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C
riteria for M

ainstream
ing &

 V
iability

•
V

ision, P
olitical W

ill, P
erseverance and C

apability
to im

plem
ent decisions (being convinced about R

E
/ 

B
iofuels as risk m

anagem
ent optionfor energy 

security –
our im

ported com
ponent of crude oil is 

likely to jum
p to +

90%
 in next 12 years)

•
Im

portance of public support-
role of m

edia
•

R
E

 friendly and practical policy that w
orks

–
rem

oving barriers &
 setting a detailed road m

ap
•

T
echnical F

easibility
–

increasing efficiency technical 
and  along the value chain over a period of tim

e
•

E
conom

ic V
iability

–
w

ild fluctuations in fossil fuels 
and low

ering the cost of production of B
iofuels



P
olitical W

ill, P
erseverance &

 
P

olicy

•
B

razilian history
of ethanol since 1975 –

“P
roalcool”

P
olicy that persisted w

ith E
thanol even w

hen the co
st 

of their E
thanol w

as $ 0.70/L
and crude price w

as less 
than $10/bbl –

highly subsidized 
•

T
his lead to E

thanol price reducing to less than 
$0.20/L

over 25 years and com
plete rem

oval subsidies
•

U
nited S

tates –
persistence over 25 years, w

hich is
 

w
ill continue w

ith greater vigour by O
bam

a 
•

P
assing of the Energy Independence &

 S
ecurity A

ct
of D

ec 2007 –
setting a target of 31 bill G

al by 202
0 

(16 bill gal advanced biofuels) -
R

F
S

P
olitical W

ill, P
erseverance &

 
P

olicy

•
E

P
A

–
bringing dow

n the “blending w
all”

of 10%
 

for increasing off-take from
 9 bill gal (35 bill L)

 in 
2009 to 11.1 bill gal (+

40 bill L) in 2009 
•

Large exports also taking place from
 U

S
A

 to E
urope

 
after using U

S
 S

ubsidy
•

India –
P

olicy released? T
hen held up.-

D
em

onstratio
n 

P
roject –shyness to spend m

oney on this R
E

 
•

S
takeholder consultation not undertaken 

•
E

ven m
ore im

portant, practical im
plem

entation of 
policy at central and State Level –E

thanol E
xam

ple 
S

C
 Judgm

ent



Indian P
olicy Issues

•
H

igh level coordination m
echanism

, which can 
take decision –

m
ust include finance m

inistry. 
M

eet regularly to decide blend percentage in 
various states or districts (m

andated), price, 
subsidy, exports etc

•
B

ring dow
n the 5%

 blend w
allin E

thanol  
•

R
educe B

iodiesel blending %
 and O

M
C

 to 
purchase any quantity B

iodiesel of B
IS

 S
tandard 

available in the m
arket at prices w

orked out by a 
regulator 



S
ource-N

R
E

L

P
roduction of B

iodiesel from
 V

arious 
F

eedstocks
(C

ourtesy -
A

xens)



A
lgae P

roduction P
lant –

H
igh 

D
ensity V

ertical B
ioreactor

•
H

igh D
ensity V

ertical B
ioreactor 

(H
D

V
B

)
•

P
roduces approxim

ately 20 
tim

es the norm
al production 

volum
e for field crops 

•
R

equires 5%
 of the norm

al w
ater 

requirem
ents for field crops 

•
C

an be built on non arable lands 
and close to m

ajor city m
arkets 

•
C

an w
ork in a variety of 

environm
ents: urban, suburban, 

countryside, desert etc. 

U
se of A

lgae to P
roduce E

thanol 
and B

iodiesel



S
ustainability C

riteria -
S

ugarcane/E
thanol E

xam
ple

•
S

ugarcaneis one of the most energy efficient crops

•
It produces betw

een 60 tonnes to 150 tonnes of 
sugarcane per ha (India 70 T

/ha/yr)

•
It is a tropical and subtropical crop 

suitable for India
•

H
as low

 consum
ption of w

ater per unit w
eight of 

biom
ass but high overall consum

ption 

•
1 ha sugarcane can produce 

~
5,000 l/ha E

thanol +
 

10,000 kW
h pow

er +
 equal am

ount of T
herm

al 
H

eat or another ~
5000l/ha of E

thanol from
 cellulose

B
io-refinery P

athw
ays



S
econd G

eneration B
iofuels

(C
ourtesy -

A
xens)

B
iom

ass to B
iofuels P

rocessing R
outes 

C
ourtesy -

U
O

P



N
R

E
L

R
eality or S

cience F
iction

•
G

enitically M
odified M

icrobes feed 
on agricultural w

aste, such as 
w

oodchips or w
heat straw

, they 
excrete crude oil 

•
T

o m
ake diesel LS

9’s m
icrobes 

ferm
ent (m

etabolize) sugars into 
fatty acids. B

ut instead of 
converting the fatty acids into 
lipids, the cell’s m

odified m
etabolic 

process produces enzym
es that 

com
bine the fatty acids w

ith 
alcohol (also produced by the cell) 
to generate diesel, w

hich the cell 
excretes

•
P

lans to
engineer bacteria able to 

create hydrocarbons not just from
 

sugars, but from
 C

O
2

pulled 
straight from

 the atm
osphere. 



LS
9 T

echnology

•
LS

9 has developed technology for 
efficiently converting fatty acid 
interm

ediates into petroleum
 

replacem
ent productsvia 

ferm
entation of renew

able sugars .
•

It has discovered &
 engineered a new

 
class of enzym

es and their associated 
genes to efficiently convert fatty acids 
into hydrocarbons

•
T

he process consum
es 65 percent less 

energy than ethanol production since 
the energy-intensive distillation 
process is elim

inated.
•

G
oal is to create fuel that is cost 

com
petitive w

ith oil at $40 to $50 per 
barrel 



E
thanol -

T
im

e/V
olum

e V
s P

rice

•T
oday C

ost of P
roduction 

of E
thanol in B

razil is about 
R

s 10 per Litre. 

S
ustainability -

C
ost-effectiveness of 

S
ugarcane E

thanol



F
inancial V

iability Issues
•

F
luctuating price of crude

&
•

F
luctuating price of  R

aw
 m

aterial(V
egetable 

O
il/m

olasses/S
ugarcane –

only goes up)
•

If F
eed-in-T

ariff essential and accepted for R
E

•
T

hen w
hy not a sim

ilar principle for B
iofuels

•
N

ote –
B

iofuels are based on energy crops and produ
ction 

depends on agro-clim
atic condition, yield and area 

planted etc.
•

A
s the econom

ies of scale com
e into play, yields of 

feedstock &
 process efficiencies increase,

due to 
advances in technology, and 

efficiency im
proves along 

the entire value chain,the cost of production  w
ill com

e 
dow

n in the long-term

F
inancial V

iability Issues -
E

thanol

•
T

he Indian average size of E
thanol plant is about 

1/8 th of B
razil

•
T

he cost of S
ugarcane is double that of B

razil

•
M

olasses based E
thanol is viable even if crude 

prices are at $55 to 60 per bbland at low
er crude 

prices if it is considered an oxygenate 
•

S
ugarcane prices are fixed by central and state 

governm
ent 

•
M

ay be at about $ 75/bbl, sugarcane w
ill becom

e 
viable as a feedstock for E

thanol –
on v/v basis. 



F
inancial V

iability Issues -
B

iodiesel
•

V
iable quantities of non-edible of oil seeds at 

reasonable prices are not yet availablein the 
country

•
T

o develop a biodiesel industry w
e need to allow

 
im

ports of C
P

O
, P

F
A

D
 etc.at no im

port duty till 
indigenous oil is available–

the duties m
ay be 

raised over a period tim
e

•
W

ith onset of recessionary
trends in the w

orld, 
sudden steep drop of C

P
O

/P
F

A
D

 prices 
has m

ade 
B

iodiesel prices viable at reasonable prices
•

T
his situation m

ay not be sustainable on long 
term

 basis

F
inancial V

iability Issues
•

F
or long-term

 success w
e need an institutional fram

ew
ork 

independent body(M
N

R
E

&
/or P

N
G

R
B

)that  prom
ptly

addresses issues of the biofuel industry on a regul
ar basis 

through stake holder consultations –
setting price of B

iofuels,if 
necessary, on state to state basis, till the indust

ry stabilizes
•

T
he cost of diesel and petrol needs to be com

pared
 and the gap,if 

necessary, w
ould be filled through incentives

•
O

ther incentives for R
E

 &
 petroleum

 sector needs to be 
incorporated for this sector.

•
T

he im
portance of biofuels as risk m

anagem
ent optioncan not be 

over em
phasized

•
It needs to be highlighted that it took B

razil 30 years to m
ake 

E
thanol com

petitive, given the right policies w
e can do it in 15

!
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