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& Greenhouse Gas Emissions in
////))>/ Austrian Transportsector

- 24 Mio. t GHG/a from transportation sector

- 26% Share of total Austrian GHG-emissions

- 83% Increase between 1990/2006

- Most rapid increasing sector
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/////)>/ European Roadmap for Biofuels
Vision 2030: 25% Biofuels

2050

2020 Integrated biorefining
complexes
2010 "2"generation”: EtOH, Syn Diesel,

DME fram lignocellulosic biomass: SNG

2005 “1* generation”: Improving present
processes for EtOH, ETBE, FAME, FAEE

Source: Biofuels in the European Union — A vision for 2030 and beyond,
Final report of the Biofuels Research Advisory Council, June 2006
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e whatisa“ Biorefinery”?

. Task 42 on Biorefineries
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‘LENZING|
Existing “Lignozellulosic Biorefiniery”
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WOOD: First Process It - then Burn i1t

The final poducts are

» technology-intensive!

» capital-intensive ! Hole 1A
P ' L Spezialitaten und Energie

» labour-intensive! s B st

» export-intensive! 10

Gewebe

Lignin: ]

calorific value 25 -26 MJ/kg 4 e

(aromates)

; Fasem

Cellulose, hemicelluloses: g Brennst.
calorific value 16 — 18 MJ/kg 0 Zellstoff

(hydrocarbons) Material Energie




= Austrian Concept
, Green Biorefinery Austria®

Green Biomass
(e.g. Grass, Clover, Lucern,...)
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Demonstration-Plant
, Green Biorefinery*

Location: Uztenaich in Upper-Austria
Attached to existing biogas plant 500 kW, {&

Capacity: processing silage from 100 ha
with 10 t,,/(ha*a)

Investment: 1.7 Mio. €
Operating costs for 3 years: 1.5 Mio. €
Start up: 2008

ENERGIE m
INSTITUT JOHANNES KEPLER

UHIVERSITAT LINE
an der Johannes Kepler Universitit Linz Netzwark fir h_h“ul Lahm und Prxks
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0(‘6& \:\O‘\ = liquid/

P (\59 ‘ (\,"a iquid/gaseous
Biomass (o 0(\6 transportation fuels
Resources . at
- oil : = solid fuels
_starch Biorefinery
- sugar » pbulk chemicals

= fine chemicals
= animal feed

= materials

= fertilizer

- lignocellulose

Based on different conversion
processes

- Bio-chemical

- Thermo-chemical

- Physical-chemical

- Others




@ 1 Multi-Platform” Transportation Biofuel
Oriented Integrated Biorefinery Concepts
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= Biorefinery-Systems
///))>> with Main R&D Focus

IEA Bioeners Task 42 on Biorefineries

1. “Lignocellulosic biorefinery”, based on wood and straw

2. “Whole crop biorefinery”, based on raw materials like grains
and maize (whole crop)

3. “Green biorefinery”, based on Grass

4. “Two-platform-biorefinery”, with sugar and syngas
platforms
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» Greenhouse gas emissions [t CO,-eq.] including
v’ Carbon dioxide (1 kg CO, =1kg CO,-eq)
v Methane (1 kg CH,=23 kg CO,-eq)
v’ Nitrous oxide (1 kg N,O = 296 kg CO,-eq)

» Cumulated primary energy demand [PJ ] shared in

primary energy
v’ Biomass (e.g. wood, straw)
v’ Fossil energy (e.g. oil, coal, natural gas)

v’ Others (e.g. hydro power, waste, nuclear)

> Indicators for environmental evaluation

v Specific GHG reduction [t CO,-eq/t,; .ss] OF [t CO,-eq/ha]

4 Specific fossil energy reduction [TJ It

fossil energy wood]



JOANNEUI\/I

RESEARCH

Process System:
4 Wood Bioethanol Biorefinery

Wood chips

Pretreatment Ir
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| Hydrolysis
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| Wood forest residues |

v

| Transportation |

v

| Bioethanol-Biorefinery |

Wood chips 530 kt/a

Bioethanol 100 kt/a Heat / Electricity \ Phenols
Distribution Heat grid Electricity grid
v
Bioethanol 110 GWh/a 175 GWh/a 5.6 kt/a
Vehicle
by

1,000 Mio. km/a

@sportation service, electricity, heat and chemi@




= System Description for
Example Environmental Evaluation
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Systems Supplied energy services

Transportation
service *)
110 GWh/a | 175 GWh/a | 1,000 Mio. km/a

Heat Electricity

Wood bioethanol biorefienery

Wood polygeneration, con. phenols

Wood CHP **), gasoline, con. phenols gasoline

Wood heating, natural gas, gasoline, con. phenols natural gas gasoline
Fossil reference system ' natural gas gasoline

*) Bioethanol: 100.000 t/a
**) Combined heat and power

Phenols
5,600 t/a




2™ Comparison Wood to Bioethanol
Biorefinery and Polygeneration

Wood Bioethanol Biorefinery
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Wood Bioethanol Polygeneration

| Wood forest residues | E);gv?/cctli(l)n

1 Natural 1 l

I

|Transportation | | oxidation |Transportation | |Transportation |

{ | v v
I

| Bioethanol-Biorefinery | | Bioethanol-Polygeneration ” Refinery |

Reference

| Wood forest residues |—>

Distribution |: | Distribution
Distribution | ) Phenols
1 Electricity I j Heat grid y
grid Il Bioethanol —_ | Distribution |
Bioethanol Y _ I Vehicle ~ Elect_r|C|ty
Vehicle \ Heat grid | grid
| /

@sportation service, electricity, heat and chemicals




2™ Comparison Wood to Bioethanol
Biorefinery and Polygeneration

Wood Bioethanol Biorefinery

RESEARCH

Fossil Reference System

. ' Extraction
|Wood forest residues | Reference Extractl_on tractio
use raw oil natural gas
1 y !
: Natural Transportation
| Transportation | oxidation | p* | Transportation

v

| Bioethanol-Biorefinery |

1

Phenols | Power plant

Refinery

Distribution

Distribution

Distribution “ Heating plant |
1 Electricity
grid Gasoline | Distribution | <
Bioethanol — Vehicle Electricity
Vehicle || Heat grid Heat grid grid

@sportation service, electricity, heat and chemi@
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Each system provides:
g Electricity: 175 GWh/a

> Transportation service: 1,000 Million km/a (based on 100
kt/a of bioethanol for passenger car)

4 Phenols: 5,600 t/a
> Heat: 110 GWh/a
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{ -10%

Fossil reference system

Wood heating, natural gas,
gasoline, con. phenols

Wood CHP, gasoline, con.
phenols

Wood polygeneration, con.
phenols

57 B CO2 ECH4 ON20

- 88%
48

Wood bioethanol
biorefienery

50 100 150 200 250 300 350 400 450
Greenhouse Gas Emissions [1,000 t CO,-eq./a]
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Fossil reference system 5.91

Wood heating, natural I I _
gas, gasoline, con.
phenols I I
Il - 84%

- 9% Reduction fossil energy
5.85

Wood CHP, gasoline,
con. phenols

6.2

Wood polygeneration,
con. phenols

7.0

- 90%

Wood bioethanol

biorefienery 8.6

- 2 4 6 8 10
Cumulated Primary Energy Demand [PJ/a]

M Fossil energy E Biomass B Others




& Indicator for Environmental Evaluation:
) Specific GHG Reduction
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+ossil reference system

Wood heating, natural
gas, gasoline, con.
phenols

-0.93

Wood CHP, gasoline,
con. phenols

Wood polygeneration,
con. phenols

Wood bioethanol
biorefienery

-1.0 -0.8 -0.6 -0.4 -0.2
Specific Greenhouse Gas Emissions Reduction [t CO,-eq./t,,o0ql



& Indicator for Environmental Evaluation:
) Specific Fossil Fuel Reduction
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+ossil reference system

Wood heating, natural
gas, gasoline, con.
phenols

-12.6

Wood CHP, gasoline,
con. phenols

Wood polygeneration,
con. phenols

Wood bioethanol
-1.4 : :
biorefienery

-14.0 -12.0 -10.0 -8.0 -6.0 -4.0 -2.0
Specific Fossil Fuel Reduction [GJ fossil energy/t,, .04l



& Indicator for Environmental Evaluation:
2 1 Trade Off (I)
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Specific GHG reduction [ t CO,-eq/t, o4l
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= Indicator for Environmental Evaluation:

2 I Trade Off (I
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GHG reduction [ t CO,-eq/a]
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Indicators developed for environmental evaluation
CO,-eq and fossil fuel saving (specific/absolut terms)

Evaluation of biorefinery systems is complex

“Multi-platform biorefinery system” might be biorefinery
complex of the future

Many different biorefinery systems — focus on transportation biofuels
orientated systems




