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This course is open to all PhD students with an interest to learn more about existing pilot
scale biorefinery infrastructures and on how to take biorefinery research from lab to pilot
scale.

Mal:

The cities along the coast in Northern Sweden host a unique range of excellent biorefinery
research facilities in pilot scale. These facilities provide unique opportunities for senior
and junior researchers and PhD students to develop their laboratory research work to also
embrace experiments in pilot scale.

The objective of this course is to educate PhD students to understand how working con-
ditions and approaches are distinguished between research in larger scale and work in



a laboratory: both from a theoretical perspective and from experiences made at specific
facilities.

Learning outcomes
At the end of the course, the students are expected to:
* Dbe aware of the availability of pilot-scale biorefinery facilities and equipment in Nort-

hern Sweden (Pited to Ornskoldsvik) and have an overall understanding of the techno-
logies represented

* Dbe aware of the availability of specific equipment relevant to one’s own research work
and what support one can get from technical staff regarding planning and advice for an
appropriate experimental setup and help with practical experimental work.

* Dbe able to operate single equipment with minor supervision

* have developed an understanding of the specific challenges encountered when perfor-
ming pilot-scale research:

o technical issues: construction of equipment, measurement techniques, size-dependent

process conditions

o feedstock and residual products: pre- and post-processing of larger material amounts

o experimental planning, scheduling, and costs

o need for research engineers for operation and maintenance

o safety issues

o financing issues

» critically analyze the strengths and weaknesses of pilot plants from different perspecti-
ves:

o scientific

o educational

o economical

o political

o societal

* Dbe able to present a case describing the development process when she/he takes her/his
own research to a larger scale



Innehall:

The course consists of the following activities:

Three physical gatherings in 1) Pited, 2) Ornskoldsvik and Ume4, 3) Umea.
1) Pited:

* Basic introduction and definitions from invention and innovation to pilot plants, histo-
rical development of pilots in Sweden, successful and unsuccessful experiences.

-Introduction to:

o gasification and pyrolysis principles and theories, experimental planning

o pilot facilities at ETC, students will do some practical work about sample preparation for
gasification experiment. Theory and application of slurry hydrocracking

-The successful Sunpine story from fume hood to full scale
2) Ornskoldsvik and Umed

» Technological and biotechnological uses of forest products and waste stream from
biofuels, feeds and biofertilizers. E-Sekab from forest to bioethanol, nanocellulose and
other chemicals different ways to exploit forest.

* RISE-Processum biotechnological strategies from forest residues to fish feed and biofu-
els, visit and lectures. RISE Processum is a fantastic R&D platform with deep expertise
and knowledge on chemical and biotechnological exploitation of pulp industry waste
streams for multiple products generations. The student will follow lectures and visit to
several pilots.

* MoRe Research visit and lectures about different pilot for the production of fabrics and
biofuels visit and lectures

*  Domsjo Fabriken, production of special cellulose visit and lectures
3) Umeé

* Biomass Technology Centre: mechanical preprocessing of biomass, representative
sampling, overview of industrial biomass handling and storage

* Daéva, Umed Energi, the algae pilot, AREVO (biofertilizer), MTC (Miljo Tekniskt
Centrum) visit and lectures. At Dava the students will get a presentation and a visit
of Umed Energi combined heat and power plant. At the same location, the students



will be able to follow how wastewater and the flue gases are treated and cleaned by
the microalgae growing at algae pilot facilitiy. A lecture will be given about the use of
microalgae for cleaning and multi products generation

During the last day of the course, a final seminar will be arranged, where the students
will present their pilot projects to a panel of experts.

All three gathering are compulsory.

The students will write a report length max 15 pages figures and references excluded. In
the report, the students will critically analyze strengths and weaknesses and discuss the
strategic values of the chosen pilot plant.

Examinationsformer och fordringar for godkind kurs:

To pass the course the following three criteria has to be fulfilled:

Participation at all three gatherings

Task on critical analysis of one pilot facility visited or a pilot very related to the students
research field. During the course the students will work on their task, will present at final
seminar and will submit the final version of their written work after the last gathering.

Evaluation sheets are handed in

Examinatorn har, om det finns skél och dr mojligt, ritt att ge en kompletteringsuppgift
till den student som inte blivit godkénd pa en examination.

Om studenten har ett beslut frdn SLU om riktat pedagogiskt stod pa grund av funk-
tionsnedsittning, kan examinatorn ge ett anpassat prov eller lata studenten genomfora
provet pa ett alternativt sitt.

Om denna kursplan ldggs ned, ska SLU besluta om dvergdngsbestammelser for exami-
nation av studenter, som antagits enligt denna kursplan och dnnu inte blivit godkédnda.

For examination av sjdlvstandigt arbete (examensarbete) géller dessutom att examina-
torn kan tillata studenten att gora kompletteringar efter inlimningsdatum. Mer infor-
mation finns i utbildningshandboken.

Ansvarig institution/motsvarande:

Institutionen for skogens biomaterial och teknologi



Kompletterande uppgifter

Ovrig information:

» Riitten att delta i undervisning och/eller handledning giller endast det kurstillfille, som
studenten blivit antagen till och registrerad pa.

*  Om det finns sdrskilda skél, har studenten rtt att delta i moment som kréver obligatorisk
nirvaro vid ett senare kurstillfille. Mer information finns i utbildningshandboken.
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