A five-week Bioenergy Master class
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Background and general philosophy

This prospect describes the structure and the material in an academic distance-
learning master-level course intended for five weeks full-time studies. The
material is offered free of charge.

During fall 2017 I was invited by Torsten Fransson to take part in an initiative
to set up a flexible, international master-level education in energy engineering.
The idea was to produce a huge number of self-sustained course elements,
“nuggets”. The nuggets would be produced by senior researchers world-wide.

Nuggets — the central element

The central element in the concept is the short, self-sustained, teaching unit, the
“nugget”. Nuggets were intended to demand anything from 1-2 hours up to one
full day for a student to complete. The nuggets could be traditional lectures or a
call for the student to do a study visit or maybe do some practical exercise or
something else. Common to all, though, was the demand that the material in
the nugget should be completely self-sustained. A strict demand was that the
student should not need to contact the teacher. Another demand was that there
might be no cost for the student. So external material that was referred to had
to be freely available on the web and copyright issues had to be resolved
already from the beginning.

The nuggets in the present course follow these guidelines so that each nugget
has a limited scope. Each nugget is intended to take approximately one full
day, some 4-8 hours of intensive studies.

Each nugget consists of three parts: A short presentation of the underlying
theory, self-test questions and homework. The homework may contain
literature reading and some type of exercise to be solved.

There is no further examination of the nugget but it is up to the student to do
the homework according to the academic standard required at the master level.

Thematic blocks of nuggets

The nuggets would be the fundamental building block in the full educational
structure. The vision was that nuggets could be combined into single-subject
progressive advancement units or into cross-disciplinary blocks. To guarantee a
professional and scientific progression within a specific subject we, the seniors,
would set up smaller or bigger pre-defined nugget sequences.

The “lessons” in this course

I chose to call these units “lessons”, staying in the academic tradition. Other
terms such as “zepto’s” and “femto’s” were also used to distinguish different
levels and units. But for me, I felt that putting nuggets together into something
like one-week blocks was a natural thing to do. So my nuggets come together

in lessons, each lesson planned for about one week of full-time studies.

2



Bergdala BioenergyProf AB 2020-11-22 2

Bjorn Zethreeus

For the student to check that she or he has grasped the content and reached the
intended learning outcomes for each lesson there is not only a set of self-test
questions but also a bigger task to be solved for each lesson. The task is such
that it can only be successfully completed if the student is comfortable with all
the material presented in the lesson nuggets. The final task in each lesson can,
if the student is well prepared, be completed in about one day full-time work.

The course

So that is what I am presenting here. A master-class consisting of all in all five
lessons. Each lesson will require approximately one week full-time studies.

The first lesson is about the fundamentals of biomass. The second lesson is
about conversion processes. The third lesson introduces the one and only
process to extract the energy from the biomass and the fourth lesson takes a
system perspective and introduces circular economy thinking.

Following these is the fifth lesson introducing what might be called a mini-
project. In this is the student challenged to do a thorough analysis in her or his
own region and thus to uncover the local resources and potentials.

The final mini-project is intended for about one week full-time work for a well
prepared student.

Examinations

One problem with an initiative like this is that if such a programme shall be
formally recognised by high-rank universities there will be a demand that the
examinations are recognised. But having regular examinations would violate
our fundamental ambition. Because if “we” — those who originally developed
the material — were to manually do the examinations, then we could not offer
the education free of charge.

Hence, there are no regular examinations included in the material. There are
self-tests and there are reports to be written — but there is no feedback included.
So once you, the student, are asked to write a report it is all up to you to make a
high-standard academic report. No-one will check it.
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Live links to the Bioenergy course material

Course introduction 1: https://youtu.be/e9-ebDTMyFI
Course introduction 2: https://youtu.be/jW000eljsGs
Slides used in the introductions.

Lesson 1 Biomass as such, 7 nuggets including intro, 30-35 h

Theory Self-test Homework Slides
Introduction Link Link
Photosynthesis Link Link Link Link
Cell walls. Link Link Link Link
Plant residues Link Link Link Link
Society residues | Link Link Link Link
Evaluate/Classify | Link Link Link Link
Lesson examin. Link Link Link

Lesson 2 Conversion processes, 7 nuggets including intro, 35-40 h

Theory Self-test Homework Slides
Introduction Link Link
Heating value | Link Link Link Link
Physical conv. | Link Link Link Link
Chem.synthesis | Link Link Link Link
Biochem. conv. | Link Link Link Link
Thermochem Link Link Link Link
Lesson examin. | Link Link Link Link

Lesson 3 Energy extraction, 8 nuggets including intro, 35-40 h

Theory Self-test Homework Slides

Introduction Link Link
Comb. stoichio. | Link Link Link Link
Flame temp. Link Link Link Link
Flame furnaces. | Link . ) Link
Indirect heating | Link Link Link Link
Turbines/Carnot | Link Link Link Link
Small-scale ) ) ) .

CLP Link Link Link Link
Lesson examin. | Link Link Link Link



https://youtu.be/e9-ebDTMyFI
https://youtu.be/jW0oOeljsGs
https://bioenergyprof.eu/Nugget_slides/Course_introduction.pdf
https://www.youtube.com/watch?v=g8tL5OrEuMs
https://bioenergyprof.eu/Nugget_slides/Lesson-1_Introduction.pdf
https://www.youtube.com/watch?v=6teUSWowvBQ
http://bioenergyprof.eu/Self-test_Z1a-HtmlExport/index.html
https://www.youtube.com/watch?v=1Ic6_sXj1vc
https://bioenergyprof.eu/Nugget_slides/Lesson-1_Nugget-a.pdf
https://www.youtube.com/watch?v=gq5SMGzr04c
http://bioenergyprof.eu/Self-test_Z1b-HtmlExport/index.html
https://youtu.be/2oGAGw0Kwpg
https://bioenergyprof.eu/Nugget_slides/Lesson-1_Nugget-b.pdf
https://www.youtube.com/watch?v=4h4KK5PjdS4
http://bioenergyprof.eu/Self-test_Z1c-HtmlExport/index.html
https://www.youtube.com/watch?v=PTZJFT4LNss&list=PL5Z9TvA-fM6K9eI61GYUk4-SWrxQzP6nW&index=4&t=0s
https://bioenergyprof.eu/Nugget_slides/Lesson-1_Nugget-c.pdf
https://www.youtube.com/watch?v=MfNs-pEpU4k
http://bioenergyprof.eu/Self-test_Z1d-HtmlExport/index.html
https://youtu.be/NlPAnyBCOGg
https://bioenergyprof.eu/Nugget_slides/Lesson-1_Nugget-d.pdf
https://youtu.be/BKfsx1oFt6Y
http://bioenergyprof.eu/Self-test_Z1e-HtmlExport/index.html
https://youtu.be/XoAT0oWWLeQ
https://bioenergyprof.eu/Nugget_slides/Lesson-1_Nugget-e.pdf
https://youtu.be/lpwfJdr9xdQ
http://bioenergyprof.eu/Self-test_Z1-Certificate_a-HtmlExport/index.html
https://bioenergyprof.eu/Nugget_slides/Lesson-1_Zepto-certificate.pdf
https://youtu.be/9MfeEVIms2U
https://bioenergyprof.eu/Nugget_slides/Lesson-2_Introduction.pdf
https://youtu.be/_3SxpIldSD8
http://bioenergyprof.eu/Self-test_Z2a-HtmlExport/index.html
https://youtu.be/8IDuHfU2sFI
https://bioenergyprof.eu/Nugget_slides/Lesson-2_Nugget-a.pdf
https://youtu.be/o_DqziofLy4
http://bioenergyprof.eu/Self-test_Z2b-HtmlExport/index.html
https://youtu.be/G11nc9liDCs
https://bioenergyprof.eu/Nugget_slides/Lesson-2_Nugget-b.pdf
https://youtu.be/ggEIuK9gmGA
http://bioenergyprof.eu/Self-test_Z2c-HtmlExport/index.html
https://youtu.be/No-hGZJc-HI
https://bioenergyprof.eu/Nugget_slides/Lesson-2_Nugget-c.pdf
https://youtu.be/7SZ8LzEHIcI
http://bioenergyprof.eu/Self-test_Z2d-HtmlExport/index.html
https://youtu.be/iv12ZfGNLhU
https://bioenergyprof.eu/Nugget_slides/Lesson-2_Nugget-d.pdf
https://youtu.be/l1_UlZ1SO6Q
http://bioenergyprof.eu/Self-test_Z2e-HtmlExport/index.html
https://youtu.be/KXqf3VfAq4A
https://bioenergyprof.eu/Nugget_slides/Lesson-2_Nugget-e.pdf
https://youtu.be/hJcOyAaVLTI
http://bioenergyprof.eu/Self-test_Z2-Certificate-HtmlExport/index.html
https://youtu.be/kp3oEiDWBL4
https://bioenergyprof.eu/Nugget_slides/Lesson-2_Zepto-certificate.pdf
https://youtu.be/yst9Xvf7TzE
https://bioenergyprof.eu/Nugget_slides/Lesson-3_Introduction.pdf
https://youtu.be/GU_J5VfBZTs
http://bioenergyprof.eu/Self-test_Z3a-HtmlExport/index.html
https://youtu.be/O5reS8ZTU1s
https://bioenergyprof.eu/Nugget_slides/Lesson-3_Nugget-a.pdf
https://youtu.be/mAiurtrqkKc
http://bioenergyprof.eu/Self-test_Z3b-HtmlExport/index.html
https://youtu.be/cL5udNtuXa8
https://bioenergyprof.eu/Nugget_slides/Lesson-3_Nugget-b.pdf
https://youtu.be/ljwAcL9NOXU
http://bioenergyprof.eu/Self-test_Z3cd-HtmlExport/index.html
https://www.youtube.com/watch?v=LM_cKTxeMHg
https://bioenergyprof.eu/Nugget_slides/Lesson-3_Nugget-c.pdf
https://youtu.be/TZ-jv6UFzew
https://bioenergyprof.eu/Nugget_slides/Lesson-3_Nugget-d.pdf
https://www.youtube.com/watch?v=YvJsRpMFatE
http://bioenergyprof.eu/Self-test_Z3e-HtmlExport/index.html
https://www.youtube.com/watch?v=TmbRy1alooc
https://bioenergyprof.eu/Nugget_slides/Lesson-3_Nugget-e.pdf
https://www.youtube.com/watch?v=oA3abg-LCTk
http://bioenergyprof.eu/Self-test_Z3f-HtmlExport/index.html
https://www.youtube.com/watch?v=rrsSCD2x-2U
https://bioenergyprof.eu/Nugget_slides/Lesson-3_Nugget-f.pdf
https://youtu.be/DMHBKMBHgXc
http://bioenergyprof.eu/Self-test_Z3-Certificate-HtmlExport/index.html
https://www.youtube.com/watch?v=bFtSYpibX34
https://bioenergyprof.eu/Nugget_slides/Lesson-3_Zepto-certificate.pdf
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Lesson 4 System perspectives, 9 nuggets including intro, 50-55 h

2020-11-22

Theory Self-test Homework Slides
Introduction Link Link
Basics Link Link Link Link
Yield/Harv./Collect | Link Link Link Link
Transport Link Link Link Link

Link 1
Storage Link 2 Link Link Link

Link 3
User demands Link Link Link Link
Forest fuel CHPC Link Link Link Link
Ash recirculation Link Link Link Link
Lesson examin. Link Link Link

Lesson 5 Mini-project and femto certificate, 1 nugget, 40-50 h

Theory Self-test Homework Slides
Introduction Link Link
Project instruction Link Link



https://youtu.be/U9xoYzKfELU
https://bioenergyprof.eu/Nugget_slides/Lesson-4_Introduction.pdf
https://youtu.be/sFxxA74pMNw
http://bioenergyprof.eu/Self-test_Z4a-HtmlExport/index.html
https://youtu.be/msld46bg8gI
https://bioenergyprof.eu/Nugget_slides/Lesson-4_Nugget-a.pdf
https://youtu.be/RlUn1P6_bEU
https://bioenergyprof.eu/Self-test_Z4b-HtmlExport/index.html
https://youtu.be/DNFpIE_bRdE
https://bioenergyprof.eu/Nugget_slides/Lesson-4_Nugget-b.pdf
https://youtu.be/N08XFdVYP9Q
https://bioenergyprof.eu/Self-test_Z4c-HtmlExport/index.html
https://youtu.be/h1IGmyMWaLE
https://bioenergyprof.eu/Nugget_slides/Lesson-4_Nugget-c.pdf
https://youtu.be/ZLiF5jqAA0Q
https://youtu.be/zskIUIQb0tk
https://youtu.be/VAq9qvRKGL0
https://bioenergyprof.eu/Self-test_Z4d-HtmlExport/index.html
https://youtu.be/GjATTMb4jok
https://bioenergyprof.eu/Nugget_slides/Lesson-4_Nugget-d.pdf
https://youtu.be/AY_zxXa36og
http://bioenergyprof.eu/Self-test_Z4e-HtmlExport/index.html
https://youtu.be/UzqpnVZKSeY
https://bioenergyprof.eu/Nugget_slides/Lesson-4_Nugget-e.pdf
https://www.youtube.com/watch?v=Nqa9kw2I2lw
http://bioenergyprof.eu/Self-test_Z4f-HtmlExport/index.html
https://youtu.be/ZEzLA3zdUWM
https://bioenergyprof.eu/Nugget_slides/Lesson-4_Nugget-f.pdf
https://youtu.be/aofvUrHRA34
http://bioenergyprof.eu/Self-test_Z4g-HtmlExport/index.html
https://youtu.be/1CHrFjmsPi0
https://bioenergyprof.eu/Nugget_slides/Lesson-4_Nugget-g.pdf
https://youtu.be/9vl3wEQpQ1I
http://bioenergyprof.eu/Self-test_Z4-Certificate-HtmlExport/index.html
https://bioenergyprof.eu/Nugget_slides/Lesson-4_Zepto-certificate.pdf
https://youtu.be/hYVi6_eSw-g
https://bioenergyprof.eu/Nugget_slides/Lesson-5_Introduction.pdf
https://youtu.be/K6UntpXjX60
https://bioenergyprof.eu/Nugget_slides/Lesson-5_Mini-project.pdf
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Links to external material in single nuggets

General course material that can always be referred to in the nuggets:
Bisyplan handbook: The main course book

RES-Chains material: Complementary to the main course book
International standards

European federal standards

Course introductions:
WEC: Report on world energy resources
IEA: On the situation for bioenergy

Lesson 1: Biomass as such and its properties

Introduction (Z1 Introduction)
No external links
Photosynthesis (Z1a)
Introduction, Calvin cycle.
Khan Academy C4 photosynthesis:
Paper: Temperature response of photosynthesis in C3, C4, and CAM
plants: temperature acclimation and temperature adaptation
Paper: What is the maximum efficiency with which photosynthesis can
convert solar energy into biomass
Cell walls and membranes (Z1b)
Online biology textbook.
Carnegie-Mellon on-line course in biology.
Cell membranes.
Khan Academy, cell membranes, diffusion and osmosis:
Paper: Engineering of plant cell walls for enhanced biofuel production
Direct download book chapter about LignoCellulose.
Plant residues (Z1c)
FAO on agricultural and forest residues.
Direct download FAO user manual on crop and livestock residues.
Societal residues (Z1d)
FAOQO Database start page.
World Bank page for the report “What a waste”.
Homework example: London 1 solid waste
Homework example: London 2 water
Homework example: New York 1 solid waste
Homework example: New York 2 water
Homework example: Tokyo 1 solid waste
Homework example: Tokyo 2 water
Classification and evaluation of biomass (Zle)
FAO terminology and dictionary.
Review-article about biomass classification and properties.
Certificate task for the first lesson.
No external sources or references used.



https://www.bioenergyprof.eu/handbooks/bisyplan/html-files-en/handbook-intro.html
https://www.bioenergyprof.eu/handbooks/res-chains/planning.html
https://www.iso.org/home.html
https://standards.cen.eu/
https://www.worldenergy.org/
https://www.iea.org/
https://biologywise.com/
https://www.khanacademy.org/science/biology/photosynthesis-in-plants
https://www.researchgate.net/publication/242017135_Temperature_response_of_photosynthesis_in_C3_C4_and_CAM_plants_Temperature_acclimation_and_temperature_adaptation
https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&cad=rja&uact=8&ved=2ahUKEwi_7oC-oqPmAhUxiYsKHTnRCTgQFjAFegQIARAC&url=http%3A%2F%2Fsippe.ac.cn%2Fgh%2F2008%2520Annual%2520Report%2FZhu%2520X-G.pdf&usg=AOvVaw3kIf9UAuITN22ItEuYyzuj
https://openstax.org/books/biology-2e/pages/1-introduction
https://oli.cmu.edu/courses/introduction-to-biology-open-free/
http://www.johnkyrk.com/cellmembrane.html
https://www.khanacademy.org/science/biology/membranes-and-transport#diffusion-and-osmosis
https://www.sciencedirect.com/science/article/pii/S1369526615000692
https://www.springer.com/cda/content/document/cda_downloaddocument/9789400768970-c2.pdf?SGWID=0-0-45-1490458-p175144764
http://www.fao.org/3/AD576E/AD576E00.htm
https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwjDicCH6aXmAhWOw6YKHSIrCYIQFjABegQIBhAC&url=http%3A%2F%2Fwww.fao.org%2F3%2Fa-bp843e.pdf&usg=AOvVaw3zg5dpWkwHWlGjxkc38QxT
http://www.fao.org/faostat/en/#home
https://www.worldbank.org/en/topic/urbandevelopment/brief/solid-waste-management
https://www.cityoflondon.gov.uk/services/environment-and-planning/waste-and-recycling/Pages/default.aspx
https://cycles.thameswater.co.uk/Accessible/The-sewage-treatment-process
https://www1.nyc.gov/assets/dsny/site/resources/reports/waste-characterization
http://www.nyc.gov/html/dep/html/wastewater/index.shtml
http://www.kankyo.metro.tokyo.jp/en/waste/index.html
https://www.sbmc.or.jp/english/050427/Sewerage_System_in_Tokyo_2.html
http://www.fao.org/3/j4504E/j4504e00.htm
https://www.researchgate.net/publication/236898178_A_review_on_biomass_classification_and_composition_co-firing_issues_and_pretreatment_methods
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Lesson 2: Conversion routes
Introduction (Z2 Intro)

No external sources or references used.

Heating value (Z2a)

No external sources or references used.

Changing the physical properties of the material (Z2b)

Pellets trade and markets, IEA task 40 reports.

Fundamental understanding of pelletization.

Factors affecting pellet durability.

Glycerin as a binder in densified RDF.

Report on Swedish pellet factories and the need of energy.

Forest Products Laboratory, search for wood handbook chapter 05.
Direct download: Frodeson: Towards understanding...

Screw extruder video on youtube.

Excenter press animation on youtube.

Chemical synthesis to change the properties (Z2c)

Distance learning at Penn State University.

Video link: FAME process demonstrated 1(3)

Video link: FAME process demonstrated 2(3)

Video link: FAME process demonstrated 3(3)

Direct download: Paper from Aachen University on HVO production.
Direct download: Paper on boiling and freezing points of hydrocarbons.

Biomass -> Biofuel by biochemical processes (Z2d)

Biogas handbook, 3 chapters and 4 appendices.

Homepage for the World bioenergy association.

Ethanol fermentation, biology textbook, cell respiration chap 12.
Ethanol upgrading: Paper by Zentou & al.

Biogas upgrading: Paper by Awe & al.

Side-reading: Paper by Rosales-Calderon and Arantes.

Biomass -> Biofuel by thermochemical processes (Z2e)

Distance learning at Penn State University.

Paper: Larina - Comparison of methods for gaseous fuel.

Paper: Zhang — Liquefaction and bio-oil upgrading.

Paper: Sikarwar — Advances in biomass gasification.

Paper: Christiansen — Fuel yield in gasification and pyrolysis.
Direct download: IEA-Task 33 report on gasification.

Direct download: Calculation techniques for efficiency evaluation.

Certificate task for the second lesson.

No external sources or references used.


http://task40.ieabioenergy.com/iea-publications/task-40-library/
https://orbit.dtu.dk/en/publications/fundamental-understading-of-pelletization-efp-2005-project-33031-
https://www.sciencedirect.com/science/article/pii/S1364032116311777
https://www.researchgate.net/publication/273478316_Properties_of_Densified-refuse_Derived_Fuel_Using_Glycerin_as_a_Binder
https://www.ivl.se/
https://www.fpl.fs.fed.us/index.php
https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=7&cad=rja&uact=8&ved=2ahUKEwi7rYqitoPoAhVD0aYKHeqMBGEQFjAGegQIARAB&url=http%3A%2F%2Fwww.diva-portal.org%2Fsmash%2Fget%2Fdiva2%3A1366777%2FFULLTEXT03&usg=AOvVaw3qsGLMjZqLJsf2m3Vp-fry
https://www.youtube.com/watch?v=WaB-dsB1Kfk
https://youtu.be/XU5twIAaZt8
https://www.e-education.psu.edu/
https://www.youtube.com/watch?v=mbtTEKDfTVo
https://www.youtube.com/watch?v=3anau83Qxt4
https://www.youtube.com/watch?v=abjYKarlWxM
https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=14&cad=rja&uact=8&ved=2ahUKEwjahuTRoavoAhXyy6YKHaNDAYMQFjANegQIAhAB&url=https%3A%2F%2Fwww.chemeng.uliege.be%2Fcms%2Fc_4636182%2Ffr%2Feurecha2018-mainreport-2ndprize&usg=AOvVaw2SVAwe30Zji_9s3an8wBmm
https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwimou73s6voAhWMGZoKHep-AKwQFjAAegQIBBAB&url=http%3A%2F%2Fwww.ajchem-a.com%2Farticle_92003_7188b7e9c57d521973c5bf6f75083f9f.pdf&usg=AOvVaw3LJC_LGsFPC-VLzS2WZ5bB
https://completebiogas.com/
https://worldbioenergy.org/
https://www2.estrellamountain.edu/faculty/farabee/biobk/BioBookTOC.html
https://www.mdpi.com/2227-9717/7/7/458/htm
https://hal.archives-ouvertes.fr/hal-01619254
https://biotechnologyforbiofuels.biomedcentral.com/articles/10.1186/s13068-019-1529-1
https://www.e-education.psu.edu/
https://iopscience.iop.org/article/10.1088/1742-6596/774/1/012137
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6630481/
https://pubs.rsc.org/en/content/articlehtml/2016/ee/c6ee00935b
https://epress.lib.uts.edu.au/student-journals/index.php/PAMR/article/view/1448
https://atee.fr/system/files/2020-02/IEA-Bioenergy-Task-33-Lessons_learnt_about_thermal_biomass_gasification.pdf
https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=14&cad=rja&uact=8&ved=2ahUKEwiGlbuWn5DpAhWOepoKHTapBv8QFjANegQIBhAB&url=https%3A%2F%2Fkth.instructure.com%2Ffiles%2F263973%2Fdownload%3Fdownload_frd%3D1&usg=AOvVaw1JVkN2HgV4J5LGb9Kj5wsR
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Lesson 3: Extraction of bioenergy from the biofuels

Introduction (Z3 Intro)
No external sources or references used.
Combustion stoichiometry (Z3a)
No external sources or references used.
Adiabatic reaction temperature and fuel usability (Z3b)
Isidoro Martinez’ material.
Open-flame furnaces (Z3c)
World Bank Health and Safety Guidelines.
About cement kilns and cement production.
Indirect heating furnaces (Z3d)
No external sources or references used.
Turbines and the Carnot efficiency (Z3e)
Paper: Energy, entropy and exergy concepts ...
Khan Academy, thermodynamics.
InfoCoBuild free online courses.
Small-scale CHP (Z3f)
IEA/33 Bioenergy country reports.
IEA/37 Bioenergy country reports.
Univ. of Florida page about Biogas.
Small-scale wood gasifier for power production.
Farm-scale anaerobic digestion for power production.
Paper: Biogas development in Germany.
Paper: State-of-art for small scale gasification for power production.
Certificate task for the third lesson.
Examination excel-sheet.



http://webserver.dmt.upm.es/~isidoro/
https://www.worldbank.org/en/search?q=health+and+safety+guidelines
https://www.understanding-cement.com/kiln.html
https://www.researchgate.net/publication/26545158_Energy_Entropy_and_Exergy_Concepts_and_Their_Roles_in_Thermal_Engineering
https://www.khanacademy.org/science/physics/thermodynamics/temp-kinetic-theory-ideal-gas-law/v/thermodynamics-part-2?modal=1
http://www.infocobuild.com/education/education.html
http://task33.ieabioenergy.com/content/participants/country_reports
http://task37.ieabioenergy.com/country-reports.html
http://biogas.ifas.ufl.edu/index.asp
https://www.youtube.com/watch?v=i9xmWJ4hAGs
https://www.youtube.com/watch?v=iJ7pzRIvXTQ
https://onlinelibrary.wiley.com/doi/full/10.1002/cite.201700077
https://www.sciencedirect.com/science/article/pii/S1876610214000289
https://bioenergyprof.eu/Self-test_Z3-Certificate-HtmlExport/Examination-task.xlsx
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Lesson 4: The supply system - part of a sustainable society

Introduction (Z4 Intro)
Recorded master-class on circular economy, first lecture.
Recorded master-class on circular economy, second lecture.
Recorded master-class on circular economy, third lecture.
Paper: More complete quantification of the carbon cycle.
Paper: Policy for material efficiency.
Link page: Climate change in a religious and ethical perspective.
System fundamentals and basics (Z4a)
Direct download: Decision Support tool (report) from UN/FAO.
Direct download: The How2Guide (report) from UN/FAO.
The first steps in the supply, harvesting and collection (Z4b)
Solar irradiation data from NASA.
Company “Fondriest” page on solar irradiation.
International Energy Agency, IEA homepage.
International Renewable Energy Agency, IRENA homepage.
The next steps: Loading onto a truck and road transport (Z4c)
European Federation department of transport.
European Federation workshop on longer and heavier vehicles 2009.
Weights and measures allowed for trucks in Ireland.
Example of truck fleet with a transport company from Russia.
Example of a truck: Video with a side-tipping truck and trailer.
Example of a truck: Video with a rear-emptying trailer.
Data for a small chipper, used in a worked example.
Storing of biomass, risks and problems (Z4d)
Montgomery County, Maryland, on spontaneous ignition.
Book chapter: Equilibrium moisture quotient, Glass and Zelinka
Video: About composting and wood degradation
Direct download: Fire Hazards from self-heating..., R3Environmental
Direct download: Seasonal and long-term storage..., Researchgate.
Direct download: Linear programming model for supply chains.
End-user demands and expectations on the supply system (Z4e)
International Energy Agency: World Energy Outlook.
Direct download: Biofuels for aviation, from IRENA.
Direct download: Paper on co-firing wood and coal.
Direct download: Paper on coal milling.
Direct download: Paper on milling energy for torrefied wood.
Forest-fuel-based CHPC-production, example from Sweden (Z4f)
Direct download: Excel worksheet.
Circular economy and ash recirculation (Z4g)
Libretext homepage: https://libretexts.org/
Bioenergy Professor homepage: https://bioenergyprof.eu/
OECD homepage: http://www.oecd.org/
IVL-report: Nutrient budgets in forest soil ...
Cornell University: Agricultural factsheets ...
Paper: Biomass ashes and their phosphorous ...
Direct download: Oecd/Eurostat Nitrogen Balance Handbook ...
Direct download: Power-point lecture slides from Abo Akademi ...
Certificate task for the fourth lesson.
No external sources or references used.



https://www.youtube.com/watch?v=7pZnWDznojk
https://www.youtube.com/watch?v=V-ec-eeJsAU
https://www.youtube.com/watch?v=V9fylspC28k&feature=youtu.be
https://www.biogeosciences.net/16/831/2019/
https://royalsocietypublishing.org/doi/10.1098/rsta.2011.0567
http://fore.yale.edu/climate-change/statements-from-world-religions/
http://www.fao.org/3/a-am237e.pdf
http://www.fao.org/3/a-i6683e.pdf
https://power.larc.nasa.gov/data-access-viewer/
https://www.fondriest.com/environmental-measurements/parameters/weather/photosynthetically-active-radiation/
https://www.iea.org/
https://irena.org/
https://ec.europa.eu/transport/home_en
https://ec.europa.eu/transport/modes/road/event/workshop-gigaliners-24th-june-2009_en
https://www.rsa.ie/en/RSA/Your-Vehicle/Vehicle-Standards/Weights--Dimensions-/
http://fess.su/news/dimensions-and-sizes-of-trucks
https://www.youtube.com/watch?v=yK-4mhxd3uk
https://www.youtube.com/watch?v=tZ2K6COLnj4
https://timberwolf-uk.com/prod/tw-230dhb-chipper/
http://mcfrs.blogspot.com/2016/07/safety-alert-how-to-avoid-disaster-in.html
https://www.researchgate.net/publication/273459077_Moisture_Relations_and_Physical_Properties_of_Wood
https://www.youtube.com/watch?v=ujmIzzsBaS8
http://www.r3environmental.co.uk/downloadsnew/BREr3%20waste%20compost%20fires%20Final.pdf
https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwjgk_jXsajmAhWbw8QBHb2CBBIQFjABegQIAhAC&url=https%3A%2F%2Fwww.researchgate.net%2Fprofile%2FMarcia_Marques%2Fpublication%2F228450664_Seasonal_and_Long-term_Storage_of_Waste_Fuels_with_Baling_Technique%2Flinks%2F00b7d5269debe17779000000%2FSeasonal-and-Long-term-Storage-of-Waste-Fuels-with-Baling-Technique.pdf&usg=AOvVaw3zr9Ux-mwiWdBCRDwxeM6I
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0101-74382018000100001
https://www.iea.org/search?q=world%20energy%20outlook
http://www.irena.org/documentdownloads/publications/irena_biofuels_for_aviation_2017.pdf
http://innoenergy.learnify.se/learnifyer/ObjectResources/b322048d-c049-474a-99bd-d0dff54501c9/prizing,%20hunt%20-%20impacts%20of%20wood%20cofiring%20on%20coal%20pulverization%20at%20the%20shawville%20generating%20station.pdf
http://innoenergy.learnify.se/learnifyer/ObjectResources/b322048d-c049-474a-99bd-d0dff54501c9/xie%20&%20al.,%20energy%20-%20size%20reduction%20of%20coals%20in%20the%20hardgrove%20machine.pdf
http://innoenergy.learnify.se/learnifyer/ObjectResources/b322048d-c049-474a-99bd-d0dff54501c9/repellin%20&%20al.%20-%20energy%20requirement%20for%20fine%20grinding%20of%20torrefied%20wood.pdf
http://bioenergyprof.eu/Self-test_Z4f-HtmlExport/Z4f_CHPC.xlsx
https://libretexts.org/
https://bioenergyprof.eu/
http://www.oecd.org/
https://www.ivl.se/english/startpage/pages/publications/publication.html?id=5390
http://nmsp.cals.cornell.edu/guidelines/factsheets.html
https://link.springer.com/article/10.1007/s10705-010-9353-9
https://www.oecd.org/greengrowth/sustainable-agriculture/40820234.pdf
http://users.abo.fi/mzevenho/portfolj/undervisning/FPK/Ash%20utilisation.pdf
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Lesson 5: Final mini-project - Certificate for the course
Introduction (Z5 Intro)

No external sources or references used.
Project instructions (Z5 Mini-project)

No external sources or references used.



