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+ Introduction to next generation biofuels
+ Some sustainability aspects (opportunities & risks)
+ Brief on ICS UNIDO program and activities

+ Selected research programs (including-tM8DO)
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\hy biofuels and biepased chemicaN

U Fossil fuel depletion

U Diversification of feedstocks (energy security)

U Kyoto Protocol (bideedstocks can be G@eutral)
/transition to low carbon economy/ Coplnhagen, EUZZ0

U Stimulation of new green chemical industry development

U Valorization of waste biomass

U Integrated development of agriculture and industry

U Improvement of social economic conditions,
especially in Developing Countries
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Nature (2008), p. 891
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How? Processes and feed‘

Blodlesel I

1st Generation:
Qil, fat, sugars
(often food
competitive)

\ 4
Bioethanol

Biodiesel Il

I
Biomethanol —» DME, MTBE

Substitute

Natural Gas
\ Hydrogen and

chemicals

Next Generation:

Agro- , and forestry waste
(not food competitive)

(to sugars) \




What? High Value Chemic‘

Today these products are
mainly produced from oill
& gas

Bulk
chemicals

Liquid
fuels



Price per ton
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Value ch}ain from waste agricultural residues

Bagasse
—_— (Rs 1/kg)

Pretreatment

Ethanol
(Biofuel)

Lactic
Acid

Hemicellulose
(Rs 15/kg)
PLA
(Rs 150/kg) Cellulose Lignin
(Rs 45/kg) (Rs 15/kg)

Cellulose Cellulose

Acetate Ether
(Rs 200/kg) (Rs.600/kg)

Lignosulphonate
(Rs 30/kg)

Xylose
(Rs 50-300/kg)
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Agricultural by-products:
a Key Biofuel Source

REGION WASTE CROP LIGNOCELLULOSE  TOTAL
BIOMASS

EUROPE 5.45 63 69

N. AMERICA  0.87 63 64
ASIA 30 > 261 291
AFRICA 5.3 10.8 16
S.AMERICA 5 30 35
TOTAL 491 GL

REPLACES 353 GL GASOLINE,
OR 32% WORLD-WIDE CONSUMPTION AS E85

Agricultural Wood residues Sorted municipal Herbaceous
residues solid waste €nergy crops

Cellulose 45 %
Ash 15 %

Lignin 10 %
Hemicellulose 9 %
Other carbohydrates 9 4 |

\Wﬁ! ;"

Cellulose 45 %
Hemicellulese 30 ¢
Lignin 13 %

Other 10 %

Lignin 17 %
Other 13 %

Protein 3 %
Other 9 %

Extractives
5%

How? From agricultural
Abundant feedstock for future proc

Pyrolysis of oil palm residues
in Malaysia



How? Algae bio
future feedstock for known proce
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- About 2 Tons of CO2 are fixed per ton of biomass
- Cells can store sugars or lipids

- Microalgae can remove P, N compounds from water
- Tens times higher oil yield per Ha than oil crops
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Biomass production

and provision
(e.g. land availability, crop
cultivation and harvesting,
logistics)

Economics

Backg
Biofuel sustainabi

Environment

Biomass conversion to
second generation

biofuels
(e.g. feedstocks and demand, by-
products, state of technology and
R&D, plant capacity)

Biofuels distribution

and use
(e.g. infrastructure)

Social welfare / society
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State of technology”
current
in 2020

Technical effort®
(system complexity)

Typical exp. plant
capacity
[MWhiotuei]

Feedstock demand®
for exp. plant capacity
[1,000 t,/a]

Theoretical land
demand for feedstock®
[1,000 ha/a], examples

Exp. overall efficiency
biofuel production®
[%]

Publicity
Technology /
concept provider”

HVO

YYY(Y)
YYYY
+++

150 to > 800

300 (rape seeds) to
4,400 (palm, fresh
bunches)

145 to 500
(rape seeds)

20 (soya) to
60 (palm)

public

promoted as
NEXBTL by
NesteOil (plant in
FL, planned for
SGP), promaotion
also by companies
like BP

Bioethanol
YYY .
YYYY

++
15 to 185

75 to 915 (straw)
60 to 735 (misc)

20 to 460 (straw)

45 to 50

very public, esp. in
UsS, EU, LA

promoted by
companies like
IOGEN,
ABENGOA,
POET, COSAN

BTL (FT fuels)

YY .
YYY

L
> 130 to 500

650 to 2,500
(wood / willow)

25 to 280
(wood / willow)

40 to 45

very public, esp. in D

well promoted as
Sunfuel by
CHOREN, SHELL,
VW, DAIMLER,
TOTAL (pilot /demo
plant, planned large-
scale plant in D)

Next generation bioff

(vanﬁi

DME

<
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> 130 to 340

570 to 1,500
(wood / willow)

20to 170
(wood / willow)

55 to 60

public, esp. in S

pushed by
CHEMREC based
on black liquor in
pilot plant in S,
promotion also by
VOLVO

Biomethane /
Bio-SNG

YY . .
YYY (V)
+++

20to 170

85 to 600
(wood /willow)

3.0to 70

(wood /willow)

60 to 65

increasing publicity
(pilot plant in A,
planned plants in S,
D, NL)

primarily SME,
increasing interest
for companies like
E.ON

Biomethane /

Biogas
YYY(Y)
YYYY
++++

5to0 15

43 to 130 (maize sil.)
60 to 190 (biowaste)

0.3t0 1.0

(maize silage)

45 to 85

increasing publicity
(many plants, e.qg.
inS, D, CH, NL)

primarily SME,
increasing interest
for companies like
E.ON

A: concept / laboratory Y , pilot Y Y , demonstrated Y Y Y , commercial Y Y Y Y // B: less promising +, very promising ++++ // C, D: rough values for typical feedstocks and plant capacities under EU
conditions // E: T theoretical values according to current state of development // Fi examples // ar i as received free plant gate // HVO: Hydrogenated vegetable oil // BtL: Biomass to Liquid // SNG: Synthetic

Natural Gas

© DBFZ, 2009; Without entitlement of completeness.



[ EUCAR/CONCAWE/JRC, 2006

© EMPA/ESU, 2007
o IE, 2004-2007
A IFEU, 2004-2007
+ VIEWLS, 2005

% ZSW, 2004
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. DBFZ / IE Leipzig, 2007, diverse Studies
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2009 7 100 MT/day




