C@ must somnimcs be purged. Valves an opeaed to allow 
fnsh air in and the tank is hooked up to rbe buildiag's rankevacuath system, which pulls the 
tank-, C q  and stbaaol, ourside (hrough a fen. allowing fredhairro entar. A s o w  tea 
was coaductal m a  wofthreG mksundcgoig CO, evacwion . Tha emission factor for 
venting of CQ ptessure fram an aging tank is 0.43 lWlOO0 barrels aud for pu-g of CQ fmm 
an aging tank is 3.1 i W l o o O ~ ,  both based on finished product volume. 

-1. This proo#s h dld ma-varU. A tesl ~ e r  prfonnd duriug rhc fd-0tl-v-t 

pmxa is u n i v d  to mota bawerics, these emission factoIs An agiog or cold StaMLZarron 

m k  to aanospheaic pressurn ppd/orpuge tht CO, fmm the muk rfta the aging cycle. l l m  
emission factor given awxnca that thc tank is  apcacd and purged aftereach cycle. If this is 
aotthecase,tkfacDDtoarldbtdividadbythefnquGocyofpUging. Forexampleabrewcry 
might auomahdl . y ycasr and clean with water only for two cyclcs adcaustic cleau 
onthcthinlcycie. I n t b i s c a r c t h e ~ f f a n a t a o u l d b c  appkdbydividingitbythrse. 

. .  
apply only to those which vent displacawnt gas to atmosp~,  zadthosc thetopen rhe aging 
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the rank is frllad. a CO, blanket i s  provided so that Ihe beer doer nol come in contact with 
Oxygen. The air (CO,, O:, and ethanol) above the blanket is dspiaced as the tank is fded and 
vented to atmosphere. The second process, known as evacuation, occun after a tank has been 
empded to allow tank clcaaing by produnion personnel. The evacuation process draws outside 

4" 

. 

air thmugh the raok ta afmosphere to iacRase he oxygen colltefi within the tank. $& 

&&ion F w  1. i .E.". 
On average, the bbdiug/Msbbg pmcus takes aged k though throe nepr, each in a 
~Wemittank. Afrhe cesrcdfacility the tanks canbecleanedwiththe CQ in place two times. 
Ihc COS must bc cvaamed fora caustic cleaniag afmr the thLd use. 'Lhe emission f m r  for 
blendlng/fiairhipg was detived using stack test dam from aging. 'Ibe emission faaors a 0.29 
lw10o0 bbl f m  pmdua volume for fd on vent, and 1.0 WlOOO bbl fhhed product 
volume for mnk eMcuadoIL 



AI the facility  died the fillin$ systems for bottles and cans arc located in enclosed boms. 
Filted air is f o d  inro each filler mom to provide wnrilarion for the faer machine operators. 
Approximately half of this venrilatioa ah exits the fiucr mms h g h  the filler room vents. 
The orher half of the fm room ventilexion air exiVr the filler room as fugisive into the buildmg 
through various openings in tha fJler rwm. 

Multiple SWKX (uts w m  conducted to daermhm emission rates Prom the f lkr  machine bowls, 
!he keg fiUcrs, d l h e  can and boattfillermoms. Bea fugrate data was collected during 
the SQUICO m and haw been &to devdopemiyiw Graors. ~ ~ e ~ i o n  rates from 
the filler rooms was multiplied by the ratio of tha inla air ovu thc oousctcd outla air, to 
account for fugitive emissions fmm ttm fUm moms. The emissiOn me was then divided by 
the f i  rate during  that^ mn. 'Ihenthe emission mic forthe frilcr machine vent on a pounds 
per baml basis was adhd to detemhe rhe overall emission factor. The amage emission 
-IS from all the tests am: 38 lbdlooObanels AIkd for can filling, 37 lbd1oOO barrels Atled 
forbonle filling, ami0.69 fbs/loOO hmls Allcd for k g  filling. 



a conveyor system which leads the containers to a grinder. Full cms and bottles are then 
Crushed by the system's grinder to evacuate the conrained beer. From this point the waste bcer 
is pumped into a holding tank and the conrainer marerial, which may alu contain residuaI beer. 
is sent to Rcychg or to hndm for dirposal. 

At the Wted facirify the can defillct Was Configud with apen r y s t c & n i s b e r ~  pnWmaric 

was performed on !he can dctlll opaadw just prior IO the cyclone. Ethawl emissi i  rates 
rumaiesd fairly Btcady Wqmdcnt of chroughputin barnls pa hour. Tk calculated emission 
factor fmm dcfilling is 6.6 Ibshuropgacion. 

conveyor which tmspoxtcd the crushed cans to a cycloat for wllactiwT-prprGt o c o l ~ r e s t  

2 % ~  purpose ofthis cpuaticm is torcawer the alootwl tkxcsprid o n e  product. Typically, 
deAlllng is a fagifiveVOC mum. Emissiorn arise fnrmwaporationof alcohol from watod 
surfaces, or fmm ka dfopleLs which become airborns. Addi(i0ML sources of VOCs from 
detlllhg might include breartring and workiag losses fmm rha waste kat axage tank. The 
emission factor will v a q  depndiag onthe method of dcfitling aod the conditions in the defw. 
opuntion. 
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emissions. Thay an a componanr of the surfacraot used in the label removal process VI the 
bottie soaker. Due to the low vapor pressure of the glycolerben and the high tempurnre within 
the soaker. it was assumed tha they completely V O h l i h e d  Out of solution. Glycolether emission 
will grearly depead on the surfactant type. Consultation of the sucfanaat’s MSDS for percmt 
volatileJ wiU prwide the informarion required to perform the mass halance. 

An emission factor for sodium hydroxide is availsble thtough the EPA‘s AIR CHIEF CD-ROM, 
Version 2.0, Beeord number 21,858, May 1992. The factor is 9.0 b/hr of operation. 

The eminciOn hctorforb0Qle washing should be lpplicablefo any fadity which luilizes a beer 
bonlt return sysrrm. Tbis wVOUM inr;luds most breweries. The faC(0r is based on fugitive VOC 
emissions from rhe iaidal high temprature perir~se prior to catering the boala washer. 



process excepr that aging y e a t  is not suitable for return IO the production prucess and must be 
handled 89 a waste p r t x b .  Yeast handling and storage is a potential swrce of VOC emissions 
because both the beer In rhe beed yeast sluny and the yeast cell itself contain erhaaol. 

Fmission Fa- 

At rhe facility d e d ,  waste yeast from fermenting goes through one of nvo high pressure 
chamber fWrpmsw to loQlvcr thebeer. The yeast is then hsarlysed. Heat lysing of  yeas^ 
rtlcapas large amounuofcmaDol because Uteyya~~tocll is broken, themby Itltclsing rhe ctbaaol 
in the cell. Tbaheatmds tovaporiz%rhcehnol and &=off any mudned C q  fromboth 
tb beer and UM y e  Ik CO, whick ir given off also GeDds to cay ethanol with it. 

Source testing was CoDdUctai oa &e yeast frslng process. During the pmcass, ethanol i s  
rtlcasedfromthcyeastnoeiVing happcr, a d  the yeast holding tank. A faaorof 4.8 1WlOOO 
baneis beer pmduccd ( f i i  pnnlua volume) was calculated from that source tea. 

emissiOawcwasesLimatsduslnpamessbalance~~h andproduaioodata. Thismethod 

product volume). A ncqlt p d  stack test has confvmed th$ emisriOn haor. 

t&vughrhctanlrJ. A S U ~  ~ w a s ~ ~ o n ~  yeast Srorpgctankvents. An emission 
factor of 7.7 lbs/1ooO b a r d s  for VOC dssions from b e  yeas staragc tdnks has k n  
calculated. Themajority drbis coma from storage of lysed yeast, however, aging yeast and 

BscaUsa the source tat did Qo( take into account the capcurr efficicacy ofthe roof fan, an 

of CJtLnatiOn pmducts an emiuiao factor of 7.12 Lwlooo b?m& bssl produced (finished 

The stora@ oftlmyoaslalso g e n a n r t e s ~ ~ .  In the srorsge&nka, airiscarstantly sparged 

wasteliveyeastalsooonarkr(lc . torhtemirsionsfromrheJrmagefacility. 

All bweries pmduccwasts yeast in a Shuy of hem, w h i c h ~ s b e h a n d c d  in some way. 

mahod of was& yaag kadlinp uapamdto vuy from b m a y  to bzewery. lhesc unissii 

yenst, especially at anhicat or htghertrmperatpn. 

HandtiDg,noriag,aodpmxssine~ ~ a u l n s u l t i n s i e n i f i * m r ~ e m i s s i o n t .  The, 

faaors would btar w y  lo hcstor Efismical yarc iysingprwtsscs, and to slongc of waste 
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content or tempcramre in the discharged grain. 

This emission factor is an avemge of a l l  avaflable test data. The emission factors are as 
follows: 2.6 lbs pcr 1000 barrels VOC (a pmpanef, 0.94 Ibs per IO00 bards PM (conmulled 
using wet scntbbers), 0.29 Ibs per 1wO barrels PMlO (controlled using arc( scrubbers), and 0.91 
Ibs per IO00 b l s  CO. 'EheJe emission factors are ou a finished product volume basis. 

&&&j& 

W breweries gematcspcnr grain as a racUn. Moat breweries do uotdry the spent 
gruln on site. It is mom typicaUy mrepporred w ~ l  and used as catrlc fesd. In some cases, 
esprzially at large facilitiu. mors wet spcatgniD is than cad be muturned by the 

dryers, Caa fur?d dryers wouid also have emissions from oominmim. 
localmarlrct. b l n ~ ~ ~ y b e d r i c d o a - s f u ; .  T4fs&facton?pplywneamhmted - 
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THE GENESEE BREWING COMPANY, INC. 
P.O. BOX 762. ROCHESTER. NEW YORK 14603 PHONE (7l6) 546-1030 

February 7,1995 

Mr. Dallas W. Safriet 
Emlsslon Factor Inventory Group (MD-14) 
OAQPS 
Resarch Triangle Park, NC 2771 1 

RE: Draft AP42 tor Brewery Emisslons 

Dear Mr. Safriet: 

Thls letter supplements comments mailed you on January 27,1995 by Gene- 
see Brewing Company's Plant Engineer, Mark Minnunl. Our earlier comments, like 
those of the Beer Institute, are incorporated to the extent this letter does not conflict 
with them. 

We respect the Group's AP-42 work, which has long been conducted under 
difficult resource constraints. But we also recognize the unintended uses to which 
AP-42 can be put and the way it acquires a life of its own. As Group members 
m n t l y  acknowledged, "Uses of emission factors that would not have been con- 
ceivable a few years ago am now commonplace.' Moreover, the accuracy and 
precision of those factors tend to vary widely by type of use, with site-specific (as 
opposed to aggregate inventory) uses often showing the most bias and devlation. 
E.g., Southerland et al., *Devekplng improved Emlssbn Factors and Assessment of 
Uncettainties (or, Hiling the Holes in Swiss Cheese)' (lTN, 1994) (n.d.1 

tially adverse effects of such variability, which in the long run benefit neithei&ates, 
affected sources nor the AP-42 process. 

from the limited nature of EPA's database and the current draft's failure to differen- 
tiate very large from other breweries. They are: 

(especially VOC emissions), due 1. H 
to the fact that EPA has used data only from the country' s most gigantic brewery 
(Coots-Golden, 22 mm bblbr. design capacity) plus two other large major brew- 
eries (Busch-Columbus, 6.8 mm bbl./yr.; Mlller-Fulton, 8 mm bbl/yr.) . The draft 
factors do not distinguish these operations from mid-size breweries or mlcro- 

Supplementary Comments of Genesee Brewing Company 

These supplementary comments are offered to help the Group limit poten- 

We are malnly concerned with two such effects. Those effects flow largely 

. .  



Daltas W. Safriet 
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breweries. despite the numerous differences in production-line configuration and 
emltting processes identified in our earlier letter. 

2. - as a result of this lack of differentia- 
Uon, which could shift to individual sources the burden of rebutting emission 
factors derived from the database above. That shift would undermine one of the 
major purposes of AP-42, Le., to reduce the need for costly individual sour- 
testing. Instead, it would tend to expand the need for testing. 

In addition, we are generally concerned with the inventory and other dlstortions, 
SIP implementation difficulties, and anticompetitive elfeds whlch may result 
from elfectively requiring states and Regions to apply the so-called "Coors Fac- 
tors" (or even adjusted Coors factors) to microbreweries and mid-size breweries. 

Out earlier comments should be considered in light of this general framework 
We expand several of those comments below. We also wggest ways EPA 
should address these concerns. 

e -. Where filling is Mt sterlle, EPA should either: (a) provide an 
emission-factor reduction ratlo based on engineering estimates andor an 
equation derlved from the proportional difference between the sterile Coors 
the non-sterlle data from Bus& or Miller; or (b) use some fonn of the Bus& 
data (pehaps an average of the three different test method results) as the 
recommended factor. Like many of our other suggestions, this could be done 
in a dariiying footnote to the dralt tables. 

p. We suggest that any fill factors 
adopted be adjusted by a ratio based either on percent product loss at the 
speciiic faclllty divided by percent product loss at Caors, or percent product 
loss at the facility divided by average percent product loss at Coon and the 
pertinent BuscNMiller facilities. 

FualtlveEmlsslons. We are malnly concerned with filling-operation VOC 
emissions because that draft factor so dominates the draft's overall estimated 
VOC emissions from beer production. However, this comment also applies 
to emissions of regulated pollutants from several different parts of our brew- 
ing operations, all of which we believe meet the regulatory definitlon of 
'fugitives.' As you know, developing emlsslon factors for fugitives has long 
been one of the Agency's most difficult and controversial tasks, dating back 
to the rural and fugitive dust baltles of the Seventies. 

More Important. under long-standing EPA rules fugitive brewery emissions do 
not count for threshdd determinations of whether a faallty is an 'existing 

. .  e 

. .  . .  
e 
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major source*' or "existing major emitting facility," since breweries are not one 
of the 27 listed source categories whose fugitive emissions must be induded 
in such determinations. CAAA 5 302 (D; 40 CFR 55 52.21(b) (1) 
oil), 52.21 (I) (4) (vli) ; 54mm 48870.48880-84 (Nov. 28.1989). That 
fad is crudal nol only for detemining whether New Source Review applies to 
new fadlitles or new maJor modificatlons, but for determining RACT applica- 
bility under Tile 1. & 

Put differently, EPA and many states Lmplementing delegated or appmved 
SIP programs are legally b a r d  from using any fugitive emission factors (or 
Indeed. actual fugitives measurements) to Impose categorical or site-spedflc 
control, permlt or simllar requlrements on brewedes which are not olhemise 
'major under Title 1. Similar results appear to hold for TNes 111 and V, since 
(among other reasons) ethanol is not a listed HAP. a, a 40 CFR 5 70.2 
(delinitions of covered "major sourn"): Guidance, "Consideration of Fugitive 
Emissions in Major Source Determinations," Wegman to Regions (March 8, 
1994) . To avoid confusion, in light of the thin database, and In vlew of the 
notorious past history of control-related attempts to use fugltive emission 
factors. the tables should plainly indicate that any factors which apply to 
emitting processes whose emissions usually are or are determined to be 
fugithres are meant to be used "solely" for Inventory or other aggregate pur- 
poses. 

p. We are aware of the difficulties with the 
current database. But as coulfs have repeatedly noted, EPA must "take 
account of circumstances that appear to warrant different treatment for differ- 
ent parties,'' and cannot ignore reasonable concern by adopting 'blanket, 
hghly conservative assumptions." Moreover, "While the (Agency) may 'en' 
on the side of overprotectbn, it may not engage in sheer guesswok" 

esy M A  v. FPA 28 F.3d 1259 (D.C. Cir.. 1994). 

The Group does not have to "engage in sheer guesswork" by assuming its 

CAA4 55 182 (b) (2) (C) , 184(b)(2). 

v. FP& 40 F.3d 392 (D.C. Cir., 1994); SB& 

choices are elther to develop a single set of factors without regard to source sire, or 
forego ~ n y  brewery factors. Instead, it cwld adopt various "middle grounds' better 
calculated to minimize advem effects but still advance program development. We 
leave aside microbreweries a, under 60,000 bbvyr.), since there is some evi- 
dence their unit emissions are anomalously high due to diiferent process configura- 
tions. Moreover, their ambient contributions are relatively minuscule. 

But with respect to mid-size breweries like Genesee (e.g.,, under 5 mm bbl 
design capacity and/or 3.5 mm bbl historical actuals), the Group could responsibly 

.. 
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recommend use of Interim factors until better data become available. Indeed, that is 
the normal course of AP-42 development. 

Taking the draft filling factors as an example, we are convinced these emis- 
sions are fugitives at our brewery and are likely fugitives at numerous other brewing 
Installatione. However, we also recognize that in IigM of Ap-42'~ multiple uses the 
Group has some obligation to disseminate reasonablyderived emission lactors 
despite that fact, even though some of those uses may inhibit the SIP development 
process which AP-42 was meant to pmmote. 

the lowest available substantiated emissions data (ae an average B u d  FUR- 
based factor of about 13.1) be selected on this interim basis for mid-size breweries. 
Alternatively, the Group could mdi'discount" or 'ratio down' the revised factors by some 
significant percent based on generic process diirences or engineerlng estimates. 
There is ample precedent for use of such discounts to compensate for uncertainty 
under such other Clean Air programs as offsets, the 1986 Emissions Trading Policy. 
and the recent Economic Incentive Pmgmm (EIP) Rules. 

This 'interim" approach would give states, Regions and sources a more ma- 
sonable factor to use for our category of sources than either current AP-42 or the 
draft Coors numbers, while minimizing the kinds of adverse effects indicated above. 
It wuM then be adjusted in either direction when the Agency obtains more repre- 
sentative brewery emissions data as a result of Tine V operating permit applications, 
'best established monitoring" reports, or similar means. 

Thank you for your consideration of these supplementary comments. Please 
do not hesitate to call me or Mr. Minnuni if you have any questions after reviewing 
them. Another copy of our earlier comments is endosed lor your convenience. 

To balance these concern, and for the reasons stated above, we urge that 

Very truly yours, I 

/ 
Vice President and General Counsel 



January 27, 1995 

Ur. Dallas Safriet 
BmiSSiOn Factor and Inventory Branch (MD-14) 
Office of Air Quality Planning and Standards 
U.S. Environmental Protection Agency 
Research Triangle Park, N.C. 27711 

Dear Mr. Safriet, 

Having reviewed the Draft Report concerning "Emission Factor 
Documentation for AP-42" dated November 1994, we would like to 
offer the following comments. 

1. I have attended the working group session of the 
Beer Institute members and The Genesee Brewing Company 
endorses the comments sent to you in a separate letter. 

Certain brewing and packaging processes differ 
throughout the industry. It is our belief that the 
differences will have a significant effect on some 
emission factors. The major differences are as 
f OllOWS : 

a) Several operations mentioned within the draft 

2. 

do not apply to our operation and should be 
labelled optional. These include Malting, 
Beer Sump, Waste Beer and ethanol recovery. 

b) W i t h  the exception of Coors, can, bottle, and 
keg filling operations are not done in a 
sterile environment. Due to the high air 
velocity associated with sterile filling, the 
filling factor may be considerably lower for .- 
a normal operation. Filling Should be 
labelled sterile filling where the factors 
are developed from a sterile operation (such 
as Coors). 

Collection of C02 from the fermenting process 
begins after a certain venting period at all 
large breweries. The time the fermenter 
vents before collection begins varies 
considerably between breweries. The 
fermenter factor should relate to the venting 
period, since there are no emissions during 
the collection process. 

c) 
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3 ,  Beer loss at the filler varies greatly between 
facilities. Since the emissions at the filler are a 
result of evaporation of beer, it is reasonable to 
expect that less loss would result in less evaporation 
of ethanol, and therefore a lower factor. 

Production and packaging of Non-alcoholic or low 
alcohol beveragee ahould not be included in emission 
calculations. These beverages either lack ethanol 
totally or contain ethanol in very small quantities. 
The potential for emissions from these beverages is 
very small. 

-&me %%iImi€6IIE--aTe released directly into the facility 
from the operation. These emissions do not pass 
directly through a stack or vent and may or may not be 
released to the outside atmosphere. These emissions 
would be very difficult to measure or collect. Due to 
the configuration of a normal bottling facility, it 
would not be reasonable to attempt to capture these 
emissions. 

4. 

-5. 

Mark D. Minunni 
Plant Engineer 

co: 
0. G e m i n n  J H. Leunig 

. R. Sieben 
J. Wrrison 
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B E E R I N s m  
January 27,1995 

BY TELECOPLER, 
Hard copy by First Class Mail 

Mr. Dallas Safriet 

Ehviromnental Protection Agency 
OAQPS--Emission Inventory Branch 
Research Triangle Park, NC 27711 

MD-14 

Re. AP-42 Draft Section 
on malt beverage industry 
(59.12.1) 

Dear Mr. Safriet: 

I appreciate your call, and thank you for your w i l l i s s  to extend rbe comment 
pemd until February 15th for the draft AP42 section covering malt beverages. The 
exknsion Will enable brewers to refm tkir comments so that your final document reflects 
the most accurate and technically c o m t  information available. The purpose of this letter is 
ul confim the extension and ta provide you with fuctber background on the involvement of 
the Beer Institute in this process. 

The Beer Institute is a trade association for the malt beverage industry representing 
the five largest Amerhn brewers as well as more than eighty s d e r  brewers. The Institute 
has been asked M assist our member companies in developing an Industry response to the 
EPA's request for comments on the draft A M 2  dowment. We would like to be included as 
a reviewex in the process. As General Counsel, I will be the contact person for Beer 
Instilute. On January 13tI1, representatives of seven brewers met to conduct a thomugh 
review of the EPA draft. The brewers represented were Anheuser-Busch, Miller Brewing 
Company, Coon Brewing Company, Stroh Bewery Company, 0. Heileum Brewing 
Company, Genesee Brewing Company, and Pabst Brewing Company. 

The Beex Institute looks forward to w o r m  with the Agency during the AP-42 
procpss. The Institute plans to submit industry commems on this matter. In addition, some 
shorter, company-specific comments will be pEmed and submitfed by individual brewers. 

1225 Eyc Stnxt, N.W., Suite 825 W&~WII, D.C. 20005 202/737-2337 Fax: 202/737-7004 

@ %lad m ra++ec*amr a 
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Mr. Dallas Sariiet conti wed... 

Once the comments are submitted aud reviewed by your office, we would like to set 
up a meeting for the brewer engineers and appropriate EPA personnel to discuss the 
comments in further detail. 

Please contact me ai 202-737-2337 if you have any questions, Thank you again for 
your consideration. 

Sincerely, 

Arthur m* J. D Ue 

General Counsel 

lad 



BY TELECOPIER; 
Hard copy by BEER INSTITUTE overnight courier 

February 15; I995 

Dallas W. Safriet 
Environmental Engineer 
US. Environmental Protection Agency 
Emission Factor Inventory Group (MD-14) 
Research Triangle Park, North Carolina 2771 1 

. .  Re: Draft Version of Section 9.12.1, Malt -2veWs  For Publlcatlon 
-42. : . .  . .  

Dear Mr. Safriet: 

Enclosed please find a copy of comments developed by members of the Beer Institute 
(Anheuser Busch Companies, Miller Brewing Co., Coors Brewing Co., Stroh Brewery Company, 
G. Heileman Brewing Co., Pabst Brewing Co., and Genesee Brewing Co.) on the draft version of 
Section 9.12.1, Malt Beverages, which has been proposed for publication in AP-42, the EPA 
Compilation of Air Pollutant Emission Factors. The Beer Institute is a national trade association 
for the malt beverage industry. 

These comments are submitted based on EPAs public guidance document hblk 

submitted in a timely manner based on the Beer Institute's recent correspondence dated January 
27, 1995. 

. .  rocedures for EPAs and are being 

EPA's proposed Section 9.12.1 (Malt Beverages) for inclusion in AP-42 is of vital interest to 
the malt brewing industry. Pursuant to section 130 of the Clean Air Act, the Beer Institute wishes 
to have the opportunity to participate in the development and evaluation of this section of the AP- 
42 manual and to act as a public reviewer in connection with any proposed changes to Section 
9.12.1. After you have had an opportunity to review these comments, the Beer Institute wishes to 
meet with EPA officials to discuss its view on this emission factor initiative in further detail. We 
would appreciate being contacted in a timely manner to arrange this meeting. 

1225 Eye Street, N.W., Suite 825 Washington, D.C. 20005 202/737-2337 Fax: 202/737-7004 

@ Pinfed on recycled papar . O x  
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Mr. Dallas W. Safriet continued ... 

Thank you for your attention to the Beer Institute’s views on this matter. If you have 
any questions regarding these comments or any general questions regarding the malt beverage 
industry, please do not hesitate to contact the undersigned. 

Sincerely, 

Arthur d34- J.  De elle 
General Counsel 

DMS/AD:jlc 
Encls. 



Emission Factor Documentation for AP-42, Section 9.12.1, Malt Beverages 
Comments on DraR November 1994 Report 

February 15,1995 

The comments listed below are common to the majority of brewing segment. Comments on use of specific 
testing data and subsequent emission factor development presented in Section 4 will be addressed separately 
by individual brewers. 

Page 2- 1 ; 1 st paragraph; 

Page 2-1; last paragraph; 

Page 2-2; I st paragraph; 

Page 2-3; Flow chart; 

Page 2-4; Flow chart; 

Page 2-5; Flow chart; 

Page 2-6; Flow chart; 

Page 2-7; 3rd paragraph; 

Page 2-7; last paragraph; 

Page 2-8; 1st paragraph; 

Page 2-8  2nd paragraph; 

Page 2-8; 3rd paragraph; 

Page 2-8; 4th paragraph; 

Delete phrase (used for industrial purposes). Ethanol is used for a variety of 
non-industrial purposes. 

Clarify that factors for three of the SCC operations are included in this report; 
Drying spent grains, Brewing and Aging. Grain Handling and Malt Drying 
should be covered in other sections of AP-42. 

Delete reference to malting in the brewhouse operation. This is typically done 
at malting operations which are not located at the brewery site. If described, 
these operations should reference other sections of AP-42 that apply. 

Change Some to Most breweries purchase grain that is already malted. 

Change Malt Dryer to Malt Kiln. 

Change Spent Grain to Brewers Grain. Change Wet Scrubber or Other 
Control Device to optional process. 

Change Yeast Production to Yeast Propagation. Change Waste Yeast to 
Brewers Yeast. Change Brewers Yeast Removal to Brewers Yeast Recovery. 
Change Brewers Yeast Disposal or Recovery to Brewers Yeast Disposal or Re- 
use. Draw a product stream from Brewers Yeast Recovery to Yeast 
Propagation. 

Change Beer Sump to optional process. Change waste beer recovery, waste 
beer storage tanks, and ethanol recovery to optional process. Change 
Discharge as industrial sewage to Discharge as process waste water. 

Delete and help to sterilize the wort. 

In second sentence, change Some to Most, change off-gas to C02. 

Delete sentence starting with Common impurities ... 

In last sentence, delete for a day or less. 

Delete for about 2 weeks. 

Delete waste (spent). Change industrial sewage to process waste water. 



PAGE 2--2/14/95 

Page 2-8; 5th paragraph; 

Page 2-9; 1st paragraph; 

Page 2-9; 2nd paragraph; 

Change impurities to solids. 

Change industrial sewage to process waste water. 

Define small breweries as equal to or less than 60,000 BBLs per year 
production. Delete sentence starting with Many microbrews are held ... 

Change pollutant to Volatile Organic Compound. Delete Aldehydes, ethyl 
acetate from start of next sentence. 

Page 2-9; 3rd paragraph: 

Page 2-9; last paragraph; Delete grain malting operations. Change production to propagation. Consider 
re-writing paragraph to list all sources or major sources of emissions. 
Reference sources to flow charts. Delete references to ethyl acetates 
and various aldehydes. 

Delete sentence starting with Other VOC that are emitt ed... 

Factors from Anchor brewing seem to indicate that emissions from 
microbreweries are typically higher on a per BBI basis. This is partially due to 
the lack of C02 recovery. Delete only in smaller quantities. 

Change first sentence to Process loss controls are effectively used to reduce 
emissions in the production of malt beverages. Add-on emission controls are 
widely used to recover CO2 in the fermentation process and control 
particulate emissions from grain handling and brewers grain drying. 
Change industrial sewage to process waste water. 

Change units from Ib of pollutant per 1,OOO bbl of beer produced to Ib of 
pollutant per 1,ooO bbl of beer packaged. This change should be made 
throughout the document. 

Factors for small brew &are based on a 60,000 bbllyr facility. Delete this 
table and reference due to limited date available. These data should llpt 
be combined with large brewery emissions to get an average factor. 

All TOC factors should be converted to as methane (pre-fermentation) or as 
ethanol (post-fermentation). The first five factors are from a microbrewer and 
should be. deleted from the table. Can and bottle filling from references 11.15 
and 16 should be re-named to sterilized can and bottle filling. Change wort 
cooler to open won cooler. Change Beer storage tank-filling to Aging tank- 
filling. Clarify defmition of term waste beer storage tank. 

Change spent grain dryer to brewers grain dryer. All references throughout 
the document refemng to spent grain should be changed to brewers grain. All 
emission factors for brewers grain dryers should be expressed in Ibs of pollutant 
per ton of grain dried. 

Page 2-10; 1st paragraph; 

Page 2-10; 4th paragraph 

Page 2-10; 5th paragraph; 

Page 4-3; 5th paragraph; 

Page 4-4; Table 4-2; 

Page 4-20; Table 4-4; 

Page 4-2 I ; Table 4-4; 



Page 3-2114195 

Page 4-22; Table 4 4 ,  

Page 4-23; Table 4-4; 

Page 4-24 to 4-26; 
Table 4-5; 

Section 9.12. I 

Section 9.12. I .  1 
New Paragraph 2 

Change spent grain dryer to brewers grain dryer. All emission factors for 
brewers grain dryers should be expressed in Ibs of pollutant per ton of grain 
dried. Change Crushed can pneumatic conveyor to Can crusher with 
pneumatic conveyor. All emission factors for Bottle soaker and Bottle crusher 
should be expressed in Ibs of pollutant per IO00 cayes processed. 

Change spent grain dryer to brewers grain dryer. All emission factors for 
brewers grain dryers should be expressed in Ibs of pollutant per ton of grain 
dried. 

Incorporate comments as outlined for Table 4-4. Delete data from small 
brewers from table. An average emission factor based upon large and small 
breweries is not representative. If small brewery factors arc to be included, they 
should be stated in a separate table. 

Incorporate comhents as outlined in previous sections. For clarity, the emission 
points shown on the process flow diagrams should be linked to the two emission 
factor tables. As a general note, the large number of footnotes on Table 9.12.1 - 
2 make% very difticult to follow and understand. These footnotes should be 
consolidated to the largest extent possible. 

. .  

Each brewery is unique in many respects, and source to source variations can be 
significant. These result from differences in the brewing process, the type and 
age of equipment used, and total production. Each brewer uses unique recipes 
with time and temperature differences during various stages of production that 
directly affect emissions. 

February 15,1995 



April 26, 1994 

Mr. Dallas Safriet 
US Environmental Protection Agency 
Office of Air Quality Planning and Standards 
4201 Building, 4th Floor 
79 Alexander Drive 
Research Triangle Park, NC 27711 

RE: D r a f t  S i t e  V i s i t  
ATTN: EPA/EIB/EFMS (MD-14) 

Dear Mr. Safriet: 

We have reviewed the copy of the draft site visit 
report that you sent to. us on April 14. Our comments and 
annotations are included on that document. 

We will be looking forward to receiving a copy of the 
final report and any official "emission factors" that apply 
to brewery processes. 

Sincerely, 
The stroh Brewery Company 

, Gregory Miller - -  
Director, Environmental Affairs 

e n d  

GM/gm/Pt 
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Date: 

Subject: 

From: 

TO: 

MIDWEST RESEARCH INSTITUTE 
Suile 350 

401 Harrison Oaks Boulevard 
Cary. Nonh Carolina 27513.2412 

Telephone (919) 6774249 

FAX (919) 6770065 

April 14, 1994 

Site Visit--Stroh Brewery Company, Winston Salem, NC 
Review and Update of AP-42 Chapter 6 ,  Food and 
Agriculture, EPA Contract 68-D2-0159; MRI Project 
3605-99 

Brian Shrager 

Dallas Safriet 
EPA/EIB/EFMS (MD-14) 
U. S. Environmental Protection Agency 
Research Triangle Park, N.C. 27711 

I. Pumose 

The purpose of the visit was to familiarize the project team 
with brewery operations in order to facilitate the development of 
the new AP-42 section addressing beer brewing. 

11. Place and Date 

Stroh Brewery Company 
U.S. Route 52 
Winston Salem, North Carolina 

Date: September 24, 1993 

111. Attendees 

Stroh Brewerv ComDanv (Stroh) 

Greg Miller, Manager-Environmental Affairs 
Joe Kwolkoski, Plant Engineer 
Paul Heppler, Assistant Engineer 

U.S. Environmental Protection Agency (EPA) 

Dallas Safriet, EIB 
Ron Ryan, EIB 

Midwest Research Institute (MRI) 

Roy Neulicht 
Brian Shrager 
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IV. Discussion 
The group began the trip with a brief discussion of the 

plant operations as well as Stroh operations throughout the 
United States. The following are some of the key points of the 
discussion: 

1. Malting operations are not performed at this plant. 

2 .  The plant uses corn syrup instead of corn in the brewing 
process. This eliminates corn cookers from the brewing 
process 

3. 
the plant has two sterile filling lines. These lines are 
located within the filling area of the facility, but each 
line is located in plastic sheeting enclosures, which are 
maintained under positive air pressure during operation. 

In addition to the normal can,& bottle,filling lines, 
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year, ang is relative& smax compared t ’;3 the Coors plant 
4 .  The plant roduces about milli n barrels of beer 

(20  million.barrels per year) that furnished the filling 
operations emission data to EPA. There are 31 gallons in a A 
barrel. us. 

5 .  Mr. Miller indicated that the largest ethanol emission 
source at the plant is the alcohol stripper, which is used 
to decrease the ethanol content from waste beer. The 
alcohol stripper is a submerged burner which heats the 
liquid waste stream, resulting in evaporation of the 
ethanol. The alcohol stripper is needed to reduce the 
biological oxygen demand (BOD) load on the city sewer 
system. The alcohol stripper removes about 6 5  percent of 
the alcohol from the liquid stream. The source emits about 
300 tons of ethanol per year. Mr. Miller indicated that the 
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plant is planning to replace the alcohol stripper with an 
ethanol recovery system in the next year. 

6. Mr. Miller suggested that filler emission factors be 
based on beer spillage rather than production, because the 
only ethanol emissions from filling operations come from 
beer l o s s .  Stroh is concerned about the use of the Coors 

data for filling operations because Coors filling operations 
are not representative of the industry. 

Following the discussion, the group toured the facility. 
Figure 1 shows a process flow diagram for the plant. Malted 
barley is shipped to the plant by rail, and is pneumatically 
conveyed to 20 grain storage silos. Particulate matter (PM) 
emissions from the grain unloading process are controlled by 
filter receivers, which are cyclones followed by fabric filters. 
From the silos, malted grain is pneumatically conveyed to four 
whole malt scales, which weigh the malt and discharge the proper 
amount to three malt mills. The malt mills grind the malt, which 
is then screw-conveyed to two ground (milled) malt hoppers. 
Particulate matter emissions from the malt mills and milled malt 
hoppers are controlled by a fabric filter. From the milled malt 
hoppers, the ground malt is gravity fed to two mash tubs where 

-The mixture is ,in the mash tubs. The product, 
known as d, is pumped to one of two lauter tubs, in which the 
wet grain is separated fromAtls wort. The mash tubs and lauter 
tubs are all vented to the atmosphere through natural draft 
stacks. The liquid wort from the lauter tubs is transferred to 

, fy~ +f four brew kettles, and the wet or "spent" grain from the lauter 
tubs is pneumatically conveyed o.the s ent rain tank and is 
sold to a neighboring facility thatA-and processes the 
grain. In the brew kettles, hops are added to the wort and the 
mixture is boiled for an extended eriod of time. In addition to 
boiling in the brew kettles, the4Stro sbrandsof beer z u  cycled 
through a direct-fired brewing process. The wort is then 

d:; 
hot water is added as the malt is being fed. f"p 
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A 
transferred to the four hot wort settling tanks where the hot 
wort is held to allow 
the trub is introduced 
the brew kettles are ducted to the atmosphere through four 
forced-air stacks, and the hot wort settling tanks are vented 
through a natural draft stack. The hot wort is pumped to 
coolers which cool the liquid from about 9?OC&lO0F) .to about 

CJII(CA w a t 4  h + 4 C w 4  W h clrce(cr( CLU 

&ammonia-based, S 6 O  F 
/ 3 O W 0 C 4 5 P Y ) .  The cooling system is a A e l  

refriqeration system. The only potential emissions from the _ _  
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seals. Yeast, which in several yeast tanks, is mixed 
with the cooled wort as it is pumped into the fermentation tanks. 

The plant has 86 fermentation tanks, each of which typically 
holds about 1270 barrels od liquid. id is typically 

w v 1 m a  lu /do+ Allde5Y-d - . -  - fermented for a week. The fermentation tanks 
are vented to the atmosphere (through a single six inch diameter 
stack) for the first 12 to 14 hours of the fermentation process. 
This is a potential VOC source. For about seven days (following 
the initial 12 to 14 hours), the emissions from the fermentation 
tanks are collected for the purpose of recovering the carbon 
dioxide (C02) generated during fermentation. Impurities in the 
C02 are removed by a wet scrubbing and carbon adsorption system; 
impurities collected in the carbon bed are released to the 
atmosphere as emissions during carbon regeneration. [At the ti 

tanks was emitting a considerable amount of waste gas, but 
Mr. Kwolkoski noted that this was not typical and was probably 
due to a malfunctioning compressor in the C02 recovery system, 
which prevented recovery of qases from all the fermentation 4 From the fermentation tanks, the liquid is transferred 

- - 
-he visit, the stack venting emissions from the fermentation 
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yeast. After the centrifuge - The ruh 
-. Following ruh room 0.1 & I /  q a;: yh; I@*$ ' storage tanks are vente 

storage, the liquid is sent through a filtration process. 

/ 
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Diatomaceous earth is added to the ruh and the mixture uasses 5 
.s < 

~. ._ 
S C w k r ,  

through a filtration system that includesla %efilter, final 
filter, and trap filter. This diatomaceous earth filtration 
process removes any remaining impurities in the beer. Carbonated 
water is added to the liauid and the beer is then Dumped to final - -  
storage124 F- or *??%he surge tanks used in the 
filtration process and the tanks are 
maintained under counterpressure using C02 (i.e., they are not 
vented to the atmosphere, except prior to and during cleaning) 

The diatomaceous earth used in the filtration process is 
received in 50 lb bags; the earth is dumped into a mix tank and 
mixed with water to form the slurry which is used during 
filtration. The mix tank is a potential source of fugitive 
particulate matter emissions. The mix tanks were covered; the 
door in the cover was hooded and the exhaust is vented to a 
baghouse prior to discharge to the atmosphere. 

hac&e&, 
From final storage, the beer is,,canned or bottled by several 

filling lines located in a large building. The two enclosed 
filling lines, for nonpasteurized products, were not operating 
during the visit. The canning lines that were operating did not 
appear to spill much beer, and some of the lines were shrouded at 
the point where spillage occurred. The shrouds contained the 
spilled beer which drained quickly into catchpans connected to 
the collection system, thus limiting potential ethanol emissions. 
One canning line was not shrouded, and beer spillage was more 
noticeable; more beer appeared to escape capture by the catch 
pans and instead ended up on the floor where it subsequently 
flowed to a floor drain. Bottling operations appeared to spill 

the beer foamed up after the injection of steam or C02 for oxygen 
&beg thancanningPKh most of the spillage occurring as 

/, 
removal prior b ~ o / I ~ d ~ d  ef f-he h * v 4 J ~ ~  
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Damaged and partially filled cans and bottles from the 
filling lines are deposited in bins that feed two crushers, one 
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can crusher and one bottle crusher. Beer from the crushed cans 
and bottles is collected in the waste beer collection system. 
The waste beer is pumped from the collection tank to the alcohol 
stripper. The cans and bottles are recycled. The alcohol 
stripper is a submerged combustion system that is a major source 
of ethanol emissions, but as discussed earlier, it is going to be 
replaced in the near future. 

IV. Conclusions 

The site visit was informative and ass-sted in ident 
the potential sources of emissions which include: 

PM - -  Grain/malt handling 
- -  Diatomaceous earth mixing 

voc - -  B r e w  kettle 
_ -  Lauter tub 
_ _  Hot wort settle tank 
_ _  Fermentation 

- -  Bot t 1 ing 
_ _  Waste beer handling 

co2 - -  Fermentation 

_ _  - QLCH S4omqe 

Other - -  Ammonia from refrigeration system 
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June 13, 1994 

Dallas W. Safriet 
Environmental Engineer 
Emission Inventory Branch 
Technical Support Division,(MD-14) 
Office of Air Quality Planning & Standards 
U.S. Environmental Protection Agency 
Research Triangle Park, NC 27711 

/-RE: AP-42 revisions for breweries) 

Dear Dallas: 

Thanks very much for your June 7 package (received 
today) forwarding copies of the 1983 CARB emissions study and 
Miller's recent 1994 submittal detailing emissions from their 
Fulton NY brewery. I appreciate your responsiveness and 
cooperation in this regard, as well as your promise to send me 
copies of the new draft AP-42 section when that draft is ready 
for external review. 

This is also to clarify our conversations regarding 
next steps. According to my notes, in addition to the above I 
also asked you and/or Howard Hoffman for copies of (a) any data 
similar to Miller's submitted by other breweries; and (b) at 
least the test protocols from the Coors study, pending the 
Agency's determination of what else in that study (e.s., raw 
individual test results) might be CBI. The grounds for (b) were 
that the test protocols themselves could not be confidential, 
since without those protocols no other brewery---including 
especially smaller breweries---can tell what the !'Coors numbers" 
mean or what effect potential EPA adoption of those numbers might 
have on its specific operations. 

I assume from your cover letter that EPA does not have 
other recent data similar to Miller's. I also assume that you 
mean to send me the non-CBI Coors data as soon as it is or 
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becomes available---at the very least, sufficiently before the 
external review draft so that we can evaluate that data for 
purposes of commenting on the draft. Finally, I’m assuming that 
with respect to the Coors test protocols or other aspects of the 
so-called “Coors study“ which plainly are or ought to be non-CBI, 
the Agency is proceeding in stages so that any material which is 
proper to release can be released early, without waiting until 
every Coors confidentiality issue is resolved. 

I believe this is all a fair reading of your cover 
letter in light of previous conversations. But I would very much 
appreciate your either confirming that we’re both on the same 
page, or letting me know if I’ve assumed something erroneous. 
You don’t need to write me back; a phone call or message from you 
or Howard would be enough. 

Thanks again. 

Michael H. Levin 

cc: Howard Hoffman, EPA/OCG (LE-132A) 
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April 14, 1994 

Dallas W. Safriet 
Emission Factor & Methodologies Section 
Emission Inventory Branch 
Office of Air Quality Plannina & Standards (MD-14) 
U.S. Environmental Protection Agency 
Research Triangle Park, NC 27711 

Dear Dallas: 

This will confirm my telephoned request that I be 
placed on the mailing list to receive any and all versions of the 
new draft AP-42 emission factors for brewery operations (and 
related supporting or explanatory materials) at the same time 
they are sent for informal or other external review to EPA 
Regions, state. air personnel, and major breweries such as Coors 
and Miller. Among other things, your compliance with this 
request will help assure that all segments of the brewing 
industry have prompt notice of the Agency's tentative conclusions 
and their potential SIP effects. It may also help EPA receive 
better data on which to act, before the draft factors become 
"final . 'I 

If feasible, please send the requested materials to me 
by fax at the above fax number as and when they become available. 
Otherwise delivery by Federal Express would be greatly 
appreciated. I'd be pleased to give you our FedEx account number 
if necessary to defray costs. 

Thanks in advance for your attention to this. 

WASHO1: 18643 
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' m. Dallas Safrirt 
mi1 Drop 1 4  
mvironmental Protaution rgcncy 
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Dear Mr. Safrict; 

last week. We are curioue abwt M e  worX you a m  doing w i t h  
regard to etbaml emi6sions. 
Pew Review list 60 that he can rasoive information and 0-nt 
OII tbe drafts ai AP-42, 5th Supvlemcnt. In addition, would you 
cend him copies of all the infurmation which may have already 
been sent out t o  others on the Peer RBVleW lint? please send 
mnh information ta the attention of Harold ~ynm at snltn H e U m  
Mullieo (I Ilaaro, L.L.P., P.0. Box ai9a7. Ureemhro. NC 27120, 

Onoe again, thank YOU far yaur a~sifitance in this matter. 

xarold Bvnupl and I Bath appreaiate your returning our e1115 

P l e a s e  d o  ad4 mrold*s N a m e  to tho 

Siwsroly. 

. 
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SMITH HELMS MULLISS & MOORE, L. L. P. 
ATTORNEYS AT LAW 

GREENSBORO. NORTH CAROLINA 

Mr. Dallas W. Safriet 
Emission Inventory Branch (MD-14) 
Environmental Protection Agency 
Research Triangle Park, North Carolina 2771 1 

Re: Brewery Ethanol Emissions 

Dear Dallas: 

With my letter to Brian Shrager at Midwest Research Institute of January 12, 
1995, I transmitted a copy of a report entitled "Air Emissions Investigation Report" 
from an assessment conducted for Miller Brewing Company at one of'its breweries. 
The letter indicated that Exhibit J was not included because it contained confidential 
processing information. 

Having removed Exhibit J, Miller intended that EPA be able to use the 
information contained in the report for your ethanol emissions project. Consequently, 
you may disregard the "Confidential" claim on the cover page of the report. 

I look forward to hearing from you regarding the status of this project. 

Very truly yours, 

SMITH HELMS MULLISS & MOORE, L.L.P. 

Harold N. Bynum 

HNB/rc 




