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Alcohol Emissions from a Fermentation Tank 

This report  presents an evaluation of emissions based on d a t a  from t e s t s  

performed by the A R B  s t a f f ,  local d i s t r i c t s  o r  comercial  laborator ies .  

The data have been reviewed by the s t a f f  and  a re  believed t o  be accurate;  

howeve.r, emissions are usually affected by process var iables  which a re  

sometimes not  apparent t o  the t e s t  personnel. 

be necessar i ly  considered typical of a spec i f i c  source or  industry unless the 

e f fec ts  of such var iables  a re  taken in to  account. 

The data should not,  therefore ,  
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Sta t e  of California 

A I R  RESOURCES BOARD 

ALCOHOL EMISSIONS FROM A WINERY FERMENTATION TANK 

SUMMARY 

Wine i s  made by fermenting f r u i t  j u i c e  in a large t a n k .  

i t  re leases  carbon dioxide gas. t h r o u g h  a vent Or vents in the  

roof of the t a n k .  Ethanol i s  removed from the l iqu id  phise by the upward 

passage of the carbon dioxide, and  the released ethanol vapor may reac t  in 

sunlight t o  form photochemical oxidant. Ethanol has been c l a s s i f i e d  by the 

ARB as  being h i g h l y  react ive.  

fermentation tank, the Air Resources Board ( A R B )  conducted a t e s t  of a 

600,000 g a l l o n  s teel  fermentation t a n k  a t  Gallo 's  Fresno winery September 

20-21, 1978. 

Air Pollution Control D i s t r i c t  ( A P C D )  and  the ARB Planning Division. 

As the ju i ce  ferments, 

To determine the  extent  o f  emissions from a 

T h e  t e s t  was performed a t  the request of the Fresno County 

From the t e s t  d a t a  i t  was determined t h a t  t h i s  tank emitted an average of 

1.87 pound of  ethanol per hour during the 24-hour test. This number appears 

t o  be a minimum emission value f o r  the following reasons: 

-- The t e s t  was performed near the beginning of the two-week fermentation 

period; previous s tudies  indicate  t h a t t h e  grea tes t  r a t e  of emissions 

occur near the middle or  the end of the oeriod. 

-- The f igure of 1.87 pounds per hour represents average emissions over a 

24-hour period; emissions during t h e  f i r s t  2-1/2 hours were lower due 

t o  t a n k  s t a b i l i z a t i o n .  

-- A white wine was in the tank, and white wines a re  fermented a t  lower 

temperatures t h a n  reds. This lower fermentation temperature may be 

expected t o  r e s u l t  in a lower alcohol loss r a t e .  

i i  



Impor tan t  a d d i t i o n a l  da ta  on emissions f rom wine fe rmen ta t i on  tanks  can be 

ga ined i f :  

-- A r e d  wine i s  t es ted .  

-- Wines w i t h  d i f f e r e n t  bases a r e  tes ted .  

-- Tanks i n  t h e  10,000-gal lon range a r e  tes ted .  

-- T e s t  a r e  conducted l a t e r  i n  t h e  fe rmen ta t i on  pe r iod ,  o r  even b e t t e r ,  a t  

(Many such tanks a r e  i n  use.) 

i n t e r v a l s  d u r i n g  t h e  e n t i  r e  fe rmen ta t i on  p e r i o d .  

A d d i t i o n a l  s e c t i o n s  o f  t h e  r e p o r t  p o i n t  o u t  t h a t :  

-- Meteo ro log i ca l  c o n d i t i o n s  i n  t h e  Fresno area a re  f a v o r a b l e  f o r  t h e  

development o f  photochemical o x i d a n t  (smog). 

-- A lcoho l  vapors o f  1,000 ppm may rep resen t  a h e a l t h  hazard. 

-- Hydrogen s u l f i d e  and mercaptans may a l s o  be e m i t t e d  as a r e s u l t  o f  

w i  ne-maki ng. 
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Sta te  of California 
A I R  RESOURCES BOAR0 

ALCOHOL EMISSIONS FROM A FERMENTATION TANK 

I .  INTRODUCTION 

Wine i s  made by fermenting f r u i t  j u i c e  i n  a vessel open t o  the atmosphere. 

the ju ice  ferments, i t  releases carbon dioxide gas through a 

vent o r  vents in the tank roof. 

entrained w i t h  the carbon dioxide, and these vapors react  i n  

s u n l i g h t  to  form photochemical oxidant. 

highly reactive organic compound by the A R B .  

which a national ambient a i r  qual i ty  standard e x i s t s .  

(0.12 ppm) was exceeded i n  Fresno County on 49 days; i n  the c i t y  of Fresno 

i t s e l f ,  the  standard was exceeded on 39 days. 

Fresno County i s  

by 1987. 

As 

Ethanol vapors generated by fermentation a re  

Ethanol has been determined t o  be a 

Oxidant i s  a pol lutant  f o r  

I n  1978, this  standard 

Under the Clean Air Act, 

required t o  meet t h e  national ambient a i r  qua l i ty  standard 

One st ra tegy the Fresno County Air Pollution Control D i s t r i c t  ( A P C D )  i s  

considering to  achieve the standard i s  t o  reduce organic emissions ( i n  the  

form of ethanol vapors) from winery fermentation tanks. 

usefulness 

these emissions. To make th i s  determination, an emission t e s t  was conducted 

on a fermentation tank a t  the Gallo winery a t  Fresno. 

by the Engineering Evaluation Branch o f  the Stationary Source Control Division, 

California Air Resources Board ( A R B ) .  

To assess the 

of t h i s  s t ra tegy ,  i t  i s  necessary t o  determine the magnitude of 

The t e s t  was conducted 

1 

The tank tes ted i s  a white, c y l i n d r i c a l ,  welded, epoxy-lined, s tee l  tank 

(number 6033), w i t h  a domed roof and b u i l t  t o  API 650 specif icat ions.  

height o f  the s t r a i g h t  wall i s  40 f e e t ,  and the diamter i s  50 f e e t ;  the 

capacity i s  637,776 gallons.  

The 

Height of the l iquid level i n  the tank was 

1 



about 37 f e e t ,  and t h e  tank  con ta ined  569,000 g a l l o n s  o f  grape j u i c e  t h a t  

was fe rment ing  i n t o  a b l e n d i n g  w h i t e  wine. 

b u i l d i n g  b u t  i s  exposed d i r e c t l y  t o  t h e  weather.  The 24-hour t e s t  was 

conducted on September 20-21, 1978. 

The tank  i t s e l f  was n o t  i n  a 

A s  was p o i n t e d  ou t ,  t h e  j u i c e  i n  t h e  tank  was fe rmen t ing  t o  a w h i t e  wine, as 

opposed t o  a red ;  a l s o  t h e  tank  was t e s t e d  near  t h e  beg inn ing  of t he  f e r -  

ment ing  pe r iod .  For these reasons, which a r e  e l a b o r a t e d  on l a t e r  i n  t h i s  

r e p o r t ,  t h e  emission r a t e s  determined by  t h e  source t e s t  p robab ly  rep resen t  

t h e  minimum amount o f  a l coho l  t h i s  t a n k  i s  l i k e l y  t o  e m i t  d u r i n g  t h e  f e r -  

menta t ion  o f  any w ine . *  

Tes t  r e s u l t s  a r e  d iscussed i n  t h e  n e x t  s e c t i o n  o f  t h i s  r e p o r t .  

c o n t a i n  m a t e r i a l  on wine making; m e t e o r o l o g i c a l  aspects o f  t h e  a i r  p o l l u t i o n  

problem i n  t h e  Fresno area; t h e  h e a l t h  e f f e c t s  o f  e thano l ;  and a d i s c u s s i o n  

o f  a method t h a t  m igh t  be used t o  compute emissions f rom fe rmen ta t i on  when 

t h e  temperature o f  t h e  fe rmen t ing  j u i c e  i s  known. 

Other sec t i ons  

*Note: For  t h e  purposes o f  t h i s  r e o o r t ,  t h e  word a l coho l  w i l l  r e f e r  t o  
ethanol  (C2H50H) o n l y .  

2 
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11. DISCUSSION OF TEST RESULTS 

A. MEASURED EMISSIONS 

The 24-hour t e s t  o f  t h e  G a l l o  f e r m e n t a t i o n  tank showed t h a t  t h e  tank  

emi t ted  an average o f  1.87 pounds p e r  hour o f  ethanol  o r  about 0.2 

percent  o f  t h e  a l coho l  t h a t  was formed by fe rmen ta t i on  d u r i n g  t h e  

24-hour pe r iod .  The t e s t  r e s u l t s  and t h e  r e s u l t s  o f  o t h e r  s t u d i e s  

on a l coho l  l osses  a r e  presented  i n  Tab le  1 and F i g u r e  1. F i g u r e  1, 

r e l a t i n g  a l coho l  l o s t  and temperature,  shou.1.d p r o v i d e  a f a i r l y  good 

way o f  p r e d i c t i n g  a l coho l  emissions, p rov ided  t h e  user  

can determine t h e  a l coho l  a v a i l a b l e .  The da ta  o f  Tab le  1 

and F i g u r e  1 

F i g u r e  2 represents  t h e  emission and o p e r a t i n g  da ta  f rom t h e  t e s t  as 

a f u n c t i o n  o f  f e rmen ta t i on  t ime. 

i n c l u d e  t h e  measured a l c o h o l  l o s s  found i n  t h i s  t e s t .  

The r a t e  o f  a l coho l  emissions can be 

seen i n  F igu re  26. 

B. FACTORS AFFECTING TEST RESULTS 

The measured emission o f  1.87 pounds pe r  hour i s  cons idered t o  be 

a minimum va lue  f o r  t he  f o l l o w i n g  reasons. 

1. T e s t  Timing w i t h  Respect t o  Fermentat ion P e r i o d  

The t e s t  was conducted w i t h i n  t h r e e  days o f  t h e  s t a r t  o f  

f e rmen ta t i on  pe r iod ,  a p e r i o d  t h a t  no rma l l y  takes two 

weeks t o  complete f o r  w h i t e  wine. According t o  p rev ious  

s t u d i e s  and as d iscussed i n  S e c t i o n  I V ,  t h e  g r e a t e s t  

a l coho l  l o s s  should occur  e i t h e r  d u r i n g  t h e  m idd le  (when 

t h e r e  i s  supposed t o  be t h e  g r e a t e s t  fe rmenta t ion  a c t i v i t y )  

o r  near t h e  end o f  f e r m e n t a t i o n  (when t h e r e  i s  t h e  g r e a t e s t  

c o n c e n t r a t i o n  of a l c o h o l  i n  t h e  w ine ) .  I n  any event,  i t  would 

appear t h e  t e s t  d i d  n o t  occur  d u r i n g  a p e r i o d  o f  maximum 

ethano l  emissions. 

3 
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2. I n i t i a l  Pressure S t a b i l i z i n g  P e r i o d  

A second f a c t o r  

i s  t h a t  measurements made d u r i n g  an i n i t i a l  s t a b i l i z i n g  p e r i o d  

were i n c l u d e d  i n  t h e  o v e r a l l  t e s t  average, even though these 

emissions were s i g n i f i c a n t l y  lower .  T h i s  s t a b i l i z i n g  p e r i o d  

i n c l u d e d  a t  l e a s t  t h e  f i r s t  2-1/2 and p o s s i b l y  t h e  f i r s t  12 hours 

of t e s t i n g .  

t h e  tank  t o  e q u i l i b r a t e  f o l l o w i n g  i n s t a l l a t i o n  o f  t h e  t u r b i n e  

meter, used t o  measure gas f low, on t h e  vent  p o r t  f l ange .  The 

' t u r b i n e  meter and adaptor  e f f e c t i v e l y  reduced t h e  e x i t  d iameter  

f o r  t h e  escaping fe rmen ta t i on  gases f rom 26 inches  t o  6 inches .  

T h i s  r e d u c t i o n  caused t h e  tank  t o  p r e s s u r i z e  u n t i l  t h e  r a t e  t h a t  

t h e  gas e m i t t e d  from t h e  t a n k  equaled t h e  r a t e  a t  which i t  was 

be ing  evo lved f rom t h e  l i q u i d . .  There fore ,  as shown i n  F i g u r e  ZA, 

i t  took  a t  l e a s t  2-1/2 hours be fore  t h e  f l o w  r a t e  f o r  t h e  6- inch  

e x i t  equaled t h a t  f o r  t h e  o r i g i n a l .  26- inch  e x i t .  

t end ing  t o  min imize  t h e  average measured emissions 

I t  i s  t h e  t ime  r e q u i r e d  f o r  t h e  pressure  w i t h i n  

Also,  a t  t h i s  t ime  w h i l e  t h e  f l o w  r a t e  o u t  o f  t h e  tank  was low, 

t h e  a l coho l  concen t ra t i on  i n  t h e  vented vapors was h igh .  As t h e  

f l o w  r a t e  o u t  o f  t h e  tank  i nc reased  d u r i n g  t h e  s t a b i l i z i n g  

pe r iod ,  t h e  a l coho l  c o n c e n t r a t i o n  o f  t h e  vented vapors decreased. 

3. White Wine Versus Red Wine 

Another f a c t o r  work ing  toward m i n i m i z i n g  emissions i s  t h a t  t h e  t e s t  

was made d u r i n g  p roduc t i on  o f  a w h i t e  wine, which i s  

fermented a t  a lower  temperature t o  enhance i t s  f l a v o r .  T h i s  

7 



lowered temperature a l s o  lowers t h e  fe rmen ta t i on  a c t i v i t y  t hus  

reduc ing  a l c o h o l  l o s s .  T h i s  r e l a t i o n s h i p  can be seen i n  F i g u r e  1. 

Th is ,  o f  course, a l s o  r e s u l t s  i n  a l o n g e r  fe rmen ta t i on  t ime  (about  

two weeks f o r  w h i t e  wines as opposed t o  about one week f o r  r e d  

w ines) .  

cap. 

o t h e r  s o l i d s  needed t o  c o l o r  w ine  red. 

may a l s o  enhance a l c o h o l  en t ra inment .  

I n  a d d i t i o n ,  a w h i t e  w ine  i s  fermented w i t h o u t  a pomace 

The pomace cap g e n e r a l l y  c o n s i s t s  o f  t h e  grape s k i n s  and 

The pomace cap, c o i n c i d e n t a l l y ,  

4. P o s s i b i l i t y  o f  a Leak Dur ing  t h e  T e s t  

A p o t e n t i a l  cause o f  reduced emiss ions  c o n c e n t r a t i o n  was a " l eak "  

t h a t  "seemed" t o  have appeared i n  t h e  grab  sample l i n e .  We say 

"seemed" because t h e  a n a l y t i c a l  r e s u l t s  r e c e i v e d  from t h e  A i r  and 

I n d u s t r i a l  Hea l th  Labora to ry  (AIHL) i n d i c a t e d  an emission e f f l u e n t  

o f  15.55 oxygen and 21.5% carbon d i o x i d e ,  wh ich  i s  no t  expected from 

a process t h a t  i s  e s s e n t i a l l y  a carbon d i o x i d e  genera to r .  

t h e  oxygen was from t h e  atmosphere, c a l c u l a t i o n s  were made adding i n  

a we igh ted  va lue  f o r  t h e  o t h e r  atmospher ic gases. The r e s u l t  tended 

t o  suppor t  t h e  thought  t h a t  t h e r e  may have been a l eak .  

h i g h  concen t ra t i ons  o f  carbon d i o x i d e  can permeate th rough Scotch- 

pak bags used t o  o b t a i n  t h e  g rab  samples. 

repo r ted  c o n c e n t r a t i o n  o f  C02 may be low. 

. .  

Assuming 

However, 

I n  e i t h e r  case, t h e  

As a c o n t r o l  check a mathematical  a n a l y s i s  o f  t h e  hydrocarbon 

a n a l y z i n g  system da ta  was undertaken and compared wi th known r e s u l t s ,  

such as t h e  change i n  a l coho l  c o n t e n t  w i t h i n  t h e  tank, and h i s t o r i c a l  

i n fo rma t ion  f rom o t h e r  s t u d i e s  (see Appendix 111, Table I ,  and F i g u r e  1 ) .  
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The r e s u l t s  seemed t o  assure t h e r e  were no l eaks  i n  t h e  hydrocarbon 

ana lyz ing  system. 

5. Comoarison w i t h  A P I  Es t imates  

The r e s u l t s  o f  t h e  ARB t e s t  were compared w i t h  emission es t ima tes  

based on American Petroleum I n s t i t u t e  (API) equat ions  (see 

Appendix 11). 

Petrochemical  Evapora t ion  Loss f rom Storage Tanks,and r e l a t e  

emissions w i t h  t h e  p h y s i c a l  p r o p e r t i e s  and o p e r a t i n g  c o n d i t i o n s  

o f  t h e  tank. 

a p p l i c a b i l i t y  o f  t h e  A P I  equat ions  t o  emissions f rom fe rmen ta t i on  

tanks. 

50 pounds p e r  day whereas t h e  ARB measured emission r a t e  was 45 pounds 

p e r  day. 

These equat ions  a r e  l i s t e d  i n  A P I  B u l l e t i n  2523, 

Th is  comparison was undertaken t o  determine t h e  

The A P I  b r e a t h i n g  l o s s  equa t ion  g i ves  an es t ima te  o f  

9 



111. SUGGESTED AREAS FOR FURTHER STUDY 

A .  TESTING A RED WINE 

The r e s u l t s  o f  t h e  ARE t e s t  f a l l  i n  t h e  l ow  temoerature area 

i n  Table 1 and F i g u r e  1. While t h e r e  i s  a p r e v i o u s  s tudy  t h a t  

tends t o  agree w i t h  t h e  ARE t e s t  r e s u l t s  a t  t h e  l o w  end of 

t h e  curve ,  t h e r e  a r e  no ARE da ta  t o  r e i n f o r c e  t h e  v a l i d i t y  

o f  t h e  upper o r  h i g h e r  temperature end o f  t h e  curve. T h i s  

i s  t h e  end o f  t h e  curve  assoc ia ted  w i t h  r e d  wines which have 

h i g h e r  fe rmen ta t i on  temperatures, and a m a j o r i t y  o f  t h e  e a r l i e r  s tud ies  

were w i t h  r e d  wines. Also,  except  f o r  t h e  ARB data,  a l l  t h e  i n f o r m a t i o n  

f o r  Tab le  1 dates f rom b e f o r e  1964, some even from 1938. There fore ,  

t o  v e r i f y  these e a r l i e r  data, a t e s t  o f  r e d  wine p r o d u c t i o n  would e i t h e r  

c o r r e c t  o r  r e i n f o r c e  t h e  i n f o r m a t i o n  con ta ined  i n  p rev ious  s tud ies .  

Such a t e s t  shou ld  encompass t h e  e n t i r e  f e r m e n t a t i o n  p e r i o d  o f  a r e d  

wine (about  1 week) 50 t h a t  t h e  r a t e  of carbon d i o x i d e  and a l coho l  emissions 

can a l s o  be cha rac te r i zed .  

8. TESTING OF DIFFERENT WINE BASES 

I f  f u r t h e r  t e s t i n y  on a r e d  wine con f i rms  o rev ious  t e s t s ,  emphasis 

shou ld  then be o laced on t e s t i n g  w h i t e  w ines .  

consumption o f  w h i t e  wines has inc reased t o  t h e  e x t e n t  t h a t  w h i t e  

v a r i e t a l  wine grapes a r e  considered scarce. Emissions from wines 

produced by t h e  fe rmen ta t i on  o f  pears and app les  shou ld  a l s o  be 

checked because these f r u i t s  a r e  r e o l a c i n g  grapes as t h e  bases of 

some wines and may have a d i f f e r e n t  sugar c o n t e n t  o r  r a t e  o f  

fe rmenta t ion  t h a t  can a f f e c t  e thano l  emissions. (The und isputed  

s i n g l e ,  l a r g e s t  s e l l i n g  w ine  made i n  C a l i f o r n i a ,  G a l l o ' s  Thunderbird,  

i s  a pear base wine.)  

I n  r e c e n t  years,  t h e  

10 



C .  TESTING OF A SMALLER TANK-  

A t e s t  of a tank  i n  t h e  l r ) , O O O  g a l l o n  range would be u s e f u l .  

m a j o r i t y  o f  commercial producers i n  t h e  s t a t e  a r e  much s m a l l e r  than 

G a l l o ,  and t h e i r  tanks tend  t o  measure i n  t h e  tens-of- thousands and 

thousands-o f -ga l lons  range as compared t o  t h e  l a r g e  tank  t e s t e d .  

However, i t  should be p o i n t e d  o u t  t h a t  some o f  t h e  data f o r  F i g u r e  

1 came from l a b o r a t o r y  work and o f  n e c e s s i t y  r e q u i r e d  t h e  use o f  

small  f e rmen ta t i on  tanks, and l i t t l e  d e v i a t i o n  f rom t h e  f i e l d  was 

found. 

The 

D. TESTING LATER I N  THE FERMENTATION PERIOD . ,  

Because t h e  tank  t e s t e d  seems t o  have been t e s t e d  d u r i n o  a p e r i o d  o f  

low a l coho l  emissions, a t e s t  d u r i n g  t h e  midd le  and t h e  end o r ,  even 

b e t t e r ,  t he  e n t i r e  fe rmen ta t i on  p e r i o d  m igh t  be warranted f o r  a 

t r u e r  , p r e d i c t i o n  o f  t h e  t a n k ' s  emiss ion  p a t t e r n .  



IV. WINE MAKING 

A .  ALCOHOLIC CONTENT 

The concentration 

OF WINE 

of alcohol i n  wine i s  based upon the sugar content of 

the grapes, extent of fermentation, and losses  o r  additions of alcohol 

d u r i n g  fermentation, treatment, and storage.  

Sugar content derives from the grapes and t h e  pomace cap. 

contain 15-25 percent sugar,  and the soluble  sol ids  i n  the pomace 

cap may contain 90 percent suqar. One percent sugar y ie lds  0.55 

percent alcohol by volume. I n  general ,  the  theoret ical  chemical 

reaction for  converting sugar t o  alcohol i s :  

The grapes 

C5H,206 + 2 C2H50H + 2 C02 

(sugar) (ethanol) 

According t o  t h e  above equation, sugar should yield 51.1 percent 

alcohol by w e i g h t ,  b u t  i n  r e a l i t y  sugar y ie lds  about 47 percent 

retained alcohol by weight. The rest of the sugar goes in to  l o s t  

alcohol, o r  other  products such as g lycer in ,  hydrogen s u l f i d e ,  and 

methyl and ethyl mercaptans (see tab les  2 and 3 from the book 

Table Wines.) 

According t o  Table Wines, the concentration o f  retained alcohol 

and the nature and concentration of by-products depends upon 

temperature as well as yeast  a c t i v i t y  and s t r a i n ,  a c i d i t y ,  and 

other fac tors .  Lower fermentation temperature y ie lds  a higher 

concentration of alcohol as well as  producing a greater  f r u i t i n e s s  

and freshness o f  f lavor .  
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Table 3 

Formation of Hydrogen Sulfide and 
Mercaptans During Wine Fermentation and Aging 

(Results i n  mng per l i t e r )  

Days 

0 

2 

6 

9 

13 

31 

43 

62 

93a 

180 

270 

Hydrogen 
Sulfide 

3 

41 

126 

480 

398 

300 

260 

210 

73 

21 

30 

!.lerca?tans 

0 

10 

7 

27 

86 

72 

120 

2 30 

120 

150 

162 

aDate o f  f i r s t  separation of sediment and wine. 
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B. FERMENTATION 

Fermentat ion i s  t h e  process t h a t  makes wine f rom t h e  j u i c e s  o f  

f r u i t s  such as grapes, apples, and pears.  

( w i t h o u t  f r e e  oxygen) breakdown o f  o r g a n i c  compounds by t h e  a c t i o n  

o f  microorganisms o r  t h e i r  e x t r a c t s ,  t o  p roduc ts  s i m p l e r  than t h e  

s t a r t i n g  s u b s t r a t e .  Wi th  &?ne,  t h i s  breakdown i s  caused by yeas:.. 

The yeas t  provide. compl ica ted  enzymes t h a t  c r e a t e  a l c o h o l ,  carbon 

d i o x i d e  gas, g l y c e r i n  and o t h e r  p roduc ts  f rom t h e  sugar i n  t h e  j u i c e .  

The y e a s t  a c t s  b i o l o g i c a l l y  as a c a t a l y s t ,  and t h e o r e t i c a l l y  t h e  process 

c o u l d  be done chemica l l y ,  w i t h o u t  yeast, b u t  wnuld ? robab ly  be l e s s  

e f f i c i e n t  and would r e q u i r e  more d r a s t i c  c o n d i t i o n s  f o r  complet ion.  

Fermentat ion i s  t h e  a n a x o b i c  

For c e n t u r i e s ,  grape j u i c e  has been fermented i n t o  wine, b u t  i t  was 

n o t  u n t i l  t h e  n i n t e e n t h  c e n t u r y  t h a t  t h e  fe rmen ta t i on  process was 

understood and exp la ined  by Louis  Pasteur.  Before  then, t he  y e a s t  

t h a t  grows n a t u r a l l y  on t h e  s k i n  o f  t h e  f r u i t  g e n e r a l l y  caused t h e  

fe rmen ta t i on  process. Any yeas t ,  i n c l u d i n g  bread yeas t ,  can 

be used t o  fe rment  t h e  j u i c e  i n t o  wine; 

w i l l  cause v a r y i n g  t a s t e s  i n  t h e  wine, so most w i n e r i e s  p r e f e r  

us ing  t h e i r  own l a b o r a t o r y  grown yeas ts .  

those o c c u r r i n g  on t h e  f r u i t  o r  those t h a t  a r e  a i r - b o r n e ,  a r e  

cons idered contaminants.  Thus, any m a t e r i a l ,  such as t h e  j u i c e ,  

an t i - f oam agents, o r  a i r ,  i s  s t e r i l i z e d  b e f o r e  e n t e r i n g  t h e  f e r -  

mentor, as i s  t h e  fe rmen ta t i on  tank  i t s e l f .  (Because o f  t h e  h i g h  

volume o f  C02 e x i t i n g  t h e  l a r p e  t e s t  tank,  t h e r e  i s  l i t t l e  chance 

o f  contaminated a i r  e n t e r i n g  a f e rmen ta t i on  tank . )  

however, v a r y i n g  yeas ts  

Other yeas ts ,  such as 

15 
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According t o  Tab le  Wines and t h e  Encyclonedia o f  Chemical Technology, 

SO2 gas i s  o f t e n  used a t  a r a t e  o f  50-200 mg/l o f  s to rage  as t h e  

s t e r i l i z i n g  agent t o  p reven t  growth and c o m p e t i t i o n  o f  undes i rab le  

organisms i n  t h e  fe rmen ta t i on  tank .  Most o f  t h e  SO2 i s  combined w i t h  

o t h e r  m a t e r i a l s  o r  vented w i t h  t h e  escaping a i r  f rom t h e  fe rmen ta t i on  

tanks as t h e  tank  i s  f i l l e d  w i t h  j u i c e .  

There a r e  a number o f  ways t o  o b t a i n  SO2 gas. 

most common i n  r e c e n t  yea rs  i s  t o  use l i q u i f i e d  502, a l t hough  s a l t s  

t h a t  produce e i t h e r  SO2 o r  aqueous s o l u t i o n s  o f  SO2 may a l s o  be used. 

The problem w i t h  SO2 i s  t h a t  n o t  o n l y  i s  i t  an a i r  p o l l u t a n t  i t s e l f ,  

b u t  i f  i n  i t s  f o rma t ion  t h e r e  i s  any f r e e  s u l f u r  c r e a t e d  ( o r  f r e e  

s u l f u r  i n  t h e  j u i c e ) ,  then hydrogen s u l f i d e  and mercaptans (wh ich  a r e  

a l s o  a i r  p o l l u t a n t s )  can be formed. 

o f  hydrogen s u l f i d e  and mercaptans, was adapted from Tab le  Wines 

and i s  t h e  work o f  C a n t a r e l l i  who f o l l o w e d  t h e  fo rma t ion  o f  hydrogen 

s u l f i d e  and mercaptans d u r i n g  fe rmen ta t i on  and aging. 

i n d i c a t e s ,  t h e  p r o d u c t i o n  07 t t lerx6pti i - i j  i i~ t  :!;;if<c?.nt!y 

i nc rease  u n t i l  a f t e r  t h e  fe rmen ta t i on  p e r i o d  (about 1 week l o n g )  and 

a t  t h a t  t i m e  t h e  wine i s  s t o r e d  i n  a c l o s e d  c o n t a i n e r  where t h e  

mercaptans a r e  n o t  an a i r  p o l l u t i o n  problem. 

Besides s t e r i l i z i n g ,  SO2 a l s o  inc reases  t h e  e x t r a c t i o n  o f  c o l o r  and 

s o l u b l e  m a t e r i a l  f rom t h e  sk ins .  

Probably t h e  b e s t  and 

Tab le  3, which shows emissions 

As Tab le  3 

The fe rmen ta t i on  process has a f a i r l y  narrow optimum temperature 

range. However, t h e  process a l s o  generates a s i g n i f i c a n t  amount o f  

hea t  so t h e  fe rmen t ing  j u i c e  needs t o  be c o n t i n u o u s l y  cooled. 

O f  t h i s  optimum temperature range, f e r m e n t a t i o n  t i m e  and temperature 

Because 
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a t  d i f f e r e n t  w i n e r i e s  should be s i m i l a r .  about 1 week a t  around 700 

80°F f o r  reds and about 2 weeks a t  about 55OF f o r  wh i tes .  Also, 

f e rmen ta t i on  tanks  a r e  o n l y  70 pe rcen t  t o  90 pe rcen t  f u l l  d u r i n g  

fe rmen ta t i on .  

used f o r  s to rage  as i s  o f t e n  t h e  case w i t h  G a l l o ' s  t a n k s . )  

(They a r e  f i l l e d  a f t e r  f e rmen ta t i on  i f  they  a r e  a l s o  

C. ALCOHOL LOSSES 

A number o f  s t u d i e s  have been made o f  a l coho l  l o s s  because o f  

en t ra inment  w i t h  escaping carbon d i o x i d e  (C02) d u r i n g  fe rmen ta t i on .  

The losses  r e p o r t e d  e i t h e r  by c a l c u l a t i o n  o r  by a c t u a l  measurement 

range from l e s s  than 0.1 pe rcen t  t o  ove r  10 percent .  Some o f  t h e  

m r e  r e l i a b l e  measurement s t u d i e s  have been l i s t e d  i n  Table 1 and 

p l o t t e d  i n  F igu re  1 -- a long  w i t h  t h e  ARB t e s t  a t  G a l l o .  The 

amount o f  a l coho l  l o s t  d u r i n g  fe rmen ta t i on  i s  a p p a r e n t l y  economica l l y  

un impor tan t  t o  n o s t  wine makers. 

From F i g u r e  1 i t  can be seen t h a t  t h e  amount o f  a l coho l  e n t r a i n e d  

wi th  t h e  carbon d i o x i d e  i s  l a r g e l y  p r o p o r t i o n a l  t o  t h e  temperature 

o f  t h e  fe rmen ta t i on  tank .  As an example, losses  a t  95OF a r e  about 

double those a t  80OF. However, Zimerman, Rossi, and N i c k  have d e t e r -  

mined t h a t  a l coho l  en t ra inment  a l s o  inc reases  w i t h  t h e  a l coho l  

c o n c e n t r a t i o n  w i t h i n  t h e  wine, a g i t a t i o n  o f  t h e  fe rmen t ing  l i q u i d ,  

. t h e  presence o f  a pomace cap, and t h e  r a t e  a t  which carbon d i o x i d e  

i s  produced. A lso ,  Z ipmernm,  ?oss i ,  c?d Nick  S c l i c v c  t h e  maximum 

a l c o h o l  l o s s  occurs h r i n a  t h c  m i d d l e  o f  f e rmen ta t i on  because they  

b e l i e v e  t h e r e  i s  a maximum o f  a c t l v i t v  a t  t h a t  t ime.  



V.  METEOROLOGICAL CONDITIONS I N  THE FRESNO A R E A  

The climate and meteorological conditions of the San Joaquin Valley - -  

including Fresno County -- are  favorable f o r  the accumulation of 

a i r  pol lutants  and the production of oxidants. 

a i r  pollutants a re  emitted by la rge  indus t r ies ,  for  the area i s  

dominated by agricul tural  and l i g h t  industr ia l  operations.  

industry,  agr icu l ture ,  and transportation do contr ibute  pol lutants ,  

and some of these sources a re  increasing i n  number, or have 

increased rapidly i n  recent years ,  especial ly  i n  Fresno County. 

One such growing industry i s  the wine i n d u s t r y .  

A t  the present,  few 

B u t  l i g h t  

As determined by County estimates and ARB Air Qual i ty  Maintenance 

Planning estimates,  v o l a t i l e  organic emissions from wineries i n  the  

form of ethanol a re  s i g n i f i c a n t ,  especial ly  i n  terms of tons per 

day (see Tables 4 a n d  5 ) .  

major source of ethanol (a highly react ive organic compound) a n d  

fermentation along 

covers only about 16 weeks during l a t e  summer and f a l l .  

l a t e  summer and ear ly  f a l l  a re  favorable for  smoggy weather in Fresno 

County because of the grea t  abundance of sunny days and warm temperatures. 

Fermentation i s  considered t o  he the 

d i t h  the grape harvest and crush and d i s t i l l a t i o n ,  

By coincidence, 

According t o  ARB meteorological data ,  the summertime wind d i rec t ion  

i n  Fresno County i s  typ ica l ly  from the west-northwest, so Gallo 's  

Fresno winery tends to  be downwind of the c i t y  of Fresno. 

there a re  numerous wineries up a n d  down the San Joaquin Valley, 

making i t  one o f  the l a r g e s t  wine producing areas  in the s t a t e .  

Many of these wineries a r e  u p w i n d  o f  Fresno County. 

However, 

Because 



Table 4 

Estimated Hydrocarbon Emissions 
for Fresno County 

1976 

County AQMP Study Area 
Tons/Yr Tons/Day Tons/Yr Tons/ Day Area Sources 

1. Pesticides 
2. Chemical 
3. Surface Coating 
4. Road Construction 
5. Wood Processing 
6. Incinerators 
7. Other Waste Burning 
8. Petroleum Marketing 
9. Aircraft 
10. Railroads 
1 1 .  Roofing 
12. Architectural Coatings 
13. Dry Cleaning 
14. Oegreasinq 
15. Wineries 
16. Industrial Fuel Combustion 
17. Commercial Fuel Combustion 
18. Domestic Fuel Combustion 

Subtotal 

1821 
29 
634 
127 
5 

e1 
40 
81 3 
53 
37 
42 

1606 
639 
112 
91 8 
10 
10 
19 m 

4.99 
.08 

1.74 . . .  

.35 

.Ol 
<. 01 

. l l  
2.23 
.15 
.10 
.65 

4.40 
1.74 
.31* 

18.36 
.03 
.03 
.05 

x - 3 -  

456 
29 
634 
127 

5 
< 1  
40 
609 
53 
18 
32 

1205 
445 
84 * 
459 

7 
7 
15 m 

1.25 
.08 

1.74 
.35 
.Ol 

< .01 
. l l  

1.67 
.15 
.05 
.49 

3.30 
1.22 

.23 
9.18 
.02 
.02 
.04 

19-37- 

* Emissions occur nafil;. d u - i i g  ' a t ?  v-vr and early fall when fermentin? 
occurs. 
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i t  i s  possible for  p o l l u t i o n  from the San Francisco Bay Area t o  

impact Fresno, i t  i s  a l so  reasonable t o  believe t h a t  ethanal 

emissions from these wineries could a l s o  impact on Fresno. I n  

addi t ion,  i t  i s  jus t  as l i k e l y  t h a t  Gallo a n d  nearby wineries 

may a f f e c t  the a i r  qua l i ty  i n  Tulare and Kern Counties as  well 

as  some valleys and lower elevat ions of the S ier ras .  

21 



V I .  HEALTH EEFECTS OF ETHANOL - 

The minimum i d e n t i f i a b l e  odor  l i m i t  f o r  e thano l  (CH3Ctl#) 

i s  350 ppm. The vapor t h r e s h o l d  l i m i t  -- t h a t  l i m i t  where 8 hours 

of i n h a l a t i o n  may r e s u l t  i n  undes i rab le  e f f e c t s  -- i s  1,000 ppm. 

Exposures o f  5,000 t o  10,000 ppm may r e s u l t  i n  eye i r r i t a t i o n  and 

i r r i t a t i o n  o f  mucous membranes o f  t h e  upper r e s p i r a t o r y  t r a c t ,  

I f  exposures o f  l e v e l s  o f  5,000 t o  10,000 ppm a r e  con t inued  f o r  

an hour o r  l onger ,  drowsiness o r  s tupo r  may r e s u l t  (see Tab le  6). 

Concent ra t ions  6f t h i s  o r d e r  have an i n t e n s e l y  d i saq reeab le  

odor, b u t  most people can become a c c l i m a t i z e d  t o  exposure i n  a s h o r t  

t ime.  

I n t o x i c a t i o n  due t o  i n h a l a t i o n  i s  r a r e ,  and t h e r e  i s  no evidence 

t h a t  i n h a l a t i o n  w i l l  cause c i r r h o s i s  o f  t h e  l i v e r .  Also,  e thano l  

i s  no t  a cumu la t i ve  poison; i t  comple te ly  o x i d i z e s  i n  t h e  body 

t o  form carbon d i o x i d e  and water .  

The ARB has l i s t e d  ethanol  as a Ciass 3 ,  h i g n i y  r e a c t i v e ,  ui.pfi;C 

compound (see Tab le  7 ) .  React ive  o rgan ics  a r e  those t h a t  have been 

determined t o  r e a c t  photochemica l l y  w i t h  n i t r o g e n  ox ides  t o  produce 

ox idan ts .  Oxidants can cause haze, eye i r r i t a t i o n ,  harmful  human 

h e a l t h  e f f e c t s ,  and, i m p o r t a n t l y  t o  a g r i c u l t u r a l  areas, p l a n t  damage. 

22 
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TABLE 6 

Ethyl Alcohol Vapor Concentration and I t s  Effects in Humans 

Concentration 

mg/l of a i r  ppm/vol. i n  a i r  Effects in Humans 

10 - 20 5,300 - 10,640 some t rans ien t  coughing and 
smarting of the eyes and nose, 
which disappear a f t e r  5-10 
m i n ;  not comfortable b u t  
to1 erable  

30 

40 

15,960 continuous lacrymation and 
marked coughing; could be 
tolerated b u t  w i t h  discomfort 

21,280 just  to le rab le  for  short  
periods 

> 40 > 21,280 intolerable  and suffocating 
for  even short  periods 

Source: E-lopedia of Chemical Technoloov (1972) 

The above concentrations a r e  unlikely t o  occur outside of f a c i l i t i e s  

dealing w i t h  ethanol and therefore  a re  mainly an indus t r ia l  safety 

problem 
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TABLE 7 

A I R  RESOURCES BOARD 

R e a c t i v i t y  C l a s s i f i c a t i o n  o f  Organic Compounds 

Class I 
* (Low R e a c t i v i t y )  

C1 - C2 Pa ra f i ns  

Acety lene 

Benzene 

Benzaldehyde 
Acetone 

Met hano 1 
T e r t - a l k y l  a l c o h o l s  

Phenyl ace ta te  

Methyl  benzoate 

E t h y l  Amines 

Dimethyl  Formamide 

Perhalogenated 
Hydrocarbons 

P a r t i a l l y  halogenated 
p a r a f f i n s  

r I I L , ' ~ I  I C  ";"',.,' I " \ _  

P h t h a l i c  Acids** 

Acetoni  tri 1 e* 
A c e t i c  Ac id  

A r o m t i c  Amines 

Hydroxyl  Amines 

Naphthalene* 

Chlorobenzenes* 

N i t r o  benzenes* 
Phenol * 

nLAL-1:- n h . r . 4 r i A m * *  

Class I1 
jModerate R e a c t i v i t y )  

Mono-tert-a1 k y l  -benzenes 

C y c l i c  Ketones 

A1 k y l  ace ta tes  

2 - N i t ropropane 
C3 t P a r a f f i n s  

C y c l o p a r a f f i n s  

n-a1 k y l  Ketones 

N-methyl p y r r o l  i d o n e  

N, N-dimethyl  acetamide 

A1 k y l  Phenols* 

Fcethyl ph tha la tes* *  

Class 111 
(High R e a c t i v i  t y l  

A l l  o t h e r  aromat ic  hydro- 
carbons 

A l l  O l e f i n i c  hydrocarbons 
( i n c l u d i n g  p a r t i a l l y  h a l o -  
qena ted) 
A1 i p h a t i c  aldehydes 

Branched a1 k y l  Ketones 

C e l l o s o l v e  ace ta te  

Unsaturated Ketones 

Pr imary & secondar C + 
a l coho ls  ( i n c l .  e t  x an  a ,  1 

Diacetone a l coho l  

Ethers 

Ce l l oso l ves  

G lyco ls *  

C, + A l k y l  ph tha la tes**  

Other Es ters**  

A lcohol  Amines** 

C 3  + Organic ac ids  + d i  ac id**  
C3 t d i  ac ids  anhydr ides** 

Formi n** 
(Hexa methyl  ene- te t ramine)  

Terpenic  hydrocarbon 

O l e f i n  oxides** 

L 
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I ,  

VIII .  CAN E M I S S I O N S  BE COMPUTED BA5EO ON GRAPES? 

For this  t e s t ,  no attempt was made t o  r e l a t e  emissions to  the var ie ty  o r  

condition of the grapes. 

wine i s  based upon a number of f a c t o r s  including the sugar content of the 

grapes. 

among them sunshine a n d  rain.  

alcohol content wil l  vary from year t o  year.  However, v a r i e t i e s  of grapes 

also have d i f fe ren t  sugar content,  so the qual i ty  of the f i n a l  product 

can be made consis tent  throughout the years by m i x i n g  appropriate v a r i e t i e s .  

T h u s ,  calculat ing emissions f o r  d i f f e r e n t  types of grapes may be extremely 

d i f f i c u l t .  So, ra ther  t h a n  "pounds of alcohol per ton of grapes", a b e t t e r  

expression seems to be "pounds of ethanol per hour" f o r  spec i f ic  

"percent o f  t o t a l  alcohol avai lable"  a s  used by the industry in general. 

O u r  reasons a r e  a s  follows. T h e  alcohol content of 

Sugar content in t u r n  i s  grea t ly  influenced by many fac tors ,  

T h u s ,  the sugar and, therefore ,  the 

tanks or 

However, t o  calculate  emissions r e l a t i v e  t o  weight o f  crushed 

grapes, the following infornlation may be used. Twelve t o  18 

pounds of grapes yield 4 to  6 bot t les  ( f i f t h s )  of wine. 

means about 35 tons of grapes y ie lds  5,500 gallons. 

For product qua l i ty  the m i n i m u m  alcohol content i s  

9 percent by volume; the maximum f o r  t a b l e  wines, by law, i s  

14 percent w i t h  a 1.5 percent deviation allowed. 

law, sugar cannot be added to  tab le  wines ( t h i s  increases 

alcohol content d u r i n g  fermentation),  so these numbers, i n  

That 

By s t a t e  
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g e n e r a l ,  a r e  p r o b a b l y  good t h r o u g h o u t  t h e  i n d u s t r y  i n  C a l i f o r n i a  

f o r  t a b l e  wines.  

has an a l c o h o l  c o n t e n t  o f  12 p e r c e n t  by volume, t h e n  about 660 

g a l l o n s  o f  t h e  w ine  i s  a l c o h o l .  

a t  8OoF, t h e n  t h e  a l c o h o l  l o s s  i s  p r o b a b l y  5.3 g a l l o n s  (665 

t o t a l  g a l l o n s  a v a i l a b l e  x 0.8 p e r c e n t  f rom F i g u r e  1 )  o r  34.5 

pounds (6.533 pound p e r  g a l l o n ,  f r o m  Appendix V, Tab le  3 ) .  

T h i s  means t h a t  t h e  f e r m e n t a t i o n  o f  35 t o n s  o f  grapes under  t h e  

aboue c o n d i t i o n s  c o u l d  e m i t  34.5 pounds o f  e t h a n o l  o r  abou t  1 

pound p e r  t o n  o f  grapes. 

Thus, as an example, i f  t h e  above 5,500 g a l l o n s  

If t h i s  w i n e  had been fermented 

The above example, however, can be compared w i t h  t h e  t e s t  o f  G a l l o  

by i n c r e a s i n g  t h e  g a l l o n a g e  i n  t h e  example 100 t i m e s .  

were done, then t h e  a l c o h o l  emiss ions based upon one pound p e r  t o n  

o f  graoes would be 3,500 pounds. 

em iss ion  r a t e  o f  abou t  2 pounds p e r  h o u r  f r o m  t h e  sou rce  t e s t  

aiid ii fe i i i lEGtCt iGn 

o n l y  abou t  720 pounds. 

t h e  same f o r  b o t h ,  t h e  d i f f e r e n c e  between 720 pounds and 3,500 

i s  s u b s t a n t i a l ,  and y e t  each emiss ion  i s  v a l i d  f o r  i t s  g i v e n  

c o n d i t i o n s .  The main reason f o r  t h i s  e m i s s i o n  d i f f e r e n c e  i s  

t h a t  t h e  emiss ions  f rom t h e  source t e s t  a r e  based on a 52OF 

f e r m e n t a t i o n  tempera tu re  and t h e  above example i s  based on an 

8OoF f e r m e n t a t i o n  tempera tu re .  

c o n d i t i o n s  a f f e c t i n g  t h e  source t e s t  s t a t e d  i n  S e c t i o n  I 1  B 

O f  t h i s  r e p o r t ,  b u t  now we have a v e r y  good i l l u s t r a t i o n  o f  

t h e  problem i n v o l v e d  u s i n g  t o n s  o f  grapes as t h e  b a s i s  f o r  em iss ions .  

I f  t h a t  

On t h e  o t h e r  hand, g i v e n  t h e  

c f  75 < ? y s ,  t h e  G;rl ln  t a n k  seems t o  e m i t  

W h i l e  t h e  grape tonnage shou ld  be abou t  

Other  reasons may i n c l u d e  

26 



BIBLIOGRAPHY 

Amerine, M.A. and M.A. Joslyn,  Table Wines; The Technology of Their Production; 
University of Cal i forn ia  Press, Los Anqeles and Berkeley. (1970). 

API 

Air 

Air 

Bul le t in  2523 on Petrochemical Evaporation Loss from Storage Tanks; 
American Petroleum I n s t i t u t e ,  ?lew York, N . Y .  (1969). 

Resources Board, Cal i forn ia  Pir q u a l i t v  Data, Yol. IY. (1977 Summar.y); 

Desources Board, 'React ivi tv  Classi ' f icat ion of Ornanic Comooundi', ARB 

.lir Resources 3oard, S a c r a r w t o ,  Cal i forn ia  (1973).  

Bulletin 7:3 4;  Air Resources Board, Sacramento, Cal i forn ia  p r c h  1976).  

Fresno County S, C i t y  Chamber o f  Commerce, Fresno Countv Air Pol lut ion Infor-  

Redemer., M . ,  "Nine and D i s t i l l e d  Production Emissions"; Air Resources Board, 

Standen, A . ,  ed . ,  Encyclopedia o f  Chemical Technoloay; John Wiley 8 Sons, 

Narkentin, H. and M.S. Nury, "Alcohol Losses d u r i n g  Fermentation of Grape 

-- mation; Fresno County & C i t y  Chamber of Commerce, Fresno, Cal i forn ia  (1966). 

Planning Division, Sacramento, Cal i forn ia  (1978). 

Inc., New York, New York (1972). 

Ju ice  i n  Closed Containers",  _. American Journal o f  Enology and 
Vi t i cu l tu re  14:68-74 (1963) 

ment i n  Carbon Dioxide Evolved d u r i n g  Fermentation";American ___ Journal 
o f  Enology and Viticulture 15:63-68 (1964). 

Zimmermann, H.kJ. E . A .  Rossi ,  J r . ,  and E .  Wick, "Alcohol Losses from Entrain- 



APPENDIX I 

T e s t  Tank Schematic 



600,000 GALLON STEEL FERMENTATION 

AND STORAGE TANK 
10" ROOF NOZZLE 

24" 0 ROOF MANHOLE 6 LID 

16" 0 GAGE BOX 

'L 20" X 25" BISHOPRIC 
SHELL MANHOLE 6 REINF. 

12" 0 DRAIN NOZZLE 

I- 51'-0" DlA. 

BUILT TO CONFORM TO A R  650. APPENDIX D. AND O W M R  

ELEVATION 
NOT TO SCALE 



APPENDIX I1  

A P I  Equat ions  and Es t ima tes  

I' 



L 

L 

L 

P 

D 

H 

T 

FP 
C 

L 

4 l c o h o l  Loss C a l c u l a t i o n s  

Sased on 4PI  B r e a t h i n g  Loss. Equat ions  i n  4PI  S i i i l p t i n  2523 

0.58 Dl .73 H0.51 T0.50 
1 F? 

- 24 P - -  
1000 (14.7 - P 

= 

= L x 42 x 0.13368 x 49.4 = L x 277.36 = l o s s  i n  l b .  p e r  y e a r  

= True vapor  p r e s s u r e  2.345 p s i a  

= Tank d iamete r  = 50 '  

= 

= 

= 

= smal l  t ank  f a c t o r  = 1.00 ( t a n k  d iamete r  g r e a t e r  t han  3 0 ' )  

B r e a t h i n g  l o s s  i n  b a r r e l s  p e r  y e a r  

Average ou tage ( h t .  o f  vapor  space)  i n c l u d i n g  r o o f  c o r r e c t i o n  = 4.72 '  

Avg. d a i l y  temo. d i f f e r e n c e s  OF = 80 - 60 = 2OoF 

P a i n t  f a c t o r  = 1.00 ( t a n k  w h i t e  & p a i n t  i n  v e r y  good c o n d i t i o n )  

= 13,4.50 l b l y r .  = 5Olh/ 9.68 1.73 '2.51 2o0.50 
- - 24 X 277.36 2.345 50 4.72 

1 0 m  '14.7-2.345) (measured l o s s  was 45 l b / d a v )  day 

Vote 1: V I  eaua t ions  a r e  f o r  s tandard  oxygen /n i t rogen  atmosphere and wine 
fe rmen to rs  have a C02 atmosphere. 

Vote 2: 18,450 l b l y r .  o f  emiss ions  i s  a convenience number f i t t e d  t o  t h e  A P I  
e q u a t i o n  and in no wa,y r e f l e c t s  a c t u a l  o r  es t ima ted  emiss ions  f rom 
a s i n g l e  fermentor .  



APPENDIX I11 

Check o f  Measured Data 



Check o f  ARB Data 

A. R e l a t i n g  P.RB mcasured C02 volume o u t  o f  tank t o  G a l l o ' s  measured change i n  
a l coho l  c o n t e n t  o f  tank.  

T o t a l  gas o u t  t u r b i n e s  ( f o r  24 h r . )  

1 )  

2 )  Assume C02 d e n s i t y  = 0.1236 l b / f t 3  @ t u r b i n e  

3 = 204,220 ft 

Assume 100% C02 measured by t u r b i n e  

0.1236 l b / f t 3  x 204,220 = 25,250 l b  o f  C02 produced d u r i n g  t e s t  C')2 

3 )  

A lcoho l  produced d u r i n g  24 h r .  test:  

Assume a l c o h o l  produced 9 1 mole (46 l b )  a l c o h o l / l  mole (44 l b )  C02 

46/44 x 25, 252 1L C27 = 26,303 l b  o f  a l coho l  

A lcoho l  % ( V )  produced d u r i n p  24 hr.  t e s t :  

= 0.7% ( v )  26,400 l b  o f  A lc  x 0.15 g a l / l b .  
569,000 g a l .  o f  j u i c e  i n  fermentor 

( T h i s  agrees somewhat w i t h  da ta  f rom G a l l o  which i n d i c a t e s  about a 1% ( v )  
change i n  a l coho l  -- See F i g u r e  2D. The d i f f e r e n c e  ma,y be exp la ined  by the  
o r i f i c e  r e d u c t i o n  trap!?inr, CO2 i n  t h e  tank  as seen by tank  p ressu re  bu i l d -u? . )  

5.  R e l a t i n g  ARB measured C02 volume o u t  o f  tank  w i t h  h i s t o r i c a l  a l coho l  l o s s  
i n f o r m a t i o n .  

4 )  Assume (wt .  A l c .  removed)/(wt.  CO removed) = ( p a r t i a l  press a l c .  x mole 
w t .  A l c ) / ( p a r t i a l  press.  CO x mofe w t  C02) f rom A lcoho l  Losses Dur ing  
Fermentat ion (Warkent in & !dry) i s  v a l i d .  

P a r t i a l  Pressures @ 20°C (Narken t in  R Flury) 

-- Alc.  % ( V )  A lcoho l  Water CO, ( ~ 7 6 0  - 2.345 - 17.55) 
L 

3.5* 2.345 17.55 740.105 

*Average a l c o h o l  con ten t  d u r i n g  24 hr.  t e s t .  



25,250 lb .  C02 from above = 11,453 kg 

569,000 gal .  ju ice  = 2,154,000 l i t e r s  
11y453 kq = 0.532 q/100 m l  co2 removed: 2,151,000 1 .  

0.532 x (2.345 x 46) /  (740.1') x 44) = 0.00175 a alcohol loss  (according t o  
Narkentin S Nury formula) 

O r  (0.00176 loo)  = 0.3% o f  t o t a l  ava i lab le  
46 (0.532) t.002 

T h i s  aopears i n  aqreement with h is tor ica l  information. ( s e e  Figure 1 )  

C .  Relatina A R B  measured alcohol loss t o  h i s t o r i c a l  alcohol loss information 

Measured alcohol loss  d u r i n g  24 hr. t e s t  = 2 lb/hr .  x 24 hr. = 48 l b .  

Alcohol made durina test  = 26,400 l b .  

During 24 hr. t e s t :  48 l b  alcohol l o s t  = 0.2% lost  relative to t h e  amount of 26,400 1 b made 
alcohol made. 

(This f igure i s  not "percent l o s t  of t o t a l  avai lable"  b u t  "oercent l o s t  O f  

alcohol nroduced" during the 24 hour t e s t . )  

' I  



APPENDIX I V  

Composition o f  a Grape Must 



COFPOSITION OF A GRAPE  MUST^ 

Content 

water 

Q carhohvdrates 

dex t rose  

l e v u l o s e  

pentoses 

k> 

arab inose 

rhamnose 

xy lose  

p e c t i n  

i n o s i t o l  

a l coho ls  and r e l a t e d  
comoounds 

c. 

e t h y l  

methyl 

h ighe r  

2, 3-butylene g l y c o l  

a c e t o i n  

g l y c e r o l  

s o r b i  t o 1  

d i a c e t y l  

b 

a1 dehyde 

organ ic  ac ids  

t a r t a r i c  

m a l i c  

Range % Content 

70-85 c i t r i c  

15-25 s u c c i n i c  

8-13 l a t i c  

7-12 a c e t i c  

0.08 - 0.20 fo rm ic  

0.05 - 0.15 p r o p i o n i c  

0.02 - 0.04 b u t y r i c  

.. ~~~~ . 

T q lucon ic  

0.01 - 0.10 q lucu ron ic  

g . ’ I 2  - 0.08 q l y c e r i c  

q l yoxy l  i c  

a -ke top l  u t a r i c  

T mesoxal i c  

0.0 mucic 

0.D p y r u v i c  

0.0 sacchar ic  

0.0 ami no 

!l panto then ic  

T q u i n i c  

0.0 

T 

0.3 - 1.5 

0 .2  - 1.n 

9.1 - 0.8 

?-coma r i c 

s h i k i m i c  

su l fu rous  

c a r  bo n i c 

Range, % 

0.01 - 0.05 

T 

0 

0.00 - 0.02 

- 
.. - 

I) 

!I 

? 

?b 

? 

? 

T 

? 

Tb 

T 

? b 

0.01 - 9.08 

T 

0 

T 

T 

0 

1 



CQntent 

-- nolyphenol and related 
compounds 

anthocyans 

chlorophyll 

xanthophyl 

carotene 

flavonol 

quercetin 

quercetrin 

rutin 

tannins 

catechin 

gal locatechin 

epicatechin gal 1 a t e  

o a l l i c  acid 

ellaclic acid 

ch iuruye i i i i  .<id 

isochlorogenic acid 

c s f f e i c  acid 

p-coumarylquinic acid 

n i  troqenous compounds 

t o t a l  

orotein 

ami no 

Range 4. 

T 

T 

? 

0.91 - 0.10 

T 

T 

T 

T 

T 

T 

T 

T 

T 

0.03 - 0.17 

0.001 - 0.01 

0.017 - 0.110 

Content 

hum? n 

ami de 

ammonia 

residual 

mineral compounds 

potassi um 

mapnesiun 

cal c i  un 

sodi u m  

iron 

a 1 mi num 

manganese 

conper 

boron 

rubidium 

ghosphate 
^.., C-&- ," I I Y bC 

s i l i c i c  acid 

chlor ide 

f luor ide  

iodide 

carbon dioxide 

oxyoen - 

Range, % 

0.001 - 0.002 

0.001 - 0.004 
0.901 - 9.012 

0.01 - 0.02 

0.3 - 0.5 

0.05 - 0.25 

3.91 - 0.025 

0.004 - 0.025 

T - 0.20 
T 01003 

T - 0.003 

T - 0.9051 

T - 0.0003 

T - 0.007 

T - o.onni 

9.02 . Q.05 

"Cn? - 0.935 

9.0002 - 0.005 

0.001 - 0.010 

T 

T 

T 

T 

a Source: M.A.  Amerine and ;4.A. Joslyn, Table !line, t h e  Technoloqv of Their Production, 
Univ.  California Press,  Berkeley, 1970. 

- 

bExcept more for  botrytised grapes. 



APPENDIX V 

Physical Properties o f  Ethyl Alcohol 



TABLE 1 

Phys ica l  P r o p e r t i e s  o f  E t h y l  A lcoho l  (21-29) 

PropeEty Value 

0 Freez ing  p o i n t ,  C 

normal b o i l i n g  p o i n t ,  C 
c r i t i c a l  temperature,  O C  

c r i t i c a l  pressure,  atm 

c r i t i c a l  volume, l / m o l e  

c r i t i c a l  c o m p r e s s i b i l i t y  f a c t o r ,  z, 

dens i t y ,  d4 
20 
d r e f r a c t i v e  index, n 

A n d a t ,  20 - 3OoC, pe r  OC 

su r face  tens ion ,  a t  25OC, dynlcm 

v i s c o s i t y , c  a t  ZO'C, CP 

s o l u b i l i t y  i n  water,  a t  2OoC 

hea t  o f  v a o o r i z a t i o n ,  a t  normal 

hea t  o f  combustion, a t  25OC, 

heat  o f  f us ion ,  c a l / a  

flammable l i m i t s  i n  a i r ,  

lower ,  % by v o l  . 
'Ippper, % by v o l  . 

0 

i n  PV = znRT 
b 29 

b o i l i n g  p o i n t ,  c a l / g  

c a l / g  

a u t o i g n i  t i o n  temperature,  OC 

f l a s h  p o i n t ,  open-cup, OF 

s p e c i f i c  heat ,  a t  2OoC, ca l / (g ) (OC)  

thermal c o n d u c t f v i t y ,  a t  2OoC, 

-114.1 

+78.32 

243.1 

63.0 

0.167 

0.248 

0.7893 

1 .36143 
0.000404 

23.1 
1 .17 

m i  s c i  b l  e 

200.6 

7092.9 

25.0 

4.3 

19.0 

793.0 

70.0 

0.579 

0.00170 

1.70 x l o - "  

See Tab le  4 

2 0  

d i p o l e  moment. l i q  a t  25OC, esu 

aSee Table 2 

J/!sc?c)!a ) (  r / c i )  

C 'See Tab le  3 



T A B L E  2 
Vaoor Pressure of  Ethyl Alcohol 

Temperature, OC Pressure,  mm Hq ' Temperature, OC Pressure, mm Hg 

0.0 1 2  90 1,187 
10 24 100 1.696 
20 44 110 2,356 
30 79 130 4,320 
40 134 150 7,326 
50 221 170 11,856 
60 351 190 18,178 
70 541.5 21 0 26,821 
78.3 760a 2 30 38,176 
80 81 2 240 45,504 

243.1 47,850 b 

a Normal boiling point 
NOTE: 

'Critical point 62.96 atm. 
For low range (10-1500 mn) the following Antoine equation can be used: 

logloP = 8.21337 - 1652.05/(231.48 +t) 

where P = pressure,  mm Hg; t = temperature, OC. 

TA.BLE 3 

Density of Ethyl Alcohol 
Temperature, OC Dens i t y  ~ a/ml Temperature, OC Densi ty  , g/ml 

-110 0.9027 -10 0.8147 
-1 00 0. a937 0 0.5063 
- 90 0.8846 +5 0.8021 
-80 0'.8757 10 0.7979 
- 70 0.6668 20' 0.7833 
-60 0.8580 25 0.7850 
- 50 0.8492 30 0.7808 
-40 0.8405 40 '  0.7720 
- 30 0.8313 50 0.7630 
-20 0.8233 60 0.7548 

NOTE: Density i s  comyted as  follows: 
d 4" = 0.80632 - 'l.00085365 t - 0.00000001 t2 ~ 0.000000C102 t3 

where average deviation = f 0.00014; t = temperature, OC. 



TABLE 4 

Viscos i ty  of Ethyl Alcohol 

Temperature, OC V i s c o s i t y , ,  CP  Temperature, OC Viscos i ty ,  CP 

0 1 .82 40 0.81 

10 1.40 50 0.68 

20 1.17 60 0.58 

25 1.06 70 0.50 

30 0.97 80 0.43 

Latent Heat of Vaporization. 
following equation: 

This constant  can  be ca lcu la ted  by us ing ' t he  

1, = 226.27059 - 0.23412409 t - 0.00119984 t2 

where 1, is  c a l / g , t  = OC, average dev ia t ion  i s  + - 0.24. 

Source Encyclopedia of Chemical Technoloqv (1 972) 




