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Learning Outcomes

After today’s course you

 are familiar with the main plastic types in packaging
* know various bioplastic types

« can identify successfully implemented bioplastics in everyday
products
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Plastic materials used in packaging?



Main plastics in packaging 1/2

— [
Water and soft drink bottles, salad Milk bottles, freezer bags, dip tubs, ice
domes, biscuit trays, salad dressing cream containers, juice bottles, shampoo,
and peanut butter containers chemical and detergent bottles
Cosmetic containers, commercial Squeeze bottles, cling wrap, shrink wrap,
cling wrap rubbish bags

9 Aalto University
A School of Chemical
B Engineering
Source: World economic forum, The New Plastics Economy: Rethinking the future of plastics, 2016



Main plastics in packaging 2/2

i & -

Microwave dishes, ice cream tubs, Foamed polystyrene hot drink cups,

potato chip bags, dip tubs burger take-away clamshells, formed
meat trays, protective packaging for
fragile items

.J é

CD cases, water station cups, Water cooler bottles, flexible fiims,
plastic cutlery, video cases multi-material packaging

9 Aalto University
A School of Chemical
B Engineering
Source: World economic forum, The New Plastics Economy: Rethinking the future of plastics, 2016



Plastic production by industry

A?

Aalto University
School of Chemical
Engineering

Growth in Asia

As the economies in Asia
grow, so does demand for
consumer products—and
plastics. Half the world’s
plastics are made there,
29 percent in China.

Glebal plastic
production by industry
in millions of tons

Legacy of World War Il
Shortages of natural
materials during the

war led to a search for
synthetic alterna
tives—and to an expo-
nential surge in plastic
production that
continues today.

1973 oil crisis

1950 1960 1970
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A
;

Total
448 million tons produced in 2015

Other

52 million

includes health care and agriculture

I 5Eyears < The average time plastics are
used before they're discarded.

Building and construction
72 million
ANRERRNNENEENONONNRNNNNNNNRDRNNONEN 35 years

Industrial machinery
3 million

AERNRANNRNNNNRRNNENE 20 years

Transportation
30 million

ARUENRRNDUNNN 13 years

Electrical
19 million
HREERREN 8 years

Textiles
65 million

HEERN 5 years

Consumer products
46 million

HEN 3 years

Packaging
161 million
| Less than six menths

The largest market for plastics today is
for packaging materials. That trash now
accounts for nearly half of all plastic waste
generated globally; most of it never gets
recycled or incinerated.

oes-viral/news-

https://www.news.com.au/technology/environment/conservation/brilliant-depressin
story/edb18ce70fbb05e5d748bb83410bc96a

Accessed 23.01.22



https://www.news.com.au/technology/environment/conservation/brilliant-depressing-national-geographic-cover-goes-viral/news-story/edb18ce70fbb05e5d748bb83410bc96a
https://www.news.com.au/technology/environment/conservation/brilliant-depressing-national-geographic-cover-goes-viral/news-story/edb18ce70fbb05e5d748bb83410bc96a

European plastic demand and waste in 2015

EUROPEAN PLASTICS DEMAND IN 2015 EU PLASTIC WASTE GENERATION IN 2015

49 million tonnes Others: 14%

w»
E h . Agriculture: 5%
8] & iy
. " I " Packaging 59%

] Packaging Canstruction ind
- g Demolition: 5%

= Building and
’;‘; wishiad construction

Automotive

—
_ E:_ Electronics

Aalto University European Commission: Communication from the commission to the european parliament, the council, the
School of Chemical . . . . .
B Engineering european economic and social committee and the committee of the regions — A European Strategy for

Plastics in a Circular Economy



Global flows of plastic packaging materials in 2013

A?

8% CASCADED
RECYCLING?

4% PROCESS
LOSSES

14% COLLECTED
FOR RECYCLING

78 MILLION —t
TONNES 40% LANDFILLED

(ANNUAL PRODUCTION) . §

1. Closed-loop recycling into same/similar application N - y

2. Cascade recycling into other, lower-value applications & I

- 11

2% CLOSED-LOOP
RECYCLING'

Source: Project Mainstream analysis, Ellen MacArthur Foundations



Waste estimates for 2010

The 192 countries with a coast bordering Aflantic, Pacific, and Indian oceans,

Mediterranean and Black seas produced a total of 2.5 billion metric tons of
solid waste. Of that, 275 million metric tons was plastic, and an estimated 8

million metric tons of mismanaged plastic waste entered the ocean in 2010.

Coastal mismanaged
plastic

8 Million metric tons of plastic
el it 6,350-245,000 metric fons™*

Estimated mass of plastic waste
floating at the ocean surface

Mitigation options:

https://jambeck.engr.uga.edu/landplasticinput Accessed 23.01.22

o Aalto University
School of Chemical
|

Engineering
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https://jambeck.engr.uga.edu/landplasticinput

Forecast of plastics volume growth

+ 8M tonnes of plastic waste goes into oceans
every year
« more plastic than fish in the ocean by 2050

* Oil consumption expected to grow slower (0.5%
p.a.) than plastics production (3.8% until 2030
then 3.5% to 2050)

* Emission of greenhouse gases by the global
plastics sector will account 15% of the global
annual carbon budget by 2050 (carbon budget
based on 2°C increase by 2100)

9 Aalto University
School of Chemical
B Engineering
Source: World economic forum, The New Plastics Economy: Rethinking the future of plastics, 2016



The problem

Greenhouse gas emissions resulting from production and after-use
incineration

275M tonnes total plastic waste produced annually
* Less than 5% of plastics are recycled

Average use of plastic bags 12 min vs. life expectancy up to 1000 years
150M tonnes of plastic in the oceans today

Problems caused by plastic waste:

+ Entanglement and ingestion by animals

+ Degradation of natural systems

* Chemical exposures

* Cost of marine litter up to 695 M€ (to tourism and fisheries sectors)

Plastic waste is
an enormous global problem
- and an untapped resource

o Aalto University_
- School of Chemical Sources: European Comission, Maritime forum

Engineering http://www.makeenenergy.com/home/business-areas/plastic-waste-conversion-plastcon/the-global-problem-of-plastic-waste/
https://news.uga.edu/new-science-paper-magnitude-plastic-waste-going-into-ocean-0215/

14



https://news.uga.edu/new-science-paper-magnitude-plastic-waste-going-into-ocean-0215/
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Bioplastics

Aalto University Fossil-based
School of Chemical
|

Bioplastics

Bioplastics are biobased,
biodegradable or both

Bioplastics

e.g. PLA, PHA,

e.g. biobased PE, PBS, Starch blends

PET, PA, PTT

The term biobased describes the
part of a material or product that
Non

stems from biomass _
biodegradable :

--\- Biodegradable

Conventional Bioplastics

When making a biobased claim, olastics :
the unit (biobased carbon content e.g. PBAT, PCL
or biobased mass content), a e.g. PE, PP, PET
percentage, and the method of

measurement should be clearly

stated

Engineering

Source: European bioplastics 16



Global production capacity of bioplastics 2019

A?

Other 1.1%

(bio-based/
non-biodegradable)
® PE 11.8%
@ PET 08%
""""""" | Total:
@ PA 11.6% e
,,,,,,,,,, o 2.11 million
® PP 0.9% tonnes
PEF* 0.0%
@ PTT 9.2%
000000
Bio-based/non-biodegradable
44.5%

Aalto Unive  S0Urce: European Bioplastics, nova-Institute (2019)

43% PBS =
13.9% PLA o
 12%  PHA Y

,.«” ,*;2'|.3% Starch blends @

'/ /14% Other
(biodegradable)

Biodegradable
55.5%

Schoolof C  More information: www.european-bioplastics.org/market and www.bio-based.eu/markets

Engineering

17



Global production capacities of bioplastics 2018-2024

* Production of biodegradable plastics expected
to increase especially due to PHA's significant
growth rates

* PHAs shows highest relative growth rates with
Bio-PP, which entered the market in 2019

* The production of bio-PE predicted to continue
to grow

* Bio-PET production decline in previous years
* Focus from bio-PET sifted to development
of PEF (polyethylene furanoate)

9 Aalto University
School of Chemical
|

Engineering

3,000
2,339 2,410 2,426
2,500
2,152 2,172
2,011 2,114
2'000 oo EE— e ......... N ... A ... ¥ s 1,092 .......
g 1,082
S 938 1,053
é 941 %1
IS .
S 1500 [gay
=
1,000
500 1,077 1,174 1,201 1,234 1,286 1,328 1,334
0.K
2018 2019 2020 2021 2022 2023 2024
Bio-based/non-biodegradable @ Biodegradable Forecast @ Total capacity

Source: European Bioplastics, nova-Institute (2019)
More information: www.european-bioplastics.org/market and www.bio-based.eu/markets

18



Renewable biobased feedstocks

Agro-based feedstocks (first generation feedstock)

» Carbohydrate-rich plants such as corn or sugar cane

» Currently the most efficient, the smallest land area needed to
grow and the highest yields

Lignocellulosics (second generation feedstock)

* Wood and plant fibers

* Non-edible by-products such as straw, corn stover or
bagasse

Organic waste

Sustainable sourcing of raw materials is important!

o Aalto University
A School of Chemical
B Engineering
19



Land use estimation for bioplastics 2019 and 2024

Global land area
13 billion ha = 100%

S Global agricultural area
4 4.8 billion ha=37%

GLOBAL AGRICULTURAL AREA
____________ Pasture “Cherry tomato next
3.3 billion ha = 68%* to the Eiffel Tower”
Arable land*>*
1.4 billion ha = 29%*
...Food & Feed Bioplastics
... Material use 0.79 million ha~0016%"
106 million ha = 2% o

...................... Biofuels e - o/%
53 million ha = 196+ 1.00 million ha=0.021 %

Source: European Bioplastics (2019), FAO Stats (2017), nova-Institute (2019), and Institute for * In relation to global agriculsural area
, . . . . K R . ** Including approx. 1% fallow land
Bioplastics and Biocomposites (2019). More information: www.european-bioplastics.org

Aalto University
A School of Chemical
B Engineering
20



Roadmap for biobased products

» Thermoplastic starch produced in specific

dynamic-thermal conditions
Pressure and high shear rates disrupts
crystalline starch structure

* Fermentation of glucose, obtained from

lignocelluloses and starch, can be used to |

produce a great variety of bio-based
monomers and polyolefins

 The —OH of cellulose can be reacted with |

various reagents to afford derivatives, such |

as cellulose esters (cellulose acetate,
nitrocellulose)

A

Aalto University
School of Chemical
Engineering

|  Plantfibers | >  Composites |
I WOQD } >= Wood Plastics I
A
>= Lignin I
h 4
| Cellulose }—)I Cellulose Derivatives |
\L Polyesters
SUGARS PLA, PHB, PET,..
Renewable Monomers |
Starch
T >| Amylose Thermoplastics |
—Y Renewable Polyolefins |
Bioethanol
Butadiene Polymers |
Chitin | A Chitosan |
Terpenes } > Naturalrubber |
Plant Oil & Fats }—Lg Polyurethanes |
& 4 >
| Biodiesel Glycerol }J—>| Epoxyresins |

21

Source: Milhaupt, R. Green Polymer Chemistry and Bio-based Plastics: Dreams and Reality Macromol. Chem. Phys. 2013, 214, 159


https://www.google.fi/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwj1hqPY19PKAhUGDCwKHSunBkYQFggdMAA&url=http://cmrhoutex.com/media/download_gallery/BioPlastics%20and%20Chemicals%20for%20Global%20Sustainabilkty%20%20Dr%20Balaji%20Singh.pdf&usg=AFQjCNGn-R0Rynhlqy7zmUxMMo9kqrixsg&sig2=aNv1zZRZjaDsB0VlZaytrg&bvm=bv.113034660,d.bGg&cad=rja

Roadmap for biobased products

 Lignin can be depolymerized and |

developed into thermoplastic and

thermosetting polymers

* Arboform is moldable mixture of
thermoplastic lignin with flax, hemp,
and other natural fibers

* Microorganisms can produce biopolymers
by bacterial fermentation of sugar or lipids
« optimizing the conditions for the

fermentation of sugar |

» extraction and purification from bacteria |

| Plant fibers | | Composites |
wooD I ‘;l Wood Plastics |
| A

I > Lignin I
| Cellulose }—)I Cellulose Derivatives |

\l' Polyesters

SUGARS PLA, PHB, PET,..
Renewable Monomers |
| Starch
I >| Amylose Thermoplastics |
h 4 Renewable Polyolefins |
Bioethanol
Butadiene Polymers |
Chitin } A Chitosan |
Terpenes } > Naturalrubber |
Plant Oil & Fats }—Lg Polyurethanes |
& 4 >

| Biodiesel Glycerol }J—>| Epoxyresins |

Aalto University
School of Chemical
B Engineering
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Source: Milhaupt, R. Green Polymer Chemistry and Bio-based Plastics: Dreams and Reality Macromol. Chem. Phys. 2013, 214, 159


https://www.google.fi/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwj1hqPY19PKAhUGDCwKHSunBkYQFggdMAA&url=http://cmrhoutex.com/media/download_gallery/BioPlastics%20and%20Chemicals%20for%20Global%20Sustainabilkty%20%20Dr%20Balaji%20Singh.pdf&usg=AFQjCNGn-R0Rynhlqy7zmUxMMo9kqrixsg&sig2=aNv1zZRZjaDsB0VlZaytrg&bvm=bv.113034660,d.bGg&cad=rja

Biopolymers - biobased

H H r:‘:g:ﬁ,?g::gfhg:? _o o | Polyethylene terephthalate
(l: c'; feedstocks including sugar ¢ _(PET)is mqst common

. 1 /| thermoplastic polymer resin for
| | cane and beet, properties © © fibers, clothing, containers
H H identical to conventional PE B n ’ 9,

o | Nylon 6 0O
N H
© N
O\/\// n

—" Polyamide (PA)

Polytrimethylene terephthalate (PTT) macromolecule with repeating units linked
similar advantages as its polyester cousins, by amide bonds. Naturally occurring PA are
PBT and PET proteins (wool, silk). Synthetics include

nylons, sodium poly(aspartate).

9 Aalto University
Schpol of Chemical
W Engineering Sources: Wikipedia 23



Biopolymers - biodegradable

o o)
J\Qﬁ(o\/\/\o_/ﬂ\/\/}(o\/\/\o/

0 m 0 n

Polybutylene adipate terephthalate (PBAT)
biodegradable plastic from fossil origin, used in
cling wraps for food packaging and compostable
plastic bags

9 Aalto University
Schpol of Chemical
W Engineering Sources: Wikipedia

NN AA

— -In
Polycarbolactone (PCL)

biodegradable polyester from
fossil origin

24



Biopolymers — biobased and biodegradable

!

Polylactic acid or polylactide (PLA)

T CH. O] -l
¥ a7, ’ - B
g 3 O 1 ! -T: .;:_lf \I )ﬁ’._. \d .ﬂ)
= S 1= Y w .2 i

: EaPNE AT &

H-"\.. - -‘/}..‘i/\ i’/ N

0 OH Eadns iy
v nt ¢
- -n L S R |

Polyhydroxyalkanoates (PHASs)
linear polyesters produced in nature by bacterial
fermentation of sugar or lipids

biodegradable thermoplastic aliphatic

polyester

9 Aalto University
School of Chemical
|

Engineering

T Polybutylene succinate (PBS)
biodegradable aliphatic polyester with

Renewable feedstocks, such as

0
"--IK\)'LO/\/\/Q . properties that are comparable to PP.
o]

14 n glucose, sucrose and biobased glycerol

Sources: Wikipedia 25



Outline

3. Bioplastics in packaging
« Market drivers
«  Property map for packaging
« Examples
« Benefits and challenges
 Waste management
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Market segments of bioplastics 2019

A?

Aalto University
School of Chemical
Engineering

in 1,000 tonnes

800

700 663

S - i A A B il Il i i’ HTTTHi

500

400

300

200

Bio-based/non-biodegradable @ PET Biodegradable PBAT
® PE ® PBS
® PA ® PLA
® PP ® PHA
® PTT @® Starch blends
® others @ others

Source: European Bioplastics, nova-Institute (2019). More information: www.europ ioplastics.org/market and www.bio-based.eu /markets

27



Biodegradable plastics by market segment 2019

A?

Aalto University
School of Chemical
Engineering

Flexible packaging
Rigid packaging

Agriculture & horticulture
Coatings & adhesives
Consumer goods

Textiles

Building & construction
Automotive & transport
Others

-----------------------------------------------------------------------------------------------------------------------

Source: European Bioplastics, nova-Institute (2019). More information:
www.european-bioplastics.org/market and www.bio-based.eu /markets

28
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Market drivers

« Consumer behavior

« Political support

* Big brands employ
bioplastics for
noticeable products

o Aalto University
School of Chemical
|

Engineering

Industry internal market drivers

Advanced technical
properties & functionality ™.

Potential for cost reduction,....c.sesee

trough economy of scale

Sustainable and .~
new recycling option

Growing European

Bioplastics Market
[15-20 % p.a.)

goal eanomalead ooty im ey
dl Market anvers

_High consumer acceptance

" (eco marketing)

_......Climate change
et Price increase of

fossil materials

“=.Fossil raw material dependance

30



Biopolymer property map (packaging)

PLA Starch-based
Gas Barrier AN

Moisture Barrier
Tensile Strength
Tear resistance
Impact Strength

Dead fold

PP
PHAIPHB

Lower Higher

Printability

o Aalto University
School of Chemical

W Engineering Adapted from Bioplastics and chemicals for global sustainability, 5th PTT P&R Technology day, Balaj et al, CMR, 2008
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Do you now any products with
bioplastic packaging?



Coca-Cola: Bio-PET PlantBottle H

Examples

*UB to
plant-based

please recycle

recyclable
bottle
redesigned plastic
recyclable as ever

/

Bio4Pack: Compostable @'

PANTENE
trays for fresh meat made oy
fI'OI‘n PL A [naturerusio] [natureFusnf:N] e -

E :, a E Heinz partnership
. - . Procter & with Coca-Cola: Bio-
i Gamble: Bio- PET PlantBottle
A’, Sehool of Ghemical PE shampoo
]

Engineering s @ packaging 33



Examples

BASILIKA

* KASVATETTU SINULLE »

Huhtamaki: fiber-based
ready meal pack

Spectra Biopolymers: Bottles
made from 100% biobased PE
and 30% biobased PET

Welmu International:
Woodly transparent film
packaging

TwistCap OSO34 (TetraPak):
Tetra Rex® biobased

Aalto University
School of Chemical
B Engineering

34



Examples

-'.\-".'"."’
§f°51§;:§<¢<>a,
‘g ez o\‘
PAPTIC Sie s,
3 ®

Finnish bio-packaging company § g 4 "/‘gé:
p A ‘g’ E S_E’:‘

g ) &N,

N AN

Mixture of softwood pulp fibers and a small share of
thermoplastic polymer fibers (polylactides (PLA), glycolic
acid polymers (PGA), polyolefins (PO),
polyethyleneterephthalates (PET), polyester(PES), polyvinyl
alcohols (PVA).

§
’!
a
é:
\

Using different foaming agents and binders (poly(vinyl
alcohols), poly(vinyl acetates)), foam laid sheet are

prepared

9 Aalto University WO 2016/083667 A1 Fiber sheets and structures
- gﬁg%‘: ;fir%he'"'ca' comprising fiber sheets
35



Waste management

Biodegradable & compostable Bio-based & durable
plastic products plastic products

Bioplastics e : Q O 0
granufates / @ ﬁ @
‘ Bioplastics

Biis: par— granulates
reﬁneryﬂ YT ‘ = ‘
Qrganic n WS- Mechanical E sl

fi . recycling
* b o recycling

J bin
(L
Plant m '9- Energy

fertilizer = production
Separate ' m Collection
[coﬁectton of —m ¢ ®

O
it b I
0. : recyclers
- g biowaste Recycling ey
Biowaste treatment plant
industrial compost plant
© European Bioplastics © European Bioplastics

36



Comparison of shopping bags

Table 34. Gross Energy by Activity (MJ)
Fuel prod’n | Fuel use Transport Feedstock Total Table 37. Global Warming Potential
(total) (total) (total) (total) (CO2 Equivalents in tons)
Paper Bag 493 1105 34 991 2622 Paperbag | Compostable | Compostable | Polyethylene
(1000 bags) with plastic bag plastic bag | Plastic Bag
Compostable 265 659 38 418 1380 “sequestered With 100% with 50% | (1500 bags)
Plastic Bag scenario” of aerobic aerobic &
(1000 bags) carbon | decomposition 50%
Compostable 398 988 57 627 2070 dioxide in landfill anaerobic
Plastic Bag emissions (1500 bags) | decomposition
(1500 bags) (1000 bags) in landfill
Polyethylene 106 114 11 279 509 (1500 bags)
Plastic Bag
(1000 bags) Producti
Polyethylene 159 171 16 418 763 roduction 0.03 0.15 0.15 0.03
Plastic Bag Disposal 0.05 0.03 0.22 0.00
(1500 bags) Total 0.08 0.18 0.37 0.04
Impact Summary of Various Bag Types
(Carrying Capacity Equivalent to 1000 Paper Bags)
:-Qife C)Ildbel A;|sest'smc6;m for Tthf;e TgPZS of C;r%?e"élBa?S - Paper Compostable | Polyethylene
ecyclable Plastic; Compostable, Biodegradable Plastic; :
and yRecycled, Recyclabl% Paper. o (30% Becycled Plastic
Chet Chaffee and Bernard R. Yaros; Boustead Consulting Fiber)
& Associates Ltd. 2014 Total Enegy Usage (MJ) 2622 2070 763
Fossil Fuel Use (kg) 23.2 41.5 14.9
Municipal Solid Waste (kg) 33.9 19.2 7.0
Greenhouse Gas Emissions
A’ g::it:olflzaifv(e:':;gical (CO2 Equiv. Tons) 0.08 0.18 0.04
B Engineering Fresh Water Usage (Gal) 1004 1017 58

37



Comparison of shopping bags

Type of carrier | HDPE bag (No | HDPE bag | HDPE bag (100% | HDPE bag
secondary reuse) | (40.3% reused as | reused as bin | (Used 3 times)
bin liners) liners)
Paper bag 3 4 7 9
LDPE bag 4 5 9 12
Eon—woven PP 11 14 26 33
ag
Cotton bag 131 173 327 393

9 Aalto University
School of Chemical
|

Engineering

UK Environment Agency:

Life cycle assessment of supermarket carrier bags: a review of the bags available in 2006

Report: SC030148

38




Challenges of bioplastics in packaging

Biodegradation in landfills can produce methane gas

Biodegradable bioplastics don't always readily decompose, conditions need to
be right

» Bioplastics are made from plants, so land that could be used to grow food is
being used to “grow” plastic instead
« Water pollution caused by runoff fertilizers
« Energy crop monocultures threaten biodiversity

» Bioplastics and biodegradable plastics cannot be easily recycled?

* PLAlooks very similar to PET but, if the two are mixed up in a recycling bin,
the whole collection becomes impossible to recycle

9 Aalto University
School of Chemical
B Engineering
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Benefits of bioplastic in packaging

« Save fossil resources by using biomass or waste materials

« Domestic raw material supplies offer more possibilities, less dependence on oil
imports

« Biodegradability offers additional means of recovery at the end of a product’s life
« Recyclable, compostable and biodegradable packaging

» People show interest in green living, bio-packaging presents an opportunity for
growth

« Consumers likely to purchase from business with an identity eco-friendly
practices

9 Aalto University

A School of Chemical
B Engineering

40



Summary questions

 Name types of polymers currently used in packaging
« What are the main bioplastics currently produced?

 What are the strengths and weaknesses of bioplastics in
respect to packaging?

7 Aalto University
School of_ Chemical

B Engineerin g



Reading discussion peer grading

You will submit your peer-grading file at the end of the course

Legend:

present: no=0;yes=1

cameraon: no=0;yes=1

active participation in discussion: little to none = 0; ok = 1; very good =2

active participation in preparing Padlet content: little to none = 0; ok = 1; very good =2

Group 1 Discussion of Reading 1
. active participation active participation in
points grade present camera on o ; , score
in discussion preparing Padlet content

50-45 5 Namel 0
40-44 4 Name2 0
35-39 3 Name3 0
30-34 2 Name4 0
25-29 1 Name5 0
0-24 0

7 Aalto University
School of Chemical
|

Engineering



Reading 2 discussion

Chapter title: Biopolymer-Based Sustainable Food Packaging Materials:
Challenges, Solutions, and Applications

By Perera et al.

From: Foods 2023, 12, 2422

Discussion items:

 What are important material properties for packaging?

 Which ones are difficult to achieve with biopolymers and why?

« Pick an oil-based packaging and propose (a combination of) biopolymers that
could potentially substitute it.

Instructions:

Write your summary in e.g. PowerPoint. Save the text as image file (.jpg) and
upload it to the Padlet page:

https://padlet.com/michaelhummel/CHEME2155 2024



https://padlet.com/michaelhummel/CHEME2155_2024
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