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Table 14 

Figure 13 

AP.,Supplement 10 
Emission Factor 
Equation 

solids handling 
process 

nozzels 

Example, stoichio- 
metric calculated 
cumulative ETOH 
emissions vs. measured 
emissions 

Commentslcorrections 

Figure 8 in the main text is the reference 
for sample locations 1, 2 ,  5 and 6. 

All data contained in Figure 13, excluding 
FAL data was taken directly from California 
Air Resources Board Report No. C-8-050, 
Oct. 31, 1978, Section IIB, Figure I, 
Table I. 

should read: 
EF = (0.136T - 5.91) + [(B-20.4)(T-15.21) 

(0.00085) + C] 

Definition: the separation of grape skins 
and seeds from the fermenting must result- 
ing in the free run juice. 

correct spelling: nozzles 

The calculation began with an initial juice 
sugar content of 20"Brix (20 grams sugar/ 
100 mls juice). 

When in reality, 23'Brix could have been 
more representative. Recalculating the 
example starting with 23'Brix and ending 
at 3"Brix results in a value of 769 total 
cumulative lbs. ETOH emitted vs. 714 lbs. 
measured. Agreement is within 8% and the 
lower measured value could be due to 
draining of the fermentation tank before 
additional ethanol losses would have oc- 
curred. 
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ABSTRACT 

In traduction 

Wine industry ethanol emission factors have been determined with 
emphasis on the fermentation process and fugitive emissions. Information 
has been gained from winery surveys, an extensive literature search, and 
actual source testing of fermentation exhaust streams and suspected fugitive 
emission sources. 

methods and materials employed in two general regions. 
Central Valley where the larger standard table and dessert wine producers 

typically harvest and ferment high sugar content grapes. In contrast, the 
northern coastal counties and Napa Valley are conducive to the production 
of premium wines, which are made from slower maturing grapes, grown in a 

unique microenvironment of moderate temperatures and sunshine. 

Wine production in California may be characterized by 
One is the warm 

R e v i e w  of Problem 

The California Air Resources Board has determined that ethanol emissions \' 

from winery production and storage processes may significantly contribute to 
the formation of ozone through photochemical smog reactions1). 
source of these emissions is ethanol entrainment by carbon dioxide during 

the fermentation process. However, emissions will occur from any other 

process o r  situation where wine is exposed to the air, such 'as in transfer- 
ring or racking, blending, and storage utilizing porous materials. Factors 

affecting the degree of ethanol emissions include fermenting parameters, 

process equipment design, and handling techniques and temperatures. 

The primary 

Finally, since the ARB is concerned with control of organic emissions, 
particularly in areas of non-compliance with the national ambient air 

quality standards, appropriate control techniques must be determined to 
limit present and potential emissions of ethanol from the wine industry. 
Control strategies may well prove advantageous to the industry when abate- 
ment is non-destructive, effectively serving as a resource recovery system. 
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SECTION I 

INTRODUCTION 

STUDY APPROACH 

The p r o j e c t  o b j e c t i v e s  were: 

To perform an e t h a n o l  survey  of  s e l e c t e d  wine r i e s  
and blending and s t o r a g e  f a c i l i t i e s .  

To determine t h e  e f f e c t  on e thanol  emission r a t e  
and amount of t h e  type  of  wine be ing  produced, 
t h e  type  of y e a s t  u t i l i z e d ,  fe rmenta t ion  t ime and 
temperature,  and t h e  fermenting equipment design.  

To perform source  and f u g i t i v e  emission tests a t  
s e l e c t e d  wine i n d u s t r y  f a c i l i t i e s  t o  o b t a i n  a c t u a l  
emission d a t a  p e r  t o n  o f  fe rmenta t ion  feed  s t o c k  
and per  u n i t  o f  fe rmenta t ion  t ime. 

involv ing  porous m a t e r i a l s .  and handl ing  ope ra t ions  
inc luding  t r a n s f e r ,  b lending  and b o t t l i n g .  

To review and d i s c u s s  p o t e n t i a l l y  a p p l i c a b l e  
c o n t r o l  technology f o r  the r educ t ion  of  e thano l  
emissions from i n d u s t r y  processes .  

To determine t h e  e t h a n o l  emissions from s t o r a g e  

In orde r  t o  meet t h e s e  o b j e c t i v e s ,  a t e c h n i c a l  p l a n  was followed 

beginning wi th  c o n s u l t a t i o n  wi th  e x p e r t s  i n  t h e  wine indus t ry .  

exchange o f  information g r e a t l y  a s s i s t e d  t h e  subsequent l i t e r a t u r e  sea rch .  

The l i t e r a t u r e  searchformed t h e  b a s i s  from which a winery survey was con- 

ducted.  Deta i led  in spec t ions  of  f a c i l i t i e s  and a cont inued d ia logue  wi th  

winemakers and p l an t  managers e v e n t u a l l y  l e d  t o  d e c i s i o n s  on sampling 

l o c a t i o n s .  

The 

n 

1 



- - __  __ 
a .\ 

EAL Corporation 

METHODS 

Sample Col lec t ion  

An e x t r a c t i o n  method was employed i n  which a known volume of gas ,  

withdrawn from t h e  fe rmenta t ion  exhaust s t ream,  was bubbled through a series 

of t h r e e  l a r g e  Greenburg-Smith impingers.  The f i r s t  two impinger c o l l e c t i o n s  

were separa ted  from t h e  t h i r d  i n  o r d e r  t o  v e r i f y  an accep tab le  c o l l e c t i o n  

e f f i c i e n c y .  

EAI. personnel  had previous ly  conducted a l a r g e  scale emission test  of  an 

a c e t a t o r  tank  i n  Oakland. C a l i f o r n i a .  The process  involves  h e a t i n g  a s o l u t i o n  

of 6% a c e t i c  ac id  and 6% e thano l  t o  8 6 O F  while blowing a i r  through i t  a t  a 

rate of 170 m3 per  hour over  a 32 hour per iod .  

occurs  t o  produce an end product con ta in ing  12% a c e t i c  a c i d  and 0 . 5 %  e thanol .  

These condi t ions  c l o s e l y  approximate those  of  a wine fe rmenta t ion  t ank .  

Oxidation o f  t h e  e thanol  

Our sampling t r a i n  f o r  t h e  a c e t a t o r  test cons i s t ed  of  a set  of  t h r e e  i m -  

p ingers  conta in ing  100 mL each of  a 0.1M NaOH s o l u t i o n  (NaOH added t o  assist 

a c e t i c  ac id  abso rp t ion ) .  Subsequently,  t h e  conten ts  of  t h e  f i r s t  two im- 

pingers  were analyzed s e p a r a t e l y  from t h a t  of  the t h i r d  t o  check abso rp t ion  

(capture)  e f f i c i e n c y .  The f i r s t  fou r  samples c o l l e c t e d ,  du r ing  t h e  i n i t i a l  

high a lcohol  conten t  po r t ion  of  t h e  c y c l e ,  had an average c o l l e c t i o n  

e f f i c i e n c y  of  92% I n  t h e  f i r s t  two impingers .  This in format ion ,  coupled wi th  

t h e  s t a t i s t i c a l  eva lua t ion  of  impinger c o l l e c t i o n  e f f i c i e n c e s  contained in t h e  

JAPCA a r t i c l e  "Est imat ing Overa l l  Sample Tra in  Eff ic iency"  demonstrates  t h a t  

f o r  t h e  complete t h r e e  impinger t r a i n ,  an o v e r a l l  c o l l e c t i o n  e f f i c i e n c y  of  

g r e a t e r  than 99% w a s  achieved (1). 

A sample i n t e r f a c e  and all connect ions were made of  g l a s s  and t e f l o n .  

A thorough leak-check of t h e  c o l l e c t i o n  t r a i n  w a s  performed p r i o r  t o  each 

t e s t  a t  a 10" Hg vacuum f o r  s i x t y  seconds w i t h  a maximum to l e rance  of 0.02 

f t 3 0 f  volume change. 

and dry gas meter condi t ionswere  c a r e f u l l y  monitored (Ref. F igure  1). A l l  

t h e  procedural  items cons idered ,  t h e  c o l l e c t i o n  method had t h e  advantage of 

s i m p l i c i t y ,  proximity t o  t h e  source  (minimizing e thanol  w a l l  l o s s e s  and 

chances of l eaks  with a long  sample l i n e ) ,  and v i r t u a l l y  no problem w i t h  

en t ra ined  mois ture .  

The sampling rate (cubic  fee t /min ,  cfm) t e s t  du ra t ion  

2 



FIGURE 1 

ETHANOL GAS SAMPLING TRAIN 

Pressure Sampling 
Met. Rate 

dD.1.  n20 

. . . . . . . . . . . . . . . . . . . . .  
Duration 
(nir..) 

SAMPLE COLLECTION FIELD DATA 

Run 
Number 

Analyte: Date: 
Client: Collection Medium: 

Sample Temp. 
Time Volume Met. 

Locat ion: 

Process Operation: 

Collected By: 
7---- --- 
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Ethanol Analysis 

The determination of ethanol concentrations (ppm v/v (aq)) in the 

impinger collections was accomplished by gas chromatography. A n  aliquot 

was directly injected onto an FFAP column and ethanol was quantified with a 
flame ionization detector operating at a lower detection limit of 5 ppm by 
weight, (Ref. Sample Calculations in Appendix). 'This lower detection limit 
corresponds to a 0.4 ppm by volume concentration in the gaseous phase. 

Fermentation Exhaust Volumetric F l o w  Rate 

The fermentation exhaust flow rates for the red and white wine tanks were 

measured with a turbine meter (totalizer) provided by the California Air 
Resources Board (CARB). Hourly readings were taken throughout the duration 
of the fermentation periods - 
Quality Assurance 

Sample integrity was maintained by strictly controlling containment, 

identification, and shipping of the samples. Directly following each 
impinger collection, the absorbing solution was transferred to clean 
polyethylene bottles. 
minimal head-space with carbon dioxide. 

labeled as to run number, time, location and finally refrigerated and/or 

placed on ice for shipment to EAL for immediate analysis. 

Oxidation of ethanol was prevented by purging the 
The sample bottles were then 

Impinger collection train efficiency was monitored in the field by 

periodically obtaining a gas grab bag from the train exhaust and analyzing 
the contents with a Draeger tube. 

at a lower detection limit of 2 ppm by volume. 

Ethanol breakthrough was not indicated 

The sampling and exhaust monitoring methods called for the use of 

only two measurement devices, which were the gas turbine and dry gas meters. 

4 , 
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The California Air Resources Board maintains calibration records 
( 2 )  which indicate that the turbine meter's level of accuracy is within ?: 2% . 

Additionally, on-site cross-checks of the turbine meters were accomplished . 

by simultaneous measurements of the velocity head (AP) within the turbine 

meter. The AP determinations were made with a small (3 mm O.D.) standard 
pitot tube and a Dwyer incline manometer (0.0 to 10" H20, readable to 0.005") 
A small sized standard pitot tube was selected to minimize gas flow disturbances 
across the minor cross sectional area of the turbine meter (4" I.D. @ 

blades = 0.09 sq .  ft.). A multipoint curve is available within the limits 
of accuracy of the standard pitot tube. The €allowing table represents three 
points included in the range of APs observed during the "white tank" (#576 

U.V. Madera) fermentation. 

TABLE 1 
Turbine Meter On-Site Cross Checks 

Turbine Meter A, Tank #576 

Day-Date-Time Velocity Head Standard Pitot TurbineMeter Percent 
(hrs) AP ('"20) Volumetric Flow VolumetricFlow Deviation 

(acfm) (acfm) (%) 

Day 2-9/10-1500 0.07 
Day 3-9111-1952 ' 0.4 
Day 4-9/12-1400 0.7 

78 77 - 1.3 
184 191 -k 3.8 
246 249 + 1.2 

The dry gas meters have been assigned correction factors determined in 

accordance with United States Environmental Protection Agency (USEPA) Method 

3.3.2 using a calibrated wet test meter. (3) 

Chromatographic analysis of ethanol provided concentration levels based 
on response factors of working ethanol standards, prepared and analyzed each 

day of analysis. 
bracket the sample data and minimize errors due to non-linearity. A 

least squares statistical evaluation was performed. on the response factors 
(peak height x attenuation vs.ETOH ppm v/v) in addition to manually plot- 
t i n g  the data, providing a calibration curve. 

A sufficient number of standards were run to tightly 

5 



F u g i t i v e  Emissions 

Samples were c o l l e c t e d  f o r  f u g i t i v e  e thanol  emissions us ing  t h e  same 

impinger t r a i n  i l l u s t r a t e d  i n  F igure  1. omi t t i ng  t h e  sample l i n e  and l o c a t i n g  

t h e  t r a i n  i n  s e l e c t e d  s i tes  f o r  a r e a  sampling. 

Ana ly t i ca l  procedures were i d e n t i c a l  t o  those  mentioned f o r  source  

sampling. 

A number of process  handl ing  procedures  were eva lua ted  and e thano l  

f u g i t i v e  emissions es t imated  based on bu i ld ing  v e n t i l a t i o n  and product ion  

a c t i v i t y  dur ing  t e s t i n g .  

6 
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SECTION I1 

RESULTS 

Introduction 

Wine is the product of the partial or complete fermentation of the 
juice of grapes. The majority of ethanol emissions from wineries occurs 
during the fermentation process. That fact is supported by two factors. 

The first is that as the carbon dioxide produced during fermentation is 

allowed to escape from the tanks, it entrains ethanol in the form of sus- 
pended droplets'). 
tank fermentation. 
quently operate throughout the fermentation cycle with open hatches, and 
thus cannot truly be considered closed tanks. 
ambient air to contact the pomace cap present in red wine fermentation, and 

thus supplement ethanol entrainment emissions with evaporation emissions. 
At least one study shows negligible emissions due to evaporation from 
open tanks4'. 
would accelerate emissions, particularly evaporation if aeration is 
employed. 
increasing the surface area. 

The temperature at which fermentation occurs is the result of a number of 
interrelated parameters. Fermentation is an exothermic process. Thus, 

fermentation tanks must typically be cooled to control the process rate. 
Fermentation temperature is also critical in maintaining optimum con- 
ditions for the yeast. However, yeasts can be acclimated to lower 

temperature operations5) . Finally, red wines are typically fermented 
at temperatures ranging from 70-80'F compared to the 50-60°F fermenting 

temperatures for white wines5). 

requirement for color extraction in red wine fermentation . 

There is a trend in California towards the use of closed 
However, tanks that are capable of being closed fre- 

Open tank fermenters allow 

Aeration or pump recirculation of the fermenting must 

The pomace cap can also be expected to increase emissions by 
The second factor is fermentation temperature. 

One reason for that disparity is the 
5) 

Fermentation tank design contributes to ethanol emissions. The ratio 
of surface area 'to total volume of the must would be a factor in detei-mining 
emission rates. 
fermentation temperatures due to decreased radiative cooling unless the tank 
is refrigerated. Higher temperatures would promote ethanol evaporation in 
open'and aerated tanks. Tank materials also affect ethanol loss rate with 

Also, larger tank volumes produce significantly higher 



porous concre te  tanks l o s i n g  up t o  11 .5  times more e thano l  than s t a i n -  

less s teel  tanks '). 

because carbon d ioxide  emissions.  t h e  primary cause of e thano l  emissions by 

entrainment ,  cease a t  t h e  conclus ion  of fermentat ion.  Thus, product ion of 

wines r equ i r ing  longer  fe rmenta t ion  times, s p e c i f i c a l l y  wines with t h e  

h ighes t  i n i t i a l  sugar  con ten t ,  t h e  lowest f i n a l  sugar  conten t  (higher  

f i n a l  e thanol  conten t ) .  and wines where co lor  e x t r a c t i o n  is e s s e n t i a l ,  

w i l l  r e s u l t  i n  increased  e thano l  emissions.  

l y  proceeds f o r  an average o f  one week or less, w h i l e  wh i t e s  are fermented 

f o r  an average o f  two weeks. 

Fermentation du ra t ion  a f f e c t s  e thano l  emissions 

Red wine fermentat ion typ ica l -  

8 



Paul  Masson, Madera 

Mr. David R.  S icheman,  P lan t  Manager, Paul Masson (Madera) personal ly  

conducted us through t h e  Paul  Masson (P.M.) f a c i l i t y  on August 1 7 ,  1981. The 

P.M. f a c i l i t y  is of recent c o n s t r u c t i o n .  It t y p i c a l l y  produces 10 .5  m i l l i o n  

ga l lons  of  wine from 12 m i l l i o n  g a l l o n s  of  j u i c e  obtained from 60,000 tons  of  

grapes.  Approximately 50,000 tons  o f  grapes are crushed for w h i t e  and rose  

wines w i t h  t h e  remainder used f o r  r e d s .  All fe rmenta t ion  tanks a r e  s t a i n l e s s  

s t e e l  and range in capac i ty  from 4,000 t o  200,000 ga l lons .  However, t h e  

major i ty  a r e  50,000-gallon capac i ty .  Ztwelve tanks for red wine  fermentat ion 

a r e  loca ted  outdoors  and a r e  exposed t o  bo th  t h e  weather and t h e  sun. The 

white  wine t anks ,  approximately 100 t o t a l .  are loca ted  i n  a r e f r i g e r a t e d  

bui ld ing .  There are no b o t t l i n g  f a c i l i t i e s  a t  t h i s  p l a n t .  The fermented wines 

a r e  s to red  and blended p r i o r  t o  shipment by t r u c k  t o  P.M.'s b o t t l i n g  f a c i l i t y .  

M r .  Sicherman s t a t e d  t h a t  they t y p i c a l l y  c rush  f i f t e e n  v a r i e t i e s  of 

grapes and u t i l i z e  a s i n g l e  p r o p r i e t a r y  y e a s t  i n  d ry  cake fonn f o r  a l l  t h e i r  

fermentat ions.  Thus, t h e r e  a r e  no emiss ions  from y e a s t  starter tanks.  Red 

wines a r e  fermented dur ing  l a t e  September and October. The process  t akes  

5 - 6 days a t  85-90°F. 

a hose / sp r ink le r  system i n s e r t e d  through the two foo t  diameter  manhole on 

t h e  tank top.  The tanks  a r e  cooled by e x t e r n a l  c h i l l e d  water j a c k e t s .  
White wines a r e  fermented f o r  7 - 10 days a t  50-55'F. 

August 13, 1981 and cont inued , through September. The t ank  con ten t s  

a r e  cooled by e x t e r n a l  Freon spray c h i l l e r s .  

pumping over.  

During f e rmen ta t ion ,  t h e  tank i s  pumped-over us ing  

Fermentation s t a r t e d  

These tanks  do n o t  r equ i r e  

Af te r  fe rmenta t ion ,  t h e  j u i c e  i s  c e n t r i f u g e d  and/or f i l t e r e d  t o  remove 

suspended s o l i d s  inc lud ing  t h e  dead y e a s t  c e l l s .  

s t o r e d  i n  s t a i n l e s s  steel  (whi tes )  or redwood ( r eds )  tanks f o r  i n i t i a l  aging.  

In add i t ion ,  f o r t i f i e d  wines (po r t  and s h e r r y )  a r e  brought i n  from o t h e r  

f a c i l i t i e s  and s t o r e d  i n  48 ga l lon  oak b a r r e l s  f o r  6 months t o  3 years .  The 

ethanol  conten t  of  those  f o r t i f i e d  wines i s  18%. No brandy i s  produced or 

s tored  a t  t h i s  f a c i l i t y .  

Subsequently t h e  wine i s  

The P.M. f a c i l i t y  has  few o t h e r  sou rces  of e thanol  emissions s i n c e  no 

b o t t l i n g  i s  done t h e r e .  

minimize w i n e l a i r  contac t  t o  dec rease  ox ida t ion  of e thano l  to  a c e t i c  ac id .  

Af te r  f e rmen ta t ion ,  every e f f o r t  i s  made t o  

9 
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United Vin tners ,  Madera 

Mr. Kazuo Sanbongi, Process  Department Manager a t  United Vintners  (U.V.) 

Madera f a c i l i t y ,  discussed t h e i r  ope ra t ions  with us  and conducted us through 

t h e  p l an t  on August 17, 1981. 

100,000 tons of grapes per year  of  which 60,000 tons  are Thompson Seedless .  

The 100,000 tons  of grapes a r e  expected t o  produce approximately 19.5 

m i l l i o n  g a l l o n s  of j u i c e  and 17.2 m i l l i o n  ga l lons  of  wine. 

He s t a t e d  t h a t  they c rush  approximately 

A l l  t h e  f e r m e n t a t i m t a n k s  a r e  s t a i n l e s s  s t e e l  wi th  t y p i c a l  c a p a c i t i e s  

of 350,000 ga l lons  f o r  whi tes  and 130,000 ga l lons  f o r  r eds .  

656,000 g a l l o n  fermentat ion t anks  which u t i l i z e  va r ious  winery r e s idues  t o  

produce m a t e r i a l  f o r  U.V. 's d i s t i l l e r y  opera t ion .  

2.5% a lcoho l  product .  In a d d i t i o n ,  t h e r e  are champagne fe rmenta t ion  tanks  
which are sea l ed  pressure  v e s s e l s  t o  preserve  n a t u r a l  CO2. A s i n g l e  v a r i e t y  

of yeas t  (Montrachet) is u t i l i z e d  by s t a r t i n g  i t  i n  a 305,000 g a l l o n  fermen- 

t a t i o n  t ank  and withdrawing a l i q u o t s  f o r  innocu la t ion  of  o t h e r  tanks.  

sugar  l e v e l  i n  t h e  yeas t  t ank  i s  maintained between 5 1 5 %  by repeated 

add i t ions  of raw j u i c e .  

There a r e  four  

Those t anks  produce a 

The 

A11 fermentat ion tanks a r e  r e f r i g e r a t e d  by e x t e r n a l  water or ammonia 

hea t  exchangers.  

Fermentation f o r  whi tes  began August 1 0 , a n d  was expected t o  l a s t  I n t o  t h e  

middle of September. 

continued through October. 

The red tanks  a r e  kept  a t  80-85°F and t h e  whi tes  a t  55°F. 

Red fe rmenta t ion  s t a r t e d  i n  l a te  September and 

A f t e r  fermentat ion,  the  red wine i s  pumped over an open screen  t o  remove 

t h e  pomace. 

of t h e  wine t o  ambient a i r .  Subsequently both reds  and wh i t e s  a r e  f i l t e r e d  
andlor  cen t r i fuged  p r i o r  t o  s t o r a g e .  

This p r a c t i c e  would produce e thano l  emissions from exposure 

The b o t t l i n g  f a c i l i t y  has  e l even  b o t t l i n g  l i n e s  t h a t  ope ra t e  a t  va r ious  

times and s h i f t s  throughout t h e  year .  
wines a r e  f i l t e r e d  us ing  plate-and-frame (PF) or membrane (Mi l l i po re )  

f i l t e r s .  

room a i r  ( l o o s e l y  covered) and is t h u s  a source  o f  e t h a n o l  emissions.  The 

b o t t l i n g  l i n e s  u t i l i z e  p r e s s u r e  o r  g r a v i t y  feed f i l t e r s  which minimize 

exposure of  t h e  w i n e  t o  room a i r .  

2 use corks  f o r  s e a l i n g  t h e  b o t t l e s .  Measurements o f  t h e  room a i r  i nd ica t ed  

100-300 ppm e thanol .  

Immediately p r i o r  t o  b o t t l i n g ,  t h e  

The PF f i l t e r s  use a demand-type supply tank which is open t o  the  

Nine of the  l i n e s  use  meta l  caps while  

i n  



This  f a c i l i t y  turned o u t  t o  be t h e  p re fe r r ed  Cen t ra l  Valley t e s t  loca- 

t i o n  p r imar i ly  because of t h e  amenabi l i ty  of U . V .  t o  minor modi f ica t ions  i n  

t h e i r  t ank  o u t l e t  systems t o  permit  exhaust  flow measurements and sampling. 

Also, t h e  red  wine t anks  a r e  pumped ove r  i n t e r n a l l y  and require no d i r e c t  

access  dur ing  t h e  fe rmenta t ion  cyc le .  

p o t e n t i a l l y  s h o r t  white  c rush ing  season due t o  the  e a r l y  grape maturat ion and 

diminished U . V .  purchases  t h a t  year .  

The only  perceived drawback was t h e  
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The United Vintners  Madera f a c i l i t y  w a s  chosen f o r  i n i t i a l  source  

t e s t i n g .  M r .  Kaz Sanbongi was extremely h e l p f u l  i n  providing fermenter 

tank f i t t i n g  adap te r s  t o  f a c i l i t a t e  connect ion of  our  test appa ra tus .  I n  

add i t ion ,  both M r .  Sanbongi and M r .  Joe  Rossi, winemaker. were a b l e  t o  

a r range  fe rmenta t ion  schedules  and procedures  which a s s i s t e d  our  personnel  

with t h e i r  tests. 

The first t ank  t e s t e d  was f o r  wh i t e  wine i n  number 576, a s t a i n l e s s  

s t e e l  t ank  wi th  a capac i ty  of  350,136 g a l l o n s .  

with th i s  test  w a s  t h a t  t h e  record  b reak ing  prematur i ty  of t h e  c rush ing  season 

throughout C a l i f o r n i a ,  coupled wi th  an unusual ly  small h a r v e s t ,  meant t h a t  i t  

w a s  almost t oo  l a t e  t o  ge t  any w h i t e  wine grapes t o  test @).  Also, t h e  d a i l y  

amount of grapes crushed was so low t h a t  must w a s  t y p i c a l l y  be ing  added t o  

fermentat ion tanks  throughout t h e  fe rmenta t ion  per iod  t o  achieve  a reasonable  

f i n a l  fermentat ion volume. 

s e r i o u s l y  jeopardized t h e  use fu lness  of  t h e  d a t a .  

volume problem w a s  a f a c t o r  throughout t h e  wh i t e  wine t e s t i n g  phase.  

t e s t i n g  team was faced wi th  both a n  unexpected schedule  and t h e  n e c e s s i t y ,  

through l a c k  of cho ice ,  t o  t e s t  fe rmenta t ion  ba tches  t h a t  were l e s s  than 

i d e a l  due t o  a c c e s s i b i l i t y  and mechanical arrangement or because t h e  ba tch  

subsequently d i d  not  fol low i d e a l  fe rmenta t ion  behavior .  With t h e  a s s l s t a n c e  

of t h e  U . V .  personnel  mentioned, w e  ob ta ined  a f u l l  tank of must by combining 

some cold unfermented must s t o r e d  from t h e  previous d a y ' s  crush wi th  ambient 

temperature must obtained t h a t  day. Tes t ing  commenced a t  7 a . m .  on September 

9. 1981, and was completed a t  12 noon on September 1 6 ,  1981. All samples 

were success fu l ly  shipped and analyzed.  

The major problem encountered 

Adding f r e s h  must dur ing  a test would have 
This schedul ing/product ion 

The 

The red wine fe rmenta t ion  tank  chosen f o r  t e s t i n g  had a capac i ty  of 

128,000 ga l lons .  The tank  was f i l l e d  and innocula ted  on September 1 4 ,  1981, 

and t e s t i n g  commenced immediately. 

emission volume from t h i s  tank,  we a t t a c h e d  t h e  6-inch ARB t u r b i n e  meter t o  

one of the  4-inch sampling p o r t s ,  c lo sed  t h e  2-foot manhole cover ,  and r e l i e d  

on the  remaining 4-inch pressure  r e l i e f  va lve  t o  p r o t e c t  t h e  tank  i n  c3se of  

over  p r e s s u r i z a t i o n .  Normally, t h e  manhole i s  l e f t  open throughout the  

fermentat ion process .  Our procedures and i n s t a l l a t i o n  were observed by 

Due t o  our  d e s i r e  t o  measure t h e  t o t a l  
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U.V. personnel  wi th  no o b j e c t i o n s .  We be l ieved  t h a t  in t h e  event t h a t  t h e  

t u r b i n e  meter f lowra te  capac i ty  was exceeded, excess  exhaust  gas would 

escape through t h e  p re s su re  r e l i e f  va lve .  

harmless release of vent  gases ,  t h e  fermenting m u s t  foamed over  and sho t  ou t  

through both  t h e  t u r b i n e  meter and p res su re  r e l i e f  valve a t  approximately 

midnight Tuesday evening, September 15. 1981. An es t ima ted  1,000 ga l lons  

of mustwere l o s t  and U.V. personnel  abor ted  t h e  fe rmenta t ion ,  and our  t es t ,  

t h e  next  morning. Subsequently,  i t  became apparent  t h a t  wi th  t h e  sudden 

release in pres su re  caused by t h e  r e l i e f  va lve  opening, t h e  must ac ted  

l i k e  champagne and e s s e n t i a l l y  "boi led over." 

s t r a i n  on our r e l a t i o n s  with Y.V. personnel ,  a l though no one had forseen  

t h i s  occur rence .  

However, i n s t e a d  of  a r e l a t i v e l y  

This  mishap placed a s e r i o u s  

Joe  Rossi f e l t  c o m i t t e d  t o  o u r  achiev ing  a s u c c e s s f u l  r e d  wine test and 

agreed t o  a r r ange  a second a t tempt .  

t u r b i n e  meters, one on t h e  sampling po r t  and one on t h e  p re s su re  r e l i e f  va lve  

po r t  (with t h e  va lve  removed). 

a v a i l a b l e  due t o  completion of t h e  wh i t e  wine test. 

cover was t o  be opened p e r i o d i c a l l y  f o r  a few seconds throughout t h e  test t o  

guard a g a i n s t  t h e  i n i t i a t i o n  of foaming. Exhaust flow measurements were 

taken f r equen t ly  t o  a l low i n t e r p o l a t i o n  of exhaust volumes over  t h e  b r i e f  

per iods  t h a t  t h e  ha t ch  was l i f t e d .  This test was completed s u c c e s s f u l l y .  

A s i m i l a r  t ank  w a s  f i t t e d  with both ARB 

The second t u r b i n e  meter had j u s t  become 

In a d d i t i o n ,  t h e  manhole 

Deta i led  r e s u l t s  of t hese  t e s t s  a r e  contained in t h e  fol lowing f igu res  

and t a b l e s .  

13 
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TABLE 2 

PHYSICAL. PARAMETERS 
Tank US76 

White Wine Fermentation 

Tank Material: Stainless Steel 
Fermentation Tank Dimensions 

12 inch bottom cone 

24 inch top cone 

480 inch shell (height) 

Gallons per inch = 711.4 

Total tank capacity = 350,110 gallons 
Actual capacity = 280,000 gallons 

Chiller temperature set point (OF) = 57 in/56 out 

Temperature Control 

Fermentation Period 

Beginning September 9, 1981 ... through September 16, 1981 
Total Hours = 172 
Total volumetric exhaust flow = 1,549,940 actual cubic feet @ turbine meter. 

14 
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TABLE 4 
PHYSICAL PARAMETERS 

Tank No. 5 
Red Wine Fermentation 

Tank Material: Stainless Steel 

Tank Dimensions: 24 inch bottom cone 
12 inch top cone 
480 inch shell (height) 
gallons per inch = 288 

Tank Capacity: 128,000 gallons 

Actual Capacity: 44,000 gallons 

Temperature Control: 1st 4 hrs @ 82OF 
2nd 4 hrs @ 72OF 
remaining 18 hrs 85OF 

Fermentation Period: 
Beginning September 1 7 ,  1981 through September 18, 1981 

Total Hours = 26 

Total Volumetric Exhaust Flow = 197380 actual cubic feet @ turbine meter 

18 
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United Vin tners ,  Oakvi l le  

The United Vintners  Oakvi l le  f a c i l i t y  was surveyed on August 25, 1981. 

It i s  managed by M r .  A 1  D e l  Bondio. They expected t o  c rush  approximately 

8,000 tons  of grapes i n  1981 and t o  produce about 1.46 m i l l i o n  ga l lons  of 

j u i c e  from t h a t  crush (180-185 g a l .  p e r  ton) .  

t h e  crush was f o r  r eds  and one-third f o r  wh i t e s .  

u n t i l  e a r l y  October w h i l e  r eds  were c r u s h e d  from mid-September through 

October. 

wi th  a s t a r t i n g  tank providing a l i q u o t s  f o r  subsequent i nnocu la t ions .  

are fermented f o r  4-6 days a t  78-85'F. 

w i t h  a hose through a manhole cover twice  a day. 

Approximately two-thirds o f  

Whites were being crushed 

United Vintners  uses Montrachet dry yeas t  f o r  a l l  i t s  fermentat ions 

Reds 

The red wines a r e  pumped over  manually 

Af te r  fe rmenta t ion ,  t h e  wines a r e  cen t r i fuged  and f i l t e r e d  ( p l a t e  and 

frame) as necessary f o r  c l a r i f i c a t i o n .  

of  r eds  a s  a t  Robert Mondavi. 

There i s  no post-fermentat ion a e r a t i o n  

The fe rmenta t ion  tanks range from 6,000 t o  30,000 g a l l o n  c a p a c i t i e s .  

There a r e  36 epoxy l i n e d  outdoor  conc re t e  tanks  used f o r  whi te  and rose  wine 

production. 

There a r e  6,000 g a l l o n  s t a i n l e s s  steel  and 20,000 g a l l o n  concre te  tanks 

indoors  f o r  r e d s .  The s teel  tanks  have four  f o o t  manholes which a r e  normally 

open during fermentat ion.  

covers wi th  a rubber  s e a l  as w e l l  as a 3 inch  pipe wi th  th reads .  

The c o n c r e t e  tanks  have 3 foo t  square  wooden access  

The ques t ion  of  r o t t i n g  f r u i t  dumps and p o t e n t i a l  f u g i t i v e  e thanol  

emissions has  been s e t t l e d  wi th  r e s p e c t  t o  t h e  w ine r i e s .  None o f  t h e  fou r  

winer ies  surveyed permi ts  r e j e c t e d  f r u i t  t o  remain a t  t h e i r  f a c i l i t y .  The 

grapes rece ived  are immediately crushed and sepa ra t ed  from t h e  stems. For 

r e d  wine, t h e  de-stemmed must (grape s k i n s  and meat) is fermented d i r e c t l y ,  

' with t h e  s k i n s  and o t h e r  s o l i d s  r i s i n g  t o  t h e  t op  of  t h e  mixture  t o  form 

t h e  pomace cap.  Subsequently,  t h e  fermented free-run j u i c e  is pumped o f f  

and t h e  lees ( e s s e n t i a l l y  t h e  pomace cap and dead  y e a s t  c e l l s )  i s  taken 

through va r ious  e x t r a c t i o n  s t e p s  t o  remove any remaining l i q u i d s  of va lue .  

Depending on t h e  q u a l i t y  des i red ,  t h e  m a t e r i a l  e x t r a c t e d  from t h e  l e e s ,  and 

t h e  ex ten t  of t h a t  e x t r a c t i o n  w i l l  v a r y ,  wi th  t h e  l i q u i d  product used f o r  

wine o r  crude d i s t i l l a t i o n  m a t e r i a l .  The r e s u l t i n g  s o l i d s  a r e  dry and 

I 22 
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s u g a r  f r e e ,  e l imina t ing  any f u r t h e r  s i g n i f i c a n t  fe rmenta t ion .  The d r i e d  l e e s /  

pomace a r e  so ld  f o r  f e r t i l i z e r  or c a t t l e  feed.  White w i n e  mus t  is e x t r a c t e d  

p r i o r  t o  fermentat ion t o  reduce s k i n  con tac t .  However, s i m i l a r  e x t r a c t i o n  

procedures a r e  employed and t h e  f i n a l  product i s  again dry and non-fermentable. 

Because of t h e  c rush ing  season problems d iscussed  earlier,  i t  was 

v i t a l  t o  immediately commence fe rmenta t ion  tests a t  t h e  Napa Valley winery.  

M r .  Al D e l  Bondio of  United Vintner 's  Oakvi l le  f a c i l i t y  had prepared 

s u i t a b l e  tank  adap te r  f i t t i n g s  f o r  o u r  equipment. We a r r i v e d  on s i t e  

September 2 4 ,  1981. Mr. D e l  Bondio s a i d  t h a t  U.V. Oakv i l l e  could not  

o b t a i n  s u f f i c i e n t  whi te  wine grapes t o  f i l l  a t ank  p r i o r  t o  fe rmenta t ion .  

Thus we  would be  requi red  t o  use  a t ank  be ing  added t o  throughout t h e  test .  

I n  a d d i t i o n ,  t h e  expected fe rmenta t ion  per iod  for white wines a t  t h i s  

f a c i l i t y  w a s  3-4 weeks and could n o t  be  s i g n i f i c a n t l y  reduced. Those two 

f a c t o r s  prompted u s ,  w i t h t h e  encouragement of  our c o n t r a c t  o f f i c e r ,  t o  

a t tempt  t o  perform t h e  wh i t e  wine test a t  t h e  Robert Mondavi winery loca ted  

nearby. 

The U.V. Oakvi l le  winery test program inc luded  two complete red  wine 

fermentat ion tests. The f i r s t  test f a i l e d  t o  o b t a i n  measurable exhaust 

flow d a t a ,  i n v a l i d a t i n g  the test r e s u l t s .  

Sauvignon fermentat ion i n  a 9,000 g a l l o n s  conc re t e  tank .  

f i t t e d  with a gasketed ha tch .  

ha tch  s e a l  was supplemented by p l a c i n g  l ead  b r i c k s  on t h e  ha t ch .  

was opened twice a day f o r  pumping over  t h e  pomace cap. 

continued a t  those  t imes u n t i l  t h e  ha t ch  was rep laced  and p res su r i zed  con- 

d i t i o n s  aga in  obta ined .  

The second test w a s  a Cabernet 

The t ank  w a s  

During t h e  two-day fe rmenta t ion  pe r iod ,  t h e  

The ha tch  

Tes t ing  w a s  d i s -  

Fug i t ive  emission t e s t i n g  was performed f o r  va r ious  l o c a t i o n s  and 

processes  a t  U . V .  Oakvi l le .  

bu i ld ing  were measured. I n  a d d i t i o n ,  a combined s to rage / f e rmen ta t ion  

bu i ld ing  was monitored. Drag s c r e e n  s e p a r a t i o n  equipment, s i m i l a r  t o  t h a t  

u t i l i z e d  a t  U.V.  Madera, vas monitored dur ing  ope ra t ion  as w e l l  a s  a 

conveyor assembly t r a n s p o r t i n g  fermented lees t o  t h e  p r e s s .  A b o t t l i n g  

ope ra t ion  a t  t h e  U . V .  Inglenook Rutherford Winery was monitored f o r  

f u g i t i v e  e thano l  emissions.  

does not  have a b o t t l i n g  f a c i l i t y  and R.  Mondavi's was shu t  down f o r  t h e  

season.  

Ambient e thano l  l e v e l s  in a b a r r e l  s t o r a g e  

That f a c i l i t y  was t e s t e d  because U . V .  Oakvi l le  

Detai led r e s u l t s  of t h e  United Vin te r s ,  Oakvi l le  source  and f u g i t i v e  

emission t e s t s  a r e  contained in the  fo l lowing  f i g u r e s  and t a b l e s .  
7 2  
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TABLE 6 

PHYSICAL PARAMETERS 
Tank No. 198 

Red Wine Fermentation 
United Vintners (Oakville) 

Tank Material: Concrete 

Tank Dimensions: 144 inch height 

Tank Capacity: 9000 gallons 
Actual Capacity: 8100 gallons 

Temperature Control: 72OF Average 

Fermentation Period: 

140 gallons per inch 

< 

Beginning October 7, 1981 through October 9, 1981 

Total Hours: 77 

Total volumetric exhaust flow = 80490 actual cubic feet @ turbine meter 

1 24 
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Robert Mondavi, Oakville 

On August 2 5 ,  1981,  t h e  Robert Mondavi (R.M.) Oakv i l l e  winery was 

surveyed. 

Mondavi expressed i n t e r e s t  i n  our  p r o j e c t  and hoped t h a t  t h e  da t a  might 

prove use fu l  t o  them i n  the  f u t u r e .  Yeast i s  propagated i n i t i a l l y  i n  test 

tubes ("s lan ts" )  and continued i n  fe rmenta t ion  tanks wi th  j u i c e  subsequent ly  

used  f o r  innocula t ion  of o t h e r  fe rmenta t ion  batches.  Approximately s i x  

yeas t  s t r a i n s  a r e  used f o r  t h e i r  i n d i v i d u a l  c h a r a c t e r i s t i c s .  %o s p e c i f i c  

examples a r e  S te inbe rg ,  used f o r  c o l d ,  slow fermenta t ions ,  and Ashman's, 

used f o r  high temperature  red  fe rmenta t ion .  

Dr. James Vahl was OUK c o n t a c t  a t  Robert Mondavi. Mr. Timothy 

We d iscussed  t h e  p o s s i b i l i t y  o f  u t i l i z i n g  co ld  adapted y e a s t s  f o r  red 

fermentat ion and were t o l d  by Dr. Vahl t h a t  they had experimented and found 

t h a t  t h e  q u a l i t y  of red wine was improved by higher  temperatures  dur ing  

fermentat ion.  Thus, t h e i r  only temperature  c o n s t r a i n t  was t o  c o n t r o l  t h e  

speed o'f fe rmenta t ion ,  with h igher  temperatures  p re fe r r ed  up t o  t h e  l i m i t .  

There a r e  140 s t a i n l e s s  s teel  fe rmenta t ion  tanks ranging from 1,000 t o  

12,000 g a l l o n  capac i ty .  Re f r ige ra t ion  f o r  most tanks  i s  by computer 

con t ro l l ed  g lyco l  tank  j a c k e t s .  

eome red wines i s  completed i n  oak t anks .  

to 5 t i m e s  per  day f o r  20-40 minutes  us ing  a hand he ld  hose i n s e r t e d  through 

t h e  open manhole i n  t h e  top o f  t h e  tank .  That procedure would have s e r i o u s l y  

i n t e r f e r e d  with a c c u r a t e  flow measurements o f  those  tanks .  Following fermenta- 

t i o n ,  some red ba tches  ( - lo%) ,  are a e r a t e d  t o  remove excess  d i s so lved  CO2 

and H2S p r i o r  t o  s t o r a g e .  

sp lash  i n t o  a n  open tank  whi le  cont inuous ly  pumping i t  o u t  aga in .  Also, 

cen t r i fuges ,  p l a t e  and frame f i l t e r s ,  and racking a r e  used t o  c l a r i f y  the  

wine. The f i r s t  two processes  are s i m i l a r  t o  those  descr ibed  a t  t h e  U . V . /  

Madera f a c i l i t y .  Racking involves  a l lowing  t h e  s o l i d s  i n  t h e  wine t o  s e t t l e  

and pumping t h e  c l e a r  w i n e  o f f  of t h e  l e e s ,  which a r e  then  used as d i s t i l l a -  

t i o n  ma te r i a l  a t  another  f a c i l i t y .  

The l a s t  1-2 percent  sugar  fe rmenta t ion  Of  

Red tanks are pumped over  3 

Aerat ion i s  accomplished by al lowing t h e  wine t o  

There is a s i n g l e  b o t t l i n g  l i n e  a t  R.M. which u t i l i z e s  a pres su re  f i l l i n g  

machine ( s i m i l a r  t o  U.V./Madera) w i t h  minimai wine /a i r  c o n t a c t .  

-31- 
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Dr. James Vahl assisted us in obtaining a tank with fittings suitable 
for the adapter Mr. Del Bondio had loaned to us. Also, a supply of Chardon- 

nay grapes, requiring a shorter fermentation period, was available (the last 
of the season). 
September 2 6 .  1981 and extended over a twenty-one day period. 
length resulted from the fermentation process "sticking" near the end, result- 

ing in an unusually slow decrease in sugar content. 
mentation test, storage facility fugitive emissions were monitored as well as 
the process of aeration, used by quality vintners to remove undesired 

volatile flavor compounds such as excess H2S or SO2. 

is allowed to splash from a hose into an open trough prior to storage. 

Testing of a 6,000 gallon tank commenced on Saturday, 
That test 

In addition to the fer- 

The fermented juice 

Exhaust volumetric flow was undetectable with the turbine meter during 

the first four days of the twenty-one day fermentation period as a result 

of the comparatively small volume of fermenting juice (5,800 gals). Con- 
sequently, a method was employed in which the top of the meter was sealed, 
restricting exhaust release to the existing turbine meter sample ports 
(Ref. Figure 9 ) .  Gas flow was measured with a more sensitive dry test 
meter. Two dry test meters were used in order to provide twice the 
pressure relief during greater flow activity (Day 5 through Day 10). 

The tank headspace was permitted to reach a stable temperature/pressure 

condition before measuring gas flow per unit time (dry cubic feet/min). 
This procedure permitted reliable measurements while avoiding the 

"foaming-over'' problem encountered at U . Y .  Madera. At peak fermentation 
activity, the juice is saturated o r  super-saturated with carbon dioxide. 
Increased pressure placed on the system (tank) may cause foaming-over in 

the event of an abrupt agitation. Although flow was measured on an actual 
dry basis with the dry test meters, moisture percent was negligible due to 

the small volume of juice and comparable to typical white wine fermentation 
exhaust data. 

Detailed results of'the Robert Mondavi source and fugitive emission 

tests are contained in the following figures and tables. 



Figure 9 Turbi 

To 
Sample 
line 

. . .  . ,  

A. Original Operating Mode 

(Days 1-5, exhaust flow undetect- 
able) 

sealed to D'El 

to DTM 

C. Modified approach. peak 
fermentation activity 

33 

Meter Fittings 
sealed 

B. Modified Approach 

sealed 

Press./temp 

to DTM 

D. Modified approxh. fermen- 
tation on downward slope, 
(i.e., 1 pressure relief 
sufficient) 
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TABLE 10 

PHYSICAL PARAMETERS 
Tank #289 

White Wine Fermentation 
Robert Mondavi (Oakville) 

Tank Material: Stainless Steel 

Fermentation Tank Capacity: 

Total Tank Capacity = 5,955 gallons 

Actual Tank Capacity = 5,800 gallons 

Temperature "Control" 

Ambient (i.e., tank located outdoors) 

Fermentation Period: 

Beginning September 26, 1981 through October 16, 1981 

Total Hou& = 512 

Total Volumetric Exhaust F l o w  = 149 cubic feet 

34 
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SECTION 111 

SUMMARY AND CONCLUSIONS 

Ethanol emission factors have been determined for the fermentation 
process. Additional measurements of ethanol fugitive emissions, generated 

from storage and handling during production, have been completed. Four fer- 

mentation tanks were monitored throughout their complete fermentation periods. 
The choice of tank location and type was made in an attempt to represent some 

of the variations in California wine production, given the time and budgetary 

limitations of the project. Final results listing ethanol fermentation emis- 
sions and emission factors are found in Table 13. Results for fugitive 

ethanol emissions and emission factors are detailed in Table 14. 

The tabulated ethanol fermentation emissions (maximum lbs/hr and total 

lbs emitted) indicate 
juice and wine type (i;e., red vs. white). Ethanol losses during red wine 
fermentation were higher than losses during white wine fermentation. 
larger the volume of fermenting juice, the larger was the maximum quantity of 

ethanol emitted per unit time, o r  quantitatively, at the peak fermentation 
more C02 was produced and exhausted per unit time and thus more ethanol emit- 

ted through entrainment. 

a simple relationship between the volume of fermenting 

The 

Ethanol emissions have been related to fermentation process conditions 

in order to generate emission factors, which in turn may be compared to 
historical data and theoretical attempts to characterize ethanol losses 
during fermentation. 

Historical data representing ethanol emission factors as percent of 

total ethanol emitted versus fermentation temperature are graphed in Figure 13. 
Emission factors determined by FAL have been included in the graph and are 

in good agreement. 
are found at the lower end of the temperature range and red wine factors at 
the upper end. 
Resources Board (CARB) shows agreement for two separate white wine fermen- 
tations a t  approximately the same fermentation interval activity. 

cally, CARB reported an "ethanol concentration increase from 1,902 parts 

In general, white wine fermentation emission factors 

Comparison of EAL data to that of the California Air 

Specifi- 
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TABLE 14 

ETHANOL WGITIVE EMISSIONS AND EMISSION FACTORS 

Location: United Vintners, Oakville 

Area - 
StoraEe 

(Locations 1, 2, 5, 6) 
Ref. Figure 

Handling 
' (Location 3) 

(ma/m3) kramslhrl (ppm by vol.) 

0.04-0.08 0.003-0.007 0.02-0.04 

2.2 0.4 1.4 

Hand1 ing 6.5 
(Location 4, adjacent to drag 
screen) 

Handling 5429 
(Location 7 ,  immediately above 
drag screen) 

1.0 3.4. 

923 2888 

Handling 
(Location 1) 

Storage 
(Location 2) 

Storage 
(Location 3) 

56 4.8 

43 3.7 

15 1.3 

30 

23 

8 

*The storage and handling areas at Robert Mondavi (Oakville) were undergoing final 
clean up operations of the crush season, possibly explaining the relatively higher 
ethanol values compared to those at United Vintners(Oakvil1e). 
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TABLE14 (continued) 

Location: Inglenook (Rutherford), bottling process (i.e., handling) 

Area - 

Room Air 

Source, Corking Vent Outlet 

Source, Filling Vent Outlet 

(mdm3) (grams/hr) (ppm by vol.) 

17 

654 1.8 348 

3536 2 7 . 2  1881 

* -- 32 

ETHANOL FUGITIVE EMISSION FACTORS 
HANDLING PROCESSES 

Process 

Drag Screen 

Pomace Press 

Wine Bottling 

Ethanol 

0.5 lbs .ethan01/10-~ gal juice 

0.02 lbs ethanol/ton of pomace 

0.1 Ibs ethan~l/lO-~ gal wine (white) 

I 

*No significant turbulence or air movement (i.e., ethanol dispersion) 
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Figure 13 

Summary of Ethanol Loss  Studies 

Study 
- 1. Mathieu and Mathieu 

2. Flanzey and Boudet 
3. 
4. 

5. Warkentin and Nury 
6. 
7. Zimmennan, Rossi, and 

8. 
9. Air Resources Board 

I, 

I, 

11 

Wick 
1, 

(using Warkentin and 
Nury formula) 

10. Air Resources Board 
(based on measured 
alcohol loss) 

EAL/W Red Wine Madera 

FAL/W Red Wine Oakville 
EAL/W White Wine Madera 
EAL/RM White Wine Oakville 

Alcohol 
Content 

4.6-10.6Xrange 

(7.6% avg.) 

3-4% range 

(3.5% avg.) 

entire range 
I, 

1 ,  

I ,  

Initial Fermentation 
Sugar Temperature 
18.09: 950F(3S°C) 

18.2 95 (35) 
18.2 68 (20) 

18.2 43 (5) 
86 (30) 
80.6 (27) 

21 79.7 (26.5) 

16 79.7 (26.5) 

52 ( . l I )  

52 (11) 

23 84 (29) 
23.5 72 (22) 

23 57 (14) 
22.4 63 (17) 

as % of total available over the entire test on fermentation period. 

LOSS,% 01 
Tot a1 

Alcohol 
Avail I 

1.5 

1.0 

0.5 

0.0 

Alcohol 
Lost* 
1.5 % 

1.2 

0.65 
0.17 
1.17 
0.83 

0.84 

0.70 

0.3 

0.2 

i ! W,Red Madera 

1.3 
0.82 
0.35 
0.2 

60 70 80 90 ir 30 40 50 
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per million at the beginning of the test (approximately 60 hrs. after yeast 

inoculation) to 4,565 ppm at the end of the test""). This compares well with 

EAL's data for a similar interval where ethanol concentrations ranged from 
2,122 to 4,273 ppm (Ref. Table 3 ) .  

EAL's data may also be compared to the hvironmental Protection Agency's 

(EPA) emission factyr formula as described in Supplement 10 of 0 . 4 2 ,  Feb. 
1980, (ref. Table15) where: 

EF = (0.136T - 5.91) + [(B - 20.4)(T - 15 - 21)(0.00085) + C] 
and: EF = emission factor, pounds of ethanol lost per thousand 

gallons of wine made 
T = fermentation temperature, O F  

B = initial sugar content, OBrix 
C = correction term, 0 (zero) for white wine o r  2.4 lb/10 gal 3 

for red wine 

Final results of the fugitive emissions study indicate greater ethanol 
losses during handling stages of wine production than during storage. 
14 summarizes the comparison between the final storage phase of wine pro- 
duction 'and three main handling processes during production. 

includes fugitive emission factors for the wine bottling process and the 
drag screen and pomace press o r  solids extraction process. 

Table 

Table 14 also 

Fermentation ethanol losses measured during this study are consistent 

with results from past tests (Ref. Figure 13). 

existing data indicate that ethanol losses are dependent upon fermentation 
temperature, duration of the fermentation period, and the volume of fer- 
menting juice. Ethanol losses from all the parameters appear to be charac- 

teristic of predicted stoichiometric behavior. The fermentation process iS 

stoichiometricallycharacterized in the following equation: 

A generai review of .the 

c6 H 1 2  06 ---> 2C2 H50H + 2 CO2 

fructose e thano 1 carbon dioxide gas. 

180 g 92 g 88 g 
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TABLE 15 

COMPARISON OF EAL AND EPA EMISSION FACTORS 
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The determined ethanol emission factors can be used, together with Gay-Lussac 

stoichiometry, in order to perform an internal check on the complete ethanol 

emissions source test. 

Example 

Location: United Vintners (Madera) 

Source: White wine fermentation tank No. 576 
Questions: To what extent does the measured total cumulative/pounds of ethanol 

(ETOH) emitted agree with the value predicted by stoichiometry? 

Given: o Volume of fermenting juice = 280,000 gallons 
o Initial sugar = 20'Brix where 'Brix = grams sugar/100 

o Final sugar = 3'Brix 
mls juice 

o Actual yield of alcohol (ethanol) = 47% by weight, (not  theoretical 51.1%) 
due to conversion into other microbiological products and assimilation by 
yeast. (6 )  

Step'l: 

thus : 
Step 2 :  

17 grams of sugar are consumed per 100 mls. of juice from 
20 to 3 'Brix. 

(17 g sugar) x 0.47 = 7.99 grams ETOH produced/100 m l s .  juice 
Grams ETOH produced per gallon of 

juice = (7.99 g ETOH) 1000 mls. 3.79 liters = jOze8 
100 mls. juice 1 liter 1 gallon 

Step 3: 

Step 4 :  

Recall : 

Conclusion: 

Total cumulative pounds of ETOH 

= 186761.9 
454 lbs ETOH 

produced = (302.8 g ETOH) 280,000 gals. ~ 1 lb. 
1 gal. juice 

Finally, 186761.9 lbs ETOH x 0.0035* = 654 total cumulative lbs 

642 total cumulative lbs ETOH emitted (measured) 

ETOH emitted 

The theoretical value of total cumulative ETOH emitted (lost) 

agrees with the measured value to within 1.8% 

*EAL calculated emission factor. 
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SECTION IV 
RECOMMENDATIONS 

Emission Inventories 

Historical data and the results from this report contribute to the 
confidence with which ethanol emissions from wineries may be quantified. 

However, additional testing of the fermentation process would serve to further 
validate the data base. 

wine fermentations at similar temperatures could narrow the variability of 
the temperature versus ethanol emission factor curve shown in Figure 13. 
Although present methods of monitoring sugar consumption/ethanol production 
are adequate, results describing carbon dioxide production and subsequent 

entrainment of ethanol would complete the mass balance picture. 

For example, independent monitoring of red and white 

Control Measures 

Control of ethanol emissions may be economically justified through 

resource recovery. 
material. The remainder of this section is  a discussion of possible control 

devices with comments on their applicability, efficiency, and costs. 

The reclamation of ethanol could produce distillation 

Exhaust vapor Refrigeration (condensation): The effluent i s  cooled to 

a temperature at which ethanol condenses. This method would require a certain 
energy cost outlay to maintain optimum refrigeration of the exhaust. 

Purchase, installation, maintainance and operation of the system may exceed 
the price of recovered ethanol, especially if the abatement unit were to be 
permanently mounted on a fermentation tank. Only limited information was 
obtained regarding refrigeration/condensation methods. The only document 

reviewed was a French paper, in which a conceptual schematic is presented . 
Activated Carbon Adsorption: This process consists of an airstream 

( 9 )  

conditioning system including dehumidification and particulate filtration 
stages. The exhaust stream would then pass through one of two vessels con- 

taining activated carbon specifically chosen for ethanol recovery. 
vessel which i s  on line becomes saturated, the airflow would automatically 

When the 
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switch to the second vessel. The initial vessel will then be processed to 
strip the ethanol from the carbon (steam desorption). 

be returned to the plant in a water mixture which can then be purified to 
any,required level by using existing distillation equipment. Purchase 

and installation would be approximately $35,000 based on the following 
parameters(") : 

This ethanol will 

270 cfm of exhaust at 80 - 9O0F. Relative Humidity of 70 - 80% 

18000 ppm of ethanol 
24 hour/day operation 

Maintenance and operational costs would vary depending on Aether the 
system would be permanently installed OK semi-mobile allowing abatement 

to take place as needed (Ref. Figure14). 

Wet Scrubber Exhaust System (Ref. Figure 15): The exhaust stream 

passes through a mist eliminator and into the "contact face area" where 
exhaust fumes are sprayed by a series of nozzels. 
would be water and recirculation could be employed. 
scrubber wafer would indicate a point at which the ethanol/water mixture 
should be transferred to distillation and scrubber water replenished. The 
scrubber system is relatively light-weight (plastic materials) with minimal. 
energy demand. 

The scrubber liquid 

Periodic testing of the 

The wet scrubber system appears to be the most attractive ethanol 

emissions control technology for the following reasons: 
- 

Item Comments 

cost ('1) Approximately $4,00O./unit 
Adaptability Could be moved from one fermentation tank 

Energy Use Minimal, only need to operate low hp fans 

- 

to another as needed 

(approx. 2 hp) and pumps 
Wet scrubbing would be the most cost effective control measure in terms 

of capital and energy expenditures. However, if separation or reconcentra- 
tion of the dilute product solution were required for economically efficient 

recovery of the ethanol, the associated costs would be higher. 

have been used in the study of ethanol emissions from fermentation tanks and 

thus, indirectly, as control devices('2). 

Wet scrubbers 



ACTIVATED CARBON ADSORPTION SYSTEM 

VIC 500 Series System 
Modular concept 
Completely automatic 

Safety controls 
Explosion-proof motors, 

operation 

blowers and starters 
(as required) 
Low initial investment 
Low pressure steam 
desorption 

Automatic controls are available in 
various NEMA classification5 for 
on-site or remote mounting. 
eiectromecnanical or programmable. 
Opttonal exhaust gas analytical 

500 SERIES--TWO VESSEL SOLVENT 
VAPOR RECOVERY SYSTEM PICTURED, 
ONE OF MANY VERSATILE COMBINATIONS. 

LYlA VIC MANUFACTURING COMPANY 
1620 Central Ave. N.E., Minneapolis, MN 55413 (612) 781-6601 
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Control of fugitive emissions from handling, bottling, and storage 

operations would be most efficiently performed' by prevention of emis- 

sions through use of enclosed transfer and handling systems and enclosure 

of process and storage areas so that emissions from those areas could be 
ducted to the fermentation tank scrubbers. 
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f o r  t h e  fol lowing reasons: 

Valuable r e fe rences  were obta ined  from obscure sources  
t h a t  would otherwise have been overlooked. 

Confidence w a s  increased  that  most r e l evan t  information 
regard ing  r ecen t  t e c h n i c a l  e f f o r t s  i n  t h i s  a r e a  had 
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minimal c o s t .  
L i t e r a t u r e  search  e f f o r t  e f f i c i e n c y  w a s  maximized a t  

It m u s t  be emphasized t h a t  a s e r i o u s  gap e x i s t s  i n  those  bases  due t o  t h e i r  
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The fol lowing two re fe rences  were brought t o  our  a t t e n t i o n  by t h e  Wine 
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of e t h a n o l  and were submit ted t o  suppor t  t h e  Wine I n s t i t u t e ' s  concern about 
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Oxidents,  EPA Assessment Of f i ce ,  Research and Development, 
A p r i l ,  1978. 

2 .  L a i t y ,  J .L.  e t  a l . ,  Photochemical Smog and t h e  Atmospheric  
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Organic Coatings and P l a s t i c s  Chemistry meeting, Washington, 
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GLOSSARY 

Item 

acfm 

cfm 

D.I. 

ETOH 

FFAP 

f t3 

I.D. 

O.D. 

P.F. 

P.M. 

R.M. 

U.V. 

- Description 

actual cubic feet per minute 

cubic feet per minute 

de-ionized (water) 

ethanol 

free fatty acid packing 

cubic feet 

inside diameter 

outside diameter 

plate and frame filter 

Paul Masson 

Robert Mondavi 

United Vintners 
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Appendix 

SAMPLE CALCUIATIONS 

GENERAL 

A known volume of gas was extracted from the fermentation exhaust stream and passed through three 500 mL 
Greenburg-Smith impingers (Ref. Uethods, Sample Collection). I h e  impinger collections were analyzed 

employing gas chromatographic techniques and data reduction proceeded in the following StepYise manner. 

- 

STEP - 
1) An aliquot was vithdrawn from the impinger 

collections and directly injected onto the 
FFAP coluw (Ref. Methods. Analysis).* An 
Ethanol concentration was determined in 
units of ppm-vlv based on the response 
factors of a number of working ethanol 
standards and a least squares evaluation 
of the data. generating a regression line 
and correlation coefficient. 

Impinger collections were separated in order to 
monitor the possibility of sample breakthrough. 

In this case, impingers 1 and 2 had a total 
combined solution volume of 340 mL with an 
ethanol concentration of 24833 ppm (vlv). 
Impinger 3 had a solution volume of 145 mL 
and an ethanol. concentration of 2030 ppm(v1v). 
?he following calculations are used to decer- 
mine the collection efficiency: 

Impinger collections were combined for a 
total ethanol concentration from which the 
total milligrams of ethanol captured was 
calculated. 

2 )  Total milligrams ethanol, when compared to 
the standard dry gas volume sampled, yields 
a mgs ethanol per cubic meter value which 
translates to both a gaseous concentration 
of ethanol (ppm.vo1) end an mission value 
(LbslHr Ethanol). 

Note: 
actual cubic feet per minute volumetric 
flov rate. hence. the gas volume sampled 
was expressed as actual cubic feet. 

LbsIHr ethanol have been based on an 

*The lowest analytical detection limit for 
ethanol was 5 uglmL, thus with collection 
and analysis of the first impinger, (i.e:, 
no ETOH expected in 2nd or 3rd) : . ’ 

( 6 2 )  

EXAMPLE - 
Run 136 (White Wine. Tank 576)  
Impinger I1 6 2 :  
Impinger 13:  2030 ppm vlv 

24833 ppm vlv 

Impinger Y1 6 2: 
24033 ppm(v1v) - 24833 uL EtOHIL solution. 

- 6.664 g EtOH Total L solution 

Impinge= 1 3 :  

2030 ppm(v/v) - 0 . 2 3 2  g EtOH Total 

Collection Efficiency: 6.664 p (Inp.1 6 2 )  9 6 . 6 z  
6 .896  g (Imp.1 - 3 )  

Total Collection Run P36 - 6 . 8 9 6  8 Ethanol in 485 mL solution. 

6897 mg ethanol 
0 . 8 6  a’ -> 

8020 m 24.45 Literslmole 
4 d 46.07  gramslmale 

- 4256 ppm vol 

silica gel 

0 .02832  m3 
1 cu. ft. 

mLs H20 + grams 8020 mg + 0 .86  m3 + 

x 0 .0474  CUkft. x 

8020 mg Ethanol 
1.24 m3 (actual) 

5 p p E T U H  0 . 0 0 5  mg x 0 . 7 8 9 3  mg ETOH 
mL mL mL 

0 .0039  mg ETOH x 160 0 . 6 3  Total mg ETOH 
mL 

0 . 6 3  mg ETOH x 24.45 Literslmole 0 . 4  ppm(by vol.) 
-) 0 . 8 6  m’ 46.07  gramrlmole 



SAMPLE CALCULATIOIS 
(cont inued)  

SPEP 

2 )  (continued) 

EYAPTPLE 

8020 r n ~  e thanol  1 Lb. 
1.24 m3 I 198.3 acfm x 454000 mg 

x 60 minutes - 1 m3 
1 hour 35.31 c u b i c  foot 

= 4 * 8  Lbs' a t  t h i s  po in t  in t h e  fermentat ion per iod .  1 Hour 

3) F i n a l l y ,  e thanol  losses during fermentat ion 
can a l s o  be expressed in t h e  following terms. 

* Tota l  Lbs e t h a n o l  emit ted p e r  1000 697 Lbs. t o t a l  e t h a n o l  emi t ted  + 280 Kpal j u i c e  

2.5 Lbs ethanol/103 g a l l o n s  of j u i c e  
g a l l o n s  of fermenting j u i c e  

= 

* Tota l  Lbs. e thanol  f m i t t e d  per  ton 
of crushed grapes  

given: (13) 
220 Rs l lons  juice 

Ton grapes 

697 Lbs t o t a l  e thanol  
280.000 g a l l o n s  

d a l l o n s / T o n  of  grapes 

* l h e o r e t i c a l  e thanol  product ion based on volumetr ic  flow: 
measured: 

given: 

1549940 t o t a l  cubic feet @ tu rb inemecer  in 172 hours 

0 3 2  d e n s i t y  - 0.1236 Lbslcubic  f o c t  

0.1236 Lbslcf x 1549940 cf - 191573 Lbs CO2 produced 

46 x 191573 Lbs CO2 - 200280 Lbs a lcohol  produced 44 mol vt. c02 

2o0280 Lbs' 0.15 Xa1/ lb  - 0.11 11% ethanol  @ end of fermentat ion 
280,000 g a l l o n s  of fermented j u i c e  

- Percent e thanol  l o s t  of percent  produced: 

CARB r e p o r t .  Uarch 19. 
Warkentin 6 Nury Equat ions 

697 Lbs. T o t a l  e thanol  ernitced 
200280 Lbs a lcohol  prcduced 




