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Abstract
Sustainable materials gain importance as material production increases carbon

emissions, driving climate change. Seaweed is a promising material that holds many
sustainable end uses–such as biofuel creation and alternatives to single-use plastics. A main
challenge for implementing sustainable materials, like seaweed, is their cost and performance
compared to traditional materials. This study focuses on which seaweed products are most
sustainable to produce, use, and dispose of compared to traditional materials. The study also
analyzes the cost of production, the price for customers, and the consumers' use of the
products. Through a literature review, eleven seaweed products are identified as more
sustainable compared to their traditional counterparts. These products were ranked using a
custom framework that considered the sustainable materials' CO2 emissions, disposal methods,
production costs, and marketability compared to current traditional products. Bioplastics were
identified as the most promising material for further commercialization, as compared to
seaweed-based biofuels and bio-papers. Although current uses for seaweed are not as
economically feasible as other current market products, a larger scale of production can
significantly lower the costs of these more eco-friendly alternatives.
Introduction

In 2018, the total municipal solid waste (MSW) generated in the United States amounted
to 292.4 million tons, averaging 4.9 pounds per person daily.1 Out of this, around 69 million tons
were recycled, while 25 million tons were composted. This still leaves about 198 million tons of
untreated waste.1 The growing amount of waste in the world poses a danger to the future of the
Earth.

Sustainable materials can be used to lower or minimize environmental impact, reduce the
use of non-renewable resources, such as coal and petroleum, and promote long-term
environmental balance. These materials are typically biodegradable, recyclable, or derived from
renewable resources, making them crucial for addressing environmental issues such as climate
change, resource depletion, and waste overgeneration.2 As many industries look toward more
sustainable practices, seaweed has emerged as a highly promising base for sustainable
materials due to its production scalability and minimal environmental footprint during farming
and material processing.3

While many types of seaweed can produce sustainable materials, brown seaweed
(Phaeophyceae) and its end-product materials offer several advantages over traditional
petroleum-based materials. Unlike conventional crops like corn, which can be used for
sustainable materials, seaweed does not require fresh water, fertilizers, or large areas of arable
land for cultivation.3 It grows in marine saltwater environments, often in abundance, and its rapid
growth rate makes it an attractive candidate for large-scale production.

Furthermore, seaweed cultivation actively contributes to carbon sequestration and can
aid in mitigating ocean acidification by absorbing carbon dioxide.4 These environmental benefits
and versatility have made seaweed a key focus of sustainable material research.

1

https://www.zotero.org/google-docs/?broken=Voby4v
https://www.zotero.org/google-docs/?broken=deDxGU
https://www.zotero.org/google-docs/?broken=Az29ZJ
https://www.zotero.org/google-docs/?broken=bGQwcL
https://www.zotero.org/google-docs/?broken=KGHYaq
https://www.zotero.org/google-docs/?broken=MsN1Fq


The global production of brown seaweed is substantial, with an estimated 30 million tons
harvested annually, primarily in Asia. 5 6 Despite the promise of seaweed, production costs
remain a significant challenge. The cost of cultivating seaweed can vary widely depending on
the species, location, and farming method, but scaling up production to meet growing demand
will require technological advancements and cost reductions.7

The potential for seaweed-based products extends across a wide range of markets. In
the food industry, seaweed has long been used as a nutrient-rich ingredient, but its application is
now expanding to packaging, biofuels, and even textiles.

For instance, products like seaweed-based polymers, biofuels, and packaging are
gaining attention for their eco-friendly attributes, offering lower carbon footprints,
biodegradability, and reduced reliance on fossil fuels. The cosmetic industry also uses seaweed
to incorporate its antioxidant and moisturizing properties in skincare products, while textiles
made from seaweed fibers offer a sustainable alternative to synthetic fabrics.8 9

These varied applications highlight the versatility of seaweed and its potential to disrupt
industries that heavily rely on unsustainable materials. The environmental impact, economic
cost, and consumer satisfaction can be assessed for these applications to identify the most
promising materials and applications to bring to market.

Seaweed’s potential for scalability makes it an ideal candidate for further research and
commercialization in various markets.10 This paper explores existing and emerging uses of
seaweed as a sustainable material in order to identify the most promising applications for
widespread commercial use. By investigating seaweed’s environmental and economic viability,
this paper aims to contribute to the growing area of sustainable materials and highlight where
seaweed could make the most significant impact.
Methods

This study developed a framework to evaluate the sustainability, production costs, and
marketability of seaweed-based products, such as seaweed polymers and biofuels, in
comparison to traditional materials. The goal was to identify seaweed products that are both
more eco-friendly and cost-effective while still being easily adopted by consumers. The methods
involved conducting a detailed literature review, creating a rating system to compare different
products, and applying this system to various seaweed-based products to determine which ones
show the most potential for commercialization. This evaluation framework considered key
factors such as environmental impact, production costs, and how easily consumers would adapt
to these products.
Literature Review

A comprehensive review of scientific articles, environmental reports, government
publications, and company websites was conducted to collect data on how different material
characteristics–such as sustainability, cost, and consumer adoption–are evaluated in existing
research. Important sustainability metrics identified from the literature included carbon footprint,
energy consumption, waste generation, costs, and biodegradability. This review helped create
clear guidelines for comparing the environmental performance of seaweed-based products with
conventional materials, such as petroleum-based plastics or fossil fuels.
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Framework Development
Using insights from the literature review, of articles and life cycle analyses a scoring

system was designed to evaluate seaweed-based products across three main categories:
sustainability, production cost, and marketability. The system’s ratings are from 1 to 5, from
lowest to highest.

1. Sustainability: This category examines how environmentally friendly the product is during
production, use, and disposal. Factors such as lower carbon emissions, reduced energy
use, and biodegradability were included. Products that had less environmental impact
compared to current materials were rated higher. Rankings for sustainability were split
between CO2 emissions and ease of recycling and were weighed evenly to make the
sustainability score.
Table 1.
Descriptions of CO2emission criteria scores.

Score CO2 Emission Criteria

1 The same CO2emissions, or more, for the algae-based product

2 1-39% Less CO2emissions for the algae-based product

3 40-69% Less CO2emissions for the algae-based product

4 70-99% Less CO2emissions for the algae-based product

5 Carbon Neutral or negative emissions

Table 2.
Descriptions of waste management criteria

Score Waste Management Criteria 11

1 Non-recyclable (Sent to landfill or to be incinerated without energy
collection

2 Recovery (combustion, gasification, anaerobic digestion, or landfill
gas recovery)

3 Recyclable (sent to be recycled or composted industrially)

4 Reuse (repairable, washable, intended for several uses, or
compostable at home)
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5 Prevention (Cutting out single-use products)

2. Cost: This section focused on the cost of producing seaweed products, including raw
materials, manufacturing, and market price. Seaweed products were rated higher if their
production costs were close to those of conventional materials.
Table 3.
Description of Cost Criteria score.

Score Cost Criteria

1 The market price is greater than 300% of the traditional product’s
cost

2 The market price is 201-300% greater than the traditional product’s
cost

3 The market price is 100-200% greater than the traditional product’s
cost

4 The market price is 51-100% greater than the traditional product’s
cost

5 The market price less than or is within 50% of the traditional
product’s cost

3. Marketability: This category assessed how likely consumers are to adopt seaweed-based
products. Factors such as ease of use, how well the product fits into consumers' lives,
and whether it meets the growing demand for sustainable options were considered.
Products were rated higher based on the ease of implementation into daily life. For
example, although the paper straw is far more sustainable than its plastic counterpart, it
is widely disliked for its tendency to turn mushy and lose structural integrity while in use.12
Though more sustainable, the paper straw would score low on the marketability criteria.
Table 4.
Descriptions of Marketability Criteria

Score Marketability Criteria

1 The product is difficult to use or does not fit into consumers'
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everyday routines or lifestyles.

2 Somewhat challenging to use or integrate into everyday life;
consumers may need extra motivation or education to switch to this
product.

3 The product fits into everyday life reasonably well, though it may
require minor behavior changes or adaptations from consumers.

4 Easy to use and integrates seamlessly into consumers' daily
routines with minimal behavior change required.

5 The product is highly convenient, familiar, and fits perfectly into
consumers' lives without requiring any behavior change.

By applying this framework, the study aimed to identify the seaweed-based products with
the highest potential for commercialization, balancing environmental benefits,
cost-effectiveness, and consumer appeal.

Evaluation of Seaweed Products
After creating the framework, the next step was to apply it to selected seaweed-based

products and materials. Each product was rated in all three categories using data from existing
research and predictions about how consumers would respond. The importance of each
category was weighted, with sustainability making up 30% of the score, costs 35%, and
marketability 35%. This reflects the growing focus on environmental impact while still
considering the importance of affordability and consumer demand. Using this framework, some
seaweed-based products were identified as the most promising for further development and
commercialization. This allowed the identification of the product/source/material that is the most
promising for future investment and growth.
Results
Scores were based on data points collected from a literature review of research papers,
company websites, and articles.
Table 5.
Summary of CO2emissions from the production of algae-based and traditional products13–18 and
their derived CO2 score.

Product Base Material

Carbon dioxide
emission of
algae-based product
(kg carbon/ kg

Carbon
emission of
traditional
products (kg CO2 score
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product) carbon/ kg
material)

Cups
Algae
Bioplastic

2.2-3.7 kg CO2/kg
plastic

4.523-6 CO2/kg
plastic 3

Straws
Algae
Bioplastic

2.2-3.7 kg CO2/kg
plastic

4.523-6 CO2/kg
plastic 3

Silverware
Algae
Bioplastic

2.2-3.7 kg CO2/kg
plastic

4.523-6 CO2/kg
plastic 3

Bottles
Algae
Bioplastic

2.2-3.7 kg CO2/kg
plastic

4.523-6 CO2/kg
plastic 3

Food Wrapper
Coating

Algae
Bioplastic

2.2-3.7 kg CO2/kg
plastic

4.523-6 CO2/kg
plastic 3

Paper
Algae-based
papers

.25-2.5 kg CO2 /Kg
paper

1.047kg
CO2/kg paper 1

Paper bags
Algae-based
papers

.25-2.5 kg CO2 /Kg
paper bag

4.523-6 CO2/kg
plastic bag 4

Paper
containers

Algae-based
papers

.25-2.5 kg CO2 /Kg
paper container

4.523-6 CO2/kg
plastic
container 4

Biodiesel Algae Biofuel Approx. 0 2.6 CO2/kg 5

Bioethanol Algae Biofuel Approx. 0 1.1kg CO2/kg 5

Biogasoline Algae Biofuel Approx. 0 2.34 kg CO2/kg 5

The CO2Score was determined based on how much less carbon dioxide the
seaweed-based products emitted than traditional materials. Products were given higher scores if
they significantly reduced CO2 emissions during production, use, and disposal compared to
their current market counterparts.

Most seaweed-based products scored well in this category, with reductions in CO2
emissions ranging from 40% to 99%. The biofuel products even approached carbon neutrality
due to the CO2absorption during seaweed growth. 19

Most seaweed-based materials received scores between 3 and 5, reflecting substantial
reductions in carbon emissions, thus contributing positively to the overall sustainability score.
Although there are some differences in the CO2emissions of the different algae-based
bioplastics due to the production stage, the newness of the material alongside the small-scale
production results in a similar yield of carbon emissions. Algae-based paper received the lowest
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carbon score of 1 due to its limited production scale, which leads to higher emissions per unit
produced. Since traditional paper already has low carbon emissions, algae-based paper would
need to approach carbon neutrality to be competitive.
Table 6.
Algae-based product disposal methods20,21 and derived waste score.

Product Base Material Disposal Process Waste score

Cups Algae Bioplastic Industrial composting 3

Straws Algae Bioplastic Industrial composting 3

Silverware Algae Bioplastic Industrial composting 3

Bottles Algae Bioplastic Industrial composting 3

Food Wrapper
Coating Algae Bioplastic Industrial composting 3

Paper Algae-based papers
Biodegrades within
weeks 4

Paper bags Algae-based papers
Biodegrades within
weeks 4

Paper
containers Algae-based papers

Biodegrades within
weeks 4

Biodiesel Algae Biofuel used as fuel N/A

Bioethanol Algae Biofuel used as fuel N/A

Biogasoline Algae Biofuel used as fuel N/A

The waste score evaluated the end-of-life sustainability of the products, such as whether
they were recyclable, compostable, or reusable. Products that were non-recyclable or required
energy-intensive waste recovery received lower scores, while those that could be composted at
home or prevented waste altogether scored the highest.

All products scored a three or higher, reflecting their recyclability or industrial
compostability, although, no products received a score of five because of their single-use
nature.

Currently, seaweed bioplastic needs to be industrially composted, giving all the bioplastic
scores of three.22 The paper products scored near-perfect due to their ability to biodegrade
within weeks but did not receive a five because of their lack of reusability. Biofuels cannot
receive waste scores because they are combusted when used as fuel. This results in carbon
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emissions which have already been analyzed.
Table 7.
Cost of algae-based products compared to traditional products23–41 with derived cost score.

Product
Base
Material Market Price($/unit)

Cost of the
traditional
product
($/unit)
(plastic if
applicable) Cost Score

Cups
Algae
Bioplastic .16-.30$/cup .03-.06 $/unit 1

Straws
Algae
Bioplastic .05-.10$/straw .02-.04$/unit 2

Silverware
Algae
Bioplastic .10-.20$/untensil .06-.10$/unit 3

Bottles
Algae
Bioplastic .47-.7$/unit .26-.35$/unit 3

Food
Wrapper
Coating

Algae
Bioplastic .44-1.10$/kg .80-1.60$/kg 5

Paper
Algae-based
papers .1875-.385$/sheet

.01-.03$/sheet
(printer paper) 1

Paper bags
Algae-based
papers .50-1.5$/bag .03-.30 $/unit 1

Paper
containers

Algae-based
papers .2-.5$/unit .05-.34$/unit 2

Biodiesel Algae Biofuel 2.22-5.45/ gallon 3.584$/gallon 2

Bioethanol Algae Biofuel 2.24-3.73$/gallon 1.57$/gallon 3

Biogasoline Algae Biofuel 5.70$-13.25$/gallon 3.205$/gallon 2

The cost score reflected how economically competitive seaweed-based products were
compared to traditional materials. Products were evaluated based on their market price relative
to conventional alternatives, with higher scores awarded to products within 50% of the traditional
product’s cost.
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The results showed a mix of scores, with some products being significantly more
expensive due to the high cost of seaweed cultivation and processing. These productsreceived
scores of 1 or 2. However, scoring a 5 was the food wrapper coating, the only product to score
above a 3.

A majority of the products scored low due to their novelty, leading to smaller-scale
production and increasing costs. The prices of paper products were priced at five times the cost
of the traditional product. Though the cost scores were relatively low for most products, in the
future, if the production scale for the products can increase, it would result in a lower-end market
price.
Marketability Score

The marketability score assessed how easily consumers would adopt seaweed-based
products based on their usability and fit into daily life. Products that were easy to use, familiar, or
seamlessly integrated into existing consumer habits scored the highest.

Seaweed-based plastics scored well in this category, indicating that they are relatively
easy to implement into consumers’ growing demand for sustainable products. The
seaweed-based plastics all scored 5 because of their almost identical nature to traditional plastic
in texture and strength.

Those that required significant changes in behavior or were unfamiliar to consumers
received lower scores, such as the biofuels. The biofuels received a score of 2 because of their
lower energy density, which would result in larger fuel tanks to accommodate current needs.42
Algae-based papers received middle-range scores of 2-4 and 3 due to their lack of structural
strength compared to that of normal paper.43

Weighted Score
Table 8.
Overall Scoring table for all 11 identified products.

Base
Material Product

CO2
score

Waste
score

Sustain
ability
Score
(Avg.
of CO2
and
Waste
Score)

Cost
Score

Marketa
bility
Score

Weighted
Score

Average
by base
material

Cups 3 3 3 1 5 3

Straws 3 3 3 2 5 3.35

Algae
Bioplastic Silverware 3 3 3 3 5 3.7 3.63

Bottles 3 3 3 3 5 3.7
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Food
Wrapper
Coating 3 3 3 5 5 4.4

paper 1 4 2.5 1 4 2.5 2.80

Algae-bas
ed papers Paper bags 4 4 4 1 4 2.95

Paper
containers 4 4 4 2 3 2.95

Biodiesel 5 N/A 5 2 2 2.9 3.02

Algae
Biofuel Bioethanol 5 N/A 5 3 2 3.25

Biogasoline 5 N/A 5 2 2 2.9

The final weighted score was calculated using the following formula:
Total score = (sustainability score * 0.3) + (cost * 0.35) + (marketability * 0.35)

This formula balanced environmental impact, cost-effectiveness, and market readiness,
reflecting the importance of all three factors. Products with high sustainability scores but poor
cost competitiveness or marketability tended to score lower overall. In contrast, those who
balanced sustainability with economic feasibility and ease of adoption scored the highest. The
criteria that created the most significant difference in the overall score was the cost.

The algae-based coating for food wrappers ranked the highest of the 11 products, with a
weighted score of 4.4. The product that scored the lowest was the paper, with a weighted score
of 2.5. Per material, in order, the algae-based plastic scored the highest overall, with biofuel
second and paper last.
Discussion

This study showed that seaweed-based products offer promising sustainability
improvements compared to traditional materials, particularly in reducing carbon emissions and
waste. However, cost competitiveness remains a significant hurdle for these products to achieve
widespread adoption. For example, while offering lower CO2 emissions (approximately 40% to
60% less than conventional plastics), seaweed-based bioplastics are currently 2 to 5 times more
expensive than traditional plastics, limiting their marketability despite their environmental
benefits.

Cost is a critical factor in the development and success of bioplastics. For
seaweed-based bioplastics to become more viable alternatives, their production costs need to
decrease significantly. This reduction could be achieved through economies of scale, as
production volumes increase, the cost per unit is expected to fall. This has been observed in
other industries where innovations and scaling production processes reduce costs. For instance,
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as seaweed farming methods become more efficient and automated, the initial high costs
associated with cultivating and processing seaweed should decrease. This is especially
important for bioplastics, as their current higher costs make it challenging for consumers and
businesses to switch from cheaper, petroleum-based plastics.

The higher price of these materials makes them less accessible to mainstream
consumers, slowing their adoption. This could be mitigated by government policies, such as
banning traditional plastics or making them more expensive through taxes, to make
seaweed-based products more competitive. Additionally, if governments or organizations invest
in infrastructure to increase seaweed production and provide subsidies for bioplastics, this could
further reduce costs, making them more affordable for consumers.

In the case of biofuels, seaweed-based biodiesel, bioethanol, and biogasoline show
significant promise in reducing carbon emissions, often approaching carbon neutrality due to the
CO2absorbed by seaweed during cultivation. However, seaweed-based biofuels still face stiff
competition from electric vehicles and other renewable energy sources like solar and wind
power. Seaweed-based biofuels could be mixed with traditional fuels in a blend, allowing them
to be used with existing fuel infrastructure. This makes them more attractive in the short term
compared to transitioning to electric vehicles, which require new infrastructure.

The products with the highest weighted scores, such as the algae-based food wrapper
coating (score of 4.4), are particularly promising. This product combines high sustainability and
marketability with cost competitiveness. The higher-scoring products are already being sold in
niche markets, but their scalability remains a challenge. The seaweed bioplastic market, for
example, is growing, but it is still a fraction of the global plastics market, which is valued at over
$600 billion annually.44 The environmental benefits could be significant if the seaweed bioplastic
market grows and costs are reduced.

Reducing the carbon footprint of materials like bioplastics is crucial for sustainability. The
lower CO2 emissions associated with seaweed-based products scale well with increased
production and market share. If seaweed-based products become more widespread, the
potential CO2 savings would grow exponentially, amplifying their environmental benefits. For
example, bioplastic has a carbon footprint up to 42 percent less than that of traditional plastic,
not even to mention the carbon sequestered from the algae growth.45 If seaweed-based
products capture a larger share of the market, the environmental impact could be
transformative.

While seaweed-based products present many environmental advantages, the feasibility
of bringing them to market depends on overcoming cost barriers and improving consumer
awareness. Governments, businesses, and consumers must collaborate to foster demand for
sustainable materials. Additionally, while there are limitations to single-use products (even
sustainable ones), these products remain essential for consumers and are unlikely to disappear
from the market anytime soon. Therefore, making these products more sustainable is crucial to
reducing environmental harm without disrupting consumer habits.
Conclusion

This study highlighted the significant potential of seaweed-based products to contribute to
sustainable material solutions. By assessing seaweed products across multiple
dimensions–namely CO2 emissions, waste generation, production costs, and marketability–it
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became evident that seaweed-based bioplastics, biofuels, and packaging materials offer
significant environmental benefits, particularly in reducing carbon emissions and waste.
However, the economic feasibility of these products remains a challenge, with many being
considerably more expensive than their traditional counterparts. The seaweed-based food
wrapper coating, which emerged as the top-performing product in terms of sustainability and
marketability, showcases the promise of seaweed-based materials but also underscores the
need for cost-reduction strategies to achieve widespread adoption.

Future research should focus on improving the scalability and cost-efficiency of seaweed
cultivation and bioproduct manufacturing processes. Innovations in seaweed farming
techniques, such as automation and energy-efficient processing, will be key to reducing
production costs. Additionally, exploring new market applications for seaweed-based materials,
alongside policy interventions to limit the use of traditional plastics, could accelerate their
adoption. As the demand for sustainable materials continues to grow, seaweed-based products
hold the potential to make a significant impact, not only in reducing the global carbon footprint
but also in transforming various industries dependent on fossil-fuel-based products.

12



References.
(1) US EPA, O. National Overview: Facts and Figures on Materials, Wastes and Recycling.

https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/national-overvie
w-facts-and-figures-materials (accessed 2024-10-07).

(2) What Are Sustainable Materials and Its Characteristics? – Blue Standard Inc.
https://bluestandardinc.com/blogs/news/what-are-sustainable-materials-and-its-characterist
ics (accessed 2024-10-16).

(3) Seaweed Can Be an Important Piece of the Climate Puzzle.
https://www.nature.org/en-us/what-we-do/our-insights/perspectives/blue-carbon-seaweed-n
ature-based-climate-solution/ (accessed 2024-10-16).

(4).
https://www.edf.org/sites/default/files/2022-10/Carbon%20Sequestration%20by%20Seawe
ed.pdf (Accessed 2024-10-16).

(5) Farmed Seaweed | Industries | WWF. World Wildlife Fund.
https://www.worldwildlife.org/industries/farmed-seaweed (accessed 2024-10-16).

(6) Seaweed: It’s Not Just for Sushi Anymore | Tellus.
https://tellus.ars.usda.gov/stories/articles/seaweed-it-s-not-just-for-sushi-anymore
(accessed 2024-10-16).

(7) Economic and biophysical limits to seaweed farming for climate change mitigation | Nature
Plants. https://www.nature.com/articles/s41477-022-01305-9 (accessed 2024-10-16).

(8) López-Hortas, L.; Flórez-Fernández, N.; Torres, M. D.; Ferreira-Anta, T.; Casas, M. P.;
Balboa, E. M.; Falqué, E.; Domínguez, H. Applying Seaweed Compounds in Cosmetics,
Cosmeceuticals and Nutricosmetics. Mar. Drugs 2021, 19 (10), 552.
https://doi.org/10.3390/md19100552.

(9) Seaweed Textiles: The Future of Sustainable Fashion? | COSH!
https://cosh.eco/en/articles/seaweed-textiles-material-research (accessed 2024-10-16).

(10) Seaweed Farming: Assessment on the Potential of Sustainable Upscaling for Climate,
Communities and the Planet | UNEP - UN Environment Programme.
https://www.unep.org/resources/report/seaweed-farming-assessment-sustainable-upscaling
(accessed 2024-10-16).

(11) Jackus, D. Sustainable Waste Management Solutions. Greener and Smarter Waste -
Nordsense. https://nordsense.com/what-is-sustainable-waste-management/ (accessed
2024-10-07).

(12) Switching to Paper Straws is a BAD Idea, Here’s Why - Sugarcane Straws.
https://thesugarcanestraw.com/switching-to-paper-straws-is-a-bad-idea-heres-why/
(accessed 2024-10-16).

(13) Ayala, M.; Thomsen, M.; Pizzol, M. Life Cycle Assessment of Pilot Scale Production of
Seaweed-Based Bioplastic. Algal Res. 2023, 71, 103036.
https://doi.org/10.1016/j.algal.2023.103036.

(14) Bauer, F.; Nielsen, T. D.; Nilsson, L. J.; Palm, E.; Ericsson, K.; Fråne, A.; Cullen, J. Plastics

13

https://www.zotero.org/google-docs/?broken=Ki9f6s
https://www.zotero.org/google-docs/?broken=Ki9f6s
https://www.zotero.org/google-docs/?broken=Ki9f6s
https://www.zotero.org/google-docs/?broken=a3P5zL
https://www.zotero.org/google-docs/?broken=a3P5zL
https://www.zotero.org/google-docs/?broken=a3P5zL
https://www.zotero.org/google-docs/?broken=23hGSn
https://www.zotero.org/google-docs/?broken=23hGSn
https://www.zotero.org/google-docs/?broken=23hGSn
https://www.zotero.org/google-docs/?broken=6mbYol
https://www.zotero.org/google-docs/?broken=6mbYol
https://www.zotero.org/google-docs/?broken=6mbYol
https://www.zotero.org/google-docs/?broken=SJLZaD
https://www.zotero.org/google-docs/?broken=SJLZaD
https://www.zotero.org/google-docs/?broken=KAcdSN
https://www.zotero.org/google-docs/?broken=KAcdSN
https://www.zotero.org/google-docs/?broken=KAcdSN
https://www.zotero.org/google-docs/?broken=7yRCol
https://www.zotero.org/google-docs/?broken=7yRCol
https://www.zotero.org/google-docs/?broken=ux2Cbd
https://www.zotero.org/google-docs/?broken=ux2Cbd
https://www.zotero.org/google-docs/?broken=ux2Cbd
https://www.zotero.org/google-docs/?broken=ux2Cbd
https://www.zotero.org/google-docs/?broken=lD4kEV
https://www.zotero.org/google-docs/?broken=lD4kEV
https://www.zotero.org/google-docs/?broken=BMDL0W
https://www.zotero.org/google-docs/?broken=BMDL0W
https://www.zotero.org/google-docs/?broken=BMDL0W
https://www.zotero.org/google-docs/?broken=BMDL0W
https://www.zotero.org/google-docs/?broken=P6hkP9
https://www.zotero.org/google-docs/?broken=P6hkP9
https://www.zotero.org/google-docs/?broken=P6hkP9
https://www.zotero.org/google-docs/?broken=GGhIEs
https://www.zotero.org/google-docs/?broken=GGhIEs
https://www.zotero.org/google-docs/?broken=GGhIEs
https://www.zotero.org/google-docs/?broken=Yoc66g
https://www.zotero.org/google-docs/?broken=Yoc66g
https://www.zotero.org/google-docs/?broken=Yoc66g
https://www.zotero.org/google-docs/?broken=qNRBTx


and Climate Change—Breaking Carbon Lock-Ins through Three Mitigation Pathways. One
Earth 2022, 5 (4), 361–376. https://doi.org/10.1016/j.oneear.2022.03.007.

(15) Carbon Footprint of Gasoline - Consumer Ecology.
https://consumerecology.com/carbon-footprint-of-gasoline/ (accessed 2024-10-16).

(16) Ethanol · 1.12 kg CO₂e/kg | Verified by CarbonCloud.
https://apps.carboncloud.com/climatehub/product-reports/id/453826809621 (accessed
2024-10-16).

(17) How to Calculate Your Fleet’s CO2 Emissions | MICHELIN Connected Fleet.
https://connectedfleet.michelin.com/blog/calculate-co2-emissions/ (accessed 2024-10-16).

(18) U.S. Department of Energy Announces $16.5 Million in Funding for Carbon Utilization
Projects. Energy.gov.
https://www.energy.gov/eere/bioenergy/articles/us-department-energy-announces-165-milli
on-funding-carbon-utilization (accessed 2024-10-16).

(19) Biogas - Frequently Asked Questions (Biogas FAQ). https://biogas.ifas.ufl.edu/faq.asp
(accessed 2024-10-14).

(20) Chia, W. Y.; Ying Tang, D. Y.; Khoo, K. S.; Kay Lup, A. N.; Chew, K. W. Nature’s Fight
against Plastic Pollution: Algae for Plastic Biodegradation and Bioplastics Production.
Environ. Sci. Ecotechnology 2020, 4, 100065. https://doi.org/10.1016/j.ese.2020.100065.

(21) Notpla. MIT SOLVE. https://solve.mit.edu/challenges/RethinkPlastics-en/solutions/16796
(accessed 2024-10-16).

(22) Tennakoon, P.; Chandika, P.; Yi, M.; Jung, W.-K. Marine-Derived Biopolymers as Potential
Bioplastics, an Eco-Friendly Alternative. iScience 2023, 26 (4), 106404.
https://doi.org/10.1016/j.isci.2023.106404.

(23) 12 oz. Clear PET Tall Water Bottle with 28mm PCO Neck (Cap Sold Separately) | U.S.
Plastic Corp.
https://www.usplastic.com/catalog/item.aspx?itemid=132338&srsltid=AfmBOorEoTpaNvIM
CjFZKLU51jVEBIWdk8smPNANiPZINVKbvksjYP8Ps4Y (accessed 2024-10-16).

(24) AAA Gas Prices. https://gasprices.aaa.com/ (accessed 2024-10-16).
(25) Amazon.com: 200 Count 100% Plant-Based Compostable Straws - Plasticless

Biodegradable Flexible Drinking Straws - A Fantastic Eco Friendly Alternative to Plastic
Straws : Health & Household.
https://www.amazon.com/200-Pack-100-Plant-Based-Compostable-Straws/dp/B07MZLLDZ
D/ref=sr_1_3?crid=1F2JSQ1U3XZ0E&dib=eyJ2IjoiMSJ9.elmj1sMBHFE3Myp5WHu-gg2S2
d0wXJO64ezzhzOn6ylGvGSLXbVb_R0U71cQl0-uomRNI1ZDLQghf2bSIQIrmS1ZGsnF9gL
TdslrvdSP7O7UjuxGR8QGYnxsNnuM-FDY3XJ48HQqWdesSafbbhrFqbjuCFD78-kjWPfG4
Nh1MSh85Kc01XWWrPHSwbPNq_w_FH805zhSHsSeRqaXPPpzWDyE-46WTAFsRwodm
35CqkeoMom-TNx2y-s_owyBtxe_dT1vxsDeDm36uQSIrZ9FfrlWVTuhpE3JLmKGVXhrSjk.
AyYk5C4czOT9ignW3XUXoNKGRgbCfrQDe_Q0JQwRShI&dib_tag=se&keywords=bioplas
tic+straws&qid=1729124520&s=hpc&sprefix=bioplastic+cups%2Chpc%2C2661&sr=1-3
(accessed 2024-10-16).

(26) Amazon.com: 200 Pcs Plastic Straws Disposable -Straws Drinking Plastic -Bendy Straws

14

https://www.zotero.org/google-docs/?broken=qNRBTx
https://www.zotero.org/google-docs/?broken=qNRBTx
https://www.zotero.org/google-docs/?broken=hFC68u
https://www.zotero.org/google-docs/?broken=hFC68u
https://www.zotero.org/google-docs/?broken=ZVzLoU
https://www.zotero.org/google-docs/?broken=ZVzLoU
https://www.zotero.org/google-docs/?broken=ZVzLoU
https://www.zotero.org/google-docs/?broken=Mz6GxG
https://www.zotero.org/google-docs/?broken=Mz6GxG
https://www.zotero.org/google-docs/?broken=MmAxE7
https://www.zotero.org/google-docs/?broken=MmAxE7
https://www.zotero.org/google-docs/?broken=MmAxE7
https://www.zotero.org/google-docs/?broken=MmAxE7
https://www.zotero.org/google-docs/?broken=cu78tp
https://www.zotero.org/google-docs/?broken=cu78tp
https://www.zotero.org/google-docs/?broken=4e9fgW
https://www.zotero.org/google-docs/?broken=4e9fgW
https://www.zotero.org/google-docs/?broken=4e9fgW
https://www.zotero.org/google-docs/?broken=Ye4jvd
https://www.zotero.org/google-docs/?broken=Ye4jvd
https://www.zotero.org/google-docs/?broken=6k8Rfi
https://www.zotero.org/google-docs/?broken=6k8Rfi
https://www.zotero.org/google-docs/?broken=6k8Rfi
https://www.zotero.org/google-docs/?broken=2oL2WL
https://www.zotero.org/google-docs/?broken=2oL2WL
https://www.zotero.org/google-docs/?broken=2oL2WL
https://www.zotero.org/google-docs/?broken=2oL2WL
https://www.zotero.org/google-docs/?broken=lv0kmD
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=ru18xp
https://www.zotero.org/google-docs/?broken=v8mNKg


-Flexible Bendable Drinking Straws : Health & Household.
https://www.amazon.com/Plastic-Straws-Disposable-Drinking-Flexible/dp/B0CRNQNZD9/re
f=sr_1_1_sspa?crid=3SKC6M8TRA0KC&dib=eyJ2IjoiMSJ9._xGEqTxzwhQF2jpCKkrBEojf
u5RgoEYasz6RyCUgR-a0EC0KagDu-C6I5suebj9Mjg_ZDLOBotoOtUQrZIQ95sIQvdAyf67n
JLjcTggmOyUuOd7a9Vv06iuJRWfBLC373ic4tYOxvh4KStg2LgAIBGpJ3X7iztozLaYQUkuq
sZRE9BVWNfGUwmlg0xmaMT9xjOc0DH7XCANvNuAwHH2F7b75DJ6raLbDywCC2HtNy8
iW5YjqAr1AfSlZAY48x81RC8_OHLxenDn6fCtglhETiDH5Fo8kNUeaJeKEShGxrno.Fx6_KO
b135TomCCUlGwD40EEjHF96RbsBPMCsClgvtk&dib_tag=se&keywords=plastic+straws&q
id=1729124714&s=hpc&sprefix=plastic+strw%2Chpc%2C1792&sr=1-1-spons&sp_csd=d2l
kZ2V0TmFtZT1zcF9hdGY&psc=1 (accessed 2024-10-16).

(27) Amazon.com: Biocean Extra Heavyduty Compostable Forks Disposable Cutlery No Plastic
Forks 200 Count 7Inch Biodegradable Utensils Eco Friendly Silverware Repurpose Serving
Flatware for Party,Daily Use,BBQ,Picnic : Health & Household.
https://www.amazon.com/Heavyduty-Compostable-Disposable-Biodegradable-Silverware/d
p/B0CQMVG7FP/ref=sr_1_3_sspa?crid=ZZQ4JTLRRNSM&dib=eyJ2IjoiMSJ9.KG3cTKzyv
u6uniJgh4Z0oJ5r5eSMxhgacFu75IpPIxb_IdcbLLtfdrdJ2F9j12zUKiH3_mkYgRNvoJK9bPS
NRYtbBOpYnfSgGX3szHx19sSE-pIIRyMZ4HtE8iudz7I-AdLk8oYAJfYQfDEPOaiYAn9L_5f1
yU51pLYp5Dq01Bm8Zxp70VFWn62iu43OkBLtpt6Q9f9QwoacVEfSh0qsCZ2nw5yFEW-KC
y8lY3FkqsqcMXqmEYzeVY5hxnfv0CcWAsgnSWegcFhKBHcJpl0Idku5ltB0kptvCG4dFNZB
BYU.3YXtpeTfhWgY_UQbLZmjP8mV71e-Y8h8w4rS5gqOWak&dib_tag=se&keywords=pla
stic%2Butensils&qid=1729124791&s=hpc&sprefix=plastic%2Buten%2Chpc%2C391&sr=1-
3-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1 (accessed 2024-10-16).

(28) Amazon.com: Dealusy 300 Count Extra Heavy Duty Clear Plastic Silverware, 100 Forks,
100 Spoons, 100 Knives, BPA-Free, Heat Resistant, Disposable Plastic Utensils Set,
Plastic Cutlery Set, Plasticware Bulk : Health & Household.
https://www.amazon.com/Dealusy-Silverware-Resistant-Disposable-Plasticware/dp/B0CZJ
55D7H/ref=sr_1_2_sspa?crid=ZZQ4JTLRRNSM&dib=eyJ2IjoiMSJ9.KG3cTKzyvu6uniJgh4
Z0oJ5r5eSMxhgacFu75IpPIxb_IdcbLLtfdrdJ2F9j12zUKiH3_mkYgRNvoJK9bPSNRYtbBOp
YnfSgGX3szHx19sSE-pIIRyMZ4HtE8iudz7I-AdLk8oYAJfYQfDEPOaiYAn9L_5f1yU51pLYp
5Dq01Bm8Zxp70VFWn62iu43OkBLtpt6Q9f9QwoacVEfSh0qsCZ2nw5yFEW-KCy8lY3Fkqs
qcMXqmEYzeVY5hxnfv0CcWAsgnSWegcFhKBHcJpl0Idku5ltB0kptvCG4dFNZBBYU.3YXt
peTfhWgY_UQbLZmjP8mV71e-Y8h8w4rS5gqOWak&dib_tag=se&keywords=plastic+utensi
ls&qid=1729124791&s=hpc&sprefix=plastic+uten%2Chpc%2C391&sr=1-2-spons&sp_csd=
d2lkZ2V0TmFtZT1zcF9hdGY&psc=1 (accessed 2024-10-16).

(29) Amazon.com: ECOLipak 1000 Count 12 OZ Clear Compostable Plastic Cups, Disposable
Plant-Based Biodegradable Drinking Cups, PLA Plastic Cold Party Cups for Restaurant,
Office, Canteen, Large Gathering : Health & Household.
https://www.amazon.com/ECOLipak-Compostable-Disposable-Plant-Based-Biodegradable/
dp/B0D5CJ38FC/ref=sr_1_1_sspa?dib=eyJ2IjoiMSJ9.Hs-hDUfU_xAtIxgGIMpCqkfDT33S-
QfpsgivYNjAfHdqi17RE_UekXiDAEtUPFWp0_yHH1MAJzi5Ux0ekbwx1jzYgHnhW39nQIiLZ
DsdOW7aIiB5aINOwkd4nGumTo2S7Y8mPVaiefJ2l9wdTFfq9EgOO_UPcZPUj7XgOPcKk8j
CgXQFNfP50t1vlkjH9SKSHcqzpZAfZ-xWflyPL5mgp25lJqv2PHwtwCPFDYCrjb8Fpz_fUrs3
Rp9rLo_vZk2rHm0RwsEqi-H9v4X8omArZ_146iM4IkpT5Pk0GFoRtPE.1eCHocj0YJLl4ql5k
G_d6wgzlu7n7sYHFcPedoQtvMo&dib_tag=se&keywords=bioplastic%2Bcups&qid=172912
4417&s=hpc&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1 (accessed

15

https://www.zotero.org/google-docs/?broken=v8mNKg
https://www.zotero.org/google-docs/?broken=v8mNKg
https://www.zotero.org/google-docs/?broken=v8mNKg
https://www.zotero.org/google-docs/?broken=v8mNKg
https://www.zotero.org/google-docs/?broken=v8mNKg
https://www.zotero.org/google-docs/?broken=v8mNKg
https://www.zotero.org/google-docs/?broken=v8mNKg
https://www.zotero.org/google-docs/?broken=v8mNKg
https://www.zotero.org/google-docs/?broken=v8mNKg
https://www.zotero.org/google-docs/?broken=v8mNKg
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=MLi8ad
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=rx4k4P
https://www.zotero.org/google-docs/?broken=W1ZaHu
https://www.zotero.org/google-docs/?broken=W1ZaHu
https://www.zotero.org/google-docs/?broken=W1ZaHu
https://www.zotero.org/google-docs/?broken=W1ZaHu
https://www.zotero.org/google-docs/?broken=W1ZaHu
https://www.zotero.org/google-docs/?broken=W1ZaHu
https://www.zotero.org/google-docs/?broken=W1ZaHu
https://www.zotero.org/google-docs/?broken=W1ZaHu
https://www.zotero.org/google-docs/?broken=W1ZaHu
https://www.zotero.org/google-docs/?broken=W1ZaHu
https://www.zotero.org/google-docs/?broken=W1ZaHu


2024-10-16).
(30) Amazon.com: Hytrend-Kitchen Food Waste Bag-35 Bags-%100 Compostable paper Bag -

Leak Resistant Liner - Plastic Free - Small-Certified by BNQ and BPI : Health & Household.
https://www.amazon.com/Hytrend-Kitchen-Waste-Bag-35-Bags-100-Compostable/dp/B0C9
MYTD5V?source=ps-sl-shoppingads-lpcontext&ref_=fplfs&psc=1&smid=A1C9AXOD65XT
FY (accessed 2024-10-17).

(31) Amazon.com: NOUOUIYT 100 Piece Plastic Clear Disposable Clamshell Containers | 5 x 5
inch | Hinged, with Lid | Take Out, Takeout Tray | Dessert, Cakes, Sandwiches: Industrial &
Scientific.
https://www.amazon.com/Disposable-Clamshell-Container-Containers-Sandwiches/dp/B0C
Q7CRMJ3/ref=asc_df_B0CQ7CRMJ3/?tag=hyprod-20&linkCode=df0&hvadid=6928753628
41&hvpos=&hvnetw=g&hvrand=9864033297178583725&hvpone=&hvptwo=&hvqmt=&hvd
ev=c&hvdvcmdl=&hvlocint=&hvlocphy=9031293&hvtargid=pla-2281435180298&psc=1&mc
id=d899d55a14d5319ba3237ac141403b48&hvocijid=9864033297178583725-B0CQ7CRM
J3-&hvexpln=73 (accessed 2024-10-16).

(32) Amazon.com: Plastic House Clear Plastic Cups Bulk - 7 oz. (Pack of 100) - Disposable
Plastic Drinkware, Perfect Clear Drinking Cup for Cold Drinks And Everyday Use : Health &
Household.
https://www.amazon.com/Clear-Plastic-House-Cups-count/dp/B00HIRBFA2/ref=sr_1_6?cri
d=1Z5A4L8T308N2&dib=eyJ2IjoiMSJ9.2NE5Byzi-O2FWvCkPYRFZGHyoDrL75tFwzFR-Y
YWRJgwtAyIrX14_a-9RtPb8wVFqzOV4-vasYRtkPwgDM1d9kEGbLaGsmnpC-W26n986K
Hui8xmhv78sq0eE1yGTkIoXxE5vz4u9fjUL9DB69UJhe9yp-bMNsZ2anHDNUeTRB0F215K
A_TM9Z-zjuQQVn3zYmOeKIsS-gJdfbDLMZPUfINTm8bTl92YR6MTbYBAPBVX-d06iwE8J
kk6g90uL0e1508Q_9VWybxydOdiyYYlmDRM5D-mMhNt6Hp8tRYlxVQ._2LW1OCNNEw9
Nh8bT1FvLxRPbTToqRrLG-cMCBDJPGI&dib_tag=se&keywords=plastic+cups&qid=17291
24649&s=hpc&sprefix=plastic+cu%2Chpc%2C318&sr=1-6 (accessed 2024-10-16).

(33) Biodiesel – Market Intelligence. ProcurementIQ.
https://www.procurementiq.com/market-intelligence/biodiesel (accessed 2024-10-16).

(34) Estimating your printing cost per page: the true print costs calculator | PaperCut.
https://www.papercut.com/blog/print_tips/estimating-your-printing-cost-per-page-the-true-pri
nt-costs-calculator/ (accessed 2024-10-16).

(35) Ethanol - Price - Chart - Historical Data - News.
https://tradingeconomics.com/commodity/ethanol (accessed 2024-10-16).

(36) Full article: Estimating production cost for large-scale seaweed farms.
https://www.tandfonline.com/doi/full/10.1080/26388081.2022.2111271 (accessed
2024-10-17).

(37) Lightweight Seaweed Paper 90gsm A4 X 10 Sheets for Printing Writing Stationary Art
Crafts Gift Bags Envelopes Gift Wraps - Etsy.
https://www.etsy.com/listing/1738314784/lightweight-seaweed-paper-90gsm-a4-x-10?utm_
source=OpenGraph&utm_medium=PageTools&utm_campaign=Share (accessed
2024-10-17).

(38) Polypropylene vs. Polyethylene: Material Differences and Comparison | Xometry.

16

https://www.zotero.org/google-docs/?broken=W1ZaHu
https://www.zotero.org/google-docs/?broken=UtgIyl
https://www.zotero.org/google-docs/?broken=UtgIyl
https://www.zotero.org/google-docs/?broken=UtgIyl
https://www.zotero.org/google-docs/?broken=UtgIyl
https://www.zotero.org/google-docs/?broken=UtgIyl
https://www.zotero.org/google-docs/?broken=pSyotT
https://www.zotero.org/google-docs/?broken=pSyotT
https://www.zotero.org/google-docs/?broken=pSyotT
https://www.zotero.org/google-docs/?broken=pSyotT
https://www.zotero.org/google-docs/?broken=pSyotT
https://www.zotero.org/google-docs/?broken=pSyotT
https://www.zotero.org/google-docs/?broken=pSyotT
https://www.zotero.org/google-docs/?broken=pSyotT
https://www.zotero.org/google-docs/?broken=pSyotT
https://www.zotero.org/google-docs/?broken=g5e0Ny
https://www.zotero.org/google-docs/?broken=g5e0Ny
https://www.zotero.org/google-docs/?broken=g5e0Ny
https://www.zotero.org/google-docs/?broken=g5e0Ny
https://www.zotero.org/google-docs/?broken=g5e0Ny
https://www.zotero.org/google-docs/?broken=g5e0Ny
https://www.zotero.org/google-docs/?broken=g5e0Ny
https://www.zotero.org/google-docs/?broken=g5e0Ny
https://www.zotero.org/google-docs/?broken=g5e0Ny
https://www.zotero.org/google-docs/?broken=g5e0Ny
https://www.zotero.org/google-docs/?broken=g5e0Ny
https://www.zotero.org/google-docs/?broken=C4vHOJ
https://www.zotero.org/google-docs/?broken=C4vHOJ
https://www.zotero.org/google-docs/?broken=ClFP9U
https://www.zotero.org/google-docs/?broken=ClFP9U
https://www.zotero.org/google-docs/?broken=ClFP9U
https://www.zotero.org/google-docs/?broken=qeNzsc
https://www.zotero.org/google-docs/?broken=qeNzsc
https://www.zotero.org/google-docs/?broken=Pq7WKJ
https://www.zotero.org/google-docs/?broken=Pq7WKJ
https://www.zotero.org/google-docs/?broken=Pq7WKJ
https://www.zotero.org/google-docs/?broken=wdoyC0
https://www.zotero.org/google-docs/?broken=wdoyC0
https://www.zotero.org/google-docs/?broken=wdoyC0
https://www.zotero.org/google-docs/?broken=wdoyC0
https://www.zotero.org/google-docs/?broken=wdoyC0
https://www.zotero.org/google-docs/?broken=eylSv9


https://www.xometry.com/resources/materials/polypropylene-vs-polyethylene/ (accessed
2024-10-16).

(39) US Retail Diesel Price Weekly Insights: Weekly Retail Gasoline and On-Highway Diesel
Prices | YCharts. https://ycharts.com/indicators/us_retail_diesel_price (accessed
2024-10-16).

(40) Conway, C. Taking Aim at All Those Plastic Bags. The New York Times. April 1, 2007.
https://www.nytimes.com/2007/04/01/weekinreview/01basics.html (accessed 2024-10-16).

(41) Patnaik, R.; Mallick, N. Microalgal Biodiesel Production: Realizing the Sustainability Index.
Front. Bioeng. Biotechnol. 2021, 9, 620777. https://doi.org/10.3389/fbioe.2021.620777.

(42) Fuels.
https://www.globalfueleconomy.org/transport/gfei/autotool/approaches/technology/fuels.asp
(accessed 2024-10-14).

(43) Li, W. Harvesting wild algae to make paper. Society for Science.
https://www.societyforscience.org/blog/harvesting-wild-algae-to-make-paper/ (accessed
2024-10-14).

(44) Plastic Market Size, Share, Trends & Growth Report, 2030.
https://www.grandviewresearch.com/industry-analysis/global-plastics-market (accessed
2024-10-14).

(45) Bioplastics: Sustainability in the plastics industry.
https://www.circularise.com/blogs/bioplastics-sustainability-in-the-plastics-industry
(accessed 2024-10-17).

17

https://www.zotero.org/google-docs/?broken=eylSv9
https://www.zotero.org/google-docs/?broken=eylSv9
https://www.zotero.org/google-docs/?broken=320k2E
https://www.zotero.org/google-docs/?broken=320k2E
https://www.zotero.org/google-docs/?broken=320k2E
https://www.zotero.org/google-docs/?broken=CPTZGX
https://www.zotero.org/google-docs/?broken=CPTZGX
https://www.zotero.org/google-docs/?broken=1883TL
https://www.zotero.org/google-docs/?broken=1883TL
https://www.zotero.org/google-docs/?broken=BHtx5l
https://www.zotero.org/google-docs/?broken=BHtx5l
https://www.zotero.org/google-docs/?broken=BHtx5l
https://www.zotero.org/google-docs/?broken=hI4LhQ
https://www.zotero.org/google-docs/?broken=hI4LhQ
https://www.zotero.org/google-docs/?broken=hI4LhQ
https://www.zotero.org/google-docs/?broken=aUkIl7
https://www.zotero.org/google-docs/?broken=aUkIl7
https://www.zotero.org/google-docs/?broken=aUkIl7
https://www.zotero.org/google-docs/?broken=elBemH
https://www.zotero.org/google-docs/?broken=elBemH
https://www.zotero.org/google-docs/?broken=elBemH

