2.1 (D istilleries Processes)

(alcohol)

(Grain D istilleries)

(Scotch W hiskey)

(Fruit Distilleries)
|

(Wine) (Brandy) (Champagne)

(Molasses D istilleries)

(Rum)
4
2.1.1 (Fermentation)
(2) 50
16
3 (yeast)
8-10 (2)
(beer) (mash)
2.1.2 (D istillation)

50

2.1)

(molasses)

48
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95-97 ?
2.1.3 (Raw Alcohol Production)
50 ? ?
28 ? 28* (28 degree)
1 )
2.1.4 (Blended Liguor Production)
? 95-97 ?
35 ? 35° (35 degree)
1
2.2
2
2.2.1 BOD 2,500-35,000
?
? 5-10 . . (3)
300-450 . . (4)
BOD 14 (3)
2.2.2 BOD 10-450
. (4)
BOD ?
, (3)
2.3

2.1



2.1

(
Stillage
Bottle weshing V&3 '

Cooling Water for Stillage

2340

40-720

650

{

D

D

82

)

32

Hoo%

37 6™ 4B UBIN 43 11319 BRD BN 7
23 B0 w30 B0 1_790 520 %80 020 trace-
55 B0 1860 76 B8 1860 B A
2% M 2 22 03 W5 138

45 %5 10450 %% 658 % %3

1 1414

68 &8 7 %2
lé% 05 UL 8159

20 74 278 %4
14 05819 34982 2-118

()
Dt ) )  heat exchanger

BIb G 0 S T NS SettleableTotalN P K g4 Alkalinity Haraness
BD ' 1 Solids .

W 15 470 370
40- 2% 230 180
210 B g 5100
32 o016
0.7-105 008

05
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033 56130 66134
3000



2.1
(Mash Distilling Column)
2
(2)
3)
4,500 1 =
20 ) ] ] 300
3.5 (3,4)
2.4 (Biochemistry of Anaerobic
Digestion)

(anaerobic digestion)
3 ( 2.2)
2.4.1  Hydrolysis

2.4.2 Acid Production
2.4.3 Methane Production

2.4.1  Hydrolysis (protein) 1
(carbohydrates) (fats)
(cell membrane)
J (extracellular enzymes)
(5,6,7)
(amino acid) ] (glucose)
(glyceral) (fatty acid) (6)

2.4.2 Acid Production

(volatile acids) (alcohol)
(C02)



INSOLUBLE ORGANIC MATERIAL
1 extracellular enzymes
SOLUBLE ORGANIC MATERIAL

acid forming
bacteria

VOLATILE ACIDS
(acetic, propionic etc.)

OTHER PRODUCTS SYNTHESIZED
(2, alcohol etc.) BACTERIA

'‘methane forming

bacteria
A

SYNTHESIZED
BACTERIA

22
(ANAEROBIC DIGESTION OF ORGANIC WASTES) (8)



, "Acid Forming Bacteria"
“Non-methanogenic Bacteria" , 2
(obligate anaerobic bacteria)
(facultative bacteria)

10

0
2.2
Hindin Dunstan (9) ,
(acetic acid) (propionic acid)
(butyric acid)
McCarty (7)
2.3
2.4.3 Methane Production (methane)
"Methane Forming Bacteria" "Methanogenic Bacteria"
((4)
(C02) (obligate
anaerobic bacteria) (sensitive)
(12)
2.3
(acetic acid)
10 (species)
' (H2) (C02)  (12,13)
2.1
C2 +4H - )4+ 2 HO (2.1)
(mechanism) '



2.2

Gns
Aerobacter

caligenes

Bacillus

cteroides
Clostridium

Escherichia

Klebsielia
Leptospira

Vicroooocus

Neisseri
Paracolonacirum

ng%]ioras

Serratia
Streptococcus

Sirepiomyces

e

1

| !
(Non-methanogenic Bacteria)

(10,11)
Bacterial species Reference
i
A bookerii '
A Pacca IS MY et a 1962; TAERBNCI%H)
ﬁl scgnggté% et a
B cergus I-mll\ﬂ-let a % El\\((mabg
B cereuF Var myooices I-N]]N]-I et al 196 1%/a0
B circulans
E |muF %(%EI it
B knefelkampi |.(196
o -5
B (ithentlcus
E 3ufralael?cus
Ecqlb S I
|
ccat%%?degeﬁwm
¢. camofoetim and BMK 1%3
E coll I\IGRIYet al. %l%
BANKet al.
c’?@?.rm?g'%‘ 1}‘(t]mﬁet al
}% bsmﬂa spIO Bt 2 .(]9%6)
Le Al ei(rgs W&?& )
%ang ¢ TCERBNC1%7ah)
M Iuteus B\C1%M)
M varians MORTY et al .El%Z), TCERENC1%73))
o 5 %‘%ﬂetmalaﬁ; 0,
N cat ||' tal
) it ™
e
. A%/
%%Eﬁil m:S:ans gml (1966)
E. oFeovorans CERB\1%/3)
e TR
B fenifora  NDRIY et al (1962). TOEREN(56T)
B' néot avina THRC1%M)

Jones Spp. BN et al.(1966), HYTING et al, (197)
IQE et al.(198). “TCERENCI%TR))
1UR

s 19%). Bt al. (1%o)
degaga arEaKe Et d 19663
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PROPIONIC
ACID

ACID FORMATION

i 65%

OTHER

15%

2.3

INTERMEDIATES

METHANE
FERMENTATION

12



2.3

Bacterium

Methanobacterium
formicum

M mobilis

M propionicum
M ruminantium

M sohngenii
M suboxydans
Methanococcus mazei
M vannielii

Methanosarcina
barkeri

M methanica

Acetate or propionate converted to

13

| (Methanogenic Bacteria)

(14)

Substrates

@

H + C02
Formate

H + C02

Formate

Propionate

Formate

H + C02

Acetate butyrate
Caproate and butyrate
Acetate and butyrate

H +¢02
Formate

H + C02
Menthanol
Acetate
Acetate
Butyrate

Products

chd

4

2 + acetate
4

4 + C07

Propionate and acetate
4+
4

SO O S

4 in a two-step process.



) Carbon Reduction  Van Niel (14)
(oxidized)
(reduciton process)
(reduce)

Oxidation ~ CHBCOCH + 2HDO —A 2 Q0 +8H - —=(2.2)

Reduction H + 2 H ) 4+ H0 --<2.3)

Net CH3eOH ' 4+ 2--—(24)
) .. 1960-1970
(C14) 2 (deuterate water)
1 1 1 2I5
CU4H3CCH + 20 cl4hdd + c02 (2.5)
2 + 8Ht H o+ 2H0 (2.6)
2.5 (Factors Affecting Anaerobic Digestion)
2 (environmental factors)
(operational factors) (15) 2.4
2.5.1 (Environmental Factors)
(pH)
McCarty (16)
6.6-7.6 (optimal range) 71.0-7.2
(methanogenic bacteria)
, 6.6

6.2
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2.4
(Environmental Factors) (Operational Factors)
1, (pH) L, (Retention Time)
2. (Alkalinity) 2. (Substrate
Concentration)
3. (Volatile 3. (Organic Loading
Acids Concentration) Rate)
4, (Temperature) 4, (Dilution)
' 5. (Nutrient . (Mixing)
Availability)
6. (T.oxic Materials)
Dague (17) 6.5
5,400 .
' 1.0
7,200
Kirsch Sykes (1S)
(NeHCO5)

(bicarbonate)

014481
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11 (Alkalinity)

(bicarbonate) , ! (NH3) (2
', (buffer) ,
M Carty (16) (bicar-
bonate alkalinity) 2,500-5,000 '
1 ', (buffer capacity) ’
2.4
McCarty CaC03 1,000
Pohland (19) - (Acid-
Base Equilibrium Control)
BA = TA- (0.8333(0.85) TVA--mmemmv (2.7)
BA = :
( . CaC3)
TA = (total alkalinity)
( H CaC03)
TA = (total volatile acid)
( ¥ 8000
Graef  Andrew (20)
, (stability) SRT 15
3,000 . 4,000

10



CO, IN DIGESTER GAS, PERCENT

17

/[//
LIMITS OF
NORMAL

ANAEROBIC
TREATMENT

0 E ] L I
250 500 1,000 2,500 5,000 10,000 25,000

BICARBONATE CONCENTRATION, g/m3 as CaCOz

7.k

35%C (16)
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(Volatile -Acids Concentration)

1
(adverse

effect)

Buswell (21)

CH'\COOH . 2,000-3,000

Krocker (22)
(unionized VA 30-60
(ionization)

Andrew (23) (undisso-
ciated VA)

(PH)
( 5.8)
(Temperature)
(5,12)
2.5 2

) Mesophillic Temperature 21-40°

30-38 °c (1) "Mesophillic
Bacteria"

) Thermophillic Temperature 40-60 't

48-57° (1) "Thermophillic

Bacteria"
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12 'C (s)
Kotze (24)
2-3°C
(methanogenic bacteria)
(stability)
(12) mesophillic

2.8 %C thermophillic 9T  to.s’C 10.3°C

52°C (25)

12 T T T I | T I
/;
5 8 .
)
S 4l 5
=
a
2
a 2k— el
3 .

i L ] | ] | ]
0 10 20 30 40 50 60 70 80

TEMPERATURE (°C)

2.5 (14)

(Nutrient Availability)

(nitrogen, N) ' (phosphorus, P)
(anaerobic system) (bacterial cell yield)
(15)
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(cell yields) (nitrogen fraction)
CHIOW ' oA

(cell volatile solids weight)
(7,15)  McCarty (7)

BODI :N:P 100 1.1 :0.2

(Toxic Materials)

(toxicity)
(inhibit)
(15,26)
(stimulate)
(26) 2.6
4
). (Inorganic Salt Toxicity)
(alkali) (alkali earth) Na, K,
Ca M (cations)
(anions)
2.5
(acclimatize)
(valency)
(atomic weight) 2.5 Cat  Mpt"
Nat Kt (23,24) (methane
formers) (acid formers)

(sensitivity) (14)



RATE OF BIOLOGICAL REACTOIN ——pe

INCRESAING

DECREASING

‘STIMULATION |STIMULATION.‘< TOXICITY

OPTIMUM CONCENTRATION

REACTION RATE
WITHOUT SALT

\ CROSSOVER

CONCENTRATION

SALT CONCENTRATION ——p»

~

twiN

21



2.5

(Cation)

100
(Sodium, Nat)
200
(Potassium, K+t)
100
(Calcium, Ca+")
75-
(Magnesium, Mg+*)
"Antagonism"
K+ 300
"Synergism"
)
Cr, Pb, Zn, Hg
(sulfides)
Lawrence
(Cus04), (Zns04)

-200 3,500

-400 2,500

-200 2,500

150 1,000 -
Na+ 7,000

(Heavy M etal

(14,26)

McCarty (28)

(NiS04)

-5,500

-4,500

4,500

1,500

(Fes04)

( 04=)

McCarty (26)

Toxicity)

22

(26)

8,000
12,000
8,000

3,000

Cu, NI,

(reduce)
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2.6 '’ Antagonism Synergism

(27)

Concentration of Secondary
C ation Antagonist Synergist Cation at which Antagonism

Ends or Synergism Begins

(g/m3)
Na K 4,000-5,000
Na nh4 200-400
Na Ca 400- 2,000
Na Mg 250- 1,250
nh4 Na 1,000-2,000
nh4 K 1,000
NH4 Ca 400-800
nh4 Mg 120-250
K Na 2,000-2,500
K Ca 2,000-4,000
K Mg 1,700- 2,000
K nh4 1,700
Mg Na 2,000-2,500
Mg K 4,000-5,000
Mg nh4 100-200
Mg Ca 200
Ca Na 1,000-1,200
Ca K 4,000-5,000
Ca NH4 700-900

Ca Mg 100-250



SOLUBLE

HEAVY

METALS-

COPPER

NICKEL

ZINC

TOXIC

SULFIDES

QUANTITY OF SULFIDE SALTS

REQUIRED FOR PRECIPITATION

SULFIDE SALT ADDED

1 g/m3 SULFIDES (

1 g/m3 SODIUM SULFIDE

")

(Na2s)

1 g/m3 SODIUM SULFIDE (N ~S -20)

24

INSOLUBLE
HEAVY
METAL

SULFIDES

NON-TOXIC

CONCENTRATION OF HEAVY METALS
PRECIPITATED

1.8 - 2.0 g/m3

0.75 - 0.84 g/m3

0.24 - 0.27 g/m3

(26)



Hayes Theis (29)
"Pulse-Feeding" "Shock-Feeding"
"Step-Feeding" 2.7
2.7 (29)
Step-Fed Pulse-Fed
Heavy Inhibiting Toxic Toxic
M etal Concentration Lim it Lim it
(g/m3) (g/m3) (g/m3)
Cr (111) 130 260 < 200
Cr (V1) no 420 < 180
Cu 40 70 < 50
N i 10 30 > So
Cd - > 20 > 10
Pb 340 > 340 > 250
Zn 400 600 < 1700
)

(Ammonia Toxicity)

(NH4 +)
(N'HJ)

(H+) (equilibrium equation) 2.8

25



1,500-3,000

Methanobacterium

McCarty

3,000

2

. pH > 7.2
NH NH (2.8)
4 3
pH < 7.2
(NH4 +)
( 3)
( 4+) (26)
McCarty (30)
7.4
Hobson Shaw (31)
formicicum
(Sulfide Toxicity)
(ionize)
McCarty (26)
50-100 200
(acclim atize) 200
Eis (32)
(H2S)
coD  2)

(Organic

(base) ,

M aterials Toxicity)
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(alcohols), (aromatic compound)

(long chain fatty acids) (14)

McCarty (26) ' (methanol)

1,000-2,000

10,000
(sodium oleate)
500
(calcium chloride)

2,000-3,000

Noack (23) o (phenol)

0.1-0.4 (Total Solid, TS)

Johnson Young (33) -
(toxic organic compound)
(solubility),
(biodegradibity) (adsorption property)

2.5.2 (Operational Factors)

- (Retention Time)

(5)

HRT (Hydraulic Retention Time)

HRT (Hydraulic Retention Time)

(Effective Volume, V)

HRT v (2.9)



SRT (S

olid Retention Time)

®

SRT = TiR

SRT

(Volatile Solid,

BOD COD

Organic Loa

VS, BOD

Organic Loa

Organic Loa

organic

(sour condition)

$e

.10

28

(NL)

(2.10)

(return

sludge)

HRT

(Substrate Concentration)

VS), BOD COD
(Organic Loading Rate)
ding 1
COD
ding , Cvs BOD ma COD) X Q - - (2.}
ding = \S BOP d m 0 (2.12)

loading

(volatile acids)

organic

loading
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(%)
organic loading
2.8
(municipal sludge digester)
(Dilution)
1 (gas yield)
HRT (5)
(Mixing)
(digester)
(anaerobic digestion)
)
(5,34)
) (34)
) » (35)
) (scum layer)
(scum) (6,34)
)

Y (2) (5,34)
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ORGANIC LOADING RATE, 1 vs/day/cu.ft.

ORGANICS
CONCENTRATION

10%

%
%
%

] L | |

10 20 30 40
HYDRAULIC RETENTATION TIME, days

HRT (15)




3

WPCF (35)
Barnett et al. (36)
|
2.6 (Gas Composition and Gas Y ield)
(biogas) (5) -
(CH4) p ( 2)
1 (NHj) (N2) 1 (H2), 1
1
(H2s) (14) ,
60-70
(pure methane) 1 (hydrocarbon
compound) ; (carbon) 1 (atom)
1 (hydrogen) 4
5.37)
2.8
2 ]
) (Prediction From Waste
Chemical Composition) Buswell Mueller (21)

Cnl—h% + ] -2 I-[?JO—» J a +b l+§“- b 4 ---(2.13)

4 4_

a
4

) (Prediction From Waste S tabili-

zation) McCarty (7)



Properties of Methane) (5,32)

Chemical formula
Molecular weight

Boiling point at 1 atm

Freezing point at 1 atm

S pecific volume at 60°F (15.5°C), 1 atm

Specific gravity, Gas 60°F (15.5°c), 1 atm

Density, Gas at 32°F (0°C), 1 atm

Viscosity at 60°F (15.5°C)

Viscosity, Gas at 32°F (0°C), 1 atm

C ritical temperature

C ritical pressure

C ritical density

Latent heat of vaporization at bp

Latent heat of fusion at mp

Specific heat, Gas at 60°F (15.5°C)

CP

cp

R atio Cpl/Cy

Air required for combustion ft3/ft3

Flammable lim its in air

Octane rating

Heat of combustion at 25°c

C alorific value at 60°F (15.5°c), 1 atm

Ignition temperature

Combustion equation

CANICH”~ for complete combustion

CN/CH”~ for complete combustion

CO2/CH4 from complete combustion

CO2/CH4 from complete combustion

32

(Physical and Chemical
ch4

16.042

-258.9°F (-161.61°c)
-296.5°F )-182.5°C
23.61 ft3/lb

0.5549

0.04475 1b /ft3

0.012 centipoise

0.0109 centipoise

-115.8°F (-82.1°C)
673.3 psia (45.8 atm)
0.162 gl/cc

121.87 callg
14.03 callg

0.5271 Btu/lb (°F)
0.4032 Btu/lb (°F)
1.307
9.53

5.3-14¢p by volume
130

97.8 B tu/ft3
1,011.6 B tu/ft3
1,202°F (650°C)
CH4 + 202 —+c 02 + 2H20
3.98 by weight

2.0 by volume

2.74 by weight

1.00 by volume



FIM

2.1.1

2.9

(F)

(exponential)

7.

(M)

.10

33

BOD COD = 5.62

BOD COD 0.35

(Mode'of Operations)

(1)

(reactor) (digester)
3
(Batch Operation)
!
(F/M)
(F)
F/M
(Semi-Continuous O peration)
(F/IM)

(M) FIM



F/M

li

time

2.9 ' F, M, F/IM |

(Batch Process)

- NN

I VA VA YA VAYA

time

.2.10 F, M, F/M

(Semi-Continuous Process)

3A



3

F
y F
M F
F
1 F
2.7.3 (Continuous Operation)
(1)
(F) (M)
FIM
F
0
M
0
F/M
O.
time
2.11 F, M, FIM

(Continuous Process)

Mehd
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2.8
Sen Bhaskaran (39)
(anaerobic digestion) BOD 80-85
(organic loading) 2.6 . BOD .o 37*0 'H HRT 10
Radhakrishnan (40) 37 *0
10 3 . BOD
BOD 81-85 P HRT 10
50-55
Basu Leclerc (41)
3.2 . BOD
HRT 10 BOD 95.5
3.5 . BOD . 73.7
Ramos (42) Hia tt
2:1 35*0 HRT 8.4
7.7 . COD L] COD
71 ' HRT 16
5-9 . COD .o COoD 70
Ratasuk (43) Two Stage
M esophillic Digestion Activated Sludge 5-75
30 "c 1.97 . BOD
COoD BOD5 64 93 Activated
Sludge F/IM = 0.0284 COD BOD5 31 69.6

Single Stage Batch



Mesophillic Digestion
40 43-5

Qureshi (44)
Digestion 357
HRT 11

ASRCT* (45)

Sludge
HRT 10 X
46
Kositratana (46)
Digestion 35°%

HRT 12

30*C

62.3

CoD
CoD

37°C

CoD

37

5 CoD

55.6 I

BODs

54 *C

Semi-batch Anaerobic
g3 . CD

77-9 55 °C
86.5

Anaerobic Activated
6.5 . COD

CoD 60

Semi-batch Anaerobic
9.0 . COD
66.9 48



2.9

. Sen and Bhaskaran
. Radhakrishnan et.
(40)

. Basu and Leclerc (41)

4. Hiatt et. al (42)

. Rattasuk (43)

6. Qureshi (44)

7. ASRCT* (45)
8. Kositratana (46)

AD

TSMD

AAS
ASRCT

(3ET AD
al AD
AD
AD

TSMD

3emi-hatch AD.

AAS
Semi-batch AD.

Anaerobic Digestion

37
31

35
30
35
55
37
35

:Organic Loading)

BOD/ 7

2.66
3.0

3.2
3.5

97

2.66

Two Stage Mesophillic Digestion
Anaerobic Activated Sludge

Applied Science Research Co-operation of Thailand

CoDl ?

1.7
8.3
8.3

6.5
9.0

(HRT)

10

10
8.4
5.75

11

11

10

12

%BOD % COD

80-85 —
81-85
95.5
13.1
- 1
93 64
- 1.9
86.5
60
66.9

%

(* chd)

50-55

46
48
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