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ABSTRACT

In the present work, it was attempted to produce H, from food waste by the two-stage fermentation

system. Food waste was acidified to lactate by using indigenous lactic acid bacteria under mesophilic
condition, and the lactate fermentation effluent (LFE) was subsequently converted to H, by photo-fermentation.
Rhodobacter sphaeroides KD131 was used as the photo-fermenting bacteria. The optimal conditions for lactate
fermentation were found to be pH of 5.5 and substrate concentration of 30 g Carbo. COD/L, under which
yielded 1.6 mol lactate/mol glucose. By filtering the LFE and adding trace metal, H, production increased
by more than three times compared to using raw LFE, and finally reached the H, yield of 3.6 mol Hy/mol

lactate. Via the developed two-stage fermentation system H, yield of 5.8 mol Ha/mol glucose was achieved

from food waste, whose value was the highest that ever recorded.

KEY WORDS : Photo-fermentation(33 %+ &), Lactate-fermentation(+2+3t &), Food waste(2] =2~ 7]),

Hydrogen(<+24~), pH(pH)
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Fig. 1 Experimental setting for photo-fermatation
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Table 1 Lactate fermentation of food waste at different pH

Lactate Carbohyd-rate Lactate composition
pH yield removal (% of total
(%) (%) organic acids)
5.0 63 80 93
5.5 68 89 97
6.0 59 91 92
6.5 52 94 73

3} kg o8-S UV-VIS spectrophoto -meter(Shimadzu
UV-160D2 34 660nmel A F355 Z4akiey.
712HEA S g AE AfFske] 9,000rpmel Al 3
T o e S e

SHE 02m filters 343 § o] &k A=
0% 458k, 001 M H:SOE ol 5402 3l
flow rate 0.6x0/min®.2 &Z3tgch G714 B4
< Aminex HPX-B7THE “¢#¢t HPLC(Shimadzu
LC-10AT)E AF&3}e] 35T EA45t90 UV
detectorE ©]43t I 210nmol Al SA kA th
BrshE w42 Hs-SbE S ol&-ste] 1000 3
A5k AZ ImLdl] 5%¥ & 1mM, 98% 24k bmLe ¥
3 EE50] F vk 30 WAl AT portable
datalogging spectrophotometer(DR/2010; Hach Co.,
USA)E AF&-38t 34 490nmell ti&l &3 =& =

Astgon FEEAL LTS o839}

38 1

31 RUEg Al X£J| pH SZ

t} pH 50~6.002 =48 FJ& 45 AA
71%F & 90% o]/l fratellem, pH 65 ¢ 7
T 0% 2 ol nAE E4 43, e
715 T2olA F4F 2E A Lactobacillus®t
Streptococcus®} 32 Bt Tol S FASH
S < 4= A thdata not shown). &4 &2~ 7] 9]
et E ol A ke AEES pH 507 pH 559
739 50% ool AAINE pH 500014 wH4=3tE-e
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Table 2 Lactate fermentation of food waste at different initial
substrate concentration

Initial Optimal Lactate Remained

carbohydrate time yield carbohydrate
conc. (g/L) (hr) (%) (%)

10 13.5 54 24

20 30.0 76 18

30 30.0 80 18

40 30.0 77 22

50 36.5 76 16
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Table 3 Hydrogen production, pH and lactate degradation of lactateo]| ™, 42582 36mol Hy/mol lactate(5+
R.shpaeroides KD131 from the lactate fermentation effluence 2] BLO AN0L) O ol 2k o or R T3 ol
Not Fl:Lactate fermentation effluent was not filtered 2AEE 6020 T GFwel EeE o Al
F2: Lactate fermentation effluent was filtered A& Z molybdenum< 4 Ao #olsh= &4
F+T3: Lactate fermentation effluent was filtered and added trace -
o] mi ar ) = 1o
F+T+G4: Lactate fermentation effluent was filtered, added trace 4l mtrOgenaseﬂ :TL}‘OH /\1 EHQ Uﬂv ERC :‘7’]— e
and glutamate 27} o] &5 A% LA ferrodoxint 2 %
Type Not F! P FT | FAT+G* kA 9] electron transport system(ETS)oll A 22
Time (hr) 7 7 7 7 s Ak, 71do] FHalE AA7} nitrogenase
Fial pit | 724 | 722 | 720 | 750 52709 A4 A (ferrodoxin) 2 8-915}9, o]
(izlldii\(/)/\f)h 153 199 12 558 34283 ATPE o] 83}9] nitorogenase”’} A4
m o] Qi AN BAYe FaE BT g
production 427 1,659 1,942 1,988 A mjgE JekRo] HrlEo] £AE AYAlsted =
(mL HyL) = ] _
— S TE AS AFoRE FHE QU WA 1)
hyie _ -1 =
(mol Hy/m 0.8 3.0 3.5 36 F FEEI 7 AaA(glutamate) S H b 5
ollctac) NS A F2ANFE B2AS WA B
Substrate 710 zolsled
degradation 100 100 100 100 ot sl
rate (%) SFA| Tt Table 33 2o] Ljﬂ/g Xc]'g] -]'O]% & &=
Substrate AT Aads HA7be FAS A dA B
conversion 13 50 58 60 el
efficiency (%) 258g dew/L olth AA9S 7l 74 &9k o
(1.22g dew/L) U} 204 E =2 HAHAES BT
24 dgeldE AEEde 2471 U5 47
Aol AsfE e AS & AU v dEE 7] W] #E o] gl AP HolFA Uoks 7
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3ol 2000mL HyLe] a7k ARHY. fakow 2o s 4ao] A 5 §lo] Sa2 Ayahs
FE T2 Al Hao]E482 6mol Hy/mol o] Agte] @ = gk A ] Utk fAke] 13
[ 5.8 mol Hy/mol glucose ]
Food waste H
30 g Carbo. COD/L 2
Lactic acid fermentation 3.6 mol H,/mol lactate
Glucose conversion efficiency: 80% (Hydrogen conversion efficiency: 60%)
1.6 mol lactate/ mol glucose => R. Sphaeroides KD131
Photosynthetic fermentation
Fig. 3 Calculation of total H, yield by the two-stage fermentation process
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