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Energy Technology Centre
Form and objectives of business:
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ETC is an independent research foundation collaborating with the industry  
around R&D in bio-based energy technology in order to provide solutions 

for a sustainable tomorrow.



”Maximize the use of the available biomass resources
with a maximum use of existing infrastructure”

ETC Vision
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Combustion, Gasification
and Biorefinery

Scientific
Computations

Experimental
Methods

ETC Overview
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Industrial ConsultancyResearch Community



ETC Research Topics
Pre-treatment & feeding Process modelingSampling

Spray characterizationConversion products
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Syngas upgrading & conversion Construction materials



ETC Team
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Biorefinery
ETC Projects/Activities:

• BioDME from black liquor gasification
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• BioDME from black liquor gasification
• MeOH synthesis from bio based syngas production



Biorefinery

45 %

Use of forest feedstock 
in Sweden
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Courtesy of

*Million tons dry biomass

Source:
Biomassaflöden i svensk 
skogsnäring 2004, 
Per Olov Nilsson.
Rapport 23-2006 
Skogsstyrelsen 
ISSN 1100-0295



Biorefinery
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• ETC participates in the BioDME project (www.biodme.eu)

Biorefinery
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• The project is supported by the European 7th framework programme 
(FP7) and the Swedish Energy Agency

• Consortium Partners: Volvo, Chemrec, Haldor Topsoe, Preem, Total, 
Delphi and ETC

• Demonstrate production of environmentally optimised synthetic 
biofuel from lignocellulosic biomass at industrial scale

• Final output is dimethylether (DME) produced from black liquor 
• Engine compatibilities to the BioDME fuel will be verified by 14 Volvo 

trucks
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Biorefinery
MeOH synthesis based on bio-syngas from gasification
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• ETC-LTU project 
• Lab scale rig for MeOH synthesis up to 100 bar
• Build Swedish competence catalytic synthesis of biofuels 
• Identify potential problems with commercial solutions for 

gas clean up and fuel synthesis
• Assist with competence and experience for BLG scale up 

and for the BioDME project
• Testing of zeolite membrane reactors
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Gasification
ETC Projects/Activities:

• Direct entrained flow gasification of biomass
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• Direct entrained flow gasification of biomass
• Cyclone gasification of bio powder for fuel gas production
• Black liquor gasification



Pressurised Entrained flow Biomass Gasification (PEBG) + synthesis of methanol
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Gasification
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ETC 

DESIGN 
Plant dimensioning and 

engineering 

CONSTRUCTION 
Plant assembling 

 

OPERATION 
Proof of safe and stable 

operation 

Project A: PEBG Verification 

Gasification
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WP-1 
Fuel feeding 

WP-2 
Burner design and 

optimisation 

WP-6 
Process controll 

optimisation  

WP-7 
Tecno-economic 

evaluation  

ETC 
PEBG 
Plant 

Project B: PEBG Research 

WP-3 
Reactor design and 

optimisation 

WP-4 
Product separationion 

and conditioning 

WP-5 
Containment material 

optimisation 
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Gasification
Cyclone gasification of wood powder
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• 500 kW pilot plant based on the VIPP concept
• R&D for efficient intermediate scale power production 



Gasification
Pressurised Entrained flow High Temperature Black Liquor Gasification (PEHT-BLG)
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Gasification
CFD modelling of PEHT-BLG DP-1 reactor

Model Basis

• In-house model Based on Ansys CFX 
CFD code

• Euler/Lagrange two phase description

���������	
�������
�����
17

• Euler/Lagrange two phase description

• Rosin-Rammler spray droplet 
distribution

• k-e turbulence model 

• Discrete Transfer radiation model

• Mixing/Kinetic controlled gas phase 
combustion model



Gasification
CFD modelling of PEHT-BLG DP-1 reactor

Experimental CFD Model

1064 °C
888 °C
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1064 °C

1066 °C

952 °C

888 °C

943 °C

956 °C
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Black liquor spray visulization using high speed imaging technique

Gasification
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• Viscosity ca 150 mPas
• Black liquor temperature 115 °C
• Velocity 25 m/s

• Viscosity ca 500 mPas
• Black liquor temperature 105 °C
• Velocity 24 m/s
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Gas sampling in the PEHT-BLG process

Gasification
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Black liquor temperature influence on gas composition in DP-1

Gasification
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Combustion
ETC Projects/Activities:

• Efficiencies of small scale wood furnaces
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• Efficiencies of small scale wood furnaces
• Flue gas emissions
• Characterization of particulate matter from combustion
• Combustion properties of non-conventional biofuels



• General combustion properties 

• Emissions of particles, NOx, SOx, and HCl

• Fouling and slagging 

Combustion
Characterisation of different fuels
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• Fouling and slagging 

• => Minimisation of operation problems or emissions

• Different types of combustion techniques 

- Fixed bed combustion

- Fluidised bed combustion

- Pulverised combustion

- Small scale wood log combustion



Traditional filtering

• Collects the total mass of particles

Multi stage impactor

• Particle mass size distribution

• Separate particles according to
their aerodynamic diameter (0.03-
10.1 mm)

Combustion
Characterisation of particulate matter
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Flue Gas Composition

• O2, CO2, CO, and NOx

• FTIR

• Chemical Cell

SEM/EDS

• Scanning Electron Microscopy,
particle morphology

Combustion
Experimental metods
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• Energy Disperse X-ray
Spectroscopy, chemical composition

XRD

• Identification of crystalline phases



Consultancy
ETC objective:
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Provide the industry with our knowledge in bioenergy technology without 
any own commercial interests.



Consultancy

ETC mainly offers the following consultancy services:

• Infrastructure for pilot-scale experiments
• Gas- and particle measurements
• Spray characterizations
• Theoretical process analyses/evaluations
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• Theoretical process analyses/evaluations
• Process simulations (CFD)
• Prototype manufacturing and testing
• Corrosion studies
• Education

27



Theoretical metods

Theoretical analysis of industrial plants

Consultancy
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Mathemetical simulation
(CFD, Aspen..) 



• Process off-gas with 
varying levels of 
hydrocarbons

Akzo Nobel: Expancel process

Consultancy
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hydrocarbons
• Demonstration of 

destruction of off-gas with 
pellets fired incinerator 
on-site



• Unknown combustion 
characteristics

• Development of prototype 

Combustion tests of new fuels (powders and liquids)

Consultancy
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burner
• Characterisation of emissions 

from small scale combustion



Consultancy

Conventional burner Early prototype burner

Development of new concept burners
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• Assume high ash content and that the ash will sinter
• Design burner to transport the sintered ash out of the hot zone


