
1

iGEM Calgary 2022:
Cellucoat Business

Plan



2

Table of Contents

Cellucoat Executive Summary 3

Cellucoat Concept Statement 5
The Problem 5
Cellucoat’s Solution 6
User-Based Design 6
How Cellucoat Will Evolve 7

Cellucoat Market Analysis 7
Market segmentation 7
Market trends 8
Scope of BC in food packaging market 9

Cellucoat Feasibility Analysis 9
PESTEL Analysis 9
Porter’s Five Forces Analysis 11
Potential For Industry Growth 13

Cellucoat Competitive Analysis 14
Identifying Competitors 14
Competitive Analysis 15

Cellucoat Resource and Financial Analysis 16
Financial Analysis: 16
Financing Plan: 18
Skills and Capabilities: 19

Legal considerations 20
Analysis of legal aspects 20

Social Resposibility 21
Summary of Social Responsibility: How Cellucoat Serves its Users and Beyond 21
Environmental responsibility 21
Economic responsibility 22
Ethical responsibility 22

Cellucoat Business Incubation Process 24
Competitions 24
Workshops and Meetings 24
Stakeholder Meetings and Customer Discovery 25



3

Cellucoat Executive Summary

World food prices have jumped 28% since 2021 to their highest level in a decade, and Canadians are
feeling the impacts of the hike of groceries more than ever (1). More than 75% of Canadians state that
they had to change their spending habits to accommodate the rising price of produce, and nearly half
opted to delay purchases (2). However, delaying purchases is difficult, as produce rots and becomes
unsafe for consumption within 2-5 days of purchase if additional steps are not taken to preserve the food
(3).

Produce accounts for 45% of what is being thrown out unnecessarily by the average Canadian family,
costing approximately $1800 per household annually (4). To add onto the economic burden of groceries
for families, single use plastics are being banned in Canada and other nations such as France, Spain, the
UK, and India by 2030 (5). Replacements include environmentally friendly alternatives which increases
the cost of packaged produce up to 266% compared to plastic packaging.

Hence, there are three problems that need to be addressed amidst the rising price of groceries and ban on
single use plastics:

1. Cost of groceries is increasing, making purchasing nutritious food more unaffordable to the
average consumer.

2. Consumers are discarding produce that could've been avoided or repurposed, resulting in
excessive food waste and income loss.

3. Environmentally-friendly alternatives to plastic packaging are exceedingly more expensive than
plastic packaging, which adds onto the economic burden for the average consumer.

To help Canadians and world-wide consumers reduce their food waste and have access to produce
packaging that has a reduced cost compared to other environmentally-friendly alternatives to save money,
iGEM Calgary 2022 presents Cellucoat: a packaging solution that keeps food fresh from the fields to the
fridge.

Cellucoat aims to assist Canadians and worldwide farmers, produce distributors, and ground-level
consumers have access to an affordable, sustainable, and innovative product packaging that maintains the
freshness of fruits and vegetables, reducing losses for all users within the produce supply chain. With
Cellucoat’s efficient and usable production design and product features, both top-to-bottom and
bottom-to-top pressure from our buyers, produce packaging companies, to consumers and vice versa
ensures there is appeal and demand from all members throughout the produce supply chain.

Of course, demand for a product arises from knowledge of the benefits of the product over that of other
packaging materials on the market. To do this, marketing towards middle-class consumers will
emcompasses how Cellucoat is innovative and affordably sustainable. Being an affordable sustainable
packaging alternative to plastic also allows for middle and upper-class consumers to shop without feeling
guilty about plastic pollution without breaking the bank on more costly sustainable materials. Marketing
towards Cellucoat’s buyers, packaging producers, will be more direct. Sales representatives will be used



4

to visit produce packaging manufactures and produce distributors to inform them about the benefits of
Cellucoat for both the consumers and for saving money by reducing the amount of defective produce.

Phasing out single-use plastics to be replaced by more sustainable alternatives does not mean that the
properties of single-use plastics, such as affordability, strength, and customizability will no longer be
sought out by consumers. Rather, sustainable alternatives that emulate the properties of plastics to ensure
that the customer experience with produce packaging remains unchanged are preferred by consumers.
Hence, Cellucoat’s direct competition will be companies that produce packaging using bioplastics, paper,
and plastic materials and Cellucoat’s indirect competition will be antimicrobial washes and treatments.
Based on a VRIO analysis, Cellucoat’s unique value proposition ensures it will remain competitive within
the produce packaging landscape. Being a nanocomposite material of bacterial cellulose and PHB, and
integrating an antimicrobial peptide that can be customized based on the packaging purpose ensures that
Cellucoat is valuable, rare, inimitable, and the structure of the business and production is organized to
keep up with demand and an ever evolving market.

The owners of Cellucoat will be nestled in the iGEM Calgary 2022 team and internal decisions within the
team will decide who will continue with Cellucoat into the market and become executives of the
company. The executives will be responsible for overseeing marketing, distribution, production, and
innovation. Because a majority of the production process of Cellucoat can be automated with the
bioreactor and its sensors, few personnel will be required for monitoring the production. Scientists will be
hired to continue innovating new packaging solutions and also be available to express new antimicrobial
proteins based on the requests of buyers.

With Cellucoat being born from the minds and passions of undergraduate students, initial funding for the
first two years of business will come from sponsorships, bursaries, and grants. Going into the third year of
business, capital will begin being made from early adopters purchasing the produce packaging material
and spreading the word to their inner community.
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Cellucoat Concept Statement
The Problem

The prices of groceries are at their highest level in decades (1), and to add onto the economic burden of
groceries for families, single use plastics are being banned in Canada and other nations such as France,
Spain, the UK, and India by 2030 and are being replaced by environmentally friendly alternatives (2).
These plastic alternatives, which can be reusable, biodegradable, or compostable can increase the cost of
packaged produce up to 266% compared to produce packaged by plastics, incurring a steep price tag for
consumers already struggling with the impacts of the rising costs of living (Majority of diners will pay
more for sustainable packaging | Restaurant Dive).

Cellucoat’s Solution

There are three problems that need to be addressed amidst the rising price of groceries and ban on single
use plastics:

1. Cost of groceries is increasing, making purchasing nutritious food more unaffordable to the
average consumer.

2. Consumers are discarding produce that could've been avoided or repurposed, resulting in
excessive food waste and income loss.

3. Environmentally-friendly alternatives to plastic packaging are exceedingly more expensive than
plastic packaging, which adds onto the economic burden for the average consumer.

To help Canadians and world-wide consumers reduce their food waste and have access to produce
packaging that has a reduced cost compared to other environmentally-friendly alternatives to save money,
iGEM Calgary 2022 presents Cellucoat: a packaging solution that keeps your food fresh from the fields to
your fridge.

User-Based Design

There are four components of this product that ensure the cost of the packaging material is not only
reduced, but also has an integrated and customizable antimicrobial protein that can be tailored for
different produce and their respective pathogens. Using feedback from members throughout the produce
supply chain such as farmers, distributors, and ground level consumers our packaging design and
development process has been designed with the user experience in mind. The four components include:

1. Preservation: Cellucoat has integrated preservative properties, which protect produce against
fungal and bacterial infections that are the root cause of spoilage, and therefore the cause of
revenue and income losses by producers and consumers. Different types of antimicrobial peptides
with activity against different types of pathogens can be chosen for different types produced for
their respective spoilage microbes. The customizability of the functionality of the packaging
material makes it an attractive fit for both our buyers, produce packaging companies, and
consumers, or individuals across the produce supply chain as well as the end user, who wants to
prevent spoilage causing microbes from growing onto their produce with Cellucoat’s integrated
antimicrobial peptide.

https://www.restaurantdive.com/news/majority-of-diners-will-pay-more-for-sustainable-packaging/539778/
https://www.restaurantdive.com/news/majority-of-diners-will-pay-more-for-sustainable-packaging/539778/
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2. Protection: Produce packaging has to withstand multiple environments and forces as it is
transported throughout the produce supply chain. Cellucoat has been designed so that its
mechanical strength is on par or stronger than that of current sustainable alternatives while not
sacrificing the compostability. Strength is not the only property of packaging that buyers and
consumers care about, as Cellucoat is a nanocomposite material between bacterial cellulose and
biopolymer PHB, which makes the material waterproof, long-lasting, light-weight, and can be
folded to minimize transportation costs and losses during the shipment of produce as the
packaging can reliability withstand the forces that are experienced during transportation of
produce.

3. Production: Plastic packaging can be made quickly, meaning the manufacturing process has the
capacity to keep up with the demand for plastics. For sustainable alternatives the manufacturing
process typically takes longer, decreasing the amount of supply available and increasing prices to
keep up with the arduous manufacturing process. However, Cellucoat’s manufacturing process
has been designed to streamline the creation of the nanocomposite material through four steps:
coculture, sterilization, purification, and drying. These steps also integrate opportunities for
customization, colouration, and labeling, preventing the need for additional prints.

4. Packaging: Customization of the packaging is what allows for farmers and companies to
advertise their products amidst their competitors, and having a packaging with a distinct aesthetic,
appearance, or label can peak the interests of consumers to pick up their product. Within
Cellucoat’s production process, opportunities to dye the material a variety of color and stamp on
different labels are integrated in the purification and drying stages. Furthermore, using bio
sculpture allows for Cellucoat to be shaped into a variety of unique shapes for companies that
want packaging in a shape beyond a conventional box.

How Cellucoat Will Evolve

As Cellucoat begins to hit the market, our first users will be early adopters. These individuals will be
concerned with the environment and may have issues with maintaining the freshness of their produce,
which the Cellucoat team’s customer discovery demonstrates to be typically young adults. The most
important way to know how to evolve or change a product is to collect data and views from those early
adopters and innovate to better the product based on what grievances are being communicated by the
users. By continually and iteratively improving the product based on data-driven decisions, our team will
be able to spot and continually adapt our design and business model to fit the demands of buyers and
users.
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Cellucoat Market Analysis

Market segmentation

The microbial and bacterial cellulose market can be broken down as follows:

Microbial and bacterial cellulose market segmentation by type:
- Plant-based cellulose
- Bacteria-based cellulose

Microbial and bacterial cellulose market segmentation by application:
- Composite materials
- Nonwovens adsorbent webs
- Paper and board
- Food products
- Others

Within this market, Cellucoat produces bacteria-based cellulose that is intended to be used as a food
product. The implications of this are further discussed in the marketing of our bacterial cellulose.

Market trends

In 2020, the microbial cellulose production market was valued at approximately 510 million USD (1).
Since then, it is projected to be valued at over 980 million USD by 2028. This market includes various
bacterial cellulose applications, such as therapeutics, cosmetology, cardiovascular diseases, oncology,
ophthalmology, urology, drug delivery systems, tissue engineering, and tissue regeneration (2). In terms
of BC production trends, the Asia Pacific region is forecasted to have the largest growth rate as many key
market players are relocating their manufacturing facilities there. This move is due to more favourable
government policies, the availability of low-cost labour, and rising demand for BC. Overall, BC market
growth is restrained due to the availability of substitutes and strict regulations. The largest share in this
market is registered in North America, accounting for 38% of the market, which is associated with
healthcare infrastructure and growing applications of bacterial cellulose in wound care products (2).
Relative to the market in general, the following are the key players: Celluforve, American Process,
Axcelon, Biopolymers Corporation, Borregaard,  Bowil Sp. z o. o., Daicel Corporation, Fzmb GmbH,
Merck KGaA, Nippon Paper Industries Co., Ltd., and Nympheas International Biomaterial Corporation
(2).

When looking at the literature on BC, it is interesting to note that the quantity of studies on BC (ranging
from testing out its properties to its various applications) grew substantially over the years (3). The
number of papers that presented reports on BC and were published in scientific journals from 2009 to
2019 increased >200% during this period, corresponding to a total of 59,158 publications in 10 years (3).
Most BC studies are currently concentrated in the biomedical field, where they demonstrate the versatility
of this material in applications such as wound healing through tissue engineering, blood veins, contact
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lenses, and tubes.  However, commercializing these materials with BC is highly valued, as the production
cost is considered expensive. Therefore, besides requiring high capital investment in efficient
fermentation systems that increase BC yield, it has a high operating cost related to the inputs required for
the conventional medium Hestrin and Schramm (HS). These inputs involving large expenses in BC
production include glucose or commercial glycerol used as carbon sources in the HS environment (3).
The development of research and sale of these BC biomaterials is mainly concentrated in the United
States, China, India, Europe, Japan, and regions of Southeast Asia (2,3). They have increasingly invested
in the research and development of new products to compete equally with countries with widespread
trade.

Overall, our  research indicates that there is a growing demand for bacterial cellulose, but how will
Cellucoat fit in this market?

Scope of BC in food packaging market

Relative to the food market, packaging plays an important role in protecting and preserving food.
Bio-based materials in the packaging industry are preferable when compared to plastics due to global
concerns about the impact of non-biodegradable packaging on the environment. The push for sustainable
packaging has been further emphasized by countries such as Canada, where the government has begun to
roll out a ban on single-use plastic products (4). BC has been identified as one of the suitable materials
that may be used as an alternative to a bio-based “plastic” due to properties such as consistent fine
networking contributing to its strength and moldability, being biodegradable and being highly
water-resistant. Although BC is an excellent choice for food packaging, it has no antibacterial and
antioxidant properties to prevent food contamination on its own. Due to this, BC composites can be used
to gain these properties. This is also where Cellucoat fits into the market, addressing this solution through
an innovative manner that is not yet on the market through the incorporation of PHB to allow the BC to
be more competitive with plastic and the antimicrobial properties of the BC.
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Cellucoat Feasibility Analysis

PESTEL Analysis

A PESTEL analysis is a strategic framework commonly used to evaluate the business environment in
which a firm operates.

Factor Threats Advantages

Political For Canadian-controlled private corporations
claiming the small business deduction, the net tax
rate is 9% (1). Canada has free trade (1), so there
will be no tariffs imposed on traded goods.

Canada has legislated the proposed 2019 Zero
Waste Single Plastic Ban, indicating the single
plastics will be 100% phased out by 2030, along
with other countries such as Australia, France, and
India (2). Canada will also be providing grants to
incentivize innovation to replace single use
plastics (2).

Economic The costs of inflation are causing an increase in
costs of transportation (3), which is a problem for
shipping the fruit waste for Cellucoat’s fruit
waste media. The cost of shipping a container on
the world's transoceanic trade routes increased
seven-fold in the 18 months following March
2020, while the cost of shipping bulk
commodities spiked even more (3).

World food prices jumped 28 per cent in 2021 to
their highest level in a decade, and hopes to return
to a more stable market are slim according to the
UN’s food agency (4). The rate of inflation is also
making groceries more expensive for the average
Canadian (5).

Social The idea that having consumables wrapped in a
product that has been produced by bacteria may
deter customers from purchasing produce
protected by Cellucoat, even though there is no
bacteria remaining on the product. Furthermore,
there can be a stigma against antimicrobial
treatments, and having an antimicrobial peptide
integrated into the packaging can deter potential
customers that hold this belief.

Initial customer discovery demonstrates that
general consumer attitudes towards plastic
packaging is excessive and that there is a demand
for a functional but sustainable replacement.
Furthermore, certain demographics such as men
and young adults specifically have a difficult time
managing food waste, and therefore tend to
gravitate towards premade meals because of these
difficulties, which is not always an option due to
the cost associated - there is also a demand for a
way to prolong the shelf-life of produce as
consumers anecdotally state that produce does not
last as long as it use to.

Technological The opportunity for customization of different
antimicrobial peptides comes with a steep initial
cost because of the need for scientists, materials,
time, prototyping, and testing. While other
aspects of Cellucoat’s manufacturing process is
streamlined to ensure that additional personnel is
not required to maintain, inserting a different
type of antimicrobial peptide into the
AMP-expressing E.coli requires an excessive

The process of developing BC in a coculture with
PHB and AMP expressing bacteria allows for the
coculture to be grown in a bioreactor, which will
have an integrated system of sensors and
programmed cycle of maintaining internal static
conditions to grow the material. Once the material
has been grown, a minimal amount of personnel is
required to ensure that the material is moved to the
correct areas of the purification and drying cycles,
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initial time and cost commitment, which cannot
be replaced by automation.

which also do not require any interference of
employees. The hardware of the bioreactor will aid
in decreasing costs associated with paying for
labor.

Environmental Throughout the production of Cellucoat, a high
energy input is required. Maintaining higher
temperatures for incubation and sterilization not
only come with a price tag but also a degree of
carbon emissions. Since the bioreactor will be
incubating the material at 30 degrees, that
accounts for the same amount of energy as a
heated bulb, using 6 kilowatts in 24 hours or
releasing 1.399 kg CO2 daily for the incubation
process (6). The autoclaving process will be akin
to that of a pressure cooker, which uses 0.06 kW
per hour (which is how long it will be in the
autoclave for) which releases 0.014 kg CO2
whenever the autoclave is used (7).

In 2018, the amount of plastic in items produced
for Canadian consumption was 6 323 kilotonnes
(8). However, Canadians throw away over 3
million tonnes of plastic waste every year, with
only 9% being recycled while the rest ends up in
landfills, waste-to-energy facilities or the
environment (8). Canada’s Zero Waste Single
Plastic Ban was enacted to reflect that change is
necessary to minimize the amount of plastic being
produced and going into landfills and the
environment (2), allowing for sustainable
alternatives to replace the niche.

Legal As a niche opens up with the ban on plastics
rolling out, budding start-ups will begin looking
for innovative methods to package produce and
other products in, and bacterial cellulose-based
packaging may be something that other
companies consider. Hence, it is imperative that a
patent is used to protect Cellucoat’s IP, however,
the cost of defending IP will be something that
the Cellucoat team will have to consider before
pursuing legal action for plagiarism or breach of
IP.

There have been patents filed for different
applications of BC, however Cellucoat with its
unique value proposition and innovation being the
core of the companies interests ensures that it will
be obvious when other companies attempt to
replicate aspects of cellucoat, such as
modularization of AMPs for customization,
creating a nanocomposite material between BC
and PHB for increased mechanical strength, and a
coculture to streamline production of the material.

Porter’s Five Forces Analysis

Porter's Five Forces Consideration Details

Intensity of Industry
Rivalry

Concentration of rivals The Produce Packaging Market was valued at USD 33.59
billion in 2021 and is expected to reach USD 42.69 billion by
2027 (9). The United States is one of the fastest-growing
packaging markets in North America. The business is ever
growing to supply packaging for produce and different
consumables (9).

Product homogeneity There are multiple types of products available on the market
ranging from biodegradable plastics, bioplastics, compostable
biopolymers, and recyclable plastics/bioplastics.

Consumer switching
costs

The cost of plastics is 200% less expensive than that of
sustainable alternatives.
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Network effects Packaging is not only restricted to the produce market, as the
retail and food industry also utilize the same types of packaging.
There is an extensive opportunity to network with the same type
of product.

Threat of Potential
Entrants

Cost advantage or
economies of scale

Produce packaging industry only works and can maintain lower
prices thus maintaining a consumer base. The only way to
achieve this is through large scale production.

Specialized skills Specialized skills are not necessary unless there is a component
of innovation for the packaging, such as packaging material,
design, or aesthetics.

Investment in specialist
equipment

The cost of producing packaging has a steep initial investment
on purchasing, installing, and getting qualified personnel to run
machines to shape plastic and other types of packaging
materials into a package.

High fixed costs Space for having the manufacturing facility, continuing to
purchase the packaging material, and specialist equipment are
aspects of companies that produce packaging that have high
fixed costs.

Bargaining Power of
Buyers

Substitutes available There are many industry competitors, giving the buyers more
choices with lower prices and better product attributes for the
consumers needs.

Switching costs There are many substitutes available and switching costs are
low, so buyers are indifferent between purchasing products from
a company or its rivals.

Product homogeneity There are many different types of produce packaging products
on the market for buyers of the packaging to choose from,
however for certain types of goods they are typically packaged
in the same form of packaging, while the aesthetics and labeling
are what differentiate the packaging.

Bargaining Power of
Suppliers

Substitutes available There are many substitutes available for plastic materials, while
there are slightly less for bioplastics and other bio-derived
materials.

Switching costs Switching costs are low for plastic materials, while they are
higher if companies are switching to a sustainable bio-derived
material.

Product homogeneity Switching costs are low for plastic materials, while they can
fluctuate and are on a spectrum based on where the sustainable
material originates.

Threat of Substitute
Switching costs Switching costs to plastic alternatives are low for customers.
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Goods/Services Performance of
Alternatives

Plastic substitutes have superior pricing, attributes, and
performance relative to the sustainable alternatives.

Potential For Industry Growth

The Produce Packaging Market was valued at USD 33.59 billion in 2021 and is expected to reach USD
42.69 billion by 2027, at a CAGR of 4.12% over the forecast period 2022 - 2027 (10), primarily due to
the market for whole, and fresh-cut produce is projected to grow as consumers continue to seek healthy
food (8). Furthermore, the demand for increased packaging for produce increased by 8.6 million tonnes
since the beginning of the pandemic as health concerns for contamination grew (10).

Growth in the produce packaging market has also been observed in the Asian-Pacific market.  In the Asia
Pacific region, a shift in consumer behavior has created a demand for fresh produce packaging (10). Fresh
produce is sold in various forms of packaging in the region - including pouches, bags, and rigid plastic
containers - and more intensive packaging that provides ease of use, convenience, superior performance,
and shelf-life improved environmental footprint (10).

The Produce Packaging Market is characterized by differentiation, growing levels of service penetration,
and high levels of competition. Sustainable competitive advantage can be gained through innovation in
design, technology, and application (10). However, short product development cycles and relatively high
exit barriers are some of the factors affecting firms in the market. Overall, the intensity of competitive
rivalry is expected to be high (11).
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[cited 2022Oct7]. Available from:
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2022 - 27 | Industry Growth. [cited 2022Oct7]. Available from:
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Cellucoat Competitive Analysis

Identifying Competitors

Since our composite BC and PHB packaging material is biodegradable and compostable, our product’s
immediate competitors will be companies that create compostable packaging. These materials include
bamboo, seaweed, mycelium, hemp, and avocado derived materials as well as types of biodegradable
plastics that include Polybutylene succinate (PBS), Polycaprolactone (PCL), Polybutyrate adipate
terephthalate (PBAT) and Polyvinyl alcohol (PVOH/PVA) (1).

We will look at companies that produce strictly compostable or biodegradable materials for Cellucoat’s
competitive analysis. Good Start Packaging (1) will be for companies that produce both compostable and
biodegradable materials, with the differences in product, price, promotion, and place being taken into
account. It is also important to compare Cellucoat to plastics and other alternatives to plastic such as
paperboard packaging, and the company that will be analyzed will be Plus Pack (2).

A main selling point of Cellucoat is that it has antimicrobial properties, and the antimicrobial peptide used
can be swapped out and customized for the specific product packaging. Hence, a secondary competitor to
Cellucoat would be anti-fungal and bacterial treatments for produce, which Ecolab’s Antimicrobial Fruit
& Vegetable Treatment for food preparation provides (3).

https://www.globenewswire.com/en/news-release/2022/08/18/2500511/0/en/Food-Packaging-Market-to-Worth-USD-478-18-Billion-by-2028-Food-Packaging-Industry-Growth-Share-Analysis-and-Forecast-Report.html#:~:text=Pune%2C%20India%2C%20Aug.,5.1%25%20during%20the%20forecast%20period
https://www.globenewswire.com/en/news-release/2022/08/18/2500511/0/en/Food-Packaging-Market-to-Worth-USD-478-18-Billion-by-2028-Food-Packaging-Industry-Growth-Share-Analysis-and-Forecast-Report.html#:~:text=Pune%2C%20India%2C%20Aug.,5.1%25%20during%20the%20forecast%20period
https://www.globenewswire.com/en/news-release/2022/08/18/2500511/0/en/Food-Packaging-Market-to-Worth-USD-478-18-Billion-by-2028-Food-Packaging-Industry-Growth-Share-Analysis-and-Forecast-Report.html#:~:text=Pune%2C%20India%2C%20Aug.,5.1%25%20during%20the%20forecast%20period
https://www.mordorintelligence.com/industry-reports/produce-packaging-market#:~:text=Market%20Overview,continue%20to%20seek%20healthy%20food
https://www.mordorintelligence.com/industry-reports/produce-packaging-market#:~:text=Market%20Overview,continue%20to%20seek%20healthy%20food
https://www.agmrc.org/business-development/business-and-economic-concepts-and-principles/barriers-to-entry-and-exit
https://www.agmrc.org/business-development/business-and-economic-concepts-and-principles/barriers-to-entry-and-exit
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Competitive Analysis

Values were derived from Good Start Packaging (1), PlusPack (2), and Ecolab’s (3) ecatalogs.
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Cellucoat Resource and Financial Analysis
Financial Analysis:

As established in earlier sections, Bacterial Cellulose has gained traction in recent years for its varying
favourable properties, specifically in our case, the desirable properties that make it an ideal alternative to
plastic. However, a major reason it has not taken off as other plastic alternatives is due to it being a
capital-intensive process (1). Hence, veering into this industry it is important to analyze the financial costs
associated with it.

The media used in growing the bacterial cellulose-producing bacteria K.xylinus and in our case also our
recombinant E.coli is the most important factor in BC production. (2) This is evident as culture media
accounts for about 30% of the total production cost. (2) This finding suggests that finding a cost-effective
medium to replace the conventional media, HS media, would significantly reduce production costs for
BC. Therefore, our team explored the use of a modified media consisting of extracts from the fruit waste
of oranges and analyzed several parts such as the peel, juice and pulp to envision which part gave the
most BC yield and was the most cost effective. From this, we found that a modified medium of 45 %
Fruit waste media and 55 % HS media yielded the most yield of BC for the cheapest price. This was able
to reduce production costs by 60%. A more detailed cost analysis of the different modified media can be
found here Fruit Waste Media Page.

From this conclusion, we decided to base our financial analysis on the assumption that we would be using
this modified media to produce our product on an industrial scale. Our analysis was based on Fernando et
al. that conducted a thorough process modelling and techno-economic analysis for the industrial
production of BC (3). Their design accounted for the production of 504 tons of hydrated BC using an
airlift fermenter and assuming a selling price of 25 USD per kilogram of  BC (3). After the necessary
modifications to meet our design specifications we found that the total start-up cash needed for the
business is $24,478,081.13.

This cost can be divided into two main sections which are the Total Capital Investment (TCI) and Total
Product Cost (TPC). The total capital investment comes up to be about $12,111,078.24 which 55%
includes direct costs such as equipment purchasing, installation, building, and land. Indirect costs account
for 25% which include engineering, construction expenses and contingency fees (3).

As for the total production costs it comes up to $12,367,002.89 which accounts for 92% of manufacturing
costs such as the price of raw materials, utilities, maintenance, operating labour, and laboratory charges
(3). Also included are taxes, depreciation, and insurance. The 8% left includes general expenses which are
administrative costs, distribution and selling costs, Research and Development costs and financing (3).

Haven established the selling point to be about $33/kg, the net profit comes up to be about  $3,691,097.98
with an estimated payout period of about 5 years.

https://2022.igem.wiki/calgary/production-fruit-waste-media
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Here is a succinct table adequate describing the costs involved in the Financial analysis.

Estimation of Capital Investment Cost

Direct costs (DCs) 6,706,070.50

Purchased equipment (PE) 339,740.00

Installation, including insulation and painting 1,212,634.38

Instrumentation and controls 1,010,528.65

Piping 808,422.92

Electrical 909,475.79

Buildings, process and auxiliary 1,010,528.65

Service facilities and yard improvements 404,211.46

Land 1,010,528.65

Indirect costs (ICs) 3,072,007.10

Engineering and supervision 848,844.07

Construction expense and contractor’s fee 808,422.92

Contingency 1,414,740.11

Fixed capital investment (FCI) 9,778,077.60

Working capital (WC) 2,333,000.64

Total capital investment (TCI) 12,111,078.24

Estimation of the Annual Product Manufacturing Cost

Manufacturing costs (MC) 11,429,502.89

Direct production cost (Variable costs) 10,128,102.59

Raw materials 3,265,852.24

Operating labour (OL) 806,000.00

Direct supervisory and clerical labour (DS & CL) 141,050.00

Utilities (Electricity, Steam, Chilled Water) 750,000.00

Maintenance and repairs (2%–10% FCI) 195,561.55

Operating supplies (0.5%–1% FCI) 4,889,038.80

Laboratory charges (10%–20% OL) 80,600.00

Fixed charges 453,210.21
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Depreciation (13% FCI machin. & equip. + 2%–3%
FCI Buildings) 64,376.77

Local taxes 388,833.44

Insurances (1% of FCI) - Peter textbook 108,873.36

Plant overhead costs (50%–70% OL, DS & CL,
and M & R) 848,190.08

General expenses (GE) 937,500.00

Administrative costs (2%–6% of TPC) 300,000.00

Distribution and selling costs (2%–20% of TPC) 262,500.00

Research and development costs (5% of TPC) 375,000.00

Financing (interest) (0%–10% TCI) 0.00

Total product cost (TPC): MC + GE 12,367,002.89

Profitability

(504,000 kg/year, at a selling price of US$33/kg)

Total income: Selling price × quantity of product 17,640,000.00

Gross income: Total income − Total product cost 5,272,997.11

Estimation of the Annual Product Manufacturing Cost

Taxes: 30%–40% Gross income 1,581,899.13

Net profit: Gross income − Taxes 3,691,097.98

Total Cash Up Cash (TPC + TCI) 24,478,081.13

***Insert a graph that shows easy visualization of the breakdown of start up cash needed****

Financing Plan:

As established BC production is highly capital intensive hence, it is highly important that as a business we
source for funds in the most adequate place possible with limited risks and liabilities. That is why we have
chosen four main routes to use in pursuit of seeking the capital involved.

Initial funding would be best sourced from pitch competitions and other such entrepreneurship-based
competitions that grant awards for the development of businesses. The University of Calgary and other
organizations scattered around our city Calgary host such competitions. Such competitions and
organizations that host these include the innovation rodeo, mindfuel, RBC Fast pitch competition, UCeed.
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To seek more funding we would apply for government grants and student-specific grants. Such grants
include the Alberta research grants which would highly fund our research and development process.
There also exists the Alberta business grants and other federal government grants given by the
government of Canada. The University of Calgary also administers students several grants and
studentships to conduct research. This funding can also be put forward into research and development
costs

We would also participate in accelerators as they would fast track the development of our product and
gain the most traction in the least amount of time. Specifically, we would look into synthetic
biology-specific accelerators such as IndieBio.

Lastly, due to the capital intensity of this business, Sabina and Micah further advised that we seek funds
from financial institutions. Understanding that the funding opportunities that exist in these institutions
have interests we would have to make the best possible choice to make use of a funding platform with the
least possible interest rate. One of such institutions and initiatives we found is Funtrepreneur by the Royal
Bank of Canada. Futrepreneur is an initiative that gives loans to young entrepreneurs at low interest rates.
There also exist other business loans given by our local provincial government with low interest rates as
well.

A reason for choosing such avenues rather than looking for angel investors and other equity-giving
funding sources is because of not wanting to give up equity. We are a team of 10, and giving equity will
not only reduce the dividend each person gets but will also create a situation where some of our choices in
the business might be limited as more heads are involved.

Ultimately, these avenues should enable us to gain access to sufficient funding that is necessary to
develop our business into a scalable operation.

Skills and Capabilities:

Before you find your favourite fresh snack packaged in Cellucoat our team has a long way to go to make
it an ideal alternative to traditional fruit preservations and plastic packaging and its alternatives. The
skills, capabilities and resources our team still needs include but is not limited to:

1. Ability to reduce the cost of production: As established, we have created a modified media called
Fruit waste media to grow our bacterial cellulose-producing bacteria. This media has been made
from orange fruit waste however, it still contains constituents of the traditional HS media. The
presence of HS media still increases the costs especially when taken to an industrial level.
Therefore, our team would need to continue research and development into creating a modified
media that uses little to no conventional media to reduce the cost.

2. Another major factor bacterial cellulose has not been taken into many industrial-level applications
is due to its low yield during production. (1) Therefore, this leads to a conclusion that if we could
somehow optimize the growth conditions of both K.xylinus and E.coli then we can maximize the
BC yield. Creating a bioreactor designed for the adequate growth of K.xylinus and E.coli would
be an ideal solution to tackle this problem. From literature, there have been several suggestions
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for an aerosol bioreactor that uses a similar design to that which we use at a lab scale to produce
bacterial cellulose. Therefore, we would need the skills needed to research and develop a device
similar to this system that adequately optimizes the growth conditions and maximizes yield. For
more detailed information on this system visit the **Future directions page**
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Legal considerations

Analysis of legal aspects
In regards to subsection 93(1) of the Canadian Environmetal Protection Act of 1999, the Department of
the Environment made the annexed Single-use Plastics Prohibition Regulations (1). The following
single-use plastics will be prohibited in manufacture and import as of December 2022:

1. Plastic checkout bags
2. Plastic cutlery
3. Plastic flexible straws
4. Plastic foodservice ware (clamshell container, lidded container, box, cup, plate, or bowl)
5. Plastic ring carrier (designed to surround beverages in order to carry them)
6. Plastic stir stick

Of the 6 categories of single-use plastic items being targeted for a ban in the proposed Regulations,
non-conventional plastic resins would be prohibited for 5 (checkout bags, cutlery, ring carriers, stir sticks
and straws). Single-use plastic food service ware made from oxo-degradable plastics would be prohibited.
However, other non-conventional plastic resins, including certified compostable plastics, would continue
to be allowed for food service ware.

The Department of the Environment recognizes the potential advantages of replacing single-use items
made from conventional plastics with non-conventional plastic alternatives (1). For instance, reducing
fossil fuel consumption as plant-based materials replace carbon-intensive plastic source materials, and
increasing food waste diversion in situations where contamination of plastics is an obstacle to recycling.
The Department of the Environment also recognizes that these benefits must be weighed against current
performance in compost facilities, where non-conventional plastics typically cannot be processed and are
sent to landfills. In addition, while compostable plastics look very similar to the conventional plastics they

https://doi.org/10.1007/s11814-020-0524-3
https://www.frontiersin.org/articles/10.3389/fbioe.2020.605374


20

replace, many are not designed to be recyclable. Due to this, the mixing of compostable and conventional
plastics can contaminate the recycling stream and reduce recycling recovery rates. The Science
Assessment noted a lack of significant evidence that biodegradable, compostable, biobased, and
oxo-degradable plastics will fully degrade in natural environments (1). Accordingly, the Regulations
will treat single-use items made from non-conventional plastics in the same manner as their
conventional plastic counterparts (1). To get around this obstacle, the Department of the Environment is
working with partners and stakeholders, including provinces and territories, to develop the knowledge
base about non-conventional plastics (1). This increase in education will be the first step in this sector for
applications outside of the items prohibited by these Regulations.

References

1. Canada Eand CC. Government of Canada [Internet]. Canada.ca. / Gouvernement du Canada; 2022 [cited 2022Oct8].
Available from:
https://www.canada.ca/en/environment-climate-change/services/managing-reducing-waste/reduce-plastic-waste/single-
use-plastics-comments-response.html

Social Resposibility

Summary of Social Responsibility: How Cellucoat Serves its Users and Beyond
Corporate social responsibility (CSR) is becoming a core business strategy for many companies (1). It is
proven to increase the bottom line while winning over customer loyalty and retaining employees (1).
Currently, nearly half of all consumers are looking towards brands to lead the way in making the world a
better place. The influence businesses have and the responsibilities placed on them today is massive.
However, before diving into a corporate social responsibility initiative, a CSR strategy needs to be
completed.

Cellucoat’s future CSR is based about our environmental, economic, and ethical responsibility.

Environmental responsibility
Cradle to Cradle design:

Cradle to Cradle is about seeing waste as an eternal resource and doing the right thing from the beginning.
Material made with this framework in mind is applied with respect for its intrinsic value and the useful
afterlife in recycled or even upcycled products. In this design, there is no waste, no shortage, and no
limitations, unlike a linear system.

Cellcoat uses a Cradle to Cradle design, as fruit waste goes into manufacturing our bacterial cellulose.
Fruit waste is used to supplement the media that our co-culture is grown on, producing. The Fruit Waste
Media, or FWM, was developed by processing whole oranges into the peel, pulp, and juice. Once the
components of the oranges have been separated, they are then hydrolyzed with a family of cellulase
enzymes to break down the various cellulose, hemicellulose and lignin components into reducing sugars
like glucose. Fruit waste media works to reduce the costs of producing BC by 60% by using glucose from
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fruit waste for the growth media as well as take advantage of fruit wasted from grocery stores and the
homes of consumers.

Another component of our cradle-to-cradle design is the biodegradable and compostable nature of the
bacteria cellulose itself. BC is a naturally biodegradable polymer. Neither PHB or nisin are predicted to
impact these properties. Nisin is a protein which naturally degrades over time. PHB is also compostable
and biocompatible; thus, integrating it into our BC does not compromise the existing compostability
while improving the mechanical properties of our material.

Plastic Ban:
Single-use plastics, like clamshells , make up most of the plastic waste foud on Canadian shorelines. In
2022, Canada began rolling out Zero Plastic Waste legislation which prohibits the manufacture and import
of single-use plastics by the end of the year to combat plastic waste and address climate change (2). In
living up to and contributing to these national standards, Cellucoat also addresses an overall
environmental responsibility to mitigate the use of single use plastics. This environmental responsibility
played a major role in Cellucoat’s design process. When first developing an antimicrobial packaging,
recyclable plastics seemed like an ideal choice, but because we would be incorporating a peptide into the
material, it prevents it from being recyclable, rendering it a single us plastic. So our attention turned to
bioplastics. Through interviews with Natalia Gonzalez from Calgary Waste Management, and Belinda Li,
an expert on the impact of bioplastics, we found that bioplastics, even though they are made from
renewable resources, are taken to the same landfills as single use plastics and are not  compostablable in
City compost facilities. That meant that we needed to find a food safe material that was not only
biodegradable but compostable. Thus, our search narrowed in on bacterial cellulose.

Economic responsibility
Over the past several months, the grocery bills of Canadian families have been creeping upwards. From
2020 to 2021, the wholesale price of fruit has increased by 24%, and while the increases might sound
small, they add up quickly for a family trying to save money (3). Because of this, spending habits have
shifted as households feel the pinch of higher food costs. Meanwhile, globally, about half of all food
produced is not eaten. This is not only a waste of food but also of the resources needed to produce,
process, and distribute it. In Canada, this comes to 50 billion dollars worth of food being wasted (4).
Economically, that is $1800 per household in the wake of a recession (5)!

Ethical responsibility
As Cellucoat’s bacterial cellulose is produced in a co-culture with genetically engineered E. coli,
considering the ethics associated with genetically engineered organisms (GEO’s) is pertinent.

What is an ethical matrix?

An ethics matrix is a tool for carrying out an ethical assessment of technology and policy options.This
matrix is particularly relevant for products designed through synthetic biology; the marketing of
biotechnology products requires evaluation and permission of relevant authorities, thus, a risk assessment
is required, and the product is permitted if the associated risks are considered to be on an acceptable level.
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Ethical principles to consider (these are subject to change depending on the context):

- Care for wellbeing: welfare concerns
- Respect for dignity: principle and of respect for autonomy (regarding human beings)  and a

principle of respect for the integrity or inherent value (regarding the biosphere in particular)
- Respect for justice: concerns regarding equality and fair distribution

These principles were transformed into a consequence matrix for different groups that are impacted by the
marketing of Cellucoat as a sustainable and biodegradable plastic alternative:

Group Wellbeing Dignity Justice

Farmers Safe and secure
workplace and income

How does produce
lasting longer impact
produce supplies from
farms?

No impact.

Plastic producers Could face an
economic downturn.

No information Marketing allowance
gives industry a fair
chance to compete. Is
access to resources
fair?

The producing society Adequate profit is
assumed (economic
growth). Added
anxieties with a plastic
ban?

Added dependency on
certain large
corporations

No information

The consuming society Added anxieties.
Guarantees for healthy
food in adequate
amounts.
Adequate nutrition

Consumer choice is
enhanced

Produce of good quality
available for different
consumers.

Future generations Health risks? May lead to no choice
of non-GM

May impact distribution
of genetic resources

The biosphere Insufficient knowledge
about possible adverse
effects on ecosystems?

Tampering with
antibiotic resistance of
bacteria

The conservation of the
environment and
environmental
resources
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Cellucoat Business Incubation Process

Competitions

MindFuel Tech Futures Challenge

Description: Cellucoat competed at the MindFuel Tech Futures Challenge in March 2022 to pitch the first
iteration of Cellucoat as an edible fruit packaging that promotes preservation. After pitching to a panel of
judges and receiving feedback our team was awarded a silver award with $1500 as the prize. The
feedback from the judges helped inform Cellucoat’s decision to pivot from a coating to a packaging.

MindFuel Tech Futures Challenge - Project Prototype

Description: The second half of the MindFuel Tech Futures Challenge was to use mentorship to inform
the design of the first iteration of the pitched prototype in May 2022. For the past two months since the
first challenge, Cellucoat evolved into a product that integrated three aspects of using a coculture to
manufacture BC, using nisin as an antimicrobial peptide to add a preservative aspect to our packaging,
and developing a fruit waste media to lower the costs associated with producing BC on an industrial scale.
With the improvements Cellucoat underwent, our team won Best Prototype and a $1000 prize.

Founders Fundamentals Showcase

Description: With hopes of getting cellucoat out of the lab and onto grocery store shelves, our team
participated in the Founders Fundamentals Start-up showcase pitch competition and 7-week challenge to
complete assignments to flesh out how the start-up would work. Our team completed the 7-week
challenge, gaining the largest completion award of $500 and our team won first for the pitch competition,
winning $1000 as the grand prize.
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150 Lean Startups Challenge Part One

Description: As a part of getting input from consumers for customer discovery, our team participated in
the first challenge set out by 150 Lean Startups, which was to submit 25 customer discovery surveys for
our product to assess need and ways to refine our minimum viable product. As a part of this challenge,
our team was reimbursed $750 to conduct in person and virtual customer discovery through targeted ads.

Workshops and Meetings

Papering Partnerships - University of Calgary Haskayne School of Business Webinar Series

Description: To produce Cellucoat at an industrial level, there would be large front-end costs for lab and
manufacturing equipment that we would not have sufficient funding to achieve. Hence, using feedback
from HP meetings, our team decided to pursue a partnership with an industrial scale lab, such as that from
Innovate Calgary. This webinar series that our team attended aided in papering our partnership proposal
with an industrial lab when our product is ready to be manufactured at an industrial scale.

Founders Fundamentals Startup Program

Description: Aside from the pitch competition and 7-week challenge, Founders Fundamentals was a
7-week program where start-ups from around Calgary would gather and learn about the fundamentals of
founding a Startup. Expert mentors in the business world met up with our team weekly to provide advice
on varying aspects of our business, ranging from competitive analysis, vision, marketing, funding, and
legal aspects.

Craig Elias, 150 Lean Startup Challenge Coordinator at Bowvalley College

Description: Craig Elias is the coordinator of the 150 Lean Start-ups challenge, and aided our team in
developing our customer discovery surveys, where to ask them, and how to move forward with the results
from the customer discovery to both improve our business model and product prototype.

Leah Bortolin, Strategic Coordinator - Student Success University of Calgary

Description: Leah Bortolin helped advise our team on how to begin developing our business model based
on the feedback received from Founders Fundamentals, HP stakeholder meetings, and customer
discovery. She aided us in developing our lean canvas model for our initial iteration of our business plan
and provided guidance as to how our team should approach partnering with an industrial lab for
manufacturing over selling the patent to a manufacturer.

Philippa Ngaju, Health Innovation Specialist at the Hunter Hub

Description: Philippa Ngaju encouraged our team to take a deep dive into our competitors products and
business models, and find areas that our team could improve and build upon with our product. She walked
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us through our supply chain and informed us of areas that we can look into for HP and stakeholders to
interview, and potential direct and indirect competitors.

Sabina Bauer Lewis, Mindfuel foundation

Description: Sabina was a mentor and coordinator of the Founders Fundamentals program, as well as
being an expert in financial management for startups. Sabina advised our team on what facets to look into
for gaining funding and revenue during the first three years of being a start-up derived from
undergraduate students.

Stakeholder Meetings and Customer Discovery

Customer Discovery at Calgary Farmers Market

Description: Using a framework to develop our customer discovery as informed by Craig Elias, we were
able to develop a set of questions to understand if there is a need to address problems situated in excessive
plastic waste or food waste, along with understanding what demographics we would be targeting. We
decided to go to the Calgary Farmers Market for our first round of customer discovery because
individuals that are patrons of a farmers market are more likely to be environmentally conscious and be
aware of where their food goes and comes from, and are therefore the demographic who would be
Cellucoat’s early adopters.

Christopher Clark, Category Director at Star Produce

Description: Christopher Clark works with a major North American produce distributor, and was able to
provide insight into how we can improve our product design and business model to ensure our product
appeals to both consumers and retailers. He informed us about how consumers are visual shoppers, and
want both an aesthetically pleasing packaging which is also transparent so they can see the quality of the
produce inside. However, retailers want to produce packaging that has a tinted color to help mask any
aesthetic deformities of the produce.

Chris Messent, CFP berry specialist

Description: The CFP produces and supplies more than 60 million pounds of fresh fruit from the
Okanagan Valley and Fraser Valley each year, and Chris Messent’s work revolves around getting berries
from the fields into stores. He provided insight into how to get delicate produce, such as berries, from the
fields, to distributors, to grocery stores while minimizing losses through damage to the produce via
sanitation and packaging.

John Kelly, president of Food to Market Inc. and executive board member of Food Producers of
Canada (FPC)

Description: John Kelly is an experienced sales and marketing executive within the Food service and
Consumer Packaged Goods (CPG) industry. Being a member of the FPC, he has strong customer
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relationships in the food service, distribution, grocery, mass merchandise, and drug channels. During our
meetings with John Kelly, we asked about existing fruit packaging specifically and the parameters that
need to be considered for the use of packaging by the food industry. Due to his extensive experience in
sales and marketing, also discussed the feasibility of our business model and vision to deliver an
antimicrobial sustainable packaging that comes with a larger price tag at the tradeoff of being able to have
produce remain fresh for longer.

Juliana Schneider, Biodesigner and Trend Researcher

Description: Our team asked about her experience conducting her masters project that explores the future
possibilities of biologically growing bacterial cellulose from regional organic food waste and surplus
goods to create a sustainable and biodegradable alternative to the current single-use plastic packaging.
Using her advice on how to appeal to both the political and personal preferences of consumers in regards
to plastic packaging and the ease of use of packaging, our team decided to pursue a stronger packaging
using a nanocomposite material of BC and PHB, along with dying our material using the same method
that Juliana proposed, through cabbage juice as a part of the post-processing stages.

Natalia Gonzalez, Waste Management Specialist at Calgary Waste Services

Description: Natalia has over 15 years of experience in waste management and environmental consulting.
Her expertise lies in handling residential and commercial waste, and advising companies on how to
handle waste streams based on current technology and regulations.  Currently, she works for the City of
Calgary as a waste diversion specialist. Our team interviewed Natalia to better understand the composting
process, as well as what kinds of materials are composted. Her work in the Green Cart Program will
inform whether or not our BC product would be eligible for compost, and how our various
functionalizations affect this eligibility. Finally, Natalia is providing industrial compost samples, which
will provide accurate models to test the decomposability of our modified BC, as well as allowing us to
experiment if our product is actually compostable in an industrial compost facility, allowing us to be
confident that our product is actually compostable.

Brittany, Produce Manager at Save-On-Foods (University District)

Description: Save-On Foods in University District is a local grocery store that is willing to supply us with
fruit that is no longer suitable for sale, otherwise referred to as “shrinkage”. The produce department also
has the resources to educate us on current grading systems used to determine when exactly fruit becomes
unsellable, which will inform our educational series about when people should throw their produce in the
compost, in an effort to reduce waste. The samples received from this store were cultured, and the mold
was used to inform the types of mold and fungi that fruit is commonly exposed to in grocery stores. These
samples were also used to test the effectiveness of nisin, our antimicrobial peptide of choice.


