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APPENDIX A 

EXCERPTS FROM REFERENCE 1 

(Carter and Linsky, 1974) 



GASEOUS EMISSIONS FROM WHISKEY 
FERMENTATION UNITS 

ROY V. CARER' 
Conruuction Engineering Research Laboratory. Champaign. Illinois U S A  \ 

and \ 
West Virginia University. Morgantown. Wcst Virginia 26506. USA 

(Firrr rrceiwd 18 Scplember 1972 and in jna l /orm 24 July 1973) 

Abusct-Source testing lor air pollutants was conducted on grain fermentation units in a whiskcy 
distillery. Odorants u'crc adsorbed on activated carban and analyses wcrc madc by gas chromato- 
graphy. Six compounds found in thc prcdominatcly carbon dioxide gas sucam wne ethyl aoctatc. 
ethyl alcohol, n-propyl alcohol isobutyl alcohol isoamyl alcohol and isoamyl nutate Ethyl alco- 
hol comprised more than 99 per cent (by volume) of thc organic c o n m u a t i o n  Expcrimcntal data 
indicated that instantanmus organic contaminant concentrations were functions of timc in the 
batch . tw fcrmcnting process Results arc prcuntcd in tabular and graphical form and m a y  be 
u u d  to estimate cmissions lrom similar proctswr Commentary is included as to thc reliability and 
accuracy of thc data 

I N T R O D U C T I O N  
There is a growing awareness of atmospheric pollutants that cause unpleasant or offend- 
ing odors. Odors are generally detected by the human sense of smell at levels below the 
detectable limits of most portable and much of the usual laboratory instrumentation. This 
report describes and quantifies odor producing gaseous emissions from fermenting units 
at whiskey distilleries with reasonably sensitive sampling and analytical procedures 
Although fermenting procedures vary somewhat throughout the industry, the basic 
method of whiskey production iscommon to all. Adequate process description is available 
(Benton, 1960; Rose, 1961 ). During the batch type process, fermentable sugars are converted 
to carbon dioxide and ehyl alcohol in equal molecular quantities Other volatile organic 
compounds are also formed, some of which are released to the atmosphere with carbon 
dioxide as the carrier. 

Several researchers have studied alcoholic beverages as the product of distillatim. but 
few have published information defining the vapors from fermentation (Smith, 1952; 
Komoda et 01.. 1968; Kahn, 1969). This paper reports emission data from four similar fer- 
menting vats in an integrated whiskey distillery. 

E X P E R I M E N T A L  M E T H O D S  
Samples of effluent were collected from closed steel vats containing approximately 

121 I20 1. of grain slurry. each of which yielded 5.14 proof gallons: of ethyl alcohol per 
bushel of grain. 
' Civil Enginccr. 
t Professor of Ciril Engine+. 
:.a proof gallon is a standard lis. gallon or 231 in' 13756cm') at a tempcrarure or IS.6'C and at 100 proof. 

1 @ l  proof is equal to 50 pcr r r n t  by volume. 
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58 ROY V, C A R ~ R  and BEsl.*nts Llss~r. 

Fig. I .  Sampling apparatus 

Emission parameters were measured at the top vents while vapor samples were collected 
at the side hatch openings both at intervals of approximately 5 h (Fig. I). Contaminants 
were adsorbed onto R.C. type Barneby Cheney activated charcoal contained in 5 mm i.d. 
glass tubes The charcoal was separated into 2.5 cm sections by plugs of medium fine pyex 
glass wool. 

Charcoal sections were removed from the sampling tubes and analyzed individually. 
Extraction was accomplished with the addition of carbon disulfide, shaking and overnight 
desorption. Aliquots of the supernatant ( 5  p l )  were injected into a Varian Aerograph. 
Model 2100 gas chromatograph equipped with hydrogen flame ionization detectors. TWO 
6.1 m m  x 3.2 m stainless steel columns with I O  per cent FFAP'stationary phase on SO/lOO 
mesh acid washed DMCS Chromosorb W solid support were employed to separate the 
components Standard mixtures were similarly analyzed. Additional information about 
various aspects of the sampling and analytical techniques used may be found in publica- 
tions by Brooman and Edgerly (1966). Fraust and Hermann (1966) and White et a/. (1970). 

Table I. $stem operaling conditions 

A. Gas chromatograph 
I .  Nitrogen carrier flow a t  45 70Pkg m - ?  
2. Hydrogen flawat 17577kgm- '  
3. Air flow at  35 IS5 kg m-' 
4. Injector-detector temperature. ?W"C 
5. Elcctrometer attenuation. 32 I 
6. Range. 1 0 ~ " A m V ~ '  
7. Own iemperature program: 

a. initial tcmpcraturc. 9 O T  
b. IS'C nu lor 6 min 
c. Final tcmpcraturc. IBO'C lor 3 min 

B. Recorder.intcgrater 
I .  Attenuation. I x 
2. Peak width at I / ?  hcighL 10s 
3. Slope senritibily. 2-5 
4. Digiwl baseline correclor mte. maximum 
5. Recorder chart speed IO2 cm h - '  

R E S U L T S  
Investigation determined that six organic compounds were present in the vat gas 

effluent. These compounds w'ere ethyl acetate. ethyl alcohol. n-propyl alcohol. isobutyl 
alcohol. isoamyl acetate and isoamyl alcohol. Figure 2 shows a typical sample chromato- 



Gaseous emissions from whiskey fcrmentation units 

Elutim time. mln 

Fig 2. Chromatogram charcoal No. I 

the exception of the isoamyl acetate and n-propyl alcohol. The analytical results yielded 
for these compounds were not reproducible because of analytical interferences 

It appeared that a general trend was established over the fermenting period as to con- 
taminant concentration in the vat gas (Fig. 3). Statistical analysis of variance tests on the 
data showed that a significant increase in concentration with time did exist at the 0.005 
confidence level. Additionally, no significant variation was noticed between vats at the 0.05 
confidence level. Based on this statistical evidence. the data from all vats were grouped 
together and considered as one “average” source. A quadratic least squares curve fitting 
equation was used to adjust linesofbest fit through the measured data. This enabled a better 
definition of a specific compound’s concentration at any given time. 

Total volume measured emission data could not be fitted satisfactorily with mathemati- 
cal curve fitting techniques. The measured data was plotted in Fig. 4 and an approximate 
curve entered by hand. Total volume emission values for individual vats were found by 
plotting each data set separately (not shown). The active fermentation period was separ- 
ated into 150 min intervals in order to arrive at figures representing the total volume emit- 
ted during that interval. These values were summed to arrive at data as shown in Table 
2. 
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60 ROY V. CARER and BESIAWS LISSKY 

HOW into m.rs 

Fig. 3. Organic concenuation 

Hour into pmc- 

Fig. 4. Mcasurcd cxil gar (composilc~ 

Table 2. Total volume or crnittcd gar (II’C. 760 mm Hg] 

Val number I 1  I2 I 2 

Volume 5215 5805 5170 6140 
Im’) 



Gaseous emissions from whirkc) lermentation units 61 

The volume emitted during a specified time interval was correlated with the average 
concentration of each compound during that same interval. Considering the measured 
data, the total amount of organic compound emitted from the process per uni t  of raw 
material wascalculated. Table 3 shows the weight of compound emitted per volume of 
grain input taken over the entire fermentation process 

Table 3. Organic emissions from whirkc). fermentation vats. 

Vat number 

Compound II I? I 2 Ave 

Ethyl acerate 0.499 0.591 0.627 0.654 0.593 
Ethyl alcohol 156.7 181.5 190.9 199.5 182.2 
lsabutyl alcohol 0.W 0,051 0.053 0.055 0.051 
Iraarn;l alcohol 0.141 0.167 0.175 0.183 0.166 

Eipresvd as g emitted per m' 01 grain inpuL 

S U M M A R Y  A N D  C O N C L U S I O N S  
There is evidence in the literature that not all of the organic compound is desorbed from 

activated charcoal by carbon disulfide (Brooman er al.. 1966: Carter. 1971 ; Fraust er a[.. 
1966). From information available on the compounds studied in this repor< as much as 
30 per cent of the total may remain on the charcoal after the desorption procedures 
employed in this project were completed For some compounds however, all is desorbed 
and none remains as residual. Therefore, i t  must be cautioned that.the quantitative data 
as measured and presented were lower than what actually existed at the emission point 
by 0-30 per cent The limited number of data on desorptive efficiencies make it improper 
to improve experimental accuracy by means of an adjustment factor. 

The results showed that at least six organic compounds were present in the gas stream 
in measurable quantities: ethyl acetate. ethyl alcohol, isopropyl alcohol, n-propyl alcohol, 
isoamyl alcohol and isoamyl acetate. Other compounds were detecred by the chromatc- 
graph but were present in trace amounts only. 

Odors present in the vicinity of a distillery. while not scientifically documented at this 
time, are thought to be the result of gaseous organic compounds emanating from cooking 
fermenting and drying process operations of whiskey production. The experimental results 
contained in Table 3 may be used to estimate contaminant emissions from whiskey fer- 
mentation. Although the emission rates are subjected to variations from different process 
types and alcohol yields, one may generally assume a linear relationship between input 
materials (grain) and organic substance emissions. 

Aclulo~l~dge~"rr-lnifia1 invertigadon war supported by l h e  Kentucky Air Polluuon Convol Commission. 
Frankforr Kentucky. EKorts were completed under an ORcc of Air Programs En\ironmenlal Protection 
Agcncy training grant at West Virginia University. Morgantown. West Virginia. The authors wish to thank Lor- 
cII D. White. Charles V. Cooper. Richard E. Kupel and the staRof the Bureau of Occupational salcly and Health. 
Public Hcalth Scrvicc at Cincinnati. Ohio. lor lhsir assistance in tht devclopmcnt of collecuon and analytial 
tcchniqucr 
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62 ROY V. CARER and BESIAUIS LINSKY 

R E F E R E N C E S  
Bcnton W. (1960) E:nc,wlopaedio Brirannicn. VoI. 23. pp. 569-571. Chicago. 
Brooman D. L. and Edgcrly E., Jr. (1966) Concentralion and rccovcry of atmospheric odor polluwnts Using 

Carter R. V. (1971)Gawous emissions from two wlcctcd whiskey distilling proccrw% Graduate rewarch. Depart. 

Fraust C. L. and Hcrmann E. R. (1966) Charcoal rampling tuber for organic vapor analysis by gas chromatogra- 

Kahn J. H.  (1969) Compounds identified in whiskey. wine and beer: a mbulation. J .  A.O.A.C. S l  16). I16&1178. 
Komoda H.. Koizumi T. and Yamada M. (1968) On the aroma components of various fermcnted beveragcs-7. 

Gas chromatography of volatiles in h e  fermented whiskey mash. J .  Agric. Ch<m Sac. Jop. 12 I81 44W49. 
Row A. H. 119611 lndurrrial Microhiolog?. pp. 118-159. Butterworth. London. 
Smih H. E. (1952) Collection and analysis of vapors from air of rackwarchauwr Rcrcarch report No. 1952-11 

White L. Taylor D.. Maver P. and Kupel R. (1970) A convenient optimized method for h e  analysis Of ulcctcd 

activated carbon. 1. Ai r  Pollur. Conrrol .Ass 16. 25-29. 

men1 of C in l  Engineering. West Virginia Univcrrity. pp. 1-1 13. 

phy. An!. Ind. H y q .  .ISYIC.  1. 11.68-74 

Hiram Walker. Peoria. l l l inoir  

solvent vapors in the industrial atmosphere. A m  InA H y g .  Asroc. J .  31.225-232. 



PAPER 



A- 8 



GASEOUS CXISSIONS FROX 

WBISICEY FEXAAXTATION UNITS 

Subject k e a :  Ambient Air 
end Source Xeaururements 

Submicted By: 

Roy V. Carter 
Graduate Student 

West' Virginia University 

and 

Benjamin Linsky 
Pmfeseor of C i v i l  Engineering 

West Virginia University 

A-9 



IXTRDDUCTIOX 

There is a growing awareness of  atmospheric po l lu t an t s  chat cause 

unpleasant o r  offending odors. 

human sense of smell a t  l e v e l s  below the  detectable  limits of most 

portable  and much of the  usual labora tory  instrumentation. 

contaiminants are too o f t en  assumed t o  be non-toxic below t h a t  of the  

i n i t i a l  senso; response. 

regulat ions specifying the  number of d i lu t ions  which produce no sub- 

ject response are inadequate. 

Odors are generaily detected by the  

Such 

It is the opirrion of  tSe authors t h a t  

Control measures ore  of ten  appl ied t o  an 

odor source without adequate knowledge of physical  and behavorial  

p roper t ies  of each contaminant. 
e 

This repor t  the5fore a t t empt s  t o  descr ibe and quant i fy  gaseous 

pol lu tan t  emfssionSfrom fermenting u n i t s  at  whiskey d i s t i l l e r i e s  

with reasonably sensitive sampling and ana ly t i ca l  methods and pro- 

cedures. Although fermencing procedures vary sosewhat throughout 

the  indus t ry ,  the  b a s i c  metsod of whiskey production is connmn t o  

all. 
6 Adequate process descr ip t ions  may be found in several references . 

During the process,:.fermentable sugars  are converted t o  carbon di- 

oxide and e t h y l  alcohol in equal molecular quant i t ies .  

organic  compounds are also formed, 80- of which ore-..roleaPed t o  

the  atmosphere with carbon dioxide a6 t h e  carrier. 

Other volatile 

Several  researchers  have s tud ied  a l coho l i c  beverages aa t h e  pro- 

duct of d i s t i l l a t i o n  but  few have published information def in ing  the  

vapors from fermentation. 

four  similar fermenting vats in an in t eg ra t ed  whiskey d i s t i l l e r y .  

Samples of e f f l u e n t  were col lec ted  from closed steel v a k  containing 

This paper r epor t s  emission da ta  from 



approximately 32,000 gallons O f  g r a i n  S lur ry  each which yielded 5.14' 

proof gallons* of e t h y l  alcohol p e r  bushel of grain. 

*A proof gal lon is a s tandard U.S. gai lon of 231 cubic inches 
a t  a temperature of 60' F. and at  100 
to  50% alcohol  by volume.) 

proof (100' proof i s  equal 

COLZECTXOX OF SAVLES 

All e f f l u e n t  vents were sea l ed  of f  with the  exception of an emer- 

gency vent ten  inches i n  diameter loca ted  on the top center of each va t .  

Velocity and temperature measurements were made a t  these emergency openings 

while the  tube samples described below were taken through the  more 

access ib le  s i d e  hatches. 

. Measurements of e f f l u e n t  temperature and exit ve loc i ty  (determined 

with an Alnor velometer) were made a t  approximately f i v e  hour i n t e rva l s .  

Head space vapor samples were co l l ec t ed  i n  charcoal f i l l e d  g l a s s  tubes 

a t  10 hour in t e rva l s .  Five mi l l imeter  I D  glass tubing w a s  cut  i n t o  

t en  inch sec t ions  and the ends f i re-pol ished.  

activrated charcoal w a s  added t o  the tubes and loose ly  packed i n t o  

one inch sec t ions .  each separated by one-half inch plugs of medium f i n e  

Pyrex g l a s s  wool. 

a t  200°C and returned t o  room temperature i n  a dess ica tor .  

tube was flame sea led  t o  prevent contamination p r i o r  t o  sampling. 

number of charcoal sec t iooc  des i r ed  d i c t a t e d  the length  of the tube. 

I n i t i a l  sampling ind ica ted  that six-one inch s a c d o n e  of charcoal were 

s u f f i d e n t  t o  prevent sample penet ra t ion .  

R C type Barneby Cheney 

The charcoalwa6 pre-conditioned by overnfght heat ing 

The f in i shed  

The 

The sampling apparatua shown i n  Flgure 1 cons is ted  of two sampling 

tubes ,  a 3-way g laas  stopcock va lue ,  a Brooks flowmeter #448-225, heavy 

walled Tygon tubing and a Cast vacuum pump equipped vi& pressure  gages. 



The flow meter and velometei were calibrated according to the 

facrurers recommended procedures. 
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The sampling procedure was i d e n t i c a l  i n  a l l  cases. Vat e f f luen t  

was drawn through the charcoal tube a t  t h e  r a t e  of 3.1 l i t e rs  per 

minute f o r  per iods varying from one t o  f i v e  minutes. 

entered the  sampling tube d i r ec t ly , the reby ;  avoiding any chance of 

contamination by the  sampling apparatus. 

the  Tygon tubing and sea l ed  with pa ra f i lm .  

ANALYTICAL PROCEDURE 

All of t h e  sample 

The.tube was removed from 

The s i x  charcoal s ec t ions  from a sampling tube were analyzed individ-  

ual ly .  

exac t ly  1.5 ml carbon d i s u l f i d e  w a s  added with a volumetric d e l i v e r y  

p ipe t t e .  

a gas ,  is harmful t o  breathe.  All t r a n s f e r s  vere made in a hood.) 

Culture tubes were equipped with Teflon l i ned  caps t o  minimize the 

escape of harmful gases. 

were shaken i n i t i a l l y  and again j u s t  before  the  ana lys i s  vas performed. 

The mixture was allowed t o  remain undisturbed overnight (8 t o  12 hours) t o  

maximize desorpt ion.  A 10 yl Hamilton syr inge w a s  wed t o  extract and 

in j ec t  5 ul a l i q u o t s  of the supernatant i n t o  the gas chromatograph. A 

Each s e c t i o n  w a s  placed i n  15 x 125 mm K i m a x  cu l tu re  tubes and 

(Carbon d i s u l f i d e  presents a considerable f i r e  hazard and. a8 

The carbon d i s u l f i d e  and ac t iva ted  charcoal 

Varian Aerograph, Model 2100 gas chromatograph vas equipped with hydrogen 

flame ion iza t ion  de tec to r s .  

with 10% FFAP s t a t i o n a r y  phase on 80/100&mesh acid washed DMCS Chromasorb 

W s o l i d  support  w a s  employed t o  separa te  t h e  components. 

the s p e c i f i c  opera t ing  conditions and de ta i l ed  descr ip t ion  of the 

a n a l y t i c a l  oystem. 

A 20 f t .  x 1/8 in. stainless steel column 

Table 1 ehowa 
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TAaLE 1. SYSTE. OPERATIXC COX3ITIONS 

A. . Cas Chromatograph: 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

Nitrogen c a r r i e r  flow @ 65 p s i g ,  25 cc/min 

Hydrogen flow @ 25 ps ig ,  25 cclmin 

Air flow @ 50 p s i g ,  300 cclmin 

In jec tor -de tec tor  temperature, 200°C 

Electrometer a t t enua t ion ,  325 

Range. amps/mv 

Oven temperature program: 

a. I n i t i a l  temperature, ~ O O C  

b. 

c. 

. .  

U 0 C  rise f o r  6 minutes 

~ i n a l  temperature. 1 8 0 ~ ~  f o r  3 minutes 

B. &corder-Integrate? Operating Conditions 

1. Attenuation, l x  

2. 

3. Slope s e n s i t i v i t y .  2 t o  5 

4. 

5 .  Recorder cha r t  speed. 40 inhr 

Peak v i d t h  at  1 /2  he igh t ,  10 seconds 

D i g i t a l  base l ine  cor rec tor  rate, maximum 

Standard curves vere es t ab l i shed  f o r  each day of a n a l y t i c a l  op- 

e r a t i o n  a t  the condi t ions described. 

t i n g  the average number of i n t e g r a t e r  d i g i t a l  counts ( representa t ive  

of peak area) verses standard concentrat ions.  Standard mixtures vere 

prepared d a i l y  (because of the rap id  evaporation Of the conrponanm and 

solvent)  a t  d i f f e r e n t  concentrat ions i n  order  t o  encompass t h a t  of t h e  

unknown. 

The curves vera prepared by p la t -  

Standard mixtures vere in j ec t ed  at  regular intervals during 

A-15 



the analyses t o  minimize e r r o r s  that a r i s e  from instrument d r i f t  and 

gas tank pressure  changes. 

Instrument responses t o  the unknovn samples vere related t o  those 

o f  the  hown standard concencrations. 

of  ea& component i n  t h e  f e n e n t a t i o n  vat  headspace can be calculated.  

Tne ca lcu la t ions  vere  based on sample s i z e s  adjusted t o  70°F and 760 mm 

From the da ta ,  t he  concentration 

0 Hg pressure.  

760 mm lig pressure w i l l  be referred t o  as “reference conditions.“ 

For the  remainder of t h i s  r epor t ,  70 F temperature and 

~n equation w a s  devised t o  express the  r e l a t ionsh ip  between in- 

s t w n t  response and the source concentrations.  

1500 A 
L 

*ere c - source concentration (meld) 

C -  

p - organic  compound l i q u i d  densi ty  (gm/ml) 

A - compound concentration in saaple so lu t ion  (ppa b y  volume) 

1500 - conversion f a c t o r  f o r  un i t  balance 

L - sample s i z e  (liters a t  reference condi t ions)  

Conversion t o  p a r t s  per  ml l l ion  by v o l w  (P) at reference conditions 

may be accomplished a8 shown. 

2 4 . 1 3 ’ c  P I -  M 

24.13 - Conversion f a c t o r  f o r  unit balance 

Inves t iga t ion  determined t h a t  sir organic  compounds were present 

in t he  va t  gas e f f luen t .  

a lcohol ,  n-propyl a lcohol ,  i sobu ty l  alcohol.  isoamyl acetate and isoamyl 

alcohol.  

mined t h a t  3 t o  7 l i ter  samples a t  reference condi t ions provided s u f f i c i e n t  

These compounds were e t h y l  acetate, e thy l  

Figure 2 shows a typical sample chromatogram. It vas deter-  

A-16 
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quan t i t i e s  of Substance t o  cause i n s t r u u n c  response w i t h i n  de tec tab le  

and maximum system opera t ing  l i s t s .  .. . . .  

-1 Saiaple of 7 l i t e rs  o r  larger 

allowed organic substance penetrat ion tSrough t h e  co l l ec t ing  tube,  

i f  taken duriag the  l a t te r  ha l f  of the fermentation period when the  

h i g h e s t  concentrations were present .  

0 

Deta i l ed  gas chromatographic analyses were perfomed on all s ix  

compounds with the exception of isoamyl ace ta te .  which w a s  p resent  

i n  only trace quan t i t i e s .  

by the inves t iga to r  t o  separa te  t h e  isoamyl ace ta te  from i s o b u t y l '  

alcohol t o  an ex ten t  allowing separa te  peak in tegra t ion  by.tha .d fg€ta l  

in tegra tor .  Because of its low concentration and the r e l a t i v e l y  l a r g e  

in te r fe rence  w i t h  the c o r r e c t  i n t eg ra t ion  of i sobuty l  a lcohol ,  cal- 

An ana ly t i ca l  system could no t  be devised 

c 

culat ions were made t o  subscrac t  t h e  acetate response from the combined 

response. Operating on .an exparrded temperature program, the  r e l a t i v e  

peak areas were determined and a conversion f ac to r  devised t o  relate 

i sobuty l  a lcohol  concentracion t o  the t o t d  response. 

n-Propyl a lcohol  was ' a l so  present i n  the vat gas i n  minute con- 

cen t r a t ions ,  bu t  vas e l u t e d  simultaneously with a contaminant connmn 

t o  the unexposed charcoal  tubes which served a8 "blank" samples. 

obtained f o r  n-propyl a lcohol  vas n o t  considered reproducible and d id  

not i nd ica t e  process t rends c h a r a c t e r i s t i c  of the  o the r  compounds when 

analyzed s t a t i s t i c a l l y .  

Data 

Each sec t ion  from 21 samples was analyzed 1ndivLdually i n  dupl ica te .  

I f  there  w a s  not s a t i s f a c t o r y  agreement between values, a d d i t i o n a l  gas chro- 

matograph i n f e c t i o n s  vera made and recorded. Data from each of t h e  

I '  A-18 
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s i x  Sections were summed t o  y i e l d  the  concentration of four  compounds. 

EZERXXESTAL RESULTS 

It appeared t h a t  a general  trend was es:ablished over t h e  period 

of fernentat ion a s  t o  compound concentration i n  the vat  gas (Table 2) .  

S t a t i s t i c a l  ana lys i s  of variance tests on the data  (excepting period 

A values) showed t h a t  there  was a s i g n i f i c a n t  increase i n  concentration 

with time a t  the .005 confidence level. Addi t iondly .  no s i g n i f i c a n t  

va r i a t ion  was noticed between vats at the .05 confidence level. 

, 
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TABLE 2. ? W S L i i D  ORGANIC COXCENTRAXON 

CGXC'OUND 

Ethyl Acetate 

Zthyl- Alcohol 

Isobutyl Alcohol 

Isoanyi Alcohol 

VL- 

- 
11 

12 

1 

2 

11 

12 

1 

2 

11 

12 

1 

2 

11 

12 

1 

2 - 

TLKE PERIOD (hours) 

3.02 9.82 

s 7.27 

N 3.35 

0.427 6.75 

1303. 3102. 

N 2214. 

N 1522. 

269 2873. 

0.49 1.075 

N 0.86 

N 0.507 

0.0 0.860 

25.5 29.9 

16.4 33.9 

21.5 29.1 

36.2 24.6 . .  

6737. 9420. 

5896. 8526. 

6299. 9164. 

8513. 9626. 
. .  

1.66 2.018 

1.84 2.21 

1.49 2.49 

3.47 2.76 

0.95 3.01 

N 2.15 

N 1.09 

5.92 6.36 

6.14 8.15 

5.44 8.80 

33.3 

31.3 

32.7 

28.6 

9319. - 

9009. 

10,585. 

10.005. 

2.61 

2.46 

2.95 

2.55 

1.31 

9.28 

10.2 

0.0 2.34 8.00 10.7 8.15 

Key to Symbols 

A - 0.0 to 10.25 hours E - 40.25 to 49.25 hours 
B - 10.50 to 15.5 hours 

D - 30.50 to 36.25 hours " N  - no sample taken 
c - 20.17 to 24.83 hours - 
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Based on t h i s  s t a t i s t i c a l  evidence, Lie data from all v a t s  were 

grouped together and considered as  one "average" source.  A quadra t i c  

l e a s t  squa:es cuine f i t t i n g  equation w a s  used to ad jus t  l i n e s  of bes t  

f i t  through the measured da ta  (Figures 2 to  5 )  . 
def in i t i on  of a s p e c f i c  compound's concentrat ion a t  any given t ime .  

a T h i s  enabled a b e t t e r  

Total  volume measured emission d a t a  could not be f i t t e d  satisfact0:ilY 

with mathematical cu r fe  f i i t i n g  techniques. The measured data w a s  

V a t  

p lo t t ed  in '  Figure 6 and an approximate curve entered by hand. Emission 

11 12 1 2 

values f o r  i nd iv idua l  vats were found by p l o t t i n g  each da ta  set sepa- 

r a t e l y  (not  shown). 

150 minute intervals in order  to arr ive a t  f igures  represent ing  the t o t &  

volume emit ted during t h a t  interval. 

at  d a t a  as shown in Table 3. 

The ac t ive  fermentation period w a s  separa ted  into 

Thee0 valued were eumzad t o  arrive 

Table 3. T o t a l  Volune of Emitted Cas 
(Adjusted to a f e r e n c e  Conditions) 

I 5215. 5805. 5770. 6140. 
I , 

It w a s  BOW poss ib l e  to arrive at the t o t a l  amount of o rgan ic  compound 

emitted from the process  per  u n i t  of raw material. 

t o  enumerate emission da ta  f o r  each compound found i n  t h e  vat gae. 

A achene was devlsed 

For example, the voluma emitted during a spec i f i ed  tima interval waa  

a o r r e h t e d  with the concentration of each compound during that 0- 

interval.  By applying this relation t o  all t l m e  lntewals ,  the t o t a l  

quant i ty  of each organic  compound e d t t e d  was obtained for &e entire 

fermentation period. 

J 



Table 4. Organic Emissions from Whiskey 
Fezinentation Vats * 

Compound 

Ethyl Acetace 

Ethyl Alcohol 

Isobutyl Alcohol 

Isoamyl Alcohol 

Vat N d e r  
~ 

11 1 2  1 2 ave , 

1 7 . 5 8  20 .94  22.11 23.06 2 0 . 9 1  

5523. 6396.  * 6729 .  7029. 6419.  

1 .54  1.81 1.85 1 . 9 4  1 .79  

4.97 5.89 6.18 6.45  5.87 

1 

h 

A-22 

13 



coxcLusIoh’ 

Caseous e f f l u e n t  from gra in  fermentation was found to  contain 4 

organic compounds i n  s i g n i f i c a n t  q u a n t i t i e s ,  ranging from 1.54 to 7029 

grams p e r  1000 bushels  of grain input  i n  a gas stream of more than 98 

percent carbon dioxide. 

as sampled and analyzed a r e  presented i n  Table 4. 

emission f a c t o r s  can be applied to fermentation u n i t s  i n  other  d i s t i l l -  

eries f o r  generalized emission f igures  where source t e s t ing  is not  

carried out. Process information, sampling and ana ly t i ca l  procedures 

a re  presented to  provide a base f o r  planning and evaluat ing f u t u r e  

source t e s t i n g  by others .  

Emission f ac to r s  f o r  the organic compounds 

These air pol lu tan t  

There i s  evidence i n  the l i t e r a t u r e  tha t  no t  a l l  of the  organic  
1.2;9 compound is desorbed from ac t iva t ed  charcoal by carbon d i s u l f i d e  

From information available on the compounds s tudied  i n  this r e p o r t ,  a0 

much as 30 percent of the  t o t a l  may remain on the  charcoal a f t e r  the 

desorption proceduree employed i n  t h i s  pro jec t .  

however, a l l  is desorbed and none remains as residual .  

t ioned chat the quan t i t a t ive  data a8 measured and presented are lower 

than what a c t u a l l y  exists a t  t h e  emission point  from the  source by 

0 t o  30 percent.  

expected t o  amr0 accura te ly  determine t h e  real d s e i o n  concantrations 

of i nd iv idua l  compounds. 

For some compounds 

It m u s t  be  cau- 

Further  t e s t i n g  with improved procedures mi&t be 

A-23 
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The second emission, evaporation after barrel emptying, occurs when 

the saturated barrels are stored after emptying. 

these emissions depend on the use that the distillers find for the barrels. 

A significant fraction are stored outside for lengthy periods during which 

much of the alcohol evaporates. 

the bound alcohol will still evaporate if the barrels are stored long enough 

before reuse. Potential end uses for used barrels are aging Scotch, Canadian 

whiskies and American light whiskies. and as fuel or for decorative purposes. 

Federal law prohibits the use of used barrel: in bourbon and American blended 

The amount and location of 

Even if further use is found for the barrels, 

whiskey. 

3.2 WHISKEY WAREHOUSING EMISSION FACTORS 

Two sources o f  data are available to develop emissions factors for whiskey 

warehousing - aggregate loss data from IRS publications and individual loss 
data from specific distillers. 

3.2.1 Emission Factors from IRS Data 

The aggregate loss data from IRS publications are presented in 

Table 3-1.l.' Shown on this table are data on whiskey withdrawals, losses and 

stocks for 1974, 1975. and 1976. along with emission factors calculated from 

this data. Withdrawls represent whiskey removed from storage far consumption. 

Losses represent the difference between the original and withdrawn amounts, i .e. 

that amount of whiskey lost due to evaporation and barrel soakage, plus theft, 

spills, etc. 

in storage for that year and the previous five. 

2 
\ 

Average stocks represent an average of the amount of whiskey held 

Three emission factors were developed from this data. 

represents the fraction of whiskey production lost and equals . 2  proof gallons 

iost for each proof gallon whiskey produced. 

Emission Factor I 

d 
I 

This factor was computed by di v i d i n  

B- 2 



total losses by total Production (losses plus withdrawals). 

I1  represents the loss rate based on stored whiskey and equals .038 proof 

gallons lost for each Proof gallon in storage each year. This factor was 

computed by dividing total losses by average stocks. The number of proof 

gallons in stock was taken to be the average o f  the number of proof gallons 

in stock for that year and the previous five. 

was used since losses recorded for a given year represent losses on barrels 

emptied that year. 

but in previous years while the barrel was in storage. 

approximation of the period of barrel storage - some of the losses for a 
given year come from barrels stored eight years and more, whereas some 

stored six years ago have already been emptied for four year old whiskey. 

Emission Factor 1 1 1  represents a weight loss rate per barrel per year and equals 

3.2 k g  ethanol/per barrel each year. This factor was computed by multiplying 

Emission Factor I 1  by 55 proof gallons per barrel and 1.5 kg ethanol per 

proof gallon. 

for both evaporation during storage and soaking into the barrel. 

3.2.2 Emission Factors from Individual Distiller Data 

Emission Factor 

I 

The 6-year average stock 

These losses actually occurred not only during that year, 

Six years is an 

- 
It is important to note that the above figures include losses 

[1 

The loss rate data from individual distillers and from experiments cover 

two areas, barrel soakage losses and evaporation losses during storage. 

are discussed below. 

These 

The data available on barrel soakage losses are presented in Table 3-2. 3.4, 

The table shows the available data on total liquid soakage vs. aging time, 

plus a best fit equation for this data. The table indicates a rapid saturation 

of the barrel during the first year, followed by a constant, but slow. increase 

in weight during subsequent years. 

liquid soakage, i.e.. both water and ethanol. 

that the proof of the liquid in the barrel wood is aporoximately the same as 

It should be noted that the data are for 

Work by 6oruff and Rittschof7 indi 
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subsequent years. 

This variation in the incremental loss rate means that the age mix of the 

barrels in storage will affect the emission rate. 

age have different evaporative loss rates, the total emissions will be 

determined by the fraction of barrels at each age. 

This is in agreement with the theory discussed early. 

Since barrels of different 

Three different barrel age distributions were used to calculated emission 

factors: ( 1 )  the age distribution of bonded whiskey in Kentucky at the end of 

19i'5;14 (2) an age distribution based on fluctuating market from year to year; 

and (3) the age distribution based on distillers producing mainly four year 

old whiskey. Table 3-5 presents the barrel age distributicn for the three 

cases and the respective emission factors of 2.55 kg/barrel-yr for case one, 

2.74 kglbarrel-yr for case two. and 2.89 kg/barrel-yr for case three. These 

4' emission factors were calculated by multiplying the fraction of the barrels at 

a given age by the incremental loss for that age in Table 3-5. 

producing primarily four and six year old whiskey used in case three are 
! 

Jim Beam, Clermont, Kentucky; Jim Beam. Seam. Kentucky; Brown-Foreman, Louisville! 

Kentucky; and Fleischmann. Owensboro, Kentucky. 
! 

The four distille 

I 
I 15 

The above emission factors represent evaporative losses during storage only. 

To detennine overall emission factors, losses due to barrel soakage must be . 

included. 

in a year equals the number o f  barrels one year old, and that the average barrel I 
has a soakage equivalent to a five year old barrel. This figure is 4.2 kg ethanol 

barrel. The overall mission factor i s  therefore: 

This loss is computed by assuming that the number of barrels emptied 

---p Aging + Soakage = Total-Emissions 

case one) 2.55 + 43,(.112) = 3.02 ,.-.f' 
case two) 2.74 +4:2 (.172) = 3.C6- '. kg/barrel-yr 

In the preceding discussion. the variations in evaporative loss rate 

. ,  
.: . 

case three) 2.89 + 4.2 (.181) = 3.65 :: 

during aging were averaged :ogether to develop a sinsle emission factor. 
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r . u 3  , , . , - -  . SEP 20 '5s a : s m  DIV. RIR GURLITY 
- 

RJILLIP J. SIIEPIIERD 
SFC~RUT 

C0,WMONWWLTH OF KENTUCKY 
NATURAL RESOURCES AND ENVIRONMENTAL PROTECTION CABINEl 

DEPARTMENT FOR EWIRONMENTAL PROTECIION 
DIVISION FOR AIR QUALITY 

316 St. Clair Mall 
Frank(orr. Kentucky 40601 

September 18,  1992 

Mr. H. Edward O'Daniel, Jr., President 
Kentucky Distillers Association 
110 W. Main Street 

The Kentucky Division for Air Quality. after reviewing its Emissions Inventory System @IS) 
database, has made the following changes regarding distilleries: 

(1) The Division has determined that some distilleg operations were not required to have 
an operaring permit and thus were exempted from paying an emissions fee (Plurce see 
lab& A mlosed).  If the exempted distilleries had been subject to the emissions fee the 
cost per ton of polluranr would have been $9.44 instead of $9.51 per ton. However, 
due to a lower overall emission tonnage caused by the no permit exemptions. a cost 
savings estimated at S15,353.87 was incurred by the distilling indusuy. 

After consulting with the U.S. Environmental Protenion Agency (EPA), the Division 
changed the emission factor for the whiskey aging process in its €IS database from 10 
to 7.6 lbs. of VOC emitted per barrel stored (Pleatc see Tables B and C enclosed). If 
the old emission factor had been utilized then the cast per ton would have been $9.39. 
However, due to the lower overall emission tonnage caused by the emission fauor 
change, a -SI savings estimated at $24.561.17 was incurred by the distilling industry. 

Additionally, enclosed is a copy of an U.S. EPA publication regarding VOC emissions from 
whiskey warehouses that YOU requested. If you have questions regarding any of the information 
provided, please canuct me or Mr. Manin Luther, of my staff. at (502) 564-3382. 

' (2) 

JEHlmrl 

Enclosures 

U 
John E. Hornback, Director 
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United States 
Environmental Protection 

Risk Reduc:ion 
Enaineerino Laboratow = - -  

Agency &cinnati,bH 45268 . 
Research and Development EPA/600/S-95/002 April 1995 

8EPA ENVIRONMENTAL 
RESEARCH BRIEF 

Waste Minimization Assessment for a Bourbon Distillery 

leischma Michael Parris', F:rhw Gwen P. Looby 

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 
Opporlunify h e s s m e n f  Manual (EPN625/74&003, July 1988). 
That document has been superseded by the Facility Pol/ufion 
Prevenfion 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 lerment. Alter fermentation. the mix- 
lure is processed in a distillation column. The distillate is 
diluted to proper proof and placed in charred barrels for aging. 
Atter an appropriate storage period, the barrels are emptied 
and the contents are shipped in tank trailers. The team's 
report. detailing 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. 

. University 01 Louisville. Dtpannmnl 01 &mica Enginewing .' University City Science Center. Philadelphia. PA 

Introduction 
The amount of waste generated by industrial plants has be 
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 
wfio want to minimize their generation ol waste but who lack 
the ic-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 lo minimize 
waste generation. 

The waste minimization assessments are done for small and 
mediumsize manufacturers at no out-of-pocket cost to the 
client To qualify for the assessment, each client must fall 
wahin Standard Industrial Classification Code 2&39. have gross 
annual sales not exceeding 575 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 re- 
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 lor manufacturers. 

@ Prinled on Reqded Paper 



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 Opportunity 
Assessment Manual (EPA!625n-88/003. July 1988). The WMAC 
staff locate the sources of waste in the plant and identify 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. Specific measures to achieve 
that goal are recommended and the essential supporting lech- 
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 prepared for each client. 

Plant Background 
The plant produces bourbon whiskey and distiller dried grains 
from corn, rye, and malt. It operates three'shiftdday to produce 
approximately 5 million gal of bourbon and over 16,000 tons of 
distiller dried graidyr. 

Manufacturing Process 
The basic raw materials-zorn, rye, and malt-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 resulting 
mixture is cooked. During cooking, the starch in the corn and 
rye is converted to sugar. After the conversion has taken place, 
the mixture (known as mash) is pumped to a fermenter where 
yeast is added lo complete the conversion of sugar to alcohol. 
Upon completion of the fermentation cycle, the mash (or beer) 
is pumped to an intermediate tank called the beer well. 

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

At the barrel-filling facility, the distillate is diluted to proper 
proof with demineralized water. Barrels (of charred new white 
oak) are filled with the diluted distillate and transported to 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 centrifuges where the solids 
are Concentrated and the excess water (centrate) is removed. 
The concentrated solids are fed l o  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 mixed 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 lo 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, results from the need for less 
raw material and from reduced present and fulure costs asso- 
ciated with waste treatment and disposal. Other savings not 
quantifiable by this study include a wide variety of possible 
future costs related to changing emissions standards, liability. 
and employee heakh. 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 addition 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 difficuky, 
or a projected lengthy payback. Since one or more of these 
approaches to waste reduction may, however, increase in 
attractiveness with changing condaions in the plant, they were 
brought lo the plant's attention for fulure consideration. 

* Seal the grain leaks found throughout the conveying opera- 
tions. 
Installashutoff mechanismthatprovidesatighterseal atthe 
discharge ofthe milled grain hoppers in orderto reduce grain 
losses. 

* Control ethanol emissions from storage tanks. 

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

LOSSES DURING WHISKY AGING--SEAGRAMS 
(REFERENCE 5 )  

(Garcia, 1997) 
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-~ - - 
House of Seagram MOO2 03/03/97 l5:40 . a 5 0 2  2 4 4  2 4 1 6  

Age 

0 
15 
2.0 
25 
3.0 
3.5 
4.0 
4.5 
5.0 
55 
6.0 
6.5 
7.0 
75 
8.0 
85 
9.0 
9.5 
10.0 
105 
11.0 
11.5 
E O  
us 

105 Prcaf 
New char 
RTG'S 

55.886 
50505 
49.605 
48.706 
47.806 
46907 
46.007 
45.108 
44208 
43309 
42.409 
41518 
40.610 
39.711 
38.811 
37.912 
37.0U 
36.113 
35.213 
343 14 
33.414 
32515 
31.615 
30.716 

RTG'S VERSUS AGE 
FOR 1993 STANDARDS 

110 proof 140 Roof 

RTG'S RTG'S 
CamlEIicon kw 

Soakase 

56.131 
52.602 
51.613 
50524 
49.634 
48.645 
47.656 
46.667 
45.677 
44.688 
43.699 
42.709 
41.720 
40.731 
39.741 
38.752 
37.763 
36.783 
35.784 
34.795 
33.805 
32.816 
31.827 
30.837 

- 
OPG'slBBL 

69543 Nchar 2683 
65.145 cw€Emn 0561 
63911 b w k y  0.695 
62.676 
61.442 
60.208 Evauorafion Loss % 
58973 N. Char 3219% 
57.739 m c o n  3525% 
56.504 Uwky 3550% 
55270 
54.036 
52.801 
51507 
50332 
49.098 
47.864 
46.629 
45395 
44.161 
42926 
41592 
40.457 
39223 
37.989 

. .  
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Bourbon (new char) 

A g h  Total loss, Loss, 
peri-4 yr Pgbbl PgbbUyr 

4.0 9.879 2.470 

11 4.5 I 10.778 I 2.395 I 9.461 I 2.103 I 11.804 I 2.623 11 

Corn Light wbisky 

P N  PgmbVyr Pgbbl PgbbVYr 
Total loss, Loss, Total loss, Loss, 

8.475 2.119 10.570 2.643 

11 5.0 I 11.678 I 2.336 I 10.454 1 2.091 I 13.039 I 2.608 11 
5.5 

6.0 

6.5 

7.0 

12.577 2.287 11.443 2.081 14.273 2.595 

13.477 2.246 12.432 2.072 15.507 2.585 

14.368 2.210 13.422 2.065 16.742 2.576 

15.276 2.182 14.41 1 2.059 18.036 2.577 

11 7.5 I 16.175 1 2.157 I 15.400 I 2.053 I 19.211 I 2.561 11 

8.5 

9.0 

11 8.0 I 17.075 I 2.134 I 16.390 I 2.049 I 20.445 I 2.556 11 
17.974 2.115 17.379 2.045 21.679 2.550 

18.874 2.097 18.368 2.041 22.914 2.546 

19.773 2.081 19.348 2.037 24.148 2.542 

11 10.0 I 20.673 1 2.067 I 20.347 I 2.035 I 25.382 I 2.538 (1 

Bouhon: - 30.831 - - 2.202 pgbbVyr 
14 

2.202 x 6.6097 = 7.28 I b h b w  
2 

corn - -  28'882 - 2.063 pgbbVyr 

Light whisky: - 36'035 = 2.574 pghbVjT 

2.063 x 6.6097 = 6.82 IbhbVyr 

2.574 - x 6.6097 = 8.51 IbhbVyr 
2 

14 2 

14 

Average = 7.28 + 6.82 + 8.51 = 7.5 Ib/bbl/yr 

Note: One gallon of 100 percent ethanol weighs 6.6097 pounds 
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11. s.Q&age 

Assumes that soakage occurs within the first 18 months after the initial filling of the barrel and that 
the rate. of evaporation during the aging period of years 0 to 1.5 are the same as during the years of 1.5 to 
3.0. 

-: 

Year 0 = 
Year 1.5 = 

55.886 pg/bbl 
5Q.545 
5.381 pglbbl lost 

Year 1.5 = 50.505 
Year 3.0 = 4zsah 

2.699 pg/bbl lost 

5.381 - 2.699 = 2.682 pg/bbl lost due to soakage 

Year 0 = 56.131 
Year 15 = ZhD2 

3.529 pghbl  lost 

Year 1.5 = 52.602 
Year 3.0 = 4%§34 

2.968 pglbbl lost 

3.529 - 2.968 = 0.561 pglbbl lost due to soakage 

Year 0 - 69.543 
Year 1.5 = u 

4.398 pglbbl lost 

Year 1.5 = 65.145 
Year 3.0 = 41442 

3.703 pghl  lost 

4.398 - 3.703 = 0.695 pghbl lost due to soakage 
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111. (Total losses - soakage) 

Soakage: bourbon = 2.682 pglbbl 
corn = 0.561 pglbbl 
light whisky = 0.695 pglbbl 

1.799 Bourbon: - x 6.6097 = 5.95 Ib/bbVyr 
2 

corn - 1’979 x 6.6097 = 6.54 IbhbVyr 

2.470 Light whisky: - x 6.6097 = 8.16 IblbbVyr 
2 

2 

Average = 5.95 + 6.54 + 8.16 = 6.9 Ibhbllyr 
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APPENDIX F 

LOSSES DURING WHISKY AGING--JIM BEAM 
(REFERENCE 6)  

(Omlie, 1997) 



EMPIRICAL DATA 
AND 

C A LC U LATI 0 N S 
OF 

LOSSES AND EMISSION RATES 
DURING WHISKEY AGING PROCESS 

Jim Beam Brands Co. 
C1 e rm o n t , Kentucky 

Prepared by: 

Devon E. McClain 

Director Technical Services 

August 24, 1992 
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JIM BEAM BRANDS 

1. The aging periods in Tables 111 and IV represent a weighted average number of months based on the 
number of barrels emptied and the actual aging period for each barrel. Not all barrels were aged for 
the same length of time. 

2. Soakage occurs primarily in new char barrels but may occur to a much lesser extent in used barrels. 
Soakage is a one-time event that occurs in new char barrels during the initial 6 to 18 months of agng 
After that time, an equilibrium is established between the wood and the distilled spirit such that little 
additional soakage occurs. A much lesser amount of soakage occurs in used barrels because the 
majority of the soakage occurred during the initial use of the barrel. 

3. The difference in proof gallon (pg) loss between new and used barrels over the approximately same 
aging period using whiskies of about the same proof may provide an indication of the loss due to 
soakage. For the data sets in Tables III and IV, both the bourbon and corn whisky were 125 proof. The 
data in Tables III and IV cannot be used to estimate soakage unless it is assumed that the evaporation 
rate for bourbon and corn whisky are the same over the same aging period. 

4. To estimate soakage loss, selected data were used from Tables El and IV to establish an aging period 
of approximately the same duration. For Bourbon whisky in Table III, the span in aging is 4.71 years 
through 10.52 years. The data for aging periods from 8.82 years through 10.52 years were deleted, 
which results in an aging period of 4.71 yean through 8.50 years. In Table IV, pg loss data are 
available for corn whisky during a span in aging of 3.93 years through 8.44 years. If the t in t  data set 
in Table IV is deleted, the aging period becomes 4.23 years through 8.44 years. This is comparable to 

. . the aging span for Bourbon whisky in Table lII. 
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I. SOAKAGE 

Bourbon: Aging period = 4.7 - 8.5 years 
Data from Table 111 
Data for 95.3 months (7.94 years) of aging were 
considered to be an outlier and were not used in 
this calculation. 

Aging 
Total loss, 

Months I Years Pg 

Aging 

2.807.2 

Total 
barrels 

50.8 4.23 

Total loss, pg 1 Total barrels /I 2.785.2 

101.3 

2.807.2 I 193 

8.44 5.712.0 339 61.8 5.15 538.799.4 34.179 

64.6 I 5.38 1 812.916.0 1 48.926 

12.831.5 

6,565 

81.2 602,239.0 32,013 

6.98 114,216.2 5,417 

14,531.2 I 625 

TOTAL I 2,229,146.9 I 128,707 

Average loss = 17.320 pglbbl 

11 64.4 1 5.37 I 14.446.0 I 1.111 11 

Estimated soakage: 
New barrels (bourbon) = 17.320 pglbbl 
Used barrels (corn) = 12.145 W b b l  
Soakage 5.175 pglbbl 
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11. TOTAL LOSSES (Evaporation plus soakage) 

1. Corn whisky -_ Corn whisky is aged in used barrels so the primary losses are due to evaporation 
although some soakage losses probably occur. Data are from Table IV. 

Average loss = 2.282 pghbl-yr 

2.282 x 6.6097 = 7.5 Ibhbl-yr 
2 
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- 
Aging Total loss, Barrel loss, Loss, 

Months Years Pg Total barrels P f l b l  pflbl-yr 
56.5 I 4.71 2.807.2 193 14.545 3.088 

105.8 8.82 4.708.5 200 23.543 2.669 

115.8 I 9.65 I 41,145.8 I 1,122 23.894 I 2.416 I 
Average loss = 2.808 pg/bbl-yr 

2.808 x 6.6097 = 9.3 Ibhbl-yr 
2 
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111. EVAPORATION LOSSES (Total loss minus soakage) 

Bourbon whisky- Soakage is a one-time loss that occurs during the first 6 to 18 months of aging. TO 
estimate evaporation loss, the estimated soakage (calculated in Section I) of 
5.175 pg/bbl is subtracted from the total proof gallon loss per barrel. This new loss 
per barrel should be representative of the evaporation loss. 

Average loss = 2.056 pg/bbl-yr 

2.056 x 6.6097 = 6.8 Ibhbl-yr 
2 
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