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B Sustainability Criteria of Biofuels

* The Directive 2009/28/EC sets out sustainability
criteria for biofuels in its articles 17, 18 and 19.
These criteria are related to greenhouse gas
savings, land with high biodiversity value, land with
high carbon stock and agro-environmental
practices.

* The criteria apply since December 2010. The
European Commission (EC) has adopted a
number of Decisions and Communications to
assist the implementation of the EU's sustainability
criteria.
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Sustainability...

. What |

 Sustainability Value Web
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Biomass utilization & Sustainability of Biofuels — 30.06.2015



Y Are new Biofuels the Solution?

Source: IHT 11-04-2008
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B European Union‘s Definition of Sustainable Biofuels

= EU Directive 2009/28/EC (Renewable energy directive: RED)
requires:
= Proof of sustainability of biomass:

= no production from no-go areas (high biodiversity or high carbon
stocks),

= sustainability of production and operations
= monitor social sustainability and food security

= Raw material should not be obtained from : :***1
=  wetlands P gk

European

= continuously forested areas Commission

= from areas with 10-30% canopy cover
= from peatlands

= if the status of the land has changed compared to its status in January
2008

= GHG savings:

= biofuels and bio-liquids must yield a GHG emission savings of at least
35%

= (50% from 2017, 60% from production started after 2017)
= Traceability and mass balance must be assured
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M Rules for calculation of GHG savings — Methodology

* Includes all process steps (life-cycle) (Annex VII.C)
* End-use efficiency may be taken into account

* Land use change has to be taken into account

* Carbon capture and storage/ replacement

* Co-products by energy allocation, except:
* agricultural crop residues (not counted)
* surplus electricity from CHP (special rule)

* Special rule for biofuels from wastes/ residues
* Comparison with EU average for petrol & diesel
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Greenhouse Gas Savings from Biofuels

Greenhouse gas savings from important first generation
biofuels (lifecycle basis)

2
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I Trade...

WIEN

—— Bioethanol
——Plant Qils

E?'|U'”r“‘«".

or will the fuel be used locally?

Europe

?A
North America - L
Y, 5 sl he Australasia
40 =
10
Brazil Africa -

7% Traded Fuel and Oil

( 20
5% Traded Biomass

88% Locally used Biomass

Figure 5: Expected Biomass Trade Routes. Values represent final energy demand in 2020.
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(k! Biomass Feedstocks

WIEN

Biomass
feedstocks
Processing
residues

Locally collected Internationally
feedstocks traded feedstocks

m Organic waste (MSW) = Timber residues m Agricultural residues  m Roundwood
m Sewage sludge m Black liquor (e.g. straw) m Wood chips
m Manure/dung m Bagasse m Forestry residues m Biomass pellets
m Rice husks m Roundwood (wood, torrefied)
m Food processing and thinnings m Biomethane
wastes m Energy crops m Pyrolysis oll
Typical feedstock ‘
costs (USD,/GJ) negative to O 0-4 4-8 8-12
Typical plant

Examples of different biomass feedstocks, typical
feedstock costs, and plant capacities Source: IEA (2012)
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M Biomass Composition and Utilization
H

"

Gaseous= Combustion
fuel | products

C

CcO CO,

H hydrogen S steam O oxygen P slow pyrolysis
F fast pyrolysis L lignin C cellulose/hemicellulose

Composition triangle C/H/O (mol/mol)
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Global Primary Bioenergy Supply

°0 7 — 1400 Other developing Asia

50 7 - 1200 M China
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ul 30 é

600 B Eastern Europe and FSU

20 ' '
400 B OECD Asia Oceania

10 200 Il OECD Europe

0 0 B OECD Americas

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Source: IEA (2012)

Global primary bioenergy supply 2000-2009
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A Electricity from Biomass — Global Perspective

WIEN

300 Other developing Asia

250 M china
500 4 B Central and South America
=
E B Africa and Middle East
150 -
B Eastern Europe and FSU
100
B OECD Asia Oceania
50 B OECD Europe
0 B OECD Americas
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

(estimated) Source: IEA (2012)

Global bioenergy electricity generation 2000-2010
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M Biomass Conversion

Biomass conversion

Biochemical route

Thermochemical route

Biomass conversion options

Digestion Fermentation — Pyrolysis
—  Gasification
—  Anaerobic
— Aerobic — Supercritical water

— Air/Oxygen

— Steam

— Liquifaction

— Combustion
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Biofuels...

Feed stock

Sugar cane
Grains
Seeds
Grass

Etc...

Hardwood
Softwood

Micro-algae
Macro-algae

Household
Industrial
Agricultural

Intermediates

Conversion

Transestrification
Polymerization

Fermentation
Enzymatic hydrolysis

Fischer-Tropsch
Pyrolysis
Gasification

17

Refining and
purification

—

Bio-jet fuel

9
RN Alcohols

—>

Hydrocarbons
and natural oils

%

Power

generation

Process
waste
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Y Biomass Utilization Options

Basic and applied R&D Demonstration Early commercial Commercial
Biomass pretreatment Syl JeE] Torrefaction  Pyrolysis sy
P treatment briquetting
2-stage 1-stage
Anaerobic digestion  digestion
digestion Microbial fuel cells | :
g Biogas Landfill gas
upgrading  Sewage gas
Biomass for heating Small scale Combustion in boilers
| gasification and stoves
Biomass for power generation
Combustion . : Combustion Combustion and
Stirling engine with ORC steam cycle
Co-firing Indirect co-firing Parallel cofiring Direct cofiring
1 1 1
e . BICGT Gasification  Gasification with
Gasification Gasification with FC e with engine steam cycle

Note: ORC = Organic Rankine Cycle; FC = fuel cell; BICGT = biomass internal combustion gas turbine; BIGCC = biomass internal

gasification combined cycle

Technology status of biomass utilization options

Source: Bauen et al. (2009), IEA (2012)
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Y Biomass / Bioenergy Facts

WIEN

Bioenergy
* Bioenergy represents over 10% of global primary
energy supply
° Primary bioenergy demand > 50 EJ (end of 2011)
Biomass use:

* 86% for cooking, heating & cooling
(only 25% modern bioenergy)

* 10,5% for power generation
* 3,5% for transport fuels

Biomass electricity

* 70 GW of biomass power generation
capacity end of 2011, over 65 GW in
2010

* Production in power-only and CHP plants by
direct firing or co-firing
* (EU in 2010: 36 % power only , 64 % CHP)

* 88 % derived from solid biomass (US, EU, Brazil,
China)

Source: Renewable Energy Policy Network for the 21st Century (2012)
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il Bioenergy Trends
Consequences of policies to reduce GHG and to diversify
energy source

* Increasing demand for biomass fuels
* Local feedstock not sufficient to cover demand
° increasing international trade of biomass fuels
* creation of large feedstock plantations in tropical & sub-tropical regions (often
corporate investments)
Increasing size of bioenergy power facilities over the last decade:
e 20 MW —750 MW in the UK (conversion of coal-fired power plant)
* Trend is enhanced because of co-firing developments

Locally used biomass versus internationally traded biomass

New challenges
*  Ensure sustainability of modern bioenergy [
* Develop and report on local bioenergy e
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Palm Oil Production & Sustainability

Palm 0Oil Production

International Vegetable Qil Prices

$1.400
Rest of World
16%

$1,050
i s
Indonesia 2
47%

S 700
i
i 2
Malaysia 3

37%
$350
50
Groundnut oil  Coconut oil Rapeseed oil Soy oil Sunflower oil Palm oil
Source: FAQStaL BREALTHROUGH— k
Meriioce Source: FA Internatianal Commodity Prices BREA 'I'H ROUGH—-
INETITUTE

"
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Scale Influence on some Bioenergy Technologies

Thermal Electric
Scale Power range . .
efficiency efficiency
Heating (boiler) Small 25 — 100 kWy, 80 - 85 %
Medium 100-500 kW, 85 - 87 %
Large 500-5000 kWi, 87 - 93 %
CHP (boiler + Small 1-10 MW, 63 - 70 % 13-21 %
t turbi
steam turbine) Medium | 10-25 MW, 59 — 63 % 21-26 %
Large 25-50 MW, 52 - 59 % 26-35 %
CHP (gas engine) Small 0.1- 0.25 MW, 31 - 33 %
Medium 0.25 -1 MW, 33 -38%
Large 1-2 MW, 38 - 40 %
CHP (diesel engine) | Small 0.1 - 0.75 MW, 46 — 50 % 37-42 %
Medium | 0.75 -1.5 MW, 45 - 50 % 42-44 %
Large 1.5 -5 MW, 44 — 45 % 44-45 %
Co-firing Coal onl
n
power plants (boiler Y 500 - 750 MW, 50 - 52 % 35-43 %
. Large
+ steam turbine)

Source: Ecofys, EU-Project TREN/A2/143-2007 (2010)
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Biomass Combustion

Grate furnace and fluidized bed technology
Steam turbines

Combined heat and power

Large scale facilities > 100 MW,

- 1) Y
_5- — e e T A » ;‘»&..:‘7 i A;:' - '
AT MR BT ] ST B
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Woody Biomass: Pulp + Electricity

Uruguay’s domestic consumption) + 1 Mt/a eucalyptus pulp
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B Biomass Gasification

Biomass Gasification

Biomass utilization & Sustainability of Biofuels — 30.06.2015
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M History of Gasification Technology

1788

Robert Gardner: First
gasification patent

1659

Thomas Shirley:
Discovered gas
from coal mine

1920

Carl von Linde:

Cryogenic separation
of air, fully continuous
gasification process

1931

moving-bed

Lurgi: Pressurized

process

1801

Fourcroy: Water-
gas shift reaction

1926

Winkler fluidized-
bed gasifier

1997

First commercial
gasification plant in U.S.

renewed

1974

Arab oil embargo

gasification interest

1739

Dean Clayton:
Distilled coal in a
closed vessel

1792

Murdoc: First use
of coal-gas for
interior lighting

1861

Siemens gasifier:
First successful unit

1945-1974
Post-war “oil
glut”

2001

Advanced
gasification biomass
renewable energy
projects

Source: P.Basu, Academic Press (2010)
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Fluidized Bed Steam Gasification - Historical Review

Development of fluidized bed steam biomass gasification
Research @ TU Wien - Institute of Chemical Engineering
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BB Biomass CHP Giissing

StOrage
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-1 Electncal power w clea nmg
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Fuel power

3+ December, 2009
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1!l Biomass

WIEN

Biomass feedstock

Gasification

—

Gas

Gasifier —

Source: P.Basu, Academic Press (2010)

—————

Steam for heat

Product gas
clean-up and
heat recovery

and power
p— Electricity%

Syngas

(CO + Hy)

L 4
|

Syngas
catalyst or | Dilute
fermentation | ethanol

-

Distillation

it B | y B ) |
15 N b | 4 |
~ 3 ik =
‘ ".‘2 M\
D, S -
\Q \

Additional options via gasification Bio_sN@_mant

Biomass utilization & Sustainability of Biofuels — 30.06.2015 29



Il Biomass Gasification

WIEN

application (e.g. 0,5 -1 MW,)
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B Biogas Digestion

Biogas Digestion and
Grid Injection and
Bio-CNG Use

Biomass utilization & Sustainability of Biofuels — 30.06.2015
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1Y) Natural Gas Grid

WIEN

The European Natural Gas Grid 2004

Pipelines integrated
in the European system

— oisting

under canstruction,

S ammerm

Other pipelines
——  eatig

under construction,
projected or plannad

natural gas fekds

Liquefied natura I gas (LNG)
iving t inal

receiving termi

@ oo

£y TommmEm
or projected

[=2]

. Amman

The European Natural Gas Grid Source: Eurogas (2005

Biomass utilization & Sustainability of Biofuels — 30.06.2015 32



M4 Biogas Upgrading in Bruck/Leitha

= Axiom — Membrane separation (180 m3/h biogas)
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M Process Scheme of a Two-stage Membrane System

Product
% Gas
H,S-Adsorber T N Biomt_athane

‘!.’, 8-, CH, rich
3 E;ﬁﬁ
Freeze Dryer "-g 2
c c
o s
e e
£ £
@ @

Compressor Reheater
. Offgas
H.O (NH;) Recycle COs rich
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Il Process Integration (Two-stage design)

WIEN

Biological
De- —JP»| Compression

Sulphurisation

v v

CHP Freeze Adsorptive H;S Two Stage
(Gas Engine) Drying > Removal > Gaspermeation |

* Biological desulphurisation prior to membrane treatment

* Permeate is recycled to CHP plant —,,zero methane*
emission of upgrading system
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Yl Biomethane Fuel Station using Membrane Technology

WIEN

Permeate recycle to CHP plant

Further information: www.methapur.com
Biomethane fuel station Margarethen/Moos
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Y Bio-CNG with on-site fuel station

= Capacity: 500 kg/d bio- methane

= Bio-methane as fuel alternative (tractors, harvesting)
Biomass utilization & Sustainability of Biofuels — 30.06.2015
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Y Biomethane Fuel Station: Single Stage Upgrading

WIEN

High Pressure

High P
o M g e
1 2/
—_ ) . AN ]
\\\\:"/ Product Gas Biomethane
CH, rich

Fuel Station iﬁ

Refrigerant

k

H,S-Adsorber
Membrane Modules

-

Reheater

In Case of Low Product Quality

Compressor Freeze Dryer
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Process Integration (Margarethen am Moos)

In-Situ De- ;
sulphurisation ——P> Compression

v v

CHP Freeze Adsorptive H,S Single Stage )
Gas Engine Drying > Removal > Gaspermeation |

Recycle / Offgas Utilisation

* In-situ desulphurisation (addition of iron salts into the
fermentation broth to catch suphides)

* Permeate is recycled to CHP plant —,,zero methane“
emission of upgrading system
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Biogas Engerwitzdorf — Grid injection

Naturgas s
Engermtzdorf ok

= Capacity 1,000.000 m3
Bio-methane / a

= BCM (MT-Energie) amine scrubber
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I Bio-methane Wiener Neustadt

= Capacity: 220 (300) m3h biogas
= Axiom — Membrane separation

Biomass utilization & Sustainability of Biofuels — 30.06.2015
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Recent Start-up of First AXIOM Plant in Germany

&
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= Capacity 500 m3/h biogas, 300 m3/h biomethane, approx. 8 km
pipeline for grid injection and high pressure compression to 60 bar
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Bigger and BIGGER...
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A4 Electricity from Biomass — IEA Future Scenario

WIEN

—_ — 0
3500 10% B Africa and Middle East
— 9%
B Central and South America
8%
L 70, Other developing Asia
6% B China
5% M Eastern Europe and FSU
0,
4% B OECD Asia Oceania
3%
B OECD Europe
2%
106 B OECD Americas
0% = Share of global generation
2009 2015 2020 2025 2030 2035 2040 2045 2050 Source: IEA (2012)

In 2050, IEA estimates 2 460 TWh of electricity will be
produced from biomass and waste, a fivefold increase on
2010
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A4 Bioenergy for Heating — IEA Future Scenario

WIEN

40

Africa and Middle East
35 .
Central and South America

30
Other developing Asia
25

China
20

EJ

. Eastern Europe and FSU

10 OECD Asia Oceania

5 OECD Europe

0 OECD Americas

2009 2015 2020 2025 2030 2035 2040 2045 2050
Source: IEA (2012)

Final bioenergy consumption in the buildings sector in
different world regions
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And the Future?




The Age of Energy Gases?

The Age of Energy Gases

Global Energy Transition Waves
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B Lessons Learned

= Biomass to grid is more than

powerl Hydrogen-Carbon Ratio, World Energy Mix, 1860-1990
. Hydrogen to Carbon Ratio {Logarithmic)
= Polygeneration technology
options available g
= Thermochemical and ' e

biochemical routes dependent -
on biomass composition |
= These routes will also |

Contrlbute to the prOdUCtlon Of 1840 ISIBO 19|00 19|20 WIAO I‘?IéO 19|80 2000
sustainable biofuels

= Electricity from biomass share
on global energy production to
rise in the next decades
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