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A study on Enhanced Efficiencies of Methane
Fermented Alcohol Wastewater Treatment
by Supplement of Nutrients

Sung Goo Ahn, In Hak Lee and Suh Hyung Jin
Dept. of Environmental Engineering, Seoul City University

ABSTRACT

In Korea, naked barley and tapioca are main raw materials for the production of fermentation
ethyl alcohol, and one million drums of 95% fermentation ethyl alcohol is produced per year by use
of them. Stillage of alcoholic fermentation 1s mostly digested by methane fermentation process, and
methane gas occured if methane fermentation process is recovered and mixed with fuel to decrease
25~30% for total fuel used in factories. In the anaerobic digestion process of naked barley stillage.
supplement of nutrients is necessary to slove the problems caused by inhibitorv materials contained
if stillage and deficiency of nutrients. Therefore. the objective of this study was to examine why
the anaerobic digesters using the naked barley distillery wastewater have shown the poor diges-
tability frequently and how to control it. As the poor digestion was supposed to be occurred by the
lack of wron as trace nutrient, the experiments were carried out to find out the optimum dosage and
the way of addition of iron and to assess the quantitative evaluation of the type of iron in digesters.
Initially, bottle test as batch digesters and lab-scaled continuous flow digesters were used in order
to determine the digestion characteristics with tapioca and naked barley distillery wastewater. Ac-
cording to the results of batch tests, the poor digestion was caused by volatile fatty acids and could
be improved by adding of calcium. The activity of the methanogenic bacteria were increased re-
markably when the iron was added to the digester in the form of mixture with substrates.

Keywords : Methane Fermentation, Anaerobic Digestion, Nutrients.
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Fig. 1. Lab-scaled anaerobic reactor and gas collecter.
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Fig. 2. Pilot scaled anaerobic reacter and gas collecter.
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Table 1. Measuring Instruments list and method.
Methods and

Dy pei \bes Tni

Parameter Uit Instrument
pH - pH meter
CODer mg/! Open reflux

titrimetric method

Volatile acids mg HAc/l Distillation method

Alkalinity my/l as CaCOs Tutration method

TKN mg/! Macro Kjeldahl
method

NH-N mg/ Titrunetric method,
Electrode method

Fe mg/! Atomic Absorbance
method

Sulfide myg/! lodometric method

Sulfate mg/l Turbidimetric
method

Gas l/day Wet (Gas meter

Prodution

Gas G Detector, Gas

Composition Chromatograph
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Fig. 3. Variation of alkalinity on gas production of
peeled barley stillage.
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Fig. 4. Variation of alkalinity on pH of peeled barley
stillage.
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Table 2. Characteristics of anaerobic digestion as kind of neutrahzer.

NaHCO. +Fe

NaHCO.
ftem Alk. Alk.
2,000 mg/l 1,500 mg/]

Q(//day) 14.94 16.48
OLR (kgCOD/m' - day) 6.06 4.85
pH 7.20 7.15
VA (mg/l) 181 142
GPR 84 34
(mIGAS/gCODadded)
CO, k) 351 344
Bicarbonate 16 14

Alk.(BAt) (mg/l as CaCO)) 1712 1320

Alk. Alk. Alk. Alk.  NaOH
1.000 mg/l 2,000 mg/l 1,500 mg/l  1.000 mg/!

16.31 15.22 15.86 15.59 12.9
4.61 6.45 1.70 4.29 3.58
6.99 7.25 T.02 6.78 7.33

- 123 34 -

91 90 - -

339 373 366 342 -

- 13 13 - -

- 1650 1003 - -
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RS A & A9 kA AN S W
o] 731 glot Z1A el 1,000 mg/l as CaCO.3 47}
HeE A7H A9 7090 A9 F FA7 A
Ago] 7Fasa o)

fod 71Ae A7l =L 2,000 mg/l as CaCOE
Hob & A9 FeCliE A718E 18t £ /718
(COD)ZF 7 7F2AAd§o) 363 mg/lo 2 FeClE
A7) &3] & A-3hEel 351 mg/fHek A ek
agler, 4] 47RIE 1,500 mg/l as CaCOsE &
7HtE A= f F715(CODE HaF 7hA YA
Fo] 7+7b 3663 344 mg/l2 FA vhehdar glcl
=3 F9 L7 EE 1,000 mg/l as CaCO.& #
7V o f f718(CODE HF 7h~AA $o)
b2k 342¢F 339 mg/lo) A vk 232 24 109 F
e FAE A4 vhehlie] 110"l ks F
= ot

Fig. 4= pH ®¥glE RodFm ¢li=d] 314 NaOl

= Foskd Y A HY A 58 fAsA
Falas GA% Mk el glet

34 NaHCO&E 3] 7]1&ol 2,000 mg/l as
CaCOE 718 4% FeClo] A7t f5-o A
o] 7.0014-& FAIFkaL gl o, f4] o] & 1,500
mg/l as CaCO. & 718 2 %ol FeCl,E A7} &
3z} pH 7.12~7.028 ¢} A Yeps glch 2
g 2,000~1,500 mg/l as CaCO.E H7lg A$
FeCl:2l A7} {40l Aol 43txe] pHIF A
g 5L f-A 83 ol # T 7] "ol NaOHE &3]3t
o] f4) ¢ EE 1,000 mg/! as CaCO,2 4%
A st AE 72 e FolEE dvtel
Y7F COS A 3o Fatel g 7EE odvtal
2 Mol H7] af ol 4stE 2 99 Fof 2hAE
ruxle) Fubabe] 2= 3 pH7Y WedrzhA 5o
v gl A o] Bl Beld) S 2aste] 43t
o] AANE 7P dolrl wlei Are] FHs
Nolf4l M F3hA Hriekd 1,500 mg/l as CaCO;y
o]itelofot 4nzhzel qhdEQl &g 21UlE 4 9l
t} Fig. 5& a7l =o] Wl whiz #we] 73
o] VA®] wizhs "ofFw qledl, NaOHES 2714
o} 2,000 mg/l as CaCO.2 7} 4% 53o|% F4
gt f7)4ke] 2ol wbdel MAsIA] L8 g
el glar NaHCO, 3<]4 247lelx 1,500 mg/!
as CaCO:E 71 4sha7) 300 mg/e] A3 o5
& vehl gleh 7)ol NaHCOM M 5-9)3 79+
FeCly H7HA Bl & VAE Holw glrf,

Fig. 6 a7telx wisglel| u} wre] F£3HY
2] COD #| 7 &2] W5 chebd Fig. 2.2 NaOHE
Srl71 el 2,000 mg/l as CaCOE H71g A%
SOl FN-E FAZ CODAAE2] AstE Vel z
NaHCO:2} FeCl:el 74 #3] alzlx 1,500
mg/! as CaCOF A 7FA CODAAE2) W3t 60%
g A3Ehe 1l Aol x 2,000 mg/! as CaCOLE
H7H CODAIA 2] M5 b3 gkemd, NaHCO,
2he F9l A CODAAEE FeCLE 79U 3440
c} s3] 3kar glot.

olehih2 A= Aue] Frdlole] ki Hal 43}
% 918l F8hall+= NaOH %o} NaHCO.Z 5] 5}oio}
& NaHCO.& 5942 4% FeCl2) "7t 556l
Agle]l 714l fsl AdFlRIEZE 1500 mg/l as
CaCOeltt f218R= 7ol ulgtalsle}l & Table
29} Fig. 3. 4, 5. 6, 7ol vhelt 7128 asteler)
1.500 mg/! as CaCOs o144 #2142 74-$ FeCl,2] 7}

Korean Journal of Environmental Health Society, Vol. 23(3)



A Study on enhanced efficiencies of methane fermented alcohol wastewater... 45

(a) 800 — ] by 2
700 1.8
T 1.6
800 Sa
~ 500 F g 12
- - S —_
¥ 400 o T \ 3 e
5 - X 08 Ve — -
o \ £ 08 17y . ——
200 04
/ Control control
100 0.2 — Fe
W—Fe P T S S SO U S SO SR ST SV Sl s
o Ve i 0 —
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 0 5 10152025 30 3|5 ‘:0 ‘1{5) 50 55 60 65 70 75 80
TIME(DAY) TIME(DA
(c) 8 ﬂ (d) s
7 b
- 50
o - N 2
VAR - 5 a0 |
- / 8 .
s 4 S 30
X
s & o0 [
g 20
2t ¢
1 L — - control 10 }' - control
———Fe — —Fe
[ L — s t " n 1 ST, 1 T i ¢ A = = = L L YR
0 5 10 15 20 25 30 35 40 45 B0 65 80 65 70 75 80 0 5 1015 20 2% 30 35 40 45 50 55 60 65 70 75 80
TIME(DAY) TIME(DAY)

Fig. 7. Characteristics of anaerobic digestion added both calcium and ferricion to peeled barley stillage at 3,000 m*
scaled reactor ta) GPR, (b) VA, (¢) pH. (d) COD.

= el 7RO e kA g Folet 1213 pHet COD2| x4 3HE Yehlideh
°r7|—“r7% AALES] F7HE 7HE - sle, 23} Fig. 7 (a)2] 7h2- wbxiape] wWishs Abwie s 41

el 3lukl By L*ﬂl F2 A1 4 9ok 2] TN oA Az selerd ARJ A7

204, 308 = 4044 72 BFAE-2- 2trhe) =g
2. 3000 m' #2 A3|X ggmww F< i gnt) g4 2 FA el whel YR )7l e &
B o) gl FYRe] AR HuElehrt 28] 7Fago] s e] Fxjgic) &

Zx g ool gt &17]4 28} BAS AxEy 2y wal =g elg o]ﬁjﬂ. oEb) F = Sa)abd R
%l’o“’illi Yoo el Al w2 FAHE WEsa A kel Alglo] sl abel o7 oddko g ovbit
iz gue FAdele] 2 gl b 5l s Akt AE FAE 4 ode A v AF G4

& A} A2l Sl o el WA R ke whasel ik deideka € 2 sleel |

7hz28] 355 Sl Etals] Sfste] Ay A F715 A H3kgo] Hold A cpwk Aol A
pilot 7+ &2 o_é #A] oljek WA 2 odgaled ey A7t ddofvli= A Y& dAE 31 Folr}.
AEE AW F /7183 &S 2.5C0D - Kg/ aeht, s B ZAA /018 Seed
m'-d E 8}%—‘3- A e i Sk A AlA @ AR o8 Z7hAlA 7ol AAbH ]l R AlE)
stz H4-3to] A3t 2u Table 30 A9 Hol 2| &H o spx “—J*B%kol Z7H e {718
Hotell b2 Anel =N 3000 m* FE 4B Baleko] 57COD - kg/m’ - d2 3sigol ofe}
Fo 374 23t BA4E eligdoh gasthA e 7k s 3 9l 8- o - 9lh

e FAd A el 8F FA1E 25l 44 =gk Fig. 7 (b)33Ake] = wWiskg Aldwd
A graLe] dEA A E I pilot Thae] A5 AYE control?] 3%, 2HAA @AQl frleAd et
23] odoizl Hapell wpe} Akl A% 3,000 m' 1 2.5COD - kg/m* - dollA 1,800 mg/19] & Fuhal
ol sslzll M8slde ASo] vhehd @ake FEE vehe sl ot 50 A £ {1 EA

Fig. 7o A&7t Fate] rpabgg, 3u4l 55 §-31&°] 5.0COD - kg/m* - d& ZFsbH A 2.000

Korean Journal of Environmental Health Society, Vol. 23(3)



46 Sung Goo Ahn et al.

Table 3. Characteristics of anaerobic digestion added ferric ion to peeled barley stillage at 3,000 m’ scaled reactor

Sample
Item Control OLR OLR OLR OLR OLR
25Kg/m'd  3.0Kg/m'd 4.0Kg/m'd 50Kgm'd 5.7 Kg/md

pH 5.8-6.8 7.27 7.32 7.10 7.12 7.16
COD(mg/1) 69,000 25,000 19,000 22,200 23.000 38,000
VA(mgHAc/1) 3.700 1800 707 590 482 2.980)
Alk.(mgCaCOy/1) 5.800 4.053 4,720 4,450 4,030 2,640
HRT(day) - 24.88 21.09 15.83 12.33 10.15
GPR(m‘kg COD., - d)  0.02-0.42 0.57 0.42 0.36 0.37 0.33
GPRim kg COD.. - d)  0.03-0.68 0.58 0.62 0.68 0.75 0.56
COD 7 &(%) 25685 650.1 64,7 68.9 70.1 38.6
CO, gHak(%) 50.4 35.0 35.0 33.0 32.0 39.0
AsHg(kg/m’ - d) - 2.56 3.15 4.45 5.18 5.90

mg/l ooz FA Il e o] veh
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Table 5. Comparision of composition beween CH, and

CO. gas
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gas at lab. scaled reactor, pilot scaled reactor

and 3.000 m” scaled reactor.
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