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Overview Transportation Biofuels
1st and 2"9 Generation

(pure) Vegetable ol
Biodiesel

a)
b)

conventional biodiesel via esterification
hydro-treated biodiesel via hydration

Bioethanol

a)
b)

conventional bioethanol from sugar and starch
lignocellulosic bioethanol

Biobutanol

Biogas
Synthetische Biotreibstoffe

a)
b)
C)
d)
e)

Fischer-Tropsch biofuels (e.g. FT-Diesel)
Synthetic natural gas (SNG)
Dimethylester (DME)

Methanol

Synthetic hydrogen

Biological hydrogen
(upgraded) Pyrolyses oil
Biofuels from direct liquifaction

a)
b)

HTU-Biofuels from hydro-thermal upgrading
CLC-Biofuels from catalytic low temperature conversion




& 1 Overview Transportation Biofuels
1stGeneration

1) (pure) Vegetable ol
2) Biodiesel

conventional blodlesel via esterlflcatl®\
b) hydro-Treated progreser via nydration .
) Ty / Today commercially

B)yannl
a) conventional bioethanol from sugar and starcD/ produced
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5) Biogas
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3) Bioethanol

@gﬂocellulosic bioethaK Most .
4) Biobutanol ost IntereSStlng

In near term future (> 2010)

6) Synthetische Biotreihstaffe {
a)_Fischer-Tropsch biofuels (e.g. FT-Diesel

b) Synthetic natural gas (oNG)
c) Dimethylester (DME)

d) Methanol
e) Synthetic hydrogen
7) Biological hydrogen
8) (upgraded) Pyrolyses oil
9) Biofuels from direct liquifaction
a) HTU-Biofuels from hydro-thermal upgrading
b) CLC-Biofuels from catalytic low temperature conversion
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Raw Materials Conversion Transportation

Agriculture Processes Biofuels

v oil crops 1) (pure) vegetable oil
v starch crops > Bio-chemical 2) Biodiesel

» Thermo-chemical 3) Bioethanol
> Forestry > Physical-chemical 4) Biobutanol

v forest residues > others e.g. hydration 5) Biogas
v thinnings 6) Synthetic biofuels

» Trade and Industry 7) Biological hydrogen
v bark 8) (upgraded) Pyrolyses oil
v cooking oil 9) Biofuels from direct
liquifaction

Currently about 40 combinations
Raw material/Conversion/Biofuel under discussion
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Increasing of Energy Security
e.g. domestic renewable energy

Reduction of local pollutants
e.g. PM10, NO,

Reduction of Greenhouse Gas Emissions,
e.g. Kyoto-Target: minus 13% (2008-2012 ref. 1990)

(further) Increase of using Renewable Energy

e.g. biofuels, solar energy

Increasing of Energy Efficiency in energy conversion,

e.g. hybrid vehicles, new conversion systems

“Energy Saving” — Reduction of useful energy consumption with same
energy service, e.g. public transport, insulation of buildings
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o Increasing of Energy Security
Possible .
_ _ e.g. domestic renewable energy
Contributions
of biofuels Reduction of local pollutants

\ e.g. PM10, NO,

Reduction of Greenhouse Gas Emissions,
e.g. Kyoto-Target: minus 13% (2008-2012 ref. 1990)

(further) Increase of using Renewable Energy

-

e.g. biofuels, solar energy
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“Energy Saving” — Redu. sf useful energy consumption with same
energy service, e.g. pdblic transport, insulation of buildings
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»  Greenhouse gas balance (> 35%
reduction)

» Land use change

» Change of carbon storage pools
Loss of biodiversity
Competition

= agriculture for food and feed

>
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= forestry: construction materials, > o9
wooden products, local energy use 'q:) = =
. . (@) M
«+» Others: soil erosion, water resource, o - v 8
plant protection agents, GMOs... 8 S _ o<
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MEIETICIAINISY Certification of biomasse raw materials and biofuels
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v' 1SO 14,040 , Life Cycle
Assessment”

v’ Standard Methodology of IEA
Bioenergy Task 38 , Greenhouse

Gas Balances of Bioenergy Systems*

v/ JRC/ICONCAWE/EUCAR:
Well-to-Wheels analysis of future
automotive fuels and powertrains
In the European context

\/Proposal for on the promotion
of the use of energy from
renewable sources ALLOCATION !!!

Common international
Method exists

Bioenergie-System

—

Erneuerbare
Biomasse- ¥
Kohlenstoff-
Lagerstatte

Emissionen
fossile Hilfsenergie

Kohlenstoff-
Oxidation

Neben-
produkte

Aufbereitung  Transport

fossile
Hilfsenergie

Energietrager

Fossiles Energiesystem

- _— -
e

Stark steigender
atmospharischer
Kohlenstoffgehalt

. —

Abnehmende
fossile
Kohlenstoff-

/ —\
= 1= Lagerstatte

fossile .
Emissionen

fossile Hilfsenergie,

(b

Gewinnung  Aufbereitung

Neben-

Biomasse
Treibstoff

-

Umwandlung in

produkte

J

)

Transport Lagerung

Fossiler

Treibstoff "/
l’r‘ 3
Smmi

Umwandlung in

Fahrzeugen Fahrzeugen
\ 7
\ /]
\ /
\ 7
\ /
A) 7
\ /
\ /
\ /
\ /

\
\ /
Transportdienstleistungen
von Personen und Giitern

7
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______ > Energie-FluB




=™ Energyallocation for Individual
Operators — Bioethanol and Co-products

r System boundary |
- | Corn cultivation | energy allocation -
| ! |
] | Corn transport | 1
| T |

| EtOH&Co-product processes | I
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Intermediates

T

| Co-product processes |

Bioethanol @%Iﬁnt
l

60% Energy

_ 40% Energy in co-
In EtOH

products

|Distribution Bioethanol |
v

| Bioethanol vehicle |

CEtéH)

@produ@ (Co-product 3>

Co-product 1
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| Corn cultivation |

T System boundary mitivrvial
| substitution method o
| Corn transport | cultivation

| : —
- | EtOH&Co-product processes | aw materia
I Transport
! Bioethanol plant Intermediates v
I Food/feed
) | Co-product processes | prodlictlon

Distribution _IT_?;):S/feoerc:
| Bioethanol P

v

| Bioethanol Substitution
|, vehicle Co-product 2 <C0-Product 3>
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Bioethanol

: Gasoline
Qorn_ ><Area Raw q|l
cultivation _ extraction
y 5
Transport :] Consumer corn
corn : cultivation Transport
y raw oil
nsumer corn |:
Corn Co su_ e_ €0 . Sunflower,
: cultivation :
drying : soya, corn
v ' cultivation& | Refinery |
: germ Food -
Bioethanol processing l
plant :
v : Distribution
Dl_strlbutlon DDGS Feed gasoline
bioethanol

Bioethanol Gasoline
vehicle : vehicle
P S RN
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Transportation service
[vehicle-km/a]
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Bioethanol
_ 190,000 t/a
Raw materials

up to 620,000 t/a

= dry and wet corn

- sugar beet
- wheat

Animal food (DDGS")\
up to 190,000 t/a

*) Distiller's Dried Grains with Solubles”
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BICETHANOL GMBH

- - _- = Bioethanol
Raw materials 190,000 t/a

up to 620,000 t/a

= dry coln
wet corn *)
sugar beet
whaet

Animal food (DDGS™N
up to 190,000 t/a

*) max. 2 month during harvesting time; **) Distiller's Dried Grains with Solubles”
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Bioethanol-Capacity 240-a

Animal food (DDGS™N\

S b to 190,000 t/a

month during harvesting time; **) Distiller's Dried Grains with Solubles” 8
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Greenhouse Gas Emissions
Current Technology

gasolineice
corn ice 1 79%
corn hyb 1 70%
straw ice 1 44%
= straw hyb 1 41%
G SRF ice 1 27%
% SRF hyb 1 27%
e wheat ice 1 65%
wheat hyb [ 1 58%
sugar beet ice 1 9/%
sugar beet hyb [ 152%
rape ice 145%
.g rape hyb 1 43%
S sunflowers ice [118%
“ “sunflowers hyb 119% ice...internal combustion engine
& _wood chips ice -2% I hyb...hybrid vehicle with ice
"2 wood chips hyb 1 2%

100 %

10 0 10 20 30 40 50 60 70 80 90
Greenhouse Gas Emissions; Basis: passenger car gasoline ice

100

ECO2

mCH4

ON20
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gasolineice

cornice

corn hyb

straw ice

ice...internal combustion engine
hyb...hybrid vehicle with ice

o L ] L} _— L} L} L} L} L]

10 0 10 20 30 40 50 60 70 80 90
Greenhouse Gas Emissions; Basis: passenger car gasoline ice

=



= Cumulated Primary Energy Demand
Current Technology
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ice...internal combustion engine

CasolnG 100 ilOO% hyb...hybrid vehicle with ice
corn ice 200%
corn hyb 171%
straw ice 200%
= straw hyb 170%
S SRFice 209%
% SRF hyb 178%
< wheat ice 186%
wheat hyb 158%
sugar beetice 192%
sugar beet hyb 1649%
B rape ice 140% B non renewable
& rape hyb 123% Erenewable
g sunflowers ice 131% Wothers
sunflowers hyb 115%
. g wood chipsice 199%
- % wood chips hyb 175%
-20 20 60 100 140 180 220 260

Cumulated primary energy demand; Basis: gasoline passenger car ice
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gasoline ice 100%
corn ice 56% I
corn hyb 4890 I
straw ice 19% l
_ straw hyb 17% |
% SRF ice 17% I
% SRF hyb 15% |
2 wheat ice 539% |
wheat hyb 46% |
sugar beetice 44% |
sugar beet hyb 38% |
rape ice 20% |
g rape hyb 18% |
:_g sunflowers ice 16% |
“ sunflowers hyb 15% ) . ) ] |
EETTT— ey ice. ..mtern_al combustl_on engine |
E g e 1% hyb...hybrid vehicle with ice |
' ' ' ' ' ' ’

-20 0 20 40 60 80 100

Fossil Cumulated Primary Energy Demand; Basis: passenger car gasoline ice
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gasoline ice 2007 - 100%
gasoline ice 2050 1 84%
energy crop mix ice 123%
§ energy crop mix hyb 1 21%
g liguid manure ice -36%
liquid manure hyb -28%l
wood chips ice -1% m
wood chips hyb 1 300
wood chips fc 9%
biogas energy crop mix ice 1 20% B CO2
biogas energy crop mix hyb 1 20%
biogas energy crop mix fc 0 16% W CH4
N hydropower ice 0115%
§ hydropower hyb 1 15% HIN2O
hydropower fc 14%
SRF ice —16% ice...internal combustion engine
SRENYb —18% hyp...hybrid vehicle with ice
SRF fc 0 11+
hydropower E-Motor 13%
O wood chips ice 125%
(% wood chips hyb 122%
L L L L L L L L | |
-80 -60 -40 -20 0 20 40 60 80 100

Greenhouse Gas Emissions; Basis: passenger car gasoline ice current technology
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gasoline ice 2007 100%
gasoline ice 2050 83%
energy crop mix ice 13%

energy crop mix hyb 12%
liguid manure ice 27%
liguid manure hyb 23%
wood chips ice -6%
wood chips hyb - 4%
wood chips fc 2%
biogas energy crop mix ice 13%

biogas

biogas energy crop mix hyb 12%

biogas energy crop mix fc 9%

hydropower ice 6%
hydropower hyb 6%
hydropower fc 6%
SRF ice -1%
SRF hyb -5%
SRF fc 2% ice...internal combustion engine

hydropower E-Motor 6% hyb...hybrid vehicle with ice
wood chips ice 11%

wood chips hyb 10%

-20 0 20 40 60 80 100
Fossil Cumulated Primary Energy Demand; Basis: passenger car gasoline ice, current technology

H2

SNG
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gasoline ice 2007

gasoline ice 2050

energy crop mix ice

energy crop mix hyb

biogas

liqguid manure ice

ice...internal combustion engine
hyb...hybrid vehicle with ice

20 40 60 80 100
Fossil Cumulated Primary Energy Demand; Basis: passenger car gasoline ice, current technology
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