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ABSTRACT

Raw cow manure was treated by a 4-step integrated system with phase separation anaerobic diges-
tion and algal culture. When the first methane fermentation was performed by the effluent from the
acid fermenter with retention time of 4 days, the everage biogas production rate was 977ml/l culture/
day. Gas productivity compared to conventional single-stage anaerobic digestion increased up to 31.4
%. As the 2nd methane fermenter was fed by the effluent from the first methane fermenter with 4
days of retention time, average amount of 428ml/l culture/day of biogas was produced. The reduction
rate of COD in the effluent from the acid fermenter, the 1st and the 2nd methane fermenter were 71.8
%, 42.6% and 24.0% respectively. Finally, we examined algal treatment process for the effluent from
the 2nd methane fermenter. A semi—continuous culture of Chlorella sp. PSH3 was conducted by feeding
the effluent with retention time of 10days. In this process, the production rate of algal biomass and
COD reduction rate were averaged 1.8g/l culture/day(2.8x10° cells/ml) and 73%, respectivery.
Through the 4-setp treatments, the total chemical oxygen demand was reduced from 51,300ppm to
85ppm. Therfore, the reduction rate of total chemical oxygen demand reached about 99.8%. The results
indicate that the integrated system could be applicable for treatment of organic wastes, concurrently
producing biogas and algal biomass.
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Fig. 1. Schematic flow diagram for integrated 4-
step treatment process of raw cow manure.
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Hill3#} Kayhaniane(7) | 2]J&F% 130~ 320ml/g

Table 1. The composition of raw cow manure.

Component Content
Total nitrogen(T-N, mg/¢) 4,000
Total carbohydrate(T-C, mg/{ ) 112,000
Chemical oxygen demand(COD, ppm) 154,500
Total solid(TS, g/¢) 214.1
Volatile solid(VS, g/4) 132.1
Volatile fatty acid(VFA, mg/ml) 14
Moisture(%) 78.6
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Fig.2. A semi-continuous single-stage anaerobic
digestion of raw cow manure at a retention
time of 13.3 days at 35C(® :Gas evolution
rate, O : Methane contents, A : pH).
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Fig 3. Anaerobic batch acidogenesis of raw cow
manure at 35C.
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Fig. 4. Biogas production rate, methane contents,
and pH variation profiles during semi-
continuous the first methane phase fer-
mentation of the effluent from the acid
fermenter at a retention time of 4 days(O :
Methane contents, ® :Biogas production
rate, A : pH variation).
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Fig. 5. Comparision of biogas production during
semi—continuous methane phase fermenta-
tion opeated with the effluents from the
first methane phase fermenter at various
retention times(3.3(®),4(C) and 5(2) days
of retention time).
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t}. H 1.73g VS/¢ culture/day®] f71&E £
©2 428ml/f culture/day? £& 2 s}AAAlo)
A&E YR, #AY7tA Y FF CHEsEE 634%
o4 13} WEA|% 2 Aolg Holx] ke, wg
COD= =4 2,134ppmoA L& ¥ HF7F 1,630
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Table 2. Summary data on methane Fermenta-
tion of raw cow manure.

| 1I m
Retention time(day) 13.3 4 4
Biogas production rate 670 977 428
(ml/¢ culture/day)
Methane contents(%) 617 649 634
Gas yield(ml/g * vs) 203 236 247
VS loading rate 33 40 1.73
(g/¢ culture/day)
COD removal rate(%) 53.2 426 24.0

I : Single—stage methane fermentation,
I1 : First methane phase fermentation,
HI : Second methane phase fermentation
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Fig 6. The rate of biogas produchtion, methane
contents and pH variation profiles during
semi—continuous second methane phase
fermentation operated with the effluent
from the first methane fermenter at a re-
tention time of 4 days(O :Methane con-
tents, ®:Biogas production rate, A:pH
variation).
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Fig. 7. Batch culture of CHorella sp. PSH3 per-
formed with 4-fold diluted effiunt from
the second methane fermenter(® :Algal
cell number, O :Dry weight of algal cell, A
: Contents of algal chlorophyll).
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v aba el 2v) Ao §71E vt 5
o} ZA7} AL FAEHA] skokar, 6vl Mo x=
4u) M HelAe} A9 Ze AxE FAlsgort
HAPE Fof wjkze V)& FaAPE HlA
ubg el 4u) Xste] 0143178 FHgir).

kg w8 Chlorella sp. PSH3 22 Azt gl
oA 1 wredgujoke] A {71E AFAE &7
9)ste] 4wl 34 22} wjgbdE w4 (COD, ¢ 400mg/
£)% 1,000m! wjokd z+7] 167ml, 125ml, 100ml
A ZF(13)/day) st whd&uloke ARJEA
4097} w8l Aal= Table 3049} 7ko] 1049
§71% AFALOE wioFsle Aol ZAFAH «
715 AAEe] A Fouth Fig. 8& 1049 #7]
E AFA7re 2 Chiorella sp. PSH3-& ks wljoF
AL ehd Aelc}. HHF 1.8g dry algae/
¢ culture/day(AZASG, 2.8x10%ells/ml)e] =
ABAA S eb T, wlekslde] 2An 24|

Table 3. Comparision of viable cell count, filtrate
COD and pH of the effluents from the
semi—continuous culture of Chlorella.

Retention time  Filtrate COD  Viable cell count  pH

(day) (mg/effluent®)  (cells/ml)
6 294 1.07x10° 7.63
8 150 20%x10° 8.71
10 8.5 28%10° 8.30

The cultures were fed by the effluents from the second
methane fermenter at various retention times.

*The effluents were collected from each of 1,000mi of
algal culture.
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Fig.8. A semi—continuous culture of Chlorella sp.

PSH3 with 4-fold diluted effluent from the

second methane fermenter at a retention

time of 10 days(® : Number of viable algal

cell, O : Variation of COD).
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Table 4. Summary of four-stage treatment system of raw cow mamure at steady state.

Acid 1st methane 2nd methane Algal
Fermentation fermentation fermentation treatment
inffluent  effluent inffluent effluent inffluent  effluent inffluent effluent

PH 6.6 5.2 6.5 7.1 7.1 79 79 8.3
Total COD(mg/ml) 51330 14450 6,350 3,684 2,134 1,630 337 314
filtrate COD(mg/ 4 ) ND ND ND ND ND ND ND 85
TS(g/?) 713 186 118 94 7.7 7.1 3.74 42
vS(g/l) 44 16.1 9.2 69 49 42 ND ND
VFA(mg/ml) 47 1.2 7.0 5.5 39 3.3 1.1 1.2
Total nitrogen(mg/ ¢ ) 1333 230 ND ND ND ND ND 52
Dry cell mass(g/¢) ND ND ND ND ND ND ND 18
Algal chlorophyll(mg/?¢ ) ND ND ND ND ND ND ND 417
CDO reduction rate(%) 71.8 426 240 73.0
Reduction rate of filtrate ND ND ND 74.7
COD(%)
Retention time(day) 6 4 4 10

£ 7ol o3 A A% filtrate CODE HF 85mg/¢
ook A A A #sle] Goldman(24) ¢l 2J8}
W Chlorella, Scenedesmus, Spirulina®] 2-9]uljoko
Aol F3 Aakg o] B9l 15~30g dry algae/m?/
dayelc}. AAn|ily of2i9} B AFe4 bem 3
T Folo] w2 o)fsldonz 9o MAA
WeolE 44 5cm algal pond& #4ks}H, 0.3~
0.6g dry algae/? /daye|ct. & Ay #As= o
ol A3E Jehl At a9 o]4nie
e dadde] Fag A9 dAAFA] E44
FrE9 AAZE AR B4t 27t AFek
Hled® 7Jo 2 Wolu, colony countol] &3k AL
T(2.8x10° cells/ml) 7} AA 9 gro & Az},
Table 4= & A8 9] 4 =]z #4754
T 8o Fo|th. 2u4Ee] 3u Y AR
COD 51,300mg/ ¢ 238 #HZAQ Chlorells
2] Fol= COD7} 85mg/¢ 2 7taso] #7449
F71E AAEL 99.8%) 2eteict. 2FAe A
#(Table 4)°f 2lJ4] inffluent COD7} 33.7mg/
100mle]2 effluent COD7} 31.4mg/100mle]o] 4]
e 9 & CODgtol #tasA] o48-e 21249
vlo] e w27} CODell ubd=ly] wjFo 2 Azbs]n],
ANE 2AE AAZ filtrate CODZHE 8.5mg/
100mlo|™, ojwje] F7)& AAELE 73% ). 7
H, 771% AFAPZLeR & 7 dAE A2z &
Al Abtax o 1x 2 230 webd g2 Chlorel-

la He]zo) QJoiA zbzt 1.5:1:1:109 Aoz &
gt

oo 4adA HejAel slojA $-Eo] A tach
Aol 4} 3ufe] 8], 1e|w 23} oebit i s o)
Chlorella HejtAllA 4uje] 455 Haz &
ok 2 AAle HEAedA) 2Rk Az F
o FETE 4 MYdA M5 o)4FridE B
o} AR FA A +AE $ g Aotk ®
&, 8o APEHAA o 80% 2] CO, %

ol

o_}:

ko

F71A A7 ES By 802 Hstan}, A
2] F7dasl Chlorella wjokel] ojgh AJ$-2o] 4
A - EEAE Awstdnt. 36 34 Yere
67t APERAIR Ha RS 49 Fe)FE HFA
ko 13} vjshda 2ol 35434S o, 32 977ml/ ¢
culture/day 9] wlol@7kxs} MAYEAT, 12} Wa
Y-S ] 4419 AFAeR 23} debig x|
TEAE W HE 428ml/¢ culture/day o] ol
Zh27b AArEIQIel. 13} wlebd g o] nlo)osba A
S Ao gtz v ye o 31.4% 7}
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Hgich. w3 Ahdaad, 12 9 23 Hebi i
9] §71% AAEL #7) 71.8%, 426% 11
24.0%Ach. &4, 2% wjebdE s YL Chlorella
sp. PSH30 ¢Ja) 1099] AFAIZke2 uheldulof
zejgk Az, H7F 1.8g/¢ culture/day(2.8x 10°
cells/ml) o] ZA7} A=A, o AL 7%
AAEL 73% Ak, oo 4A He|HAS 3t
of 2ozl 36 4 s COD7} 5],
300ppmol| A ZHEHAQl Chlorella?] el 23
7 85ppmoE Zasle} FH7IE AAEe] 99.8
%ol Zatdch. o5 A= f71A H/EY &
&4 Azlet o] nlo]erpre} FAchAS A
Abehe BgbA Ao 74 o] 7hs§he vebdict.

A
B 7L 19135 Z8EAY 55

Aot &4 sedTEgule) ofste] AT
o, ool ZHLEveh.
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