3

V.

Zur optimalen Anzeige dieses PDF-Portfolios sollte es in Acrobat

oder Adobe Reader ab Version 9 geoffnet werden.

Adobe Reader jetzt herunterladen



http://www.adobe.com/go/reader_download_de


Institute of Chemical
Engineering

Working group: Zero Emission
Energy Technology

IEA Bioenergy
Task 33 Meeting

Country Report of Austria

Dr. Reinhard Rauch
Vienna, University of Technology

215t April 2008





Institute of Chemical
Engineering

OverV| ew Working group: Zero Emission

Energy Technology

* Projects
— Graz University of Technology — Institute of Thermal Engineering

— Graz University of Technology - Institute for Apparatus Design,
Particle Technology and Combustion Technology

— Joanneum Research Graz - Department of Energy Research

— Vienna, University of Technology, Institute of Chemical Engineering
— Austrian Bioenergy Centre

— FJ-BLT Wieselburg (HBLFA)

* Implementation
— Biomass CHP Gussing
— Pyrotherm CHP Gussing
— Biomass CHP Oberwart





Institute of Chemical
. Engineering
Res earCh PrOJ eCtS Working group: Zero Emission
Energy Technology

Graz University of Technology — Institute of Thermal Engineering

« Evaluation and optimisation of a fixed bed gasifier, gas cleaning system and gas
engine

 R&D of a two staged gasification system

« Scientific Partner in Austrian Bioenergy Centre

« Health, Safety and environmental issues for gasification systems

Graz University of Technology - Institute for Apparatus Design, Particle Technology
and Combustion Technology

 Research on gasification and combustion in a fixed bed of solid fuel

 Fundamental research on biomass particles under gasification conditions

Joanneum Research Graz - Department of Energy Research
o Life Cycle Assessment





Institute of Chemical
. Engineering
Res earCh PrOJ eCtS Working group: Zero Emission
Energy Technology

Vienna University of Technology, Institute of Chemical Engineering

 R&D in dual fluidised bed steam gasification

* Production of Fischer Tropsch fuels

* Production of BioSNG

* Usage of the product gas in fuel cells

« Scientific Partner in RENET Austria (Network of Competence for Energy from
Biomass)

o Scientific Partner in Austrian Bioenergy Centre

« Scientific Partner in Bioenergy 2020+

Austrian Bioenergy Centre
» Pressurised gasification (in cooperation with Vienna University of Technolgy)
» Usage of product gas from biomass CHP Gissing in a SOFC

FJ-BLT Wieselburg (HBLFA)
e 1stand 2nd generation biofuels





Institute of Chemical

I I t t Engineering

m p ementations Working group: Zero Emission
Energy Technology

Owner Type, Capacity |Biomass feed Status

Biomassekraftwerk
Gussing GmbH FICFB, 2 MW, wood chips In operation
&CO KG

Pyrotherm Kraftwerk
Gussing GmbH

Pyroforce, 350kW,, | waste wood 'n operation

Energie Oberwart FICFB, 2.7 MW, wood chips | in commissioning






Biomass CHP Giissing U

VIENNA

Institute of Chemical
Engineering

Working group: Zero Emission
Energy Technology

Biomass gasification

| ‘/Catalytic cracking

0F o P
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SNG-production FT—liquid fuels





Institute of Chemical
Engineering

Increase of Availability of the Plant Q Uy S

Energy Technology
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Institute of Chemical
Engineering

Renewable Natural Gas from Wood . Uy S

Energy Technology

Commercial biomass CHP uegas
| Fluegas
| Treatment
Wood Power
|:>—> Gasification|—> Ere Gas Engine|—-b|:>
Cleaning
Ash A A
<
BIoOSNG H, Recycle Streams
A
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Liquid G
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Waste Treatment Purification "
\ 4
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Pyrotherm CHP Gissing

Institute of Chemical
Engineering

Working group: Zero Emission
Energy Technology

Owner: Pyrotherm Kraftwerk Gussing GmbH
Constructed by Pyroforce / CTU

Power production 350 kW

Heat production (1) 70°C/90°C 437 kW

Heat production(2) 115°C 140 kW

Biomass type used

Clean waste wood from parquet floor
industry

Hours of operation (gas engine)
(6™ March 2008)

540 h, IBS Jan./Feb. 2008






Institute of Chemical
Engineering

Pyrotherm CHP Gissing

Working group: Zero Emission
Energy Technology

Pyrotherm Kraftwerk Gussing (A)

2 fixed bed
gasifiers

Gas cleaning by |
* bag filter
 RME scrubber

N

;

i

Fa PP
|

One gas engine "
GE Jenbacher 312

e
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Institute of Chemical
Engineering

Biomass CHP Oberwart

Working group: Zero Emission
Energy Technology

Owner: Energie Oberwart GmbH
Constructed by Ortner Anlagenbau
Power production 2750 kW

Heat production 1500-6000 kW

Biomass type used Wood chips

Status: In commissioning






Biomass CHP Oberwart

Institute of Chemical
Engineering

Working group: Zero Emission
Energy Technology
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CETC CANMMET EMERGY TECHMNOLOGY CENTRHRE

5% renewable content by 2010
based on the gasoline pool, i.e.
2 billion litres of renewable
alternatives to gasoline

2% renewable content by 2012 in
diesel and heating oil, i.e. 500
million litres of renewable
alternatives to diesel

Subsidy for Low-impact Renewable Power 1¢ /kWh

[ £] |
. N I Matural Resources Ressources naturelles Canada
Canada Canada 2





CANMMET EMERGY TECHMNOLOGY CENTRHRE

Federal Government Policies

i

of Canada

Home > ecoEMERGY

ecoACTIOMN

Turning the Corner

ecoEMERGY

Ahoriginal and
Morthern
Communities

Biofuels Incentive

Buildings and
Houses

Fleets

Industry

Personal Yehicles
Renewahle Heat

Renewahle Power

Fetrofit - Small and

Medium
Qrganizations

Retrofit Incentive -

Government Gouvernemeant
du Canada

ecOENERGY

f :
MNew Clean Energy Technology Investments
Announced

April 4, 2008

The Honourable Gary Lunn, Minister of Matural Resources,
today announced several initiatives that will advance
clean energy technology in Canada during his tour at the
Institute for Sustainable Energy, Environment and
Economy at the University of Calgary. More »

Canadi

canada.gc.ca

March 25, 2008
PM and Saskatchewan
Fremier announce major
carbon capture and storage
project

s Play video =

& Pead speech »

Download or
order the
ecoEMERGY
Retrofit guide






* $1.5 billion, 14-year ecoENERGY
Renewable Power program offers 1¢/kWh
for new low-impact renewable power

* Accelerated depreciation for the equipment
required to produce renewable power

* R&D support through the $230 million
ecoENERGY Technology Initiative

* $1.5 billion through the Clean Air and
Climate Change Trust to the Provinces
and Territories

* SDTC NextGen Biofuels Fund

www.ecoaction.gc.ca/ecoenerqy-ecoenerqgie/index-enqg.cfm .






CETC CAMMET ENERGY TECHMNOLOGY CENMTRHE

ecoETI Program

eCOENERGY

= g

New Clean Energy Technology Invesment
Announced

April 4, 2008

The Honourable Gary Lunn, Minister of Matural Resources,
today announced several initiatives that will advance
clean energy technology in Canada during his tour at the
Institute for Sustainable Energy, Environment and
Economy at the University of Calgary. More »

www.ecoaction.gc.ca/ecoenerqy-ecoenerqgie/index-enqg.cfm .






CETC CANMMET EMERGY TECHMNOLOGY CENTRHRE

ecOENERGY Technology Initiative

The ecoENERGY Technology Initiative is a $230-
million investment in science and technology by the
Government of Canada to accelerate the
development and market readiness of technology
solutions in clean energy. The Initiative is a
component of ecoACTION, the government's
actions towards clean air and greenhouse gas
emission reductions. It will help in the search for
long term solutions to reducing and eliminating air
pollutants from energy production and use.

[ £] |
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CETC CANMMET EMERGY TECHMNOLOGY CENTRHRE

ecOENERGY Technology Initiative

The Initiative is directed towards:

. Increasing clean energy supplies
. reducing energy waste
. reducing pollution from conventional energy

In this context, its eight priority technology areas are:

. Cleaner fossil fuels — focusing on environmental oil sands development
. Clean coal and carbon capture and storage

. Distributed electricity generation from clean energy sources

. Next-generation nuclear energy technologies

. Bio-based energy systems

. Low-emission industrial systems

. Clean transportation systems

. Built environment, focusing on the integration of renewable energy

technologies into buildings and community systems.

[ £] |
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CETC CANMMET EMERGY TECHMNOLOGY CENTRHRE

ecOENERGY Technology Initiative

The ecoENERGY Technology Initiative focuses heavily on private
public collaborative arrangements. The Initiative will be delivered

primarily through:

. responses to calls from NRCan for theme based project
proposals, on a competitive basis, to the national energy S&T
community

. federal [aboratories, to continue and establish clean
energy research in the eight priority areas of the initiative ($40M
for three years)

[ £] |
. N I Matural Resources Ressources naturelles Canada
Canada Canada 8





CETC CANMMET EMERGY TECHMNOLOGY CENTRHRE

ecOENERGY Technology Initiative

Call for Expressions of Interest: Theme-Based Proposals

Companies, individually or in private-sector consortia, conducting
or capable of conducting energy-related R&D or technology
demonstrations in Canada, and company-led public-private sector
teams involving provincial, territorial and / or municipal
governments and agencies, and/or Canadian universities and
colleges, are invited to submit Expressions of Interest Proposals
for R&D and demonstration projects in the following targeted
areas:

. Clean Coal and Carbon Capture and Storage ($125M)
. Cleaner Fossil Fuels ($15M)

[ £] |
l N I Matural Resources Ressources naturelles Canada
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SUSTAINABLE DEVELOPMENT
TECHNOLOGY CANADA™

Partnering for real results.





Governance

e SDTC began operations in November of 2001

* Registered as a not-for-profit, non-share capital corporation under the
Canada Business Corporations Act

® Operates as an arm’s length independent organization

* Funding allocation of $1.05B from Government of Canada

e Accountable to Parliament through the Minister of Natural Resources
e 15 Directors on the Board, 7 appointed by Canada

* Member Council (15) — proxy for shareholders

* |nternational recognition for this Canadian initiative

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™





SDTC Funds

SDTC operates two funds:

N N
a N
}j’k }fk
SD Tech Fund™ NextGen Biofuels Fund ™

SUSTAINABLE DEVELOPMENT
TECHNOLOGY CANADA

SUSTAINABLE DEVELOPMENT
TECHNOLOGY CANADA

$550 million SD Tech $500 million NextGen
Fund™ was launched Biofuels Fund™ was
on April 4, 2002. launched on

September 12, 2007.

The funds are complementary and address different gaps in the
Innovation Chain

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™





Funding Gap — Capital Intensive

Product Market
: Technology Development .
Fundamental Applied :
Research Re@Zarch iR monstatian Comrge'\;c;ral\!;ztatlon [i/lnat:ze%
(Pilot to Full Scale)
Development Volume
Funding Intensity

Governments

High CAPEX

Industry \ Industry

The absence of angel and venture capital funding leads to a
second gap we call the High CAPEX Gap.

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™





NextGen Biofuels Fund

Product Market

Fundamental Applied Techndoll:c))gy Development Commercialization| Entry &

Research Research and SMNOTSIEIET & Market Market
(Pilot to Full Scale)

Development Volume

NextGen Biofuels

IE—

Industry Industry

The NextGen Biofuels Fund is positioned to complement the SD
Tech Fund and address the High CAPEX Gap

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™





NextGen Biofuels Fund

The purpose of the Fund is to:

e facilitate the establishment of first-of-kind large
demonstration-scale facilities for the production of next-
generation renewable fuels and co-products;

e improve the sustainable development impacts arising from
the production and use of renewable fuels in Canada; and,

e encourage retention and growth of technology expertise
and innovation capacity for the production of next-
generation renewable fuels in Canada.

NextGen Biofuels Fund is open for applications at any
time.

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™





NextGen Biofuels Fund

— Funding Allocation Process S’

4 ™\
Gate . . Gate
- > | 1 Pre-Construction Planning Phases 5
= °
o
A = o Phase | Gate Phase | Gate Phase | Gate Phase o Phase Phase Phase
) g |5 1 2 3 . - 5 6
n (= 3
o 2| = ol 7 o oo | @O o | o 5 N o o N D OoN
2 e 2e |21\ [ 48 2L\ |88 |31\ 32 | 9y )23 | 833
3 5 | 3 o8 (25 )| 23 [R5 )| &3 |&8 S G 2 2 | 523
= - o2 | o5 3 5 o3 = @ o q ® g ® 83
- 5 - 3 - T = o =w a o = =1 o 2 o 3 3 <
o @ | g S |32 ~ 2 2 g = 3 g2 o8 =
7 ¥ | 2 = 28 3 2 g ] 33 za
5 -0 [=] [=] - ] B
a = 3 3 H o
Assessment }l }k
of project
preconstruction : -
planning Entry points to SDTC funding process
readiness
* This Fund follows on from the SD Tech Fund in the area of biofuels and therefore,
for consideration for funding, applicants must have demonstrated
their technology solution at the pre-commercial pilot scale.
** All applicants must enter at this point.
' Confirm project feedstock and basic project engineering and lay-out.
% Site-specific basic engineering and bankable document.
* Project financial closing based on detailed engineering and controlled budget estimate.
% Site-preparation, procurement and definitive estimate.
o J

Once a project qualifies for funding (Gate 1), there are three
possible entry points into the SDTC funding process (Phases 1-3)

SUSTAINABLE DEVELOPMENT TECHNOLOGY CANADA™






BRITISH
COLUMBIA

The BC Energy Plan 2007 -
A Vision for Clean Energy Leadership

* Key Policy Targets
 Summary of Policy Actions:

— Electricity & Energy Security

— Energy Conservation & Efficiency
»Alternative Energy






BRITISH
COLUMBIA

Key Policy Targets:

All new electricity generation projects will
have zero net greenhouse gas emissions

Clean or renewable electricity generation
continues to account for at least 90 per cent
of total generation.

Zero greenhouse gas emissions from coal
fired electricity generation

No nuclear






BRITISH

COLUMBIA

Innovation in Alternative Energy

Establish the Innovative Clean Energy Fund
Implement a Provincial Bioenergy Strategy

5% renewable fuel standard for diesel by 2010
5% ethanol content of gasoline by 2010

Continue support for the BC Hydrogen & Fuel
Cell Strategy






BRITISH
COLUMBIA

The BC Energy Plan - Delivering
Mechanisms for Innovation...

From Government:
 The ICE Fund

From BC Hydro:

« Standing Offer Contract
 Clean Call for Power
 Biomass Generation Cali





COLUMBIA O\ -y g

Innovative Clean Energy Fund — ICE
$25 million annually

Support of Enerqgy Efficient Technologies
through pre-commercial phase:

« Address Government identified BC energy and
environmental problems

« Showcase and develop BC energy technologies that
have international market potential

 Support new pre-commercial or commercial
technologies not currently used in BC

« Demonstrate commercial success for new energy
technologies






BRITISH
COLUMBIA

Standing Offer Program for ‘Clean
Electricity Projects up to 10 MW:

The BC Energy Plan established the following
three general Program design principles:

« Simplify the process, contract terms and conditions
for small power projects in British Columbia

« Offer competitive pricing for these projects relative
to other supply sources; and

« Ensure cost-effectiveness, transparency, and
fairness of the Program.

Go to:





CAMNMMET EMNERGY TECHNOQLOGY CENTHRE

Canadian Gasification Proponents

Enerkem

Nexterra

Norampac

FP Innovations

Plasco

Woodland Biofuels Inc

CANMET Energy Technology Centre

Universities (UBC, U of Toronto, U of Sask. etc...)

Plus numerous entrepreneurs of “gasification”

and two-stage combustion systems

[ Ld |
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CETC CANMMET EMERGY TECHMNOLOGY CENTRHRE

Enerkem

A sustainable alcohols facility is being erected In
Westbury using a fluidized bed gasification process to
convert biomass such as municipal solid waste,
sludge, treated wood waste, and construction and
demolition wood into alcohols (methanol and ethanol).
The facility will also process residual forest and
agricultural biomass. The demonstration plant will treat
12,000 tonnes of biomass-rich residues per year and
produce 4 million litres of alcohols per year. It is
expected that a successful demonstration will be
followed by a commercial plant at the same site
producing 50 million litres of alcohols per year.

Enerkem focus on alcohol production — partnership
with Greenfield Ethanol

[ £] |
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CETC CANMMET EMERGY TECHMNOLOGY CENTRHRE

Nexterra

Nexterra Energy Corp. is demonstrating a full-scale
biomass (wood waste) gasification system that will be
used to heat existing lime kilns in a conventional pulp
mill. The direct firing of the synthetic gas will enable
lime kilns to convert their energy source from fossil
fuels to the gas produced from their own wood residue,
thereby reducing energy costs as well as greenhouse
gas emissions.

*Tolko — 12 MWth Lumber Kiln Heat Operating
Dockside Green Heating Plant — 2 MWth

University of South Carolina — 2 MWe cogen (steam)
*Pristine Power alliance to develop 10 MWe plant
eSyngas cleaning under development

[ £] |
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CETC CANMMET EMERGY TECHMNOLOGY CENTRHRE

Norampac

‘MTCI Steam Reformer (liquor - 115 tpd solids)

*After ~ 20 commissioning runs lasting up to 90 days the
reformer is running at bed carbon content above 15%

*The reformer is operating with only two of four pulse
heaters principally due to problems/failures of tubes in
the lower portion of the bed

A number of changes, including feed nozzles, have been
made in order to try to improve carbon conversion

*CANMET has installed syngas and tar sampling system

[ £] |
l N I Matural Resources Ressources naturelles Canada
Canada Canada 16





CETC CAMNMET EMERGY TECHMOLOGY CENTHE

Tar Sampling at Norampac






FPInnovations
PAPRICAN

Working on the design of an advanced biomass
gasification system: bench scale and pilot testing

Development of CFD model for biomass gasification

Evaluating costs and economics of the process for
chemical synthesis

Reviewing current technologies for syngas cleanup and
conditioning

Funding and construction of large-scale demonstration

[ £] |
l N I Matural Resources Ressources naturelles Canada
Canada Canada 18





CETC CANMMET EMERGY TECHMNOLOGY CENTRHRE

Plasco

Plasma Gasification for Municipal Solid Waste (MSW)

Plasco Energy Group Inc. iIs demonstrating a Plasma
Gasification process that will economically convert 75
tonnes a day of MSW into synthetic gas, inert solid
material and heat. The heat and gas will be utilized in a
power plant to produce electricity for sale into the
electricity grid.

[ £] |
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®;ﬂ Plasco Gasification
Converter

The Patented Converter

« Sealed to atmosphere

« Efficiently separates energy
from the waste

II o - —
= A |
i \of e -
WL Ll -] . ]
1 =i v e i .
H o s D e
T ol gt =g B T e T
4 L I
| |"_ L= = b H
n— ; .
i e MY
I
L} IrI i
H LS {
RN
o T
Il.ll._".. i
b -'n-.."":II . F 5 ~
- A ..'I L] ==
] i e
[ T A
¥ -
g I 7
¥ |
¥ ey
&






CANMMET EMERGY TECHMNOLOGY CENTRHRE

Plasco Energy - Ottawa

CTY OTTAWA

Plasco Energy set to take on the world

Hopdated: Sat dpr, 19 2008 15:09:25

chiratizwa.ca

& | & made-in-Cttawa way of turning
garbage into energy is about to take
another step forward.

Officials at Plasco Energy Group say they
could start exporting their technology to
the world within weeks, The technology takes garbage and turns it
into fuel through gasification. That fuel is then turned into energy.

"We're running at extended periods of time, getting rmore power
from the plant to get us to our first commercial plant,” said Chris
Gay, Plasco Energy executive vice-president,

The company's test facility on Traill Road is a world first, several
decades in the making. For months, the plant has been powering up
and may produce enough energy to power 5,000 homes.,

Plasco executives say the waste management 1ssues facing many
comrmunities are driving interest in their technology.,

"Maormally it's a very big problem, But far us, waste is a resource, &
resource we can use and use effectively, not pollute and get
energy,” said Gay.

Farrmer Ontario MPP Richard Patten now works for Plasco as
vice-president of business development.

He says Canadian governments need to do more to address
environmental issues and Plasco offers an exciting potential,

"“We are on the verge of take off, The front part of the plane is just
beginning take off," said Patten.

¥IDED

OTTAWA’S NEWS LEADER

P (@) » ()  Launch Player
. DREC

Chris Day on the garbage conversion plan

WEB LINES

& Plasco Energy Group

USER TOOLS
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CETC CANMMET EMERGY TECHMNOLOGY CENTRHRE

Woodland Biofuels

“Woodland Biofuels and its partners will build a unique industrial
demonstration facility to efficiently produce cellulosic ethanol
from wood waste using Woodland’s patented Catalyzed Pressure
ReductionTM technology, which also can be used to convert a
broad range of renewable biomass materials into sustainable
fuels. The project will field test the new integrated system
equipment, determine energy consumption/operating costs, and
prove the technology’s efficiency. A steam blown gasifier will
produce syngas for cleaning and catalytic conversion to ethanol.
Waste heat from the plant will also eliminate the need to use
19,000,000 litres per year of Bunker C oil at a neighbouring paper
recycling plant™*

* Project being supported by SDTC

[ £] |
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CAMNMMET EMNERGY TECHNOQLOGY CENTHRE

CANMET Energy Technology Centre

Provide Technical Support for Industry
-Air and steam-blown pilot fluidized bed
gasifiers

-Syngas and tars sampling and analyses
-Flame studies | = \ |
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Thank you

CLEANM ENERGY TECHNOLOGIES

Fernando Preto

preto@nrcan.gc.ca
Canadi +1-613-996-5589
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Review of Activities 2008

New Policies & New Projects

European Commission
Research DG, Energy
Philippe Schild

COOPERATION





M EUROPEAN
COMMISSION

Overview

1. New Projects (FP7)
2. New Calls (2008)

3. New Policies

a. New RES Directive

b. SET-Plan Initiatives

COOPERATION





M EUROPEAN
COMMISSION

FP6 projects, DG Research

(2002-2006)

Funding (EC Contribution) ~81 M€
(18 projects, not including
demonstration actions)

Bio-fuels for transport 34 %
Bio-refineries 18 %
Gasification and H, production 23 %
Bio-residues and energy crops 5%
Combustion 10 %
Others 10 %

3-5 year; 10-30 partners; last project due to end in 2011

COOPERATION





M EUROPEAN
COMMISSION

FP7 projects, DG Research

(2007-2013)

1st call of 2007 results (still in negotiation)

Funding (EC Contribution) ~27.1 M€
(12 projects - not including
demonstration actions)

Bio-fuels [3 CP & 2 SA|] 10.0M€
Gas cleaning [3 CP] 9.0 M€
Resource Assessment

Methodology [2 CA] 3.2 M€
EU-Brazil [1 SA] 0.9 M€
RES Fuel [1 CP] 3.9 M€

3-4 years; 5-15 partners

COOPERATION





COMMISSION

Acronym Type Title Total Cost (M€) EC (M£)

BIOREF-INTEG SA Development of advanced biorefinery schemes to be integrated into existing fuel 1.00 1.00
producing complexes

BEE CA Biomass energy Europe 1.82 1.82

CEUBIOM CA Classification of European Biomass potential for bioenergy using terrestrial and earth 1.34 1.34
observations

BIOTOP SA Biofuel assessment on technical opportunities and research needs for Latin America 1.29 0.99

SOLARH2 CP European Solar-Fuel initiative — Renewable hydrogen from sun and water. Science 5.52 3.93
linking molecular biomimetics and biology

SUSTOIL SA Developing advanced biorefinery schemes for integration into existing oil 0.99 0.99
production/transesterification plants

36.20 27.18






EUROPEAN
COMMISSION

2008 Calls
Two Stages

1. FP7-ENERGY-2008-1 (26.3M€)

a. Stage 1: Completed / Stage 2 in June
2. FP7-ENERGY-2008-FET (15M€)

a. Stage 1: Completed / Stage 2 in June
3. FP7-ENERGY-NMP-2008-1 (25M€)

a. Stage 1: Completed / Stage 2 in June
4. FP7-ENERGY-2008-RUSSIA (4M£)

a. EC selection: Completed / Waiting for Russian evaluation

COOPERATION





COMMISSION

ofuels Technology Platform:

Implementation

Launched on 8 June 2006 in Brussels

« Strategic Research Agenda presented on 31 January
2008

e Vision: “By 2030, the European Union covers as much
as one quarter of its road transport fuel needs by clean
and CO,-efficient biofuels”

e Mission: “Contribute to the development of  cost-
competitive world-class biofuels technologies, to the
creation of a healthy biofuels industry and to accelerate
the deployment of biofuels in the European Union
through a process of guidance, prioritisation and
promotion of research, development and demonstration.”

« www.biofuelstp.eu 7

COOPERATION
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New Policy Development

= SET-Plan
= EC Proposal on October 2007
= European Council approval in March 2008

= New RES Directive

= EC Proposal in January 2008
= European Council to vote in Mai 2008
= European Parliament to vote in October 2008

COOPERATION





Policy proposals

January 2007 energy package
» 20-30% GHG reduction
» 20% energy efficiency improvement

» 20% renewable energy including 10%
biofuels

=» Broadly endorsed by Member States (March
2007 European Council) and Parliament
(Thomsen Report of September 2007) 7

OOOOOOOOOOO






-533,::.25.3: European Commission
proposals 23/01/08:
new EU emissions trading scheme with a European (not

national) cap, auctioning of allowances: to generate
reductions in GHG of 21%

0 New national targets to achieve a 10% GHG reduction in
non ETS sectors

0 A framework to promote the development of CO, capture
and storage

0 New guidelines on state aid for environmental protection

0 An update on the implementation of the Energy
Efficiency Action Plan

0 New directive to reach the 20% renewable energy targe
and 10% biofuels target

COOPERATION






- The renewables
Directive

mandatory national targets for renewable energy shares, including

10% biofuels share, in 2020 (Articles 3 and 5)

Requires national action plans (Article 4)

Standardises “guarantees of origin” (certifying the renewable origin of
electricity or heat) (Articles 6, 7,8 and 10)

4, Enables the transfer of guarantees of origin to give Member States
flexibility to meet their targets by developing cheaper non domestic
renewable energy (Article 9)

5. Reforms, or requires reforms of administrative and regulatory barriers
to the growth of renewable energy (Article 12)

6. Requires improvements in provision of information and training
regarding renewable energy (Article 13)

/. Improves renewables’ access to the electricity grid (Article 14) 7

COOPERATION






Target setting
methodology

EUROPEAN
COMMISSION

Need to share the 11.5%906 increase between
Member States

1. 2005 is the base year for the whole energy package

— 2005 share is modulated to reflect national starting points: a
third of national growth between 2001 and 2005 is deducted
from the 2005 actual share for those Member States whose
growth over the period exceeded 2%

2. 5.5% is added to the modulated 2005 share of renewable energy
for every Member State

3. The remaining effort is weighted by a GDP/capita index, to reflect
different levels of wealth across Member States, and multiplied by
each Member State's population

4. These two elements are added together to derive the full
renewable energy share of total final energy consumption in 2020.

5. A cap is imposed to ensure that no Member State faces a target of
50% or more.

COOPERATION





COMMISSION

National renewables
targets

Sets mandatory national targets for renewable energy shares, including
10% biofuels share, in 2020: from 8.5%0 t0 20%0 for the EU overall.

Shares of renewable energy, 2005 and 2020
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COMMISSION

National action plans

® Sector targets now set by Member States

* Measures adequate to achieve the targets including planned
development of biomass resources

* Provides policy stability for investment

COOPERATION





COMMISSION

Guarantees of origin

Standardises “guarantees of origin’ (certifying the
renewable origin of electricity or heat)

® Builds on the framework created by 2001/77/EC

e Standardises information requirements, issuing, transfer
and cancellation procedures

® Requires the nomination of an independent competent body
to manage GOs.

COOPERATION





COMMISSION

rms, or requires reforms of administrative and regulatory
barriers to the growth of renewable energy:

Administrative reforms

« simplification and streamlined procedures

e planning authorities to consider renewable energy and district
heating and cooling systems

 minimum levels of renewable energy in building codes for new
or refurbished buildings

e promotion of energy efficient renewable energy

« Certification regimes for installers; mutual recognition

COOPERATION





COMMISSION

Grid access

Improves renewables’ access to the electricity grid

® Repeats existing access conditions given in
2001/77/EC

Requires Member States

® to provide priority access to the grid system for
electricity from RES

* to develop grid infrastructure
®* To review cost sharing rules

COOPERATION
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Biofuels (1)

stainability criteria for biofuels :

* GHG savings — minimum of 35%

* No raw material from undisturbed forests, biodiverse
grassland, nature protection areas (unless taken harmlessly)

* No conversion of wetlands and continuously forested areas
for biofuel production (to protect carbon stocks)

* All EU biofuels must meet “cross compliance” 7
environmental rules

COOPERATION
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Biofuels (2)

Conseguences of not meeting the criteria:

- Biofuels do not count towards targets

- Not eligible for national biofuel obligations

- Not eligible for tax exemptions and similar financial support

* Verification of compliance:
- Responsibility of Member States

- To reduce the administrative burden, Commission can
decide that “certification schemes’ give reliable proof of

compliance
- If so, all Member States have to accept these certificates as
proof

COOPERATION
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Biofuels (3)

Other measures (Article 18):

- Introduction of diesel blends with 7% biodiesel (2010) and
10% biodiesel (2014) - limit today is 5%

- Member States to give a bonus in their biofuel obligations
to biofuels from wastes, residues, cellulosic and ligno-
cellulosic material

COOPERATION





COMMISSION

Impact the biofuels
sustainability regime

**The scheme should increase annual GHG
benefits by at least 7MtCO,,
® Total biofuels use would thus reduce emissions by at
least 83Mt
*** Annual administrative costs should be
approximately €15M.

*¢* The scheme ensures that the EU only
supports biofuels with a clearly positive
lifecycle GHG benefit and whose growth has
not jeopardised biodiversity.

**Progress and developments will be closely
monitored

COOPERATION





B SET-Plan / Why

Europe should lead the world:

e Growing international competition
e MSs working alone will struggle
e Mastery of technology vital to competitiveness

Time Is of the essence:

e Decisions taken now will have lasting consequences
e Cost of inaction will be much higher in the long run

We need to use the ambition and the targets of the Energy
Policy for Europe to create a new European policy for
energy technology

COOPERATION





Sl SET-Plan / Will Do

e Take Measures
e Do Joint strategic planning
e Do Effective implementation

e Increase In resources both financial
and human

e Promote International cooperation






B oisso SET-Plan / Initiatives

European Industrial Initiatives

European Energy Research
Capacities

Trans-European energy networks
and systems of the future






PO £ UROPEAN
COMMISSION

SET-Plan / Initiatives

ropean Industrial Initiatives

= Aim to strengthen industrial energy research and
iInnovation by assembling and putting in motion the
necessary critical mass of activities and actors

e European Wind Initiative
e Solar Europe Initiative
e Bio-energy Europe Initiative

e European COZ2 capture, transport and
storage Initiative

e European electricity grid initiative
e Sustainable nuclear fission initiative

COOPERATION
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Country Activities and Reports: GERMANY

Prof. Dr.-Ing. Thomas Kolb

Forschungszentrum Karlsruhe
Institute for Technical Chemistry, Division of Thermal Waste Treatment
University of Karlsruhe (TH)
Engler-Bunte Institute, Combustion Technology

IEA Bioenergy: Task 33 Thermal Gasification of Biomass

' Semi-annual Task Meeting, April 21 — 23, 2008, Vienna, Austri

KIT — die Kooperation von Forschungszentrum Ka
Forschungszentrum Karlsruhe GmbH ‘ Hw:m I- in der Helmholtz-Gemei
und Universitat Karlsruhe (TH) I ]_





BMG - Germany, Policy A

"Roadmap Biofuel™, Nov. 14, 2007 / BMELV, BMU

e increase in biofuel blending
EtOH 5% = 10% (Vol.) » reject in Apr. 4th, 2008
bio-Diesel 5% = 7% (Vol.)
e increase in biofuel share
10% in 2020
CO, reduction by 1%/a (2011 to 2020)
e sustainable biofuel production / increase in CO,-efficiency
» certification system
e support of 2"d generation biofuel
tax reduction to 2015
» todo: biofuel evaluation by CO,-efficiency

KIT — die Kooperation von Forschungszentrum Ka
Forschungszentrum Karlsruhe GmbH ‘ Hw:m I- in der Helmholtz-Gemei
und Universitat Karlsruhe (TH) I I_
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BMG - Artfuel, CUTEC
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KIT — die Kooperation von Forschungszentrum Ka
Forschungszentrum Karlsruhe GmbH ‘ Iiw:m II: in der Helmholtz-Gemei

und Universitat Karlsruhe (TH)





BMG - Artfuel, CUTEC (]

Specification

- CFB / steam - oxygen blown

- fuel: dry biomass / 60 - 100 kg/h
- thermal load: 400 kWth

- temperature 900°C

- pressure: atmospheric

- FT-synthesis

R&D
- syngas quality for different feedstock
- additives for slagging

KIT — die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universitat Karlsruhe (TH)

Forschungszentrum Ka
‘ Iiw:m F in der Helmhaoltz-Gemeil





BMG - CHOREN, B-Plant A4}

Biomass

Gas
(with tar)

\d} <

] .
L R L R

Slag

1omas Kolb | ITC-TAB | 21.04.2008

Oxygen

L Recuperator

Deduster

__Ash, dust

Gas-scrubbe

Lit.. CHOREN

KIT — die Kooperation von Forschungszentrum Ka
Forschungszentrum Karlsruhe GmbH ‘ Hw:m r in der Helmholtz-Gemei
und Universitat Karlsruhe (TH) I I-





BMG - CHOREN ;\‘(l
B - Plant

Specification
- fuel: wood / 65.000 t ds/a
- thermal load: 45 MWth
- FTS: 18,000 m3/a
- pressure: 6 bar / ca. 50 compressors required
- invest: ca. 100 Mio. €
Mechanical Completion in April 2008

o - Plant
- basic engineering
- site selection ( Schwedt)

- decision expected 2009
- invest > 500 Mio€

KIT — die Kooperation von

Forschungszentrum Ka
Forschungszentrum Karlsruhe GmbH ‘ I'iw:m F in der Helmholtz-Gemei

und Universitat Karlsruhe (TH)





BMG - FZK biolig, Process Chain

Straw Fast pyrolysis

—_

Slurry preparation

High pressure entrained
flow gasification BlueSky Award

T of UNIDO 2006

Gas conditioning

S

Fuel synthesis

[eJIuS2-3(

[euad

KIT — die Kooperation von Forschungszentrum Ka
Forschungszentrum Karlsruhe GmbH ‘ Iiw:m F in der Helmholtz-Gemei

und Universitat Karlsruhe (TH)





BMG - FZK bioliq A
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KIT — die Kooperation von Forschungszentrum Ka
Forschungszentrum Karlsruhe GmbH ‘ Iiw:m F in der Helmholtz-Gemei

und Universitat Karlsruhe (TH)






ioliq - Fast Pyrolysis / Twin Screw Mixer Reactor (|
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Twin screw mixer reactor

1omas Kolb | ITC-TAB | 21.04.2008

KIT — die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universitat Karlsruhe (TH)

 Mechanical mixing
by sand at 500°C

 Rapid transport,
good radial mixing

* Fast heat transfer
gas retention time ca. 2
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bioliq - Pyrolysis Plant Lurgi XXI

Pyrolysis plant
500 kg/h, 2 MW,

e Start-up 11/2005

e Plant construction 05/2(
e End of construction 06/(
e Functionality tests 07/0:
e Start of operation: 02/20

i, G =

Biomass pre-treatment - R . -'.

KIT — die Kooperation von ‘ HELMHOLTZ r Forschungszentrum Ka

rhomas Kolb | ITC-TAB | 21.04.2008 Forschgngsg?ntrum Karlsruhe GmbH I“m I_ in der Halmholtz-Gemei
und Universitat Karlsruhe (TH)





biolig - BioSynCrude Preparation XI

Free flowing suspension

High particle content up to 40wt.%
Stable for storage and transport

Easy to produce by mixing
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KIT — die Kooperation von Forschungszentrum Ka
rhomas Kolb | ITC-TAB | 21.04.2008 Forschungszentrum Karlsruhe GmbH f 1“% F in der Helmholtz-Gemei
und Universitat Karlsruhe (TH)





igh Pressure Entrained Flow Gasifier by LURGI ﬂ(l

Bioszncrude

Technical features: Oxygen __ ™

» Cooling screen PN

0

» slagging mode
e fuel: slurry

Cooling
- Gasification with Oxygen 1 screen
 Temperatures above 1200 °C
N S
« Pressure max 80 bar Quench }—\Q
water @

—@®) Raw syngas

v
. . — Quench water
Design based on Lurgi MPG Technology ®
Slag
KIT — die Kooperation von ‘ HELMHOLTZ r Forschungszentrum Ka

Forschungszentrum Karlsruhe GmbH

in der Helmholtz-Gemeil
und Universitat Karlsruhe (TH) I“m I_





&D for Entrained Flow Gasification —\3‘(I

. Atomization of Slurries — atmospheric Spray Test Unit E
a

C

T

2. Gasification of Slurries — atmospheric Pilot-scale Gasifier REGA -
c

3

3. Atomization of Slurries — pressure Spray Test Unit (20 bar) o

<

G

A

4. Gasification of Slurries — pressure Entrained Flow Gasifier (80 bar) é

5. Modelling of Atomization / Burnout / Flow

KIT — die Kooperation von Forschungszentrum Ka
Forschungszentrum Karlsruhe GmbH ‘ Hw:m I- in der Helmholtz-Gemei
und Universitat Karlsruhe (TH) I r
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KIT — die Kooperation von Forschungszentrum Ka
rhomas Kolb | ITC-TAB | 21.04.2008 Forschungszentrum Karlsruhe GmbH ‘ I'iw:m r in der Halmholtz-Gemei
und Universitat Karlsruhe (TH) I-





Research Entrained Flow Gasifier REGA |
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'homas Kolb | ITC-TAB | 21.04.2008

Cooler

Y

| | ~ |
L Flare

Scrubber

KIT — die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universitat Karlsruhe (TH)

Technical Features:

o P, =60 kW

e mgg =10 kg/h

o T ..=1400°C

¢ Gasification with O,
e adiabatic, atmospheri

Forschungszentrum Ka
‘ Iiw:m F in der Helmhaoltz-Gemeil





bioliqg Gasification
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ZK Pyrolysis Saatstrom® Pilot Facility A4}

Pyrolysis Gas and Oil

HT Filter e > ] from dry biomass
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Energy research Centre of the Netherlands
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COUNTRY REPORT
the NETHERLANDS

Bram van der Drift
Vienna, 21 April 2008
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NATIONAL POLICIES and DEVELOPMENTS
renewable energy in NL
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NATIONAL POLICIES and DEVELOPMENTS

reality and targets

effect 2006 2007 2010 2020

RE (from 20% EU target) 14%
> 2.8%  2.6%

RE (national government) 20%

RE in power 6.5% 5.8% 9%

RE in transport (biofuels) 0.4% 2%"7? 5.75%

CO, (national government) 3% 30%

IEA/Task 33, Vienna (A), 21 April 2008

www.ecn.nl
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NATIONAL POLICIES and DEVELOPMENTS
new subsidy scheme since 1 April 2008

total price incl. max. subsidy in :
: ' contract period
subsidy contract period
wind on-shore 11 €ct/kWh 796 M€ 15 years
biomass (<50 MW) 12 €ct/kWh 289 M€ 12 years
waste 11.5-13.7 €ct/kWh ? 187 M€ 15 years
PV 56 €ct/kWh 46 M€ 15 years
green gas ° 27.7 €ct/m,’> 16 M€ 12 years

a. efficiency 22% to 31%

b: from digestion of sewage sludge/water treatment or landfill gas

IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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ECIN
NATIONAL POLICIES and DEVELOPMENTS
natural gas vehicles MBRANDSTDFFEN

e ———

* CNG filling stations
network upcoming

» considered as step to
biogas (and bioSNG...)

« wwW.CNGnet.nl

U KUNT HIER BINNENKORT

AutOWeek nr. 6, = oounnuf TANI(EN!“ |
13 Feb. 2008 ENG ..

MALET arpgag TANKEN
BOOK HErt MEEmy 4,
ND
MOGELHK e b s

IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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ESSENT

« 85 MW, CFB gasifier operated on demolition wood, cooler,
cyclone, 600 MW, coal-fired boiler (Amer-9 power station,
Geertruidenberg, NL), 5 energy%

e Simultaneously, 22 energy% direct co-firing of clean wood
pellets (separate milling and burners)

e status gasifier: 3000 h in 2007,
1000 h in 2008 (boiler
maintenance late March-June)

e main problem: cooler fouling,
after certain time, pressure
drop gets too high (cooling
capacity is still OK)

6 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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NUON POWER
250 MW, plant in Buggenum

» 2002: start biomass co-gasification trials

* March 2006: official opening of biomass
facilities for 30wt% co-gasification, 1500 m3 |
wood silo, 400 m pneumatic transportto |
gasifier

* now: ~10energy% demolition wood, might
be more, but...

 supply of pulverized demolition wood is
limiting factor

* 1% slip stream CO,-capture test planned,
operational 2010/Q1

—Improved concept, low energy use

— knowledge for Magnum project

7 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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NUON POWER
Magnum plant

« Magnum will start as 1200 MW_ NG-fired plant with dual-fuel
turbines, gasifiers will be added in next phase

e CC purchased
» CO,-capture work ongoing in Buggenum
 gasifiers business case optimization:
—lowering CAPEX
— cOo-production (syngas)
— partnering

8 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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chicken manure gasification in Tzum

« 3 MW, CFB gasifier, cooler, cyclone,
boiler, steam turbine

 flue gas cleaning: bag house filter
(carbon injection), non-catalytic deNO,

» 3500 h in 2007 (limited chicken manure
supply), ash to fertilizer industry

* main problem: supply of dry manure
e test runs on RDF and MBM

* 10 MW chicken manure plant in 20097

9 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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—4

BIO-MCN (formerly: METHANOR)

« past: 900 kton/y methanol from natural gas (two parallel lines)

* new owner: bio-MCN (Methanol Chemistry Netherlands) for
bio-methanol

« first feedstock option: glycerin from biodiesel production
 since 30 March 2008: 20 kton/y plant started successfully
 planning: 200 kton/y in 2009/Q1 and 800 kton/y in 2010
 fossil methanol: 250 €/ton, green methanol: 600 €/ton

10 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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/ E @ N www.OLGAtechnology.com

ECN OLGA plus water scrubbers
OLGA for 100 MW gasifier

* interest from all over the world
» supplier Dahlman: 3 fte on OLGA

e crucial role in biomass-to-SNG
development at ECN

» adapted successfully to high
concentrations from MILENA
Indirect gasifier

» work started to adapt OLGA for
low-temperature gasifiers

"4 '
DAHLNV AN
FILTER TECHNOLOGY

11 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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http://www.dahlman.nl/index.php?l=0



E @ N www.MILENAtechnology.com
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ECN
MILENA indirect gasifier (1)

* pilot (160 kg/h) installed
late 2007

» will be started May 2008

« connected to existing
OLGA

12 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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13 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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ECN
MILENA indirect gasifier (3)

gasifier reactor
flue gas filter

fuel bunker

W e

fuel bunker

14 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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ECN
SNG (1)

 focus on efficiency
« MILENA-OLGA is the basis

 other gas: cleaning significant

progress recently, system now
can deal with:

— heavy tars

— light tars

— benzene, toluene

— acetylene, ethylene

— thiophenes

— H2S, COS

— chlorine, ...

15 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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/ E @ N www.bioSNG.com

= www.bioCNG.com
ECN
SNG (2)
3H,+CO > CH,+H)0O
fuel £ tar further gas CH as SNG
| gasifier g 4 g

removal cleaning synthesis upgrading

indirect gasification OLGA tar removal many options...

IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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SOFC fuel cell (1)

» January 2008: 30 cell SOFC stack (230 W) operated on wood
for 200 h without any problem.

» European project Green Fuel Cell

TREC tar reduction dry gas cleaning

I 128

s cleaning

\ i . §e P T Ry \
i ¥ by £y |

17 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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SOFC fuel cell (2)

all gas cleaning above 350°C

Temperature [°C] .

0 20 40 60 80 100
Time [h]

18 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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torrefaction (1)

 focus on high efficiency (>90%)

* torrefaction gas combustion for
heat generation

* integration with pellet production
* 50-100 kg/h pilot plant in
operation: PATRIG

— validation of reactor and process
concept

— optimisation of process conditions for
different biomass

— industrial pelletisation tests
— extensive pellet quality evaluation

19 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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torrefaction (2)

20 IEA/Task 33, Vienna (A), 21 April 2008 www.ecn.nl
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torrefaction (3) < . BOE SNErgy CONtepts

Industrial partnership formed with Econcern and Chemfo aimed
at technology demonstration and market introduction

Z

= s.} BO,Rights IP and R&D services

Preparing market introduction of BO,pellets
1st commercial plant (the Netherlands,
approx. 70 kton/a, start-up late 2009)

E/CONCERN

Engineering and supply of commercial
BO,-plants

Chemfo

BO,Unlimited

21 IEA/Task 33, Vienna (A), 21 April 2008

www.ecn.nl
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MORE INFORMATION

Bram van der Drift

e: vanderdrift@ecn.nl PO Box 1
t: +31 224 56 4515 NL 1755 ZG Petten
w:  www.ecn.nl the Netherlands

publications: www.ecn.nl/publications

composition database: www.phyllis.nl

tar dew point calculator: www.thersites.nl

IEA bioenergy/gasification: www.ieatask33.0rg
Milena indirect gasifier: www.milenatechnology.com
OLGA: www.olgatechnology.com

SNG: www.bioSNG.com and www.bioCNG.com

IEA/Task 33, Vienna (A), 21 April 2008

www.ecn.nl
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Biomass Gasification
-- Country Report: New Zealand 2008

Shusheng Pang
Wood Technology Research Centre
University of Canterbury
Christchurch, New Zealand
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New Zealand Energy Policies and
Strategies: An Update

1 |n late 2007, NZ Government issued three new

policies and strategies:

— Biofuel sale obligation bill: 0.53% in2008, 3.4% by 2012;

— By 2040, GHG emissions are reduced by 50% of 2007 level,

— By 2025, 90% electricity is generated from renewable sources.

1 In the meantime, Emission Trading Scheme is
Introduced.

1 The government puts more funding on the
bioenergy R&D:

— $4.1 million pa on renewable energy from 1st Oct., 2008.

— $4 million pa for three years on low carbon energy technologies with
emphases on bioliquid fuels and bioenergy.





INZ CITHoSIVUIT T Tadllly o ClICITIC \CE1O)
promotes renewable energy?

1 ETS applies a cost of Carbon to liquid fossil fuels,
natural gas and coal.
— Obligation points: refinery, port or mining;
— Effectively, a Carbon Tax, but international C markets fix
the C price.
1 Increases the price of diesel and electricity.

1 Creates a payment mechanism to reward land
owners who provide a range of environmental
services by planting forest on grassland (typically
hill country pasture in NZ context).

— Carbon Credits (a subsidy) come with a clear liablility to
maintain Carbon on the land base;

— Participants face insurance, compliance (measurements
& reporting) and land use opportunity costs.





NZ ETS — Forest Owners first in 2008,
followed by Oil Companies in 2009,
then Coal, Gas & Geothermal in 2010

Oil and Coal face full cost
of Carbon

Major Industry and Ag
grand parented 90%
free allocation based
on 2005 emissions






Direct Costs to NZ Households

Castalia, 2007 (from NZ Govt. Reg. Impact Statement)

1 2 3 il
Carbon Price (t CO.e) NZ$10 |[NZ$25 |[NZ$50 |[NZ$100
Average household $100 - $170 - $330 - $660 -
expenditure $200 pa | $330 pa | $660 pa | $1320 pa
Increase Petrol price per litre 3.7¢C 6.1c 12.2c | 24.4¢c
(incl GST)
Increase wholesale Electricity 0.7¢c 1.4c 2 Oc 5.8c
price per kWh
Increase retail Electricity price 1c 2C 4c 8c

per KWh






Energy Price Scenarios 2025
@ carbon price of NZ$300/tonne CO2e

Infometrics, 2008 (using NZ Govt. Emissions Trading Group model)

2007 | Increase | Price
Coal $/63) $5.00 | $30.00 | $35.00
Gas - Business $/GJ) $6.40 | $16.30 | $22.70
Petrol $itre) $1.56 | $0.89 | $2.55
Electricity — Business 8.7¢C 18c 26.2¢C
(kWh) — Household 18.7c 36.7¢C






Commercial Activities: Fluidyne

21 Provides gasification technologies to a number of
overseas biomass gasification projects.
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Commercial Activities: Alternative
Energy Solution (AES)

AN Mt“"‘ )

a AES is representative of Ankurin  [E588 \\E'g S
Australasia.

3 |t concentrates on scales of
30kw-5.5MW with electricity
generation modules.

1 Working with Ankur, AES has
developed a high temperature
gas conditioning filter (HTF)
which has passed prototype tests
and was commercially released in
2007.






Commercial Activities: Page MaCrea
Endineering Ltd

- " O i o
T

1.7 MWtHh‘lup_draft “g_j‘aiiﬂi-‘rfi:n a plywoo-'d mill 'u_Sing fuels:
— Plywood chip at 11% moisture content wet basis.
— Veneer trim (green wood waste) at 45% MC.

— Debarked waste (mixture of bark and green wood waste)
at 42%MC.

2 Planning to build a ~ 8 MWth gasifier.





Progress of Biomass Gasification In
University of Canterbury

i \ L m Fast Internal Circulating

=3 Fluidised Bed (FICFB)
gasification system has been
constructed and tested In
cold and hot conditions.

On-line gas analysis, gas
sampling and scrubbing
system is developed and
Installed.

A comprehensive safety
review has been conducted
and safeguards are
Implemented.

Two master students has
graduated. Six new
postgraduate students are
working in this area.






Recent tests with the 100kW FICFB Gasifier

Producer Gas Composition Changes with different Gasification Temperatures
‘—0— H2 % —=— N2 % CO % CH4 % —x— Ethene % —e— Ethane % —+— CO2 % He % Lower CV (MJ/Nn*3) ‘
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Effect of gasification temperature on producer gas composition.

20kg/h of wood feed rate with a steam/biomass ratio of 0.5.






Producer Gas Composition Changes with different Quantities of Steam Supplied to the
Gasification Reactor
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Effect of total steam input on producer gas composition (steam/biomass
ratio varying between 0.35 to 0.77).

Constant wood feed rate of 20kg/h, with a gasification temperature of 730°C.






Producer Gas Composition Changes with different Fuel Feed Rates
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Effect of fuel feed rate: 12.2kg/h to 27kg/h of wood pellets (steam feed rate
constant at 20 kg/h).

Gasification temperature of ~720°C.






Summary of Best Results Achieved

The aim has been to maximise the calorific value of the producer gas for CHP
applications while minimising the formation of tars.

2006 Feb 2008
Gasification Temperature °C 750 730
rl, [%] 21.7 23.5
CO [%] 28.4 34.3
CO, %] 17.4 18.9
Crl, [%] 11.6 14.0
Etnene [Y%)] 3.5 4.4
Ethane [Y%) 0.5 0.8
1, 1] 169 3B e,
rle (tracer gas) [Y%)] 0 0.4
Lower Fleaiing Velue (LEIY) [KJ/NrmZ] 10,300 13,500
Producer Gas Gereration Rate [Nr2/n| ? 16.8
Cold Gas Efficiency [%] ? 44






Any opportunities to get involved in another
gasification project??
= B ) B iﬁ

" Doug Bull
| BE Mechanical (4 years)
| ME Chemical (2 years)

doug.bull@hotmail.com

Please ask for my contact details and CV from Shusheng Pang.





Canterbury University’s Gasifier
HAZOP Review: Adapt Safety Lifecycle
Methods
(Coordinated by Dr Eric Scharpf, exida)

 |[EC 61511 International Functional
Safety Standard for the process
Industry

 Use a performance-based (not
prescription) process to manage

risk
@"F |
<',: "
N,






1 Analyse the system to understand
the risks

1 Specify any additional safety
measures needed to manage risk

1 Design the safety measures to meet
specifications

1 Test the safety system

1 Monitor operations and manage
changes to keep risks low






Safety Lifecycle Objectlves y

1 Build safer systems that do not
experience as many of the
problems of the past.

1 Build more cost effective systems
that match design with risk.

1 Eliminate “weak link” designs that
cost much but provide little.

1 Provide a global framework for
consistent designs.






Layers of Protection to  “¥5#%
Reduce Risk

M C
I Plant and | @)
T Emergency Emergency response layer N
Response

! i
i Blast Shields Passive protection layer Q
T -
| Relief valve, ® : :

o Rupture disk Active protection layer N
N CE:
R Safety Emergency Shut Down L

E Instrumented Safety layer

\V/ System |

g -

N Process shutdown

T Operator Process control layer L

I Intervention I

0 0

N Basic P o
Process [oiezsz ~ Process control layer
Control value Normal behaviour =

System





A Example of Safety Review Form

Design To generate medium calorific value fuel gas from biomass in a staged reaction of steam moderated pyrolysis in a bubbling fluidized bed
Intent: (BFB) and combustion of residual char in a circulating fluidized bed (CFB). The system uses flow of an inert solid (sand) to transfer
heat between the two reaction stages. The fuel gas is then combusted in a downstream afterburner.

CFB
Number |Air HEX 1- | DRAWING | P & | Diagram | NODE Provides the thermal energy for the process through the
3 NUMBER: CAPE Gasifier | DESCRIPTION: combustion of char and LPG.
CAPE

SENSOR/
FINAL

PROPOSED (P) &
EXISTING (E)

SAFEGUARDS ELEMENT
MSF/SIF/Other Tag

FLOW NONE Rootes Blower | No safety issue. (E1SIF) Oxygen sensor will Review E3SIF with
(Hot gas) fails, valve shut, cut LPG supply. auger change
(E20) Rotameters and
pressure drop will indicate
to operator.

(E3SIF) Automatic cut-out
on low/no air flow.

MORE Valves closed in]| Cyclone blocked and (E1MSF) Sand catcher
other rooms or |sand, ash and char now complete.(See else
Rootes blower | blown outthe HX. Hot | where).

speed altered. | particles in room and (E20) Rotameters and
potential fire hazard. pressure drop indicate to
See air flow. operator.

(P30) Procedure with
Rootes blower (See else
where in Hazop table).

ITEM
Number

PARA
METER

COMMENTS
ACTIONS

CAUSES CONSEQUENCES






Other Progresses in the Biomass
Gasification Studies

1 New gas cleaning technology to recycle the tart removed
back to the combustion column and reuse the scrubbing

solvent.
1 Feasibility studies on construction of a pilot scale biomass
gasification plant in a wood processing plant.





		Biomass Gasification �-- Country Report: New Zealand 2008

		New Zealand Energy Policies and Strategies: An Update

		NZ Emission Trading Scheme (ETS) promotes renewable energy?

		NZ ETS – Forest Owners first in 2008, followed by Oil Companies in 2009,     then Coal, Gas & Geothermal in 2010

		Direct Costs to NZ Households�Castalia, 2007 (from NZ Govt. Reg. Impact Statement)

		Energy Price Scenarios 2025�@ carbon price of NZ$300/tonne CO2e�Infometrics, 2008 (using NZ Govt. Emissions Trading Group mode

		Commercial Activities: Fluidyne

		Commercial Activities: Alternative Energy Solution (AES)

		Commercial Activities: Page MaCrea Engineering Ltd

		Progress of Biomass Gasification in University of Canterbury

		Recent tests with the 100kW FICFB Gasifier

		Summary of Best Results Achieved

		Canterbury University’s Gasifier HAZOP Review: Adapt Safety Lifecycle Methods �(Coordinated by Dr Eric Scharpf, exida)

		Safety Lifecycle Objectives

		Layers of Protection to Reduce Risk

		A Example of Safety Review Form

		Other Progresses in the Biomass Gasification Studies




IEA Task 33
Task Meeting, Spring 2008
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Country Report Sweden

Lars Waldheim
TPS Termiska Processer AB
Nykoping, Sweden
lars.waldheim(@tps.se
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BIOMASS GASIFICATION SWEDEN 2007

2008-04-21 - 2

. Pilot or demo

[ ] rR&D

. Commercial

CTH system studies

2 MW indirect gasifier
CFB coupling F-T R&D
GoOteborg Energi SNG
study 200 MW
Gothenburg

ETC, R&D

Chemrec, 3 MW demo
Black liquor gasification
Pited

Umea Universitet, R&D
.» ash sintering, tar reduction,
indirect gasification process dev.

Bioneer 6 MW
Fixed bed updraft gasifier
Vilhelmina

Mid-Sweden University
Indirect double bed test unit
Harndsand

F-W 20 MW CFB gasifier
Norrsundet/lime kiln

KTH, gasification and F-T studies
Tar/iron catalysis HTAG
Stockholm

TPS, R&D and FB gasifier
Nykdping

Metso (Gotaverken)
35 MW CFB gasifier
Var6 lime kiln

BIOFLOW PCFBG

VVBGC demo
Varnamo

E.ON Sweden
SNG or IGCC Study for | |
50 MW unit

tps





Policy
Secure energy supply in an economic way
Reduce GHG emissions 4% by 2012
Use of environmental taxation

Follow EU policies

— ETS system: Base case 26 Mtonne CO, approx. 50% of total emission
— 2004-2007 23 Mtonne
— 2008-12 20 Mtonne in proposed allocation plan

» no emission rights for free even for existing plants

« the utility sector gets zero emission rights, the industry gets a high percentage
of their emissions rights

Energy Savings Plan

Statistics and information www. energimyndigheten.se

2008-04-21 - 3 tps





Policy

 Biofuels directive
— 2.2% achieved 1n 2005, 3.1 % in 2006
— Energy tax reduction on biofuels to 2011 to a value of 9 billion SEK
— Import duty on ethanol announced to be removed in 2008 (EU duty 290 €/m?)

« R&D and D

— New black liqour R&D program initiated (85 MSEK)
— New biomass gasification R&D program initiated (40 MSEK)
— 2nd. generation BTL pilot activities 150 MSEK extra in period 2008-2010

— Establishment of financing for demonstration/industrial deployment of
2nd. generation BTL stated as policy task in the financial plan for the
2008-2010 period

Statistics and information www. energimyndigheten.se tps





Fuel costs

Figure 4: Total energy prices for various user categories , 2006
140

Transport

[ ] Value-Added tax Domestic
120 I e —
100 | BT Fuel price

g

Industry

Gre/kKWh

2008-04-21 -5
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Taxes

Table 3: General energy and environmental taxes as at 1st January 2007, excluding VAT

Energy tax CO,tax Sulphur tax Total tax Tax dre/kWh
FUELS
Gas oil, SEK/m3 ( <0,05 % sulphur) 750 2 663 - 3413 34.3
Bunker oil, SEK/m3 (0,4 % sulphur) 750 2 663 108 3 521 33.3
Coal, SEK/tonne (0,5 % sulphur) 319 2317 150 2786 36.9
LPG, SEK/tonne 147 2801 s 2948 23.0
Natural gas, SEK/1000 m? 243 1994 - 2237 20.2
Unrefined tall cil, SEK/m? 3413 - - 3413 34.8
Peat, SEK/ton, 45 % moisture (0,3 % sulphur) - - 50 50 1.8
Domestic waste, SEK/tonne of fossil carbon” 152 3426 S 3578 15.0
MOTOR FUELS
Petrol, unleaded, env. class 1, SEK/I 29 2.2 - 5.1 55.9
Diesel fuel, env. class 1, SEK/I 1.1 2.7 - 3.7 373
Natural gas/methane, SEK/m? - 1.1 - 14 10.3
LPG, SEK/kg - 1.4 - 14 10.8
ELECTRICITY USE
Electricity, northern Sweden, ére/kWh 20.4 - - 20.4 204
Electricity, rest of Sweden, &re/kWh 26.5 - - 26.5 26.5
INDUSTRY
Electricity, industrial processes, tre/kWh 0.5 - - 0.5 0.5

SOURGE: SWEDISH NATIONAL TAX BOARD AND THE SWEDISH EMERGY AGENCY
*The proportion of fossll carbon in domestic refuse Is assumed to be 12,6 % of the welght ofthe refuse

2008-04-21 - 6

VAT 25%

FY 2008:
CO, tax, SEK/kg
0.95 —1.01
110 € per tonne
inesel tax, SEK/litre
1.00 — 1.20

tps





Indicators

Relative use of fossil fuels GHG and CO, emissions
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Indirect co-firing

CFB Gasifier at VVaro pulp mill

2008-04-21 -8

sSupplier: GoOtaverken

| «Fuel: Bark, wood wastes

* Fuel capacity: 30 MW
e Gas usage: lime kiln

e« Commissioning: 1987

{ » Development: Enriched air

tests in 2003 to try to
debottleneck lime kiln

| * Norrsundet mill will be closed

In 2008, (Foster-Wheeler unit)

tps





Pressurised combined cycle

VARNAMO, SWEDEN

X

TURBINE
S TURBINE
Tq@
> ol

HEAT RECOVERY DISTRICT HEATING
STEAM GENERATOR

O

S

9

e Supplier:  Bioflow
(Foster-Wheeler,
Sydkraft)

* Fuel 18 MW

e Power 6 MW

* Heat 9 MW

» 18 bar pressure
* Typhoon GT

* Mothballed in 2000.
> 8000 gasifier and
3 600 hours of GT op.

tps





TPS atmospheric gasification

Stack , Dolomite
7

Gasifier 9 Cracker
Fuel el

AT

Gas purification

7y Fuel gas
>reparation|Pryer
Heat Recovery ang Effluent]
Flue gas Steam Generatior 7
Steam
T turbinel s compressc
B

Q Air

Air .

Gas turbine

Eilectricity to local grid

2008-04-21 - 10 tps





CHRISGAS
Clean Hydrogen-rich Synthesis Gas

™ Methanol
Biomass and waste

CHR';&&IS» < GaS|fl|cat|on %- {a_/
Reforming %@GSIS @
_/

Flscher Tropsc@

O

CHRISGAS

green fuel»





CHRISGAS partners
Sweden: Vax|6 University (co-ordinator), Vaxjo Varnamo
Biomass Gasification Centre (VVBGC), AGA-Linde, Catator,
KS Ducente, Perstorp AB, Royal Institute of Technology (KTH),
S.E.P. Scandinavian Energy Project, SO0dra skogsagarna, TPS
Termiska Processer, (Valutec),Vaxjo Energi

Denmark: TK Energi, Finland: Valutec, Germany: FZ Julich,
Linde, Pall Schumacher, Italy: University of Bologna, ENI
Netherlands: Technical University Delft, CCS Spain: CIEMAT

*Budget 15.6 MEURO + costs outside project

« 9.5 M€ EU grant

1.5 M€ STEM grant + 7 M€ grant outside project

« Balancing financing 28 M€ applied for from STEM in 2006
CHRISGAS

green fuel»





Vaxjo Varnamo Biomass
Gasification Center

. Non-proit ak project-bed public copny
» Large-scale test platform
* Biomass gasification centre on an European scale
» At present 8 employees, an additional 5-7 people on contract
« Several have past work experience in the plant
CHRISGAS

2008-04-21 - 13 green fuel»





The Varnamo plant after rebuilding

FLARE
Ay GASIFIER
INPUT _ -
: 0 OXYGEN
STEAM
L g
i X
L HOT GAS £\REFORMER LR
STEAM —— FILTER | S
OXYGEN—— | 1
g
R | | HYDRO
START-UP .
( ) GAS COOLER DR
TO FUEL
« PRODUKTION
PLANT
STEAM
ATk ‘ TURBINE
F\ e :
Pilot Plant
AT A after Rebuild
HEAT RECOVERY DISTRICT
STEAM GENERATOR HEATING

CHRISGAS

green fuel»
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Further hot tests
Sep. 2007

« Gas turbine operation (oil), 82 hrs

» Combustion of biomass in gasifier at 950 °C, 24 hrs

. Gasification at 950 °C and 17.5 bar, 13 hrs

 Gasification at full load, 7.5 hrs
« Wood chip/pellet feed rate: 4.5 ton/hr

 Produced power, 304 MWh

Nov.-Dec. 2007

« Gas turbine operation (oil), 84 hrs

« Combustion of biomass in gasifier overnight

 Gasification at 950 °C and 17.5 bar, 46 hrs daytime

 Gasification at full load, 26 hrs
« Wood chip/pellet feed rate: 4.5 ton/hr

 Produced power, 432 MWh

CHRISGAS

green fuel»






CHRISGAS/Varnamo financing status

Grants for CHRISGAS RTD & Demo (2004)

EC 6" Framework: 9.5 M€ (88 MSEK)
STEM: 75 MSEK
Budget for CHRISGAS R&D 16 M€+ rebuild and test program 36 M€.

Grant for Plant Rebuild & Operation (Dec 2006- Dec. 2007)
VXU / VVBGC application for rebuild & operation: 250 MSEK

STEM: 182 MSEK with advance payment 26 MSEK

Industrial consortium to be established for remaining 68 MSEK

Discussion on-going but many complicating factors.

Moratorium on additional STEM funding until industrial consortium 1s formed

Current situation

New MD appointed

Updated budget estimate, ~40 M€ for rebuild and test program (c.f. ~27.5M€ 2006)
Increased and broadened activity to establish industrial consortium within this year

CHRISGAS

green fuel»





Proposed V

VBGC PPP Structure

VVBGC Owners

Sponsors & stakeholders

Swedish Energy Agency

! Universities :
: ™ EC FP & EU sources
0H"7 : MS national programs?
/%g o
V\%;C _ Research : Industry Supporting
: partnership E._ Company B ' companies
Sharghol_der : :
g exit e e :
agreement : Industry : < [Future
— _— : Company A ; projects
: : Leadin
10% N i Exploitation of <um—— J
: IPR, know-how = companies
Objectives: Rebuild of the demonstration plant

2008-04-21 - 17

Generate and exploit IPR

Establish long term research platform





.
A
.
.

Duration 4 years
Budget 40 Million Euro
Tentative"‘:

CHRISGAS and new project outline of work
“New Project

a®
P

e R',.,S.,.S?,.,ﬁ.,?-i.l?

.
o**
.

«r Tentative

2008
Start

Rebuild

Completed
May 2006 .

gunut

’ Completed

**.,Nov 2005
2010

.
[ Py
----------------

"""" EHRIZOASD

Completed
Dec 2007 K

Completed
Oct 2006

Completed
Oct 2005

‘0
*
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Tomorrow

CHRISGAS
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CHEMREC black ligour gasification

Black Ligquor

Steam ‘

Oxidant

Gasifier
Syngas

Cluench

cooler
Weak wash

2 Smelt
disolver

Green Liguor '

2008-04-21 - 20

New Owners in Chemrec

-VTT (Volvo Technology Transfer)
-VantagePoint Venture Funds

in addition to Nykomb Synergetics AB
by directed emission of shares.

Applications
- Boosters

Atmospheric plants to
debottleneck Kraft
recovery boiler
(Weyerhaeuser, New Bern, NC)
- Power Generation
Pressurised IGCC plants
- Automotive Fuels
Biomass to Liquids

via synthesis gas

tps





BLG activities
e BLG R&D Centre at ETC,
Pitea
* BLG Program I -2006

130 MSEK ( 14 M€)

from STEM, paper and pulp
industry, Vattenfall 3

Chalmers and Lulea

Technical Universities
— Reaction kin., CFD modell.
— Inorganic chemistry
— Designs and Construction matrls.
— Non-process elements

tps





BLG |l Program 2007-2009

1. Experiments
in DP-1

2. Applied process
chemistry

BLG Program

Synthesis
Dissemination
Project coordination

5. Underpinning
process chemistry

4. Process
modelling

Analysis

Participating organisations:
Lulea University of Technology

*ETC
Chemrec

/ g *Umea University Overall budget 85 million SEK
*STFI-Packforsk (40 million SEK for research)

«Chalmers Institute of Technology

m Energy Technology Centre
2008-04-21 - 22 tps






BLG Development Plant 1- other activities

* Location: Smurfit Kappa Kraftliner, Pited
 Capacity: 20 tDS/day, 3 MW, 30 bar.

e Operating Data: Start-up may 2005
4200 hours accumulated (april 2008),
e FP6 IP RENEW:
DME study at Morrum mill 50000 tpa

Reactor under manufacturing, Nov. 2003

\

. Copyri'ght ® Chemrec AB, 2

« Other activities:

Recent decision on project to extend .
DP-1 with 4 tpd DME synthesis pilot stqdy‘ for New Page Escanaba mill,
(HTAS one-stage synthesis) to fuel 14 Michigan, USA for a 500 tDS/day plant

Volvo trucks+ mix with LPG

Recent announcement of feasibility

Scale-up study for 25 000 tpa DME
Prototype at Kappa Kraftliner

tps





DP-1 Plant at ETC, Pitea

Typical results:

Experience from DP1

More than 2700 hours of
operation (August 2007)

Continuous operation
24/7 during 3-week stints

Excellent syngas and
green liquor quality

Material behaviour as
predicted

H,

CO CO, |CH,

Molar concentration

43%

30% 26% 1.6%

Gasifier pressure 29 bar

— BL flow rate 650 kg/h
mlinergj.I Technology Centre

Source: Chemrec 2007
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Co-gasification in Utility CFB Bollers

CHALMERS Chalmers University of Technology

|dea to be Demonstrated

Circulating fluidized bed (CFB)

Heat, Electricity, Steam
Heat, Electricity, Steam

'd A
A N ' Flue gas
Flue gas
1 |~ | Bio Product Gas
— o}
e ©
o £
E E E Biomass
o e _
@ o]
Fuel g - T
mm) T ‘.‘
I Fluidization gas
I Air (Steam or
A Bio Producer Gas or ...)
d New concept

More than 600 CFB bollers installed,
more than 100 GW capacity tps

2008-04-21 - 25





Integration of biomass gasification
on existing boiler infrastructure

CHALMERS Chalmers University of Technology

Before June 2007 August 2007 November 2007





Co-gasification in Utility CFB Boilers

CHALMERS Chalmers University of Technology

Chalmers 8 MW CFB boller
AFTER implementation of 2 MW gasifier

Steam from baller

Particle 5eal

tps





Specification of gasifier

CHALMERS Chalmers University of Technology

Fuel input 2-4 MW
- So far operated at max. 2.2 MW

Gasifier Flexibility

Optional fluidization media
- Steam

- Flue gases
- Air

*Temperature 550-950 °C

*Controlled residence time
- Adjustable solid flux
- Adjustable bed height

*Fuel flexibility

- Dry pellets
- Wet biomass

*Optional bed material

Classification of product gas:
Fixed installation for measurements
and research downstream gasifier

* Online solid flux measurement

* Online measurement of fuel feed

e Temp. measurement at 10 positions

 Detailed monitoring of gasifier pressure

* 16 Measurement holes for gas analysis
and bed sampling

 Extraction of gas slip flow up to 300
kW (at present)

2008-04-21 - 28
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Achievements

CHALMERS Chalmers University of Technology

* Successful demonstration on how to integrate a biomass
gasifier on an existing boiler

e Approx 80 h operation with fuel and 250 h without fuel
» Tested fuels: wood chips and wood pellets

» (Gas composition (dry gas) wood pellets
(Analysis from measurements repeated three times)

Hydrogen 23 % Calculated lower heating value
Methane 17 %

Carbon Monoxide 41 % 14.3 MJ/nm? or 15,6 Ml/kg
Carbon dioxide 15 %

C2H4 ~2.5 %
C2H6 0.5 %
Nitrogen 1 % Tar content not analyzed

tps





o BTL Research Laboratory

Mittuniversitetet

MID SWEDEN UNIVERSITY

* Integration of
FT synthesis
reactor
k" « Prove BTL
Q) integration
B + System
modelling

» Work on Fuel
flexibility

tps





BTL System at Miun

&

Mittuniversitetet

MID SWEDEN UNIVERSITY
Fuel C

Product gas cooler

Flue gas cooler Gas scrubber

A Catalysis reactor

ﬁ Parafines

Product Gas filter§
Sedimentation pool

Combustor ‘

Electric steam boiler Compressor for combustion air

Fuel B

Fuel blend

2008-04-21 - 31






HTAG Gasification Project

Progane
Combustion Zasifier
o _I I_ AddRional :
. bumer
Staam |
py\;ﬂ|: Preheatsr
alr n
Combustion ' ,-“f
ar _I' L Fropans i E
HTAG
., Boler High_ _Temperat_ure Air
% ; . Gasification (Air Preheat )
}__L__ :E:T"” KTH (RIT), Stockholm
Fead J-JIHEI:EE-E.
WaET arfan

2222222222222
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New FP7 Project

Advanced Cleaning Devices for Production of Green Syngas

Coordinator Lund University

tps





Biomass to SNG: GOBIGAS

Plan: 100 MW output Plant
Status: On-going Studies

PR Contractors: M+W Zander FE GmbH

CTU - Conzepte Technik Umwelt
Repotec

Target: Decision summer 2008

in operation 2012
R&D: Indirect gasification, Chalmers
Tar reforming, KTH

2008-04-21 - 34 tps
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Biomass to SNG: E.oN Sverige

Gasification of biomass the next generation for
production of electricity/heat and Substitute Natural
Gas (SNG)

* A pilot study started by E.ON to study the technical and economical
conditions for producing electricity/heat in a gasturbine and/or
produce SNG as a complement to natural gas

* The study will be ready 2007 and a decision will depending on the
result be taken late 2007 to start design of a demonstration plant.

* The aim is to decide December 2007 for design of a demonstration
plant, 50 MW,,. Commissioning 2012/2013.

Gasification — three ways of development — IGCC,
SNG or a combination IGCC/SNG

Industry
Heat market
] - | Filling
IGCC Iccc/ SNG stations
) CHP

dHO

tps





Co-firing: Malarenergi, Vasteras

Location: MilarEnergi, Visteras

Capacity: 2¥100 MW, e
’ MéilarEneregi

Fuel: Assorted wastes, dem. wood etc.

Data: Start of construction late 2008, early
2009 subject to permits etc.

Application: Co-firing of clean gas into
existing 600 MW PF boiler
using peat and coal. Project
includes major renovation

of boiler and extension of flue
gas cleaning to met WID
requirements
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Country report Switzerland
- PSI -

Serge Biollaz
PSI - CH-5232 Villigen

IEA - Gasification Task Meeting — Vienna — April 2008

IEA Task 33 Meeting, Vienna, A 1 Dr. S. Biollaz, 21.4.08





PAUL SCHERRER INSTITUT

ﬁj Country report
Switzerland, PSI

Outline

* BMG for SNG (BtG) (Introduction for plant visit on 22™ April in Giissing)
* Non conventional BMG: Hydrothermal Gasification

* BMG for Fuel Cells (B-IGFC).

IEA Task 33 Meeting, Vienna, A 2 Dr. S. Biollaz, 21.4.08
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d;l::j Country report
Switzerland, PSI

Introduction

IEA Task 33 Meeting, Vienna, A 3 Dr. S. Biollaz, 21.4.08





PAUL SCHERRER INSTITUT

d_;T—Ej Country report
Switzerland, PSI

PSI’s portfolio strategy for Bioenergy and BMG

Gasification &
BtL processes *) CHP
Gasification & el G
- iesel, MeOH, etc.
Methanation =
‘ Kompogas ) "G
Hydrothermal
Gasification
CHP
Biogas

*) PSI project BioMeth in the 90ies [ Actual PSI focus

IEA Task 33 Meeting, Vienna, A 4 Dr. S. Biollaz, 21.4.08
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ﬁj Country report
Switzerland, PSI

BMG for SNG (BtG)
(FP6 TREN “Bio-SNG”, several national funding)

IEA Task 33 Meeting, Vienna, A 5 Dr. S. Biollaz, 21.4.08
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ﬂ::[b Country report
Switzerland, PSI

Major natural gas trade movements 2006
Natural gas & LNG are global commodities

Trade flows worldwide {billion cubic metres) Biomass & NG distribution
' : a, infrastructure available

USA
Canada

I Europe & Eurasia

M Middle East x
Africa — Natural gas
M Asia Pacific — LNG © BP 2007

IEA Task 33 Meeting, Vienna, A 6 Dr. S. Biollaz, 21.4.08
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ﬂ::[b Country report
Switzerland, PSI

Conversion of biomass to Synthetic Natural Gas (SNG)
How to convert biomass into SNG cost-effectively and integrated it into the NG grid?

« Wood
* Straw
* Energy crops
* Black liquor

IIIII

ﬂﬂﬂﬂﬂ

stk

CH,,0,, => CO+H,+..

Methanationr: R ‘“
CO+3H, = CH,+H,0

Gas Infrastructure Europe: www.gie.eu.com
\' 'TAT N s b3 k) et e v N e

IEA Task 33 Meeting, Vienna, A 7 Dr. S. Biollaz, 21.4.08
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ﬂ::j Country report
Switzerland, PSI

Natural gas grid as carrier for energy from biomass
Idea is picked up from utilities and is further evaluated

Study ,,Energy-Hub-Baden*: Study ,,GOBIGAS*:
Baden, CH GOteborg, S

Treibstoff ,ﬁ"‘ﬂ

-

-‘Ilw.-_
oerdgas |
Biomass input: 7.5 MW,, Biomass input: 160 MW,
Availability target: 7500 h/a Availability target: 8'000 h/a
SNG Output: 3.2 MW, SNG Output: 100 MW,

IEA Task 33 Meeting, Vienna, A 8 Dr. S. Biollaz, 21.4.08
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d_?—]::} Country report

Switzerland, PSI

Process units for conversion of woody biomass to SNG
Conventional thermo-chemical pathway

Wood SNG

Gasification Gas cleaning & Methanation Gas conditioning for

- conditioning the natural gas grid

S, Cl. dust, etc. CO,, (H,)

® \What Is a “good” syngas gas for SNG production?

@ \Which are the requirements SNG has to fulfil?

IEA Task 33 Meeting, Vienna, A 9 Dr. S. Biollaz, 21.4.08





PAUL SCHERRiI‘NSTITUT Country report
[b Switzerland, PSI
EU Project Bio-SNG m—— R
Partners / |U vl \
W I E N[ Yrveser o
é

! = Institute of Chemical
- - Process
@ Fundamentals
‘ Academy of Sciences
h =Ty of the Czech Republic
% /
EDF e
Gas AG

CoNzEPTE
// TecHNIK /
http://www.ie-leipzig.de/Bio-SNG/Index.htm /a UvweEL

IEA Task 33 Meeting, Vienna, A Dr. S. Biollaz, 21.4.08
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Country report
Switzerland, PSI

SNG production from FICFB gasification in Glssing
Process flow diagram of CHP plant and slip stream to SNG PDU

product gas
cooler

DI’Odf__LIJCt gas

roduct gas
pscrubbgr

Y
au

Ny
Y

u
flue gas filté
cooler

biomass

__ 1 w.——70
steam
¥ bed ash

#

+ fly ash

gas engine

air flue gas
cooler
district heating
air boiler
:
-—— = ® — —
oil burner
chimney
™y o
N o)

IEA Task 33 Meeting, Vienna, A

11

Dr. S. Biollaz, 21.4.08
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ﬂ::[b Country report
Switzerland, PSI

PSI’'s Mini-PDU in Gussing for long duration tests since 2004

Production of raw SNG from tar containing syngas

CHP-plant " |
.
e
¢ 10 kKW ’
e1...10 bar
*200...500 °C

« Unmanned operation (remote control via Internet)
* Mobile

IEA Task 33 Meeting, Vienna, A 12 Dr. S. Biollaz, 21.4.08
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Country report
Switzerland, PSI

Result of long duration test in Glssing on mini-PDU
End of optimisation activities, i.e. on sulphur removal

Hypothesis
confirmed
for previous
catalyst

deactivation:
Sulphur

CH,, CO, [vol%]

50 R O S i P R T Y SN S Gt S S Sl e S SO 5.0
45 A + 4.5
40 fpPcn 00 0P 08y 0p po o of, 008 n oo agpao oz D000 @8 nots 1 4.0
£ Test 16: 13
30 N —— S_C02 ’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ I 30
25 A &=sch4d |- T+ 2.5
20 - A7/SCO |- + 2.0
15 - + 1.5
04— No deactivation | 1 g
A A AA A
5 DANAS 5A BN ANN A AR DI BAN B PN A JE N A DDA R AT pAxp ppuad a8 A - 05
0 T T T T T T T T T T 0.0
0 100 200 300 400 500 600 700 800 900 1000 1100

operating hours [h]

CO [vol%)]

IEA Task 33 Meeting, Vienna, A
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Dr. S. Biollaz, 21.4.08
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Country report
Switzerland, PSI

P&D Plant Layout

Design, installation and operation in the framework of EU TREN Project “Bio-SNG”

glﬂ‘l'l'l‘l'l‘l'lﬂ‘l'l'lﬂ‘l'lﬁlﬂlllllllﬂll O CCU Y e

IEA Task 33 Meeting, Vienna, A

Dr. S. Biollaz, 21.4.08
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Country report
Switzerland, PSI

Hydrothermal Gasification

(Several national funding)

IEA Task 33 Meeting, Vienna, A

15

Dr. S. Biollaz, 21.4.08
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Country report
Switzerland, PSI

PSI’s catalytic hydrothermal SNG process for wet biomass

Flue gas

Calculated net efficiency (biomass dry matter to SNG):
* 60% for liquid manure, sewage sludge

* 70% for wood sawdust

* Recovery of the nutrients as concentrated brine

* Recovery of the CO, — sequestration

Salt -
separator & h
superheater
Biomass slurry
Salt brine
B
Preheater
(Heat
recovery)
Y
\Z
High pressure .
slurry pump :
Cooler

Gas fired
burner
Air
A
Reactor
(Gasification &
Methanation)
i
——D><t— > SNG
(to the pipeline or gas engine,
Phase o fuel cell, gas turbine)
separator
—p><t+—— Water

IEA Task 33 Meeting, Vienna, A

Dr. F. Vogel, 21.4.08
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ﬂ::[b Country report
Switzerland, PSI

Process Development Unit (KONTI-2)

A Feed container
B High pressure pump
C Preheater
D Salt separator
E Fixed-bed reactor
F Coolers

- G Pressure letdown &
G/L separation

H on-line gas analysis

Max. 1 kg/h
500°C
35 MPa

IEA Task 33 Meeting, Vienna, A 17 Dr. F. Vogel, 21.4.08
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ﬁj Country report
Switzerland, PSI

BMG for Fuel Cells (B-IGFC)

(FP6 “BioCellus”, Several national funding)

IEA Task 33 Meeting, Vienna, A 18 Dr. S. Biollaz, 21.4.08
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d_;T—Ej Country report
Switzerland, PSI

The challenge for gasification and gas processing people
Multiple SOFC designs

Support design and Tubular cells Planar cells
electrode material Anode

Interconnect

Inﬂ Uence - Anode Interconnect
Fuel

Anode

)

. Fuel flows around
% tube exterior

[ Activation losses
—> Catalyst activity
0 Ohmic losses
—> Current path length
U Concentration losses
—> Diffusion path length J—r

Cathode
Cathode supported  Electrolyte supported Interconnect

ca. 50 um
ca. 200 pm
ca. 50 pm

Anode supported

Closed end

Air supply tube

-
Cathode Interconnect

ca. 2200 pm

Cell & gas flow design have a strong impact on
i the profiles of species concentration, current
e density and temperature in the SOFC

SOFCs can be considered as high
temperature fixed bed catalytic reactors
L with individual requirements

ctrol
Anode

ca. 40 um

[N |

ca. 100 pm

IEA Task 33 Meeting, Vienna, A 19 Dr. S. Biollaz, 21.4.08
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ﬂ::j Country report
Switzerland, PSI

PSI‘s IGFC activities are integrated in several networks
Bringing national and international expertise together

SO A
Seed request: 728 k ETHZ REAL

partner \
Own funds : 2210 k NMW piﬁf;r
Industry funds : 2836 k / 4FNS \
Third party : 1150 k '\ v -: EP6.
l ,,-ﬂ""— EMPA partner /
BfE ~~ s #agpo ‘HEXIS’ - HTceramixT\ /
KTI _ _ ,-’ EPFL-LENI }/
swisselectric * J FuelCeIIs
SNF research ’
AXPO Naturstrom ey ’”‘XPO
Swisselectric Jecearch TUM SI LEM FL LENi PSI-LEM

KTI/CTI W e [/ ccem.ch

energie-schwez N -
Foam NAL SUSSE
IN“I Fd. P SCHER NATIOMALFDNDS
L ATIONALE SVIZTERD

FOMDD NAT
Swiss NATIONAL SCIENCE FOUNDATION

FP6 “Real- SOFC” o - TPE ' ystems CPT/ 3
FP6 “BioCellu: l\é&emen§ FP6- \ / -

IEA Task 33 Meeting, Vienna, A 20 Dr. S. Biollaz, 21.4.08
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ﬂ::j Country report
Switzerland, PSI

PSI setup for wood gas production and long duration tests
Testing of gas processing units and SOFC’s

| Technical features

O Autonomous operation for 24 h
O Updraft gasification

O Up to 14 kW LHV output

O Cyclone

Q) Partial tar reforming via CPO

: 4 = @] U Integrated multi-point hot gas
= w ! | sampling system

System | © il i i _ L

HEXIS 3 ¢ Gasifi 4 [ Optional steam injection

O Modular setup

~Injection

IEA Task 33 Meeting, Vienna, A 21 Dr. S. Biollaz, 21.4.08
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Country report
Switzerland, PSI

Results of a long duration test on stack scale

Updraft gasifier, Cyclone, CPO and 1 kW, HEXIS system

1.0

1000

950 -

900 -

Stack temperature [°C]

850

0.9 -I

0.7

0.8 + i

W

0.6

Stack voltage [V]

800

\

05

C5

750

Stack top
— Stack middle
Stack bottom

03 06 09 12 15 18 21 24 27 30 33

time on stream [h]

| —C 4 I

—_—C4
—Cl1

€3100 03 06 09 12 15 18 21 24 27 30 33

time on stream [h]

Results « Tar is not a problem, gas distribution in the stack however is an issue
* Further improvements planed, i.e. hot gas filter for low dust CPO operation.

IEA Task 33 Meeting, Vienna, A

22

Dr. S. Biollaz, 21.4.08
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ﬂ::j Country report
Switzerland, PSI

PSI/Siemens setup for BioCellus long duration test
Dilution of raw gas of updraft gasifier with tar/sulphur free gas (objective: B7x <5 gim?,, s < 2 ppm)

Technical features

0 Autonomous biomass-pellet
operation for 24 h

O Updraft gasifier (1.5 kg/h)
Q Cyclone & Flare
O Inertial filter at 650°C

O Jet pump at 400°C

[ Gas delivery to SOFC test rig
at 400°C, 20 mbar

O Tubular single cell (30 to 40 W)
O Monitoring of gas composition
with uGC, MS (24/24), SCD

O Cell phone alarm in case of
leaving wanted corridor,
remote control.

IEA Task 33 Meeting, Vienna, A 23 Dr. S. Biollaz, 21.4.08
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d_;T—Ej Country report
Switzerland, PSI

Result of long duration test with Siemens-SOFC on wood gas

1000 | 200
900 | Degradation: 1% / 1000 h 1 180
800 - § § 160 E

— R o S L P Y PR o ‘ <
E 700 f--mmmmoomnn e T e o—r = 0 3
= 600 1120 £
o | | >
g 500 - 3 1 — 100 G
I | : c
> 400 - | | —~80 &
© 300 § § 60 5
200 40 5
| 1 ©
100 - 120
O T [ I I I O
0 200 400 600 800 1000 1200

current

elapsed time [h] voltage

IEA Task 33 Meeting, Vienna, A 24 Dr. S. Biollaz, 21.4.08






Biomass Gasification In
Switzerland

Ruedi Bihler, Umwelt+Energie

Policy

Programs

BMG Industry + BMG projects
PSI activities: Serge Biollaz

IEA Biomass Gasification, Meeting Vienna, 215t April 2008
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' BMG industry + industrial projects

(1)
dCISCIg ren Dasag Renewable Energy AG

Engineers and Suppliers of Biomass
Gasification Power Plants

« Type of gasifiers: Indian Institute of Science
open top down draft gasifier

* Produced by Netpro, Bangalore, India.
« Several plants in operation in India
* Plant sold in Switzerland

— Woodpower, Wila 450 kW,,.

IEA Biomass Gasification, Meeting Vienna, 215t April 2008





Woodpower, Wila

Main features:
450 kW, + waste heat utilisation.
[ISc-Netpro gasifier
Biomass: 15% moisture content

Producer gas cleaning system with cyclone
separation, quenching, scrubbing and
filtering.

1 Jenbacher engine
Commissioning started January 2007

IEA Biomass Gasification, Meeting Vienna, 215t April 2008





IEA Biomass Gasification, Meeting Vienna, 215t April 2008





Woodpower, Wila

Experience:

Some wrong design details

Changes, improvement in plant design during
2007 and 2008

— Changes / improvements carried out by
Woodpower (owner) itself

v with support of IISc (Dasappa)
v’ former subcontractors of dasagren

Woodpower convinced that main problems now
solved

Woodpower still convinced of the 11Sc technology

Source of main problems according to
Woodpower: Detail engineering of the licenced
manufacturer.

IEA Biomass Gasification, Meeting Vienna, 215t April 2008





dasagren

dasagren: “silent liquidation”
— NO manpower

— No activities

— could again become activ.

IEA Biomass Gasification, Meeting Vienna, 215t April 2008





BMG industrial project (2)

4 /a Umwelt Fuel

Drying
l Air »
i Pyrolysis
Air »
PY Oxidation

PYROFORCE
CONZEPTE AG

S
%» Syn Gas
Reduction

¥

Ash

Pyroforce 2-zone gasifier

IEA Biomass Gasification, Meeting Vienna, 215t April 2008





- PYCON
Pyroforce System

CONZEPTE AG

« 2-zone downdraft gasifier

T G « Gas cooler (to 150°C)
P * Bag house filter
S * precoating (adsorbant for
Scrubbber contaminants + tar reducing)
Bag house L4 .
« Washing column (water or solvant)
« Jenbacher engine.
= —>

IEA Biomass Gasification, Meeting Vienna, 215t April 2008





. . . PY
Gasifier Spiez

CONZEPTE AG

200 kW

more than 17‘000 hours with engine at part load
oil change less than 1/5'000 hours

high operating availability, more than 6’500 h/a

wood: humidity < 15%
—> waste water free

Commercial plants: Standard size gasifiers of
150 kW,

IEA Biomass Gasification, Meeting Vienna, 215t April 2008





Commercial Plant PY

GUSSing’AT CONZEPTE AG

300 kW, 2 gasifiers + coolers
1 Bag house filter

1 Jenbacher engine
commissioning phase 2007

actual?
— tomorrow.

IEA Biomass Gasification, Meeting Vienna, 215t April 2008





Gussing, AT

view after placing of the gasifiers

IEA Biomass Gasification, Meeting Vienna, 215t April 2008

PYCON

PYROFORCE
CONZEPTE AG





Commercial Plant PY
Nidwalden, CH

1’200 kW, 8 gasifiers + coolers
2 Bag house filters

2 Jenbacher engines
commissioning 2007

at least 1 gasifier in full operation.

IEA Biomass Gasification, Meeting Vienna, 215t April 2008





Commercial Plant
Nidwalden, CH

IEA Biomass Gasification, Meeting Vienna, 215t April 2008

PYCON

PYROFORCE
CONZEPTE AG





| PY
Commercial Plants

CONZEPTE AG

PYCON gives warranties
— efficiency

— power + heat

— availability

IEA Biomass Gasification, Meeting Vienna, 215t April 2008





Biomass Activities of PSI

[_,—_: PAUL SCHERRER INSTITUT

=——P  Presentation S. Biollaz

IEA Biomass Gasification, Meeting Vienna, 215t April 2008





		Biomass Gasification in Switzerland�Ruedi Bühler, Umwelt+Energie

		BMG industry + industrial projects (1)

		Woodpower, Wila

		Woodpower, Wila

		Woodpower, Wila

		dasagren

		BMG industrial project (2)

		Pyroforce System

		Gasifier Spiez

		Commercial Plant Güssing, AT

		Güssing, AT

		Commercial Plant Nidwalden, CH

		Commercial Plant Nidwalden, CH

		Commercial Plants

		Biomass Activities of PSI




USA Thermochemical Conversion Overview

IEA Bioenergy Task 33 Meeting

April 21, 2008 Richard Bain, NREL
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U.S. National Commitment to p
Ambitious Biofuels Goals

Zaal)

Sy

»NR=L

* “Cost-competitive cellulosic ethanol”
— Cost-competitive in the blend market by 2012
* “20in 10” (from the 2007 State of the Union address)
— Reduce U.S. gasoline* use by 20% by 2017 through...
o 5% reduction from enhanced efficiency standards (CAFE)

o 15% reduction from new Alternative Fuels Standard at 35 billion gallons/year
(consistent with the current RFS)

* EISA (Energy Independence & Security Act)

— 36 billion gallons renewable fuel by 2022
® 21 billion gallons advanced biofuels

* 30 x 30 (followed from the 2006 SOU)
— Longer-term biofuels goal
— Ramp up the production of biofuels to 60 billion gallons
— Displace 30% of U.S. gasoline consumption® (based on 2004 use) by 2030
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Where We Are Today

e EISA RFS goals:

Year Total Conventional Cellulosic Biodiesel
2010 13.0 12.0 0.1 0.65
2012 15.2 13.2 0.5 1.0

2022 36.0 15.0 16.0

 Proposed Senate version of Farm Bill includes VEETC extension and
incentives for cellulosic feedstocks and biorefinery deployment

e DOE overall biomass investment has increased approximately 3-fold
between 2006-2008 (not including loan guarantee program)

o Office of Science and EERE are currently negotiating over $900 million in
multiyear contracts/agreements (half are concluded).

— An additional $200 million will fund 10% biorefinery demonstrations





Competitive Solicitations Engage 4@_2’hl?=L
Diverse RD&D Partners
I —

Commercial-Scale Biorefineries (up to $385 million)

» Six cost-shared, integrated biorefinery demonstration projects to produce
130 million gallons of cellulosic ethanol in 5 years using variety of conversion
technologies and cellulosic feedstocks

10%-Scale Biorefinery Validation (up to $200 million)

» Cost-shared, integrated biorefinery demonstrations using cellulosic feedstocks
to produce fuels, chemicals, and substitutes for petroleum-based feedstocks
and products; one-tenth projected scale for first-of-a-kind commercial facilities

Ethanologen Solicitation (up to $23 million)
* Five selected research teams working on microorganisms

Enzyme Solicitation (up to $33.8 million)

» Creating commercially available, highly effective, inexpensive
enzyme systems for biomass hydrolysis; second phase:
cellulase development with cost-sharing industry partners

Thermochemical Conversion (up to $7.75 million)
* Integration of gasification and catalyst development

Joint DOE-USDA Solicitation ($18 million)
* Biomass R&D Initiative
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DOE investments in cellulosic biofuels will accelerate commercialization

and help

create a biofuels market based on non-food feedstocks

Performers Feedstock Conversion Status of Project
Type Technology
Vegetative
Alico Waste Gasification + Fermentation Award pending negotiation.
Woody Waste
. Concentrated Acid Hydrolysis | Phase 1-Cooperative Agreement
Bluefire Sorted MSW and Fermentation signed Sept. 2007.
Corn Cob Enzymatic hydrolysis and Phase 1-Cooperative Agreement
Poet _ _ .
Corn Fiber Fermentation signed Sept. 2007.
Baled Barle E ich lysi . .
logen Y nzymatlc. ydrolysis and Award pending negotiation.
Wheat Straw | Fermentation
Gasificati Mixed Alcohol Phase 1 & 2-Technology Investment
+ :
Range Fuels | Woody Waste S a:lrlziéon X€ cono Agreement — Signed Nov. 2007
Y Ground Breaking Nov. 2007
Agricultural . . e Phase 1-Cooperative Agreement
+
Abengoa Residue Biochemical + Gasification signed Sept. 2007






10% Scale Biorefinery Demonstrations

« Up to $200 million over five years for
development of small-scale cellulosic
biorefineries in the United States

* Biorefineries to be designed, built, and
operated at a tenth of commercial scale

 Small-scale biorefineries to convert cellulosic
biomass into biofuels and biobased chemicals

and products.

Projects Feedstock Conversion
ICM Inc. Ag residues Biochemical
Energy Crops

Lignol Innovations | Hard and Soft Woods Biochemical

Pacific Ethanol Inc. Ag residues Thermochemical
Wood residues

New Page Wood Residues Thermochemical
Fischer Tropsch
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Major DOE Project Locations
Geographic, Feedstock, and Technology Diversity
. RSE
Key - ' ! =
| Cargill Inc Woody
| Pacmc Ethanol Blochemlcal ; : {
Company | Wheat Straw/Corn/Stover  Biochemical Mascoma FOI 'I:owne, ME)
Process | (Boardman, OR) | L, Various Biochemical |
Feedstock 5 i . \ (Minneapolis, MN) various
Location A ——— | ‘ | Pirdue UmverSIty (Lebanon, NH
( ) y \  /togen ' Stora Enso Rirahamisata o i ﬁon p——
’ * ; ‘Biochemical | Thermocherfiéest '-éfﬂve“e mBOEﬁreat Lakes Bioenergy Biochemical |
) Wheat Straw [ g l Research Center : Various|
| (Shelly, ID) (WEGOHST Rapids, Wl}‘ M@lso:n WI) ” (Parsmpgny,NJ)
DOE Joint Bloenergy Institute S, = _,_,_;7} # - avy @
— P oef . / = . {
(B CA’ | | Thermochemical", Blochemacal .- Biochemical J
[ * | | Switchgrass \ Corn Stover | | Various =4
lovozymes / / — | \ | |
liochemical G ' Emery Energy ,"I / * ' (Ames, IA) 1"-.{:} (Em!t];etsburg, 14) + (Wlimmgion DE; :
farious O * Thermochemical Lignol A—— | \ 7 i 1
Davis, CA) N Corn Stover | Biochemical | P4 A \ Ecofin, LLC Research Triangle Institute
¢ (Salt Lake City, UT) Wood Residues ICM 3 = *Elochﬂmlcy‘ Thermochemical
Genencor', [~ (Gommerce City, | + Biochemical . o (Nict:of \ llle,KY){:} Woody Biomass
Biochemical ] ~C0)——— — Abengoa gtvzl‘t?chgrass, Corn_, Z (Rgeearch Triangle Park, NC)
Various gil}eh e | | érochemical.f st ‘forse = VO s - 7
(Palo Alto, CA) cnemica. Thermo | ( P } B’bE3|oerergy S M_a_scoma
héor:::gagio"d V\.Faste Ag Wastq Switchgrass | [ | Science CeW’ Switchgrass
( CA) iHugoton KS) | . uthern Research (03K Rudgn 1),/ (Vonore, TN)
) s, | | ;ou_ ern Res \ ange Fuels
Verenium Corp ) | | N Institute Thermochemical
3i09hemical (2) g [ ——— Thermochemical ) Wood Chips
arious < | \ Varmus \ (Soperton, GA)
(San Diego, CA) \ (Blrmmgham,AL) —— N
= | o N / N\
Y ) +A”co
4 | Thermochemical/Bio
\ 7 | Citrus Waste
+ Six Commercial-Scale Biorefinergy Projects: up to $385 million ERibaBelle, FL)
Seven Small-Scale (10%) Biorefinery Projects: up to $114 million (first round) ) :
* i - Regional Partnerships
vk Three Bioenergy Centers: up to $405 million South Dakota State Univ., Brookings, SD
{3 Four Thermochemical Biofuels Projects: up to $7.7 million Comell University, Ithaca, NY
; L Univ. of Tennessee, Knoxville, TN
O Four Improved Enzyme Projects: up to $33.8 million Oklahoma State Univ., Stillwater, OK
+ Five Projects for Advanced Ethanol Conversion Organisms: up to $23 million Oregon State Univ., Corvallis, OR






Budget
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Budget Area

FYOS8
Request

Feedstock Interface Total SO SO $500,000
TC Processing Core R&D $4,028,586 | $11,216,114 $6,665,339
TC Process Integration Core R&D $422,271 $1,880,000 $2,192,193
el $4,064,255*

;

izlr:::;it: tl(c;n ortunities %0 20| 23,035,000,

&PP $7,099,255

Platform Support (analysis) $272,500 $1,049,039 $1,080,000

* FYO7 solicitation for syngas clean-up (without mortgages)
T FYO8 solicitations (without mortgages)
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Thermochem Conceptual Design Report Drives R&D Targets ‘:sa'.N?=—

eed
Processing Products
Gas Conditioning Fuel Synthesis Heat
> > &
Collection/Fractionation Upgrading Power
I

Conceptual design of a 2000 tonnes/day commercial plant

Thermochemical Ethanol via oyl
Indirect Gasification and Mixed Ageil 2007

Alcohol Synthesis of
Lignocellulosic Biomass

NREL pilot plant based on this process

5. Philips, A, Aden, J. Jechura, and D. Dayton
Habonal Renewabie Energy Laboradory

T. Eggeman
Neotencs intemational, inc.

Basis for connecting R&D targets to cost targets

Has undergone rigorous peer review






Thermochemical Conversion < HNREL
FYO7 State of Technology ’

All FYQ7 targets were met

2007 2008

Minimum ethanol selling price
($/gal ethanol)

$2.08

Installed capital cost

($/annual gal MA) $3.22

Mixed alcohol yield (gal/dry ton) . . 74.0
BEE ss1  s40 548 sS4 s44

m 15.09 15.09 15.09 15.09 15.09

N/A 20% 20% 50% 50% 80% 80% 80%

Feedstock
Feedstock cost ($/dry ton) $53 $53

Thermochemical Conversion
Raw syngas methane
(mol % - dry basis)
Cleanup and Conditioning

Tar reformer light HC reforming -
% CH4 conversion

15.09 15.09

Tar reformer heavy HC reforming -
% tar conversion

N/A 95% 97% 97% 97% 99% 99% 99%

Catalytic Fuel Synthesis
Compression for fuel synthesis
(psia)

Overall CO conversion 40% 40% 40% 40% 50% 50% 60% 60%

CO selectivity to alcohols
(CO2-free basis)

2,000 2,000 2,000 2,000 1,500 1,500 1,500 1,500

80 80 80 80 85 85 90
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Cellulosic Cellulosic Cellulosic  Ethanol Corn Ethanol Pyrolysis Methanol
Ethanol (BC) Ethanol (TC) Ethanol (TC) Dry Mill Sugar Fuel QOil Intermediate
Steam POX Cane Intermediate
Yield
gal/ton biomass 90 80 77 102 12.3 137 149
gal Ethanol eg/ton biomass 90 80 77 102 12.3 135 115
By-Product
type -- Higher Alcohols Higher Alcohols DDGS Sugar -- -
gal Ethanol eg/ton biomass - 14 15 33wt% 5.7wt% - --
Electricity, kWh/ton 196 -- - -- - 26 --
External Fuel
Nat Gas, MMBtu/dry ton 1.13
Process Efficency, HHV
Overall % 48 47 46 68 55
Product % 44 40 37 67 55
Carbon Utilization
Product % 31 27 26 59 35
By-Product % - 6 5 -- 0
Acid Gas/Fermentation CO2 % 16 15 24 -- 0.3
Flue Gas CO2 % 53 52 36 41 47
Other % 8 - char 18






Sample Cost Table
Thermochemical Ethanol

DFC, = DFC, (GPYg/GPY )"

. ad

wherex =0.5to0 1, ave 0.7

Fhe G
- BSI 3 § wet, "tar free” _5\ §
Gasification & Tar Guench & Byngas
Feedlirep Dryer Cyclones u Reformer Scrubber Compression
i £ 1
Hot Char & o a2 = -
Sand Sand B 5L |7k
Flue Gag| = £ % a5 s

. ) ol
Biomass Char B ¥ fij ki R
@ = (ﬁ;lo%?éﬁ;g catbon o | LO-CAT

\ - bGa-Z N Dioxide
ombustion
. (3 Catalst
Cy Rezeneration
I Clean
Dissolved Gases Symgas
U nreacted alcohols,
MeOH Gases umreached
ngas, CCe "

Blanel ) on Water Gaslconos| | CH: | MBd || g
MpedC3+ | | Diy Removal [Liquids | Separation Sunthesic Compression
alcohels Alcohols =

MeCH & water

Based on:

Phillips, S.; Aden, A.; Jechura, J.; Dayton, D.; Eggeman,
T. (2007). Thermochemical Ethanol via Indirect
Gasification and Mixed Alcohol Synthesis of
Lignocellulosic Biomass. 132 pp.; NREL Report No. TP-
510-41168.

| B =
« DNREL
Cellulosic Cellulosic Cellulosic Cellulosic
Cost component Units Ethanol Ethanol Ethanol Ethanol
(TC) (TC) (TC) (TC)
Year $ $ 2007 2007 2007 2007
Plant Size dry tonne/day 1,632 816 3,264 9,793
Feed Cost UsD/dt $ 4590 $ 4590 $ 4590 $ 45.90
Ethanol gal/short ton 80.1 80.1 80.1 80.1
Mixed alcohols gal/short ton 94.1 94.1 94.1 94.1
Ethanol Mil Gal/'YR 50 25 100 300
Capital Cost (million USD)
Feed Handling & Drying 26.41 18.51 48.84 105.38
Gasification 14.68 8.43 25.57 61.57
Tar Reforming & Quench 43.71 26.91 71.01 153.22
Acid Gas & Sulfur Removal 16.51 9.16 29.75 75.70
Alcohol synthesis - Compression 18.21 11.61 28.58 58.37
Alcohol Synthesis - Other 5.24 3.34 8.22 16.78
Alcohol Separation 8.20 5.22 12.86 26.27
Steam System & Power Generation 19.12 11.77 31.07 67.03
Cooling Water & Other Utilities 4.10 2.52 6.66 14.36
Direct Fixed Capital (DFC), also called TIC 156.18 97.48 262.56 578.69
Engineering 18.74 11.70 31.51 69.44
Construction 20.30 12.67 34.13 75.23
Contractor & Legal 12.49 7.80 21.01 46.30
Process/Project Contingency 6.43 4.02 10.82 23.84
Total Plant Cost (TPC) 214.15 133.66 360.03 793.50
AFUDC
Total Plant Investment (TPI) 214.15 133.66 360.03 793.50
Land 2.21 2.21 5.08 15.23
Startup 0.00 0.00 0.00 0.00
Total Capital Cost (TCC) 216.36 135.87 365.11 808.73
Working Capital 10.71 6.68 18.00 39.68
Variable Operating Costs (million USD/yr)
Feed 28.65 14.33 57.31 171.91
Utilities 0.30 0.12 0.49 1.47
Other 1.00 0.50 2.00 6.00
Catalysts and Chemicals 0.70 0.35 1.40 4.20
Total 30.65 15.30 61.20 183.58
Fixed Operating Costs (million USD/yr)
Labor 2.58 3.06 4.03
Maintenance (3% of A) 4.69 7.88 17.36
General Overhead (65% of labor + maint) 4.72 7.11 13.91
Direct Overhead (45% of Labor) 1.16 1.38 1.81
Insurance (0.5% of TIC) 1.08 1.83 4.04
Total 14.22

Capital Cost (TIC)

USD/annual gal

3.12

1
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Capital Intensity « SNREL
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Plant Size (Million Gallon ethanol equivalents/year)

Bain, R. L. (2007). World Biofuels Assessment; Worldwide
Biomass Potential: Technology Characterizations (Milestone
Report). 164 pp.; NREL Report No. MP-510-42467.
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http://nrelpubs.nrel.gov/WebtopSecure/ws/nich/int/nrel/Record?rpp=25&upp=0&m=2&w=NATIVE%28%27AUTHOR+ph+words+%27%27Bain%27%27%27%29&order=native%28%27pubyear%2FDescend%27%29

http://nrelpubs.nrel.gov/WebtopSecure/ws/nich/int/nrel/Record?rpp=25&upp=0&m=2&w=NATIVE%28%27AUTHOR+ph+words+%27%27Bain%27%27%27%29&order=native%28%27pubyear%2FDescend%27%29



Feed Intensive Process

Plant Gate Price ($/gal EtOH equiv)
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CAPEX/OPEX o PNREL
Intensive Process

Plant Gate Price ($/gal EtOH equiv)
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Experimental System

The gasification testing is being performed in
the NREL 150 kW, Thermochemical
Process Development Unit (TCPDU) sipstream
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Blower

Light Tar
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Typical Gasification Results »NR=L

Gasification of Oak, NREL TCPDU
Steam/Biomass = 2

40
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w
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Tar Reforming Experiments 4 NREL

Fractional Conversion

0.0 L L L L

1.0

Benzene
o B e s a—— 875 Step 1 Step 2 Step 3
D= co,

o Simmema 850 Reformed SO,

! Syngas Steam Steam
04t

fasan E A:A s

02} RS e

Time (Hours)

For catalyst evaluation experiments complete deactivation is
permitted to gain insights about chemical mechanisms and to
estimate reforming and deactivation kinetic rate constants and

activation energies.

1st order reaction

X
kra=In —2—

- X A Dirty
Syngas »
Condition X,

Feedstock Y

1st order deactivation w residual activity

a=a,+(1- asl)e“”31t

(Steam) Steam/Air

ekT(a51+(1_a51)e M) Bain, R. L., D. C. Dayton, D. L. Carpenter, S. R. Czernik, C. J. Feik, R. J.
X — French, K. A. Magrini-Bair and S. D. Phillips (2005). “An Evaluation of
A kr(a +(1_a )e—wt ) Catalyst Deactivation During Catalytic Steam Reforming of Biomass-
1 + e s1 s1 Derived Syngas,” I&ECR, 44, p 7945-7956.






Fractional Conversion

Tar Reforming Experiments

1.0

0.2 |

0.0

Time (Hours)

Tar /light hydrocarbon reforming is performed in a

semi-batch fluid-bed reactor with multiple
regenerations of a nickel/alkali catalyst

Spent
Catalyst

Steam/Air

Catalyst
Circulation

H,

Regenerated
Catalyst

Syngas

Percent Conversion

Dirty
Syngas

N
-
1l

4

DNREL

@-
L

Regeneration Cycle Number

Mixed Wood
Steam

'
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Stover Mixed Wood  Oak
Partial Partial
Deact. Deact

Steam/air
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Gasifier / Reformer Performance

Oak Gasification: NREL TCPDU, Nov-Dec 2007
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Run Order: 4 5 13 14
Run Code: 97095 InDel 97095b InDe2
OK_HY_97095 OK_NREL32b_InDel OK_HY_97095b OK_NREL32b_InDe2
H2 33.74 50.46 39.15 49.91
(6{0) 24.45 12.18 18.37 12045
CcOo2 19.93 23.64 23.45
CH4 12.59 4.62 11.06
N2 0.00 0.00 0.00
He (tracer) 1.86 1.07 1.69 )
C2H6 0.00 0.00 0.00 Detailed gas and
C2H4 2.12 0.17 1.66
C2H2 0.01 0.00 0.03 tar an alyse_s e
C3H8 1.25 0.07 0.99 used to estimate
C3H6 0.00 0.00 0.00 initi
1-C4H8 0.00 0.00 0.00 bOth Inltlal and
2-cis-C4H8 0.00 0.00 0.00 reformed product
2-trans-C4H8 0.02 0.00 0.00 gas Composrtlon’
COos 0.0000 0.0000 0.0291
H2S 0.0058 0.0006 0.0040 and percent
Closure 95.99 92.21 96.42 conversions of
tar (mg/Nm3-wet) reformer in  reformer out (initial) reformerin  reformer g compaonen ts
benzene 7785 280 6874 duri ng reformi ng
toluene 393 0 326
phenol 46 29 39
cresols 0 0 0
naphthalene 2383 42 1834
phenanthrene 792 0 535
"other tar" (as 128) 2157 0 1691 0
"heavy tar" (as 178) 1417 0 824 0
"total tar" (minus 78) 7188 72 5250 52
initial conv.* sample time (min)
InDe# methane  benzene naphthalene methane
OK_NREL32b 1 50.3% 95.4% 97.8% 9
11/07-12/07 2 56.0% 95.6% 97.3% 8
S:B=2
R500=700
TC=950
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