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Trondheim- 3rd largest  city  in  Norway  
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NTNU  2010
• 52 departments  in  7 faculties
• 18  432 registered  students,  6  726
admitted  in  2010

• 2  785 degrees  awarded
• 260 doctoral  degrees  awarded  (32  
%  women)

• 4  935 employments
• 3  075 employed  in  education  and  
research;;  596 full  professors

• Budget:  EUR  640  mill.
• 590  000 m2 of  owned  and  rented  
premises
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NTNU’s six strategic areas

• Energy  and  Petroleum  – Resources  and  Environment

• Medical  Technology

• Materials  Technology

• Marine  and  Maritime  Technology

• Information  and  Communication  Technology

• Globalization
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2014  Nobel  Prize  in  Medicine

NTNU  neuroscientists  May-Britt  and  Edvard Moser  won  the  2014  
Nobel  Prize  in  Physiology  or  Medicine for  their  pioneering  work  
in  the  field  of  brain  research.
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• 148  employees within 4  divisions

• 91  Ph.D.  students  (15  Ph.D.  graduate/year)

• 80  – 90  M.Sc.  graduating annually

• Several hundred undergraduate students

• Study  Programmes:  Energy  &  Environment,  Product development and  
production,  Industrial  Ecology,  ICT  in  industrial processes

• In  co-operation with SINTEF,  the Department  execute several hundred
projects each year.  External project activities:  114  MNOK  per  year:

§ NTNU  45  MNOK
§ SINTEF  79  MNOK

Energy  and  Process Engineering
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• THERMAL  ENERGY

• INDUSTRIAL  PROCESS  TECHNOLOGY

• ENERGY  AND  INDOOR  ENVIRONMENT

• FLUIDS  ENGENEERING

Four  divisions
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§ Combustion
• Combustion,  including processes and    equipment
• Bio-energy
• Waste  combustion
• Air  pollution and  gas  cleaning

§ Turbo  machinery and  power generation
• Thermal turbo  machinery,  including gas  turbines,  multiphase- and  NG  
compressors
• Thermal power cycles including.  CO2 capture
• High-temperature fuel cells

§ LCA  and  industrial ecology
• LCA  – Life  Cycle Analysis
• Value Chain Analysis
• Energy  and  Environment in  developing countries
• Systems  engineering

Thermal energy
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Thermal energy 2012
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2007  Nobel  Peace  Prize  

In  2007  Prof.  Olav  Bolland was  among  the  IPCC  scientists  
researching  climate  change  issues  to  receive  the  Nobel  Peace  Prize
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Centres  for  Environment-
Friendly Energy  Research
Top-level  R&D  groups  cooperating  with  innovative  industries
Established  by  the  Research  Council  of  Norway  (2009)

FME  Centre  hosted  by  NTNU:
- Research  Centre  on  Zero  Emission  Buildings  – ZEB

FME  Centres  with  NTNU  as  active  partner:
- BIGCCS  – International  CCS  Research  Centre
- Centre  for  Environmental  Design  of  Renewable  Energy  
(CEDREN)

- Bioenergy Innovation  Centre  (CenBio)
- Research  Centre  for  Offshore  Wind  Technology
- The  Norwegian  Research  Centre  for  Solar  Cell  Technology

Duration: 2009–2017,  based  on  evaluations
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CenBio  overview
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Bio-energy  graduate  school

http://www.sintef.no/Projectweb/CENBIO/Graduate-School/
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Thermochemical conversion  technologies

Source:  IEA  Bioenergy
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Bio-carbon  and  its  main  applications

• Fuels  for  heat  and  power  generation

• Agricultural   fertilizer  for  soil  conditioning

• Carbon sequestration

• Activated  carbon

• Reductant  in  the  metallurgical   industry
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What  is  pyrolysis

• Pyrolysis is  thermal  decomposition   in  absence  of  
oxygen,  products:  gas,  liquid,  and  solid  

• Slow  pyrolysis:  low  heating  rate,  producing   charcoal  or  
biochar  as  the  main  products

• Fast  pyrolysis:  high  heating  rate,  producing  bio-oil  as  
main  
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Typical  product  yields*  by  pyrolysis

*  =  Dry  wood  basis
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Biomass  torrefaction

• Is  a  thermal  pre-treatment  method  to  improve  fuel  
properties  of  biomass

• Synonyms:  mild  pyrolysis,  roasting,  wood  cooking,  and  
even  high  temperature  drying

• Typical  conditions  and  process  parameters
Ø In  the  absence  of  O2

Ø Temperature  window  200  – 300ºC
Ø Heating  rates  <  50  ºC/min
Ø Residence  time  10  – 30  min  
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• Torrefaction temperature

• Reaction  time

• Fuel  type

• Hemicelluloses   content

Parameters  influencing  product  quality
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Addapted  from  Bergman,  2005

Temperature-time  profile  of  torrefaction

(Ttor-200°C)/ttor,h ≤  50oC/min

Reaction  time  =  ttor,h +  ttor
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TG  of  lignocellulosic  biomass  materials
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Mass  and  energy  distribution  for  
torrefaction  of  willow
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Mass  and  energy  balance

Source    Kiel,  2007
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Source:  Prins,2006

Van  Krevelen  diagram  for  torrefied  biomass
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Ref:  Bergman  (2005)

Evaluation  of  torrefied  pellets  (TOP)
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Conversion  of  wet  plant  biomass

• Anaerobic  digestion

• Bioethanol  production

• Hydrothermal  processing
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28

Plant  biomass  
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Hydrothermal  processing  of  biomass  - Overview
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Properties  of  hot  compressed  water
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Hydrothermal  processing  regions
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HTC  or  wet  torrefaction

T  window:  180-300oC
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Agricultural  residues  in  Vietnam

• 62  million  
ton/year
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Concluding  remarks

• High  potential   for  production  and  application  of  bio-carbon  
in  Vietnam

• Various  feedstock  including  62  million  tons  of  agricultural  
residue  annually

• Long  costal  line  with  large  sea  water  areas:  high  potential  
for  aquatic  biomass  cultivation

• Carbon  sequenstration for  climate  change  combat  

• High  demand  of  organic   fertilizer
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Thank  you  for  listening!


