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Uni\)ersity c i t y  Science Center 
3624 MarkelSlreet. Philadelphia, Pennsylvania 19104, U.S.A. 

Industrial Technology and 
Energy Management Division 
(215) 387-2255 
(215) 387-5540 Fax 

16 February 1996 

Mr. Dallas Safrit 
US .  Environmental Protection Agency 
MD 14 
Research Triangle Park, NC 2771 1 

Dear Mr. Safrit: 

In response to your telephone call yesterday, enclosed is a copy of the assessment 
report for Environmental Research Brief number EPA/600/S-95/002. The professor who 
conducted the assessment is Dr. Marvin Fleischman and he can be reached at (502) 852- 
6357. Dr. Fleischman is a professor at the University of Louisville. 

Sincerely, ’ 

anager, Technology Applications 

encl. 
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Abstract 
The U.S. Environmental Protection Agency (EPA) has funded 
a pilot project to assist small and medium-size manufacturers 
who want to minimize their generation of waste but who lack 
the expertise to do so. Waste Minimization Assessment Cen- 
ters (WMACs) were established at selected universities and 
procedures were adapted from the EPA Waste Minimization 
Oppatunify Assessment Manual (EPN625/7-88/003, July 1988). 
That document has been superseded by the Faciljiy Pollution 
Prevention Guide (EPN600/R-92/088. May 1992). The WMAC 
team at the University of Louisville performed an assessment 
at a plant that manufactures bourbon whiskey and distiller 
dried grains as a byproduct from corn. rye, and malt. The 
grains are milled. mixed together, and cooked. Then the result- 
ing mixture is allowed to ferment. After fermentation, the mix- 
ture is processed in a distillation column. The distillate is 
diluted to proper proof and placed in charred barrels for aging. 
After an appropriate storage period, the barrels are emptied 
and the contents are shipped in tank trailers. The team's 
report, detairing findings and recommendations, indicated that 
large quantities of CO, and ethanol are vented from the plant 
and that significant cost savings could be achieved through 
CO, and ethanol recovery. 

This Research Brief was developed~by the principal investiga- 
tors and EPA's Risk Reduction Engineering Laboratory, Cincin- 
nati, OH, to announce key findings of an ongoing research 
project that is fully documented in a separate report of the 
same title available from University City Science Center. 

Introduction 
The amount of waste generated by industrial plants has b e  
come an increasingly costly problem for manufacturers and an 
additional stress on the environment. One solution to the 
problem of waste generation is to reduce or eliminate the 
waste at its source. 

University City Science Center (Philadelphia. PA) has begun a 
pilot project to assist small and medium-size manufacturers 
who want to minimize their generation of waste but who lack 
the in-house expertise to do so. Under agreement with EPA's 
Risk Reduction Engineering Laboratory, the Science Center 
has established three WMACs. This assessment was done by 
engineering faculty and students at the University of Louisville's 
WMAC. The assessment teams have considerable direct ex- 
perience with process operations in manufacturing plants 
and also have the knowledge and skills needed to minimize 
waste generation. 

The waste minimization assessments are done lor small and 
medium-size manufacturers at no out-of-pocket cost to the 
client. To qualify for the assessment. each client must fall 
within Standard lndusbial Classification Code 2C-39. have gross 
annual sales not exceeding $75 million, employ no more than 
500 persons, and lack in-house expertise in waste minimiza- 
tion. 

The potential benefits of the pilot project include minimization 
of the amount of waste generated by manufacturers and r e  
duction of waste treatment and disposal costs for participating 
plants. In addition, the project provides valuable experience for 
graduate and undergraduate students who participate in the 
program, and a cleaner environment without more regulations 
and higher costs for manufacturers. 
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Methodology of Assessments 
The waste minimization assessments require several Site visits 
to each client served. In general, the WMACs follow the proce- 
dures outlined in the EPA Waste Minimization Opportunily 
Assessment Manua/(EPN625/i'-6&rO03, July 1988). The WMAC 
staff locate the sources of waste in the plant and identily the 
current disposal or treatment methods and their associated 
costs. They then identify and analyze a variety of ways to 
reduce or eliminate the waste. Speciiic measures lo achieve 
that goal are recommended and the essential supporting tech- 
nological and economic information is developed. Finally, a 
confidential report that details the WMAC's findings and recom- 
mendations (including cost savings, implementation costs, and 
payback times) is preparedfor each client. 

Plant Background 
The plant produces bourbon whiskey and distiller dried grains 
from corn, rye, and mall. It operates three shiWday l o  produce 
approximately 5 million gal of bourbon and over 16,000 tons of 
distiller dried graidyr. 

Manufacturing Process 
The basic raw materials--corn, rye, and mak-are milled in 
hammer mills and fed l o  cookers. Water and setback (thin 
stillage from the drying of spent grain after the alcohol and 
large solids have been removed) are added and the resuking 
mixture is cooked. During cooking, the starch in the corn and 
rye is converted to sugar. Afler the conversion has taken place, 
the mbaure (known as mash) is pumped to a fermenter where 
yeast is added tu complete the conversion of sugar lo alcohol. 
Upon completion of the fermentation cycle, the mash (or beer) 
is pumped lo an intermediate tank called the beer well. 

The contents of the beer well are pumped lo  the distillation 
column where the alcohol is steam stripped from the beer. The 
steam stripper distillale is condensed and pumped lo  the dou- 
bler for final distillation. Distillate from the doubler is condensed 
and pumped lo the barrel-filling operations; spent grain is 
pumped lo  the dry house for processing. 

At the barrel-filling facility, the distillate is diluted l o  proper 
proof with demineralized water. Barrels (of charred new white 
oak) are filled with the diluted distillate and transported lo the 
warehouse for aging. 

During the storage period (a minimum of four years), the 
material in the barrel goes through a maturation or aging 
process by which the distillate is transformed into a bourbon. 
When the product in the barrel is determined lo be of proper 
quality, the barrel is transported lo the dumping area. There 
the contents of the barrel are poured through steel screens for 
removal of solids. The product is then pumped to one of two 
storage tanks from which it is loaded into tank trailers for 
shipment. 

Spent grain from the distillation operations is processed into 
distiller dried grain (an animal feed additive) in the dry house. 
The spent grain is processed in centriiuges where the solids 
are concentrated and the excess water (centrate) is removed. 
The concentrated solids are fed lo an air dryer and the centrate 

. .. 

is pumped to an evaporator where the dissolved solids are 
concentrated. The viscous discharge (syrup) from the evapora- 
tor is mbted with a portion of the dried grain stream as it is 
recycled back to the dryer. The portion of the dried grain 
stream not used as recycle is conveyed to one of two storage 
silos if the moisture content is satisfactory. 

An abbreviated process flow diagram for this plant is shown in 
Figure 1. 

Waste Management Opportunities 
The type of waste currently generated by the plant. the source 
of the waste, the waste management method, the quantity of 
the waste, and the annual waste management cost for each 
waste stream identified are given in Table 1. 

Table 2 shows the opportunities for waste minimization that the 
WMAC team recommended for the plant. The minimization 
opportunity, the type of waste, the possible waste reduction 
and associated savings, and the implementation cost along 
with the payback time are given in the table. The quantities of 
waste currently generated by the plant and possible waste 
reduction depend on the production level of the plant. All 
values should be considered in that context. 

It should be noted that the economic savings of the minimiza- 
tion opportunity, in most cases, resuks from the need for less 
raw material and from reduced present and future costs asso- 
ciated with waste treatment and disposal. Other savings not 
quantiiiable by this study include a wide variety of possible 
future costs related lo changing emissions standards, liability, 
and employee health. It also should be noted that the savings 
given for each opportunity reflect the savings achievable when 
implementing each waste minimization opportunity indepen- 
dently and do not reflect duplication of savings that would 
resuk when the opportunities are implemented in a package. 

Additional Recommendations 
In addilion lo the opportunities recommended and analyzed by 
the WMAC team, several additional measures were consid- 
ered. These measures were not completely analyzed because 
of insufficient data, minimal savings, implementation dfficuhy, 
or a projected lengthy payback. Since one or more of these 
approaches lo waste reduction may, however, increase in 
attractiveness with changing conditions in the plant, they were 
brought lo the plant's anention for future consideration. 

Seal the grain leaks found throughout the conveying opera- 
tions. 
Install ashutoff mechanismthat providesatightersealatthe 
discharge ofthe milled grain hoppers in orderto reduce grain 
losses. 
Control ethanol emissions from storage tanks. 

. 

This research brief summarizes a pan of the work done under 
Cooperative Agreement No. CR-814903 by the University City 
Science Center under the sponsorship of the US. Environmen- 
tal Protection Agency. The EPA Project Officer was Emma 
Lou George. 

J ',J- >-c5- 76'11 E+.u - 

2 



c Graih Grain Com, 

weYe. storage milling malt 

c 
. Distillation Fernentation 

I I 

Mash 
coolers Mashing - 

Spent 
grains 

Spent grains 
separation 

Doubler 
Disti/late 

filling Y 
Pmduct 

Thin slop Thick slop Distiller dried 
evapmtion drying grai'm shipped 

dumping shipped 

Figurn 1. Abbreviatedprocess flow dagram for h u b o n  whiskeypmduction. 

i 

3 



4 



8 
2 

R 0 
0 

5 



b> 

i , 4  
DISTILLED 

COUNCIL 
OF THE 

SPIRITS- -__- 
--__I_ 

~ ~~ 

UNITED 
STATES 

January 5, 1994 

Mr. Dallas W. Safriet 
Emission Inventory Branch - MD 14 
Office of Air Quality Planning and Standards 
Environmental Protection Agency 
4201 Alexander Drive 
Research Triangle Park, NC 2771 1 

Re: EPA Contract No. 68-D2-0159. Work Assignment No. 005 - MFU Proiect No. 
3605 - M(02) - and Draft Revised Chapter for Distilled & Blended Liauor 

Dear Mr. Safriet: 

On behalf of the Distilled Spirits Council of the United States, Inc. (DISCUS), a 
national trade association representing producers and marketers of distilled spirits sold in the 
United States, we appreciate this opportunity to submit comments concerning the 
Environmental Protection Agency's (EPA) draft report entitled "Emission Factor 
Documentation for AP-42/Section 6.12.3/Distilled and Blended Liquor" prepared by Midwest 
Research Institute (MRI). We understand that this draft report has been in the process of 
preparation for over two years. Upon the receipt of the draft report, we circulated a copy of 
this document to interested parties in the distilled spirits industry and gathered comments as 
quickly as possible over the limited time period provided to comment. Consequently, we 
proffer only our preliminary thoughts, and look forward to the opportunity to work with you 
to discuss and revise the document. 

The proposed MRI AP-42 chapter requires further refinement in order for the report 
to be to be both useful and accurate. While the draft provides a starting point from which to 
base discussions, substantially more effort is necessary to characterize properly the industry's 
production operations. The production of distilled spirits differs significantly from brewing 
operations, and these differences must be recognized in the draft AP-42 chapter because the 
corresponding emissions equally are different. Further, different production methods and 
equipment are utilized across the distilled spirits industry in respective company's operations, 
Proper characterization of the processes and associated equipment is critical given the 
potential use of the chapter by federal, state and local air pollution control officials. 

DISCUS 1250 Eye Street, N.W. Suite 900 Washington, D.C. 20005-3998 202/628.3544 FAX: 202/682.8888 
. e n  
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In sum, the draft MRI chapter is not adequate to the task of characterizing the 
industry or, as a result, its emissions. In that regard, there are four major flaws in the draft 
report: 

0 First, the draft report inaccurately characterizes and distorts various 
fundamental aspects of distilled spirits operations. For example, certain 
sections of the draft report are applicable to brewing operations and have no 
relevance to distilled spirits operations. 

Second, the draft report when it accurately refers to distilled spirits operations 
mischaracterizes those operations insofar as not all industry members employ 
identical techniques and materials. One example where the practices of 
industry members differ is the various types of aging warehouses utilized by 
distilled spirits producers. 

Third, when a stage in the distilled spirits operations is accurately described, 
the type of equipment utilized is mischaracterized and/or the physical and 
chemical dynamics of the underlying process is misunderstood. 

Fourth, there are numerous inaccuracies and mischaracterizations covering the 
discussion of barrel soakage in the draft report. For example, the equation 
used to estimate barrel soakage ignores the physical chemistry involved in the 
aging process. Further, most, if not all, sound whisky barrels are reused for 
another 20-30 years, not only for aging Scotch and Irish whiskies, but also 
Canadian whiskies, wine, rum, aged vinegar, and most all other food product 
which utilize barrel aging, At the end of their useful life, barrels are burned 
for energy recovery. 

0 

0 

0 

Set forth below are a few examples the mischaracterizations and inaccuracies in the 
draft report. For your convenience, we have referenced the particular section of the report. 

2.2.1 

The second sentence needs to be corrected. Distilleries do not do their own malting. 

Grain Receiving and Grain Handling (Preparation): 

It is not economically feasible. 

2.2.3 Mashing: 

Most distilleries use cold water instead of brine to cool mashes. Mash tubs may 
either be jacketed or have coils. 
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Figure 2-1. Whisky Production Process: 

The arrow from "fermentation" to "spent grain liquid stillage pressing and drying" 
illustrates the confusion between the operations of the distillers and those of the brewers. 
Brewers separate spent grains from wort prior to fermentation. The complete contents of 
fermenters in a distillery, pass through the still. Distillers do not have wort; they have 
distiller's beer, usually referred to as just "beer." In Figure 2-1, there should be no spent 
grains coming from the fermentation area. 

2.2.4 Fermentation Stage: 

Acetaldehyde, ethyl acetate, fusel oil, and furfural are produced in trace amounts 
during fermentation. Considering the amounts present, their volatility and ethanol/water 
solubility characteristics, they are not detectable as emissions under standard fermentation 
practices. Glycerine generally is not produced. 

There is general confusion in this section and throughout the report concerning how 
MFU defines "open" and "closed" as it applies to vats and tanks. Not all industry members 
use "open" vats and tanks. Fermentation takes place in either "open" or "closed" vats and 
tanks depending upon the distiller. Blending discussed in 2.2.8 of the report generally takes 
place in closed tanks. 

To the best of our knowledge, fluorides are not used to control bacterial growth. 
Good "housekeeping" and good pH control during fermentation accomplishes this function. 
Lactobacillus, which produces lactic acid, commonly is used for pH control. Sulfuric or 
phosphoric acid also can be used. 

Wort only occurs in breweries. It is inappropriate and misleading when applied to 
any material associated with a distillery. The process for making "wort" is completely 
different than that which is used to prepare the mash for "distiller's beer. " 

2.2.6 Grain and Liquid Stillage Drying: 

No spent grains are "recovered from the bottom of fermentation tanks. " The entire 
contents of the fermenter goes into the still. 

Screens still are often used to separate the liquid and solid portions of spent grains; 
but centrifuges are much more common. The liquid portion is concentrated by vacuum 
evaporation. The resultant syrup is recombined with the solid portion to be dried. 
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2.2.7 WarehousinglAging Stage: 

Warehouse Tvue - The second sentence of the third paragraph should read "Distillers 
may use custom-designed warehouses. " Metal clad and wooden houses should be added to 
stone and brick. In addition, ambient temperature and humidity control are not necessarily a 
function of warehouse age; each depends on the quality characteristics desired by the 
particular operations. 

Barrel Construction - Many experiments were made in the past on a variety of barrel 
designs but none that varied from the traditional design were successful. Slight variations in 
volume and the diametedlength ratio are the only differences in present barrel construction. 
Further, federal regulation dictates the type of barrel used to age product. For example, 
charred new oak barrels are required for aging Bourbon whisky. 

Product Aging and Ouality - The last paragraph in this section contains two 
misleading statements. It implies that the quality of a product is a direct function of age. 
This is not true. Product quality is a function of the characteristics of the product originally 
placed in the barrel, plus the proper balance of changes in flavor due to compounds extracted 
from the barrel or formed during aging. A product light in original flavor may be overaged, 
while a product with more original flavor components may be underaged after the same time 
in a barrel. Maturity is measured by achieving the proper, consistent flavor balance of the 
product. Brands of whiskies, for example, vary widely, from heavy to light-flavored 
products; the quality of each brand is determined from the inception of the production 
process which includes aging as an integral part thereof. Further, it is inaccurate to state that 
"[sltronger proof whiskeys take less time to mature because these chemical reactions occur 
more rapidly. 'I 

"Mellowness" of a product has nothing to do with whether it is aged in a "new 
charred" or a "reused" barrel. Federal regulation and the particular flavor characteristics 
which the producer desires determine the type of barrel which is used. 

In the aging process, both the oak barrel in which beverage alcohol is stored and the 
barrel environment are key to producing distilled spirits of desired quality and uniqueness. 
The maturation process gives whisky its characteristic color and distinctive flavor and aroma. 
Variations in the aging process are integral to producing the characteristic tastes and blends 
of different products and brands. 

Ambient atmospheric conditions, such as temperature and humidity, as well as 
seasonal variation, are critical factors in the aging process. Aging practices vary 
considerably -- some distillers, for example, keep their warehouse windows open during 
certain months to promote interaction of the barrel with outdoor atmospheric conditions. As 
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EPA observed in its "Cost and Engineering Study - Control of Volatile Organic Emissions 
from Whiskey Warehousing" (EPA - 450/2-78-013 April 1978), the aging process in 
particular depends upon the equilibrium interaction of oak barrels with ambient air and 
particularly the temperature, humidity, and ventilation promoted by the different types of 
warehouse construction utilized in the industry. While each distiller alters the barrel 
environment to produce a product with the distinctive characteristics of their brand, the 
fundamentals of the natural aging process are inviolate. 

In producing Bourbon whisky, for example, ethanol from the raw beverage alcohol is 
unavoidably released because wooden barrels in which it is aged are housed in special open 
air warehouses for periods of two to eight years or more. The use of oak barrels for aging 
is not only an industry wide practice, but also is required by federal regulation for the 
production of whisky. See 27 C.F.R. 5 5.22. When whisky ages, the alcohol extracts and 
reacts with constituents in the barrel wood, producing its distinctive color, taste and aroma. 
Materials in the wood are transferred to the bulk liquid in the barrel by simple diffusion, by 
convection currents in the bulk liquid and by temperature cycling. As the barrel heats up, 
the gas above the liquid increases in pressure and forces liquid into the barrel wood. When 
the barrel cools and the gas pressure drops, the liquid flows out of the wood into the bulk 
liquid, carrying wood constituents with it. The distinctive qualities of whisky are added 
during aging as trace substances called congeners which occur through 1) extraction of 
organic substances from the wood and their transfer to the whisky, 2) oxidation of the 
original substances and of the extracted wood material, and 3) reaction between various 
organic substances present in the liquid to form new products. The amber color develops 
and the taste of the whisky mellows during aging as the concentration of congeners increases. 
Ethyl alcohol emissions are a natural and integral consequence of creating the distinctive 
qualities of Bourbon; the production and aging of which is regulated by federal law. Very 
similar reactions between the barrel liquid and barrel constituents characterize aging of other 
distilled spirits as brandy, rum, Scotch, Canadian whisky, and cognac. (It is important to 
note that water also is emitted during the aging process.) 

In aging or maturation, the rate of extraction of wood constituents, transfer and 
reaction depend upon both ambient conditions such as temperature and humidity and the 
concentrations of various whisky constituents. For instance, higher temperatures increase the 
equilibrium rate of extraction, transfer by diffusion, and reaction. Diurnal and seasonal 
temperature changes also cause convection currents in the liquid and pressure changes in the 
gas affecting transfer. The rate of diffusion will depend upon the difference of 
concentrations of constituents in the wood, liquid, and air blanketing the barrel. The rates of 
reaction will increase or decrease with the concentration of constituents. The equilibrium 
concentrations of the various whisky components heavily depend upon the air flow around 
the barrel. All of these variables are utilized by a distiller to produce a consistent, particular 
product brand which will have its own unique taste, color, and aroma. In fact, EPA has 
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acknowledged in its 1978 Cost and Engineering Study of the industry that, when buildings 
are closed and ventilation is artificially increased, for instance, the quality of the product 
could be greatly impaired. 

2.2.8 Blending/Bottling : 

Pure alcohol, for all practical purposes, never exists. In addition, blending does not 
take place in open vats or vessels. 

2.3 Emissions: 

Glycerine is not generated. Further, CO, is referred to as an emission. Neither EPA 
nor the states have authority to regulate CO,. It is not a "regulated" air pollutant under 
federal law. With reference to figure 2-1, no PM emissions are generated from spent grain 
handling as indicated in that flow chart. 

2.4  Emissions Control Technology: 

The discussion in this section is both inaccurate and misleading. For example, the 
third sentence states that volatile organic compound emissions from fermenters can be 
controlled and recovered by carbon absorption systems. There is no factual predicate for this 
statement. Rather, it is very doubtful that such emissions could be so controlled because of 
the significant amount of grain solids carried out of the fermenters by air entrainment quickly 
would render the system inoperable. At present, there are no known control technologies for 
volatile organic compound emissions from fermenters due to solids entrainment. 

Further, the statement that "ethanol emissions from whisky-aging process are reduced 
by process controls" is misleading. Warehouse construction and the need to maintain natural 
aging practices are critical to ensuring that there are no changes to product quality. Retrofit 
process controls on aging warehouses are not practical in light of their potential to adversely 
affect product quality. 

Work practices to eliminate leakage by inspecting barrels is characterized improperly 
as a "process control." This statement also has the potential to be misleading. Similarly, 
climate controls are not "process controls" and such systems are not used to minimize and/or 
regulate changes in humidity and temperature, but to accelerate natural processes. Windows 
still are opened to cool barrels. In fact, most warehouses are not designed to control or 
regulate changes in temperature and humidity. Rather, the distiller often takes advantage of 
naturally occurring environmental conditions. 

MRI's statement that "ethanol recovery systems, principally activated carbon systems, 
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have been proposed" is misleading. EPA's 1978 Engineering Study of Whiskey Warehouses, 
which is cited by the draft report, concluded that "add-on" pollutants controls including 
carbon adsorption systems, could not be reliably used because of potential adverse impact on 
product quality. As a result, EPA concluded in 1978 that no CTG was appropriate for aging 
whisky warehouses. We are not aware of any instance where ethanol emissions control 
devices have been proposed by officials for aging warehouses. 

Section 4: 

Equations 4-3 and 4-4 are inaccurate. These equations indicate that soakage continues 
to be a function of time for the entire aging period. These calculations defy the laws of 
physical chemistry. Soakage reaches an equilibrium value. There will be minor variations 
due to changes in ambient air humidity and temperature, and in whisky temperature. This 
fact would be understood if Fig. 2-2 was more complete. Variables, such as wood density, 
will cause differences in equilibrium soakage values, but not exposure time. Similarly, 
equation 4-5 is inaccurate. It would appear that the numerator should be divided by the 
number of barrels in the warehouse. 

Table 4-9 and Section 4.2.2 incorrectly state that bottling and blending emissions are 
the same as soakage emissions. These are two separate and unrelated events. 

The characterization of barrel soakage is incorrect, resulting potentially in a serious 
overestimation of emissions. For practical purposes, all sound whisky barrels are reused for 
another 20-30 years, not only in Scotch or Irish whiskies, but also in Canadian whiskies, 
wine, rum, brandy, aged vinegar, and most other conceivable food products which utilize 
barrel aging. Barrels are burned as fuel after their useful life. They also are frequently 
shipped off site within hours of dumping. DISCUS knows of no instances where they are 
vacuumed. 

Conclusion 

DISCUS submits that significant, additional work is required to correct the 
inaccuracies and deficiencies of MRI's draft report. As stated previously, the comments 
offered above are not inclusive, but merely are illustrative of the flaws in the draft report. 
For example, MFU's discussion in section 2.1 "Industry Characterization" does not depict or 
describe the industry accurately. The number of distillers, the volume of sales and related 
information require revision. 

The fundamental errors in the contractor's discussion of the processes for producing 
distilled spirits are basic problems that must be resolved before this draft report is finalized. 
DISCUS looks forward to assisting EPA in this effort. 
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If you have any questions concerning the above, please do not hesitate to call me. 

iynne J .  O ~ I &  
General Counsel 

LJ0:bca 
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Mr. Dallas W. Safriet 
Emissions Inventory Branch - MD 14 
Office of Air Quality Planning and Standards 
Environmental Protection Agency 
4201 Alexander Drive 
Research Triangle Park, NC 2771 1 

Re: EPA Contract No. 68-D2-0159, Work Assignment No. 11-03 - MRI Project No. 
4602-03: "Emission Factor Documentation for AP-42/Section 9.12.3/Distilled 
and Blended Liquors -- Revised Draft Reoort" 

Dear Mr. Safriet: 

On behalf of the Distilled Spirits Council of the United States, Inc. (DISCUS), a 
national trade association representing producers and marketers of distilled spirits sold in the 
United States, we appreciate the opportunity to review and comment upon the Environmental 
Protection Agency's (EPA) revised draft report concerning emission factor documentation for 
the distilled spirits industry prepared by Midwest Research Institute (MFU). As you know, we 
provided detailed comments in January 1994 concerning MRI's first draft of this AP-42 
chapter, which were forwarded to EPA to assist in revising the chapter. 

Upon receipt of the revised draft, we again undertook to circulate the document to 
industry members for review and analysis to assist you in finalizing this AP-42 chapter. The 
consensus among industry members is that the revised draft of the MFU report still cannot be 
accepted by EPA. Although improved from the initial draft, the revised draft report requires 
further refinement in order for this document to be both useful and accurate. In that regard, 
substantially more effort is necessary to characterize properly the industry's production 
operations. 

Proper characterization of the processes and associated equipment is critical given the 
potential use of the chapter by federal, state and local air pollution control officials. The 
fundamental errors in the contractor's discussion of the processes for producing distilled 
spirits are basic problems that must he resolved before this draft report is finalized. In sum, 
the draft MRI chapter is not adequate to the task of characterizing the industry or, as a result, 
its emissions. 

DISCUS 1250 Eye Street, N.W. Suite 900 Washington, D.C. 20005-3998 202/628.3544 FAX: 202/682.8888 
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In light of the significant, additional work required to correct the draft report, we 
believe that the most productive next step would be to meet with your staff to review the 
report at a detailed level. To that end, we are prepared to organize such a meeting at any 
time and location convenient to you. I will contact you concerning this proposal, and 
underscore again that DISCUS looks forward to assisting EPA in this effort. 

Sincerely, 

General Counsel 

LJ0:bca 
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Mr. Dallas W. Safriet 
Emissions Inventory Branch - MD 14 
Office of Air Quality Planning and Standards 
Environmental Protection Agency 
4201 Alexander Drive 
Research 'rriangie Park, NC 2771 I 

Dear Mr. Safriet: 

On behalf of the Distilled Spirits Council of the United States, Inc., I want to express our 
gratitude for the opportunity to meet with you and h4r. Lapp to discuss the draft AP-42 chapter 
concerning distilled spirits. You provided us with invaluable insight and information not only 
about the development of AP-42 chapters generally, but also about the specific chapter 
concerning distilled spirits. 

, 

You have a herculean task in preparing EPA's AP-42 chapters for the myriad of American 
industries subject to your mandate. This endeavor must be even more daunting without the 
opportunity to visit, and thus acquaint yourself with, the production sites of the industry 
discussed in your AP-42 chapter. In that regard, one of the major purposes of our meeting was to 
"bring" the distilled spirits industry to you. 

We hope our visit with you was as productive for you as it was for us. We look forward 
to continuing to work with you in the Agency's finalization of the AP-42 chapter for distilled 
spirits. 

Thank you again for taking time out of your busy schedule to meet with us. 

Sincerely, 

LJ0:clc 

DISCUS * 1250 Eye Street, N.W. * Suite 900 
Wahington, D.C. 20005-3998 
202l628.3544 * F a .  202l682.8888 
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Thomas W. Lapp, Ph.D. 
Principal Environmental Scientist 
Midwest Research Institute 
401 Harrison oaks Boulevard 
Suite 350 
Cary, North Carolina 27513-2412 

Deflr Dr. 

/Tl~ank you for the opportunity to provide comments concerning tho drafl AP-42 
Chapter for brandy. To that end, please find enclosed a copy of our commcnts. 

On beholf of DISCUS, J again want to express our appreciation for meeting with us 
last month. Thc meeting was both productive and informative, and we look forward to 

industry. 
worklnB with you us tlic: Agvuby lioaliLc3 the AI'-42 Chaptor pertaining to tho diotillcd opirili 

Sincerely, 

1,JO:bcn 

Enclosure 
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and pomace. heating. adding SO,. and using highly pigmented v3rictics o i  grapes. Port can bu 

produced by baking. but with a shorter baking time than baked sherries. 

When che fermenting must is run off (separated from thc pomace by gravity). it is fonified 

widi wine spirits containing about 77 percent alcohol. The first press fraction for red port is fonified 

to the same level as the free-run and may be kept separate tor independent aging or blended with the 

free-run, Most white pons are fonified when half the original sugar conient has been fermented. 

However, semidry and dry white pons are fonificd later in the process. 

The typo and duration of aging depend on the style of wine desired. Slight fortification aRer 

each racking compensates for alcohol evaporation from the cooperage, and blending is used to achieve 

the desired properties of the wine. The find blend is left to marure in  oak cooperage for several 

months prior to fining. filtration, stabilization. and bonling. 

2.2.5 m d v  Prod uctipr! 

Brandy is an alcoholic distillate or mixture of distillates obtained from chc fermented juice, 
niash, or wine of grapes or other fruit (c.g.. apples, apricou. peaches, blackberries, or 

boysenberries). Brandy is produced at less than 190" proof and bottled at a minimum 80" proof. ( ln  
the United States, "proof" means tho ethyl alcohol content of a liquid at 60"F, stated as twice the 

percent ethyl alcohol by volume.) Two types of spirits are produced from wine or wine residue: 

beverage brandy and "wine spiriu." Beverage brandy is distilled at 170' proof or lower from che 
termenred juice or mash of whole fruit, reduced to 102' to 130" proof for aging, and funher reduced 

to 80" to 100' proof for bottling. Wine spiriu include all spiriu eligible for addition to wines: 

neutral spiriu (190' or more proof), neutral brandy (171' to 189' proof), and brandy (140* to 170" 

proon. 

In brandy production, the 

major differences in the fermentation process 

cultures are not used in the fermentation 

not temperature controlled as it is in winc production. Brandy cm be made solely from the 

fermentation of h i t  or can be distilled from he  lees leftover from the racking process in still wine 

production or the pomace cap that I S  leftover from red still wine fermentations. 

crusliing. There are two 
production. Pure y a t  

the fermentation process is 

2-17 
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after the fermcntalion and continucs until all ncwb icrnicntcd 

use continuous COlulnn distillstion. usually Wirh M 

detailed discussion of h e  distillation and aging of 

distilled , which include brandy and brandy spirits, refcr to AP-42 Section 9.13.3, Distilled 

After distillation. the.brandy is aged in oak casks. Aging time can vary from 3 to 15 years or 

more. During agin . some o f  the brandy seeps through the oak and evaporates, so brandy an& 
caramel added periodically to compensate for t h i s  loss. 
c 

I$ 

coloring Uie brandy a characteristic dark brown color. After aging, the brandy may be ~ ~ A I ~ G V ,  

chilled. filtered, and bonled. 

MA+ 9s h(;pEp CLQthRl L U €  

2.3 EMISSIONSS*7.E 

Ethanol is che primary volatile organic compound (VOC) emitted during the production of 
wines and brandy. Acetaldehyde. methane. n-propyl alcohol, n-butyl alcohol, sec-bury1 alcohol. 

isobutyl alcohol, and isoamyl alcohol are also generated and cmirrcd but in much smaller quantities 

compared to chanol. In addition. a large number of other compounds arc formed during h e  

fermentation and aging process. I t  is h e  presence of thcse compounds that gives wines and brandy 

the complex aroma and flavor. ,,w4 J .  A *Wfif+ 
AQ€ 

Prior to the fermentation. liquified sulfur dioxide (S$)k offen addedito the grapes after 1"" A 
harvcst and to h e  juice or must; S q  emissions can occur during these steps. Except for lhesc 

potential emissions. there is linle potential for cmissions prior to the fermentation step in wine 

production. 

During fermentation, large volumes of C02 are produced horn the yeast metabolism of che 

sugars present in the juice or must; a general C@ production rate of approximately 260 milliliters 

per gram (ml/g) of glucose or fructose han been cited. Th is  represents a volume greater than 50 

times h e  volume of juice fermented. The escape of CO, is estimated to remove about 20 percent of 
the heat generated during fermentation. Ethanol loss was previously believed to occur through 

entrainment of h e  liquid droplet in the escaping CO, but recent studies indicate that evaporation i s  

the major mechanism for ethanol loss. Ehanol dropleu arc formed and leave the must surface but 7 

2-18 
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This i s  prclitnitiary materii. in drnli inrm. lor purposes 01' rev iew.  ' I l l i s  t11owrd I ~ I I S I  nrll be 
quoled. cited. or in any other way considered nr utcd ;IS final work. 

V.I:,~ WINES A N D  BRANDY 

9.12.2. I General 
.? 

Wine is  an alcoholic beverage produced by h e  fermentation of  sugars in h u i t  juices. 

primarily,grape juice. ' In  general, wines are classified into two types barcd on coho1 content: table 

wines dpercent to 14 percent. by volume) and fonified wines (dpercent 10 2l percent. by volume). 

Table wines are .funher subdivided into st i l l  and sparkling categories. depending upon h e  carbon 

dioxide (CO,) content retained in h e  bottled wine. Still table wines are divided into hree groups: 

red, rosi~(or  blush), and white based on the color of rhe wine. 

9.12.2.2 Process Descriptiont4 

The production o f  still table wines is  discusscd in the following paragraphs, followed by more 

concise discussions of the production of sweet table wines, sparkling wines. fonified wines. and 

brandy. 

Still Table Wines - The basic steps i (wine production) include harvesting, 

crushing, pressing, fermentation. bottling. A simplified process diagram 

outlining the basic steps in the production of st i l l  table wines is shown in Figure 9.12.2.1. 

Harvesting o f  grapes is usually conducted during die cooler periods of the day to prevent or 

retard heat buildup and flavor deterioration in the grape. Most wineries transpon h e  whole grapes 

but some chsh the grapes in rhe vineyard and transpon h e  crushed fruit to the winery. Stemming 

and crushing are commonly conducted as soon as possible after harvest. These two steps are 

currently done separately using a crusher-slemmer. which contains an outer perforated cylinder to 

allow the grapcs to pass rlirough but prevenls Ihe passage o f  stems. leaves, and stalks. Crushing the 

grapes after sietnming is accomplished by any one of many procedures; the three processes generally 

favored are: (I) prcssing grapes against a perforated wall; (2) parsing grapes through a set of rollers; 

or (3) using centrifugal force. From 75 to IS0 rnilligramr per liter (mglL) of liquified sulfur dioxide 

(SO,) is added to the crushed grape mass to control wild yeast contamination and spoilage bacteria. 

Food And Agricullurd Products 9.12.2-1 
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DRAFT 
h1:lcoration i s  the breakdown of grape solids following crushing of Ihc  grapes In  rcd and 

rosf wine production. tlic slurry of juice, skins. seeds. and pulp is termed tllc '"must." In u l l i t e  wii lc 

production. the skins. sccds. and pulp are separated from the juice hel'ore inoculation wi th  ycast aird 

only the juice is fermented. A fermenting batch of juice is also called "must". Thos. d1r tern1 

"must" can refer to either the mixture o f  juice. seeds. skins. and pulp for red or'rosd wines or only 

the juice for white wines. Maceration is always involved in the initial phase of  red wine 

fermentation. I f  the volumc of must is small, the juice i s  extracted from the must in a press. 

However. for large volunics of must. gravity flow dcjuicers are often used to initially reparate the 

majority of the juice from the crushed grapes and the press used IO extract the juice rcmaining in the 

mass of pulp. skins, and seeds @omace). There are many designs o f  dejuicers but. generally, they 

consist of a tank fitted with a perforated basket at the exit end. Aher gravity dejuicing hac occurred, 

dls pulilaGs in y t & d  i i i  (I pssa  a i d  d ~ c  rciiialiiliig Juice exrracrea. There are mrcc major types 0 1  

presses. Tho horizonal press is used for either crushed or uncrurhed grapes. A pneumatic press can 

be used for either cruslied or uncrushed grapes as well a for fermented must. The continuous screw 

press is the only one that operates uninterrupted and works best with fermented must but can be 

adjusted for crushed. nonpulpy grapes. After pressing, white must is typically clarifi 

fermentaiion to retain the h i t y  character. The white juice i s  commonly allowed to 

12 hours but may be ccntrihrged to speed the clarificati,on. 

Formontation ia rhs procws whcrcby thc sugars ~ l u c o s c  and fnrcw$s) y i w c i ~ l  i l l  llrc IIIU>I 

undergo reaction by yeast activity to form elhyl alcohol (ethanol) and CO, according to the equation: 

In the U. S.. the sugar content of the juice is commonly measured with a hydrometer in units 

of degree Brix (OB), which is grams (g) of sugar per I 0 0  grams of liquid. Fermentation is initiated 

by the addition of yeast inoculation to Ihe must. 7he fermentation process tnkes place in tanks and 

vats o f  a wide variety of shapcs, sizes, and technical designs. Tanks are different from vats in that 

tanks are enclosed. whereas vats have open tops. In most o f  the larger wineries, tanks have almost 

completely replaced vals. Since the 19SOs. the move has been away from the use of wooden tanks to 

primarily stainless steel tanks; lined concrete tanks are also used and fiberglass tanks are becoming 

more popular due IO their light weight and lower cost. 

The fermentation process i s  an exothermic reaction and requires temperature control of  h e  

fermenting must. Rcd wines are typically fermented at 25' to 28°C (70" to 8 Z " F )  and white wines 

Food And Agricultural Products 9.12.2-3 
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8" io Is'c (46" io 59°F). Almost a l l  of the fermenlation is conducicd b y  thc hatch prnccsS. 

continuous fcrmeiitors are rarely used in the U. S. Size o f  the fermentors i s  based primarily on the 

volume of juice or musr to be fermcnied. During rernientatinn of red wiiies. the CO, released hy thc 

ycart metabolism becomes entrapped in the pomace (layer of  skins and accds) and causes it  io r ise to 

the top of the tank where it forms a cap. The pomace cap is periodically covered with the must to 

increase color removal, aerate tho fermenting must. limit growth o f  spoilage organisms in the cap, 

and help cqualize the temperature in  the fcrmenting must. For white wines, [lie main iechnical 

requirement i s  efficient temperature control. Temperature is one of  the ninst influential factors 

affecting the fermentation process. During fermentation of both white and red must. the C02, water 

vapor. and ethanol arc released through a venl in the top of !he tank. Malolactic fermentation 

sametimes follows the primary fermentation and results in a reduction in  the acidify or the fermcnted 

juice or must. There are very diverse opinions about this step because b e  fermentation. to varying 

degrees, can improve or reduce wine quality. 

- 

After fermentation. all wines undergo a period of adjustment (mawration) and clarification 

prior to bottling. The process of maturation involves the precipitation o f  paniculate and colloidal 

material from thc wine zs well 85 a complex range of physical, chemical, and biological changes that 

tend to maintain and/or improve the sensory characteristics of the wine. The major adjustmenu are 

acldiry modification, sweetening. dealcoholization. color adjustment. and blending. Following the 

fcrrnentation process, a preliminary clarification step is  commonly accomplished by dccanling the 

wine from one vessel to another, called racking. in order to separate the sediment (lees) from the 

wine. Current racking practices range from manually decanting wine from barrel to barrel to highly 

sophisticated, automated. tank-ro-tank transfers. In all cases. separation occurs with minimal agitation 
0 to avoid resuspending the paniculate maner. The residue from racking may be filtered to 

wine otherwise lost with the lees or used "as is" for brandy production. 

Stabilization &d further 

produce a permanently clear 

procedures. additional 

stabilization technique 

of months or years. 

range of sizes, depending on h e i r  intended use. White oak has traditionally been used for the barrels 

to age wine, but currently i t s  usage is reserved primarily For the production of premlum white and red 

wines and some fortified wines. Water and ethanol are lost through the barrel surfaces and a partial 

vacuum develops in I1ic space crcatcd by this loss. Each barrel is periodically opened and toppod of f  

9.12.2-4 ', I EMISSION FACTORS 
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with wine to f i l l  thc void created by the ethanol and water loss. Cooperage construitcd croiii 

materials other than wood has many advanlager and is  less expcnsive io niaintaiii. Si2inlcs.c stccl i s  

ohcn preferred. but fiberglass and concrete are also used. In addition to aging. other siahilization 

proccdures arc used IO prevent formation of potassium bitartrate or calciuni ianratc crystals. Iiaziiicss 
, , , . ,  .. , , - .. . . -. . . . . .. . .. . . 

/li;sse) resulting froin protein coalescence. case 
F-0 ID' winc. and haziness due to metal ions. such as 

polysaccharidcs which can cause filtration problems and haze formation. Most wines contain viable 

but dormant microorganisms. Racking i s  used as an initial step in microbial stabilization but long- 

term stability frequently requires use of  sulfur dioxide as the antimicrobial agcnt. Other methods 

include pasteurization and filter sterilization. Sulfur dioxide may be added at various stages in  wine 

production io prevent microbial growth but it is  always added after fermentation. Finishing (fining) 

agents are cominonly added fo accelerate the spontaneous precipitation of  suspended material in wine. 

Prior 10 bonling. a final clarification step i s  used to remove any remaining suspended material in die 

wine. This step involves only physical methods of clarification and generally consists of a filtration 

d\% 

procedure. 

Class bottles are th containcr i f  choice for premium quality wines and for sparkling wines. 

Due to some disadvantage glass bottles are sometimes being replaced by new containers, such as 
bag-in-box, for many standard quality, high volume wines. To protect the wine against microbial 

spoilage. and to limit oxidation. the wine is adjusted to a final level of SO mg/L of SQ before filling. 

Precaution is taken to minimize contact with air during filling and thereby reduce oxidation. T h i s  i s  

done by flushing che bonk with CO, before filling or flushing the hcadspace w i h  C q  after filling. 

1 

[ & - . i zom 1 0 2  wS1-w 
Sweet Table Wines - The most famous of the sweet wines are those made kom nohle-roncd, 

Borryn'r-infected grapes. Thesc wines are produccd to a limited extent in the United States. The 
Borryn'r mold acts to loosen the grape's skin so moisture loss occurs rapidly and tlie sugar 

concentration increases in the grape. The grapes are then selectively picked, followed by pressing, 

and fermentation. Fermentation is a slow process, however, hccause o f  the high sugar content and 

the use o f  SO2 to retard the growth of undesirable molds and microorganisms. Non-bottytized sweet 

wines are also produced by drying the grapes. Drying involves allowing the grapes to dehydrate on 

mats or trays in the shade Cor weeks or months and h e n  crushing h e  grapes and fermenting h c  

concentrated juice. Heating, boiling. or freezing is also used io concentrate juice for semisweet 

wines. 

Food And Agrisutlur3i Products 9.12.2.5 
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Sparkling Wines - Most sparkling.wincs ohtam CO, supersaturuion using ii scc'ond 

alcoholic fermentation. rypically induced by adding yeast and sligar to dry white wine flrrre are 

Lliree principal nicrhods of sparkling wine production: the traditional method, h c  irmsler mcthod. 

and the bulk method. 

sparkling wines are white. The grapes are harvested earlier than h s e  used Tor still 

In the traditional method. bolh red and white grapes nisy be us 

pressed whole without prior stemming or crushing to extract the juice wid3 a minimum of pigment 

and tanniri 

distinguishes the traditional method. Beforc preparing the blend ( C U V ~ C ) ,  the individual base wines 

are clarified and stabilized. Aging rypically takes place in stainless steel tanks but occasionally rakes 

place in oak cooperage. The secondary fermentation requircs inoculation of the cuvCc wine villi a 

special yevt  strain. A concentrated sucrose solution is added to the cuv& just prior to the yeast 

inoculation. The wine is  then bonled; cappcd. and stacked horizontally at a stable temperature, 

preferably between IO" to IS'C (50' to 59'F), for rhe rccond fermentation. After fermentation, thc 

boitles are transferred 10 a new site for maturation and stored at about 10°C (50'F). 

IpW. 
# 

7- 
Riddling i s  the technique used IO remove the yeast sediment (lees). The process involves 

loosening and suspending rhe IXJIS by manual or mechanical shaking and g, and positioning die 

bonling. The bottle to move rhe lees toward the neck. Disgorglng takes place about a 

bottles are cooled and h e  necks immerscd in an icelCaClz or icelglycol solution to freeze the 

sediment. The disgorging machine rapidly removes the cap on the bonle. allowing for ejection of h e  

frozen yeast plug. The mouth of the bonle is quickly covered and h e  fluid level is adjust&. Small 

quantities of SO, or ascorbic acid may be added to prevent subsequent in-bonk fermentation and liniit 

oxidation. Once the volume adjustment and other additions are complete, (he boules are sealed with 

special corks. the wire hood added, and the bottler agitated to disperse the additions. The bonles are 

then decorated with their capsule and labels and stored for about 3 months to allow the corks to set in 

the necks. The transfer method is identical to (he traditional method up to the riddling stage. During 

aging. the bonks are stored neck down. When the aging process is compleie. the bottles are chilled 

below 0°C (32'F) before discharge into a transfer machine and passage IO pressurized receiving 

tanks. The wine is usually sweetened. sulfitcd, clarified by filtration. and sterile filtered just before 

bottl i ng . 

In the  bulk method. fermentation o f  thc juice for the base wine may proceed until all the 

sugar is consumed or it may be prcmaturcly terminated to retain sugars Tor the second Iermentntion. 

I 9.12.2-6 EMISSION FACTORS 
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The yeast i s  removed by ccnlrifugation andlor filtration. Oncc the cu&- is form~il;licd. thc. u i n w  3rc 

combintd wkh y e a t  additives and. if necessary. sugar. f h e  second fcrlneiitation takcs place in 

stainless steel tanks similar to those used ill the transfer process. Rcmoval of the lees inkcr place 31 

the end of the sccond fermentation by centrifugation andlor liltration. lhc sugar and SO2 contents 

are adjustcd just before sterile filtration and hottling. 

Olhcr muthods of production of sparkling wine includc Ihc "rural" method and carbonation. 

The rural melhod involves prematurcly terminating the p r i m v  fermentation prior to a second in- 

bonk fermentation. The injection of CO, [carbonation) under pressure at low temperatures i s  the 

least expensive and the least prestigious method of producing sparkling wines. 

Fonified Wines - Fonified wines are classified together because o f  their elevated alcohol 

content. The most common fortified wines are sherries and pons. 

Baking is rhe most popular technique for producing sherries in the United States. Grapes are 

crushed and stemmod and SO, added 85 soon BS possible to control bacteria and oxidation. Ihe 

maximum amount o f  juice is separated from the skins and the juicc is transferred to fermentors. Thc 
ju ice i s  inoculated with starter and fermented at temperatures of 25' to 3OoC (77" to 66°F:). The new 

wine is then pumped from rhe fermentor or settling tank IO the fortification tank. High proof spirits 

are added to rhe sherry material. or shermat. to raise the alcohol content to 17 to I8 percent by 

volume 'and then the wine is thoroughly mixed, clarified, and filtered before baking. Slow baking 

occurs when the wine i s  stored in barrels exposcd to the sun. More rapid baking is achieved through 

the use of artificially heated storage rooms or heating coils in  barrels or tanks. Aher baking, h e  

sherry is cooled. clarified. and filtered. Maturation is then required and is usually carried out in oak 

barrels; aging can last from 6 months to 3 y e a r r e  M=Z€ . 

Pon wines are produced by the premature termination of fermentation by addition of brandy. 

When the fermenting must is separated from the pomace by gravity. it is fortified with wine spirits 

content has been fermented, 

[yDe and duration nf aeine 

desirpA , ~ n p ~ n i ~ r  nf rhn 

prior to fining, filtration. 

containing about 77 percent Most white pons are forrified when half h e  original sugar 

semidry and dry white pons which are fomified later. 
derircd style of wing. Dlstidiiig is u r d  iu achieve 

$0 II.-WS i n n  U ~ L  G U U ~ C I ~ ~ C  rur several m o m s  

The 
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Brandy I'roduction - Brandy is an alcoholic distillale or mixture of Jisiillates ohiJined l'roii1 

[he ferrncnled juice, maqh. or wine lrom gripes or othcr fnlil (e. g . .  apples. apricots. p C I 1 e s .  

blackberries. or boyscnbcrrics). Ilrandy is produced ai lcsb rli i ln 190- prool' and botrlcd a1 J 

minirnuni of 80" prool. (In h e  United States. "prooF' denores [lie ethyl alcohol conrenl O f  a liquid ar 
IS.6"C (60°F). slated as twice die percent ehyl alcohol by volume.) Two types of spirils are 7) 
produced from winc or wine residue: beverage brandy and "wine spirits". 

/ 
Inbrandy production, the grapes are pressed immediatehi afier crushing. l l i c re  are two 

brandy producrion. Pure yeast major differences in che fermentation process between winc 

CUlNreS are not used in the fermcntation process for brandy For brandy production. the fermentation 

process is not temperature controlled as i t  is  in wine production. Brandy can be made solely from die 

fermentation of fruit or can be distilled from the Ices leftover from the racking process in st i l l  winc 

production or from the pomace cap chat is lehover from s t i l l  red wine fermentations. 

4f 

*yqQ I*,$€ 

Distillarion is  commenced immediately aficr continuous column 

distillation, usually with an al For a detailed discussion of die 

distillation and aging o f  distil include brandy and brandy spirits. refer to hP42 
Section 9. 12.3. "Distilled an . After distillation, the brandy i s  aged in oak casks 

for 3 to IS years or more. During aging. some of the ethanol and water seeps through the oak and 

evaporates. so brandy we added periodically to compensate for this loss. V i e  

tion. instead o f  pot s t i l l s  A 

IC 

. .  caramel coloring the brandy a characteristic dark brown color. After aging. rhc 

brandy may be flavored, and filtered. and bottled. 

A L ? ~  A m  7" G b 4  

& e&& 9.12.2.3 Emissions And C o n t r ~ l s ~ ~ ~ ~  
Of+ p-n 

E l h a n o d f i e  p r i m a t y e n g  the fermentation step in the production of 
wines and brandy. Acetaldehyde. methyl alcohol (methanol), n-propyl alcohol. n-butyl alcohol. sec- 

butyl alcohol. isobutyl alcohol, and isoamyl alcohol also are ernined but in much smallor quantities 

compared to ethanol emissions. In addition, a large numbcr of other compounds arc formed during 

the fermentation and aging process. Selected examples of other type o f  compounds formed and 

potentially m ined  during h e  fermentarion process include a variecy o f  acetares. monoterpenes. higher 

alcohols. higlkr acids. aldehydes and ketones. organosultides. and hydrogen sulfide. During Ihe 

fcrmenlalion step. large quantities o f  CO, are also formed and emiued. 

9.12.2-8 EMISSION FACTORS 
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L, KAF’I 
f’ugitive ethanol emissions also occur during die scrccnirie u i  ihe red winc. pressing 01‘ chc s€ 

pomace cap. aging in oak cooperage. and thc bottling process. In addition. liquified SO2 F i i  

sddcd to rhe grapes aher harvest, to Uie must prior to fermentation. or to h e  wine afier h e  

fcrnieniation i s  completed,: SO, emissions can occur during thcse sicps. Tl icre is l i tt le potential roc 

1, 

?A - VOC emissions before 

Except for harvesting die grapes and possibly unloading rhc grapcs 

essentially no potential for paniculate (PM) emissions from this industry. / 

Emission controls are not currently used during the production o f  wines or brandy. Five 

potential control systems have been considered and three have bccn the subject of pilot-scalc cmission 

test studies at wineries or universities in California. The five systcms were: ( I )  carbon adsorption, 

(2) water scrubbers. (3) catdyric incineration. (4) condensation, and (5) temperature control. Al l  of 

the systems have disadvantages either in terms o f  low control efficiency, cost effectiveness. or overall 

applicabiliry to the wide variety of wineries. 

Emission factors for VOC emissions from the fermentation step in wine production are shown 

in Tables 9.12.2-1 (h4etric units) and -2 (English units). T h e  emission factors for controlled ethanol 

emissions and the uncontrolled emissions of other VOC from the fermentation step should be used 

with extremc caution because the factors are based on a very sinall number of tests and fermentation 

conditions vary considerably from one winery to another. 

T h e  only emission factors for wine production processes othcr than fermentation, were 

obtained from a 1982 test (Reference 7). These factors represent uncontrolled fugitive ethanol 

emissions during handling processes. The factor for fugitive emissions from the drag screen for red 

wine (SCC 3-02-01 1-XX) is 6.0 gihl of juice ( O S  lb/1.000 gal). An ethanol emission factor for the 

pomace press is applicable only to red wine because the juice for white wine goes through thc pomace 

press before the fermentation swp. The emission factor for red wlne (SCC 3-02-01 I-XX) is  

9.1 gl907.2 kg of pomace (0.02 Iblton). Although fugitive emissions occur during the bonling of 

both red and white wines, an emission factor i s  available only for the bonling of  white wine. The 

factor for white wine (SCC 3-02-011-XX) is 1.2 g/hl o f  wine (0.1 lb/1.000 gal). All o f  these faciors 

are rated E. These emission factors sliould be used wirh extreme caution because thcy are based on a 

limited number of tests conducted at one winery. 

Food And Agricultural Products 9.12.2.9 



I 
FROM : 

8 > 

9,12,2-10 

W 

0 

I- 
U 

. .  
z 
m 

E 4 
U 
z 
0 
VI 

W 

TEL: SEP. 22.1995 12:25 PM P16 

DRAFT 

z z z  

EMISSION FACTORS 

- L 



i FROM : 

w 

eo 
E 
8 
w 

> 

TEL: 

DRAFT 

SEP. 22.1995 12: 25 PM P17 

Food And Agriculiurrl Products 



~~ - 

SEP. 22.1995 12:26 PN PI8 :, ' FROM : TEL: 

I) KAI-'T 
There are no available data that can be used to ectimare emission factors for h e  productioll UI 

swcct table wines, fortified wines. sparkling wines. or brandy. 
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C 3 M M O N W l A l I I 4  01 K I N I t K K V  

NATURAI. RESOUWCLS A N D  LNVlRONMtNTAL PWOTFCTION <:ABINFT 
D t P A R l M I  N1 I O R  LNVIRONMENTAI .  PKOILCTION 

D I V I S I O N  I O R  AIR QUALITY 
311 51. Clair M a l l  

Irrnklori. Kcniticky 40601 

Seplcmbcr 23. 1992 

Mr. Rafael J .  Garcia 
THE HOUSE OF SI~AGRAM 
12700 Shelbyville Road 
Barklcy Building, Suite 200 
Iauisvillc, Kentucky 40243-1599 

Dear Mr. Garcia: 

.- 
c 

Encloscd for your information is a copy of h e  Slatement of Consideration which thc Division 
for Air Quality submitted following the public hearing of 401 KAR 50:037. Emissions fcc, lrcld on 
August 28, 1992. 

The rcgulation was not amended afier hearing. The Statement of Consideration was 
submined to the LRC on Septembcr 1 1 ,  1992. and fie regulation is on die agenda for the 
Administrative Regulation Review Subcornmince mceting to bc hcld Octoher 5,  1992 at 2:OO PM in 
Room 131 of the Capital Annex. 

Thank you for your panicipation in the rcvicw process for this regulation. Please call me 
if you have any questions. 

Sincerely. 

John E. Hornback 
Director 

JEHhtw 

Enclosures 
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STATEMENT OF CONSIDERATION RELATING TO: 

401 KAR 50:037. Emissions fee 

(Nor Amended After Hearing) 

KENTUCKY NATURAL RESOURCES 
AND ENVIRONMENTAL PROTECTION CABINET 

Department for Environmental Protection 
Division for Air Quality 

Public Hearlng Conducted 

Chpitol pints Tower Auditorium 
Frankfort, Kentucky 

A-t 28,1992 - 1000 AM (ET) 

.I 

r 

Submined to he 

Pursuanl IO KRS Chap:ar 13A 
LEGISLATIVE RESEALCH L'Uivlhrl~.\SiLJN 
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PREFACE d 

The Kentucky Narural Resourws and Envhmmenral Promion Cabinec. Division for Air Qualq 
submiu this Stalernenr of Consideration to the Legislalive R a a r c h  Commission as rquired by KRS 
13A.280. The proposcd regulation which is the subjo3 of this document was published in du 
August 1992 issue of the A&dt&roriw Regirrer O j X e m b .  A public hearing IO receive oral d 
winen comments W~FI mnducled Augw 28, 1991, in Ihc G p i l o l  Plaza T o w  Auditorium, 
Frankfon, Kentucky. me Cabinet is  making no amdmencS r e s p a  10 comments prsanrd 
during the public commenr period. 

I( i s  the intent of Ihe cabina for this regulation, 401 KAR 50:037. Emissions fa, to r e p l a  chc 
emergency regulation, 401 K A R  50:037E, Emissions fce. which was filed with the RcgulatMnr 
compiler and became cflcclive July 31, 1992. 

This document presents a s~mmary of all rclevml comments submilre4 and the cabind’s responses. 

Prominent advmisemenu of fie hearing were published thiny days prior to the hearing in 
accordance wilh KRS Chapter 13A and federal regularion 40 CFR 51.1@2. Public hearing n O k 5  

and announcement of availabiliry of informational copies of the proposcd regulation were distribukd - 
lo over I ,oOO individuats and copier were kept on file for public h p e d o n  in lhe division’s regW 
offices, the Frankfon office, and appropriate county clerks’ offices for a1 least lhirry days prior to 
the hearing. 

Thc services of a mun stenographer were sccured and Ihc w i n e n  mmmenI.5 are kept on file 8( the 
division’s offices in Fradcforc. Kentucky. No oral commenI.5 were received at the public h&. 
Six winen slatmenu w e  received by the close of businas on August 28, 1992. and were a d  
into the public r w r d .  A l i t  of those pasons a n d i n g  the public hearing and those giving Wipen 
cOmmcnls and their affiliation i s  included in this document. 

.. 

Natural R a o u r c s  and Envirckcnlal 
Protuxion C a b i i  

2 
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PERSONS AITENDINC PUBLIC HEARING 

August 28, 1992 

Capitol Plaza Tower Auditorium 
Frankfort. Kentucky 

PERSON 

Rupen Calalang 
Kim Clawson 
Bob Hughcs 
Kean Jalowy 
Larry Dakw 
Jeffery R. Stidam 
Don Walker 
James M. Sec 
Jim Cloud 
Jane Tudor 
Jam= Smidi 
Russ Coburn 
Rich Becket1 
Smti Straight 
Phillip Gordon 
Caryl Pfeiffer 
Cdg Johnson 

4%%&KmN 

LASCO panel Products 
Hitachi Aulomotive Producrs 
East K ~ N C L ~  Power Coop 
GTE Products 
Thc Kingsford Products Company 
Walker Construcrion Company 
KLSA 
Kentucky Power Company 
Cloud Concrcle Products 
Greenebaum. Doll & McDonald 
The Kingsford Products Company 
Kentucky Power Company 
The Kingsford Producu Company 
Louisville Gas & Electric Company 
McCoy & McCoy 
Ken~clry Utilities Company 
W C O  F’anel Products 

The following reprwentativa from the Kentucky Natural Resources and Environmental h o r n i o n  
Cabina w e  also present at the public hearing. 

John E. Hornback 
Kanneth M. H i m  
Dlana Andrew 
D i m  Hogan 
ches w v  
Mlllle Ellis. 
Martin Luther 
b n a  Brewer 
Donna Moore 
H. D. Uric1 Smith 

Agency Moderator 

.. 
c 
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PERSONS SUBMI'ITINC TESTIMONY 
INTO THE PUBLIC HEARING RECORD 

Augusl 28, 1992 

ERtwN ,4FFlLlATION m T I M O N Y  

Bill K .  Caylor Keniucky Coal Association Wrincn 
Tom FilzGcrald Kentucky Rerources Council Written 
Rafael J. Garcia The House of Seagram Wrimn 
Devon E. McClain J i m  Beam Brands Co. Written 
Bob Hughes Easi Kentucky Power Coop Written 
Douglas Nceley U.S. Environmental Protalion Agency Wrirren 
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I 
401 KAR 50:037. Emissions lee. 

- . - - - ~  _I- .-- 

(1) (a) CO- 

Ihc commuLTor poinu out rhal the mjor emisston from coal 0pCrM.Om is din. 
priwmdb from roads associared with coal preparmon pkurfi. Ilrfiek 1ha1 it is not 
rqvlrable for miners of din IO pay rhe same feu as sources uhich em1 clrunicalr. 
03. ww 

6) RESPONSE 

The Cabinet does not concur. The commentor implies that the health e f k u  from 
paniculate matter emined from coal processing plants (specifically. Uie dust cminal 
from the haul roads at such sourccs) are less onerous rhan !he hcallh effects caused 
by sulfur dioxide, oxides of nitrogen, volatile organic compounds. and ahyl alcohol.' 
niere is, however. a primary National Ambient Air Quality Standard for panicularc 
m e r  which is designed IO protect public health, and which must be enforced by I)ic 
Cabin& The enforcement of  h i s  standard and l l~c  issuance and enforcement of 
parnits required for sotirces of paniculate matter, require that the Cab im lake rhc 
same anions and perform thc same functions as those direztcd lo sourtes of other 
pol lumu. It is worrhwhilc to note h a t  the emissions fcc mandatal in Title V of thc 
Clean Air Au Amendmenu of 1990 also must include a ice for the emissions of 
particulate matter. 

*- 

(2) (a) COWW 

Ihc cornmullor s u m  r h  h i e  Ls no dwerurn buwm coal hnvl rods which are 
required to pay UnLrSlonr feu and cowuy or farm r d s  wM& are nor requtred IO 
p y  &dons feu. (8. Orylor) 

(b) RESPONSE 

The Cabinet d w  not concur. 401 KAFt m035. Section 6(15). Permits, provides 
an exemption for sources h a t  are 'emitters of non-procas fugitive emissions that are 
not pan of a source that is otherwise sub- to regulation.' Thi exmption prevents 
the cabincr from requiring permils for the kinds of source identifiad by the 
commentor. The cxemption contained in Ihe Kentucky regulation is consistent with 
h e  requiremenu of the U.S. EPA and wirh the praclices of orhu stales. For 
Kentucky 10 r q u i r c  permits from such sourea wilhoul p r o p  justification, would 
cause our regulation IO more sfringenr Ulan is mandded by the 3,s. EPA. 

6 
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(3) (a) COMMENT 

The commcntor s u g g e m  that if con1 processing p h t s  .cmnoI hc lorally rumph.d 
porn paying thc enissions lee ,  fhen iherc needs fa bc a norniml emi.csiok\ fk a r e  
crpplicd IO rhosr parrs 01 coal operarionr wirh emis.rionc. qf d i n  (soill. (n. Ccylor) 

Q RESPONSE 

The cabinet does nor concur. The statutory authority for the aFscsSmenl of cmkaiony 
res, H.B. 468, requires ihar fees shall be uniformly assessed among sources which 
emit sulfur dioxide. oxides ofnitrogcn, pmiculalg, and VOCs. A nominal enlrrtinn 
fee for particulates would vinlate die statute. Sce also response to Cornmerit d / .  

(4) (a) COMMENT 

i%c commentor points out that there is an apparem inconsistency in rhe IlrguJ#ory 
Impaa AMl)Sis ac io whcthcr addi t iom~ reporting is required. IIe s r m s  rlwr rtre '* 

agency acknowledges r h a r  soinc sources nor preset@ required IO do .so udI be- 
required lo uphie ihetr emission invcnrorlcs on an ~ n r d  baric and in /he ldrnt 
parotyapti says r h a r  no addirional reporttng wil l be required. YL FitzGewidi.) 

(b) RESPONSE 

The cabinet concurs. A bener wording of the third scntenw in paragraph ( I ) @  of 
the Regulatory Impact Alalysis would have been, 'Beyond this additionai iidiual 
repon, no additional paperwork is required. 

l%c commentor rccommcna's rhor rhe emission /Mor for whiskcy oging facildicr (10 
poundr per barrel per ytar) be rcrisd to no1 more h 7.4 powdr per W pcr 
par .  0. McCloin) 

(b) RESPONSE 

The Cabirw mnc~rs. Airhough this n p p s  to be a comment on the valid* &.he 
dau containad in Ihe Kentucky Emissions lnvcntory System (KyEIS) r;lba hrn  a 
tomment on the regulation itself, the Cabinel r m g n i t a  that it addressr, SI IWC 
diratly relatcd to the application and enforccmcnl of the proposcd rcgii!dllon. 
Therefore. his response is offered in the Statement of Contidcraiion: 

As a result of the comments offered by the Task Force for Implcmentaaiion &'he 
Clean Air Act Amendmenu of 1990. which considered the proposcd repWiofi. [lie 
Division for Air Quality initiatcd discussions wid1 the IJ.S. EPA rcgarorig [he 

7 
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emission factor contained in the US. EPA publication AP42 for evabrative lossu 
from whiskey warehouses. As a resull of thosc discussions, Ihc US. EPA liar 
indialed to thc division that it intends Io revise the emission factor from ten pounds 
per barrel per year to 7.6 pounds per barrel per year. While die US. EPA ha5 not 
complmd that revision, the Division for Air Quality has modified tile factor used 
Io calculate missions subj@ lo the fee c o n l a i d  in the prOpSod  regulatioli from 
ten pounds per barrel per year IO 7.6 pounds per barrel per year. While this 
amendment doa 1101 match exactly the figure proposed by the commentor (7.4 
pounds per barrel per year) rhe Cabinet has detemrined h e  m h r  discrepancy is 
justified in order to remain consistent wirh the use of emission factors approved by 
the U.S. EPA to calculate missions for other source categories. 

7?te cotrunentor requesis rhar rhe emission fanor for whiskey oging fndlities (IO 
pow& per barrel) be revised ro nor more rhan Z.5 pounds per h ~ c l  pcr ycor. .- 
(R. Gorcla) - 

(b) RESPONSE 

See response to Comment #5. 

(7) (a) COMMENT 

llu commcntor SICU~S ihor rhc data p r o W  h Scrtlon 3 of rhlr reguhion should 
be revlred 10 r@ci the currem dates for rhe Odopron OjthLC regularion. since ir is 
obvious rhm the IS92 OZJCSSmLN will MI be made by July I .  1992. He funher 
skua ;hat the daru established for rhe I S 3  fee ram shouht alro rcfkct rhe &a 
rlun actions arc upected io occur in 1993. (B. Hugh)  

@) RI+PONSE 

The Cabina d a s  not cuncur. I n  order to allow as much flexibility a possible to 
sources who wish to review and updaw their aaual emission entry in the KyEIS. thc 
phrase, *or as soon aRer each date BI praaicable,' was included in the regulation 
10 make ir clear that the July 1, 1992 and July I ,  1993. dates are goal d a m  and that 
additional time would be needed for the division IO work with sources to arrive at 
the most accurate emissions inventory data possible. 
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ne comntors  poinr our rhar rhc invcnrory reporting requirements ojib2rcRuhzion 
do not fully sor ib  [he Slate lmplemnfation Plan reqctircmcrrr.: 14 Seerion 
182(a)(3)@) of rhc 19!W Clean Air ACI Am&nts. (f. FilzGerfllu, D. Nceley) 

RESPONSE 

T l h e  Cabinet concurs. The Division for Air Quality had considend .dinil t ing lhis 
regularion to EPA as a rcvision to Kentucky's SIP in order 10 inox tlic inventory 
reponing requirement csublished in the CAAA. However, thc diJision has  
daermined Ilrar [here arc <Idler more apprgriare  measurcs for rcvisiii,q cllc SIP and 
will no longer bc suhrnicting (Itis regularion as a SIP revision. 

Scvcntgn individuals from die general puhlic and ten division staff inembcrs irrcndd Ihe 
public hearing for 401 KAR 50:037. No oral commcns were Iw5ved ai thr. har ing .  Thcl.Xvision 
for Air Quality rcceivcd comments from six individuals during IJIC public coriunent pd. These 
individuals repracnted two whiskey aging facilities, one environmental advocacy ojmcy. one 
association for Kentucky coal producers, one electrical utility company, and the U.S. IZPA. 

The division has determined that no amendments to the regulation arc n c u x r u y  hared on 
h e  comments which were received. 
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