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Abstract: A naerob ic digest ion techno logy fo r co rn stalk conversion to b iogas w as invest igated fo r co rn stalk u tilizat ion and

po llu t ion reduction. Tw o temperatu res(am b ien t and thermoph ilic) and th ree loading rates of 35, 50, 65 göL w ere tested,

and their effects on b iogas p roduction, to ta l so lid (T S) and vo lat ile so lid (V S) reduction w ere compared. T he resu lts

show ed that the loading rate of 50 göL ach ieved h ighest cum ulat ive b iogas p roduction fo r bo th temperatu res. T he

temperatu re is one of m ajo r facto rs affect ing efficiency and rate of anaerob ic digest ion of co rn stalk. A s compared w ith

am bien t temperatu re, m esoph ilic digest ion w ith the loading rate of 50 göL w as ab le to ach ieve 63% h igher cum ulat ive

b iogas p roduction, 33% and 49% mo re reduction of T S and V S and need 10 days less hydrau lic reten t ion tim e. T herefo re,

it had favo rab le econom y and is recomm ended. T h is study cou ld p rovide usefu l param eters fo r the design of large2scale

anaerob ic digester fo r co rn stalk conversion fo r b iogas p roduction.

Key words: co rn stalk; b iogas; anaerob ic digest ion; m esoph ilic; am b ien t

CLC num ber: X37; X712　　　　D ocum en t code: A 　　　　Article ID : 100226819 (2003) 0520214204

Received date: 2003208201

Foundation item: Special Fund fo r Renew able Energy Research from the
A gricu ltu ralM in istry of Ch ina (Contract N o: 01202203)

B iography: Gao Zh ijian, graduate student, D epartm ent of Environm ental
Engineering, Beijing U niversity of Chem ical T echno logy, Beijing
100029, Ch ina. M ajo r in research on so lid w aste m anagem ent.

Co rresponding autho r: L i X iu jin, p rofesso r and PhD , D epartm ent of
Environm ental Engineering, Beijing U niversity of Chem ical T echno logy,

Beijing 100029, Ch ina. T el: + 862010264427356, Em ail: x jli@m ail. buct.

edu. cn

1　 In troduction

　 Ch ina is the la rgest agricu ltu ra l coun try in the

w o rld. Cu rren t ly, 0. 9 b illion peop les are farm ers,

accoun t ing fo r abou t 70% of to ta l popu la t ion in the

na t ion. C rop p lan t ing is m ajo r part of agricu ltu ra l

indu stry. A pp rox im ately, 0. 7 b illion ton s of crop

w aste is genera ted annually. Co rn is one of m ajo r
crop s and m ain ly p lan ted in no rthern area, p roduces

abou t 0. 1 b illion ton s of co rn sta lk annually.

　D ispo sa l m ethods fo r co rn sta lk include fuel fo r

hou seho ld cook ing and hea t ing, open2f ield bu rn ing,

an im al feed, inco rpo ra t ing in to so il, con struct ion and

ero sion con tro l m ateria ls. Open2f ield bu rn ing is one of

m ain co rn sta lk d ispo sa l m ethods, cau sing grea t
environm en ta l and safe p rob lem s, such as a ir

po llu t ion, f ire d isaster, and im pacts on traff ic and

aircraft safety. T herefo re, it is necessary to find

environm en ta lly friend ly a lterna t ives fo r co rn sta lk
d ispo sa l and u t iliza t ion in a w ay tha t po llu t ion is

m in im ized.

　U sing anaerob ic d igest ion techno logy to convert
co rn sta lk to b iogas is one of a lterna t ives fo r co rn sta lk

u t iliza t ion. A naerob ic techno logy has been w idely
u sed fo r o rgan ic w astes conversion fo r b iogas
p roduct ion, such as an im al and hum an excreta. [ 1, 2 ].

How ever, lit t le research has been conducted on
anaerob ic conversion of co rn sta lk to b iogas. T he m ain
reason is tha t co rn sta lk con ta in s h igh percen t of
lignocellu lo se, w h ich is no t read ily b iodegradab le to
anaerob ic bacteria, lead ing to low er d igest ion ra te and

b iogas p roduct ion. T here are variou s m ethods to
im p rove the b iogas p roduct ion of co rn sta lk such as
size reduct ion, steam exp lo sion, fungi p reb iodegrada2
t ion, and amm on iza t ion [ 3 ]. Increasing digest ion
tem pera tu re is one of sim p le and effect ive m ethods to
im p rove the b iodegrada t ion efficiency and b iogas
p roduct ion since anaerob ic bacteria is h igh ly affected
by tem pera tu re. A cco rd ing to p reviou s study, there

are th ree op t im al tem pera tu re zones of 20℃, 33～
35℃, 52～ 55℃, in w h ich h igh effect ive anaerob ic
d igest ion cou ld be ach ieved, and b iodegrada t ion
efficiency w ou ld im p rove as tem pera tu re increases
from low 2tem pera tu re zone to h igh2tem pera tu re

zone [ 4 ]. T herm oph ilic d igest ion needs m o re ex tra hea t
to m ain ta in the tem pera tu re than it m igh t genera te,

therefo re, is no t adop ted. Am b ien t tem pera tu re does
no t need ex tra hea t supp ly, bu t it is h igh ly affected by
environm en ta l condit ion and no rm ally has low
digest ion efficiency. M esoph ilic tem pera tu re needs
less o r som etim es no ex tra hea t supp ly w h ile po ssib ly
genera tes m o re energy th rough m o re b iogas
p roduct ion, thu s w as cho sen fo r th is study.
　T he pu rpo se of th is study is to invest iga te the effect
of m esoph ilic and am b ien t tem pera tu res on b iogas
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p roduct ion of co rn sta lk th rough anaerob ic d igest ion a t
d ifferen t load ing ra tes, and p rovide u sefu l param eters

fo r the design of la rge2sca le anaerob ic d igester fo r co rn

sta lk conversion fo r b iogas p roduct ion.

2　M a ter ia ls and m ethods

2. 1　Exper im en ta l setup
　 T he experim en ta l set2up is show n in F ig. 1. It
con sisted of an erlenm eyer flask of 2 L , a bo t t le of 1

L , and a beaker of 1 L , w h ich funct ioned as anaerob ic

d igester, b iogas vo lum e reco rder, and receiver fo r the

w ater d ischarged from the reco rder, respect ively [ 5 ].

T he b iogas genera ted in the d igester w as in troduced

by a rubber p ipe in to the headspace of the bo t t le and

p ressed the w ater in the bo t t le ou t and flow ed to the
w ater receiver. T he vo lum e of the d ischarged w ater

from the bo t t le rep resen ts the vo lum e of b iogas

genera ted in the d igester. D ifferen t am oun t of ground

co rn sta lk w as u sed fo r each tem pera tu re test and pu t
in to the sam e flask d igester w ith a w o rk ing vo lum e of
1. 5 L , and m ade th ree load ing ra tes of dry m atter 35,

50, and 65 göL , respect ively. T he th ree flask

d igesters fo r m esoph ilic test w ere sit in a shaker w ith
tem pera tu re con tro lled a t 35 ℃, and o ther th ree flask

d igesters fo r am b ien t tem pera tu re test in ano ther

shaker w ithou t tem pera tu re con tro l. Bo th shakers

w ere a lw ays kep t shak ing a t the sam e speed of 120

röm in.

F ig. 1　Experim en tal setup of anaerob ic digest ion

2. 2　M a ter ia ls
　Co rn sta lk u sed in th is study w as ob ta ined from
Tong Coun ty of Beijing. T he co rn sta lk w as first
chopped and then ground in to 2～ 3 cm p ieces by a

hamm er m ill. Size reduct ion help s b iodegrada t ion by

rup tu ring cell w alls and m ak ing the b iodegradab le
com ponen ts m o re accessib le to m icroo rgan ism s,

m eanw h ile, facilita tes sam p ling. T he co rn sta lk

con ta ined 96. 8% of dry m atter (DM ) and vo la t ile so lid
(V S ) w as 80. 2% of to ta l so lid ( T S ). A naerob ic

sludge w as u sed as seed, w h ich w as ob ta ined from an

anaerob ic d igester in Gaobeid ian W astew ater

T rea tm en t P lan t of Beijing. T he sludge con ta ined T S
34400 m göL , V S 17340 m göL , and su spended so lid
( SS ) 33090 m göL. M ixed liquo r su spended so lid
(M L SS) in each digester w as the sam e and m ain ta ined
a t 15000 m göL , w h ich w as selected based on the

research resu lt from Zhang [ 3 ]. T he carbon2to2n it rogen

ra t io (CöN ) of co rn sta lk w as abou t 75, so a certa in

am oun t of N H 4C l w as added to ad ju st the CöN rat io to
abou t 25, w h ich is believed the app rop ria te one fo r

anaerob ic bacteria grow th.

2. 3　Sam pl ing and ana lysis m ethods
　T he daily b iogas p roduct ion fo r each flask d igester
w as reco rded every day and the co rresponding

cum u la t ive b iogas p roduct ion w as ca lcu la ted. T he

in it ia l to ta l T S tha t includes bo th co rn sta lk u sed and
sludge added and the fina l T S tha t actua lly is the

m ix tu re of d igested co rn sta lk and left sludge w as

m easu red. T S, V S w ere ana lyzed acco rd ing to

A H PA.

3　Results and d iscuss ion

3. 1　Am bien t tem pera ture
　T he daily b iogas p roduct ion a t am b ien t tem pera tu re
is show n in F ig. 2. Sim ila r t rends of da ily b iogas

p roduct ion w ere found fo r the th ree load ing ra tes. T he

b iogas p roduct ion fo r each digester sta rted to increase

after seed ing and reached its peak value, then
decreased gradually. T he difference w as the peak

value and the t im e reach ing peak value. It can be seen

tha t the load ing ra te of 50 göL reached its peak value
of 845 mL öd on the 31th day, w h ich is 80 and 340

mL öd h igher than the load ing ra tes of 35, and 65 göL ,

respect ively. How ever, the o rder of the t im e reach ing

peak value w as 35, 50, and 65 göL. T h is im p lies tha t
rela t ively sho rter hydrau lic reten t ion t im e (HR T ) is

requ ired fo r the d igest ion a t low er load ing ra tes.

F ig. 2　D aily b iogas p roduction

at am b ien t temperatu re
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　 T he cum u la t ive b iogas p roduct ion fo r the th ree
load ing ra tes is show n in F ig. 3. T he fina l cum u la t ive

b iogas p roduct ion w as 6400, 7400, and 4000 mL fo r

the load ing ra tes of 35, 50, and 65 göL , respect ively,

ind ica t ing the load ing ra te of 35 göL w as too low ,

w h ile 65 göL w as too h igh fo r anaerob ic bacteria to

effect ively d igest co rn sta lk. T he load ing ra te of 50

göL is believed the best due to its h ighest b iogas
p roduct ion ach ieved, therefo re, is recomm ended.

F ig. 3　Cum ulat ive b iogas p roduction

at am b ien t temperatu re

3. 2　M esoph il ic tem pera ture
　 T he daily b iogas p roduct ion a t m esoph ilic

tem pera tu re is show n in F ig. 4. It w as found tha t the

trend of da ily b iogas p roduct ion a t m esoph ilic

tem pera tu re is very sim ila r to tha t a t am b ien t
tem pera tu re as show n in F ig. 3. How ever, fo r the

th ree load ing ra tes tested, the peak value of da ily

b iogas p roduct ion a t m esoph ilic tem pera tu re w as
obviou sly h igher than tha t a t am b ien t tem pera tu re,

and w as reached in earlier t im e. T h is resu lt show s

tha t m o re co rn sta lk have been converted a t h igher

d igest ion ra te a t m esoph ilic tem pera tu re than a t
am b ien t tem pera tu re, w h ich w as fu rther verif ied by

h igher cum u la t ive b iogas p roduct ion and m o re T S and

V S reduct ion a t h igher tem pera tu re condit ion.

　
F ig. 4　D aily b iogas p roduction at m esoph ilic temperatu re

　 T he cum u la t ive b iogas p roduct ion fo r the th ree
load ing ra tes a t m esoph ilic tem pera tu re is show n in

F ig. 5. T he fina l cum u la t ive b iogas p roduct ion w as
10500, 15200, 11900 mL fo r the load ing ra tes of 35,

50, and 65 göL , respect ively. T he h ighest b iogas

p roduct ion w as ach ieved w ith load ing ra te of 65 göL ,

ind ica t ing th is load ing ra te is best su itab le to the

anaerob ic d igest ion of co rn sta lk.

F ig. 5　Cum ulat ive b iogas p roduction

at m esoph ilic temperatu re

3. 3　Rela tion sh ip between b ioga s production and TS
and VS reduction
　T he rela t ion sh ip betw een b iogas p roduct ion and T S

and V S reduct ion a t d ifferen t tem pera tu res is show n in
F ig. 6 and 7. T he resu lts from bo th tem pera tu res

show ed tha t the m o re cum u la t ive b iogas w as ob ta ined,

the m o re T S and V S reduced. Fo r the load ing ra te of
50 göL , b iogas conversion ra tes of 247 mL ögT S
reduced and 390 mL ög V S reduced, and 380 mL ög T S

reduced and 447 mL ög V S reduced w ere ob ta ined a t

am b ien t tem pera tu re and m esoph ilic tem pera tu re,

respect ively. T he resu lt fu rther verif ied tha t m esoph2
ilic condit ion cou ld obviou sly im p rove anaerob ic

conversion efficiency, therefo re, increase b iogas

p roduct ion.

F ig. 6　R elat ionsh ip betw een b iogas p roduction, T S, V S

reduction and loading rate at am b ien t temperatu re
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F ig. 7　R elat ionsh ip betw een b iogas p roduction, T S, V S

reduction and loading rate at m esoph ilic temperatu re

4　Conclusion s

　 T em pera tu re is one of m ajo r facto rs affect ing

efficiency and ra te of anaerob ic d igest ion of co rn sta lk.

A s com pared to am b ien t and therm oph ilic

tem pera tu res, m esoph ilic tem pera tu re needs less o r
som etim es no ex tra hea t supp ly w h ile po ssib ly

genera tes m o re energy th rough m o re b iogas

p roduct ion, thu s w as u sed in th is study. Tw o

tem pera tu res ( am b ien t and m esoph ilic ) , and th ree
load ing ra tes (35, 50, 65 göL ) w ere tested. T he load2

ing ra te of 50 göL w as found to ach ieve h ighest
cum u la t ive b iogas p roduct ion fo r bo th tem pera tu res.

A s com pared w ith am b ien t tem pera tu re, m esoph ilic

d igest ion w ith the load ing ra te of 50 göL w as ab le to
ach ieve 63% h igher cum u la t ive b iogas p roduct ion,
33% and 49% m o re T S and V S reduct ion, and need
10 days sho rter hydrau lic reten t ion t im e, therefo re,

has favo rab le econom y and is recomm ended.
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玉米秸中温与常温厌氧生物气化的比较研究

高志坚1, 李秀金1※, 杨懂艳1, 江洪银2

(1. 北京化工大学环境工程系, 北京 100029; 　2. 安徽省农机推广站, 合肥 230036)

摘　要: 为解决玉米秸的资源化利用问题, 提出通过厌氧消化的方法把其转化成生物气体。比较了在中温和常温条件下, 不
同负荷率 (35、50、65 göL )对玉米秸秆日产气量、累积产气量、总干物质 (T S)和挥发性有机物 (V S)消化率的影响。试验结果
显示, 不论是在中温还是在常温条件下, 50 göL T S 负荷率都获得了较高的累积产气量; 相对于常温而言, 中温厌氧消化的
累积产气量提高了 63% , 总干物质 (T S)和有机物 (V S)消化率分别增加 33% 和 49% , 产气速率也明显提高。因此, 使用 50 g

T SöL 负荷率, 在中温条件下对玉米秸秆进行厌氧消化是比较好的。该试验结果可为玉米秸秆的大规模生物气化提供重要
设计依据。
关键词: 玉米秸秆; 生物气; 厌氧消化; 中温; 常温
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