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Based Bioresources
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Residue and by-Product Based Bioresources o
Lecture Parts (0:59 min.)
Part 1: Introductory Lectures on Biorefineries and Bioresources

Lecture “Bioresource Categories”

r ) Lectures Overview

Part 2: Main Lectures on Bioprocesses and Bioresource Chains
Part 3: Case Study Lectures on Interdisciplinary Projects
Part 4: Lectures on Support of Sustainability by Bioresource Uses
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What Is a Bioresource?

Definition

Video: Bioresources and

Bioresource Chain Manag

Master Studies: Wood Science (in

English)

Bachelor Studies: Bioressourcen-

Nutzung (in German)

N
A\

Bioresources are non-fossil biogenic substances, which can be used by humans for the
following purposes:

They can be specifically grown for such purpose as primary bioresources or are generated as
by-product or residue, for instance during a processing or consumption activity.

(updated from Kérner 2015)

Licence: CC-BY-SA Detailed references and image licences can be lectures @)
3 www.hoou.de/projects/Iff  pp pr-ing. habil. Ina Karmer found at the end of the lecture in slides 17-21. for future
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Part 1: Bioresource Categories Media
. . .
Bioresources as Fossil Resource Substitutes
. Bioenergy Share within the Sector,
Bloenergy Germany 2019
Gactfiernel and In % of the Sectorial Renewable Energy Provision,
100 . environmental heat 4% Based on Data from UBA (2020) e
Hydropower 4% 20 Which Products Are Bio-
Fossil “ Based Products?
resources Wind energy 28% "
Renewable g:’b:” Collection @
g
el";;g: ” Pl g7
: * Garbage Collection
Bag B
Bioenergy 52%
oo 100 % * Collection Bag for @
Dog Excrements A
0
Renewable Energy Share, Renewable Energy Types, Renewable Energy in Main Providing Sectors, * Collection Bag for
Germany 2018 Germany 2019 Germany 2019 Dog Excrements B
in % of End Energy Consumption, in % of Total Renewable Energy Provision, in % of Total Sectorial Energy Provision,
Based on Data from BMWi (2019, p.9) Based on Data from UBA (2020) Based on Data from UBA (2020)
Licence: CC-BY-SA Detailed references and image licences can be @S )
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Part 1: Bioresource Categories Media

Main Components in Bioresources
Bioresource group |Important organiccompounds I TP NPT T 1 TR R e e e I Schematic Composition
T e of organic and inorganic compounds ‘;/ V”s"{‘;“;"“":‘f"‘o‘:‘
" rawn Jri
ks « proteins as well as water. Different types of s:';; 2004)
a * fats, oils, fat containing molecules organic compounds are generated o
RSN, SO O ORALes naturally during growth of the Databases with Specific
* carbohydrates(saccharides) : : 5
Algae oty organisms. During use, they may be Qsmesoume
o fats transformed. Composition Data
Antmal * proteins . .
(heis « fats, oils, fat containing molecules Although bioresources are manifold,
* chitin/ murein the organic compounds can be
Microorganismsand  * proteinsand protei ining basically broken down into four
fungi S classes, which make up the bulk of
ot the organic components:
23".':: :::L JGH ".nnll'n‘." edfeed/foodwith  Carhohydrates | Lipids | Proteins |
o Aromates
Licence: CC-BY-SA Detailed references and image licences can be @ )
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Part 1: Bioresource Categories Media

Bioresource Categories for Biorefineries

Categorisation by the German Ministry of Education and Research Multiple Forms of

Categorisation

: . " 5 < (1:56 min.)
Renewable Biogenic residual Biogenic waste
bioresources materials materials

generatedin
generatedin ~—{ agriculturaland
agriculture, forestry forestry production arise in the usage

or aquacultureand phase of the finished

are not used for food || obtainedin primary product 8
or feed refining §
&
" obtainedas b
productionresidues s
from industrial p
: processing 8
Quality decreases
Licence: CC-BY-SA Detailed references and image licences can be
6 www.hoou.de/projects/Iff  pp Dr-Ing. habil. Ina Kdrner found at the end of the lecture in slides 17-21. 'ﬁ%@)
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Advanced Bioresource Categorisation

Considering Origin, Properties and Application Suggestions

o A bioresource can be used multbranched —to produce one core
product and several co-products.

o After food consumption or after substantial utilisation of a bio-
based product, some of the components may be used againfor
making a recycling product (re-product). Inthis way bioresources
canbe used inc 5.

o The final stape is energetic utilization (or disposal).

P el pativawy

Multibranch and cascade utilisation of bioresources connected with
afinal energetic utilisation step are key aspects towards efficient
bioresource utilisation and ecological sustainability (Korner 2015).

-—

Unlwezuraie aaibasry

B Licence: DC-BY-50 Dretailed references and image icences can be lectures @)
7 www.hoou.de fprojectsIff P De-ing. habil. Ina Kienar found at the end of the becturein shides 17-21. for Future

Primary Bioresources

0 urces The whole non-
Cultured plants, animals, processed culture isthe
algae, microorganisms, 3iOresource starting point of

fungi, insects Materials processing. During
primary processingone
core productis
generated, whichis
transformed by further
industrial processes into
consumer products.
During processing,
shares of the virgin

Virgin primary biores

Processed primary b

AR T S L S SN G 4 L5 bioresourceare
Shares remaining on-site Secondary and tertiarybioresources
separated.
3 LUcence: CC-BY-SA Detaded references and image cences can be lectures @
3 www.hoou.de/projects/iff  PD Dr-ing. habil Ina Karmer found at the end of the lacturs in sides 17-21. fl:r future

Primary Bioresources

A

Production Areas: Forestry, Agriculture, Aquaculture

Examples:

plants from parks and
gardens > have a
recreational function

primeval forestplants,
wild livinganimals>
are not grown for a use-
oriented purpose

They are produced for a specificuse-oriented purpose. They should be used to

make food, feed or substantial products. Itis notrecommended to use them for pet animals = haveas
energy production. function to accompany
humans
(Kérner 2015)
3 Ucence: CC-BY-SA Detaded references and image icences can be lectures @
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Secondary Bioresources

General characteristics:

m

C

o occurinlarge quantities
o have low content of impurities
o are preferred for higher value applications

Exomples: Wood Chips in Sawmills

Licence: CC-BY-SA

10  www.hoou.de/projects/Iff PD Dr-ing. habil. Ina Kémer

ectors:

Ngoy-proaucis orres

gues

from primary or further industrial
activities from primary virgin or
processed bioresources.

Vizintenznce res duss of large areas
(e.g. parks, lawns, sportplaces, dikes)
if harvested as pure fractionin large

amounts.

Lown Cuttings in Golf Courses
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Detaded references and image licences can be
found at the end of the lacture in shdes 17-21.

Tertiary Bioresources

seneral characteristics:

Small amounts occur at generation place

Compaosition may be hard to define

G

o

o Many generation places exist
o

o Impurities may be contained
o

Do not resultfrom a consumed product

&= -
.
> wm ®
'Q;' % Collection

Licence: OC-BY-54
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Generation sectors:

Processing and retail sector: As waste at commercial
level during harvesting, post-harvesting, primary
processing and storage, industrial processing,

packaging, retailing.

Consumption zector: As preparation waste or wasted
product at consumer level insmall businesses (e.g. in
restaurants, canteens) and in private households (e.g.
in kitchens).

Maintenance sector: As waste (e.g. tree prunings,
lawn cuttings, autumn foliage) at private and
commercial level during care of gardens and other

Ereen areas.
lectures @
for Future

Dretailed references and image licences can be
found at the end of the lecture in shdes 17-21.

Quaternary Bioresources

General Characteristics:

Q Generated directly after or with short
U Short term delay after consumptionina time scale o Occur after a product
'_' of minutes to hours (e g. excrements was consumed
after food or feed consumption). o Composition may be hard
to define
f Generated in days to months after = Impur_|t|e5 may be
l.‘ ’ — Mid term begin of utilisation (e.g. packaging contained
e materials, newsprints).
Q

P —

Licence: OC-BY-54
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Long term

PD De-ing. habdl. Ina Kdmer

Generated years after begin of
use (e.g. wood construction
materials, furniture).

Dretailed references and image licences can be
found at the end of the lecture in shdes 17-21_
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Examples for Assignments

of Bioresources to the Different Categories Examples fo Bogenic Raw Maeris,

. . Residues, Wastes, and Wastewaters
PRIMARY Primary Secondary Tertiary Quaternary )
SECTOR Bioresource Bioresource Bioresource Bioresource Generated insots Sectors s el

Assignment to a Bioresource Catego

Human
Waste bread . .
AGRICULTURE Wheat Wheat husks aste brea ments (Kérner 2015, p.303)
AGRICULTURE . Orange peels in Orange peels in Human
e food industry households excrements

. Bonesin Spoilt pork chops  Bones from eaten
AGRICULTURE Pig slaughterhouse in households pig chops e e e

Unused paper
Muiltiple Choice Questions

FORESTRY Spruce Bark thrown awayin Wastepaper
households
; Green waste . e
EURREa : fosdsgatiess  fromprivte ST Creg e eg Evrt
nrdens rag an op txercise
They should be avoided as first priority, but if they occur, they should be utilised.
Licence: CC-BY-SA Detailed references and image licences can be
13 www.hoou.de/projects/Iff o br.ing. habil. ina Kormer found at the end of the lecture in slides 17-19. lectures @)
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Comparison of Properties and Suggested Products
from Bioresources of the Different Categories

PROPERTY IPrlmarv S-Iemndary ITemarﬁr Qluatemar\r
Bioresource Bioresource Bioresource Bioresource

ORIGIN agricﬁlrtol..:rer:fl:rstru prlgf:;glor Pgme;:::;;:inﬁd Wasteand wasewater
aquaculture maintenance sector maintenance sectors I S 20
USAGE TYPE primary multi-branch multi-branch cascade
PRODUCT TYPE

Food X X = =

Feed X X X =
Substantial product X X X X
Energetic product = (- X X

PRI ... W N tectures {2

Example for the Transformation of Bioresources @) /=™

(3:23 min.)

The Paper Chain GOooOo oe -

Note:
Waste
paper
recycling

Higher value output

The presented chain from forestry to
wastepaper recycling is simplified.

Wastepaper fibres can be reused. In
that case, they enter the chain again
at the “Paper production” stage
resulting in a cascade utilisation

e S

- -
[ | =l L | [l
=

Lower value output
Most lower value outputs of the

various process stages are foesissla
substantially or energetically used,
contributing to a multichain

2 g grero— . P / \ ™ e,
Substantial Substantial Substantial astewater — e— atewater
utilzation utikzation utization treatment ot ol —r) treatment
Energetic Energetic T, AT,
utikzation utiization Hygienic pagers, Landfill

Energetic )
utilzation

itilisation.
s (Kérner 2021, modified from Kérner 2015, p. 309)
Licence: CC-BY-SA Detailed references and image licences can be @)
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| smmary [

ConCIUSiDn Bioresource use
contributes among others
to following SDGs
) L . . (UN 2020):
o Low-value bicresources should be used The categorisation of bioresources into
forthe production of mass products, primary, secondary, tertiary and
high-quality ones preferably for high- quaternary bicresources helps to design
quality products. efficient utilisation pathways.
o Cascade use of bioresources is usually Categorisation may helpto avoid an
possible, if end-of-life products or other inefficient bioresource useand to
quaternary bicresources are available in prevent the use of a high-guality 17 et 19 omar
large quantities and suitable purity. bioresource for the production of a low- AND FRODLETIN
o Ifa substantialuseis not possible under value product. CK) @
reasonable conditions, the biocresources A bioresource use contributes to many
should be used to make energy, thus of the Sustainable Development Goals
ending the chain. (SDGs).
16 B Liconce: CC-BY-S4 - Dretailed references and image licences can be lectures @
wunw.hoou.de/projectsfIff PO Deing. habsil. na Kmer found at the end of the lecturein dides 17-21
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Bioresource Categories

ntroduction (Sound-byte 0:59 min.)

o This lecture belongs to the on-line lecture series on Residue and by-product based bioresources and there to

the introduction lectures on biorefineries and bioresources.

Inthe lecture on ,Bicresource categories” Bioresources are defined and bioresource categories introduced.
The category discussion includes the various origins, properties and principal application options. Also many
examples for specific bioresources are given. The bioresource categories are assigned to priorities in terms of
substantial or energetic use. Furthermaore, transformationsfrom one category into another are explained on
the example of the paper chain.

It is concluded, that the use of bioresources contributes to many sustainability goals. Furthermore, it is
concluded, that the categorisation of hioresources into primary, secondary, tertiary and quaternary
bioresources helps to design efficient utilisation pathways.

) Liconce: CC-0Y-58 ~ Deetailed references and image lioences can be lectures @'
wwnw hoou.de/projects/Iff PD De-ing. habil. Ina Kaomner found at the and of the lactursin sides 17-21. for future

Audio @ (Page 2/Slide 6)

Bioresource Categories

Multiple Forms of Categorisation (Sound-byte 1:56 min.)

The categorisation of the German Ministery of Education and Research differentiates the bioresources based on their basiceorigininto
three groups. A more specific classfication is suggested which considers additionally important properties. This is importantte find most
efficientutilisation pathways. The advanced classes are primary, secondary, tertiary and quatemary bioresources.

The primary bioresources are equivalent tothe Renewsble bioresources. They are specifically produced for the purposeof anapplication:
But in contrastto the ministeries definition, the application optionsindudes alsothe food and thefeed sector.

The zecondary bioresources includethe ministeries biogenic residual materialz from the different sectors. Additionalby also maintenance
residuesfrom large areaz are induded. Specific tothe groupare large amounts with materiz | of guite similar properties. Thatmakesthis
type more suitablefor value-added applications compared tofractionswhich gococur only insmallamounts, but on many spots.

These arethanthetertiary bioresources, which hawve s lowerguality, since they ocour onmany different spots. The may be notuniformly
composed and most probably contasin many impurities. They can belong tothe group of biogenic residual and waste materials of the
ministery. However, they do notcome from a product after its usage, which formthe last group, the quatemary bioresources.

The gquaternary bioresources areimportant for utilization cascades. After afinished productwas in use, it canbe recycled toget anew
product. Thiscategory goes intodirection of biogenic waste materials, but cleary consideres a previous utilisation phase.

) Liconce: CC-0Y-58 ~ Deetailed references and image lioences can be lectures @
www. hoou.de/projectsfIff PO De-ing. habil. Ina Kéoner found at the end of the lecturein sides 17-21. for future

11




HAMBURG

HOOWU c:vonne lectures ‘9

UNIVERSITY fur fu tu re Hamburg University of Technology

Audio @ (Page 5/Slide 15)

Bioresource Categories

T--» ParnarChain (Sqanmmd_bwtae 272 man §
- ) L — Ch AU WY LD .l «f

T

o 0Onthe example of the paper chain, | want to explainthe interrelaions betw een primary, secondany, tertiary, and
quaternary bioresources The complex processeswithinthe chain are simplified for that purpase.

o The paperchain startsintheforest. A sprucetree, for instance, may be harvested about 100 years after planting.
Stemwood isthe coreoutput. It isthe primary bioresource considered for further processing. Rootes and parthy twigs and
branchesremain inthe forest and contributeto soil improvement. These harvest residues are not consdered as
bioresourcefor further use.

o From forest to pulp millsecondary bioresources are generated such as low quality wood chips and bark. These can be used
for instance for energy generation. For that purpose, a part of thetwigs and branches can be shredded to makethechips.
Bark isremoved inthe pulp mill, since twould lead to dark spots in paper.

o Stemwood not alwaysgoesto pulp production. It can also beused ina sawmil for making timber. The lower quality parts
from the log are alsoa secondary bioresource. They can be shredded to wood chips and delivered to pulp production.

o For pulp production debarked stemwood is hackledto wood chips. The wood chipsthan aretreated thermao-chemically
and mechanically. The main cutput isthe pulp consiging of virgin cellulose fibers. The by-product is black liquorwhich
contains ligninand hemiceluloses. It is a secondary bicresource, which is currently often used energetically, But the black
liquor hasalsoa high potential for substantial use.

o Tomake paper, fibersand other inputs are mixed with water. Virgin cellulose fibers from pulpmilk are primary
bioresources. Fibers from recycled paper are quaternary bioresources. Besides fibers, non bio-biobased mineralic
compounds areused. Inthe paper maching, the fiber-cont@ining suspension is distributed onto a mesh, water isremoved
and the paperwebisrolled. During mechanical dewatering asmall amount of fiber finesare discharged and treated.

o The paperconsumption isthecore ofthechain. Whenthe consumer does not need the paper product anymore, it
becomes wasepaper, which isthan a quaternary bicresource. Wastepapers from newsprints, ooks, and packaging
materialscan becollected and recycled. However, some of the paper products cannot be recovered such as toilet papers
which aredisposed in toilets. Around 20% of wastepaper is not available for recycling.

o During wastepaper recycling the wastepaper fibers are recovered. Fibers are separated from other paper ingredients such
as irk, pigments and filing materiak. However, during recycling fibers may get shorter dueto mechanicl stress. Cumently a
fiberisusedabout &to B timestill it isto short.

o Since finefibers are not usable for paper productionthey areremoved. They accumulate inthe deinking sludge together
with other paper ingredients. Deinking sludges aretreated with a part ending in wasewsater tregtment, and a other
currently often in indneration for disposal. But deinking sludges have alsoa potential to make bioenergy andto usethe

mineralic sludge compounds inthe construction industry.
nees and image licences can be |Ent“lE5 @

nd of the lectune in shdes 17-21
for future

wwws hoou.defprojectsI1ff Licance: CC-BY-5A Dietaiiled
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B2. List of links

Page 1/Slide 2: Lectures overview: http://www.bioresource-
tools.net/files/Iff overview 2021.pdf

Page 7/Slide 17: References database:
https://www.zotero.org/groups/2496968/lectures for future/collections/HWS

TZ8SE
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B3. List of images and videos

Image (Page 2/Slide 4)

HUNDEKOT-BEUTEL
DOG-BAG

Figure 1. (Left to Right): Garbage Collection Bag A, Garbage Collection Bag B, Collection Bag for Dog Excrements A, Collection Bag
for Dog Excrements B

Image (Page 2/Slide 5)
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Hard Wood Soft Wood Agricultural Residues

Figure 2. Schematic Composition of Various Bioresource Types (Redrawn from Saake 2004)
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Info Q Page 2/Slide 4
Info: Bio-based products are defined in the German standard DIN EN 16575 as follows:

“Der Begriff biobasiert bedeutet von Biomasse abgeleitet. Biobasierte Produkte (Flaschen,
Dammwerkstoffe, Holz und Holzprodukte, Papier, Losemittel, chemische Zwischenprodukte,
Verbundwerkstoffe, usw.) sind Produkte, die vollstindig oder teilweise von Biomasse
abgeleitet sind. Von erheblicher Bedeutung ist es, die Menge der im Produkt enthaltenen
Biomasse zu charakterisieren, zum Beispiel den biobasierten Gehalt oder den Gehalt an
biobasiertem Kohlenstoff.” (DIN EN 16575:2014-10)

“The term bio-based means derived from biomass. Bio-based products (bottles, insulation
materials, wood and wood products, paper, solvents, chemical intermediates, composites,
etc.) are products that are wholly or partially derived from biomass. It is of considerable
importance to characterise the amount of biomass contained in the product, for example, the
bio-based content or the bio-based carbon content.” (translated from DIN EN 16575:2014-10)

Video: Bioresources and Bioresource Chain Management:

https://www.youtube.com/watch?v=SXHhW4qkBDs

Master Studies: Wood Science (in English):

https://www.biologie.uni-hamburg.de/en/forschung/oekologie-biologische-

ressourcen/holzchem/lehre/msc-wood-science.html#Mehr%20erfahren#Mehr%20erfahren

Bachelor Studies: Bioressourcen-Nutzung (in German):

https://www.biologie.uni-hamburg.de/forschung/oekologie-biologische-

ressourcen/holzchem/lehre/bsc-bioressourcen-nutzung.html#Mehr%20erfahren
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Info 0 Page 2/Slide 5

Note: Within a group, and also for different representatives of one bioresource species,
variations in the specific composition may occur. The variations within a group are shown in
the figure in trend. They are in tendency larger for agricultural residues compared to wood.
Source: Saake, B 2004, Personal provision. Hamburg University, Institute of Wood Science,
Wood Chemistry.

https://www.biologie.uni-hamburg.de/en/forschung/oekologie-biologische-

ressourcen/holzchem/personen/mitarbeiter/saake.html

Databases with Specific Bioresource Composition Data: “Phyllis is a database containing
information on the composition of biomass, macro- and micro-algae, feedstocks for biogas
production, biochar and torrefied biomass. Phyllis provides data for individual materials or
average values for a group of materials.” “The CIRAD wood chemical composition database is
a part of the general CIRAD wood database [..]. 614 wood species are described with
measurements of wood polymers (cellulose, lignin and pentosan) and overall extraneous
components (ethanol-benzene, hot water extracts, ash, silica content).”
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B5. Questions and exercises with answers

eQuestions (Slide 4/Page 2) (See page 17 for answers)
Question 1: Garbage Collection Bag A

Information from the garbage bag: Company: DEISS; Product name: Bioline; Fully
compostable; Renewable raw materials > 50%; DIN certified: bio-based 50-85%; Basic
material: Ecovio from BASF, certified compostability, mostly bio-base

Based on this information, which among the following is true for this bag?

a) This product is bio-based.
b) It cannot be said with the available information.

¢) This product is not bio-based.

Question 2: Garbage Collection Bag B

Information from the garbage bag: Product name: PRIVA; Volume: 15 L; Compostable
(7P07135)

2a) Based on this information, which among the following is true for this bag?

a) This product is bio-based.

b) It cannot be said with the available information.

c) This product is not bio-based.
Information from webpage A: Material: Bioplastic-foil from "MaterBi" Type CF 06
2b) Based on this information, which among the following is true for this bag?

a) This product is bio-based.

b) It cannot be said with the available information.

c) This product is not bio-based.

Information from webpage B: Certificates for MaterBi: Contains renewable raw materials,
Biodegradable, Compostable ISO 13432 (manufacturer), Compostable ISO 13432 (certificate)

2c) Based on this information, which among the following is true for this bag?

a) This product is bio-based.
b) It cannot be said with the available information.

c) This product is not bio-based.
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Question 3: Collection Bag for Dog Excrements A
Collection Bag for Dog Excrements A
Information from the bag: Company: Brosch-pe; Product name: Dog-Bag

3a) Based on this information, which among the following is true for this bag?

a) This product is bio-based.
b) It cannot be said with the available information.

c) This product is not bio-based.

Collection Bag for Dog Excrements A

Information from a webpage: Material: 1A material or 100% regenerate; Certified climate
neutral company: climatpartner.com 15689-2002-1001

3b) Based on this information, which among the following is true for this bag

a) This product is bio-based.
b) It cannot be said with the available information.

c) This product is not bio-based.

Collection Bag for Dog Excrements A
Contacting the company: Made from 1A material: HDPE

3c) Based on this information, which among the following is true for this bag?

a) This product is bio-based.
b) It cannot be said with the available information.

c) This product is not bio-based.

Question 4: Collection Bag for Dog Excrements B
Collection Bag for Dog Excrements B
Information from the bag: The environmentally compatible dog excrement bag.

43) Based on this information, which among the following is true for this bag?

a) This product is bio-based.
b) It cannot be said with the available information.

c) This product is not bio-based.
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Collection Bag for Dog Excrements B
Information from a webpage: Name of a providing company

4b) Based on this information, which among the following is true for this bag?

a) This product is bio-based.
b) It cannot be said with the available information.

c) This product is not bio-based.

Collection Bag for Dog Excrements B

Information from the company: Data sheet for green, red and black bags with information
regarding dimensions and colour; conflicting information to compostability: compostable
regarding EN 13432 (not clear if it is for all colours or only for the green)

4c) Based on this information, which among the following is true for this bag?

a) This product is bio-based.
b) It cannot be said with the available information.

c) This product is not bio-based.

e Questions (Slide 13/Page 5)

Question 5:

You prepare steaks and chips for your friends. For the chips, you use a lot of olive oil. After
preparing the meal, you let the used oil cool down. The next day, you bring the used oil to a
collection point, where a tank for used cooking oil is placed and regularly emptied by the
city. To which bioresource category would you assign your used cooking oil?

a) Quaternary bioresource, because the oil was used by you for cooking and can be
further used for something.

b) Tertiary bioresource, because the amount which is produced in the kitchen is rather
small and the oil is polluted with potato residues.

c) Secondary bioresource, because the used oil is collected in a tank and the tank
contents are used in a close-by biorefinery for biofuel production.

d) Primary bioresource, because the oil was made from olives from a farm close-by.
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Which secondary bioresource is generated in agriculture as by-product from milk production
by dairy cows?

a) Eggs, which the farmer can sell in the nearby market.
b) Calves, which the farmer can give to a slaughterhouse.
c) Grass, which the farmer uses to feed the cows.

d) Manure, which the farmer can use to fertilise crops.

Which of the following resources are counted as primary bioresources?

a) Insects, which are grown on food waste to produce feed for animals.

b) Insects, which are kept in a terrarium in a zoological garden.

c) Insects, which are fed with chicken feed to produce food for humans.

d) Insects, which live on trees and are used by bees to make honey.

e) Insects, which were manually collected from agricultural plants, since they destroy
the harvests.

Question 1: a) This product is bio-based.

Question 2a: b) It cannot be said with the available information.
Question 2b: b) It cannot be said with the available information.
Question 2c: c) This product is not bio-based.

Question 3a: b) It cannot be said with the available information.
Question 3b: b) It cannot be said with the available information.
Question 3c: ¢) This product is not bio-based.

Question 4a: b) It cannot be said with the available information.
Question 4b: b) It cannot be said with the available information.
Question 4c: b) It cannot be said with the available information.

Question 5: a) Quaternary bioresource, because the oil was used by you for cooking and can
be further used for something.

Question 6: b) Calves, which the farmer can give to a slaughterhouse.

Question 7: a) Insects, which are grown on food waste to produce feed for animals. c) Insects, which
are fed with chicken feed to produce food for humans.
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