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Ancient History

1960"s Nuclear reactor program

1974
1979

1981
1986
1992
1996

Oil crisis

Referendum recommending phase-out
of nuclear power from 1996 to 2010
The last of the 12 reactors in operation
Chernobyl

Environmental taxes, CO2, NOx, SOx

Deregulation of electrical system,
nordic grid interconnection
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Sweden’s energy policy

“Sweden’s energy policy, in both the short and the

long term, is to safeguard the supply of electricity

and other forms of energy on terms that are competitive
with the rest of the world.

It is intended to create the right conditions for

efficient use of energy and a cost efficient Swedish
supply of energy, with minimum adverse effect on

health, the environment or climate, and assisting the move
Towards an ecologically sustainable society.”

First taken by parliament in 1997, re-taken 2002

tps

Recent History

1998-2006 Minority Labour government supported
by Green and Left party
2002 - Shift taxes to energy, emissions etc. from labour
- Tax exemptions for RE transport fuels until 2008

2003 RE certificate trading initiated 2003

- Biofuels for transport directive
- Increase in WtE plants being built and planned

2004 Barsebéack 1 shut-down
2005 ETS trading implemented

“Green” tax-shift
30% increase on NG taxes,
65 kr/ton increase on landfill taxes+ CO2 tax on fossil part
Increased tax on nuclear power

Shut-down of Barsebéck 2

First NG power plants being contracted

tps
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RE Power Quotas
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Wind power

Planning Allocation and Permit Target 10 000 GWh in 2015

(i.e. planned and approved by municipalities but not built or in operation)
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Green certificates
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Fuel Use District heating
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Pellets

8
7
Supply to the Swedish market excl. private h%ee/
6
5

TWh
Y

Estimated supply to
3 private houses

Net import

-97 -98 -99 -00 -01 -02 -03 -04 -05

1ps

Energy Use Transport Sector
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Energy Use Transport Sector
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Recent History

2005  ETS trading implemented

“Green” tax-shift
¢ 30% increase on NG taxes

¢ 65 kr/ton increase on landfill taxes+ CO2 tax on fossil
part

¢ Increased tax on nuclear power
Shut-down of Barseback 2
Further phase-out of nuclear energy > 2010
First NG power plants being contracted






Emmission certificates
Spot and futrures to DECO7 1€/tonne
Futures > JANOS8 approx. 15 €/tonne

2005-02-11

u v
DECO06 futures

2006

Q4 2006

Modern History

RE Certificate system extended to 2030

Energy R&DD budget 2006 — 2008, ~90 M € / year
with more focus on products and impact than on
basic research. The R&D programmes on biomass
declared to be pursued into the demo phase
Report by the high level stakeholder commission on
the substitution of the oil consumption in 2020

New coalition goverment lead by Conservative
party also including the Liberal, Center and
Christian Democratic Parties.

New budget without (yet?) any major policy
changes with regard to energy tps
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The Oil Substitution Commission

Pa vag mot ett oljefritt Sverige

- Chaired by the PM, but with
high level industrial particiapation
e.g. CEO of Volvo

@ The report was issued for
% the normal consultation/review

- A new sustainability commission
§ is being formed by the new
government possibly inclunding
commissioner M Wallstrom

tps

The Oil Substitution Commission

-Make the energy usage 20% more effective to 2020
- Heating of buildings without fossil fuel in 2020

- The terrestial transport system should by 2020 reduce its
usage of fossil fuels by 40-50%

more efficient vehicles

more efficient transports
- 12-14 TWh biofuels to be rpoduced in Sweden 2020

-The industrial use of oil should be reduced by 25-40%
-Change for biofuels
- more effeicient bprocesses and energy usage

tps
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The Oil Substitution Commission

TWh 2005 2020 2050
Forest fuel 20 42 52
Industrial by-products (ext.) 16 22 35
Industrial by-products (int) 19 20 25
Liqours etc. 44 45 45
Waste, peat misc. 8 15 31
Agrofuels 1 10 32
Others, imports 1 2
Residential 11 16 20
District heating 20 26 36
Power 18 22 34
Forest indutry (int.) 57 59 65
Trasnports 2 26 33
Other, exports 1 5 10
-Totals 108 154 228 tps

The Oils Substitution Commission

2005 2020 2050
Agricultural land 32 156 km2
Used for energy km?2 TWh 800 0,5 1600 2 4000 11

Set aside km2 TWh 32000 3200 4 3200 11
No longerinuse km2 TWh 40000 4000 2 4000 12
Agrowastes etc. TWh 0.5 4 11

Forest land 230 000 km2

Produktion TWh 94 94 94
Productivity increase TWh 0 23 30
Intensive forestry km2 ~ TWh 0 0 2000 2 11500 27
Other, waste, peat imports TWh 13 23 33
-Totals TWh 108 154 228

2011-02.23-24 tps
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Government Policy 2006
National
-break the connection between economic growth and
greater use of energy and raw materials
+ ambitious environmental and climate targets, clear plans of action.
* taxation to make the taxpayers’ act environmentally responsibly
* energy conservation measures in industry and residential buildings
« incentive for environmentally benign vehicles and public transports
* expansion of combined heat and power generation.
* special funding for development/acceleration of the planning
process for wind power installations.
* support for climate investments will be increased,
particularly for biobased motor fuels
* targets in converting research results into commercial products
and services should be raised.
. SEK 1000 million will be invested in climate research tps

Government Policy 2006
Negative policies
* no decisions on phase-out of nuclear reactors in 2006-2010
« the ban on constructing new reactors will remain in force
» the transfer to green taxation will be suspended

International
- Sweden will press for clear targets for reduction in
the use of fossil energy to be set within the EU,
and will actively assist reaching these joint targets.
* proposals for harmonisation with the EU
Energy Taxation Directive will be published
* the EU Emissions Trading Scheme should be expanded

(parties, substances), efforts to bring more countries into the system.

* The Kyoto Protocol should be extended as soon as possible...

tps
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Energy R&D Funding
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Conclusions

1994 National policy based on environmental taxation main
driver from oil, and later fossil fuel to RE complemented with
investment grants.

Nuclear phase-out gave promotion for CHP and grid
interconnections but low economic incentives because
nuclear-hydro based low cost system before green
certificate trading started in 2003

1994-2006 Sweden member of EU. Increasing harmonisation with
the EU policy in particular within the industrial sector,
but a pushing member for higher committments

2006- Strong interest over political barriers in expanding
biomass usage and promoting more challenging goals
within the EU and national policies within the EU
framework

2011022328 tps
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The Varnamo Plant after Rebuilding

2011-02.23-29
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Pilot Plant
after Rebuild

CHRISGAS

green fuel®

Work Plan - VVBGC Varnamo
Existing plant path

Completed Completed I, Completed I, I11 Planned
Oct.”05 Sep.’06 Nov.”06 May-Oct. 07
Status Status Review Hot Tests I- 111 .
Review Actions prior to rebuild Plant rebuild path
Planned Planned
Nov. *07- "09-
Rebuild & Hot Test
. Construction Commissioning || Program
Plant design path
Planned
Conceptual Basic Det. Eng./ Jan.’09
Engineering Engineering Procurement
Completed Completed Initiated
Nov. 2005 May. 2006 Nov. 2006

2011-02-23-30

CHRISGAS

green fuel®
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Vaxjo Varnamo Biomass
Gasification Center, VVBGC

 Non-profit making project-
based public company

« 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

 Recruitment plans for yet an
handful in 2007
CHRISGAS

20110223+ 31 green fuel®

VVBGC-New DCS ABB Freelance

CHRISGAS

20110223- 32 green fuel®

16





VVBGC- Hot Test |

Recommissioning/commissioning

» Gas turbine on diesel oil

program completed in Autumn 2006 « HRSG at 40 Bar

» Commissioning of the new DCS

* 50 hours of operation in 2006
power generated 130 MWh

» Gasifier hot water and steam
tracing

* Air bleed from gas turbine to
gasifier

* Gasifier heating, pressure
testing at hot conditions

CHRISGAS

green fuel®

VVBGC-Hot Test Il &

Recommissioning/commissioning
program planned for 2007

« Start from Test 1 status
« Feed system with fuel

« Start-up burners

< Bed material feeding

« Combustion mode

* Gasification mode

« Sampling and analyses

¢ CHRISGAS R&D partner
opportunity to dirty hands

« Integrated operation ?

CHRISGAS

green fuel®
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VVBGC - Cost for Construction & Op. Phase

Cost for Construction & Operation Phase

- Re-construction 182
- Commissioning and CHRISGAS Test Program 96
- VVBGC organisation 12
- Total 290 MSEK
32 M€
CHRIéeeGnﬁ§;
Tomorrow

CHRISGAS

green fuel®
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VVBGC- Financing of Construction & Op. Phase

Financing of Construction & Operation Phase
- STEM application May 2006 250 MSEK
- STEM allocation 2006-11-09 182 MSEK

but conditional on industrial commitment as minority
ownership and steering of VVBGC, exploitation of results +

- Industrial co-funding 68 MSEK
- Balance of previous STEM financing 20 MSEK
- From EC via CHRISGAS 20 MSEK
- Total 290 MSEK

CHRISGAS

green fuel®

Biomass to SNG

(= Géteborg Energi @‘—
@—

Vehiclesas
e R e
R o

Plan: 100 MW output Plant

Status: On-going Studies
Target: in operation 2012

Other gas industries study other R&D
posibilities and projects incl. Varnamo

tps
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Biomass to SNG
Co-gasification in Utility CFB Boilers

CHALMERS Technical University, Gothenburg ...

Steam to wrbine

N

Product gas

T — Oy+steam

_,;1‘1— Fuel

Steam to turbine

"3

«— - [N

Combustor

Fuel Praduct gas

e O,+steam
<—Fuel

s

DP-1 Plant at ETC, Pitea
BLG R&D Centre

BLG Program
130 MSEK ( 14 M€)

from STEM, paper and pulp
industry, Vattenfall
Chalmers and Luled
Technical Universities
— Reaction kin., CFD modell.
— Inorganic chemistry
— Designs and Construction matrls.
— Non-process elements
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Pressurised Reactor, Development Plant 1

Location: Kappa Kraftliner, Pitea

Capacity: 20 tDS/day Reactor under manufacturing, Nov. 2003
(3 MW,,), 30 bar

Start-up: May 2005
Operating Data:

1500 hours accumulated,
pressure up to 29 bar

BLG R&D Centre

FP6 IP RENEW: "‘%7 |

Study of DME plant at . Copyright ® Chemrec AB,
Morrum pulp mill of 2003 ‘
50000 tonnes/year

Development Plant 1 Op. Data

Hous  March- 07 Update: Accumulated Operating time DP-1

1440.00:00

30 bar gy
1200:00:00 27 bar —T—)
1000 hrs
Operation 2006 —
BE0:00:00
13 days
Continuous

720:00:00
run

25 bar,
Good C-
conversion
4800000 1

5 days, 20 bar, \

Excellent

First Start .
suoo000 | Sept 3012005 — S:eonversian N

Summer
/ shut-down
0:00:00 's

2005-00-30 2005-11-18 2006-01-08 2006-02-27 2006-04-18 2006-06-07 2006-07-27 2006-09-15 2006-11-04 2006-12-24 2007-02-12
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National conditions relevant for BMG choices and
BMG perspective in the Netherlands

1. biomass import necessary (only ~5%
national available)

2. natural gas dominant (~50% of
prim.energy), large grid (~150000
km), NG-fired CHP tradition (~30% of

power production)
3. crowded (~500/km2)
waste incineration tradition

5. almost no heat grids, no pulp mills, no
hydro, little nuclear

B

Two perspectives: PJ and M€

» from energy targets points of view (PJ)
 from industrial point of view (M€):
—energy supplier |
—energy consumer |
—energy distributor
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Syngas (without methane) m - m

» should be large scale
 should be pressurized . 4
 syngas is the required intermediate for 2" gen. biofuels

* itis either EF (with upstream pre-treatment: torr, pyr,
gasif) of FB (with downstream reformer)

» EF is available on large-scale (for coal), credible
suppliers, gasifier is no big deal, pre-treatment and
cooling are the challenges

* FB can have higher efficiency

* MeOH, MA, FT, DME, H2, ... all require similar syngas
(specifications)

 short time line for EF because of coal back-up

« all processes produce CO2 as co-product (either beyond
CO2-neutral or coal co-gasification is OK)

Syngas (without methane)

Table B3. Calculated energy efficiency of biomass-to-syngas (25 bar, H,/CO=2) system with
different gasification technologies, see text for short description

biomass conversion technology calculated energy efficiency *

short-term long-term ©
indirect plus reformer 73%-77% (56%-69%) 82% (81%)
oxygen-blown entrained flow 73% (76%) 74%-76% (79%-83%)

a the energy efficiency is the ratio of syngas LHV (H,/CO=2) and dried wood LHV; values between brackets
refer to overall efficiency including electricity consumption/production by assuming 60% efficiency from
syngas, furthermore, it is assumed that high-temperature heat is converted to electricity with scale-dependent
efficiency (20-40%)

b commercially available within 5 years

¢ full-scale commercial availability not within 10 years

calculated values by ECN, not for publication

23.02.2011





Syngas (with methane) for SNG

» downstream technologies for SNG production available

» gasifier producing high methane is preferred (efficiency
biomass-to-SNG up to 70%)

* this inevitably means: tar must be dealt with

* syngas is an alternative, but efficiency is relatively low
» should be large-scale to be significant (energy targets)
« will follow biogas (digestion) in time line

e upstream units (gasifier, cleaning) similar to CHP
* first full-scale SNG-plant in 2020

Syngas (with methane) for SNG

Table B1 Calculated energy efficiency of biomass-to-SNG (25 bar) system with different gasification

technologies, see text for short description

biomass conversion technology calculated energy efficiency

short-term long-term °
oxygen/steam-blown CFB 66% (52%) 71% (67%)
indirect 68% (59%) 76% (73%)
oxygen-blown entrained flow 60% (57%) 58%-60% (65%-70%)
self-gasification not available yet 70% (75%)

a

the energy efficiency is the ratio of SNG lower heating value (LHV) and dried wood LHV; values between
brackets refer to overall efficiency including the net electricity consumption/production assuming 60%
efficiency from SNG; high-temperature heat is assumed to be converted to electricity with a scale-dependent
efficiency (20-40%);

commercially available within 5 years

full-scale commercial availability not within 10 years

calculated values by ECN, not for publication
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