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The Varo Gasifier

The gasifier at Vard was not stopped in 2013, it was operated
until April 2014, longer than planned .
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Biomass Gasification Sweden 2012-2014

Commercial/ industrial scale

]
Umed& University. Ash sintering, tar removal - R&D
Pited ETC B rianned

|
| ] i 2
Koping WoodRoll demonstration Pitea MEVA 1 MW powergen

| ]
‘«— Pited ETC 2 MW LTU Biosyngas Pilot plant

| Rottneros Biorefinery | [ Seasktdsyil 5 Cl I .
150-200 000 tpa methanol study.
|

NER 300 Application rejected 2015 B I

Sundsvall Mid-Swedish University,
indirect gasification, BTL lab

Hagfors Varmlandsmetanol AB | |
100 000 tpa methanol [ U Vallvik Biofuel, NER 300 appliction rejected 2012

| ]
| Goteborg GoBiGas | Koping WoodRoll test unit

First ph 20 MW SNG . ]
Irst phase ' Stockholm KTH Pressurised LDU unit,

2nd. Ph NER300 t :
n ase gran / FT studies

[ ]
Goteborg Chalmers Indirect | S Vasteras, Méalardalens Hogskola
gasifier coupled to a CFB | |

U 18 MWIGCC
| ]
L/ Vaxjo, Linneaeus University

| Lund Technical University |

| Malmad/ Helsingborg/ Landskrona | (___/' Regenerative POX reactor development

E.ON Bio2G 200 MW SNG study <« | 3 - |
NER 300 Grant in 2" round Malmé SGC/ Energiforsk
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Swedish Politics
A labour-green minority government supported by a leftist

party took over governing power form liberal-conservative

4-party coalition in October 2014 following a regular
general election.

Decision on any replacement of nuclear power plants is
postponed beyound the mandate period of four years.

The new governement has formed a "broad”
parliamentary energy commission with main focus on
electrical power, to report in late 2017.

Transport biofuels tax exemption retained to 2017, due to
discussion on state aid with the EC.

On-going negotiations with Norway to raise the common
Green Certificate gouta to 30 TWH for 2020.
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@_ Swedish Energy Targets 2020

 Reduce GHG emissions 40 % by 2020 outside ETS
sector

— 20% done (rel. 1990), 30% by flexible mechanisms
— Continued use of environmental taxation
— Sweden independent of fossil transport fuels in 2030

 Follow EU ETS policies (now third phase)

 Minimum 50% Renewable Energy 2020
— RE Certificate prolonged and coordinated with Norway
— Target increased, +25 TWh rel. 2002
— Wind power planning 20 TWh land-based+10 TWh sea-based
— 10% renewable transport fuels

e Energy Savings Plan
— 20% reduction of energy/GNP ratio by 2020, relative to 2008
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Fuel prices and taxation 2013
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Transport fuel prices and taxation 2013
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Nuclear Power

e History

— Planning and investment decisions on reactors were
taken in the 1960’s
Referendum to phase out reactors by 2010 in 1981

The reactor development law (SFS1984:3) was put in force
prohibiting building of nuclear power plants and

the development of novel reactor technologies
The reactor program of 12 plants fully attained in 1985
The two reactors at baseback were close 1999 and 2005

The reactor development law (SFS1984:3) was revoked in 2012
Up to 10 new replacement reactors can be accepted on present

However, the new governement has stopped planning by
Vattenfall by an owner’s directive in late 2014

However, Vattenfall in April 2015 announced the premature stop
of two reactors in 2018 and 2020 for "commercial reasons”
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g— Green Certificates

2002 datum 6.7 TWh

2002 target + 10 TWh 2010

2006 target + 17 TWh 2016

2009 target + 25 TWh 2020

2012 SE+NO common target

SE + 13.2 TWh 2020 to meet previous target
NO +13.2 TWh 2020

New discussions
SE target Increase 25 TWh to 30 TWh 2020

I Kontrollstation for elcertifikatsystemet 2015. ER 2014:04. Energimyndigheten 2014
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Renewable transport fuels

 Present situation
— 15.6 % RE transport fuels in 2013

— 5.9 % of all vehicles predominant RE fuels

— Energy taxes levied on low-level blends in gasoline and diesel
as of 2013 to comply with EU state aid rules, but no CO, tax.

— Tax exemptions retained for high-level blends or neat fuels
(e.g. E85, B100, CBG, but also for HVO < 15 % in diesel)

— Sustainability criteria to qualify as RE fuel and for tax exemptions

— Parliamentary commission on fossil-free vehicle traffic

was reported December 16, 2013.
* Proposal for a price guarantee for second generation biofuels?

IEA Task 33 11
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Parliamentary commission on

fossil-free vehicle traffic 2013

Policy areas requiring to be addressed

— Urban and societal planning to reduce need and improve efficiency in
transport,

— Change in traffic modalities and infrastr ucture, i.e. more railway
transports, improved railways etc.

— Drive train efficiency improvments

— Promote eco-driving

— Increased use of biofuels

— Introduce and deploy electric drive trains

« Main recommendations for future policy actions
— Gradually increase the quota obligation to 2020
— Biofuel price gurantee to make investments more bankable
— Expand the use of electrical energy by charging infrasturcture etc.
— Bonus-malus policies to improve efficiency

— Promote citizen change (from individual to collective transports, taxes,
insurances, ecodriving etc.)

— Infrastructure and urban planning actions

IEA Task 33 12
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Parliamentary commission on fossil-free
vehicle traffic
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g_ Renewable transport fuels

e Future plans
— No legislative result of commission on fossil-free transports

— Increase of energy tax on low-level blends and also CO,
tax resulting from state aid consultations with the EC

— Quota obligation was withdrawn for governance reasons
In early 2014

— Tax exemption retained until 2017 to conclude the EC
discussion, a new package expected.
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Biomass to SNG: GOBIGAS

GoBiGas — phase 1

Production: Consumption:
Bio-SNG 20 MW Fuel (pellets) 32 MW
District heating 4 MW  Electricity 2,5 MW
Heat to heat pumps 8 MW RME (bio-oil) 0,5 MW
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Biomass to SNG: GOBIGAS
GoBiGas — step by step

* Performance goals:
« Biomass to biomethane 65 - 70%
« Energy efficiency > 90%

* Phase 1:
— Demonstration plant
— Evaluation, R&D programme
— 20 MW generating 160 GWh/year
— In operation early 2013
— Allothermal (in-direct) gasification

- Phase 2: Official start-up
T Glihiyear | Joneratng 640-600 October 28, 2013.

— In operation after evaluation of Phase 1
— Technology not yet chosen

(= Géteborg Energi :
|
Further details in work shop presentation
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Biomass to SNG: GOBIGAS
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Biomass to SNG: GOBIGAS

Current status beginning of May 2015.

- Gasifier operation close to 4 000 hours
- MCR load proven on pellets
- Gas quality (relative to design values) good

- Pellets are very clean and generates certain specific issues.

- Bed material activation has been a learning experience

- SNG product in a longer campaign in December 2014

- In 2015 periods of grid supply (days) on some occasions

- 60-70 % of design capacity

- Biogas quality better than design spec.

- Present situation is finding and overcoming bottlenecks
limiting capacity or limiting duration

( sequence optimization, control settings etc.)
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@_ Biomass to SNG: GOBIGAS

Future goals and plans for 2015-2016

- Continuous operation period from June to December
- Installation of chip feeding equipment on-going

- Expected switch from pellets to chips early 2016

IEA Task 33 20
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Cortus Wood Roll

Saxlund Torkapparater | KTH Royal Sandvik Calderys AB
International / | AB Institutue of Heating

Opcon AB Technology Technology AB

—Kanthal
Saxlund International ~ Torkapparater KTH has provided Kanthal delivers AF provides Calderys delivers Siemens delivers
/ Opcon delivers delivers dryer and equipments and radiation tube Computational Fluid refractory materials Control systems and
biofuels feeding pyrolysis equipment facilities for Cortusto  burners for indirect Dynamics modeling to the gasification instrumentation
equipment to the to the WoodRoll® run tests on over 20 heating to the for system reactor in the
WoodRoll® process process different fuels WoodRoll® process optimization WoodRoll® process

THERMAL PROCESSING EQUIPMENT

- =

Biomass Pyrolysis Gasifyer

-:{j}: CORTUS
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Cortus Wood Roll, Koping

000 kW integrated plant

* Fully integrated production of
clean syngas from biomass

* Investing 1 200 000€

+ Six months work will be
finalized shortly

* All safety functions

“ S1x screen Siemens control
system

* Remote operation as an overall

goal » iCORTUS
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Cortus Wood Roll, Koplng

- T W

KIT Mobile SNG unit to be tested at the Koplng site.

A project cooperation within KIC Innoenergy.

IEA Task 33
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Cortus Wood Roll
6 MW modular design

1l [E

|- -:{:}: CORTUS
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Swedish Gasification Centre (SFC)

CIGB
Chalmers

CDGB - Centre for Direct Gasification of Biomass
CIGB — Centre for Indirect Gasification of Biomass
B4G — Biomass for Gasification, Entrained Flow Centre

Academies Chalmers, Gothenburg Univ., KTH, Linneaeus Univ., Lulea
Technical Univ., Lund Univ., Mid-Swedish Univ., Malardalen Univ., Umeda Univ.

Companies E.ON, Metso, G6teborg Energi, Fortum, Malarenergi, Cortus,
Nynas, Eskilstuna Energi och Miljo, Nordkalk

2013-2017 activity, 58 MSEK/year
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/

Program Advisory Board

THE SWEDISH CENTRE FOR

Swedish Gasification Centre (SFC)

Scientific Council

\ BIOMASS GASIFICATION S FC/

Management

Node Leader Node Leader

CIBG (d»]:{c]
Centre for Indirect Centre for Direct

Biomass Gasification Biomass Gasification

Node Leader

Bio4Gasification
Entrained Flow
Gasification
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Housed in atransportable container

Features

KTH School of Chemical Engineering

5 Nm3/hr

pressurised (30 bar)

air or steam/oxygen
partial oxidation burner
catalyst beds

gas analysis

SPA tar sampling

other analyses possible
first test in March 2015

IEA Task 33
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SP ETC Gasification Activities

SP (Technical Research Institute of Sweden) acquired ETC in Janaury 2015
Host for DP1: LTU Biosyngas black liquor, biomass

VIPP gasifier: biomass, cyclone gasification, WESP, scrubber, engine CHP

Synthesis gas: zeolithe membrane reactor/MeOH, one stage DME pilot
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@_ Energiforsk fka Swedish Gas Centre

Four energi research organisations
where merged to Energiforsk in January 2015
(Varmeforsk, Svenskt Gascentrum, Elforsk, Framsyn)

"Energy gas program”
New project period 80 MSEK, 9 M€ for 2013-2015.
A dozen projects approved in December 2014

e[nternational Gasification Seminar
Annual since 2007, Gothenburg 2013, Malmo 2014,

Stockholm Oct. 2016 Energiforsk
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LTU Biosyngas program

e The LTU Green Fuels (Lulea Technical University) has bought the
Chemrec pilot plant and the bio-DME plant.

e Operating staff and some key Chemrec staff hired
 LTU Biosyngas program, approx. 160 MSEK, 2014-2016

* Objectives:

. DME fuel for truck tests, other test activities
. Catalytic gasification of liquids

. Develop to solid fuel gasification

. Gas cleaning developments

. Development of catalytic synthesis reactions
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MEVA Innovation AB

A first unit,1.2 MWe has started operation at Hortlax, Pitea.
Target market is co-gen plant, 2-20 MW heat, 1-10 MWe.

VIPP-VORTEX®, Gasification system VIPP-ECP®, Gas c[eaninq system Gas EﬂqiﬂE

VI PP Cyclone Multistage cleaning Cooperation on
VORTEX INTENSIVE GaSIerr . ° CyC|One SpeCially designed gas

POWER PROCESS
&

e gas cooling engines with supplier
 RME scrubber Cummins Power

« WESP Generation Ltd., UK.

In operation this heating season
according to
company representatives

®hews

INNOVATION AB
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