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Introduction: Green agricultural residues and herbaceous biomass, could be a source of bioethanol and are potentially easier to hydrolyse than lignocellulosics. 

Aim:   - To examine the feasibility of a simple ethanol fermentation process directly from crude, not sterilised, herbaceous biomass with baker yeast.  

  - To investigate the influence of physico-chemical and enzymatic pretreatments on the ethanol fermentation on the conversion yield 

 Baker yeasts (Saccharomyces cerevisiae) can efficiently convert soluble sugars to ethanol directly from green herbaceous biomass and agricultural residues 

 The ethanol concentration is low with respect to the requirements of recovery processes 

  The loss of soluble sugars by thermo-chemical treatments is higher than the gain allowed by these treatments 

 Experimental Approach  

Research project funded by the Walloon region. 

• Ethanol concentration, range between 5-

18 g/L for the herbaceous substrates and 

30 g/L to 70 g/L with respectively chicory 

roots and Jerusalem’s artickoke tubers. 

• Enzymatic treatment (left) increases the 

ethanol concentration by about 2 to 3 g/L  

(left) but thermo-chemical treatments 

(right) are inefficient. 

•Hot acetic acid and ammonia vapors and 

do not improve the ethanol concentration 

 SUBSTRATE 

Various herbaceous species 

 Enzymatic and thermo-chemical treatments are not very efficient to improve the conversion of green biomass to ethanol 

The conversion yield of soluble sugars to 

ethanol is in the range 80 – 100% of the 

theorical yield (1 mole of glucose gives 2 

moles of ethanol) 

• Up to 30% of soluble sugars can be 

converted to lactic acid by the substrate 

endogenous flora (also responsible for 

acetic and butyric acids production) 

     Soluble sugars of various plants species are efficiently converted to Ethanol 
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 Enzymatic and thermo-chemical treatments affect only slightly the competition between ethanol and lactic acid fermentations 

0

5

10

15

20

0 5 10 15 20

L
a

c
ti
c
 a

c
id

 c
o

n
c
e
n

tr
a

ti
o
n
 (

g
/L

)
w

it
h
 e

n
z
y
m

a
ti
c
 h

y
d

ro
ly

s
is

Lactic acid concentration (g/L)
without enzymatic hydroysis

0

50

100

150

200

250

300

Soluble sugars

Ethanol Production without enzymatic hydrolysis

Ethanol Production with enzymatic hydrolysis

M
e

a
d
o

w
 g

ra
s
s
e
s

L
a

w
n

 c
u
tt

in
g

L
o

liu
m

 p
e
re

n
n
e

L
o

liu
m

 m
u
lt
if
o
ru

m

L
o

liu
m

 h
y
b
ri
d

u
m

T
ri
fo

liu
m

 p
ra

te
n
s
e

D
a
c
ty

lis
 g

lo
m

e
ra

ta

S
y
m

p
h

y
tu

m

D
a
u
c
u

s
 c

a
ro

ta

P
is

u
m

 s
a

ti
v
u
m

H
e
lia

n
th

u
s
 t

u
b
e

ro
s
u

s

C
h
ic

h
o

ri
u
m

 i
n
ty

b
u
s

H
e
lia

n
th

u
s
 t

u
b
e

ro
s
u

s

E
th

a
n

o
l 
P

ro
d

u
c
ti
o
n

 (
g

/k
g
 o

f 
d
ry

 w
e
ig

h
t)

300

250

200

150

100

50

s
o
lu

b
le

s
 s

u
g

a
rs

 (
g

/k
g
 o

f 
d
ry

 w
e
ig

h
t)

<       LEAVES, STALKS and TOPS       >

TUBERS &

ROOTS

0

5

10

15

20

0 5 10 15 20

Thermic treatment 121°C-10 min.
Ammonia treatment
Acétic acid treatment

L
a

c
ti
c
 a

c
id

 c
o

n
c
e

n
tr

a
ti
o

n
 (

g
/L

)
w

it
h

 t
h

e
rm

o
-c

h
e

m
ic

a
l 
tr

e
a

tm
e

n
t

Lactic acid concentration (g/L)
without thermo-chemical treatment

0

5

10

15

20

0 5 10 15 20

Thermic treatment (121°C-10 min.)

Ammonia treatment  at 121°C

Acetic acid treatment at 121°C

E
th

a
n

o
l 
c
o

n
c
e
n

tr
a

ti
o
n
 (

g
/L

)
w

it
h
 t

h
e
rm

o
-c

h
e
m

ic
a

l 
tr

e
a
tm

e
n
t

Ethanol concentration (g/L)
without thermo-chemical treatment

http://images.google.fr/imgres?imgurl=http://aevv.horus.be/SiteResources/data/MediaArchive/images/membres/logo_region_wallone.gif&imgrefurl=http://www.aevv-egwa.org/read.asp%3FDocID%3D179&usg=__z6X6bJSyAcePShEEswq5AXyyTmM=&h=120&w=120&sz=3&hl=fr&start=5&um=1&t

