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Anaerobic digestion of corn stalk for biogas
production: ambient vs mesophilic temperature
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Abstract: A naerobic digestion technology for corn stalk conversion to biogasw as investigated for corn stalk utilization and
pollution reduction Two tenperatures(ambient and themophilic) and three loading rates of 35, 50, 65 g/A w ere tested,
and their effects on biogas production, total slid (TS) and volatile olid (V' S) reduction were compared The results
showed that the loading rate of 50 g/A achieved highest cumulative biogas production for both temperatures The
temperature is one of major factors affecting efficiency and rate of anaerobic digestion of corn stalk A s compared w ith
anbient tenperature, mewphilic digestion w ith the loading rate of 50 g4 was able to achieve 63% higher cumulative
biogas production, 33% and 49% more reduction of TSandV S and need 10 days less hydraulic retention time T herefore,
it had favorable economy and is recommended This study could provide useful paraneters for the design of large-scale
anaerobic digester for corn stalk conversion for biogas production
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1 Introduction

China is the largest agricultural country in the
world Currently, @ 9 billion peoples are famers,
acocounting for about 70% of total population in the
nation Crop planting is major part of agricultural
industry. Approximately, Q 7 billion tons of crop
w aste is generated annually. Corn is one of major
crops and mainly planted in northern area, produces
about Q 1 billion tonsof corn stalk annually.

Digosal methods for corn stalk include fuel for
household cooking and heating, open-field burning,
animal feed, incorporating into il, construction and
erosion control materials Open-field burning isone of
main ocorn stalk digposal methods, causing great
environrmental and safe problens, such as air
pollution, fire disaster, and mpacts on traffic and
aircraft safety. Therefore, it is necessary to find
environmentally friendly alternatives for corn stalk
digposal and utilization in a way that pollution is
minim ized

U sing anaerobic digestion technology to oconvert
corn stalk to biogas isone of alternativesfor corn stalk
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utilization A naerobic technology has been w idely
used for organic wastes coonversion for biogas
production, such as animal and human excreta 2.
How ever, little research has been oonducted on
anaerobic conversion of corn stalk to biogas Themain
reaon is that ocorn stalk contains high percent of
lignocellulose, which is not readily biodegradable to
anaerobic bacteria, leading to low er digestion rate and
biogas production There are various methods to
improve the biogas production of corn stalk such as
size reduction, steam explosion, fungi prebiodegrada-
tion, and ammonization”®.  Increasing digestion
tanperature isone of smple and effective methods to
improve the biodegradation efficiency and biogas
production since anaerobic bacteria is highly affected
by temperature A coording to previous study, there
are three optimal temperature zones of 20 , 33
35 , 52 55 , in which high effective anaerobic
digestion oould be achieved, and biodegradation
efficiency would mprove as temperature increases
from low-tenperature zone to high-temperature
zonel. Themophilic digestion needsmore extra heat
to maintain the temperature than it might generate,
therefore, is not adopted Ambient tamperature does
not need extra heat supply, but it ishighly affected by
environmental oondition and nomally has low
digestion efficiency. M esphilic temperature needs
lessor sometimes no extra heat supply w hile possibly
generates more energy through more biogas
production, thusw as chosen for this study.
Thepurposeof this study is to investigate the effect
of mesphilic and ambient temperatures on biogas
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production of corn stalk through anaerobic digestion at
different loading rates, and provide useful parameters
for the design of large-scale anaerobic digester for corn
stalk conversion for biogas production

2 M ater ialsand methods

2 1 Exper mental stup

The experimental set-up is shown in Fig 1 It
consisted of an erlenmeyer flask of 2L, a bottle of 1
L, and a beaker of 1L, w hich functioned as anaerobic
digester, biogasvolume recorder, and receiver for the
water discharged from the recorder, regectively'®.
The biogas generated in the digester was introduced
by a rubber pipe into the headgace of the bottle and
pressed thew ater in the bottle out and flowed to the
w ater receiver. The volume of the discharged w ater
from the bottle represents the volume of biogas
generated in the digester. D ifferent anount of ground
corn stalk was used for each temperature test and put
into the same flask digester w ith aworking volume of
1 5L, andmade three loading ratesof dry matter 35,
50, and 65 g/, regpectively The three flask
digesters for mesophilic test w ere sit in a shaker w ith
temperature controlled at 35 , and other three flask
digesters for ambient temperature test in another
shaker without temperature control Both shakers
were aways kept shaking at the same geed of 120
r/min

Shaker

N
]

X i

Recorder

Receiver

Digester

Fig 1 Expermental setup of anaerobic digestion

2 2 Materials

Corn stalk used in this study was obtained from
Tong County of Beijing The corn stalk was first
chopped and then ground into 2 3 an pieces by a
hanmer mill Size reduction helps biodegradation by
rupturing cell walls and making the biodegradable
components more accessible to microorganisns,
mearw hile, facilitates sampling The oorn stalk
contained 96 8% of dry matter (OM ) and volatile olid
(VS) was 80 2% of total solid (TS). A naerobic
sludgew as used as seed, w hich was obtained from an
anaerobic digester in Gaobeidian W astew ater

T reatment Plant of Beijing The sludge contained TS
34400 mg/A, VS 17340 mgA, and supended olid
(SS) 33090 mgA. M ixed liquor suspended wlid
(ML SS) in each digester w as the sam e and m aintained
at 15000 mgA , which was selected based on the
research result from Zhang'®. T he carbon-to-nitrogen
ratio (C/N) of corn stalk was about 75, 2 a certain
anount of NH4Clw as added to adjust the CAN ratio to
about 25, which is believed the appropriate one for
anaerobic bacteria grow th
2 3 Sampling and analysismethods

The daily biogas production for each flask digester
was reoorded every day and the oorreponding
cunulative biogas production was calculated The
initial total TS that includes both corn stalk used and
sludge added and the final TS that actually is the
mixture of digested corn stalk and left sludge was
measured TS, VS were analyzed acoording to
AHPA.

3 Reaultsand discussion

31 Ambient tenperature

T he daily biogas production at anbient temperature
is shown in Fig 2 Similar trends of daily biogas
productionw ere found for the three loading rates The
biogas production for each digester started to increase
after seeding and reached its peak value, then
decreased gradually. The difference was the peak
value and the time reaching peak value It can be seen
that the loading rate of 50 g/ reached itspeak value
of 845 mL /d on the 31" day, which is 80 and 340
mL /d higher than the loading ratesof 35, and 65 g/A_,
regectively. How ever, the order of the time reaching
peak valuewas 35, 50, and 65 g/A. This mplies that
relatively shorter hydraulic retention time (HRT) is

required for the digestion at low er loading rates
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Fig 2 Daily biogasproduction
at anbient temperature
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The cumulative biogas production for the three
loading rates is shown in Fig 3 The final cunulative
biogas production was 6400, 7400, and 4000 mL for
the loading ratesof 35, 50, and 65 g/A , repectively,
indicating the loading rate of 35 g/A was too low,
while 65 g/ was too high for anaerobic bacteria to
effectively digest corn stalk The loading rate of 50
g/ is believed the best due to its highest biogas
production achieved, therefore, is recomm ended
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Fig 3 Cumulative biogas production
at anbient temperature
3 2 M esophilic tanperature
The daily biogas production at mesphilic

tenperature is shown in Fig 4 Itwas found that the
trend of daily biogas production at mesophilic
tenperature is very smilar to that at ambient
tenperature as shown in Fig 3 However, for the
three loading rates tested, the peak value of daily
biogas production at mesophilic temperature was
obviously higher than that at ambient temperature,
and was reached in earlier time This result show s
that more corn stalk have been converted at higher
digestion rate at mesphilic temperature than at
ambient temperature, which was further verified by
higher cumulative biogas production and more TS and

V S reduction at higher temperature condition
2000

1800 -
1600 |-
1400 |-
1200 |-
1000 |
800 |
600 -
400
200

Loading rate/g-L™

Daily biogas production/mL-d™'

B R
o Lo wmn rEPETOT TS RS T AT TN Y T U U S S N W A

1 3 5 7 9 11 1315 17 19 21 23 25 27 29 31 33
Time/d

Fig 4 Daily biogasproduction at mesophilic tenperature

The cumulative biogas production for the three
loading rates at mesphilic temperature is shown in
Fig 5 The final cunulative biogas production was
10500, 15200, 11900 mL for the loading rates of 35,
50, and 65 gA, repectively The highest biogas
production w as achieved w ith loading rate of 65 g/_,
indicating this loading rate is best suitable to the
anaerobic digestion of corn stalk
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Fig 5 Cumulative biogasproduction
at mesphilic temperature

3 3 Relationship between biogas production and TS
and VS reduction

The relationship betw een biogas production and TS
and V S reduction at different tenperaturesis shown in
Fig 6 and 7 The results from both temperatures
show ed that themore cumulative biogasw asobtained,
themore TS andV S reduced For the loading rate of
50 gA, biogas conversion rates of 247 mL /gTS
reduced and 390mL /gV S reduced, and 380mL /g TS
reduced and 447 mL /g V' S reduced w ere obtained at
anbient temperature and mesophilic temperature,
regectively. The result further verified that mesoph-
ilic ocondition oould obviously mprove anaerobic

oconversion efficiency, therefore, increase biogas
production
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Fig 6 Relationship betw een biogasproduction, TS, VS
reduction and loading rate at anbient temperature
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Fig 7 Relationship betw een biogas production, TS, VS
reduction and loading rate at mesphilic tanperature

4 Conclusions

Teamperature is one of major factors affecting
efficiency and rate of anaerobic digestion of corn stalk
As oompared to anbient and themophilic
tenperatures, mesphilic tanperature needs less or
vmetimes no extra heat supply while possibly
generates more energy through more biogas
production, thus was used in this study. Two
tenperatures (ambient and mesophilic), and three
loading rates(35, 50, 65 g/ ) were tested The load-

1 1
) )
(1 , 100029;
(35 50 65g)
, ,50gL TS
63%, (TS v

TsA :

ing rate of 50 g/A was found to achieve highest
cunulative biogas production for both temperatures
A s compared w ith ambient temperature, mesophilic
digestion w ith the loading rate of 50 g/ was able to
achieve 63% higher cumulative biogas production,
33% and 49% more TS and V S reduction, and need
10 days shorter hydraulic retention time, therefore,
has favorable economy and is recomm ended
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