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OUTLINE OF THE PRESENTATION

ÁInformationaboutmy home universityôsactivitiesin thebioeconomyfield

ÁIntroduction

ÁSustainability

ÁPervaporation

ÁPervaporation cases

ÁButanol recovery fromaqueousmulticomponent mixtures

ÁDehydration of ethanol

ÁDehydration of ionic liquids

ÁConclusions

ÁCounclusionsconcerningthenetworkingevent
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3MOTIVATION

Universityof Oulu
ÁMultidisciplinaryuniversity

with10 facultiesfrom

humanitiesand medicine

to economicsand 

technology

FACULTY OF  TECHNOLOGY
FACULTY OF  TECHNOLOGY

ENVIRONMENT AND 
CLEANTECH

MATERIALS 
PROCESSING

PROCESS 
AUTOMATION

FINANCIAL & ECONOMICS
LEADERSHIP  &MANAGEMENT

FACULTY OF TECHNOLOGY

Material Life cycle

RECYCLING
AND 

SUBSTITUTION 

MATERIALS
PRODUCTION

PRODUCTIZATION

FACTORY 
AUTOMATION

Faculty of Technology focusesits

education and research activities on 

sustainable utilisation and 

industrial value addition of natural 

resources

Value Chain ResearchCommunities

ÁSTEEL PRODUCTION, FABRICATION AND APPLICATIONS

ÁNOVEL INORGANIC MATERIALS AND CIRCULAR ECONOMY

ÁBIOECONOMY; BIOMATERIALS AND BIOCHEMICALS

Cross-industrial ResearchCommunities

ÁAUTOMATION; PROCESS, MACHINE AND 

CONSTRUCTION AUTOMATION

ÁENVIRONMENT, SUSTAINABLE 

PRODUCTIONAND CLEANTECH INNOVATIONS

ÁPLANNING AND PRODUCTISATION

MANUFACTURING
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FACULTY OF  TECHNOLOGY
FACULTY OF  TECHNOLOGY

RESEARCH COMMUNITIES - New research organization structure

Reason: Science is increasingly a group effort, universities must build structures to support that

Goal: Toimproveknowledgeflows, enablecollaboration, supportESRscareersand  enhance

multidisciplinarityand possibilitiesfor newresearchopeningsand funding

Facultyof Technology: 13 Research Units, 250 employees, 22 professors

FACULTY OF TECHNOLOGY

Dean Riitta Keiski

NOVEL INORGANIC MATERIALS 

AND CIRCULAR ECONOMY

STEEL PRODUCTION, 

FABRICATION AND APPLICATIONS

BIOECONOMY; BIOMATERIALS 

AND BIOCHEMICALS

AUTOMATION; PROCESS, 

MACHINE AND CONSTRUCTION 

AUTOMATION

ENVIRONMENT, SUSTAINABLE 

PRODUCTION AND CLEANTECH 

INNOVATIONS

PLANNING AND 

PRODUCTISATION

V
a
lu

e
 C

h
a
in

 
R

e
s
e
a
rc

h

C
o
m

m
u
n
it
ie

s

C
ro

s
s

-in
d
u
s
tria

l 

R
e

s
e
a
rc

h
C

o
m

m
u
n
itie

s

WORKSHOPS AND LABORATORIES
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ADMA-DOCTORALPROGRAMME

ÁA high-quality, international & multidisciplinary doctoral 

training, research on natural and man-made materials 

and technologies for sustainable products, product-

ion processes and environmental applications

Á26 Researchgroupsfrom4 Facultiesat UOulu

Á11 salary-basedpositionsfor 4 yearseach, 

coordinationand management funding(~1 950 000 û)

ÁMarie Curie ITN funding: 3 positions(~800 000 û), 

Mathematics and Materials Science for Steel Production 

and Manufacturing 

ÁEIT RawMaterialsADMA KAVA  2016-2018

www.oulu.fi/adma/
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FACULTY OF  TECHNOLOGY
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SUSTAINABLESOLUTIONS FOR PRODUCTION

PROCESSESAND ENVIRONMENTALAPPLICATIONS, 

ProChemERC

ProChemERC provides scientific 

knowledge to design sustainable 

technologies for production processes & 

environmental applications

Cleantechinnovations

Catalysis& 
separation

Organicsynthesis& 
chemicalanalysis

Modelling& 
chemometrics

Sustainability

ÁConsortium between: 

ÁEnvironmental and Chemical Engineering (ECE) 

ÁSynthetic Organic Chemistry (OChem) 

ÁInorganic Analytical Chemistry (AChem) 

ÁThe main objective

ÁTo develop sustainable and innovative technologies 

for production processes and environmental 

applications with a highly positive and significant 

societal impact and

ÁTo increase collaboration between RC partners as 

well as with partners in the RCôs national and 

international networks 

ÁThe concept ofóScience into products and 

production technologiesôwill bring value both to 

academia and industry 

ProChemERC

www.oulu.fi/procheme/
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BioeconomyðCircular Economy

Biomass, Secondary materials

Catalysisfor theSupport

of Sustainability

SeparationProcessesfor 

theSupportof 

Sustainability

Focuson SustainableProductionand 

CleanTechInnovations

ENVIRONMENTALAND CHEMICALENGINEERING RESEARCHUNIT(ECE) 

CATALYSIS AND 
PHOTOCATALYSIS

SEPARATION 
PROCESSES

MODELLING AND 
SIMULATION

SUSTAINABILITY 
ASSESSMENT

CATALYSIS AND SEPARAT-ION TO 

HYBRID STRUCTURES - Use of 

modelling & sustainability assessment

Developmentof sustainability

assessmenttools and criteria,

Presently, for social impact

evaluation,toxicity, and health

effectsof emissions

www.oulu.fi/pyolam/ 14.3.2016



14.3.2016

5

MAIN RESEARCH TOPICS

ÁCATALYSIS

ÁCatalysis and photocatalysis in fuels and chemicals production from biomass based and 

waste streams
ÅProduction of H2: Photocatalysis (a patent) and catalytic reforming (e.g. biogas/methane, C1-C4 

alcohols, glycerol as H2 carriers) (conventional, CNT- and metal nanowire-based catalysts) 

ÅBiobutanol(ABE) production from lignocellulosicmaterials and product purification; combining 

biochemical and chemical approaches

ÅFormaldehyde from contaminated methanol (S), in pulp and paper industry

ÁCatalysis and photocatalysisin flue and exhaust gas purification, VOC abatement (VOCs, 

CVOCs, malodorous and toxic compounds, NOx, CO, HC, PM), and water purification
ÅNovel and poison resistant catalysts and methodology development for accelerated deactivation

ÅPhotocatalyticwastewater stream purification

ÅNovel catalysts for environmental applications;use of primary/secondary/substitutive materials

ÅCatalytic utilization of compounds in emission streams

ÁCO2 utilization
ÅUse of e.g. VOCs, CO2 in chemicals and fuels production and parallel to biomass utilization

ÅCO2 as a solvent in catalytic reactions

ÅUse of CO2 in mining industry beneficiation processes (grinding and flotation) 

ôDevelopment and use of 

catalysts and membranes 

for biorefineriesand in 

industry at largeõ
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ÅSEPARATION PROCESSES 

ÁSeparation, purification, recovery, recycling

ÅHydrogen, biogas, biofuels, nutrients, heavy metals, metalloids separation and purification 

ÅMembranes, adsorption materials, photocatalysis, chromatography, supercritical extraction

ÁMembrane technologies

ÅPervaporation: solvent recovery, ionic liquids purification/dewatering

ÅGas membranes: biogas purification, separation of small gas molecules

ÅNano- and ultrafiltration (MEUF and SEUF): phosphorus and other nutrients recovery, 

heavy metal and metalloids separation, anion and cationremoval and concentration

ÅReverse osmosis and UF: recovery of valuable compounds from berries (flavonoids and 

antocyanides)

ÁAdsorption and photocatalysis

ÅUse of wastes or side products in materials development

ÅNanomaterials, activated carbons, iron and titanium based for water and gas stream 

purification

ÁChromatography and supercritical extraction

ÅProtein separation

ÅSeed oil refining, peat extraction 

Main Research Topics

Cocoa (Theobroma

cacao) pod husk (CPH)
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MODIFICATION OF STARCH AND ITS USE IN 

SEPARATIONOF NUTRIENTSAND HEAVY METALIONS

ÁHydrolysis

ÁOxidation

ÁCationization

ÁSulphonylation

ÁPolymerenhancedultrafiltration

ÁStarchderivativesas 

complexationagent

ÁMetallicionsof Fe, Ni, Zn, Cu, 

Cr

ÁNutrients(P, N, S)
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By Marja Lajunen, 2015

CROSS-CUTTING RESEARCH TOPICS

ÁSUSTAINABILITY ASSESSMENT

ÁResearch related to CO2 utilization, biobutanolproduction, air purification and water treatment

ÁFor the technologies, processes, raw materials and products studied in MHTPL

ÁImpacts on human health, environment, economy, society

ÁDevelopment of sustainability assessment tools and criteria

ÁSocial impact evaluation, toxicity, health effects of emissions

ÁMODELLING AND SIMULATION

ÁIn process and unit operation design: membranes, catalytic reactors, processes; combining modelling and 

experimental approaches

ÁFouling of heat exchange surfaces; combining modelling and experimental approaches

ÁCFD, DEM, thermodynamics, kinetics

ÁEnergy efficiency, energy optimization models for real estates 

ÁSystematic/Statistical experimental design, DoE

ÁCOMBINING CATALYSIS AND SEPARATION TO HYBRID TECHNOLOGIES

ÁUtilization of modelling and sustainability assessment

Economic

sustainability

Social 

sustainability

Environmental 

sustainability
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FACULTY OF  TECHNOLOG
FACULTY OF  TECHNOLOGY

APPLICATION AREAS

Á Development and use of unit operations for biorefineries, chemical, mining and 

metallurgical industry, and SMEs and industry at large

Á Cleantechapplications

Á Sustainable environmental and process technologies especially for mining/metallurgical and 

pharmaceutical/food/chemical industry, and biorefineries

Á Use of renewable materials, recycled materials, and waste streams

Á Use of primary, secondary and substitutive materials in materials development

NETWORKING

Á SkyPro Oulu clean air cluster* (part of CEE/OIA), 

Á National and University of Oulu collaboration: OMS, CASR, CSTIs (CleenLtd., FIBIC Ltd., 

FIMECC Ltd.)

Á International networks (Marie Curie/NO-WASTE*, ERA-NET, New Indigo/Greentech*, COST 

Actions), and international projects

Á ADMA* and Thule DPs, and ProChemE*, Luminousand MtMRCs

* coordination
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INTRODUCTION

ÁIncreasing demand to produce fuels and chemicals from renewable resources
ÁBiodiesel, bioethanol, biobutanol, biogas, hydrogenetc.

ÁProductionprocesses should be 
ÁTechnicallyfeasible, economic, sustainable

ÁSeparationprocesses have an importantrolein theseprocesses
ÁAdsorption, distillation, filtration, gasstripping, liquid-liquidextraction, perstraction, 

pervaporation, reverseosmosis, vapour permeation 

14

Pretreatment   
methods
Biological, 
Chemical
Physical
Physico-chemical
Hydrolysis
Enzymatic
Dilute acid
Concentrated acid

Batch 
Fed-Batch
Continuous
Extractive
Flash 
Two-stage
Immobilized cells
Simultaneously 
saccharification&
fermentation(SSF)

Use of E.coli or 
other micro-
organisms 

Adsorption
Distillation
Gas stripping
Liquid-liquid 
-extraction

Perstraction
Pervaporation
Reverse osmosis

Detoxification
Adsorption
Enzymatic 
Evaporation
Extraction
Ion exchange    
resins

Overliming

Fermentation  
products

Acetone, Butanol,
Ethanol, CO2, H2

Feedstocks

Downstream 
processing

Upstream 
processing

ABE-fermentation

Usages:
Transportation
fuel

Useas solvent, 
diluent or
additive
Platform C4 

compound

Economic,  
environmental
and social 
indicators

Sustainability
indicators

Clostridium strains:
�$���%���(���U�D�W�L�R���§������������
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