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Scope
• SINTEF ENERGY

• STOP STOP 

• Torrefaction reactor

Gasbio• Gasbio

• Other projects
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Located in Trondheim, Norway

Number of employees:

NTNU 4.700 Scientific 60 %
(incl. Post.doc and PhD Students)

SINTEF 2.145 Scientific 73 %

Students: 20.000
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Energy research clusterEnergy research cluster

SINTEF + NTNU have 75  employees SINTEF + NTNU have 750 employees 

focusing on energy technology

• Hydro Power

• Solar cells

• Wind • Wind 

• Bioenergy
• CCS -Carbon Capture and Storage

• Zero emission buildings

• Oil and gas exploration and production

• Energy systemsEnergy systems
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STOP –STable OPerating conditions for biomass 
combustion plantsc s  s

 The main objectives in STOP:
D l t f t t i f i d tiDevelopment of new strategies for improved operating 
conditions control in biomass and biomass residues 
combustion plants through:combustion plants through:

 The utilization of more homogenous fuel with minimized 
season variation 

 O ti i d f l i t f ll t t i i Optimized fuel in terms of pollutant emissions 
 Improved fuel quality through torrefaction 
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Project overview –key dataProject overview key data

• STOP –STable OPerating conditions for biomass 

combustion plants 

• Project type KMB (Competance building project• Project type KMB (Competance building project)

• Budget:

– Norwegian Research Council: 475 kEuro/a

– Industry 70 kEuro/aIndustry: 70 kEuro/a

Total: 545 kEuro/a

a a• Duration 4 years
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Project Steering Committee
Overall project responsibility and 

Norwegian Research 
Council

p j p y
major decisions

Administrative Support User-group
Project Manager

Project operation and lead

pp
Financial and administrative 
staff. Administrative work

g p
All industrial partners, 
Research Institutes and 

Universities

SP 1
Fuel upgrading and 

intelligent fuel

SP 2
Biomass and biomass 

residues combustion plants 

SP 3
Education

SP 4
Technology 

monitoring andintelligent fuel 
mixing

p
operational stability

WP 2.1

monitoring and 
dissemination

WP 4.1WP 1.1 WP 3.1WP 2.1
Combustion properties of 

torrefied fuels 

WP 4.1
Technology 
monitoring

WP 1.1
Torrefaction

WP 3.1
Education

WP 2.2
Guidelines and feasibility 
studies for the utilization 

of torrefied fuels in

WP 4.2
Dissemination

WP 1.2
Fuel mixing options
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Torrefaction reactor
CharacteristicsCharacteristics

Feed type Woodchips, sawdust, straw, 
pellets, …

Capacity 0.2 –7 kg/hCapacity 02 7 kg/h

Temperature 200 –300 °C

Fuel size 1 –25 mms 1
Bulk density 100 –600 kg/m3

Main Components
Bin for raw material
Feeding screw
ry  y rDrying conveyor

Heating conveyor
Torrefaction conveyorTorrefaction conveyor
Cooling conveyor

Sliding feeder between conveyors
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Project overview –key dataProject overview key data

• New project within thermochemical biofuel production 

(GasBio)

• Project type KMB (Competance building project• Project type KMB (Competance building project)

• Budget:

– Norwegian Research Council: 675 kEuro/a

– Industry 175 kEuro/aIndustry: 175 kEuro/a

• Total: 850 kEuro/a 

• Duration:4 years
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GasBio
B oard and

Projec t j
Management

SP1:  
SP2: 

Gasification SP4: 
Gasification

SP5: SP6: 
T echnology

SP3:
Laboratory

Fue l supply and 
fuel knowledge

Technology,
Design and 
operation

Gasification
plant analysis and 

synthesis

Education and  
T raining

T echnology
monitoring and 
dissemination

Experiments and
Modeling for

scape-up

WP1.1 
Biom ass 

supply

W P 2.1 
Fluidised 

Gasification 
technology

WP 3.1 
Gasification 

process 
integration

WP 5.1 
PhD  and M Sc

education

WP 6.1
IEA and 

Internationa l
projects

WP 3.1
Fluid bed 

experiments

WP1.2 
Biom ass 

pre-treatment

W P 2.2
Entrained

flow
technology

W P 3.2
Plant scale-up and 

cost-ef ficiency 
analysis

WP 5.2
Industria l 

seminar s and 
workshops

W P 6.2 
Nordic 

Gasification 
Network

WP 3.2
Entr ained flow

experimentstechnology

W P 2.3

analysis

WP 3.3
Plant 

fea sibility study

workshops

WP 6.3
Website, WP 3.3

CFD modeling andHeat recover y fea sibility study
(Technology and

Econom y)

newsletter and 
publishing

CFD modeling and 
Gasifier Scale-up
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Gasification for Biofuels (GASBIO)

a• Main objectives
– To develop Norwegian competence in the Biofuels area.

ass  a -s a  t   s ta  a t s  s t ss • Emphasis on large-scale production of suitable qualities of synthesis 
gas 

– To contribute to the reduction of Biofuels production costsT c c s c c s s
• Innovations in gasification processes

• Focus on low-value biomass fractions

• WHY?
– Norway has large unused biomass resources

– EU legislation mandates substantial increase in the use of 
biouelsbiofuels

– Biofuels need intensive research to become competitive to 
fossil fuels on a larger scale
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Other Gasification Research ProjectsOther Gasification esearch Projects
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LignoRef–Key dataigno ef Key data

a a a a aLignocellulosicsas abasis for second generation biofuels and the future 
biorefinery

• Project type: KMB –Research Council of Norway

• Budget:
• Total:  3 mil Euro

• Duration:  4 years (2009 –2012)

• PartnersPartners
• Coordinator: PFI (paper and fiber research institute)

• Industry: Statoil, Borregaard, Weyland, Allskog, Cambi

• Others UMB, UiB, NTNU• Others: UMB, UiB, NTNU
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LignoRef–Objective
Main objectives
• To develop fundamental knowledge about central processes for cost  effective conversion of lignocellulosic 

materials into second generation biofuels and other value-added products. s s c s v cs

• Central processes include biomass pretreatment, hydrolysis, fermentation and thermochemical  conversion of 
process by-products.

Subgoals:
• Improve understanding of the fundamental mechanisms involved in pretreatment and fractionation of different 

lignocellulosic raw materials for three different production routes; direct hydrolysis during pretreatment, hydrolysis 
after pretreatment and biomass gasification with Fischer-Tropsch  synthesis.

• Improved understanding of the relationship between pretreatment conditions and enzymatic conversion of v s s s v s
lignocellulosic materials, and further development of enzyme systems that will make the process more effective.

• Evaluate and improve microorganisms for use in fermentation of lignocellulosic hydrolysates into second 
generation biofuels and value-added products.

• Evaluate the most cost-efficient way of using thermochemical conversion for simultaneous manufacture of • Evaluate the most cost-efficient way of using thermochemical conversion for simultaneous manufacture of 
renewable fuels, high value chemicals and bulk materials from the separated biopolymers and from by-products 
formed during pretreatment, hydrolysis and fermentation.

• Improve understanding of the mechanisms of thermochemical conversion into bio-oils and bio-char, and find the 
best conditions in terms o product composition and process economybest conditions in terms of product composition and process economy

• Evaluate the properties of the bio-oils with respect to the behaviour as a fuel and environment and health  
consequences.

• Publish 10 papers in scientific journals;  educate 3 PhD/Post-doc candidates.
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Biomass to liquid fuels –key dataiomass to liquid fuels key data

• Thermochemical biofuel production

• Project type KMB 

• Budget:

a  R s a   – Norwegian Research Council: 50%

– Industry: 50%

Total 1 mil. Euro (2009-2011Total: 1 mil Euro 2009-2011)

• Duration:3 years

• PartnersPartners

– Coordinator –Project owner: NTNU –Dept. Chem. Eng.

– Industry: Statoils :

– SINTEF Hydrocarbon Process Chemistry  (Kincat Gemini center)

Technology for a better society 16



Biomass to liquid fuels –objectivesiomass to liquid fuels objectives
Overall objectives:

(1 Fundamental research on key catalytic steps (reforming, wgs, etc.(1)Fundamental research on key catalytic steps (reforming, wgs, etc)

(2)Establish knowledge needed to select improved catalysts or adsorbents

• Educate2 PhDs . Trainqualified researchers.

• Publishresearch results

• Cooperateclosely with industry within personnel training and research.

• EstablishImproved BTL technology

sta s A a a at a t s• EstablishAdvanced laboratory facilities

• EstablishConceptual understanding & new material knowledge
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New, innovative pretreatment of Nordic wood for cost-New, innovative pretreatment of Nordic wood for cost-
effective fuel-ethanol production” (2007-2010) 

• Project type:  Nordic Energy Research

• Budget
• Total: 1.6 mil. Euro

• Duration:  4 years

• PartnersPartners
• Coordinator: PFI

• Industry: Statoil, Borregaard, Novozyme, SEKAB, Norske Skog, 
Skogeierforeningen

• R&D: Innventia, Matis, VTT,  SINTEF
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New, innovative pretreatment of Nordic wood for cost-
effective fuel-ethanol production” (2007-2010 effective fuel-ethanol production” 2007-2010) 

a aMain goal
Developing new pretreatment techniques and production schemes that will reduce the overall production costs for 
fuel-ethanol from Nordic wood.
Joining Nordic research resources in the liquid biofuels area.

Sub goal:
1. Develop pretreatment techniques that:

-Make cellulose more accessible to hydrolyzing enzymes that convert the carbohydrate into fermentable 
sugars, by breaking the 3-D lignin network and disrupting the crystalline structure of cellulose. By this the sugars, by breaking the 3-D lignin network and disrupting the crystalline structure of cellulose y this the 
hydrolysis of the carbohydrate fraction to monomeric sugars can be achieved more efficiently and with 
higher yields.

2. Test and evaluate enzymes showing increased specific pretreatment activities and thermal tolerance. 
3. Demonstrate efficient hydrolysis and fermentability of pretreated lignocellulosic materials. 3 Demonstrate efficient hydrolysis and fermentability of pretreated lignocellulosic materials 
4. Evaluate process configurations and develop simulation models and material/energy balances for the various 

pretreatment/hydrolysis/fermentation alternatives studied in the laboratory.
5. Prepare a cost-benefit assessment of investment and operating costs under various scenarios. 
6. Evaluate the possibilities for the simultaneous manufacture of fuels, added-value chemicals and materials from 6 Evaluate the possibilities for the simultaneous manufacture of fuels, added-value chemicals and materials from 

by-products formed during pretreatment with a focus on lignin which constitutes about 50% of heat value 
of the incoming wood raw material.
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Sus ioFuel-Keydata SusBioFuel-Keydata 

a a a a• Sustainable Biofuel: Innovations in Bioethanol Production Technologies

• Project type  Nordic Energy ProjectProject type:  Nordic Energy Project

• Budget:
• 1.6 mil. Euro

• Duration:  4 years (2010-2014)

• Partners:
– Coordinator  SINTEF– Coordinator:  SINTEF

– Industry: Statoil, Weyland, Matis

– Others: VTT, DTU, PFI, Innventia
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Sus ioFuel -ObjectivesSusBioFuel -Objectives

a aMain goal
To carry out break-through science leading to innovations in the central production technologies for conversion of 
lignocellulosic biomass into second generation bioethanol. These central processes include pretreatment, 
hydrolysis and fermentation. ss

Subgoals:
1. Development of more efficient processes for pretreatment of Nordic lignocellulosic biomass (softwood and straw) by selective 1 v ss s s ss s s s v

removal of lignin using ionic liquids and/or organic solvents 

2. Development of more cost-effective processes for enzymatic hydrolysis of cellulose by establishing a novel technology for 
recycling of enzymes .

3. Development of novel thermophilic microorganisms for bioethanol production by (i) isolating novel thermophilic cellulolytic 
organisms that produce signiicantly more ethanol than known strains on cellulose ii genetic engineering o selected organisms that produce significantly more ethanol than known strains on cellulose ii) genetic engineering of selected 
strains including Thermoanaerobacter islandicum for decreased production of by-products, in vivo production of cellulases, 
more efficient ethanol production and better growth properties .

4. Optimization of the fermentation processes by (i) using the novel thermophilic strains isolated and developed in the project,and (ii) 
development of fermentation processes with increased dry matter content using xylose fermenting strains of 
Saccharomyces cerevisiae(iii) using pretreated biomass produced in the project . 

5. Process conceptual design, material and energy balances and cost-benefit assessment of technologies developed as a part of the 
project in order to determine their feasibility .
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The iooilRefinery-Key data The Biooil efinery-Key data 

R• The BioOil Refinery project

• Project type  BIP –research Council of NorwayProject type:  IP research Council of Norway

• Budget:
• Total:  1.5 mil. Euro

• Duration:  2 years

• Partners:
– Coordinator  PFI– Coordinator:  PFI

– Industry: Statoil, Holmen, Södra,  Trondheim Energi, Fiborgtangen vekst

– Others: Aston University
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The Biooil Refinery-Goals

Main goal 
e elop and or modiy technology or producing bio-oil Develop and/or modify technology for producing bio-oil 
qualities from wood logging residues suitable for 

– replacing fossil heating oils
– further upgrading to transportation fuel. 

Sub-goals Sub-goals 

– Find an alternative, sustainable method for ash removal which 
leaves minimum inorganic ash in the bio-oil

– Develop feed mix protocols for producing single phase bio-oil

– Establish a practical guideline for evaluating boiler suitability 
with respect to bio-oil combustion and evaluate the need for with respect to bio-oil combustion and evaluate the need for 
additives and fossil fuel support in bio-oil combustion
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PROFIT–Key dataP OFIT Key data

• Profitable bioenergy and paper production through innovative 

raw material handling and process integration raw material handling and process integration 

• Project type:BIP –Research Counsil of Norway

• udget• Budget

– Total:  4.5 mil. Euro

• Duration 4 years (2009 –2013• Duration 4 years 2009 2013)

• Partners:

– Coordinator  VTT (Technical Research Center of FinlandCoordinator : VTT Technical esearch Center of Finland)

– Industry:  Total of 7 industry partners

– Other:  Chalmers, NTNU
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PROFIT -GoalsP OFIT -Goals

PROFIT aims at establishing innovative systems andPROFIT aims at establishing innovative systems and 
technological solutions for integrated raw material and heat 
handling in a paper mill, waste combustion plant, pellet plant g p p p p p
and a synthetic biofuel plant, opening for:

– Considerable increase in wood logging for bioenergy purposes, amounting 
to min 0 4 TWh/year only in the Follum case however with considerablyto min. 0.4 TWh/year, only in the Follum case, however with considerably 
higher potentials. 

– Development of a new, innovative fractionation system for chip handling, 
allowing for a more optimal use of the wood raw materialallowing for a more optimal use of the wood raw material

– Cost-effective production of pellets
– Cost-effective production of synthetic biodieselp y
– A step-change in critical pulp properties (e.g. strength, variation, optical 

properties, energy consumption) ensuring more uniform and improved 
TMP pulp quality.
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AFORE –Key dataAFO E Key data

• Added-value from chemicals and polymers by new integrated separation, 

ractionation and upgrading technologiesfractionation and upgrading technologies

• Project type:EU project

• udget• Budget

– SINTEF:  EUR 395 378

Total EUR 10 901 431Total: EU  10 901 431

• Duration:4 years (2009 –2013)

• PartnersPartners

– Coordinator : VTT

– Industry:  Södra Cell, Danisco, hte; Granit, NATEX, KCl.

– Other:  total of 20 partners
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AFORE –ObjectivesAFO E Objectives
Overall objective:Upgrading of the Kraft pulping process into a multi-product biorefinery 

conceptconcept

• EducatePhD and MSc candidates. Trainqualified researchers.

• Patent and publishresearch results.

• Cooperateclosely with industry and research institutes within research.

• Establishformal links to research groups in Europe

• Establishadvanced laboratory facilities.

• evelopL A and computational models. Scaling-upfrom lab. scale to full scale• Develop CA and computational models Scaling-upfrom lab scale to full scale

• Developentirely new wood-based biorefinery concepts.

• Perform case studies in close cooperation with industry and research institutesPerform case studies in close cooperation with industry and research institutes
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EuroBioRef –Key dataEuroBio ef Key data
• European multilevel integrated biorefinery design for sustainable biomass 

processingprocessing

• Project type:EU project

• udget• Budget

– SINTEF:         EUR 619 858

– Borregaard EUR 3 000 000orregaard: EU  3  

Total: EUR 38 174 053

• Duration 4 years (2010 –2014)s

• Partners:

– Coordinator : CNRS

– Industry:  Arkema, Borregaard, Novozymes, Topsøe, Merck, Metabolic explorer, 

Umicore.

O a a
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– Other:  total of 28 partners
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Euro ioRef –ObjectivesEuroBio ef Objectives

Overall objective:The EuroBioRef concept is an integrated, sustainable and diversified 

bio-refinery that will enable large-scale research, testing, optimization and 

demonstration of processes in the production of a wide range of products with the 

dual aim to use all fractions of various biomasses and exploit their potential to dual aim to use all fractions of various biomasses and exploit their potential to 

produce the highest value possible in an eco-efficient and sustainable way.

• EducatePhD and MSc candidates. Trainqualified researchers.

• Patent and publishresearch results.

• Cooperateclosely with industry and research institutes within research and demonstration.

• Establishformal links to research groups in EuropeEstablishformal links to research groups in Europe

• Establishadvanced laboratory facilities.

• DevelopLCA and computational models. Scaling-upfrom lab. scale to full scale.

• Developroutes for the utilization of a large diversity of sustainable biomass.

• Develop value added “green” chemicals from lignocellulosic feedstock

Perorm case studies in close cooperation with industry and research institutes
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Thank you for your attentionT     
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