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Degradation Characteristics of Microalgae in Methane Fermentation. Chang-Min Kang and Myeong-
Rak Choi'*. /nternational Water Environmant Renovation Research Team, National Institute for Environmental
Studies, Tsukuba-Shi, Ibaraki 305, Japan, 'Department of Biological Engineering, Yosu National Fisheries Unive-
rsity, Yosu-Shi, Chunnam 550-749, Korea — This study was carried out to examine degradation characteristics
of microalgae Chlorella vulgaris in methane fermentation. We measured COD and VS reduction, gas and me-
thane productivity, VFA (volatile fatty acid), respectlvely Then we calculated material balance and hydrolysis
rates in soluble and solid material. The substrate concentration was controlled from 14 g(‘,ODn/l to 64 gCOD,, /I
in batch cultures, and HRT (hydraulic retention time) controlled from 2 days to 30 days in continuous experi-
ments. The results were as follows. In batch culture, accumulated gas productivity increased with the increase
of the substrate concentration. The SS and VSS was removed all about 30% increase of substrate concentration
and the most of the degradable material removed during the first 10 days. The curve of gas and methane
production rate straightly increased until substrate concentration is 26 gCOD./l. In continuous culture experi-
ments, the removal rates at HRT 10days were 20% for total COD and TOC, respectively. At longer HRT,
there was no increase in the removal efficiency. At HRT 15 days, the removal rates were 30% for SS and
VSS, respectively. Soluble organic materials were rapidly degraded, and so there was no accumulated. Soluble
COD concentration was not increase regardless of HRT-increasing. That meaned the hydrolysis was one of
the rate-limiting stage of methane fermentation. The first-order rate constants of hydrolysis were .23~0.28

day ! for VSS, and 0.07~0.08 day™' for COD.
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Fig. 1. Apparatus of bial test.
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Table 1. Conditions of batch test

Substrate conc. COD., Loading rate

(gCOD.. /D) (gCOD.. /gVSS)

No.0 0 0

No.1 1.4 32.64
No.2 6.4 146.45
No.3 12.7 290.62
No.4 25.7 588.10
No.5 38.4 878.72
No.b 51.2 1171.62
No.7 64.0 1464.53

Table 2. Conditions of continuous experiment
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HRT Flow rate Reactor Volume

(Days) (I/days) (L)
2 (.70 1.5

3 0.50 1.5

5 0.30 1.5

10 0.15 1.5
15 0.10 1.5
30 0.05 1.5

HRT=Hydraulic Retention Time
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Table 3. Chemical composition of microalgae suspention

PR Concentratio
Analysis item ncentration

(mg/l)
COD,, 139860
Total nitrogen 11450
Total solid 106200
Volatile solid 91390
Voatile fatty acid 233
TOC 54590
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Fig. 2. Accumulated gas production by the change of subst-

rate conc.
Symbles are: <, 1400 mg/l; O, 6400 mg/l; A, 13000 mg/i;

mg/!
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Fig. 3. Gas production rate by the change of substrate con-
centration (m/-/"'-day™').
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Fig. 4. COD and TOC removal rate by changes of HRT.
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Fig. 5. Changes of soluble COD conc. in each HRT,

Table 4. Concentrations of produced VFA and gases in each
HRT

HRT{(days) 0 2 3 5 10 15 30

Acetic acid 221 635 649 693 467 277 150
Propionic actd 13 178 301 271 239 358 370
i-Butylic aad ND 33 83 68 H4 43 33
n-Butylic acid ND 163 198 139 102 27 30
1-Valeric acid ND 42 110 75 85 115 110
n-Valeric acid ND 8 114 72 66 54 42

Total VFA 234 1131 1455 1323 1013 874 735

N, ND 10 6 6 10 4 10
CH, ND 51 53 54 56 64 64
CO, ND 40 41 40 34 31 27
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Fig. 6. Gas and methane production rate in each HRT.
Symbles are: [], Gas; <O, Methane
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Table 5. COD material balance in each HRT

HRT Particle  Soluble materials  Met-  Recovery
(days) material SyS VFA Others hane rate(%)
O 95.1 0.5 14 3.0 0 100

2 78.8 1.6 8.4 7.9 3.0 99.7
3 73.2 1.7 114 5.4 4.8 96.5
5 66.2 1.7 9.9 5.0 7.2 90.2
10 61.8 2.3 7.9 8.3 10.9 922
15 60.6 1.7 7.1 9.6 14.2 93.2
30 62.3 1.6 6.2 5.3 13.5 88.9

SVS (Scoluble Volatile Solids)= Soluble protein+ soluble ca-

rbohydrate
Others=Soluble COD—SVS—VFA (Volatile Fatty Acids)
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