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Noble Oceans Farm

● Noble Ocean Farms is a startup regenerative kelp farming company in 
Cordova, Alaska

● Their goal is to process and package their kelp for consumer use in 
order to aid food insecurity

● Initial brief: Vacuum sealable package that can be frozen and 
compost in 6 months or less
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Image from https://www.walmart.com/ip/Vacuum-
Sealer-Bag-HURRISE-Vacuum-Sealer-Food-Storage-
Saver-Bag-w-Unique-Multi-Layer-
Construction/194601508?wmlspartner=wlpa&selectedSe
llerId=101006085



Background: How to make plastic bags
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Ocean life 300 - 400 
million years ago dies.

Over millions of years, 
remains buried deeper 
and deeper where the 
pressure and heat 
turn it into oil and 
natural gas.

Today we drill down 
and collect the oil and 
gas to use for 
transportation, 
industrial applications, 
and power.
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Background: How to make plastic bags
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Bad Actors
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Bad 
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DG = Data 
Gap

4 = Low 
Hazard

3 = Moderate 
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2 = High 
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1 = Very High 
Hazard



Background: The Problem with Plastics
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Figure adapted from https://www.epa.gov/facts-and-figures-about-materials-waste-
and-recycling/plastics-material-specific-data#PlasticsTableandGraph

Figure from https://www.epa.gov/facts-and-figures-about-materials-waste-and-
recycling/plastics-material-specific-data



Inspiration: What is also edible, frozen, and packaged?
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Image from https://www.heb.com/product-
detail/ben-amp-jerry-s-red-velvet-cake-ice-
cream/1456681

Inner waterproof layer

Cardboard base

Outer waterproof layer



Vacuum Sealing Requirement

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps

Traditionally, frozen seaweed 
is vacuum sealed to preserve 
freshness and prevent freezer 

burn

Initial research showed 
incompatibility between 

vacuum sealing and 
researched bioplastics

So, do we need it?

SeaGrove Kelp does not 
vacuum seal and has no issues. 
Kelp is frozen in bulk in a blast 
chiller

Vacuum sealing compatibility is 
therefore no longer a 
requirement for our 

polymers 
Image from 
https://cottagecityoysters.com/new-
products/frozen-kelp-cubes



Criteria for a Successful Greener Solution
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Barrier Performance:
Water & gas-tight

Health & Environmental 
Performance:
Biodegradability/compostability

Mechanical Properties:
Flexible & strong

Working Temperature 
Range: 
Stable at freezing, room temp, 
and melting temperatures



Main Technical Criteria Standards
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Barrier Properties Working Temperature Range Mechanical 
Properties

Name of 
criteria

Oxygen 
Permeability

Water 
Permeability

Cobb60 Kit Value Glass Transition 
Temperature

Melting 
Temperature

Degradation 
Temperature

Tensile 
Strength

Elongation 
at Break (%)

Definition How much 
oxygen can 
penetrate a 

barrier 
through time

How much 
water can 

penetrate a 
barrier 

through time

How much 
water is 

absorbed by 
a material 
over time

How 
repellent a 

material is to 
liquid

Temperature at 
which a 
material 

transitions to 
brittle from 

ductile

Temperature 
in which a 
material 
changes 

phase from 
solid to liquid

Temperature 
in which a 

material loses 
fundamental 

properties

Strength a 
material 

can 
withstand 

before 
fracture

Elongation a 
material can 

endure 
before 

fracture



Main Technical Criteria Standards
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Barrier Properties Working Temperature Range Mechanical Properties

Name of 
criteria

Oxygen 
Permeability

Water 
Permeability

Cobb60 Kit Value Glass Transition 
Temperature

Melting 
Temperature

Degradation 
Temperature

Tensile 
Strength

Elongation 
at Break (%)

Good

Less than 20 
g/m2/24 hrs

Less than 1
g/m2/24 hrs

Less than 10 
g/m2

7 or greater Below 5 °C At least 40°C 
below 

Degradation 
Temp

Above 140°C Above 10 
MPa

At least 
100%

Okay 20 - 100 1 - 50 10 - 50 5 - 6 5 - 60 20 - 40 
difference

100 - 140 5 - 10 7% to 100%

Bad Greater than 
100

Greater than 
50

Greater than 
50

Less than 5 Greater than 60 Less than 20 
different

Less than 100 0 - 5 Less than 
7%



Not All Biodegradable Materials are Compostable

Biodegradable Compostable

Industrially 
compostable

ASTM D6400
>90%

6 months
58℃

Home 
compostable

AS 5810
>90%
1 year

20-30℃



Strategies Overview

Bioplastics to 
replace traditional 

plastics

Strategy 1
Bioplastic 

coating/laminate 
attached to 

structural material

Strategy 2
Separate inner 

bioplastic bag with 
an outer sturdy 

structural container

Strategy 3



Materials: Biodegradable Bioplastics
PLA

Polylactic Acid

Made from corn, among 
other sources

Already in commercial use

Industrially compostable

PHA
Polyhydroxyalkanoates

Group of polyesters 
grown using 

microorganisms

Potentially narrower 
thermal processing 

window

PBS
Polybutylene succinate

May be fossil or bio-
based

Durable, but poor 
barrier properties

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps
Image from: https://key0.cc/freepng/download/83648_Sweet-Corn-Drawing-At-Corn-Clipart, 

https://key0.cc/freepng/download/83648_Sweet-Corn-Drawing-At-Corn-Clipart


PCL
Polycaprolactone 

Biodegradable fossil-based 
polymer

Decreases water 
permeability and increases 

mechanical strength  

PBAT
Polybutyrate adipate 

terephthalate

Biodegradable fossil-based
polymer

Increases mechanical 
strength

TPS
Thermoplastic starch

Biodegradable bio-
based polymer

Lowers production cost 
and increases 
permeability
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Materials: Biodegradable Plastics (Additives)



Technical performance: Barrier properties
O2 permeability (g/m2/24 hrs) H2O permeability (g/m2/24 hrs)

PLA 3.5 - 15 cm3•mm/m2 day atm 12.6

PHA (PHB) 13.4 2.4

PBS 0.97 - 0.99
PO × 1016 [mol/m·s·Pa]

2.73 - 2.75 
PWV × 1012 [mol/m·s·Pa] 

PCL 775 177

PBAT 600 mL/m2/d/bar 240

TPS 3.53×10−5 – 1.69×10−1 g•mm•m−2 h−1•kPa−1 0.34 – 0.65 g•mm•m−2 h−1•kPa−1

LDPE 19.2 0.037
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Technical performance: Working Temperature Range

Degradation (°C) Melting (°C) Glass transition (°C)

PLA 300 175 50-80

PHA (PHB) 220 180 4

PBS 600 115 -29

PCL 380 60 -60

PBAT 338 120 -30

TPS 350 150 -75

LDPE 370 - 510 110 -30
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Technical performance: Mechanical Properties
Tensile Strength 

(MPa)
Elongation at Break 

(%)

PLA 50 3.3

PHA (PHB) 40 4.3

PBS 28-31 14.6

PCL 20-42 1675

PBAT 18-25 580-800

TPS 6 60

LDPE 10 - 15 300 - 500
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strain

st
re

ss

ultimate 
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Strength of Materials



Strategy 1: Health and Environmental Performance
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Home Compostable Industrially Compostable

PHA (PHB) Y Y

PLA N Y

PBS Y* Y

PCL Y Y

PBAT Y* Y

TPS Y Y

HDPE/LDPE N N



Strategy 1: Health and Environmental Performance
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PHA (PHB) PLA PBS PCL PBAT TPS Polyethylene

Carcinogenicity 4 4 3 4 DG 3 3

Endocrine Activity DG 4 DG DG DG 3 DG

Systemic Toxicity DG 3 DG 4 DG 3 3

Respiratory 
Irritation

1 1 2 2 3 DG 3

Aquatic Toxicity DG 4 DG DG DG DG 3

Persistence 4 3 3 4 3 4 2

Biopolymers Bad Actor DG = Data 
Gap

4 = Low 
Hazard

3 = Moderate 
Hazard

2 = High 
Hazard

1 = Very High 
Hazard



No Such Thing As a Perfect Polymer
easily com

postable

durable

PLA

PHB

brittle

Bio-
PBS

PE

TPS PCL
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easily com
postable

durable

PLA

PHB

brittle

Bio-
PBS

PE

TPS PCL
PLA-
PCL

PHB-
PHO

Polymer Blends: A Promising Solution
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Strategy 1: Recommended Materials
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PLA-PCL 
(80/20)

PHB-PHO 
(85/15)

LDPE

Degradation 
Temp (°C)

329 - 358 264 370 - 510

Melting Temp (°C) 170.3 172 - 178 110

Glass Transition 
Temp (°C)

56.4 DG -30

Tensile Strength 
(MPa)

32.8 - 37.6 12 - 16 10 - 15

Elongation at 
Break (%)

50.5 - 69.1 8 - 11 300 - 500
PLA-PCL (80/20) PHB-PHO (85/15)

Home & Industrial Compostability

Figure adapted from Narancic T, Verstichel S, Reddy Chaganti S, et al. 
Environ Sci Technol. 2018



Strategies Overview

Bioplastics to 
replace traditional 

plastics

Strategy 1
Bioplastic 

coating/laminate 
attached to 

structural material

Strategy 2
Separate inner 

bioplastic bag with 
an outer sturdy 

structural container

Strategy 3

Inner waterproof layer

Cardboard base

Outer waterproof layer



Materials

Chitosan
Made from Chitin, 2nd 

most abundant 
polysaccharide

From shellfish waste 
or fungi

Alginate
Structural 

polysaccharides from 
marine algae

Great at forming 
films 

Zein
Plant-based protein

Derived from corn

Corn allergies

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps

Images from: https://key0.cc/images/preview/168131_05353ecea5c715abf4b768a8200222ef.png, 
https://key0.cc/freepng/download/83648_Sweet-Corn-Drawing-At-Corn-Clipart, 

https://key0.cc/images/preview/168131_05353ecea5c715abf4b768a8200222ef.png
https://key0.cc/freepng/download/83648_Sweet-Corn-Drawing-At-Corn-Clipart


Materials

Starch
Composed of amylose 

and amylopectin

Feedstock is food

PHA
PHB: Short-chain PHA

Produced by bacteria

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps



Technical performance: Barrier properties

O2 permeability 
(g/m2/24 hrs)

H2O permeability 
(g/m2/24 hrs)

Cobb60 (g/m2) Kit value

Chitosan low high 25 to 50 12

Starch Very low Very high 38 7.5

Alginate low high 54 to 149 7 to 12

Zein low Low with additives 3.1 12

PHA (PHB) 13.4 2.4 DG DG

LDPE 19.2 0.037 30 12
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Technical performance: Working Temperature Range

Degradation (°C) Melting (°C) Glass transition (°C)

Chitosan >250 88 140 - 150

Starch 250 - 350 149 - 155 36

Alginate 250 220 81

Zein 270 - 415 94 139

PHA (PHB) 220 180 4

LDPE 370 - 510 110 -30
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Technical performance: Mechanical Properties
Tensile strength 

(MPa)
Elongation at break 

(%)

Chitosan 22.2 - 39.6 13 - 73.6

Starch poor 2

Alginate 12.99 - 21.71 4.94 - 5.14

Zein 7.1 - 7.7 7

PHA (PHB) 40 3 - 6

LDPE 10 - 15 300 - 500

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps

strain

st
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ultimate 
strength

Strength of Materials

elongation 
at break



Technical performance: Mechanical Properties
Tensile strength 

(MPa)
Elongation at break 

(%)

Chitosan 22.2 - 39.6 13 - 73.6

Starch poor 2

Alginate 12.99 - 21.71 4.94 - 5.14

Zein 7.1 - 7.7 7

PHA (PHB) 40 3 - 6

LDPE 10 - 15 300 - 500
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Can stretch it 5x its 
original length before it 
breaks

None of the 
biopolymers are 
very flexible



Strategy 2: Health and Environmental Performance
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Home Compostable Industrially Compostable

PHA (PHB) Y Y

Starch Y Y

Chitosan Y Y

Alginate Y Y

Zein Y Y

HDPE/LDPE N N



Strategy 2: Health and Environmental Performance

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps

PHA (PHB) PLA Cellulose Starch Chitosan Alginate Zein Polyethylene

Carcinogenicity 4 4 DG 4 DG 4 DG 3

Endocrine 
Activity

DG 4 DG DG DG DG DG DG

Systemic 
Toxicity

DG 3 DG 3 4 4 DG 3

Respiratory 
Irritation

1 1 2 3 3 DG 2 3

Aquatic Toxicity DG 4 DG 4 2 DG DG 3

Persistence 4 4 4 4 4 4 DG 2

Biopolymers Bad Actor DG = Data 
Gap

4 = Low 
Hazard

3 = Moderate 
Hazard

2 = High 
Hazard

1 = Very High 
Hazard



Strategy 2: Recommended Materials
Chitosan/Zein and Chipboard

- Chitosan has been applied over paper products to largely improve barrier properties 
with enough coating weight

- Low O2 and CO2 permeability
- Can be improved by addition of bio-additives such as essential oils and/or 

glycerine
- Has been sourced from seafood waste which helps minimize environmental strain of 

manufacturing
- Chipboard is biodegradable and verified to be commonly used in food packaging

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps



Strategies Overview

Bioplastics to 
replace traditional 

plastics

Strategy 1
Bioplastic 

coating/laminate 
attached to 

structural material

Strategy 2
Separate inner 

bioplastic bag with 
an outer sturdy 

structural container

Strategy 3

Inner waterproof bag

Cardboard base

Outer waterproof 
layer



Strategy 1 + Strategy 2 = Strategy 3
● We suggested PLA/PCL for strategy 1 and Chitosan/Zein for strategy 2, but these are not 

as good as petroleum plastic standards, even if they are compostable.
● Let’s look back and combine some materials we had noted were great

○ For strategy 1, what had the best moisture barrier?
○ For strategy 2, what had the best structural parameters? What was the strongest even 

if it wasn’t the most flexible?
● What if we combine Strategies 1 and 2 to make a new packaging strategy?

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps

Inner waterproof bag

Cardboard base

Outer waterproof layer



Technical performance: Barrier Properties Internal
O2 permeability 

(g/m2/24 hrs)
H2O permeability 

(g/m2/24 hrs)

PHA (PHB) 13.4 2.4

PLA
3.5-15 cm3•mm/m2

day atm
12.6

TPS

3.53×10−5– 1.69×10−1  
g•mm•m−2 h−1•kPa−1

0.34–0.65 g•mm•m−2

h−1•kPa−1

LDPE 19.2 0.037

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps



Technical performance: Barrier properties External
O2

permeability 
(g/m2/24 hrs)

H2O 
permeability 
(g/m2/24 hrs)

Cobb60 
(g/m2)

Kit value

Chitosan low high 25 to 50 12

Starch Very low Very high 38 7.5

Alginate low high 54 to 149 7 to 12

Zein low Low with 
additives

3.1 12

PHA (PHB) 13.4 2.4 DG DG

LDPE 19.2 0.037 30 12

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next StepsIntroduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps



Technical performance: Working Temperature Range
degradation (°C) melting (°C) glass transition (°C)

Chitosan >250 88 140 - 150

Starch 250 - 350 149 - 155 36

Alginate 250 220 81

Zein 270 - 415 94 139

PHA (PHB) 220 180 4

PLA-PCL (80/20) 329 - 358 170.3 56.4

PHB-PHO (85/15) 264 172 - 178 DG

LDPE 370 - 510 110 -30
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glassy
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liquid

Tg

Tm

Temperature
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Phase Changes with Temperature



Technical performance: Mechanical properties
Tensile Strength (MPa) Elongation at Break (%)

PBS 28-31 14.6

TPS 6 60

Chitosan 22.2 - 39.6 13 - 73.6

Alginate 12.99 - 21.71 4.94 - 5.14

Zein 7.1 - 7.7 7

PHA (PHB) 40 4.3

PLA-PCL (80/20) 32.8 - 37.6 50.5 - 69.1

PHB-PHO (85/15) 8 - 11 12 - 16

LDPE 10 - 15 300 - 500
strain

st
re

ss

ultimate 
strength
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Strength of Materials

elongation 
at break



Strategy 3: Health and Environmental Performance
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Home Compostable Industrially Compostable

PHA (PHB) Y Y

TPS Y Y

Cellulose Y Y

Starch Y Y

Chitosan Y Y

Alginate Y Y

Zein Y Y



Strategy 3: Recommended Materials

Chitosan on chipboard/PHB-PHO (85/15) blend

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps



Chitosan on chipboard/PHB-PHO (85/15) blend
● Barrier properties: PHB-PHO has good moisture barrier 

properties. Chitsan and PHB-PHO have good oxygen barrier 
properties

● Working temperature range: Neither have glass transition 
temperatures at freezer temperatures but that is not as 
important because the packaging can be brittle when there 
are multiple layers and a structural base (chipboard)

● Mechanical properties: Chitosan was the best mechanical 
properties of all the laminate/coating materials

● Compostability: All materials are home compostable

Strategy 3: Recommended Materials

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps



Recommended Strategies 

Chitosan/Zein mixture as 
laminate/coating for 

chipboard box

Strategy 1 Strategy 2

PHB/PHO bioplastic bag 
inside chitosan 

laminated/coated box

Strategy 3

PLA/PCL bioplastic bag as 
direct replacement for 

LDPE bags

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps



Recommended Strategies 

1. Chitosan & Chipboard 
from waste

2. Established & scalable 
manufacturing process

3. Chitosan & Zein 
compounds have proven 
enhanced properties

Strategy 1 Strategy 2
1. Structural material increases 

possible bioplastics
2. Established & scalable 

manufacturing process
3. Chitosan & Chipboard from 

waste
4. Layers improve overall 

properties

Strategy 3

1. Multiple components →
increased complexity

2. Multiple manufacturing 
processes → increased 
cost

1. Must have additives to 
improve base 
properties

2. May need thicker inner 
lamination/coating of 
bioplastic 

1. Easier implementation
2. Simple design → less 

waste
3. Thin bag → faster 

biodegradation

Introduction Approach Strategy 1 Strategy 2 Strategy 3 Discussion Next Steps

1. Trades off durability for 
biodegradability

2. Must use fossil-based 
additives

PR
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Recommended Strategies 

1. Chitosan & Chipboard 
from waste

2. Established & scalable 
manufacturing process

3. Chitosan & Zein 
compounds have proven 
enhanced properties

Strategy 1 Strategy 2
1. Structural material increases 

possible bioplastics
2. Established & scalable 

manufacturing process
3. Chitosan & Chipboard from 

waste
4. Layers improve overall 

properties

Strategy 3

1. Multiple components →
increased complexity

2. Multiple manufacturing 
processes → increased 
cost

1. Must have additives to 
improve base 
properties

2. May need thicker inner 
lamination/coating of 
bioplastic 

1. Easier implementation
2. Simple design → less 

waste
3. Thin bag → faster 

biodegradation
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1. Trades off durability for 
biodegradability

2. Must use fossil-based 
additives
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Next Steps
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1 2 3

Future
Zein/Chitosan films 

(potentially even edible ones!)

Now
Mango Materials produces PHB 
films, has partnered with CPG 

companies (Consumer Packaged 
Goods) in the past to produce 

packaging

Full Cycle bioplastics also does 
PHA products, unsure on 

films/food packaging

Soon

Sway Company: Seaweed-based 
packaging but still in 

developmental stages

https://www.mangomaterials.com/partner-with-us/
https://fullcyclebioplastics.com/
https://swaythefuture.com/
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