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SUMMARY 

A 106,000 gallon ferment?tion tank f i l l e d  w i t h  90,000 gal lons of 

must t o  produce a white b l e n d i n s  wine w?s t e s t i d  f o r  159 hours 

d u r i n g  which ethanol emissions \.:?re conrinuously monitored. Carbon 

dioxide (C02), oxygen (a2 ) ,  t e n c i r a x r e ,  and exhaust gas volumes 

were a l s o  measured. 

Fermentation exhaust gas temperatures were a constant 53OF. 

The average ethanol concentration was 3,640 pa r t s  'per mil l ion ( p p m ) .  

Based on t h i s  concentration and a t o t a l  measured gas volume o f  

310,060 f t 3 ,  the  estimated mass o f  ethanol emitted t o  atmosphere 

was 137 lbs i n  159 hours. T h i s  corresponds t o  a nass emission 

r a t e  o f  approximately 0.86 lbs/hr .  or, when expressed i n  terms 

o f  gallons of  wine j u i c e  fermented, 1.52 lbs /1g3  gal .  

Other exhaust gas components and t h e i r  determined concentrations are:  

co2 99.6% 

HZS 1.1 ppm 

< . 2  ppm 

No oxygen was detected i n  t h e  exheust :asi 

11 



TABLE OF CONTENTS 

P a g e  

S UIWA RY 

I .  INTRODUCTION 

11. PROCESS DESCRIPTION 

111. THE EFFECTS OF TEMPERATURE ON FERMENTATIOi i  

I V .  TEST METHOOOLOGY & EQUIPMENT 

V .  D ISCUSSION OF RESULTS 

1 

2 

5 

8 

12 

APPENDIX I DATA SHEETS 

APPENDIX I 1  SUMMARY OF DATA & CALCULATIONS 

APPENDIX I I I  HYGROMETER & REFRACTOMETER BRIX DETERMINATION 

APPENDIX IV ETHANOL EMISSION FACTOR CALCULATED,, FROM AP-42 

\ 

L I S T  O F ' T A B L E S  

TABLE I EVALUATION TEST WITNESSES 1 

TABLE I1 FERMENTATION TANK EXHAUST GAS COMPONENTS 13 

I 

\ 
'> . >  

\ 

L I S T  OF FIGURES \ 

'\ 

' FIGURE 1 PROCESS SCHEMATIC 
\ 

FIGURE 2 YEAST GROWTH CURVES 

4 

- 7  

FIGURE 3 EFFECT OF 3 MUST VARIABLES ON THE FERMENTATION 7 
RATES OF DIFFERENT TEMPERATURES 

FIGURE 4 SOURCE TEST EQUIPMENT & SAMPLING S I T E S  ' 9  
FIGARE 5 VENT HATCH ADAPTOR & TURBINE METER 11 

\ 

\ 



L I S T  OF GRAPHS 

GRAPH 

GRAPH 

GRAPH 

I 

I 1  

111 

EXA.4UST GAS ETHAhOL CONCENTRATIObS 
RATES VERSUS T I M E  

& EM1 SS I Oi( 

EXHAUST GAS VOLUMETRIC FLOW RATE VERSUS T I M E  

AMBIENT & EXHAUST GAS TEMPERATURE VERSUS TIE;; 

1 5  

1 6  

17  



I .  I n t r o d u c t i o n  

PETER OUCHIDA PROJECT ENGINEER A I R  RESOURCES BOARD 
- D A V I D  CRAFT A I R  POLLUTION S P E C I A L I S T  A I R  RESOURCES BOARD 

- RONALD NIINO PLANT MANAGER- UNITED VINTNERS 

-_ ADRIENNE IWATA W I NEMAKE R UKITED VINT l E R S  

MAX DAY UI I ITEO VINTNERS 

JACK LABRUE I N  ST RUME NT T EC H:i I C I AV A I R  RESOURCES BOARD 
DON FITZEL I NSTRUblENT TECH3 I C  IAX A I R  RESOURCES BOARD 

A .  SUE PINKERTON ENVIRONMENTAL E X G I N E E R  FgESNO COUNTY APCD 

- KENE D A V I S  ENVIRONMENTAL E.!.IGINEER FRESNO COUNTY APCD 

!JON VARTABEDIAN ENVIRONMENTAL E X G I N E E R  F9ESNO COUNTY APCD 

The A i r  Resources Board s t a f f  conducted an e v a l u a t i o n  t e s t  on a wine 

fe rmen ta t i on  tank owned by Un i ted  V in tne rs ,  Inc and l o c a t e d  a t  i t s  

f a c i l i t y  on 2916 South Reed Avenue, P.O.  Box 709, Reedley, C a l i f o r n i a ,  

93654. The o b j e c t i v e  of t h e  t e s t  w a s .  t o  determine an ethanol  emission 

r a t e  f rom t h e  tank d u r i n g  one complete fermentat ion cyc le .  

The capac i t y  o f  t h e  s t a i n l e s s  s t e e l  f e rmen ta t i on  tank i s  106,000 

ga l l ons .  

pressed from approx imate ly  487 tons  o f  S t .  E r n i l l i o n  grapes. A d ry ,  

w h i t e  bending wine was t h e  in tended oroduct  from t h i s  fermentat ion.  

For t h e  t e s t ,  t h e  tank was f i l l e d  w i t h  90,000 g a l l o n s  o f  must 

ARB personnel were a s s i s t e d  a t  t h e  w ine ry  by: 

Manager; Adrienne Iwata,  Winemaker; and Max Day. A l i s t  o f  w i tnesses  

t o  t h e  e v a l u a t i o n  t e s t  i s  presented i n  Table I .  

Ronald S. N i i n o ,  P l a n t  

TA3LE ! 

EVALUATION TEST WITNESSES 

I NAME TITLE I I AFFILIATION 1 



11. Process Description 

United Vintners, Inc. operates  a winery s i tua t ed  off o f  s t a t e  route  

65, j u s t  north of Reedley, Ca l i fo rn i? .  

approximately 75,000 tons of grapes F?r crushir.g szason.  

Tnis f x ? l i t y  processes 

Harvested grapes a r e  shipped from the  vineyard t o  t h i s  winery via 

trucks and a r e  off loaded 

i n i t i a l  processing. The c rushe r / s tmaer  cons i s t s  cf a cy l indr ica l  

drum with s l o t s  

stem. 

500 r:p.m. o r  more. Attached t o  t h 2  3x;e a r e  Daddies t h a t  a r e  a l so  

r o t a t i n g ,  b u t  a t  a slower r a t e ;  

of  the paddles forcing the  be r r i e s  o f f  the  s t ep  and through the holes 

of the ro t a t ing  cyl inder  i s  vigorous enough t o  crush the be r r i e s .  

The crushed grape mass, ca l l ed  must, i s  caught i n  a s t a t iona ry  

cyl inder  t h a t  surrounds the  f i r s t  and i s  drained in to  a sump f o r  

s torage  before t r a n s f e r  t o  the lnext  o3era t ion .  

t o . an  average of 80 pounds per ton 

on the  grape var ie ty  involved, can rang? from LO t o  150 pounds per 

t o n .  

d i r e c t l y  in to  a c r u s h e r / s t e m e r  f o r  

or holes l a rge  enougn to pass t h e  berry b u t  not t h e  

The cyl inder  ro t a t e s  a b o u t  an 3xle a t  a speed of aoproximately 

appr3xirnately 25 r.p.m. The ac t ion  

The dry stems amount 

o f  grapes crushed a n d ,  depending 

Sul fur  dioxide gas i s  usually metered irito the  must as i t  i s  being 

t ransfered from the s torage sunp t o  t ? e  next orera:ion. 

dioxide serves th ree  funct ions:  i t  i i h ' b j  t s  t f e  g:-3v:ti of undesirab-e 

S u l f u r  
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microorganism, i t  denatures t h e  browning enzymes, and prevents  

o x i d a t i v e  r e a c t i o n s  f rom o c c u r r i n g  by keeping t h e  must 

reduc ing  environment. 

i n  a 

A f t e r  t h e  a d d i t i o n  o f  t h e  s u l f u r  d i o x i d e  gas, t h e  m u s t  i s  ready f o r  

process ing.  Th is  i nvo l ves  sepera t i ng  t h e  f l u i d  must, o r  j u i c e ,  f rom 

t h e  s o l i d s  c a l l e d  pomace. 

t h e  pomace. 

t h e  f r e e  run  and i s  Jsef  t o  make h i g h e r  q u a l i t y  wines. 

ob ta ined  f r o m  compressing t h e  pomace i s  c a l l e d  t h e  press run,and goes 

i n t o  making t h e  l o w e r - q u a l i t y  grade wines and b lend ing  wines. 

w h i t e  wine produc t ion ,  t h e  j u i c e  and pomace a r e  separated be fore  

fe rmen ta t i on  i n  c o n t r a s t  t o  r e d  wine produc t ion ,  where t h i s  s tep  

occurs d u r i n g  fe rmenta t ion .  

Seeds, sk in ,  and p a r t  o f  t h e  pu lp  comprise 

The j u i c e  t h z t  i s  d ivorced f rom t h e  pomace i s  c a l l e d  

The j u i c e  

For 

, 

Fermentat ion o f  t h e  j u i c e  f o r  w h i t e  wines and t h e  t o t a l  crushed grape 

mass f o r  r e d  wines f o l l o w s  t h e  p r e s s i n g  opera t ion .  

i n t o  a s t a i n l e s s  s t e e l  tank  and t h e  inoculum o f  w h i t e  yeas t  added. 

The must i s  temperature c o n t r o l l e d  d u r i n g  t h e  fe rmen ta t i on  process 

by c i r c u l a t i n g  i t  through a heat  exchanger t h a t  i s  connected t o  a 

mechanical r e f r i g e r a t i o n  system. 

The must i s  pumped 

A f t e r  severa l  days t h e  fe rmen ta t i on  i s  complete and t h e  r e s u l t i n g  wine 

i s  s to red .  F roms to rage  tanks,  t h e  wine i s  loaded i n t o  tanker  t rucks  

and t ranspor ted  t o  the  Un i ted  V in tne rs  f a c i l i t y  i n  Madera, C a l i f o r n i a  

f o r  b lend ing  and/or b o t t l i n g .  

3 
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111. The Effects  o f  Temperature on Fermentation 

Fermentation temperatures can s ign i f i can t ly  influence the  qual i ty  

of the wine and special  a t t en t ion  i s  given t o  i t s  control .  The 

recommended fermentation temperature f o r  the making of white tab le  

wines i s  in  the  range o f  50 to  60' F.  

of grape aroma a n d  t he  development of "hot fermentation" o f f  f lavors  

will  occur ( 1 ) .  

A t  warmer temoeratures, a loss  

A 1 inear  re la t ionship  e x i s t s  between fermentation r a t e  and temperature 

over the range of 5O'to 910 F. A t  temperatures above 70' F ,  the 

growth of yeas t  c e l l s  begins almost immediately and t h e i r  r a t e  of 

mu1 t ip1  ica t ion  i s  rap id ,  reaching steady s t a t e  a f t e r  approximately 

25 hours. 

i s  i l l u s t r a t e d  in  Figure 2 .  

the following equation approximates the e f f ec t s  of temperature on delay 

i n  s t a r t i n g  a fermefitation: 

A t  temperatures below 70' F the growth i s  delayed. T h i s  

Between the  temoeratures of 50 t o  80' F ,  

_ -  ' -  k T  
H 

where H= time 

T= temperature 

K= constant 

The constant ,  k ,  will  vary fo r  each must, yeas t  type and,. in  general ,  

other conditions t h a t  a f f e c t  yeast  mul t ip l ica t ion .  ( 2 )  

5 



With white musts, the maximum yeas t  c e l l  count apoears t o  be reached 

when the  degree Brix d r o p s  t o  between 10' a n d  3' ( a b o u t  6 t o  9 percent 

alcohol by volume produced). D u r i n S  :he i n i t i a l  c e l l  mult ipl icat ion 

period, the yeas t  population increzses  exponent ia l ly ,  b u t  a f t e r  

fermentation s t a r t s ,  t h e  mul t ip l ica t ion  r a t e  i s  slower, a n d  e i t h e r  

gradually stops, o r  reaches an equilibrium with dying c e l l s .  

of c e l l  growth and the r a t e  of f e r r en ta t ion  are independent, b u t  both 

reac t  t o  temperature; therefore ,  the conversion o f  sugar t o  alcohol 

The r a t e  

wi l l  depend t o  some degree 

As.more yeas t  c e l l s  a r e  produced, the overal l  fermentation ra tes  increase.  

The overal l  fermentation r a t e s  (disappearance o f  sugar) a r e ,  however, 

inh ib i ted  by sugar ,  alcohol and pH, and a r e  l imited by the  amount of 

thiamine and other  micronutrients present i n  the ju i ce .  

on :he tGn7eratut-e e f f e c t s  on  b o t h  r a t e s .  

( 2 )  

By u t i l i z i n g  mult iple  regression techniques, C.S. O U G H  cor re la ted  the 

e f f e c t s  of t h ree  must v s r i ab le s  on t h e  fermentation r a t e s  a t  d i f f e ren t  

temperatures. The three  musts var iables  were ammonia (NH3), i n i t i a l  

Brix, and i n i t i a l  pH. About 80 per cent  of the r a t e  var ia t ions  were 

accounted f o r  in t h i s  study and t h e  r e s u l t  i s  i l l u s t r a t e d  i n  Figure 3 .  

(21, (4). 

Premature stopping, or s t ick ing ,  of t h e  fermentation can occur a t  

excessively high o r  low fermentaticn t e rpe rz tu res .  A t  high temoeratures, 

the  ne tabol ic  functions of the  yeas t  c e l l s  a r e  inh ib i ted  o r  the c e l l s  

k i l l e d .  A t  low temperatvres, the en:y?atic react ions proceed slowly, 

eventually causing the yeas t  c e l l  t o  die .  
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IV. TEST METHODOLOGY & EQUIPMENT 

All emission measurements were t aken  a t  the fermentztion t a n k  

vent hatch. 

turbine meter was attached. Ports on the adaptor accomodated 

( 1 )  the sample l i n e  f o r  continuous gaseous measurements, ( 2 )  

a thermocouole f o r  exhaust gas  temperature measurements, and  

( 3 )  a p i t o t  tube f o r  veloci ty  pressure measurements. E x h a u s t  

gas volume was metered t h r o u g h  t he  turbine and the  volumetric 

r a t e  determined by dividing the exhaust gas volume by the 

corresponding time interval  d u r i n g  which the volume was 

measured. T h i s  was cross  checked by p i t o t  tube measurements 

and ARB Method 1 - 2 ,  "Determination of Stack Gas Velocity and 

Volumetric Flow Rate (Type S P i t o t  Tube)." 

carbon dioxide ( C O z ) ,  and ethanol (C2H50H) concentrations 

were continuously measured by analyzers located ins ide  a 

mobile van parked a t  the base o f  the fermentation tank. 

heated sample l i n e  was used t o  prevent condensation 

a s  t he  sampled gas was being drawn from the  vent hatch t o  

the  van. 

The  h a t c h  was f i t t e d  with an  adaptor t o  which a 

Oxygen (02) .  

A 

The evaluation t e s t  equipment used and the sam?ling s i t e  where 

the measurements were taken are  iden t i f i ed  i n  Figure 4 .  The 

arrangement of the turbine meter and the adaptor i s  i l l u s t r a t e d  

in Figure 5. 

I 8 



The parameters monitored and the measurement methods used a re  

l i s t e d  below: 

Total Hydrocarbons: A Beckman Model 400 continuous analyzer 

measured hydrocarbon concentrations with a flame ionizat ion 

detector  (F ID) .  

a resDonse f ac to r  t o  ethanol was determined. 

The analyzer was ca l ibra ted  w i t h  propane and 

Oxygen: Oxygen was measured with s Beckman Model F-3 continuous 

02 analyzer equipped w i t h  a. paramagnetic detection system. 

Carbon Dioxide: An .Anarad Node1 500 analyzer with a nondispersive 

infrared detector  (NOIR) continuously monitored C02 concentrations.  

Grab Samples: 

2 l i t e r  g lass  f l a sks  and analyzed f o r  t o t a l  hydrocarbon, 

ethanol,  C02, 02, s u l f u r  dioxide (SO2),  hydrogen s u l f i d e  (HzS) ,  

and methyl mercaptan.. 

Grab samples of t h e  exhaust gas were taken in  

9 
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V.  D I S C U S S I O N  OF RESULTS 

The fe rmenta t ion  o f  90,000 g a l l o n s  of  S t .  E m i l l i o n  Grape j u i c e  

took 216.5 hours, s t a r t i n g  on October  13, 19SO a t  7:30 a.m. and 

ending on October 22, 1980 a t  8:OO a.m. 

was i n i t i a t e d  by t h e  i n o c u l a t i o n  of  t h e  grape j u i c e  w i t h  yeas t .  

The degrees B r i x  measured w i t h  a hygrometer a t  t h e  t i m e  o f  

i n o c u l a t i o n  was 20.5. The B r i x  s c a l e  i s  a measure o f  t h e  

concen t ra t i on  o f  sugar i n  s o l u t i o n  as grams o f  sucrose Der 

100 grams o f  l i q u i d .  

t h i s  de terminat ion :  

meter procedure. 

i s  presented i n  Appendix 11. 

complete by Un i ted  V i n t n e r ' s  winemaker when t h e  degrees B r i x  

was reduced t o  2. 

The fe rmenta t ion  process 

Two methods a r e  t y p i c a l l y  used f o r  making 

t h e  hygrometer procedure and t h e  r e f r a c t o -  

The methodology i n v o l v e d  w i t h  bo th  procedures 

The fe rmenta t ion  was judged t o  be 

The ARB eva lua t i on  t e s t  began on Oct6ber  15 a t  5:OO p.m., 57.5 hours a f t e r  

t h e  inoculum was in t roduced  i n t o  t h e  tanks. The d u r a t i o n  of  ;he 

e v a l u a t i o n  t e s t  was 159 hours, r e p r e s e n t i n g  data c o l l e c t i o n  f o r  

73 per'cent o f  t h e  fe rmen ta t i on  process.  

pe r iod ,  t h e  f o l l o w i n g  parameters were monitored: CO2, 02, and 

ethanol  concent ra t ions  i n  t h e  exhaust  gas; ambient and exhaust 

gas temperatures; exhaust gas vo l  u m e t r i c  f l o w  r a t e .  

Dur ing  t h e  t e s t  

The exhaust gas was predominante ly  composed o f  carbon d i o x i d e  

and e thano l ,  w i t h  t r a c e  amounts o f  hydrogen s u l f i d e ,  s u l f u r  

d i o x i d e  and mercaptans. As expected f rom an anerobic  process, 

measurable amounts o f  oxygen were n o t  p resent .  Table I 1  l i s t s  

12 



the  exhaust gas components in descending order with respect 

t o  t h e i r  measured concentr'ations averaged over the  t e s t  period. 

SO2 

CH3SH 

TABLE I 1  

FERMENTATION TANK EXHP.UST GAS COI.IPO?!ENTS 

99.6% 

< . 2  ppm 

< .096 ppm 

I 0.4% 

I 1.1 ppm I 

1 I I 

Analysis o f  the  exhaust gas by continuous analyzers showed 

ethanol concentrations t o  increase s t ead i ly  with respect  t o  

time while C02 remained constant.  

increased from 1,902 par t s  per mil l ion a t  the  b e g i n n i n g  of the 

t e s t  t o  4,565 ppm a t  the end of  t he  t e s t .  

evaluation t e s t  coincided w i t h  the completion o f  the fermen- 

t a t i o n  process. The average ethanol concentration over the  

159 hour t e s t  period was approximately 3,640 ppm. Measured 

values of C02 concentration remained a t  over 99 percent 

throughout the t e s t  period while, in con t r a s t ,  no oxygen was 

detected.  

The ethanol concentration 
> 

The end of the A R B ' S  

Based on an averaged ethanol concentration va lue  of 3,640 ppm and 

a t o t a l  measured exhaust gas volume o f  310,06@ ft3,  the estimated 

13 



mass o f  e thanol  e m i t t e d  t o  atmosphi rs  du r ing  t h e  fe rmenta t ion  

process was 137 pounds ( l b s )  i n  159 hours.  Th is  corresponds 

t o  a mass emission r a t e  o f  a p v r o x i s z t e l y  0.86 l b s / h r .  A l t e r -  

n a t i v e l y ,  when expressed i n  terms o f  Gal lons o f  swine j u i c e  

3 fermented, t h e  emiss ion r a t e  i s  aparox imate ly  1 .52  l b s / l O  

ga l .  Th is  compared c l o s e l y  w i t h  an sthano1 emission f a c t o r  o f  

1.45 lbs /103 ga l .  c a l c u l a t e d  p e r  an equat ion  c i t e d  i n  t h e  

Environmental  P r o t e c t i o n  Agencies '  p y b l i c a t i o n  e n t i t l e d ,  

"Compi la t ion o f  A i r  P o l l u t a n t  Emission Fac tors" ,  commonly 

r e f e r r e d  t o  as AP-42.  The c a l c u l a t i o n  and AF-42 equat ion  

a r e  presented i n  Appendix 111.. 

A composite p l o t  o f  e thano l  c o n c e n t r a t i o n  and emission r a t e  

versus t ime i s  presented i n  GrSpCI 1. As  p r e v i o u s l y  mentioned, 

exhaust gas ethanol  concen t ra t i ons  s t e a d i l y  increased du r ing  

the  t e s t .  Correspondingly,  e thano l  emission ra tes  were 

decreasing.. 

t o  t h e  dominance o f  d e c l i n i n g  exhaust gas vo lumet r i c  f low 

over  i n c r e a s i n g  concen t ra t i ons  as t h e  fe rmen ta t i on  process 

approached complet ion.  Graph 11, i l l u s t r a t e s  t h e  change i n  

f l o w  r a t e s  w i t h  r e s p e c t  t o  t i m e .  

The d i m i n i s h i n g  emiss ion r a t e s  we:e j t t r i b i l t e d  

Ambient and exhaust gas temperatures a r e  p l o t t e d  on Graph 111. 

Ambient temperatures v a r i e d  d i u r n a l l y  w h i l e  the  exhaust Sas 

temperatures remained r e l a t i v e l y  cocs tan t .  

pera tures  r e f l e c t e d  t h e  cons tan t  t3r .k  

the  fe rment ing  must was sub jec ted .  

Exhaust gas tem- 

temperatures t o  which 

14 
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The abrupt change in  exkus t  gas temera t t i res  f r o n  5OoF t o  

approximately 28OF on October 10 w?s d g e  t o  susgected f luc-  

tuat ion i n  the power source t h a t  a f fec ted  the  t e m e r a t u r e ,  

recorder as well a s  the continuous analyzers.  
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APPENDIX I I 

HY GROIIETER A l  D RE FRACTO!,lETER 
B R I X  DETE RI<I ::AT1 ON 



Soluble Solids Content 

Of the total soluble sol ids  dissolved in the m u s t  of r ipe gra?es the s u g a r s  consti tute 
approximately 90 to 94 p e r  cent. 
gives a fa i r ly  good indication of the s u g a r  content of the m u s t  and hence of the matur i ty  of 
the grapes.  However,  if a n  accurate  determinat ion of the s u g a r  content of the m u s t . i s  
des i red  one of the chemical  procedures recommended for .wines should be used (p. 24). 
The non-sugar portion of the soluble sol ids  cons is t s  of acids ,  s a l t s ,  tannin, coloring 
mater ia l s ,  pectins,  etc. 

For this  reason measuring the total soluble sol ids  content 

A knowledge of the soluble solids content  of the m u s t  is useful as ( 1 )  a m e a s u r e  of the 
matur i ty  of the g r a p e s  and hence a s  an indication of the p r o p e r  t ime of harvest ing,  ( 2 )  a 
part ia l  guide to the rational utilization of the g r a p e s  for  producing the m o s t  appropriate  
type of wine, (3)  a n  indication of the amount of ameliorat ion needed by  o v e r -  and under - r ipe  
grapes ,  and (4) an  approximate basis  f o r  calculating the alcohol yield. - 

The two m o s t  common procedures  forde terminingthe  total soluble sol ids  content of 
A hydrometer  is a floating ins t rument  which m u s t s  are:  hydrometry and  refractometry.  

indicates the specif ic  grav i ty  of the liquid i n  which i t  f loats .  Hydrometers  are  constructed 
in  varying weights and s i z e s  to float i n  l iquids  of different  densit ies.  The hydrometers  
commonly used in  winer ies  in  California are of the B r i x  (usua!ly called Balling) type which 
a r e  calibrated to indicate g r a m s  of s u c r o s e  p e r  100 prams of liquid. The refract ive index 
of m u s t s  may a l so  be used a s  a m e a s u r e  of the total  soluble solids.  
are often used but accura te  laboratory m o d e l s  are  requi red  f o r  exac t  work. 
on these two methods i s  des i red  a . sample  of the m u s t  m a y  be weighed in a pycnometer  of 
the specific gravi ty  m a y  be determined with a Westphal balance. 

Equipment required:  hydrometer  procedure: hydrometer  0 cyl inder . .  0 hydrometer  0 ( for  m u s t s  
a B r i x  ( of Balling) hydrometer  in the range of about 10 
recommended).  bhermometer i  refract:meter procedure:  
calibrated in  0. 2 

Hydrometer procedure :  Carefully pour a sample  of the c l e a r  must  into the hydrometer  
cylinder taking c a r e  to c r e a t e  as  few bubbles in  the l iquid during pouring as possible.  Then 
place the Brix hydrometer  in  the liquid and  allow it to collie to equilibrium. 
reading by,placing the eye a t  the level of the liquid s u r f a c e  and reading the hydrometer  s t e m  
a t  the bottom of the meniscus.  
hydrome:ers a r e  ca l ibra ted  a t  68' ? (20 
temperature  of the m u s t  will seldom be exact ly  68 ) r e f e r  to table 1. 
be available the approximate .cor rec t ion  i s  to. 033 for each  degree  Fahrenhei t  above the 
calibrated t e m p e r a t u r e  of the hydrometer  or to. 06  for each degree Centigrade,  and -0.033 
and  -0. 06 respect ively f o r  tempera tures  below the  ca l ibra ted  temperalure .  
a re  available which have a thermometer  enclosed i n  the bulb or s t e m  and which include a . .  

hydrometers  using pure  s u c r o s e  solutions ( g r a m s  of s u c r o s e  p e r  100 g r a m s  of liquid). 

Hand r e f r a c t o m e t e r s  
Where a check, 

to 2 4  with 0. 1 subdivisions is 
hand r e f r a c t o m e t e r  preferab ly  

subdivisions o r  Abbe l a b o r a t o r y  re f rac tometer .  

Make a . 
Determige the t e m p e r a t u r e  of the must.  Most  of the ----- 

C) .  To gbtain the c o r r e c t  reading (s ince  the  
Should th i s  table not 

Hydrometers  

. correc t ion  scale  opposite the enclosed t h e r m o m e t e r .  It is wise to check the .calibration of 

Although the hydrometer  procedure  is s imple  t h e r e  a r e  a number of precaut ions to be 
noted for accura te  resu l t s .  
m u s t  be level and the hydrometer  must  f loat  f r e e l y  in  i t .  
erroneous resu l t sb  ,Since most  hydrometers ,  even though cal ibrated to 0. 1 
' 0  only about to. 1 
the temperature  cor rec t ion  may indicate an  in te rmedia te  value. 

The equipment used m u s t  be clean. . The hydrometer  cylinder 
Entrained a i r  a l so  leads  to 

0 , a r e  accurate  
1 1  i s  use less  t o  repor t  r e s u l t s  past  the f i r s t  decimal place, even though 

Should a Brix (or Balling) hydrometer  nof b e  available a n  ordinary specif ic  gravi ty  
To convert  the specific gravity 

In seve'ral  European count r ies  the Baum: 
for a density of 1.  0 (0. Oo Balling) and 

. 
hydrometer f o r  liquids heavier than water  m a y  be used. 
readings t o  degree Brix (Balling) r e f e r  to  table 3b 
h y d r o p e t e r  i s  used. 
16. 34 f o r  density of 1. 127 (30 Urix). The degree Brix i s  thus. approximately. 1 .  8 
times the degree Daumg. 
density h y d r o n c t e r  but omits  the decimal point and the f igurcs  preceding it. 
rrzding of 80 t h e r e f o r e  indicates a density of 1. C E O .  
content divide by 4 and subtract  3. 

This hyd&ometer r e a d s  0 .0  

The Oechsle hydrometer .  used i n  Germany and Aus t r ia ,  is  a 
A Oechsle 

To convert  Oechsle readings to sugar  
Thus a Oechsle value cf 80 = - 3  o r  17 p e r  cent 

- 4 
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sugar .  
yield 17 x 0. 47 o r  7. 99 per  cen: by weight of alcohol.  
gives the approximate alcohol in weight p e r  cent.  
by 1. 26.  

Refractometer  procedure: The p r i m a r y  a t t rac t ion  of the r e f r a c t o m e t e r  method is i t s  
extremc simplicity. X drop of two of liquid is placed on the g l a s s  s u r f a c e  of the ins t rument  
and the soluble solids content, zs g r a m s  p e r  100 gr. .  i s  read  d i rec t ly  f r o m  the scale.  
refract ive index, however, chazges rapidly with temperatu're and under field conditions 
la rge  e r r o r s  may be introduced by f a i l u r e  to take th i s  tcmpera ture  e f f e c t  into sccount. 
Table 4 gives the correct ions for readings made a t  t e m p e r a t u r e s  other  than 68 
hand re f reac tometers  have an  attached t h e r m o m e t e r .  
re f rac tometer  l i e s  in the validity of the s a m p l e  used. 
required some will c rush  too small  a sample.  
i n  the preparation of an  adequate sample  f o r  the r e f r a c t o m e t e r  is no l e s s  than f o r  the 
hydrometer.  
other  laboratory refreactometer  follow the d i rec t ions  supplied with the instrument.  

LI 47  p a r t s  of alcohol a r e  produced p e r  100 'par t s  of sugar  17 per  cent sugar  will 
Thcrefore .  Oechsle degree x 0. 1 

To convert  to p e r  cent by volume multiply 

The 

F. The bes t  
The chief precaution in the use  of the 
Since only a drop  o r  two of liquid is 

The amount  of grapes  which must  be c rushed  

Fur thermore .  the sarnple m u s t  be thoroughly mixed. When using a n  Abbe) or 
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6.5.2 W I P E  MAKING 

6.5.2.1 General 1-4 

Wine i s  made by t h e  fe rmenta t ion  of t h e  j u i c e  of c e r t a i n  f r u i t s ,  
c h i e f l y  grapes.  The grapes are harves ted  when t h e  suga r  conten t  is 
r i g h t  fo r  t h e  des i r ed  product ,  gene ra l ly  around 20 percent  sugar by 
weight.  
1 'Brix equal  t o  1 gram of sugar  p e r  100 grams of  j u i c e .  

The harvested grapes are stemmed and crushed,  and t h e  j u i c e  is 

The indus t ry  term f o r  grape sugar  con ten t  i s  Degrees Brix,  wi th  

e x t r a c t e d .  Sul furous  a c i d ,  potassium m e t a b i s u l f i t e  o r  l i q u e f i e d  SO2 is 
used t o  produce 50 t o  200 nig of SO2, which i s  added to  i n h i b i t  t h e  
growth of undes i r ab le  b a c t e r i a  and y e a s t s .  
wine, t h e  s k i n s  and s o l i d s  a r e  removed from t h e  j u i c e  be fo re  fermen- 
t a t i o n .  For a red wine, the s k i n s  and s o l i d s ,  which c o l o r  t h e  wine, are 
l e f t  i n  t h e  j u i c e  through t h e  fe rmenta t ion  s t age .  
j u i c e ,  s k i n s  and s o l i d s  i s  c a l l e d  a "must". 

For t h e  making of a white 

The pulpy mixture of 

White wine i s  gene ra l ly  fermented a t  about  52'F (llOC), and red  
wine at  about 80°F (27°C). 
v h i t e  wine and about  two weeks f o r  red .  
t anks  ranging i n  s i z e  from several thousand ga l lons  t o  l a r g e r  than 
500,000 ga l lons .  

Fermentation t a k e s  a week t o  t e n  days f o r  
Fermentation i s  conducted i n  

The sugar  of t h e  f r u i t  j u i c e  i s  converted i n t o  e thano l  by the  
react ion: 

CgH1206 2 Q H S O H  + 2 c02 

(sugar)  (e thanol)  

This process  takes p l a c e  i n  t h e  presence  of a s p e c i a l l y  c u l t i v a t e d  
yeas t .  
weight of the i n i t i a l  sugar .  
percent .  
chemical mechanisms, or it  remains i n  t h e  w i n e  as t h e  r e s u l t  of incomplete 
fermentat ion.  

Theore t i ca l ly ,  t h e  y i e l d  of e thano l  should b e  51.1 percent  by 
The a c t u a l  y i e l d  i s  found t o  be around 47 

The remaining sugar  is l o s t  as a l c o h o l  o r  byproducts of complex 

When fe rmenta t ion  is complete, t h e  wine goes through a f i n i s h i n g  
process  f o r  c l a r i f i c a t i o n .  Comon c l a r i f i c a t i o n  procedures  are f i l t r -  
a t i o n ,  f i n i n g  r e f r i g e r a t i o n ,  p a s t e u r i z a t i o n  and aging. 
b o t t l e d ,  corked o r  capped, l a b e l e d  and cased. The f i n e r  red and white  
t a b l e  wines are aged i n  t h e  b o t t l e .  

1 .2  6.5.2.2 Emissions and Cont ro ls  

The wine is then 

Large amounts of CO2 gas  a r e  l i b e r a t e d  by t h e  fermentat ion process .  

Ethanol l o s s e s  occur c h i e f l y  as a r e s u l t  of  entrainment  in t h e  
The gas  i s  passed i n t o  t h e  atmosphere through a vent  i n  t h e  top of t h e  
tank.  



' \  

CO2. 
t a t i o n  a r e  temperature of f e r n e n t a t i o n ,  i n i t i a l  sugar  content ,  and 
whether a j u i c e  o r  a m u s t  is being fermented ( i . e . ,  a r;hite o r  red wine 
being made). 

Fac tors  which a f f e c t  t h e  amount of e thano l  l o s t  during frrmen- 

Emission f a c t o r s  f o r  wine making are given in Table 6.5.2-1. 
These emission f a c t o r s  a r e  f o r  j u i c e  f e r n e n t a t i o n  (white wine) wi th  a n  
i n i t i a l  sugar  conten t  of 20 OBrix. Emission f a c t o r s  a r e  given f o r  two 
temperatures  commonly used f o r  fe rmenta t ion .  

Table  6.5.2-1. ETWOL MISSIOS FACTOXS FOR UNCONTROLLED WINE 
FEKVENTATIOK 

EMISSION FACTOX ELATING: B 

Ethanol  Emissionsasb 

g / k l  
3 Fermentation l b / 1 0  g a l  

52'F ( l l . l ° C ) c  1.06 127.03 

800F (26.7°C)C'd 4.79 574.04 

O t h e r  cond i t ions  e e 

temperature f ermen t e d  fermented 

a Due p r i m a r i l y . t o  entrainment  i n  C 0 2 ,  n o t  evaporat ion.  HzS, mercaptans 
and o t h e r  componments may be emi t ted  in l i s i t e d  q u a n t i t i e s .  bu t  no 
test o r  o t h e r  information i s  a v a i l a b l e .  

References 1 and 2 .  

o r  287.62 g / k l ) .  
See Equation 1. 

E C 2 H ~ O H  l o s t  i n  product ion.  

dFor red  wine, add c o r r e c t i o n  term f o r  must fe rmenta t ion  (2.4 lb /103  g a l  

e 

For wh i t e  wine w i t h  in i t ia l  20' Brix. 

Emission f a c t o r s  f o r  wines produced under o t h e r  condi t ions  can be 
approximated wi th  t h e  fol lowing equat ion:  

EF [0.136T - 5.911 + ( ( B  - 20.4)(T - 15.21).(0.00685)] i- [C] (1) 

where: EF = 'emiss ion  f a c t o r ,  pounds of  e t h a n o l  l o s t  per  
thousand ga l lons  of wine made 

T = fermentat ion temperature,  OF 

B = i n i t i a l  sugar  conten t ,  'Brix 

C = c o r r e c t i o n  term, 0 (zero)  f o r  whi te  wine o r  
2.4 lb /103  g a l  f o r  red wine 

Although no t e s t i n g  has  been done on e c i s s i o n s  from wine fermen- 
t a t i o n  wi thout  grapes,  i t  i s  expected t h a t  e thano l  is a l s o  emi t ted  from 
t h e s e  ope ra t ions .  

0..5.;?-2 '7 EMISSIOX F:\CTORS 2/80  



There is p o t e n t i a l  a l coho l  l o s s  a t  v a r i o u s  working and s t o r a g e  
s t a g e s  i n  t h e  product ion process .  Also,  f u g i t i v e  a l coho l  emissions 
could occur from d i s p o s a l  of fe rmenta t ion  s o l i d s .  Ethanol i s  considered 
t o  be a r e a c t i v e  precursor  of photochemical ox idants  (ozone). E m i s s i o n s  
would be h ighes t  dur ing  t h e  middle of t h e  fe rmenta t ion  season and would 
taper o f f  towards the  end. 
c e r t a i n  a r e a s ,  t hese  a r e a s  would be more a f f e c t e d .  

Since wine f a c i l i t i e s  a r e  concentrated i n  

Curren t ly ,  t h e  wine i n d u s t r y  u s e s  no means t o  c o n t r o l  t h e  e thanol  
l o s t  during fe rmenta t ion .  

References f o r  Sec t ion  6 .5 .2  

1. Source Test  Report  and Evalua t ion  on Emissions from a 
Fermentation Tank a t  E.  & J. Gal lo  Winery, C-8-050, Ca l i fo rn ia  A i r  
Resources Board, Sacramento, CA, October 3 1 ,  1978. 

2. H. W. Zinrmerman, e t  a l . ,  "Alcohol Losses  from E n t r a i m e n t  i n  
Carbon Dioxide Evolved du r ing  Fermentation",  Anerican 3ournal  
of Enology, x : 6 3 - 6 8 ,  1964 .  

3.  R. N. Shreve, Chemical Process  I n d u s t r i e s ,  3rd Ed., 
McGraw-Hill Book Company, New York, 1967,  pp. 591-608. 

4. M. A.  Anerine, "Wine", Kirk-Othmer Encyclopedia of Chemical 
Technology, Volume 22, John Wiley and Sons, Inc. ,  New York, 1970, 
pp. 307-334. 




