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1 Personnel visitors, visits and activities outside Finland 
 
1.1  Staff 
 
Professor       Carl-Johan Fogelholm  
 
Associate professor   Ron Zevenhoven (combustion and waste team leader) 
 
Laboratory engineer   Pertti Kiiski 
 
Post-doc researchers   Juha Aaltola  (energy systems team leader, until 1.8) 

 Mika Järvinen  
Loay Saeed   (PhD thesis defence 18.6)
  

Post-graduate researchers Ari Kankkunen  (spraying and combustion team leader) 
Timo Laukkanen   
Pasi Miikkulainen 
Tuula Savola 
Sebastian Teir 
Antti Tohka   (leave of absence) 
Tor-Martin Tveit (energy systems team leader, as of 1.8) 
Sanni Elonev (as of 15.11) 
Jaakko Savolahti (as of 15.11) 

 
Technical staff     Vadim Desyatnyk  
         Seppo Markelin 

Taisto Nuutinen 
 
Data technician     Timo Tanner 
 
Secretary       Helinä Lindy 
 
Graduate students    Sanni Eloneva  as of  15.3 – 15.11 
         Jaakko Savolahti as of  1.4 – 15.11 

 Sabrina Forsell (part time as of 24.5 – 23.9.04) 
 
Part-time assistants   Henna-Mari Jumisko as of 1.8 

Fredrik Södö until 31.10 
 
1.2  External co-workers 
 
Esa Vakkilainen  associate professor, at Jaakko Pöyry, Vantaa 
Juha Aaltola   post-doc researcher, at M-real Technology, Kirkniemi 
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1.3  Visitors and temporary researchers 
 
• Marianne Salomón  KTH, Stockholm 17.5-2.7 & 1.8-31.8 
 
• Vaidas Maikritis  Technical Univ. of Kaunas (Lithuania) 1.2 – 1.5 
 
• Liselotte Verhoeven Technical Univ. of Eindhoven (Holland) 1.9 – 1.12 
 
1.4  Visits and extended stays 
 
• Antti Tohka, International Institute for Applied Systems Analysis (IIASA)  

 Laxenburg (Austria), until 1.8.2004 
 
1.5  Course participations 
 
• Nordic course on CO2 capture and storage, 27-29.9, Gothenburg 

(Sweden) 
• Graduate School for Energy Science and Technology, annual seminar, 

17-18.8.2004, Lappeenranta 
 
1.6  Conference and symposium participation 
 
• 29th Int. Tech. Conf. on Coal Utilization and Fuel Systems, Clearwater 

Beach (FL), 19-22 April 2004 
 
• Third Conf. on Carbon Sequestration, Alexandria (VA) 2-5 May 2004 

 
• International Chemical Recovery Conference, Charleston, SC, USA, 6-10 

June 2004. 
 
• 9th International Symposium on District Heating and Cooling 2004, 

Espoo, August 2004. 
 
• 19th Annual Conference of the Institute of Liquid Atomization and Spray 

Systems (Europe) Nottingham (United Kingdom), 6-8 September 2004 
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2  Education 2004 
 
2.1  Exams: PhD theses 
 
• Loay Saeed “Experimental assessment of two-stage combustion of high-

PVC solid waste with HCl recovery”, June 2004 
 
2.2  Exams: Lic. tech. theses 
 
• Arto Sarvi “Smoke and particulate matter emissions from large diesel 

engines” December 2004 
 
2.3  Exams: MSc (Eng) theses 
 
• Tuulia Raiski “CO2 emissions: mineral carbonation and the Finnish pulp and 

paper industry” January 2004. 
 
• Oliver Sarelin “Evaluation of the potential of Industrial process based 

biomass residue in selected countries” February 2004 
 
• Janne Kotila “National allocation plan models in emissions trading of 

Finnish energy producers point of view” April 2004 
 
• Tuukka Juvonen “Black liquor combustion methods in Finnish chemical 

recovery boiler” May 2004 
 
• Linda Juslin “ The current situation and the future of biomass cogeneration 

in Canada” July 2004 
 
• Minna Jokinen “Mixed fuel in Finland’s greenhouse gas inventory and on 

compilation of the energy statistics” August 2004 
 
• Saku Slioor “ Application of IPCC’s guidances on Finnish greenhouse gas” 

August 2004 
 
• Henna-Mari Jumisko “Exergy analysis for the cold end of an ethylene plant” 

September 2004 
 
• Fredrik Södö “Implementation of remote monitoring and control in a thermal 

power production system” September 2004 
 
• Sanni Eloneva “Mineral carbonation modelling and carbonate product 

stability” December 2004 
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• Jaakko Savolahti “Release of mercury and other trace elements during bed 
pyrolysis of coal and waste derived fuels” December 2004 

 
 
2.4  Courses spring term 
 
Course code Name Lecturer Credits 

(weeks) Language

ENE-47.100 Studia Teknika C.-J. Fogelholm 1 Swedish 

ENE-47.122 Individual assignment and seminar in 
turbine technology 

C.- J. Fogelholm 
 5 Finnish 

ENE-47.126 Individual assignment and seminar in 
steam boiler technology C.-J. Fogelholm 5 Finnish 

ENE-47.153 Pollutant formation and control in 
combustion R. Zevenhoven 2 English 

ENE-47.157 
Individual assignment and seminar in 
environmental protection in energy 

engineering 

M.Järvinen 
R. Zevenhoven 5 Finnish 

ENE-47.154 Life cycle assessment and 
environmental auditoring 

H. Mälkki 
(VTT Energy, Espoo) 2 Finnish 

ENE-47.160 Wind energy H. Holttinen 
(VTT Energy, Espoo) 2 Finnish 

ENE-47.171 Energy systems in a free energy 
market C.-J. Fogelholm 2 Finnish 

ENE-47.180 Measurements in Power Plants K. Lammi 2 Finnish 

ENE-47.210 Advanced combustion and 
gasification technologies R. Zevenhoven 2 English 

Mak-46.332 Environmental control technology 
for EMEC R. Zevenhoven 1 English 

 
2.5  Courses fall term 
 

Course code Name Lecturer Credits 
(weeks) Language

ENE-47.110 Principles of energy engineering C.-J. Fogelholm, 
H.-M. Jumisko 2 Finnish 

ENE-47.121 Turbine technology C.-J. Fogelholm, 
H.-M. Jumisko 2 Finnish 

ENE-47.124 Steam boiler technology C.-J. Fogelholm, 
H.-M. Jumisko 2 Finnish 

ENE-47.132 Combustion and gasification 
technology R. Zevenhoven 3 English 

ENE-47.152 Introduction to environmental 
protection in energy engineering 

C.-J. Fogelholm, 
+ others 2 Finnish 

ENE-47.170 Process integration J. Aaltola 
T.-M. Tveit 2 Finnish 
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2.6  E-learning activities 
 
The Laboratory of Energy Engineering and Environmental Protection continue 
implementing e-learning concepts in its courses. Concepts applied are 
interactive course material for self-study or lectures, international guest 
lecturers and courses using video conference technology, web server for course 
information and material, and exercises in power plant process simulations 
using PROSIM.  
 
Seminar courses were integrated with seminar courses at Kungliga Tekniska 
Högskolan (KTH) using the basic Internet videoconference technology 
introduced in 2002. It enables distance lectures and conference meetings with 
other universities using web cameras. The students of the courses were able to 
successfully hold several progress meetings with there fellow students at KTH 
using the video conference technology. The following seminar courses were 
carried out during 2004 in co-operation with KTH: 
 

• Ene-47.122 Individual Assignment and Seminar on Thermal 
Turbomachines (5 cr) 

• Ene-47.126 Individual Assignment and Seminar on Steam Boilers (5 cr) 
 
The laboratory has since 2001 been participating in a Leonardo da Vinci Pilot 
Project, Renewcology, which focus on constructing e-learning courses in 
renewable energy. This year our laboratory hosted the last project meeting for 
the project, which ends in April 2005. The course material, meant for students 
and teachers in upper secondary schools and vocational schools, is available at 
the web site created in the project site: http://www.renewcology.nu/
 
In Autumn 2004, the laboratory 
contributed to the program of the 
annual youth science camp in 
Kirkkonummi by planning and 
supervising a group work for the 
young students in how to design 
and construct a wind turbine. The 
course material used as basis for 
the group work had been designed 
for the Renewcology project by the 
laboratory. The students were 
instructed to design a wind turbine 
and build small-scale models of their wind turbine designs, which were tested in 
a custom built wind tunnel. The aim of the group work was to give the students 

http://www.renewcology.nu/
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an insight into the work of engineers in the industry today, by introducing 
concepts such as project planning, and product design, testing and evaluation. 
The students enjoyed the wind turbine group work very much and a lot of 
positive feedback was received. The main arranger of the science camp was the 
Finnish Association of Graduate Engineers (TEK), Kerhokeskus, Kirkkoharju 
School and Kirkkonummi county. 
 
2.7  New course material 

 
• ENE-47.153: “Control of pollutants in flue gases and fuel gases”, R. 

Zevenhoven, P. Kilpinen, 3rd ed., February 2004 
 
 
3  Project research 2004 
 
3.1  Energy systems team 
 
In 2004 the energy systems team consisted of four research scientists, Juha 
Aaltola, Timo Laukkanen, Tuula Savola and Tor-Martin Tveit. Juha Aaltola 
received a three-year funding for a postdoctoral research position from the 
Academy of Finland, and started to work on the project at M-real Technology 
Centre Kirkniemi in August 2004. Tuula Savola is currently receiving a 4 year 
scholarship from the Graduate School for Energy Science and Technology. 
 
The energy systems team laboratory deals with the efficient use of energy and 
reducing the negative environmental effects connected with energy usage. The 
energy systems team is one of the Nordic countries' leading research groups in 
the analysis and optimisation of energy systems. The team has completed many 
projects of analysing and optimising energy systems in the process industry and 
in connection with the projects developed methodologies to solve these 
problems. The targets of the research activities during 2004 have been to 
develop a systematic methodology for optimising complex energy systems.  In 
2004 the research has included the development of an indirectly biofuel fired 
microturbine, a new process for power generation including CO2-separation and 
optimal use of biomass in small-scale combined heat and power plants. 
 
3.1.1  Indirectly biofuel fired microturbine 
 
Goal: Design a cost-efficient indirectly bio-fuel fired microturbine (200kWe) 
 
The objective of the project is to develop a cost-effective cycle for heat and 
power generation based on an indirectly heated gas turbine cycle for biomass.  
An indirectly fired gas turbine is a gas turbine where the flue gases from the 
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combustion does not contact the gas turbine. The heat is transferred from the 
flue gases to a clean working media (air) in a heat exchanger.  This allows for 
the use of fuel with more corrosive combustion gases without needing to clean 
the gases at high temperature.  The main results in 2004 have been the mapping 
of state-of-the-art research in the field and preliminary design calculations.  The 
project produced the following publications in 2004: 
 
3.1.2  Simulation and optimization of power production in biomass-fuelled 
small-scale CHP plants 
 
Goal: Study process design changes that could increase the power to heat ratio 
in small-scale (1-20 MWe) biomass-fuelled CHP plants 
 
The objective of this project was to use simulation and optimisation tools for 
finding the process design changes that could increase the power production of 
the small-scale (1-20 MWe) biomass-fuelled combined heat and power (CHP) 
plants. The power-to-heat ratios and thus the economic feasibilities of these 
plants are lower than in larger plants. This is especially important in Finland, 
where the current potential to increase the CHP production is in converting the 
small heating plants into CHP production. 
 
To find ways to increase the power production of the small-scale CHP plants 
four existing CHP plants from Finland and Sweden were modelled and 
modified with selected changes and the production, investment costs, and saved 
CO2 emissions were analysed. Furthermore, an optimisation model was created 
to include the simultaneous evaluation of the trade-offs between the increased 
power production, the investment costs, and the fossil CO2 emission savings 
resulting from the process changes. Unlike other corresponding models the 
optimisation model included the process change alternatives specifically 
suitable for small-scale CHP plants as well as the characteristic cost functions 
and coefficients of these smaller processes. 
 
The results showed that there are profitable changes to increase the power 
production with the current price of electricity. When the simulation and the 
optimisation results were compared, higher profits were gained with the process 
change combinations suggested by the optimisation model than with the 
separate process changes evaluated one-by-one with the simulation models. 
Thus, the optimisation model showed its capability to handle the trade-offs 
between power production, efficiency, costs, and the complexity of the process. 
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3.1.3  Power plant based on oxygen combustion 
 
Goal: To model and analyse the total power plant process with CO2 
sequestration. 
 
One possibility to solve the global warming problem is to continue burning 
fossil fuels and to separate CO2 from the flue gases. After this the separated CO2 
can be sequestrated. One possibility to efficiently separate CO2 from the flue 
gases is to burn the fuels with oxygen rather than with air. In this way the flue 
gas flow is smaller and thus the separation is cheaper. One drawback from this 
is that the needed oxygen has to be separated from air. The objective of this 
project is to model, simulate and analyze the total power plant process including 
the air separation process, oxygen fired power plant process and the CO2-
separation process. The modelling of the process has not yet been finished so no 
results can be given. 
 
3.1.4  Project funding and networking 2004 
 

TEKES 
The Academy of Finland 
The Finnish District Heating Association 
Laboratory of Engineering Material 
Pohjolan Voima Oy 
Foster Wheeler Energia Oy 
Neste Jacobs Oy 
Borealis Oy 
Graduate School of Energy Technology and Sciences  
Nordic Energy Research 
Svenska Handelshögskolan, Institutionen för marknadsföring och företagsgeografi 
 
3.2  Spraying and combustion 
 
The main goal of the spraying and combustion group is to develop spraying and 
combustion processes in industrial boilers and applications. The research work 
is carried out in co-operation with industry and research institutes by developing 
mathematical models. These models can be used by CFD-programs to study 
processes in the furnace. Initial data for modelling purposes and process 
optimization are obtained by experimental spray studies. For example in 
chemical recovery boilers, this will lead to better descriptions of the char bed 
formation mechanisms, recovery boiler emission formation mechanisms and 
black liquor droplet combustion mechanisms. The boiler manufacturers will 
benefit with better models for the boiler design and trouble shooting cases. 
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New contacts and challenging research topics are always welcome. For 
example, combustion modelling work is currently carried out in co-operation 
with metallurgical industry. 
 
3.2.1  Black liquor studies 
 
Goal: better spraying and combustion processes in industrial boilers and 
applications 
 
Black liquor is a waste liquid of pulp and paper industry. It is burned in Kraft 
recovery boilers to recover energy and chemicals. Black liquor is injected into 
the furnace by spraying it with splash plate nozzles. Spraying and combustion 
characteristics studied are important for better economy and environmental 
protection of pulping process.  
 
Particle shape and flight behaviour 
 
A method to analyze black liquor particle shapes was developed, and 
experimental data, obtained with industrial scale splash plate nozzles, was 
analyzed. From the view point of heat and mass transfer connected to drying 
and combustion, the most relevant droplet characteristic is the ratio of volume 
and surface. Sauter mean diameter is the most important property of the overall 
spray in this context. Depending on the spraying practice, the Sauter mean 
diameter was between 3.6 mm and 7.7 mm. From the view point of droplet 
trajectory the aspect ratio and sphericity were found to be the most important 
factors. The average value of aspect ratio in nine test cases varied between 3.3 
and 4.0. Average sphericity was almost constant, from 0.85 to 0.89. 
 
The effect of particle shape to heat transfer and particle flight-path was studied 
based on experimental data. It was found that the particle shape has a significant 
effect on the combustion and flight behaviour of single black liquor particles as 
presented in Figures 3.1 and 3.2. Therefore, combustion models for black liquor 
particles should be updated and the non-spherical shape considered in furnace 
simulations for cases wherein a significant fraction of non-spherical particles 
are observed. There are sub-models already available in commercial CFD codes 
for calculating the drag of non-spherical particles that should be selected and 
properly utilized. Using the sphericity values studied in this work in CFD 
simulations would give an idea of the role of the droplet shape in furnace scale 
combustion behaviour. 
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Figure 3.1 Trajectories of Γ = 2, Γ = 4 and 
Γ = 8 ellipsoids formed from 6.4 mm 
spherical droplet (Γ = 1). Square markers 
show the end of constant diameter drying 
and filled triangle markers show the 50 % 
pyrolysis conversion location. 

Figure 3.2 Effect of particle shape on 
conversion times for a 23 mg (dS = 3.1 
mm) particle. 

 
It was found that flight behaviour of the non-spherical particles significantly 
differs from the corresponding behaviour of spherical particles with the same 
mass as presented in Figure 3.1. For a sphere stretched into an ellipsoid of 
aspect ratio 4, horizontal penetration into the furnace and time for combustion 
decreases by almost 50 %. This also indicates that combustion location of the 
non-spherical particles can be more easily controlled by air supply system of the 
recovery boiler. Also, based on these findings, the non-spherical particles will 
burn faster and the species will be released more close to liquor nozzles. 
 
Spray disintegration defines the particle size 
 
The particle size is defined by the disintegration of black liquor sheet near the 
nozzle. A new method to analyze spraying was developed. The spray 
disintegration mechanism, the length of the sheet and estimation of drop size 
from the wave length of a black liquor sheet were studied. The flash dominated 
disintegration mechanism produces a very short uniform sheet, while in non-
flashing cases wave formation and perforation could be observed. An image 
analysis based algorithm to measure the sheet length was developed and tested. 
FFT and autocorrelation functions were tested to determine the wave length of 
the spray to calculate the drop size. Examples of the black liquor sheet length 
dependence on the mass flow rate and temperature are presented in Figures 3.3 
and 3.4. 
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Figure 3.3 Effect of mass flow rate on the 
average length of the sheet, ∆Te = 17°C. 

Figure 3.4 Effect of the spraying temperature 
(∆Te) on the average length of the sheet, m = 
4.3 kg/s,. 

&

 
3.2.2  Belt sintering of chromite pellets  
 
Goal: to study processes in a single chromite pellet by means of detailed 
numerical simulations 
 
The objective of this project is to develop a model to describe the drying, char 
combustion and iron oxidation processes taking place in a single pellet in the 
belt sintering process. The modelling work is based on the detailed single 
particle combustion model developed in the thesis of Mika Järvinen (2002). 
This model was modified for chromite pellets by updating the material 
properties, pore characteristics, boundary conditions and source terms such as 
water evaporation, char combustion and oxidation of iron in the chromite grid. 
Together with the experimental work done at the University of Oulu, 
Laboratory of Process Metallurgy, many new sub-models such as the oxidation 
of iron were developed and implemented. The ultimate goal of the overall 
project is to finally develop a simplified single pellet sub-model on a physical 
basis to be used in CFD-calculations at the University of Oulu and Outokumpu 
Research Oy. 
 
3.2.3 Project partners and funding 
 
Andritz Oyj Outokumpu Research Oy 
Academy of Finland TEKES 
Finnish Recovery Boiler Committee University of Nottingham 
KCL University of Oulu 
Kvaerner Power Oyj Åbo Akademi 
Internal Combustion Engine Lab. Laboratory of Applied Thermodynamics 
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3.3  Combustion and waste treatment 
 
The research activities in the field of combustion and gasification engineering 
have developed steadily since early 1998. Some emphasis lies inevitably with 
the typically Finnish combustion technologies fluidised bed combustion and 
diesel engines, but also modern issues such as waste treatment processes, waste-
to-energy, and especially CO2 emissions reduction are addressed. 
 
Projects are ongoing in cooperation with Finnish sponsors, within the Nordic 
Energy Research Programme and the EU R&D framework, all involving 
experimental work in our fluidised bed reactor facilities. Desktop studies are 
made as well, such as the contribution to the forthcoming IPCC Special Report 
on CO2 Capture and Storage. 
 
3.3.1  Clean combustion and gasification 
 
Goal: clean energy from fossil fuels used in efficient processes 
 
Controlling the emission of pollutants from combustion, gasification, pyrolysis 
and other thermal process equipment is least as urgent nowadays as the 
efficiency of these processes. After all, energy is not scarce while there is clear 
evidence that the environment cannot cope with current loadings of toxic or 
hazardous compounds. Examples are NOx, SOx, fly ashes, particles emitted 
from diesel engines, mercury and other toxic trace elements, but also 
greenhouse gases and ozone-depleting species. 
 
CO2 calls for most of our attention. Finland intends to comply with the 1997 
Kyoto protocol commitments by expanding nuclear power, increased use of 
renewable energy (biomass, wind power), emissions trading schemes and 
increased utilisation of CO2 in processes and products. Nonetheless, these 
measures will not be sufficient. Fortunately Finland has access to very large 
resources of serpentine-type minerals, providing for a huge reservoir of 
magnesium oxide that may be carbonated. The result is the safest way of CO2 
long-term storage: in the form of environmentally inert magnesium carbonate. 
Our research in this field, which is almost unique besides significant activities 
in the USA addresses two main issues: improving the chemical kinetics for the 
carbonation of magnesium oxide (MgO)- based materials (brucite, periclase, 
serpentine), and the optimisation of large-scale processing with this technology.  
 
The research is supported by the Nordic Energy Research Programme (2003-
2006) and receives additional support via a parallel project with the Geological 
Survey of Finland, Kuopio, funded by the Finnish Technology Agency Tekes 
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and the Finnish Recovery Boiler Committee. One option that is investigated as 
well is the production of valuable carbonate products from by-product slags 
from the iron and steel industry. Figure 3.5 shows a simple two-step process for 
MgO-based mineral carbonation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Year 2003 saw the start of the EU 5th Framework R&D project “Reduction of 
toxic metal emissions from industrial combustion plants – Impact of emission 
control technologies” (2003-2005) in short: ToMeRed. Our contribution mainly 
involves experimental work aiming at keeping mercury (Hg), emitted from the 
fuels considered, in oxidised form (for example, as HgCl2) as to facilitate its 
removal from the gas stream. Besides measuring mercury speciation we will 
also measure the release of other trace elements during pyrolysis or combustion 
of coal, sewage sludge and a few other fuels. The fluidised bed facility 
described below is used for that work. 
 
Finally, two post-graduate studies addressed the control of smoke, particulates 
and other emissions from diesel engines. 
 
3.3.2  Combustion and fluid dynamics 
 
Goal: understanding (reacting) multi-phase flows in boilers, furnaces, engines 
 
This mainly theoretical work aims at improving the understanding and 
modelling, for example with CFD simulation codes, of reacting turbulent 
multiphase gas-solid (or gas-liquid) flows such as found in fluidised bed 
reactors or diesel engines. In cooperation with European Multiphase Systems 
Institute (EMSI) the goal is to develop CMFD, i.e. Computational Multiphase 
Fluid Dynamics code which will allow for physically correct CFD work on 
multiphase systems in the future. Also the team has access to PIV/LIF (particle 
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Figure 3.5 A process schematic for two-stage mineral carbonation. 
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image velocimetry/laser induced fluorescence) equipment purchased by our 
university in year 2004. 
 
3.3.3  Thermal processes for recovery and recycling 
 
Goal: maximum recovery of materials and energy from waste. 
 
With EU directives as a major driving force, new methods for the processing of 
waste streams are urgently needed within the coming decade. The option of 
waste incineration and waste-to-energy does not yet find the application in 
Finland as in surrounding countries. On top of that, waste-to-energy activities 
are restricted to good quality waste-derived fuels, such as the Finnish Solid 
Recovered Fuel (SRF) classes I, II and III. Often one or more components in 
wastes make their processing into SRF impossible, with polyvinyl chloride 
(PVC), with a chlorine content of around 50 %-wt as the main problem fraction. 
For this purpose the so-called Two-stage Fluidized Bed Combustion process has 
been under development at our lab since 1999. The application main is the 
processing of solid wastes with too high fractions of PVC for other thermal 
processing, including pure PVC waste. Figure 3.6 shows the test facility. 

 
The experimental work on processing of 
different types of PVC and mixtures 
containing PVC was completed early 
2003. An analysis of the dioxin/furans in 
chars produced from a problematic type of 
PVC, showed concentrations well below 
that of wastes typically put to landfills. In 
May 2004 the team received a Special 
Recognition Award from the ASME’s 
Solid Waste Processing Division in the 
USA for this work. 
 
Having completed the assessment for 
PVC-containing solid wastes the work 
continues under a 3-year small project 
where the applicability of the process for 
automotive shredder residue (ASR) and 
several other problematic solid wastes will 
be assessed. This will allow us also to 
further optimise the two-stage process, 
improving the burn-out level of the chars 
in the second reactor.  

Figure 3.6 
  
Impression of the two-stage  
fluidised bed combustion facility 
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3.3.4  Project partners and funding 
 
Finnish 
 
Ekokem Oy 
Enprima Oy 
Finnsementti Oy Ab 
Finnish Technology Agency, Tekes 
Fortum Oy 
Foster Wheeler Energy Oy 
Jaakko Pöyry Oy 
Kvaerner Pulping Power Division 
Nordkalk Oyj Abp 
Outokumpu Oy 
Academy of Finland 
University of Helsinki, Dept. of Environmental Protection Sciences 
VTT Processes, Espoo 
Wärtsilä Finland Oy, Turku 
Åbo Akademi Process Chemistry Centre, Turku 
Laboratory of Mechanical Process Technology and Recycling 
Center of Chemical Analysis 
 
International 
 
Chalmers University of Technology, Sweden 
ECN Energy Center of the Netherlands 
ENEL Produzione, Italy 
E.ON Engineering, Germany 
Imperial College, London, England 
IPCC Working Group III 
KEMA, the Netherlands 
Mitsui Babcock Energy Limited, Scotland 
Norwegian University of Science and Technology, Trondheim, Norway 
E.ON UK, UK 
Reaction Engineering International, Salt Lake City, USA 
St. Petersburg Technological Institute, Russia 
Technical University of Delft, the Netherlands 
Technical University of Denmark, Lyngby, Denmark 
Technical University of Kaunas, Lithuania 
Technical University of Tallinn, Estonia 
University of Alicante, Spain 
University of Nottingham, England 
University of Stuttgart (IVD), Germany 
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4  Funding and statistics 2004 
 

Funding cources

Finnish 
industry and 

other
11%

Tekes and 
Academy of 

Finland
16%

Helsinki Univ. 
of Technol.

48%

EU + Other 
international

19%

 
 
Financing sources increase/decrease compared to years 2003 and 1999: 

 
Helsinki  

University 
of Technology 

Tekes 
and 

Academy 
of Finland 

European 
Union and other 

international 
sources 

Finnish 
industry 

and other 
Finnish sources 

% increase  compared 
to year 2003 - 5 % + 31 % + 1 % - 52 % 

% increase  compared 
to year 1999 + 18 % - 20 % + 62 % + 87 % 

 

Research funding

Black 
Liquor

24%

Other not 
specif.

2%Combustion 
& waste

28% Energy 
system

46%

 
 

Education, thesis works, publications: 
 2004 2003 2002 2001 2000 
Study weeks 1131 1191 971 865 1093 
Dr. tech. theses 1 1 2 0 0 
Lic. tech. theses 1 3 0 0 3 
M.Sc.(Eng.) theses 11 9 3+1 8 8 
Books or chapters in books - 1 2 1 1 
Peer reviewed journal articles 8 6 6 3 0 
Peer reviewed conference papers 5 7 9 6 3 
Best paper, best book, other awards 1 0 4 1 1 

Data from http://www.hut.fi/Yksikot/Kehittamisyksikko/ressu/HTML/K/14250.htm

http://www.hut.fi/Yksikot/Kehittamisyksikko/ressu/HTML/K/14250.htm
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5  List of publications 2004 
 
5.1  Journals with peer review procedure 
 
“Furnace endoscope - measuring fuel spray properties in hot and corrosive 
environments”, Pasi Miikkulainen, Ari Kankkunen, Mika Järvinen, Experiments 
in Fluids, 2004. 37, 910-916. 
 
“Experimental design methods and flowsheet synthesis of energy systems” T.-
M. Tveit, Applied Thermal Engineering, 2004. Vol. 25, No. 2-3, 283-293 
 
“Mineral carbonation for long-term CO2 storage: an exergy analysis”, Ron 
Zevenhoven, Inga Kavaliauskaite, Int. J. Thermodynamics, 2004. Vol. 7 No. 1 
23-31 
 
“Slow pyrolysis of different PVC types in a bubbling fluidised bed: stabilizer 
effects”, L. Saeed, A. Tohka, M. Haapala, R. Zevenhoven, J. Anal. Appl. 
Pyrolysis, 2004. 72, 63-74 
 
“Pyrolysis and combustion of PVC, PVC-wood and PVC-coal mixtures in a 
two-stage fluidised bed process” L. Saeed, A. Tohka, M. Haapala, R. 
Zevenhoven, Fuel Proc. Technol., 2004. 85(14), 1565-1583 
 
“Cement manufacturing using alternative fuels and the advantages of process 
modelling” U. Kääntee, R. Zevenhoven, R. Backman, M. Hupa, Fuel Proc. 
Technol., 2004. 85 (4) 293-301 
 
“Mercury waste in the European Union: sources, disposal methods and risks” 
A.B. Mukherjee, R. Zevenhoven, J. Brodersen, L.D. Hylander, P. Bhattacharya, 
Resour. Conserv. Recycl., 2004. 42(2), 155-182 
 
“CO2 capture, storage and reuse potential in Finland”, T. Koljonen, H. 
Siikavirta, R. Zevenhoven, I. Savolainen Energy - the international journal, 
2004. 29, 1521-1527 
 
5.2  Conferences, symposia etc. with peer review procedure 
 
 “Combustion and flight characteristics of non-spherical black liquor sprays” 
Mika Järvinen, Ari Kankkunen, Pasi Miikkulainen, Ron Zevenhoven presented 
at TAPPI ICRC 2004, June 6-10, 2004, Charleston (SC), USA 
 
“Predicting Droplet Size from Black Liquor Spray Characteristics” Pasi 
Miikkulainen, Ari Kankkunen and Mika Järvinen, International Chemical 
Recovery Conference, Charleston, SC, USA, June 6-10, 2004. 
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“Shape Characteristics of Non-Spherical Black Liquor Droplets” Ari 
Kankkunen, Pasi Miikkulainen and Mika Järvinen. International Chemical 
Recovery Conference, Charleston, SC, USA, June 6-10, 2004. 
 
“Characteristics of Black Liquor Droplets” Ari Kankkunen, Pasi Miikkulainen 
and Mika Järvinen, ILASS Europe 2004 19th Annual Conference of the 
Institute of Liquid Atomization and Spray Systems (Europe) Nottingham 
(United Kingdom), 6-8 September 2004 
 
“Steam turbine modelling for optimisation of CHP power plants”, Tveit, Tor-
Martin, 9th International Symposium on District Heating and Cooling 2004, 
Espoo, August 2004. Espoo 2004, 125-132. 
 
5.3  Non-reviewed papers or only abstract referee, posters 
 
“Mineral carbonation for long-term CO2 storage and Lithuanian mineral 
resources” Inga Kavaliauskaite, S. Teir, G. Denafas, R. Zevenhoven poster 
presented at the Second Trondheim Conference on CO2 Capture, Transport and 
Storage, Trondheim (Norway) October 24-26 2004. 
 
“Release of mercury and other trace elements fro coal and waste-derived fuels 
during fluidised bed pyrolysis” Ron Zevenhoven, Jaakko Savolahti, Vaidas 
Mikaitis, Loay Saeed presented at the Nordic / Scandinavian Section of the 
Combustion Institute Topical Meeting on Aromatics, Aerosols and Metal 
Chemistry in Combustion, Lyngby (Denmark), October 21-22, 2004. 
 
“Mineral carbonation for long-term CO2 storage and Lithuanian mineral 
resources” Inga Kavaliauskaite, Sebastian Teir, Gintaras Denafas, Ron 
Zevenhoven presented at "Energy systems and the environment", conference at 
Riga Technical University, Riga (Latvia), October 14-16, 2004. 
 
“Mercury in coal ash and its fate in the Indian subcontinent” Arun B. 
Mukherjee, Ron Zevenhoven presented at the 7th Int. Conf. on Mercury as a 
Global Pollutant, Ljubljana (Slovenia) June 27- July 2, 2004, 2 pp. 
 
“A two-stage fluidised bed combustion process for high-PVC solid waste with 
HCl recovery” Loay Saeed, Ron Zevenhoven presented at the 48the IEA FBC 
meeting, Vienna (Austria), May 24-25, 2004. 
 
“Long term storage of CO2 as magnesium carbonate in Finland” Ron 
Zevenhoven, Sebastian Teir presented at the Third Annual Conference on 
Carbon Capture and Sequestration, Alexandria (VA), May 3-6, 2004 (11 p.). 
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“Mineral carbonation and Finnish pulp and paper industry” Sebastian Teir, 
Tuulia Raiski, Inga Kavaliauskate, Gintaras Denafas, Ron Zevenhoven 
presented at the 29th Int. Conf. on Coal Utilization and Fuel Systems, 
Clearwater (FL), April 2004. 
 
“Mineral carbonation in Finland - an approach to implementation” Jens 
Kohlmann, Ron Zevenhoven presented at the 29th Int. Conf. on Coal Utilization 
and Fuel Systems, Clearwater (FL), April 2004. 
 
“Small-scale biomass CHP technologies: Situation in Finland, Denmark and 
Sweden”, Kirjavainen M, Sipilä K, Savola T, Salomón M, and Alakangas E., 
OPET Report 12, 2004, VTT Processes and Finnish District Heating 
Association. [Available at www.opet-chp.net, last visited September 21, 2004] 
 
 
5.4  Reports 
 
 
• TKK-ENY-16  Two optimisation models for a conceptual bio-fuel 

indirectly fired microturbine 
Tveit, Tor-Martin. ISBN 951-22-7137-0 

• TKK-ENY-17  A methodology for cost-effective thermal integration of 
production plant sections and the utility system 
(Licentiate's Thesis) 
Laukkanen, Timo. ISBN 951-22-7139-7 

• TKK-ENY-18  Experimental Assessment of Two-Stage Combustion of High 
PVC Solid Waste with HCl Recovery (Doctoral Thesis) 
Saeed, Loay. ISBN 951-22-7150-8 

• TKK-ENY-19  Treatment and disposal of polyurethane wastes: options 
for recovery and recycling 
Zevenhoven, Ron. ISBN 951-22-7160-5 

• TKK-ENY-20  Proceedings of the 9th International Symposium on 
District Heating and Cooling 
Savola, Tuula (Editor). ISBN 951-22-7210-5 

• TKK-ENY-21  Annual Report 2003 
Zevenhoven, Ron, (Editor). ISBN 951-22-7293-8 

• TKK-ENY-22  Etävalvonnan ja etäohjauksen mahdollisuudet 
lämpövoimatuotanto-järjestelmässä 
Södö, Fredrik. ISBN 951-22-7306-3 
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6  Expert duties, awards and the media 2004 
 
6.1  Expert duties 
 
• Carl-Johan Fogelholm – opponent for Ph D. dissertation dispute of Peter 

Sandberg, Linköpings Universitet, Sweden  
• Carl-Johan Fogelholm – chairman of the 9th International Symposium on 

District Heating and Cooling 2004, Espoo, August 2004 
• Carl-Johan Fogelholm – Session chairman in the Millennium Technology 

Conference, 13-16 June 2004, Finland 
• Carl-Johan Fogelholm – representing Finland within the Working Party on 

Multiphase Flow of the European Federation of Chemical Engineers 
• Carl-Johan Fogelholm – member of the scientific advisory board for the 

Swedish Energy Research School 
• Carl-Johan Fogelholm – Vice editor for Energy International 
• Carl-Johan Fogelholm – Member of the steering committee for the Swedish 

research program “Thermal Processes” 2000 – 
• Carl-Johan Fogelholm – Member of the scientific committee for the 

International Conference on Applied Thermodynamics, 2004 
• Carl-Johan Fogelholm – Member of the scientific committee for the 

Economics and Managements of Energy in Industry , Portugal 2004 
• Carl-Johan Fogelholm – Member of the scientific committee for ECOS 

conference, Mexico 2004 
• Ron Zevenhoven – representing Finland within the European Multiphase 

Systems Institute (EMSI) 
• Ron Zevenhoven – representing Finland within the Nordic Energy Research 

Programme: in the scientific board of “Nordic CO2 Sequestration” 
• Ron Zevenhoven – Marie Curie Fellow under the Commission of the 

European Communities 
• Ron Zevenhoven – Associate professor (“docent”) at Åbo Akademi Process 

Chemistry Group (subject area: Technology of Solid Fuels) 
• Ron Zevenhoven – Lead Author of IPCC Special Report on CO2 Capture 

and Storage (Chapter 7) (to be presented at COP-11, November 2005) 
• Ron Zevenhoven – Post-doc research fellow for the Academy of Finland (as 

of 1.8.2004) 
• Ron Zevenhoven – Expert for a professor nomination at the École 

Polytechnique Fédérale de Lausanne, Switzerland 
• Ron Zevenhoven – Member of Scientific Committee (Fluid flow and 

multiphase systems) for CHISA Congress, August 2004, Prague, Czech 
Republic 

• Ari Kankkunen - Session chairman in ILASS Europe'04, Nottingham, United 
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Kingdom, 6th-8th September 2004 
• Mika Järvinen – representing Helsinki University of Technology within the 

International Flame Research Foundation (IFRF), Finnish Section. Also 
secretary 

• Mika Järvinen – Post-doc research fellow for the Academy of Finland 
• Tuula Savola – co-chairman of the 9th International Symposium on District 

Heating and Cooling 2004, Espoo, August 2004 
 
6.2  Awards and media attention 
 
“Facility Recognition Special Award” award given by American Society of 
Mechanical Engineer's Solid Waste Processing Division at North American 
Waste-to-Energy Conference, May 17-19 2004, Savannah, Georgia, USA, for 
Ron Zevenhoven: Two Stage Combustion Test Facility at the Laboratory of 
Energy Engineering and Environmental Protection  
 
“From problematic waste to energy - Recognition award to Finland for research 
facility” (in Finnish: Ongelmajätteistä energiaa - Suomeen tunnustuspalkinto 
tutkimuslaiteesta) Ympäristö+Tekniikka 2/2004, p. 6-7, M. Kihl, interview with 
Ron Zevenhoven June 2004 
 
“Efficient conditions monitoring system improves profitability” (in Finnish: 
Tehokas kunnonvalvontajärjestelmä tuo kilpailukykyä) Energia, 6-7/2004, p.58-
59, interview with Prof. Carl-Johan Fogelholm June 2004 

 

Interview with Prof. Carl-Johan Fogelholm by Hutvudstadsbladet magazine. 
19.3.2004. 
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7  Equipment and special softwares 
 
7.1  Equipment 
 
Test rigs / facilities: 
 
• Small scale spray test chamber, height 4 m 
• Full scale spray test chamber, horizontal 
• Handling and reserving equipment for black liquor 
• Pressurized atomization test rig, max pressure 8 bar 
• Small demonstration fluidized bed (cold) 
• Pressurized fluidized bed test chamber (cold) 
• Two-stage fluidised bed pyrolysis/combustion facility (BFB+CFB) 
 
Measurement devices: 
 
• Malvern particle size analyzer 
• Aerometrics drop size and velocity analyzer 
• PIV for velocity field measurements 
• LIF for gas concentration and temperature  
• LIF for soot concentration 
• Furnace endoscope 
• Small endoscopes 
• CCD-cameras Figure 7.1 FT-IR analyser 

Temet DX-4000 • Line scanning camera 
• Heat transfer sensors 
• Mass flow rate, pressure etc. sensors and data loggers 
• High intensity stroboscope 
• Frame grabbers 
• FT-IR analyser Temet DX-4000 (see Figure 7.1) 
• Equipment for Hg speciation measurement (E.ON procedure) 
 
 
PIV/LIF/LII device  
 

A new PIV/LIF/LII device was obtained in December. It enables simultaneous 
velocity field and species concentration measurement. Velocities up to Mach 1 
can be measured, but also very slow velocities can be detected. 3-D velocity 
field measurement is possible with two cameras and adequate optics. For 
combustion research measurable species are e.g. OH- , CH, C2, NO and soot. 
Also temperature field can be measured. Endoscopes and optical guides enables 
measurement in varying environments. The effective pulse laser and high 
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resolution cameras enables all-around spray studies with the software available. 
The traversing system obtained with PIV and LIF enables scanning around the 
location of interesting phenomenon.  
Many kinds of studies are planned and possible with this new PIV/LIF/LII 
system. For example single particle combustion in test furnace is planned to be 
studied with PIV/LIF. Also flashing inside the nozzle are planned to be studied. 
In Figure 7.2 is presented a simultaneous measurement of velocity field and 
OH- concentration of the flame produced by a bunsen burner. The measurement 
was carried out in Otaniemi.  
 
7.2  Special softwares  

 
• GAMS 
• ProPi 
• PROSIM 
• Pulpsim 
• Heatnet 
• Image Pro Plus – image analysis software 
• Win Drop – particle size analyzer 
• Single particle combustion model 
• Aspen Plus, Aspen Pinch 
• CFD softwares (e.g. FLUENT) run on 

machines at CSC, Espoo 
 Figure 7.2. Simultaneous velocity 

field and OH- concentration 
measured by PIV and LIF 


