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Hydrogen is a clean energy source due to its high
energy content per unit mass and its harmless
combustion end-product water. Biological hydrogen
production processes are found to be more environment
friendly and less energy intensive as compared to
thermochemical and electrochemical processes.
Cellulose 1s the most common organic compound on
Earth found in plant and agricultural wastes.
Cellulose is hard to be decomposed by microorganisms
in ordinary temperatures, so as not to be the
substrate for biological hydrogen production.
Thermophilic hydrolysis of cellulose is usually
advantageous since the digestion in rate increases
high temperatures. Cellulose hydrolysis is the rate-
limiting step during cellulosic biohydrogen
production, therefore hydrolysis of cellulosic
materials at high temperatures using thermophilic
microorganism seems to be an effective cellulose
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pretreatment process. Clostridium thermocellum strain
TCW1 was isolated from cow manure and was found to be
able to degrade cellulose, and produced acetate,
hydrogen and carbon dioxide. The purpose of this
study was to find the effect of initial pH,
temperature and cellulose concentration on the growth
of Clostridium thermocellum strain TCW1 in batch
culture and to optimize the fermentative hydrogen
production process by response surface methodology
(RSM). The results indicated the highest hydrogen
yield of 104.34mL H2/g cellulose was occurred at the
initial pH of 6.90, the temperature at 57.50C and the
a -cellulose concentration of 7.7g/L. The optimal
hydrogen production rate of 13.66mL H2/L « r was
occurred at the initial pH of 6.90, temperature at
630C and the a-cellulose concentration of 9.3g/L.
The experiment results showed that the response
surface methodology was useful for optimizing the
fermentative hydrogen production process

Clostridium ; hydrogen ; dark fermentation:; response
surface methodology
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Application of response surface methodology (RSM) to investigate
the optimal operation conditions of fermentative hydrogen
production from cellulose hydrolysis
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Hydrogen is a clean energy source due
to its high energy content per unit mass and
its harmless combustion end-product water.
Biological hydrogen production processes are
found to be more environment friendly and
less energy intensive as compared to
thermochemical and electrochemical
processes. Cellulose is the most common
organic compound on Earth found in plant
and agricultural wastes. Cellulose is hard to
be decomposed by microorganisms in
ordinary temperatures, so as not to be the
substrate for biological hydrogen production.
Thermophilic hydrolysis of cellulose 1is
usually advantageous since the digestion in
rate increases high temperatures. Cellulose
hydrolysis is the rate-limiting step during
cellulosic biohydrogen production, therefore
hydrolysis of cellulosic materials at high
temperatures using thermophilic
microorganism seems to be an effective
cellulose pretreatment process. Clostridium
thermocellum strain TCW1 was isolated from
cow manure and was found to be able to
degrade cellulose, and produced acetate,
hydrogen and carbon dioxide. The purpose of
this study was to find the effect of initial pH,
temperature and cellulose concentration on
the growth of  Clostridium thermocellum
strain TCW1 in batch culture and to optimize
the fermentative hydrogen production
process by response surface methodology
(RSM). The results indicated the highest
hydrogen yield of 104.34mL H»/g cellulose
was occurred at the initial pH of 6.90, the
temperature at 57.5°C and the a-cellulose
concentration of 7.7g/L. The optimal
hydrogen production rate of 13.66mL



H,/L-hr was occurred at the initial pH of 6.90,
temperature at 63°C and the o-cellulose
concentration of 9.3g/L. The experiment
results showed that the response surface
methodology was useful for optimizing the
fermentative hydrogen production process.
Keywords: Clostridium, Hydrogen, Dark
fermentation, Response surface
methodology
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1. iR & 22 RATHES
& 1 P4# A RSM B3t Arid s =
SR E F(H, yield) & i# 3% F Ak 4o B 1~3
Fiow o @ b B Bkt A kAT Bl X ik R3S
%4 & pH 6.90 ~ ;B 57.5°C &
a-cellulose JE & 7.7¢/L > M AR Z & & & A
A &% 95.05 mL Hy/g cellulose » 4& & %43t
DA PR B 2 p ke R | FER o R
W G
H; yield (mL Hy/g cellulose)=
-2696.2 + 514.41X; + 36.59X, — 4.93X5 —
38.85X - 0.32X,* - 043 X35> +0.02 X
1 Xo+ 1.26X1 X3+0.05 X, X3
(R*=0.928)
(X 1: initial pH; X ,: temperature; X 3:



substrate concentration)
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#.3% % (H, production rate) £z i 332 & 15 1 4o
B 4~6 Ao - @i FRET H AT
B AEEM4 A pH6.90 ~ B E 63°C &
a-cellulose JE & 9.3g/L - Fr 728 8] Z & K
A &% A 1001 mL Hy/L-hr» & & 43t %
WMAFE 2 p Aok 1 i - H@EFH 42
KdaF
H; production rate (mL H,/L-hr)=
-351.6 +60.57 X1 +4.87 X, +1.49 X3 —
3.89 X 7= 0.03 X2 -0.07 X5°-0.16 X |
X+ 0.15 X1 X3- 002X2X3
(R*=0.897)
(X ;: initial pH; X ,: temperature; X 3:
substrate concentration)
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BEBEZEHL  FRAREAAERRESA
REBEGEME D AREFREEKMHA pH
6.90 ~ @ 57.5°C RAEEE 77gL; M
A A ERAEEM4S pH 690 ~ EE 63°C

RAEERE 93g/L- it 4&d RSM FE R X &
RARAERREDRE A A/ 95.05mL
H,/g cellulose & 10.01mL Hy/L-hr °

ERAEFRRKAEEFEZERER
Vo BBz A kiR A 0.1267hr 0 BR
B 5% %8 B A 893.9mg/L > H 3B B A & 4 ik
R #y 22.775mg/L-hr> 8 4 & 5 AR 15T dh Ae4b
2 17g/L 2 B RI% - LM 692 2
BHEF (X 89.9%) 0 AT fRiR R F A A
0.096g/L-hr - f£ & R, & % & strain TCW1 £
WA TAHEAMI A AN SE
2500mL/L > xR S RRE A 25.5% ° miE
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BAEERK -
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P BB A KRR %A 02303 hr o R REE
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44.26mg/L-hr » JX B K2 R Ty & 0 sbEx @
ERIGEH P ANZIEBEESES
9.3g/L » E E B 72 /8544 strain TCW1 &
HRY) 96% Z 4i4EE (4B 8.9g) » LAEARR
ERER A 0.1241g/L-hr - £E R EH @
strain TCW1 32 &0 b FrRrA A 2 B
EAED AR E Z 5iE 3010mL/L & K &R
BEA 329% - MAAE R P HETZE
ik % A 13.66mL Ho/L-hr > 75r$2 RSM &
ERi& it AR TARI Z B AR K o
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& 1 St o 47 P& 4% Z p-value

p-value
Tern HY HPR
(mL Hy/ g cellulose) (mL H,/ L- hr)

Xi-pH 0.213 0.203
X,-Temperature 0.089 0.069
X3-Substrate concentration 0.030 0.015
X1 X5 0.985 0.151
X1X3 0.344 0.360
X5X3 0.778 0.347
X, 0.036 0.014
X, 0.003 0.013
X5 0.021 0.01

%2 RSM RAEi5# A QAN X B ERTREAZI LS

Predicted Experimental = Deviation

Response variable Optimal condition
value value (%)
. pH 6.90
H, yield o
Temperature: 57.5°C 95.05 104.34 2.6
(mL Hy/g cellulose)
a-cellulose: 7.7g/L
. pH 6.90
H,; production rate o
Temperature: 63°C 10.01 13.66 2.3

(mL H,/L-hr)
a-cellulose: 9.3g/L
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