Member Country Summary: Norway

Roger Khalil
Judit Sandquist
SINTEF Energy Research

SINTEF Technology for a better society 1




Content

Biomass gasification in Norway

Biomass gasification Lab: SINTEF Energy Research

Avinor project - BioJet production in Norway?

summary

SINTEF Technology for a better society



Biomass gasification in Norway

* Norway has large unused biomass ressources

» Still no economic advantages or incentives for biomass gasification in
Norwau:
— Fundamental research at Universities
— Applied research

— No large scale gasification facilities
» Small scale waste-to-energy applications

* Some interested larger companies :
— Statkraft
— Akershus Energi

— Avinor (BioJet-A1)
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Small scale applications

 InNorway both the people and the biomass are spread

» Thedistances are large, hence high transportation costs

v
« Small scale applications

e : ’ "'11

— Energos
Energos plant

— Aqgder Biocom

Both use two-step (gasification-combustion) technology for heat production
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Biomass gasification Lab: SINTEF Energy
Research
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Bench-scale reactors for biomass reactivity and yield
measurements

1-10 mg samples: small transport effects,
high time resolution (seconds)

FTIR Nicolet iS

o

Q5000 IR

Variables: heating rate, temperature,
reaction gas, fuels and fuel mixtures
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Bench-scale reactors for biomass reactivity and yield
measurements

STA instrument (simultaneous thermal analyzer)
« Temperature range: RT up to 1100°C

« Vacuum: 10E-4mbar

* Heating rate: 0.1 up to 20°C/min

» Temperature resolution: £ 0.1°C

» Temperature accuracy: * 0.3°C (substance

calibration)

« Data evaluation rate:  max. 10/s

* Pressure control: up to 50 Bar (adjustable,
software controlled)

« Atmosphere: inert, red., vac., oxid. (
SiC heater)
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Biomass gasification to second generation
biofuels — Entrained Flow Reactor

« Design a vertical high temperature particle fed reaction cylinder
« Capable of using a variety of infeed materials and sizes

« Of durable quality

« With ease of maintenance

« With interchangeable parts

- MAKE IT CHEAP
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EFR DESIGN
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EFR DESIGN Particle Silo

Infeed Dosing Unit

P N Scaling Bridge

Scales

Twin Screw Feeder - Dosing Skid

Elastic Coupling
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EFR DESIGN

Infeed Refractory
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EFR DESIGN Ceramic Guiding Plate

Heating Section

Inner Pipe / Reachtion Coloumn
Alsint

Top Flange
Graphite - Induced Material
Insulation
Steel Shell Induction Coil - Copper

Water Cooled

Bottom Flange

Inner Pipe Connection Piece _
Alsint Ceramic Support Plate
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EFR DESIGN Inner Pipe Connection Piece
Alsint Refractory

Outlet Refractory \

Quench Nozzle Inlet
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EFR DESIGN Deposit Surface
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Torrefaction reactor

Characteristics
Feed type Woodchips, sawdust, straw,

. pellets, ...
,” o) y ¥ ;)‘.i ‘ I!j @,J el capaCitU 0.2 -7Kkg/h
Tl i il R

. Temperature 200 - 300 °C
/,j"“;"‘ 4/ Fuelsize 1-25mm
o o i, Bulkdensity 100 - 600 kg/m?
m e i | Main Components
i ¢ L Bin for raw material

AT e g Feeding screw

| \ TS * " o : Drying conveyor
{ PR ™ Heating conveyor
< T Torrefaction conveyor

Cooling conveyor
Sliding feeder between conveyors
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Avinor project - BioJet production in Norway?
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Avinor - Sustainable Bio Jetfuel for Norwegian Aviation

« Feasibility study initiated by Avinor, SAS, Norwegian and NHO Luftfart
fall 2011

- Study the potential for "Sustainable and commercially profitable
production of sustainable bio jetfuel in Norway”

« Results from the project were published April 2013

« Research question: What is the cost of one liter of sustainable bio
jetfuel in Norway in 2020 and 20257

- what is the effect on carbon emissions (in the whole value chain)?
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http://www.analysestrategi.no/

Results of the technology assessment

« SINTEF Energy Research has carried out a technology
assessment for bio jetfuel production

» There are a great number of thinkable technologies and methods

* Only a few technologies (3) were considered in details

Only two technologies considered suitable for Norway
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Synthetic Fisher-Tropsch (FT) fuels

 Fuel derived from wood energy crops, agricultural and forestry
residues, algal biomass, waste

» Large feedstock flexibility => gasification process > similar
syngas quality

* (ertified since 2009 by ASTM to be blended with conventional
Jet A-1 up to 50%

- Strenghts: - Challenges:
* Large feedstock flexibility * Investment cost of the &
«  Use of low-value feedstocks plant is high

Oxygen Power y
ar Production Generation Flectricty
feedstock l
Feed Preparat|o Gas Acid Gas| |Fischer Tropsch| |Syncrude Finished

and Gasffication | |Conditioning Removal Synthesis Refining Fuels

SlNT HSCOS




Sustainable Bio Jetfuel for Norwegian Aviation -results

 Two alternatives:

Gasification = Fischer-tropsch:

Price: 11 NOKI/L (2012), 7 NOKJ/L (2025), 5 NOKI/L (price for by-
products, included)

GHG reduction: 81%

- Bio alcohols to jet

Price: 27 NOK/L (huge — 50% - uncertainty, no information
obtained about by-products)

GHG reduction: 65%

 The report concludes that it is possible to produce
sustainable and cost efficient bio Jet-A1 in Norway by

2025.
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Summary

« Until now, there are only small scale waste/biomass-to-
heat gasification plants in Norway

 Norway has good competence and strong position within
petrochemistry

* Medium/large scale biomass gasification to BioJet is a
new opportunity for Norway

- SINTEF Energy Research has relevant competence and
tools to help pave the way for biojetfuel

- A solid, tight dialogue with the most central national
Industrial partners has been established, as well as the
coordination of the research effort
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Cost efficient

Pretreatment Processing
Fractionation Sugar Bio- (UMB, MK) _ _
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