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Abstract >> This study was performed to investigate the application of dark H, fermentation to two-stage bioprocesses
for organic waste treatment and energy production. We reviewed information about the two-stage bioprocesses
combining dark H, fermentation with CH, fermentation, photo H, fermentation, microbial fuel cells (MFCs), or
microbial electrolysis cells (MECs) by using academic information databases and university libraries. Dark fermentative
bacteria use organic waste as the sole source of electrons and energy, converting it into H,. The reactions related
to dark H, fermentation are rapid and do not require sunlight, making them useful for treating organic waste.
However, the degradation is not complete and organic acids remain. Thus, dark H, fermentation should be combined
with a post-treatment process, such as CH,; fermentation, photo H, fermentation, MFCs, or MECs. So far, dark
H, fermentation followed by CH4 fermentation is a promising two-stage bioprocess among them. However, if the
problems of manufacturing expenses, operational cost, scale-up, and practical applications will be solved, the
two-stage bioprocesses combining dark H, fermentation with photo H, fermentation, MFCs, or MECs have also
infinite potential in organic waste treatment and energy production. This paper demonstrated the feasibility of
two-stage bioprocesses combining dark H, fermentation as a novel system for organic waste treatment and energy
production.
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Table 1 Hydrogen and methane production by a two-stage bioprocess (dark H. fermentation + CH4 fermentation)

a) . a) .
Substrate OLR 3H2 yield OLR 3CH4 yield Ref
(H reactor) (m” Hy/kg VS) (CH4 reactor) (m” CHykg VS)
Food 119 kg VS/m’d 031 54 kg COD/m’d 021 10
waste (mesophilic) ’ (mesophilic) ’
3 3
Food 22.7 kg V.S./m d 0.07 4.6 kg VS/.m d 0.55 28
waste (mesophilic) (mesophilic)
Food 39 kg COD/m’d o011 42 kg COD/m’d 0.45 29
waste (thermophilic) ' (thermophilic) ’
b 38.4 kg VS/m'd 6.6 kg VS/m’
OFMSW (thermophilic) 0.21 (mesophilic) 046 30

“OLR: organic loading rate
YOFMSW: organic fraction of municipal solid waste
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Table 2 Hydrogen and methane production by a two-stage bioprocess (dark H. fermentation + photo H, fermentation)

. H, yield Photo H» H, yield
Substrate Dark H fermentation (mol Hx/mol hexose) fermentation (mol Hx/mol hexose) Ref.
Sucrose Mixed culture 1.8 Rhodobacter sphaeroides SH2C 1.5 34
Food waste Mixed culture 1.8 Rhodobacter sphaeroides 7X-5 3.6 35
Potato starch Mixed culture 0.7 Rhodobacter capsulatus B10 49 36
Mixed culture Mixed culture
Cassava starch (mainly Clostridium sp.) 23 (mainly Rhodobacter palustris) 33 37
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Table 3 Electricity production from acetate by microbial fuel cell (MFC)

MFC Anode Separator Cathode Max. Power density Ref.

type material material material (W/m’) ’

SCMFC? Carbon cloth Membrane-free Carbon cloth/Platinum 16.0 44

Tubular Graphite AEM”

SCMFC? brush Membrane-free /COTMPP” 212 45
- 4y Titanium plates

4 Stacked MFC Titanium plates CEM MMO® 144.0 46
Double i

CEA MFC” Carbon cloth None-woven cloth Carbon cloth/Platinum 2,080 47

a)Single-chamber microbial fuel cell

Anion exchange membrane

“Cobalt tetramethoxyphenylporphyrin

9Cation exchange membrane

“Mixed metal oxide

Cloth electrode assembly microbial fuel cell
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Fig. 6 Schematic diagram of microbial electrolysis cell (MEC)39)
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Table 4 Hydrogen production from acetate by microbial electrolysis cell (MEC)

Applied Anoc!e Separa.tor Cathqde H, yield Ref
Voltage (V) material material material (mol Hx/2 mol acetate)

0.5 Graphite felt CEM” Titanium mesh/Platinum 42 51

0.6 Carbon cloth Membrane-Free Carbon cloth/Platinum 5.0 52

0.85 Carbon cloth CEM? Carbon cloth/Platinum 22 53

0.9 Graphite brush AEM” Stainless steel mesh/Platinum 6.6 54

“Cation exchange membrane
b) .
)Anion exchange membrane
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Table 5 Comparison of various two-stage bioprocesses combining dark H, fermentation

Advantages

Disadvantages

Dark H, fermentation
+ methane fermentation

25-26% increase in electricity compared to single|* CO, emissions from methane combustion

CH,4 fermentation
Stable operation
Light-independent process

Dark H, fermentation
+ photo H, fermentation

Improved H, yield (theoretical yield: 12 mol

Hz/mol hexose)

Light supply

Low light penetration efficiency
High cost of photo-bioreactors
Scale-up problem

Limited practical applications

Dark H, fermentation
+ microbial fuel cell (MFC)

Direct conversion of organic matter into

electricity by MFC

O, supply (only in double MFC)
Increased system complexity

Efficient MFC operation at ambient and even |* High cost of MFC

low temperatures
Light-independent process

Scale-up problem
Limited practical applications

Dark H, fermentation
+ microbial electrolysis
cell (MEC)

Improved H, yield (theoretical yield: 12 mol

Hx/mol hexose)
Light-independent process

Power supply

Increased system complexity
High cost of MEC

Scale-up problem

Limited practical applications
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