NOVATION
IN CANADA
REPORT

An $18.8 Billion Opportunity
in Precision Fermentation
and Cultivated Foods

Ontario Genomics’ fo
the 2021 Cellular As
Canada’s $12.5 Bil
Opportunity in Foo
Innovation Repor

REPOR

March 2025



-

Food Innovation
in Canada Report
Online Version

~

-

Ontario Genomics
Cellular Agriculture
Initiatives

1l

)

wp ol

'> .
D0

o

Table of Contents

Executive Summary 4
Introduction 6
Global: Updates and Initiatives 9
Top Three Global Initiatives 9
Global Industry - Cellular Agriculture on the Rise 10
Leading Jurisdictions 13
Investments - Worldwide 15
Canada: Progress to Date 17
Progress since 2021 Recommendations 17
Canadian Companies 20
Upcycling Opportunities 23
National Players 24
Education and Training 25
Consumer Engagement 25
Canadian Investors 25
Regional Updates 26
Canadian Economic Case 29
What has Changed? 32
Other Perspectives 34
Progress on Recommendations 34
Global Bird's Eye View 35
What's Next for Canada? 38
Conclusion 42
Ontario Case Study 43
Introduction 43
Focus on Ontario - Economic Case 47

Ontario Innovation Ecosystem Supporting Cellular Agriculture 49
Ontario - A Global Biomanufacturing and Life Sciences Hub 50

Ontario's Food Innovation Opportunity 52

Conclusion 53
References (Report) 54
Appendices 61
Appendix A: Development of the Economic Case 62
References (Appendix A) 71
Appendix B: The Actionable Opportunities from the 2021 Report 73
Appendix C: Canadian Investors 76
Acknowledgements 78

FOOD INNOVATION IN CANADA REPORT: An $18.8 Billion Opportunity in Precision Fermentation and Cultivated Foods

3



https://bit.ly/cellular-agriculture
https://bit.ly/cellular-agriculture
https://bit.ly/Food-Innovation-in-Canada-Report-2025
https://bit.ly/Food-Innovation-in-Canada-Report-2025

Executive Summary

As the global population accelerates toward 10 billion by 2100, the world faces unprecedented challenges, including
climate change, geopolitical instability, and worsening food insecurity. Cellular agriculture, particularly precision
fermentation and cultivated foods, offers an innovative solution to diversify and strengthen global food systems.

By producing proteins, ingredients, and other food products in sustainable and scalable ways, this sector has the
potential to redefine food production, complementing conventional methods while addressing global challenges.

Canada's Leadership Potential

Building on the 2021 landmark report, Cellular Agriculture - Canada’s $12.5 Billion Opportunity in Food Innovation, this
follow-up report, FOOD INNOVATION IN CANADA REPORT - An $18.8 Billion Opportunity in Precision Fermentation
and Cultivated Foods, provides an updated global, national, and regional snapshot of the sector's evolution and
Canada'’s progress on the initial recommendations. We reflect on global changes while readjusting our economic
analysis and issuing a renewed call to action for advancing Canada'’s leadership in this high-potential growth market.
In addition, we spotlight Ontario as a high-potential province through a detailed case study. The sector’s projected
economic impact in Canada could reach CAD 18.8 billion, creating over 125,000 jobs, assuming optimal conditions
and market share growth. However, seizing this opportunity requires urgent action and a nationally coordinated
strategy.

Global Landscape and Developments

The international cellular agriculture industry is growing exponentially, with over 400 companies innovating in
precision fermentation, cultivated foods, and supporting technologies. Leading jurisdictions like Singapore, the

US, Israel, the Netherlands, and the UK, exemplify success through coordinated national strategies, efficient and
transparent regulatory frameworks, and robust investments in companies and research. Global investments in food
innovation, despite recent economic downturns, have grown by $1.6 billion since 2021, emphasizing the continued
momentum in this sector. For Canada to stake its claim in this international opportunity, early success and a strong
foundation are paramount to ensuring it carves out its share of the market and develops supply chain relationships.
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Canada’s Progress

Since 2021, the Canadian government has taken concrete steps to recognize the importance of the broader
biomanufacturing sector through strategic partnerships and investments. Additionally, Canada has made strides in
cellular agriculture, both nationally and regionally, including:

e Doubling the number of companies in the sector to 28, spanning precision fermentation, cultivated foods, and
support industries.

e Regulatory progress, such as updates on Health Canada’s website with information on regulatory considerations
beyond novel food premarket requirements, as well as the recently authorized precision fermentation product,
Remilk.

e Substantial progress is evident across various provinces, with regional initiatives and investments that support
research, company creation, and scaling efforts.

To fully realize the economic potential of this sector, national coordination of regional capabilities must be prioritized

moving forward.

Challenges and Opportunities

To maximize the economic potential of cellular agriculture, Canada must overcome key challenges:

1. Scaling Infrastructure: Developing large-scale production facilities to ensure cost-competitive outputs.
2. Coordination: Aligning regional strengths under a cohesive national strategy.

3. Regulatory Agility: Streamlining approval processes to remain globally competitive.

As cellular agriculture technologies, particularly precision fermentation, continue to mature, optimizing and reducing
input costs becomes increasingly vital. Upcycling agricultural byproducts can enhance affordability and sustainability
while supporting conventional farmers and processors. This alignment strengthens Canada’s ability to be a trusted,
sustainable supplier of high-quality agri-food products globally.

This level of cooperation from across the agri-food value chain remains paramount to the success of Canada's cellular
agriculture sector and is well aligned with the 2019 Economic Strategy Table on Agri-Food's vision for Canada to be
recognized as the most trusted, competitive and reliable supplier of safe, sustainable, high-quality agri-food products,
an innovator in value-added products to feed the dynamic global consumer, and favoured protein provider globally.

Recommendations

To position Canada as a global leader in cellular agriculture, the following steps are critical:

1. Prioritize a National Vision and Strategy for a Canadian Cellular Agriculture Industry in the Near Term.

2. Take Proactive Evolution Toward a Clear, Transparent, and Agile Regulatory Framework for Cellular Agriculture
Products in Canada.

3. Provide Additional Supporting Mechanisms for Research and Commercial Development, Building on the
Foundation Already in Place.

Changes from the 2021 Report’s Recommendations have been underlined above.

Conclusion

Canada has the tools and expertise to lead the global cellular agriculture revolution. Our revised forecast suggests
the Canadian industry could reach CAD 18.8 billion, creating over 125,000 jobs, representing the upper end of the
potential, assuming optimal conditions globally and regarding Canada’s market share. By acting decisively and
fostering collaboration across regions and industries, the country can capitalize on the economic and sustainability
benefits of this transformative sector. The time to act is now—failure to prioritize this opportunity risks Canada's
competitive edge in the growing global market.
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CELLULAR AGRICULTURE
encompasses several
innovative approaches that
use cell cultures, tissue
engineering, or precision
fermentation to make food
products or other materials.
Cellular agriculture can
also be referred to as food
biomanufacturing and can
be used to create products
commonly made through
conventional agriculture. For
the purpose of this report,
cellular agriculture refers to
both precision fermented
and cultivated products.

Introduction

As of 2024, there are 8.2 billion people on the planet with the global population expected
to reach 9 billion by 2050 and 10 billion by 2100 [1]. The accelerating climate crisis,
evolving consumer preferences, world events, and worsening global food insecurity
present immense global challenges. Cellular agriculture - the biomanufacturing of
precision fermented and cultivated foods - has emerged in recent years as an alternative
and compelling route to produce proteins, ingredients and other food products,
presenting the opportunity to diversify and augment current global food systems by
adapting millennia-old technologies to make both existing and new food products.

There have been remarkable technological advances around the world in recent years

to develop the nascent cellular agriculture industry, with precision fermented foods

or ingredients already on the market and readily available in some jurisdictions [2].
Cultivated products also achieved regulatory clearance, albeit with restricted availability,
with some products on the market at a smaller scale or as hybrid products. Continued
efforts and support are required to enable the various food products that could be
produced by cellular agriculture, with slower growth expected in these early years in order
to lay the foundation of future success and allow this industry to reach its full potential as
widely available and readily accepted.

To explore the potential for Canada in this burgeoning industry, in 2021, Ontario Genomics
and its partners® conducted extensive stakeholder engagement, a literature review, and an
economics analysis® culminating in the landmark report, Cellular Agriculture - Canada’s
$12.5 Billion Opportunity in Food Innovation.

@ The 2021 report, Cellular Agriculture - Canada’s $12.5 Billion Opportunity in Food Innovation, was funded by Ontario Genomics
and Agriculture and Agri-Food Canada (AAFC), and researched and written by Ontario Genomics in partnership with the Food
and Agriculture Institute (FAI) at the University of the Fraser Valley. The economic analysis was carried out by Dr. Michael von
Massow of the University of Guelph.

b The 2021 report's detailed economic analysis indicates a $7.5 billion a year industry and up to 86,000 jobs created by 2030, with
higher longer-term revenues of up to $12.5 billion per year with the creation of up to 142,000 jobs; this is achievable and aligned
with Canada'’s current share of the global market for the agriculture/food (ag/food) sector.
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For Canada to capitalize on this rapidly expanding and high-potential global market of
foods and ingredients production and retain - or even surpass - our current role as a
leading and trusted food and agriculture exporter, the three interconnected actionable
opportunities from the 2021 report must continue to be acted on to support development
and achieve the potential of this sector.

1. Develop a National Vision and Strategy for a Canadian Cellular Agriculture Industry
in the Near Term. This is foundational to enable a growing domestic ecosystem and
fully realize the benefits presented by this industry. An outcomes-driven national
vision and strategy should be developed collaboratively, be inclusive of stakeholder
requirements and include a clear plan for implementation in the short-, medium- and
long-term,

2. Establish a Clear and Transparent Regulatory Framework for Cellular Agriculture
Products in Canada. Canada is encouraged to proactively develop an agile, iterative,
and innovative regulatory framework by building on existing processes to support the
evaluation and approval of cellular agriculture products in a timely manner, in alignment
with Canada’s current rigorous regulatory process and excellent food safety standards.

3. Provide Supporting Mechanisms for Research and Commercial Development.
Incentivization, through public and private investment and partnerships, and outcomes-
driven networks, is critical for a thriving domestic cellular agriculture industry, with
infrastructure support for research and development, training, company creation, scale-
up and growth, leading to made-in-Canada product commercialization.

Summarized above, the full actionable opportunities from the original report are included
in Appendix B.

We're now revisiting these themes, including Canada’s progress against the above-
mentioned actionable opportunities both nationally and regionally, as well as a renewal of
the economic analysis. We also consider changes in the global landscape and provide a

As a new food production
system, cellular agriculture
presents an alternative

and compelling route

to produce proteins,
ingredients, and other

food products. In addition
to food ingredients (such
as proteins, enzymes,
flavour molecules, vitamins,
pigments and fats) that
can be incorporated with
existing products to create
value-added hybrid goods,
fermented products include
dairy, eggs, chocolate,
honey and coffee, while
cellular/cultivated products
comprise red meat, poultry,
seafood, foie gras and pet
food. Non-food cellular
agriculture products cover
textiles such as leather,
wool, silk and cotton.

renewed call to action for the continued advancement of Canada'’s leadership in this high-growth potential

market.

Since the release of Ontario Genomics' 2021 report, several national and international groups have published
their perspectives and outlined recommendations for specific focus areas that intersect with cellular
agriculture. Most notably, several common themes emerged nationally that align with the three actionable

opportunities highlighted in our 2021 report.

The first broad pillar highlights the necessity of a nationally coordinated strategy, ideally supported by a
federal government funding body that understands the interdisciplinary nature of such innovations and can
coalesce the ecosystem around a shared national vision in a cohesive and coordinated manner and leverage
each region’s strengths [3-6]. Related to this pillar is the call for an interconnected and collaborative network
that can work synergistically to troubleshoot challenges and streamline solutions for innovators in this space.

The second broad pillar expands on the call for clear and transparent regulatory frameworks for novel
technologies and products by highlighting jurisdictions where regulations have been streamlined to enable
innovation commercialization in a timely and competitive manner, and illustrate the advantages derived by

these jurisdictions who took this approach [5-7].
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The third broad pillar reiterates the need for supporting mechanisms to enable growth of innovative
industries, including cellular agriculture. There is no one-size-fits-all solution, and support must
come from the public and private sectors and cover training and talent development, research

and development (R&D), start-up support, funding mechanisms, and scale-up infrastructure. Such
supporting mechanisms can be dedicated to a single industry, or, more cost-effectively, be broadly
applied across related technologies [3-7]. An interconnected hub model would enable regions to
efficiently utilize their underlying advantages and account for Canada's vast geography and local
differences.

The fourth broad pillar explores the far-reaching implications of such innovations, including cellular
agriculture, in consumer attitudes, sustainability metrics, and the conventional agriculture and food (ag/
food) sector, which is a substantial contributor to Canada's Gross Domestic Product (GDP). Several
reports indicate that to allay any potential hesitancy and concern from consumers and conventional
producers alike, there must be deliberate co-development and growth of both the technical and societal
aspects of the Canadian cellular agriculture ecosystem [6-8].

There is a clear consensus on the sizable opportunity for innovation in multi-disciplinary and cross-
sectoral biomanufacturing in Canada. Most activity at the national level thus far has been in the health
biomanufacturing sphere, particularly since the recent COVID-19 pandemic. Still, there is the opportunity
to actively and collaboratively incentivize and invest in the biomanufacturing space across the food and
cleantech sectors. At a regional level, activity is accelerating across the country with new research, start-
ups, funding, infrastructure and more. Building on the investments and progress that has already been
made, Canada must continue to act on these shared recommendations, and it's important to consider
how we are going to make this a reality.

Meatly cultivated dog treats on sale in UK

February 7, 2025 - Meatly cultivated chicken hit UK shelves in Chick
Bites dog treats produced in collaboration with vegan dog food
company, THE PACK. This milestone marks the first sale of cultivated
meat in the UK and in Europe, and the first cultivated pet food on the
market globally. REFERENCE
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Global: Updates and Initiatives

Top Three Global Initiatives

International attention and growth continue, with noteworthy global developments including:

In 2022 (Israel) [9] and 2023 (China) [10], the Food and Agriculture Organization of the United Nations
(FAO) held expert consultations and roundtable meetings centred around cellular agriculture food
safety. The third meeting in the series [11], and the first in North America, happened in collaboration with
Agriculture and Agri-Food Canada (AAFC), the federal ministry responsible for regulating the country's
agricultural business. It took place October 10th, 2024, in Toronto, Canada and captured a snapshot of the
current status of cell-based food production and precision fermentation, with all the latest developments
in technologies and techniques. The event brought together 25 presenters from various parts of the
world, and ~60 participants, including representatives from various departments and agencies of

the Government of Canada. The meeting encouraged continued multidisciplinary and multisectoral
exchanges to further transnational collaboration to assure safety standards for food derived from cell-
based production and precision fermentation.

Recently, the Bezos Earth Fund has committed $30 million each to three Sustainable Protein Centers.
The first at North Carolina State University [12] is a centre of excellence to create a biomanufacturing
hub, the second at Imperial College London [13] has a focus on bioengineering, and the third at National
University of Singapore [14] is focusing on precision and biomass fermentation. These centres form

a global network dedicated to advancing sustainable protein research, and mark the first significant
investment by a foundation in this space so far, which is a sign of continued support for the industry.

The first extensive discussions on sustainable agriculture and resilient food systems at the COP28 UN
Climate Change Conference in Dubai, took place in late 2023 [15]. Topics included cellular agriculture
technologies and their role in climate action, with more than 150 countries committing to include food
and agriculture in their plans to address climate change.
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Global Industry - Cellular Agriculture on the Rise

The number of companies focused on this space has exploded around the world over the last few years, with
hundreds of companies being created or coming out of stealth mode, including many business-to-business
(B2B) and some business-to-consumer (B2C) companies®. The estimated 400+ companies worldwide
include those focused on three categories: (1) precision fermentation; (2) cultivated foods; (3) support.

Honey,2  HMOs, 2

Figure 1 presents these categories with a further breakdown by product and product category and includes Human milk, 3 Feed, 2

both B2Bs and B2Cs. Worldwide, these three categories are evenly distributed. A wide variety of products or Whey, 1 Pet food, 1
ingredients are being produced and support is being provided across the pipeline for continued growth of the Dairy fats, 4 Ovalbumin, 4
space. There are companies creating precision fermentation products, those creating cultivated products, and Dairy products (B2C), 4 Beef, 1
support companies which are helping the others. Support can be a variety of things including media, cells, Lactoferrin, 4

scaffolding, artificial intelligence (Al), other tools, etc. Casein, 5

Melanin, 1
Cannabinoids, 2

Heme (B2C), 2

A deeper examination of the changes in the number of companies from 2021 to 2024, as Figure 2 shows,
demonstrates growth in certain key products or areas including beef, fish, dairy and other protein ingredients,
as well as in various support companies. This is consistent with what was predicted in our 2021 report, in

that a variety of B2B companies would form the next wave in cellular agriculture to offer support along the Collagen, 2
production pipeline, rather than the continued establishment of the fully verticalized companies that originally Protein sweetener, 3
launched the broader industry just over a decade ago. Heme (B2B), 5 Exotic meats, 5
Multiple meat
It is worth noting that there has been significant growth in the number of support companies - some Supplements, 6 products, 4
dedicated to cellular agriculture and others that are cross-platform - working across the sub-categories of Petlfood,3
cell culture inputs and cell line optimization, scaffolds, bioprocess design and optimization, bioprocessing Foie gras, 3
infrastructure and equipment, and contract manufacturing/processing. The cross-platform nature of some Turkey,
of the companies, which also service other sectors including health and cleantech, demonstrates the multi- Lamb, 1
sectoral nature of engineering (synthetic) biology and biomanufacturing more broadly. The number of support
companies, as well as the breadth of their services across the production pipeling, is indicative of the growth
and continuing maturation of the industry as a whole.
Animal fats, 1
HOT OFF Collagen, 1
PRESS Coffee, 1
THE ; Cocoa ingredients, 1
Human milk, 4

Whole milk, 3
Netherlands Launches Two New Cellular Agriculture Facilities to

Boost R&D and Production Al and ML tools, 4
January 15, 2025 - Two new cellular agriculture facilities have been
launched in the Netherlands, backed by the National Growth Fund
with €25M Investment. These facilities aim to strengthen the country’s

¢ quawdo
|oAsp utess

Figure 1: Global companies in Cellular Agriculture (2024)

position in the sector by providing critical infrastructure for scaling
R&D and production. One focuses on precision fermentation, while the

other, Cultivate at Scale, specializes in cell culture bioprocessing
REFERENCE

€ The list of companies was obtained through various publicly available sources, including the Good Food Institute, but is not an exhaustive list. A stringent
process of refinement was then conducted to focus on companies producing foods or food ingredients specifically, or companies developing technologies
that directly support precision fermentation or cultivation of foods.
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Figure 2: Comparison of 2021 (blue) to 2024 (green) companies, and their products.
Note: The scope is limited to food innovations, rather than other products that could be
produced through biomanufacturing e.g. silk, wool etc.
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Leading Jurisdictions

National Visions

As was the case in 2021, Singapore, the United States (US), Israel and the Netherlands
continue to be leaders in this sector, with a second wave of countries and regions quickly
rising to join this leading group, including the United Kingdom (UK) and Australia. While
drivers for the industry tend to be country- or region-specific, broad commonalities that
help propel these dominant jurisdictions forward include timely, transparent regulatory
processes, investment in companies and research, as well as infrastructure and
collaborations throughout the development pipeline.

Government investment and incentivization in these leading jurisdictions have also been
key and their ensuing advancement has increased the urgency for Canada to make
progress. Timing is of the essence, and inaction could result in reduced market share
or an inability to catch up, thus lowering the achievable potential. Examples of global

leadership include:

e Netherlands - a powerhouse in the ag/food space - announcing the world's largest
public investment in cellular agriculture [16];

e US [17] and UK's [18] bold cross-sectoral biomanufacturing strategies and multi-
billion-dollar investments to support the industry, including a flurry of creative support

in infrastructure and hubs.

e Australia's updated engineering biology strategy [19];

e Singapore's continued incentivization through various mechanisms, including
continuously evolving and competitive regulatory mechanisms, and high levels of
investment in foreign companies to set up operations and seek regulatory approval

[20].

In Sept 2024, the US Food
and Drug Administration
(FDA), the US Environmental
Protection Agency (EPA),
and the US Department

of Agriculture (USDA)

have released a new, web-
based tool for companies
that develop microbial
biotechnology products

to better understand the
regulatory requirements

for biotechnology products
including plants, animals, and
microorganisms developed
through genetic engineering
or the targeted manipulation
of genetic information.

Regulations

Following 2020’s leading regulatory approval of
cultivated meat products in Singapore, the past
three years have seen various achievements in
this space.

e There were approvals of cultivated products in
the US (Upside and GOOD Meats chicken, 2023)
[21], and the first approval of cultivated beef in Israel
(Aleph Farms, 2024) [22].

o Australia/New Zealand's joint food safety
authority have designated Vow's quail meat

as "Safe To Eat’, a step within their regulatory
process, which was swiftly followed by full
regulatory approval in Singapore [23-24] and
Hong Kong.

e In July 2024, the UK made their, and Europe's,
first regulatory approval of a cultivated product,
with Meatly’s cultivated chicken being cleared
for use in pet food [25]. 2024 also saw the first
EU tastings® of cultivated meat, by Meatable and
Mosa Meat, both in the Netherlands [26-27].

o Notably, the comparative cost of cultivated
products is still a concern, with initial releases

The US and UK have outlined
ambitious bioeconomy

and biomanufacturing
strategies to drive innovation,
economic growth, and
sustainability. The US focuses
on advancing biotech
manufacturing in health,
agriculture, and clean energy,
with significant investments
in infrastructure and R&D

to ensure a resilient supply
chain and global leadership
in biomanufacturing. The UK
emphasizes strengthening

its biotech ecosystem by
fostering cross-sectoral
health, food, and cleantech
innovations, with targeted
investments in sustainable
manufacturing and regulatory
frameworks to enhance
competitiveness. Both
countries aim to capitalize on
the bioeconomy's potential
to address global challenges
and promote green, high-
tech growth.

The South Korean
government has indicated
strong support for the
domestic industry, investing
$14.4 million to create a Cell-

Cultivated Foods Regulatory-
Free Special Zone, to help 10
cultivated meat companies
to develop their processes
and products with minimal
regulatory obstacles.

d Tastings of cultivated meat in the Netherlands mark a significant step toward commercialization, providing a real-world test for consumer acceptance
and culinary appeal. These events help validate the technology'’s taste and texture, and gather crucial feedback to refine the product. Specific government
approvals were still required, even though these were for public demonstration purposes rather than for commercial sales.
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being confined to high-end restaurants. However, in 2024 GOOD Meat released GOOD Meat 3 plant-
chicken hybrid products in a specialty grocery store in Singapore [28]. Containing just 3% cultivated
chicken, the intent is to make cultivated meat available to more consumers, and at a reasonable price point.

Across jurisdictions, the precision fermentation sector also continues to grow, with regulatory approvals and

product launches.

e Inthe dairy space with Remilk [29], TurtleTree [30] (and partnership [31]), Imagindairy [32], and Vivici [33].

e Non-dairy ingredient launches include The EVERY Company's first whole liquid egg product (2023) [34],
and Oobli's sweet protein, brazzein-53 (2024) [35].

e Demonstrating the interest of multinationals in this space, large corporations have continued to form B2B
partnerships with precision fermentation companies, including Unilever with Perfect Day [36] and The_
EVERY Company (through The Vegetarian Butcher brand) [37], and Grupo Bimbo with Oobli [38].

e InJuly 2024, Danone announced the opening of the Biotech Open Platform in France, an advanced
fermentation centre with a particular focus on precision fermentation [39]. The platform marks a new
endeavour with strategic partners to support the development of biosolutions on a larger scale, including
food products.

e New Zealand's dairy co-operative, Fonterra, has partnered with precision fermentation company Nourish
Ingredients and biomass fermentation company Superbrewed Foods to explore ingredient production via
fermentation, with plans to develop proteins, fats, and lipids [40].

In contrast to the overall position of the European Union (EU) and the US, and the many countries and
jurisdictions that are advancing and investing in food innovation, a smaller number are raising challenges
targeted specifically at the cultivated meat industry. These include Italy [41], France, and some US states
[42], including Alabama and Florida. The industry is contesting this as “unconstitutional.” For example
Upside Foods filing a lawsuit against the state of Florida over its ban [43]. More details below (see Canadian
Economic Case)

In addition, some of the first wave of fully verticalized companies, including Upside Foods [44] and JUST
Foods/GOOD Meat [45], have altered or slowed their proposed scaling plans. Other pivots include Perfect
Day's evolved business model to focus on B2B and their subsidiary n"Bio [46], providing their expertise to
the broader industry. More recently, Motif FoodWorks, a high-profile precision fermentation company best
known for its focus on heme, closed. The company had also engaged in a costly IP battle with Impossible
Foods, which has been resolved [47].

Nomenclature, Alternative Proteins, and Supporting Mechanisms

While there are still different nomenclatures in use in this space, “cellular agriculture” (or the abbreviation “cell
ag") is widely accepted in the industry to describe the broad biomanufacturing of food and other agriculture
products, although there is still confusion outside of the core industry (i.e., especially in the public and the
media), with some associating the term with cultivated products only.

There are several different labels in use for cellular agriculture meat and seafood products, in particular, once
again, in non-scientific and mainstream media, but within the industry, consensus is growing that “cultivated”
is the label of choice, backed up by Good Food Institute research [48] and an MOU [49] between Asia-Pacific
(APAC) stakeholders. More widely accepted already, the term “Precision Fermentation” has recently been
refined to ensure clarity by an international collaboration between Precision Fermentation Alliance and Food
Fermentation Europe [50].

The not-for-profit Cellular Agriculture Australia has produced a language guide for the industry in alignment
with the above [51]. Joining this consensus, Health Canada also uses this definition [52] (i.e., cellular
agriculture including both precision fermentation derived or cultivated foods) on their website* There has
been little research into consumer perceptions of the nomenclature but it's worth exploring to understand its
impact on product acceptance which is important for industry growth.

Footnote*: Please note that Canada has not adopted a formal regulatory definition for cellular agriculture, or the subtypes of products this term can include.
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MYCELIUM:
Maia Farms, Canada
Meati, US
Libre Foods, Spain
MushLabs, Germany

PLANT MOLECULAR FARMING:
Moolec Science, UK
ORF Genetics, Iceland
Miruku, New Zealand

ALGAE:
Smallfood, Canada
Alver World, Switzerland
Zivo Bioscience, US

miruku

smallicoc

O Maia B Moolec

Mus“labs

Additional novel alternative protein and food production processes, outside of cellular
agriculture, but within the fermentation space more broadly, are being developed around
the world, some with large investments and products in the market. Examples include
biomass production of mycelium, algae, and plant molecular farming with a snapshot
captured here®, with much more activity happening globally.

Cellular

Educational Spotlight

There have been several cellular agriculture-focused educational initiatives in the last few

years, including:

e Launched in 2023, Tufts University's Undergraduate Minor in Cellular Agriculture is the
first dedicated undergraduate degree program in the field [53].

e The same year saw the publication of the first cellular agriculture textbook, Cellular
Agriculture: Technology, Society, Sustainability and Science, with three of the four
editors hailing from institutions in Canada, including British Columbia and Ontario [54].

e Other training opportunities include introductory online courses, such as those offered
by Cell Agri [55] and Cellular Agriculture Australia [56].

e Just recently, Wageningen University & Research launched Europe'’s first cultivated
meat and seafood course [57].

Evan D. G. Fraser, David L. Kaplan,
Lenore Newman, Rickey Y. Yada

These all contain explicit ties to cellular agriculture in education, but it is worth noting that
there are many courses and programs that are preparing people to contribute to this industry
(e.g., biology, food science, genomics, engineering (synthetic) biology, biomanufacturing,
artificial intelligence, computer science, tissue engineering, bioprocessing, etc.), reflecting the
cross-sectoral and multi-disciplinary nature of this industry.

Investments - Worldwide

Since the release of our original report during the investment boom of 2021, there has been a downward shift
in investment across all industrial sectors, with year-on-year global venture funding down by 35% in 2022
and another 42% in 2023 [58]. Despite this, investment in cellular agriculture companies has continued, albeit
more slowly, but still with some large investments. This includes $400 million to UPSIDE Foods in 2022 [59],
$35 million to Meatable in 2023 [60] and $40 million to Onego Bio in Q2 of 2024 [61].

In our 2021 report, we calculated the total investment in cellular agriculture to be US$9.7 billion. At that
time, there were approximately 100 companies working in the space, and this calculation included all those
companies for which investment data were publicly available'. In addition to companies producing food and
ingredients, it included those creating materials such as leather, cotton and wool.

€ The companies listed here are by no means exhaustive and were included simply to indicate the global interest in these food production methods.
fInvestments were calculated from publicly available data, with limitations to what was accessible. Investment data is indicative of a trend, rather than the
total investments made to date.

Agriculture
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https://cultivated-x.com/meat/good-meat-worlds-first-retail-sales-cultivated-meat/
https://www.prnewswire.com/news-releases/remilk-makes-history-as-first-animal-free-milk-protein-greenlit-for-use-in-canada-302053391.html
https://www.turtletree.com/turtletree-obtains-the-worlds-first-self-gras-for-animal-free-lactoferrin-lf-now-approved-to-commercialize-in-the-u-s/
https://www.turtletree.com/turtletree-secures-first-commercial-partnership/
https://www.foodnavigator-usa.com/Article/2024/01/17/imagindairy-receives-gras-nod-from-fda-acquires-industrial-scale-precision-fermentation-lines
https://www.prnewswire.com/news-releases/vivici-achieves-self-affirmed-gras1-status-and-launches-nature-equivalent-whey-protein-from-fermentation-less-than-a-year-after-starting-up-302064167.html
https://www.fooddive.com/news/every-company-egg-price-shortage-ingredient-animal-free
https://www.prnewswire.com/news-releases/oobli-becomes-first-company-to-receive-fda-no-questions-letter-for-a-novel-sweet-protein-produced-via-precision-fermentation-302094015.html
https://perfectday.com/newsroom/perfect-day-and-unilever-launch-new-breyers-lactose-free-chocolate/
https://agfundernews.com/unilever-brand-the-vegetarian-butcher-partners-with-animal-free-egg-protein-pioneer-the-every-co
https://agfundernews.com/unilever-brand-the-vegetarian-butcher-partners-with-animal-free-egg-protein-pioneer-the-every-co
https://www.prnewswire.com/news-releases/grupo-bimbo-and-oobli-partner-to-integrate-sweet-proteins-in-baked-goods-302147371.html
https://www.genengnews.com/news/biotech-open-platform-project-created-to-support-development-of-advanced-fermentation-processes/
https://www.fonterra.com/nz/en.html
https://nourishingredients.com/
https://nourishingredients.com/
https://www.superbrewedfood.com/
https://www.cellularagriculture.eu/news/italian-ban-of-cultivated-meat-is-unlawful/
https://nationalaglawcenter.org/cell-cultured-meat-updates-state-bans-labeling-requirements-and-regulatory-clarifications/
https://www.foodnavigator-usa.com/Article/2024/10/09/UPSIDE-Foods-Institute-for-Justice-gain-support-from-industry-trade-group-on-Florida-lawsuit
https://www.wired.com/story/upside-foods-lab-grown-chicken/
https://agfundernews.com/eat-just-ceo-large-scale-cultivated-meat-production-requires-a-new-operating-model
https://agfundernews.com/eat-just-ceo-large-scale-cultivated-meat-production-requires-a-new-operating-model
https://agfundernews.com/exclusive-boston-based-foodtech-startup-motif-foodworks-is-closing-down
https://gfi.org/wp-content/uploads/2023/01/COR23008_CM-nomenclature-fact-sheet_Final.pdf
https://drive.google.com/file/d/1qDTWk7GRAt4vAEQE8Zq63vwBYLTdSPpg/view
https://www.prnewswire.com/news-releases/precision-fermentation-alliance-and-food-fermentation-europe-finalize-a-refined-definition-of-precision-fermentation-302070553.html
https://www.cellularagricultureaustralia.org/
https://cdn.prod.website-files.com/641400f02d9306cbd4fb3f94/673409eeb6b2b48053631f0d_Language Guide V3.0 - Cellular Agriculture in Australia.pdf
https://www.canada.ca/en/health-canada/services/food-nutrition/cellular-agriculture.html
https://www.cbinsights.com/research/report/venture-trends-2023/
https://www.prnewswire.com/news-releases/upside-foods-raises-a-400m-series-c-round-to-commercialize-cultivated-meat-at-scale-301529998.html
https://www.meatable.com/news/meatables-35m-investment-boosts-the-future-of-cultivated-meat/
https://www.onego.bio/press/our-news/series-a-funding
https://www.cell.ag/5-day-intro-to-cell-ag-course
https://caa.learningx.com.au/
https://www.wur.nl/nl/nieuws/new-collaboration-in-cultivated-meat-and-seafood-to-advance-technology.htm
https://www.wur.nl/nl/nieuws/new-collaboration-in-cultivated-meat-and-seafood-to-advance-technology.htm

The landscape is now more complex, with more than 400 companies operating in the sector, ranging

from start-ups dedicated to niche cellular agriculture solutions to multi-national corporations who focus

on the sector as one part of much broader portfolios, and various players in between. For this reason, we
have restricted the current investment data in this update report to cultivation and precision fermentation
companies directly involved in the biomanufacturing of food and ingredients, which, as of mid-July 2024, sits
at $8.1 billion globally.

The global investment by country is provided in (Figure 3), with a breakdown by product and product
category. Based on this, the US and Israel are leading, followed by the Netherlands and the UK. Applying the
same analysis to the 2021 companies (i.e., precision fermentation and cultivated food companies only) would
result in an estimated $6.5 billion investment by 2021, indicating over ~$1.6 billion of new investments in this
space in the last three years, even with the global investment downturn. The decision was made to remove
support companies from the investment analysis in this updated report as there are limitations to the publicly
available investment data. In addition, this category also includes cross-sectoral multi-nationals and the
investments directed to their cellular agriculture activities are difficult to separate from their support of other
sectors.

Global private investment funding, coupled with increasing government incentivization and investments
in various countries, form the expected and necessary path of growth for any new industry. There is also
growing interest from global foundations, as highlighted earlier, in support of this sector.

INVESTMENT PER COUNTRY

United States, $5.5B Israel, $1B

TOTAL INVESTMENT: $8.1B Netherlands, $259M

United Kingdom, $181M Belgium, $40M
Australia, $166M Spain, $45M
Germany, $145M South Korea, $46M
France, $102M Finland, $55M
Singapore, $87M China, $63M
Canada, $77M
Human milk, $34M Cocoa ingredients, $4M
Ovalbumin, $296M Honey, $25M
Pet food, $20M Caviar, $3M Collagen, $9M Human milk, $29M
Dairy products, $28M Feed, $18M Whole milk, $4M

Animal fats, $3.7M
Dairy fats, $42M nimal fats, $

Shellfish, $45M
Lactoferrin, $80M
proteins,

SELl Lamb, $4M
Heme
(B20), Pet foods, $13M
$2.35Bi

Beef,
$906.5M

)
Foie gras,
94.5M

PRECISION |
FERMENTATION fuiciais

inputs

Exotic meats, $72.4M

CULTIVATED

Pork,
$214M

: Multiple meat
Chicken, products,

Custom $4976M $642M

Protein sweetlenler, $0.3M proteins,
Cannabinoids, $37M $488.5M
Heme (B2B), $46M

Fats and oils, $180M

Figure 3: Global Investment in companies by country (2024).
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Canada: Progress To Date

Canada - Progress Since 2021 Recommendations

Measured against the three key opportunities in the original 2021 report, there has been both direct and
peripheral progress at the national level, as well as regional levels (see Regional Updates) (Figure 4).

First Recommendation

Considering the first actionable recommendation, Canada has made some progress, and although not as
complete as the White House's Bold Goals [17], or the UK's $2 billion bioeconomy strategy [18], concrete
steps have been taken by the Canadian government towards recognizing the importance of the broader
biomanufacturing sector. While there has been significant activity on cellular agriculture across various
regions, and a recognition of its importance, we have not seen the potential within this for boosting Canada's
food security and sovereignty, or the development of a coordinated and integrated vision and strategy for

Canada to serve as a touchstone for evaluating initiatives and benchmarking progress.

Innovation, Science, and Economic Development (ISED) Canada consulted the Canadian
ecosystem in 2022 to support development of a $400 million Canadian Genomics Strategy
(CGS) [4] focus on commercialization and adoption of genomics innovations. The resulting
summary, “What We Heard', indicated the potential of engineering (synthetic) biology
across disciplines, including food production, and noted that additional investments were
needed. The key suggestions in the CGS summary mirror the opportunities in the 2021
cellular agriculture report, indicating that addressing gaps in the broader genomics and
engineering biology ecosystem may lead to growth in cellular agriculture, and vice versa,
due to common challenges and opportunities.

What We Heard

Pan-Canadian Genomics Strategy

More peripherally, the $2.2 billion Canadian Biomanufacturing and Life Sciences Strategy
(2021) [62] will help broaden transferable skills in infrastructure design, fermentation, and
training. As part of this strategy to enhance domestic biomanufacturing capacity, the
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https://www.whitehouse.gov/wp-content/uploads/2023/03/Bold-Goals-for-U.S.-Biotechnology-and-Biomanufacturing-Harnessing-Research-and-Development-To-Further-Societal-Goals-FINAL.pdf
https://www.gov.uk/government/news/government-publishes-2-billion-vision-for-engineering-biology-to-revolutionise-medicine-food-and-environmental-protection
https://ised-isde.canada.ca/site/genomics/en/pan-canadian-genomics-strategy-what-we-heard-report
https://ised-isde.canada.ca/site/genomics/en/pan-canadian-genomics-strategy-what-we-heard-report

Figure 4: Canadian Cellular Agriculture Innovation Ecosystem
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Figure 4: Canadian Cellular Agriculture Innovation Ecosystem
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Canadian government and National Research Council (NRC) built the Biologics Manufacturing Centre in
Quebec in 2022 [63]. The Centre is focused on biomedical applications but serves as a training ground for
much-needed highly qualified personnel (HQP) in biomanufacturing more generally.

In addition, investments by the Canada Foundation of Innovation in Vaccine and Infectious Disease
Organization (VIDO) enabled the facility to include BSL4 and the Licensed Biologics Manufacturing Facility
[64]. Following that, in 2024, there was nearly $574 million in funding across Canada to further grow the
domestic biomanufacturing and life sciences sector with a focus on future health emergencies and capacity
building [65].

Second Recommendation

Considering the second actionable recommendation, a much needed and important stride forward for
cellular agriculture was made in 2023 when Health Canada described general frameworks and guidance
for regulation and safety assessment of cellular agriculture products on their website. These products,
whether produced by precision fermentation or cultivation, will be assessed as novel foods, with the current
expected completion of safety assessments within approximately 410 days. Before being approved for sale
in Canada, and depending on the end use, additional regulations may apply beyond pre-market food safety
considerations. Products containing cellular agriculture ingredients may undergo additional, comprehensive
pre-market safety assessments by Health Canada, the Canadian Food Inspection Agency (CFIA) and
Environment and Climate Change Canada (ECCC), as appropriate. While this is a step in the right direction,
if the regulatory process is not as competitive or agile as other jurisdictions, companies could view other
jurisdictions as a more favourable and competitive landscape to locate.

In early 2024, Israeli company Remilk, announced they had achieved "No Objection” clearance from Health
Canada for their beta-lactoglobulin protein, making this only the third approved precision fermentation
ingredient in Canada, after Impossible Foods’ soy leghemoglobin and an oligosaccharide that can be used
in infant formula for term infants [66-67]. Over time and as products become more familiar, the 2021 report
consultations recommend that Canada'’s regulatory framework should become more agile with reduced
assessment time, as modeled by Singapore's competitive and frequently updated regulatory process [68].

Third Recommendation

This recommendation has seen the most activity, both nationally and particularly regionally (see Regional
Updates) as evidenced by the various initiatives and organizations now active in incentivizing and supporting
this space. This includes public and private investment and partnerships, outcomes-driven networks,
infrastructure support for research and development, training, company creation, scale-up and growth, all

of which are critical for a thriving domestic cellular agriculture industry and highlighted in the original 2021
report as needed for Canada to capture market share within this global sector.

Canadian Companies

The number of Canadian cellular agriculture companies has grown from 13 in 2021 to a total of 28, as

can be seen in Figures 5 and 6. These range from companies dedicated to the biomanufacturing of both
precision fermented and cultivated food and ingredient products, to multisectoral companies that support
different sectors, including cellular agriculture, as shown in (Figure 7). The pipeline of Canada’s cellular
agriculture industry today ranges from feedstock supply to cell design to scale-up facilities. This maturing and
specializing value chain demonstrates the capacity, drive and promise within the country’s entrepreneurs to
make this a compelling and lucrative industry for Canada.
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Figure 5: 2024 Canadian cellular agriculture companies.

FOOD INNOVATION IN CANADA REPORT: An $18.8 Billion Opportunity in Precision Fermentation and Cultivated Foods

21
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favoured protein provider globally [71].
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National Players

Various federal (listed alphabetically below) and regional organizations (see Regional Updates) in Canada
support cellular agriculture companies, research, and initiatives, with many organizations now providing
much needed and varied support, as recommended in the original report.

Agriculture and Agri-Food Canada (AAFC), supports cellular agriculture through their Strategic Plan for
Science, [72]. This plan promotes the development of new agricultural technology, contributing to the mission
of advancing circular economy and developing value-added opportunities to meet market opportunities. Of
note, AAFC is also supporting a national project - Canadian Cultured Foods: Environment, Scale-up, Safety,
Nutrition and Food Processing - involving research and development centres in various provinces, as well as
academic and not-for-profits partners, to better understand the scientific implications associated with this
new technology and potentially assist this emerging field with public data (see Figure 4).

The Canadian Food Innovation Network (CFIN) is a national network for food and beverage professionals
focused on collaboration to develop new products and processes in the Canadian food-tech industry. CFIN
has invested in cellular agriculture companies through various programs, including partnerships with Ontario
Genomics on AcCELLerate-ON in 2021 (see Regional Updates) [73]; a targeted national cellular agriculture
funding program in 2023 [74]; and their series of informational videos and communications collaborations
with New Harvest and leading Canadian academics.

The Canadian Genomics Enterprise, a pan-Canadian network comprising Genome Canada and six
independent regional Genome Centres including Ontario Genomics, supports the adoption and
implementation of genomics technology through collaboration and funding programs. In 2023, there was
funding of a large-scale project led out of McMaster University seeking to overcome the technological and
social challenges facing the cultivated meat industry [75]. Further, a social sciences project led out of the
University of the Fraser Valley is working to enable an inclusive and equitable transition as technological
advances change the agriculture and food landscape in Canada [8, 6].

MaRS Discovery District partners with RBC to run the RBC MaRS Women in Cleantech Accelerator, to
promote the work of women entrepreneurs working in clean tech through a two-year intensive program,
which has supported several companies in the cellular agriculture space e.g., Liven Proteins, Genuine Taste,
and Opalia [76].

Natural Products Canada, a not-for-profit organization focused on Canadian natural product innovations that
can replace synthetic products, supports their mission through advisory and commercialization programs,
and has backed several cellular agriculture companies, e.g. Aux Labs and Opalia.

New Harvest was established in 2004 and is the world's longest-running organization dedicated to advancing
the field of cellular agriculture. Just over 15 years later, New Harvest Canada (2020) evolved with a dedicated
focus on Canada, as well as representation in the Netherlands. In 2023, Cellular Agriculture Canada (originally
founded in 2019) became an initiative within New Harvest Canada to collaboratively advance Canada’s
cellular agriculture ecosystem.

Protein Industries Canada, one of Canada'’s five Global Innovation Clusters, is an industry-led, not-for-profit
organization created to accelerate innovation and position Canada as a global source of high-quality plant

protein and ingredients. They have funded a collaboration between Ontario-based companies New School
Foods (plant-based), precision fermentation start-up Liven Proteins, and BC-based NuWave Research [77].

Support also comes through the Natural Sciences and Engineering Research Council of Canada (NSERC),
which offers funding to entrepreneurs and innovators researching and developing scientific and technical
breakthroughs that will benefit Canada.
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NRC's Industrial Research Assistance Program (NRC IRAP), offers small- and medium-sized Canadian
businesses advice, access to connections, and funding to help them innovate and bring products to market.
A new report by the Council of Canadian Academies (CCA) titled The Next Course was sponsored by NRC
and focuses on innovative atypical food production methods and discusses cellular agriculture [78].

Education and Training

Educational and training opportunities are expanding with research and applied opportunities across many
of Canada's post-secondary academic institutes. This ensures that the next generation of talent is ready for
the new jobs that will be created in cellular agriculture and the biomanufacturing sector [79].

As cellular agriculture and biomanufacturing continue to grow more broadly, fit-for-purpose applied

research capacity needs to grow alongside it. Canada'’s colleges support technology development across
economic sectors and geographies, and there is currently a significant shift towards biomanufacturing
capacity at these institutions. Tech-Access Canada is a national, not-for-profit organization that supports 67
NSERC-funded Technology Access Centres (TACs) that make their R&D support services accessible to all
entrepreneurs and innovators across Canada, contributing to a more inclusive innovation economy. College
La Cité in Ottawa offers support to start-ups in this space through TAC in Bio-Innovation (TAC-B) and its
collaborations and facilities are fundamental to the Genome Canada-funded cellular agriculture research
project above. Others, including Lambton College (ON), Loyalist College (ON), Cégep de Trois-Rivieres (QC),
Lethbridge Polytechnic (AB), Seneca College (ON), and more are currently expanding their capabilities

in biomanufacturing to support private and public sector research and development. Leveraging the

applied research knowledge of these institutions, as well as college-specific funding, to de-risk technology
development and training the next generation of skilled workers, will contribute to Canada’s ability to achieve
and maintain leadership in the cellular agriculture space for decades to come [79].

In addition, four Canadian universities were funded by the Good Food Institute's Alt Protein Project, a global
student movement dedicated to turning universities into engines for alternative protein education, research,

and innovation, involving more than 50 universities around the world [80]. Of those four, three remain active
including The Waterloo Alt Protein Project (founded 2022), the McMaster Alt Protein Project (founded 2023),
and the University of Toronto Alt Protein Project (founded 2024).

Consumer Engagement

In 2024, New Harvest, District 3 Innovation Centre (QC) and AAFC co-hosted a series of virtual events
designed to spark connections and innovation within the cellular agriculture community in Canada. CFIN
worked with New Harvest and CULT Food Science on food innovation communications initiatives focused
on familiarizing the Canadian ecosystem with this space. Various consumer engagement studies have also
been conducted, including a consumer readiness survey with inhabitants of the Metro Vancouver region
that assessed public perceptions of dairy products made using cellular agriculture [8], as well as a national
study by Dalhousie University and Harvest Insights involving over 10,000 cross-generational perspectives on
alternative proteins [81].

Canadian Investors

There has also been steady growth in the number of Canadian Investors and venture capital with a focus
on agriculture, food, and climate. Some investments have been made in precision fermentation, cultivation,
or support companies through pension funds, cellular agriculture-focused investment firms (CULT

Food Science, Eat & Beyond), venture capitalists (e.g. Amplify Capital, ArcTern Ventures, Builders VC,
Emerald Technology Ventures, Loyal VC, Wittington Ventures), angel investors, and foundations (e.g., the
Consecon Foundation) already involved or aligned with this space. While some are still primarily investing
internationally, there has been growth in Canadian firms, as well as in those whose investment portfolios
are well suited to cellular agriculture and the ag/food space more broadly (see a more comprehensive list in
Appendix C). These will play an important role in the growth of the Canadian cellular agriculture sector.
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Regional Updates

An impressive amount of progress can be seen across various provinces aligning with actionable
recommendation 3 - Provide Supporting Mechanisms for Research and Commercial Development. Although
too widespread to detail, it is worth noting that regional governments provide support through various
grants, funding programs, and initiatives aimed at fostering innovation, as well as the support of research and
development efforts of start-ups, small and medium enterprises (SMEs), and academics across the country.
Beyond government support, we have highlighted some of the key progress and initiatives happening across
the country below.®

Atlantic Canada benefits from a focus on biotechnology, specifically precision fermentation, with the
Verschuren Centre in Nova Scotia. Having offered fermentation capacity for several years, the centre recently
received funding from the Atlantic Canada Opportunities Agency and from CFIN to add 10,000L and 15,000L
bioreactors to the facility [82].

Future Ocean Foods, based in Halifax, is a new global alternative seafood association dedicated to
supporting and accelerating the alternative seafood industry (plant-based fermentation and cultivated food
and technology). Launched in late 2023, it has an impressive inaugural membership base of 36 companies
across 14 countries.

The PEI-headquartered Canadian Alliance for Skills and Training in Life Sciences (CASTL) has partnered
with Upskills Canada to deliver specialized training nationally in biomanufacturing and skills development to
post-secondary students and industry employees.

Central Canada includes the country's most populous provinces, Quebec and Ontario, which are making
strides to advance the biomanufacturing ecosystem.

9 The list is not exhaustive, but it highlights some of the critical progress and initiatives happening regionally across Canada and indicates the growing
interest in these food production methods.
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In Quebec, District3 has announced the launch of a new initiative, AvanceBio, which is building a multi-
sectoral regional centre of excellence for training, biomanufacturing capacity, and policy advising. Further
building on existing capacity, in 2024, the Genome Foundry at Concordia University received $5 million of
funding for infrastructure [83], including small- and large-scale fermentation equipment, to help move cross-
sectoral engineering biology and biomanufacturing projects from bench to scale-up.

To drive startup acceleration, the Quebec government has invested $42 million in the AgTech incubator [84],
Zone AdTech, for the development of an innovation centre in LAssomption, QC. The new centre will focus on
innovative solutions in response to challenges faced in agriculture and food production.

Ontario is also home to a wide range of new initiatives in or supporting the sector, many driven by Ontario
Genomics' ambition to achieve the province’s unparalleled opportunity in this space. Our collaborative
initiatives include support of companies through:

e Co-launching with CFIN the first regional cellular agriculture-focused funding program, AcCEL L erate-
ON, which supports a variety of start-ups as well as an academic-industry partnership;

e Implementation of BioCreate with funding from the Federal Economic Development Agency for Southern
Ontario and Ontario Genomics. The $11.6 million in-house accelerator program is for small- and medium-
sized enterprises and has funded seven cellular agriculture-focused companies in the first five (of seven)
cohorts [85];

e Co-leading with Global Affairs Canada, the co-organization of a 20+ Canadian cellular agriculture
company delegation to the Netherlands in 2023 to promote engagement, which resulted in partnerships
and investments with the Dutch ecosystem [86];

e Investing in fit-for-purpose bioreactors, some housed in the Bioengineering Hub, located at
n!Biomachines new manufacturing facility in Burlington.

Funding of innovative industry-academic research and social sciences:

e Genome Canada through Ontario Genomics funded an Ontario-led $10-million cultivated meat project
the largest investment in cellular agriculture in Canada to date, with McMaster University, University of
Guelph, University of Toronto, Collége La Cité, various industry partners, and nonprofits [75].

e In parallel, Ontario Genomics has led the creation of the wasteCANcreate upcycling consortium, a
national program investing in bioconversion-based technologies, including precision fermentation, that
can upcycle agricultural or food byproducts into high-value products like ingredients, proteins, or other
products (e.g., biodegradable plastics, upcycled textiles, etc.).

Support of the next generation of talent:

e Training programs are also being expanded in the province, with biomanufacturing micro-credentials
being offered by various groups including BioZone at the University of Toronto, Lambton College (in
partnership with Ontario Genomics), Algonquin College, and others in the pipeline [87].

Recent new lab capacity has been established within the province e.g. SpinUp at UTM Mississauga, the
Bioengineering Hub at n!Biomachines in Burlington, and SPEC Labs in Mississauga, as well as expanded
capacity at Velocity Incubator in Waterloo, and the Catalyst at 77 Wade in development, all offering support to
multi-sectoral life sciences and biotech companies in the province.

In Western Canada, the Global Institute for Food Security (GIFS), Saskatchewan, received $9.2 million

in funding [88] from federal and provincial sources for a new Engineering Biology facility. This facility will
be dedicated to delivering biomanufacturing services to support the agri-food and biotechnology sectors.
Additionally, the Saskatchewan Food Industry Development Centre (the Food Centre) is building more
capacity with their new Advanced Food Ingredients Centre soon to be offering full-scale contract research
and manufacturing services in fermentation (up to 15,000L capacity), bioengineering, and downstream
bioprocessing.
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The Global Agri-Food Advancement Partnership (GAAP), a new entity resulting from collaboration between
Ag-West Bio, GIFS, the Food Centre, Innovation Place, and private sector partners, is a privately operated
agri-food investment incubator supporting early and rapid growth stage companies within all areas of
agriculture and food. Ag-West Bio and the GAAP have made investments attracting foreign companies such
as Ergo Biosciences in the precision fermentation of food ingredients to Canada [89].

Cultivator, located in Regina, SK, is Canada's first credit union-led tech incubator providing programming,
resources, mentorship, funding, and space for founders to accelerate the growth of local tech startups.

In Alberta, the Institute of Cellular Agriculture is under development at the University of Alberta. In
collaboration with New Harvest Canada and CULT Food Science, this will provide infrastructure, support, and
funding for researchers and innovators [90], which will be in strategic proximity to InnoTech’s fermentation
capacity of up to 15,000L, and their downstream processing equipment. Central to the Institute will be
Canada's first tenured professorship in cellular agriculture, with the recent announcement of the successful
recruitment of the first Assistant Professor to the Institute [91].

Calgary-based Creative Destruction Lab (CDL) - Rockies CDL-Ag Stream helps founders from across
Canada and the world rapidly scale and commercialize their science- or technology-based startup, including
various cellular agriculture companies across Canada.

In British Columbia, the University of the Fraser Valley (UFV) has been investing substantial resources in
advancing the field, led by Dr. Lenore Newman, the director of UFV's Food and Agriculture Institute (FAI).
Recent initiatives include the Genome Canada-funded, UFV-led project mentioned above, which addresses
how Canada can ensure an inclusive and equitable transition with emerging agri-genomics technologies,
including cellular agriculture [6, 8].

Since 2021, much progress has been made across regions, capitalizing on provincial strengths, priorities,
and ambition, and boosting awareness and growth of the industry across Canada. However, to realize the
full economic opportunity and potential in this space, national coordination of regional capacity must be
prioritized going forward. Cellular agriculture provides an opportunity to enhance, diversify and produce
more food sustainably, complementing conventional methods of production, while also offering new
opportunities across the value-chain, from farm to fork, as this sector grows and aims to scale competitively.
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Canadian Economic Case

The Ontario Genomics report Cellular Agriculture - Canada’s $12.5 Billion Opportunity in
Food Innovation, forecasted that the Canadian cellular agriculture industry could be worth
$7.5 billion by 2030 (and 86,000 jobs) and $12.5 billion in the long term (and 142,000 jobs).

The Canadian cellular
agriculture industry could
reach $7.5 billion/year and

This update report provides a perspective on the progress towards this potential since :
P port b persp Prog P create up to 40,000 jobs by

the original publication of the estimates. While there has been significant post-hype
pessimism about the growth of the cellular agriculture industry, particularly as it relates to
cultivated meat products, it is important to realize that the expectation in the early stages year and create as many as
is for slower growth as the foundation for future success is laid [92, 93]. There have 125,000 jobs over a longer
been some advances in fermentation products, with three products approved in Canada time frame.

and significant growth globally. The focus on cultivated meat alone can actually cause
observers to understate the development in the cellular agriculture space.

2030, and up to $18.8 billion/

Our revised forecast suggests that the Canadian industry could be as large as $18.8 billion CAD representing
over 125,000 jobs (see Table 1, Appendix A). That is the top end of potential if everything goes perfectly, both
in the global industry and the Canadian market share.

The total size of the Canadian market depends on overall growth in the global market, but that is not to say
Canada will automatically get a share of it. Canada will contribute to the growth of the global market both
in terms of technical capacity and through demand. The overall size of the global market will be affected by
technological capacity (can we do it?) and demand for the products as they come to the market (do they
want it?),

Estimates for medium-term (2050 - 2070) size of the global market range from $11 billion to $275 billion CAD.
Canada's contribution to this economic activity could range from as little as $75 million to as much as $19
billion CAD if the market meets maximum potential.
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Canada has a lot at stake in taking advantage of the opportunity both in terms of jobs and economic activity.
If the high-end global growth is achieved, Canada'’s contribution could range from a low of less than $2 billion
(estimated 13,000 jobs) to a high of almost $19 billion (estimated 125,000 jobs). At the moderate level the
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Canada industry estimates, food processing jobs are created at a rate of approximately one job for every
$400,000 of output whereas biotechnology creates a job for every $90,000 of output [94, 95]. This reflects
the role of R&D in the biotechnology industry and earlier stage development. We estimate job creation based Now 5 10 15 20
on a blend of both types of jobs in a mature market, so early job growth will be proportionally higher as they
tend to be more technical and lay the foundation for the industry. Given that, the number of jobs created in
Canada's cellular agriculture industry could range from a low of less than 1,000 to more than 125,000 in the
medium term. These estimates differ slightly from those in the first report as we reflected a more conservative
estimate given the job-to-activity numbers in food processing. The opportunity for both jobs and economic
activity is significant if Canada is successful in growing the domestic industry.

TIME (YEARS)

Figure 8: Growth Paths for Cellular Agriculture in Canada

Capturing a share of the market early is critical to achieving higher levels of economic activity. The
performance in the next decade will be a major determinant of the potential overall level of activity in the
medium and long-term. If the overall global growth (both demand and development) is slow, we would
forecast that Canada’s cellular agriculture activity would be from $7 million to over $75 million by 2030. The
$75 million number would suggest that Canada has been a key player in the growth of the market and is
well positioned for the optimistic medium- and long-term levels ($750 million to $18.8 billion). If the level

of economic activity is lower, Canada will either have to catch up or will lag behind on the growth of the
industry. The extent of which would be representative of the growth in the total global market for cellular
agriculture products. If global growth is larger in the next decade, Canada's cellular agriculture industry
could represent from almost $1 billion to $7.5 billion by 2030. These levels of activity would set a much more
optimistic frame for the longer-term growth of the industry in Canada.

We also estimated the market potential in the short term. The size of the industry in 2030 depends on both
the growth of the global industry and Canada'’s ability to capture a larger share of the global growth. If the
global industry grows quickly (achieving 40% of the estimated long-term potential by 2030) and Canada
captures the higher end share of 5%, cellular agriculture could represent $7.5 billion in economic activity and
more than 40,000 jobs by 2030. On the other hand, if global growth is slower (10% of the estimated long-term
potential by 2030) and Canada captures only 0.5% of that market, cellular agriculture will represent less than
$10 million in economic activity and few jobs. It is clear that the stakes are high for establishing Canada’s
cellular agriculture industry quickly.

Action in cellular agriculture today will affect the trajectory as well as the size of the industry. If our growth
lags, there is a real potential that the resulting size of the industry will be smaller. Staking a claim to the
market is important and early successes will have an advantage in terms of market share and supply chain
relationships. The timing and the rate of growth depend on the foundation being built now. The difference
is stark. The worst-case scenario would see Canada have a small number of firms involved in cellular
agriculture in the context of the global industry, which may be difficult to sustain due to the lack of supporting
infrastructure.

These scenarios are reflected in the stylized growth curves in Figure 9.

« Line A reflects the scenario where Canada is at $7 million by 2030. This reflects slower global growth and
also slow growth in Canada. This is the pessimistic scenario with slower global growth and slow growth
in Canada meaning a smaller share of the global market. In this lower bound scenario, Canada’s total in
the medium term would reach a maximum of $1.9 billion and it would be much more difficult for Canada
to catch up should growth accelerate, and the maximum number (approaching $19 billion) would likely
be out of reach.

« Line B reflects slow global growth but better performance for Canada. In that scenario, Canada achieves
a $75 million industry by 2030 with a climb to $1.8 billion in the medium term (2050) and delayed growth
to the maximum forecast of $18.8 billion.
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« Line C reflects more rapid global growth with Canada lagging in the near term. This would see Canada
achieve a market of $75 million by 2030 but make it difficult for Canada to reach its full potential because
of lagging activity. In this scenario, Canada would grow to $1.8 billion more quickly than in the previous
one but have more limited potential for growth in the long term.

e Inthe final scenario, Line D, both the global and Canadian markets grow quickly with Canada reaching
$7.5 billion by 2030 and the total of $18.8 billion in the medium term. These scenarios present a range
of estimates (A-D) and come with uncertainty but illustrate both the potential and the impetus for
immediate action.

CANADIAN MARKET SIZE

$75M /

Now 2030 2050 2070
TIME (YEARS)

FIGURE 9: Canadian Market Size Over Time

The differences in the 2030 forecasts would represent less than 100 jobs at the low end to more than 10,000
at the high end. A more detailed discussion of these differences is available in Appendix A.

The estimates of market potential have grown. There are several factors that have contributed to this growth
based on changing conditions, highlighted below.

What Has Changed?

There have been three significant developments in the time since the publication of the original report. We
have seen generational levels of food price inflation across the world in all products, including proteins. See
Figure 10.

FOOD INNOVATION IN CANADA REPORT: An $18.8 Billion Opportunity in Precision Fermentation and Cultivated Foods

FOOD PRICE INFLATION IN CANADA BETWEEN 2000-2024

10% 75%
> 8% 60% C
5 =
g e
< 6% 45% >
> <
= m
- 4% 30% S
S T
= >
Z 2% 5%
. 0 __ ] .
23 S S
I R R S N R B U
YEAR

e Cumulative inflation [ Annualinflation

Figure 10: Food Price Inflation in Canada 2000 - 2024.

The price of food has risen substantially in the last 24 years, with food being more than 70% more expensive
than it was in the year 2000. The last three years have seen more than 20% of that growth [96].

Inflation has been driven by a wide variety of factors, including (but not limited to):

1. Wars in Ukraine and the Middle East [97];

2. Increased potential for future armed conflicts in Europe, the Middle East and other areas;
3. Extreme weather events and diseases largely driven by climate change [98];

4. Exchange rate differences;

While the COVID-19 pandemic is often blamed for price increases, the pandemic itself did not contribute
significantly to price inflation. The first three points above are important to cellular agriculture for two reasons.

Firstly, higher food prices will allow cellular agriculture products to be price-competitive sooner, which
could accelerate the growth and value of the industry. It needs to be acknowledged that the value of inputs
for cellular agriculture products will also have risen, but the relative price changes and sustained food
price levels should provide a price competitive advantage in the medium term. This also creates an even
larger opportunity for upcycling sidestreams from agricultural and natural resource extraction activities to
supplement feedstock supply chains.

Secondly, the production variability caused by extreme weather events and other climate-driven factors
will challenge the resiliency of food supply chains. The COVID-19 pandemic has brought a focus on the
localization of food value chains. The risk of localization is that the food supply is more susceptible to
production losses due to extreme weather events and other climate-driven disruptions.

A large part of the motivation for cellular agriculture is to augment conventional production to help meet
global needs. While feedstocks will continue to depend on conventional production, cellular agriculture
production will be much less susceptible to extreme weather events. Canada has an abundant supply of
feedstocks in comparison to some of the other countries that are developing cellular agriculture industries,
which will also bring stability to the industry.
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Cellular agriculture can bring stability to global and local production and help build resilience. This will also
help to accelerate the timeline and increase the total potential for cellular agriculture in Canada and globally.
Beyond the value of the economic activity due to cellular agriculture, there is also a consumer benefit of

the growth of the industry. We are seeing increased price variability (the last ten years have statistically
significantly more variability in food prices than the previous ten; Figure 10), which creates uncertainty and
difficulty for consumers.

Other Perspectives

As discussed prior, there have been initiatives in some US states to ban cellular agriculture products
generally or “lab-grown” meat products specifically [99]. This is largely motivated by protectionism towards
conventional agricultural production, which was explicitly acknowledged in the legislation in Florida. There
have also been some bans in European countries, most notably Italy [100]. While countries like the UK and
the Netherlands have been determinedly developing the industry, it is not universal in Europe and can
provide an opening in Canada.

It is unlikely that these bans will survive in the long term and there are many jurisdictions with large
populations who are open to and encouraging the development of these products. It is also worth noting that
the bans are more focused on cultivated meat than on precision fermentation products. While this may be as
much due to the issue of awareness, there has not been the same focus on precision fermentation products.
In fact, early fermentation products are already on the market in the US, and some specifically in the markets
where cultured meat products are banned. Fermentation products may displace some traditionally produced
ingredients and thus draw the attention of protectionist legislators, too.

Progress on Recommendations

There has been some progress on the recommendations from the original report. This is critical to ensuring
that Canada gets its share of the growing total cellular agriculture pie.

The Government of Canada has released an informative webpage on applicable regulations in Canada for
products of cellular agriculture which includes key considerations for developers, and this is an important
step forward. Regulatory clarity is important for bringing investment and establishing manufacturing of
cellular agriculture products, and transparency in oversight contributes to public trust in novel products.
Canada presents a relatively small total market, and the absence of domestic market potential may
discourage local research, development and production. It is, therefore, critical to have an investment and
regulatory environment that is favourable to the development of the industry to provide a competitive
advantage for Canada with opportunities to attract foreign investment, as well as growth of domestic players.
Canada has numerous advantages given its proximity to, and established trade agreements with the US and
Asian markets, as well as an abundance of feedstock. Canada also has free trade agreements covering 60%
of global GDP.

Training can also give Canada an advantage by developing top-notch technical talent. While the current
Canadian regulatory framework does provide some clarity, there are some questions about whether the
framework sets a higher hurdle for regulatory approval than other countries [101, 102, 103]. Nevertheless,
there are three precision fermentation products approved in Canada already. An agile approval process
is vital to positioning Canada as a favourable market for cellular agriculture production. Regardless, there
is some clarity to the regulatory requirements in Canada which is positive. The evolution of the regulatory
environment both here and globally will be a significant factor in the growth of the Canadian industry.

There have been many initiatives in support of the cellular agriculture industry in Canada. These run from
R&D funding, training and support of companies through to access to lab space and research bioreactors,
and more. While these are important, it is less clear that the efforts have been aligned under a national
strategy that brings different levels of government together to coordinate activities for maximum leverage.
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Global Bird’s Eye View

Much has happened in the last three years with some global jurisdictions leading the charge with bold
national visions and strategies often focused on multi-cross-sectoral biomanufacturing opportunities. Others
are leading with their agile and competitive regulatory frameworks. Direct support of companies, R&D,
investments in infrastructure and training, and integration of social sciences are flourishing, culminating in
precision fermentation hitting various markets worldwide. These include precision fermentation-derived
ingredients or whole products and cultivated products as hybrid products in select locations and at a smaller
scale.

Activity across continents, countries, regions, and provinces has built the initial foundation on which food
innovation can continue to grow. As Canada looks globally to leading countries and regions, a modified
"traffic light" assessment was created to compare various countries on their progress against the three
recommendations from our 2021 report has been created (Figure 11). It is clear that Canada has work to do
to maintain the highest potential for the domestic cellular agriculture industry.
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Taking the three recommendations from our 26 report, elements of which can be
recognized in the models being developed by leading countries or regions, we examined
how Canada and these leading countries ranked against achievements relative to these
recommendations and each other. This qualitative 'traffic-light’ ranking is based on the
snapshot of key updates within the report and by no means captures all achievements

Figure 11: Global Innovation Landscape

within each country. Considering the impressive strides certain countries and
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governments have made towards some of these three recommendations, they receive a
star* ranking, including the US and the UK for their bold national visions, strategies, and
recent $billion+ investments into cross-sectoral biomanufacturing (recommendation 1);
Singapore for their innovative, iterative and modern regulatory structure (recommendation
2); and the US for their continued (some cases long-term) investments in innovation,
support of companies, infrastructure, commercialization, and training (recommendation 3).
This by no means minimizes the achievements of other countries in the cellular agriculture
sector, including some other leading countries, such as the bell-weather for ag/food - the
Netherlands, or the start-up nation of Israel.

Figure 11: Global Innovation Landscape
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What's Next for Canada?

Canada is a recognized leader in the agriculture and food sector, has extensive free trade agreements, a
wealth of domestic expertise, and many ingredients to be one of the world's leaders in cellular agriculture
and the creation of precision fermentation-derived and cultivated food products. Canada is also a recognized
leader in life sciences more broadly and in the health-focused bioeconomy.

Three years ago, the protein sector was at a crossroads. Since then, there has been an explosion of
innovation, companies, research, and investments, and the tipping point of government funding worldwide
has nurtured the current global leaders. The Canadian regional ecosystem is rallying, with companies

being created nationwide and academic research developing much-needed solutions to help this industry
overcome challenges towards scaling. Various parties are providing much-needed infrastructure, support
and funding, although more is needed - especially for commercial scaling. While Canada has some capacity
across regions, a lack of facilities for pilot/demonstration scale-up and at the commercial scale is still
considered the most significant bottleneck globally. Innovations in design, efficiency, adaptation, or increased
investments in infrastructure will be necessary to help scale in Canada, as well as globally.

Our world-class universities and colleges are striving to ensure the talent and workforce are ready for this
exciting new opportunity. This talent will come from and apply to many disciplines and sectors, particularly
platform technologies like genomics and engineering biology, biomanufacturing, artificial intelligence,
computer science, stem cell and tissue engineering, food science, and social sciences. Given the multi-
disciplinary nature of the talent and sectors involved, a coordinated approach to training would be critical
for maximum impact.

Social sciences and communication will be imperative to tell this story as the industry grows and more
products land on the market. The Canadian conventional agriculture and food sector is actively looking at
involvement opportunities, especially around upcycling opportunities, where it can play an increasingly
important role and benefit in the near term. Opportunities include new markets for raw materials (feedstock),
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enhancing current products (various products, including plant-based), creating new
product categories and diversifying product offerings, offering food security solutions, and
exploring new business opportunities in the emerging industry.

More international collaboration opportunities are developing, which will enhance the
overall growth of this industry, including partnership and investment opportunities. There
is also a need to proactively establish international trade opportunities for the growing
Canadian sector, which is paramount if a Canadian-based industry is to establish and
grow. With our extensive free trade agreements worldwide, this sector offers Canada

an exciting export opportunity and a landing site for international companies. There are
already evolving interests from global companies looking for North American market
access, and regions across Canada are taking notice.

Time is of the essence and the size of the cellular agriculture leadership opportunity
is Canada's for the making. By taking further and concrete action on the priorities
outlined in this report, both regionally and, more importantly, at a national level,

Canada can diversify its food and agriculture sector, become a leader in the new global
biomanufacturing landscape, meet sustainability and food security goals, and reap the
benefits from new economic markets. It is essential to look back at the original report’s
three recommendations (Appendix 2), holistically measure what we have achieved, done
well, or need to do more of (Figure 12), and establish a renewed call to action.

To achieve success, Canada must:

1. Prioritize a National Vision and Strategy for a Canadian Cellular Agriculture Industry
in the Near Term.

2. Take Proactive Evolution Towards a Clear, Transparent, and Agile Regulatory

Framework for Cellular Agriculture Products in Canada.
3. Provide Additional Supporting Mechanisms for Research and Commercial
Development, Building on the Foundation already in Place.

Changes from the 2021 Report’s Recommendations have been underlined above

An active, inclusive engagement strategy with the relevant stakeholders across Canada, is
essential to build support for the sector. This includes existing industry players, all the way
to the consumer, and all other stakeholders across the value chain.

A national vision and strategy that brings different levels of government together to
coordinate activities would enable maximum leverage and impact. These could include
things like investment in shared national infrastructure, trans-Canadian research
investment, roadmap development, further regulatory modernization, connectivity
across regional efforts, and coordinated recruitment of investment and talent. This can
also reduce the duplication of efforts across the country. There are clearly jurisdictional
questions, which make some efforts difficult, but a well-articulated national strategy with
a commitment for coordination would accelerate the progress to fulfill Canada'’s potential
as a leader in this space. A national strategy also requires a champion. The right strategy
and champion(s) can help Canada be a true leader in cellular agriculture. Without these,
Canada risks slow and disjointed investment and development. A timely and coordinated
national vision and strategy can help Canada be a true leader in cellular agriculture.
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LITTLE PROGRESS

CALLTO ACTION 1

National Vision and
Strategy in the Near Term

Continued government incentivization and
support; public policy to support the sector

Continued support needs to include substantial and
sustained funding, across the value chain and
pipeline through to commercial production

Broad communication and outreach are integral in
parallel to tech development to create further
understanding and interest in these products

National strategy, based on a strong rationale and
Canada's unique advantages and worldwide
leadership potential, while examining models

from leading countries to inform the development

and coordination of the sector

Action plan framework, with short, medium and
long-term steps, value proposition, and success
metrics; developed and coordinated through a
systems approach, with national and regional
participation and strengths outlined

Define the role for cell ag in Canadian Food System,
including integration of new production systems
with conventional ones is critical, as well as
continued discussions on complementarity,
diversification and new product categories

CALL TO ACTION 2
Competitive, Clear, and

Transparent Regulatory Framework

Continued regulatory clarity and guidance, with a
transparent regulatory framework

Continued improvements of timelines,
modernizing regulatory review processes

Continued early engagement
between regulators and companies

Cross assessment of regulatory processes
with other jurisdictions should continue

Ongoing, clear, and comprehensive
communication between the industry and
regulators, as well as broad dissemination of
positive engagements and success stories

Timely, flexible, iterative, and competitive
transparent regulatory environment

Models from leading countries (e.g.,
Singapore) to examine their approach

Support for companies through the
regulatory process e.g., concierges

CALLTO ACTION 3

Supporting Mechanisms for Research
and Commercial Development

Research and Training the Next
Generation of Skilled Workers

Highly qualified personnel (HQP) for the sector,
including raising awareness in existing talent
from complementary disciplines

Continued high-value contribution from colleges across
the country to enable industry-driven research and
critical workforce development

Continued support for fundamental and industry-driven
research; open science; continued alignment with
government priorities, incl. Grand Challenges

Strategies and investment in the platform
biomanufacturing technologies underpinning
cellular agriculture, in particular engineering
biology, omics, Al, and food sciences

Consumer acceptance and perception
continues to be essential with social
sciences research playing a critical role, as
well as LCAs, TEAs and other analyses in due
time, that are objective and independent

Growing the Economy: Start-up
Support, Partnerships, Networks

Investment in public and private sector-partnered
innovation hubs, including incubators and
accelerators, to support start-ups and SMEs,
and access to expertise, mentorship, and
investment opportunities

More outcome-driven networks to bring diverse
groups together, incentivizing public-private
partnerships and multi-cross and trans-disciplinary
expertise, platforms, and sectors

Continued public/private-private partnerships,
bridging the gap between research and translation,
access to infrastructure, and linkages and entry
routes into the supply chain for B2B companies

A concerted focus is needed to provide
facilities for pilot/demonstration stage
scale-up, as well as at a commercial scale. The
lack of access to such facilities is still viewed as
the most significant bottleneck globally

Canadian and international investors should be
incentivized to invest in Canadian companies,

including targeted government programs to attract,

de-risk, or leverage private investment
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Figure 12: Canada'’s Actionable Opportunities and Progress for a Thriving Cellular Agriculture Ecosystem.
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Conclusion

Cellular agriculture presents Canada with a transformative opportunity to address critical challenges and
reshape global food systems. With its unique advantages and advancements in precision fermentation and
cultivated food technologies over the last three years, Canada is well-positioned to lead this emerging sector
while complementing traditional food production methods. The industry’s projected economic impact of
CAD 18.8 billion and the creation of over 125,000 jobs demonstrate its immense potential. However, to fully
realize these benefits, Canada must act with urgency. A unified national strategy, clear and agile regulatory
frameworks, and investments in scalable infrastructure are crucial to fostering growth and ensuring global
competitiveness.

As other nations accelerate their advancements, Canada risks falling behind if it does not prioritize and
coordinate efforts. By building on regional strengths and progress, fostering international trade, and
integrating cellular agriculture into its broader food and biomanufacturing strategies, Canada can secure its
place as a global leader. The time to act is now—failure to seize this opportunity could jeopardize Canada's
competitive edge in the growing global market, leaving it behind in the race to lead in sustainable and
innovative food production.
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Ontario Case Study

Introduction

This case study examines Ontario's substantial leadership opportunity in cellular agriculture within Canada,
building on the foundational core strengths and sectors existing within the province, and highlights some
short-term next steps to build on the momentum in this high-potential economic sector.

In the past three years, there has been a flurry of research and innovation, strategic investments, and focus on
food innovation in cellular agriculture across Canada, with the most activity, support and traction occurring

in Ontario (see earlier section, Canada: Progress To Date, for a complete cross-Canada breakdown). With
space remaining in the market and because of existing core regional strengths (see Figure 13), and industries
that broadly align with this sector (Figures 14-17), Ontario has an unprecedented opportunity and is
exceptionally well-positioned to play a leading role in this emerging food innovation sector.

Ontario has many unique and diverse advantages on which this sector can build. The province has abundant
human and natural resources, a diversified economy, world-class academic institutions (resulting in a hub for
research talent and highly skilled labour force) (Figure 14), strong manufacturing sector(s), stable institutions
and political systems.

Ontario is Canada’s most populous province and already a leader in many industries tangential to cellular
agriculture, including a world-leading life sciences sector and Canada's largest life sciences jurisdiction
(Figure 15) (and the subsequent cross-sectoral expertise), that are broadly aligned with the cellular
agriculture sector and well-positioned to translate that expertise to this new opportunity in food innovation.

Ontario is home to a strong and vibrant biotech sector, Canada'’s largest (by GDP) agriculture and food
production and processing sectors (Figure 16) along with world-leading artificial intelligence (Al) and
cleantech sectors, which all intrinsically connect and can impact and benefit from this new and evolving
industry.
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More than 15.99 (~16)
million residents (40% of
Canada's population)
and approximately 194+
million consumers

GDP $852.73

billion [105]
(38.6% of Canada)

Ontario government
focused on life sciences
and biomanufacturing

(especially

health-related) [113]

within a day's drive [104] B

Y

Abundant natural
resources,
including water

Ontario is the
manufacturing
powerhouse of Canada
with 20,000+ advanced
manufacturing firms and
800,000+ manufacturing
workers [109]

ONTARIO
STRENGTHS

In 2021, Ontario achieved
record breaking results in
attracting new investment,
recording more than half of
all venture capital
investments in Canada with
$8.4 billion including $846.8
million in life sciences [108]

Leader in: Ag-food,
Clean Tech, Life
Sciences, and
Artificial Intelligence

A total of 509,194
companies [106]

Clean energy - Over
90% of Ontario's energy
is produced from low
carbon sources
including hydro-electric
and nuclear power [139]

Figure 13: Core Ontario Strengths

Ontario also has a geographic advantage in North American markets, an exceptionally ‘clean’ energy grid,
and many high-value economic factors such as businesses, investors, and academic institutions to help
support and drive the success of this industry. Ontario has access to a large and diverse consumer base,

creating opportunities for manufacturing food and beverages and new products that appeal to a wide range

of people.

However, it is critical to foster an environment that supports research and product development,
investments, and infrastructure support that will allow the cellular agriculture industry to grow and
flourish, enabling homegrown commercialization. This support can have broad benefits including to the
B2B and B2C cellular agriculture companies (precision fermentation, cultivated, support), Ontario's talent
and workforce, and the broader biomanufacturing sector. There will also be benefits to the conventional
ag/food sector with demand for feedstocks and valorization of sidestreams (Figure 17), creating innovative
approaches for incorporating primary producers into emerging bioeconomy value chains.
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In addition, by also supporting a competitive food processing sector, we can provide new opportunities to
enhance and diversify our product offerings (including plant-based or new product categories) and reap
economic and other benefits that this new sector has to offer.

ONTARIO TALENT

23 universities and 24 colleges, providing rich cross-sectoral research expertise and
training of HQP, including several with an increasing and successful focus on cellular
agriculture

70,000 STEM graduates/year, resulting in Ontario having one of the most highly
skilled workforces in the world [109]

Figure 14: Ontario’s Leading Talent

ONTARIO LIFE SCIENCES

Ontario has the largest number of life sciences researchers and companies in Canada: [140]
Key contributor to Ontario's economy, employing more than 72k people in high-value jobs across 2k firms,
44% of Canada'’s total). More than $77B in revenue in 2022

Ontario and Canada are world leaders in stem cell research and treatment

Toronto is home to the largest technology hub in Canada and third largest in North
America with 24,000 companies and 289,000 tech workers [127]

Over the last six years, Ontario has attracted over $5 billion in new investments in
the life sciences sector, including significant contributions from leading
biomanufacturing and life sciences giants [113]

Canada is a world leader in regenerative medicine and tissue engineering, and
Ontario is home to CCRM, and OmnioBio

Figure 15: Ontario's World Leading Life Sciences Industry
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ONTARIO AGRICULTURE & FOOD SECTOR

o

The third largest food and beverage industry in North America [116, 117]
Generates $64B in revenue and $19.5B in exports/year, with 4,500+ food and beverage companies and
120k direct jobs

Generated more than $50B for the Ontario economy (5.9% of GDP) [119, 121]

Figure 16: Ontario’s Vibrant and Diverse Agriculture and Food Industry

ONTARIO IS RICH IN DIVERSE & TOP CANDIDATE
FEEDSTOCKS FOR UPCYCLING

48,000+ farms, accounting for ~25.5% of the farms across Canada [122]

Greenhouse byproducts, largest greenhouse producer in Canada [114]
-Ontario greenhouse vegetables represent 71.8% of Canada's greenhouse vegetable industry
-Ontario greenhouses grow over 575,000 tonnes of produce/year

Dairy byproducts (whey, lactose) - Ontario is home to the second largest dairy
processing sectors in Canada [122]

-Contributes $8.1B to GDP and $267M in exports/year

-Ontario produces 2.5B litres of milk/year

Brewery industry and byproducts [69]
-Brewers spent grain - ~16M kgs/yr (vast majority are landfilled)
-Distillers’ grains (bioethanol waste) - >100M kg/yr (majority used for low-cost animal feed)

Top crops in Ontario: [123, 124, 125, 126]

-Soybeans: # 1 national producer, over half (54.4%) of Canada’s soybean acreage

-Wheat: #4 national producer, 83.9% of Canada's winter wheat and 7.4% of Canada's total wheat
-Corn: #1 national producer, 59.9% of Canada's total corn for grain area

Figure 17: Ontario’s Upcycling Opportunity
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Focus on Ontario - Economic Case

It is estimated that Ontario could achieve between 30% and 70% of the

Canadian market. That means at the top end of the potential, cellular agriculture Ontario’s economic
could be a $13 billion industry in Ontario and with more than 91,000 jobs. opportunity: $13 billion
However, what Ontario achieves is going to be relative to the effort Ontario industry with more than

puts in, and if Ontario wants to achieve the higher end of these estimates, and 91,000 jobs
capitalize on our leading advantage, we need to be strategic and deliberate in our
actions to advance and support the promise that this sector has to offer.

The economic case for Canada in this update report focuses on the value of nationally coordinated activity,
but it is worth exploring the potential in the province of Ontario to highlight some of the factors that could
affect the growth of Canada'’s industry and the value of coordinated activity. The factors in Ontario that may
offer an advantage and give it the potential to capture a disproportionate share of Canada'’s total industry are
discussed below, as well as some counterpoints.

Training and HQP

Ontario is a leader in highly qualified personnel (HQP) and training in technical areas related to cellular
agriculture. There are excellent universities and colleges across the country, but Ontario has a significant
cluster of top-notch training institutions that are already active in the space and that will generate a higher
volume of HQP and talent than other regions. This is already demonstrated by Toronto being home to
Canada's largest technology hub, third largest in North America, with 24,000 companies and 289,000 tech
workers [127]. There is room for migration to jobs but there is some inertia against movement. However, the
cost of living in Ontario relative to other provinces may make HQP more outwardly mobile.

Share of Population and Economy

Ontario boasts a strong and vibrant conventional agriculture and food sector, including a leading dairy sector
and diverse field and greenhouse crop production. In addition to the expectation that conventional agriculture
will continue at a similar rate, cellular agriculture can create new business opportunities within the sector,
such as generating feedstocks from primary production or valorizing sidestreams or by-products. The existing
industry also provides routes to B2B and B2C market access for cellular agriculture products.

Infrastructure

Ontario has the largest proportion of the Canadian population of any province and hosts the leading food
and beverage sector in Canada - the third largest in North America - including many multinationals. This
means there is a concentration of demand for both food production and for food processing. Many cellular
agriculture products will be ingredients in food processing rather than fully formed final products. Access
to both consumer and manufacturing demand and capacity will create a gravitational pull to Ontario.
While there will have to be an export market for cellular agriculture products, a larger local market for early
production will be an advantage relative to other Canadian provinces.

Energy

Electrical energy that yields a lower carbon footprint may be a significant differentiator for cellular agriculture
products. In 2021, 91% of Ontario’s electricity was from zero carbon production, which could provide an
advantage relative to some provinces - some still largely reliant on fossil fuels. Provinces like Quebec and
Manitoba use largely (99%) zero carbon hydro-electric power which is an advantage relative to Ontario.

The higher cost Ontario economy (e.g., wages, real estate, etc.) could be a disadvantage relative to some
other provinces, but it is expected this will be outweighed by the central location and critical mass of demand
in the province. It is also worth noting that costs are not as high outside of major urban areas. Facilities will
be established in places that balance cost, access to customers and inputs, transportation, and other factors.
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There has been significant investment in supporting infrastructure and strategic development in the province.
Ontario Genomics has championed the industry while also investing in pilot scale precision fermentation
infrastructure and various partnerships to help support early-stage cellular agriculture companies on their

journey to commercialization and training of talent to help grow this industry.

Table 2 presents the long-term projections for the Ontario industry in the case where the province achieves
a higher share of the Canadian market. Table 3 presents the forecast in the case that Ontario achieves a
smaller share of the Canadian market.

Ontario Innovation Ecosystem Supporting Cellular Agriculture

As outlined earlier, there has been an impressive amount of progress across various provinces aligning with
actionable recommendation 3, and Ontario is a leading example of this progress (see Canada - Progress
Since 2021 Recommendations). Ontario is home to over half (16 of the 28) of Canada’s cellular agriculture

companies, working across precision fermentation, cultivation, and support. Some of which have landed in
Ontario as subsidiaries of international companies (Figure 18).
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Ontario's Potential in Global Cellular Agriculture Market: Higher Share
Size of Global Market Low Medium High
11,000,000,000 $ 52,739,726.03 $ 210,958,904 $ 527,397,260.27
27500,000,000 $131,849,315.07 $ 527,397,260.27 $1,318,493,150.68
82,500,000,000 $ 395,547,945.21 $1,582,191,780.82 $ 3,955,479,452.05
165,000,000,000 $791,095,890.41 $ 3,164,383,561.64 $7910,958,9041
275,000,000,000 $1,318,493,150.68 $ 5,273,972,602.74 $13,184,931,506.85
Table 2: Ontario’s Potential in Global Cellular Agriculture Market: Higher Share
Ontario’s Potential in Global Cellular Agriculture Market: Lower Share
Size of Global Market Low Medium High
11,000,000,000 $ 22,602,739.73 $90,410,958.90 $ 226,027,397.26
27500,000,000 $ 56,506,849.32 $ 226,027,397.26 $ 565,068,49315
82,500,000,000 $169,520,547.95 $ 678,082,191.78 $1,695,205,479.45
165,000,000,000 $ 339,041,095.89 $1,356,164,383.56 $ 3,390,410,958.90
275,000,000,000 $ 565,068,49315 $2,260,273,972.60 $5,650,684,931.51

Table 3: Ontario's Potential in Global Cellular Agriculture Market: Lower Share
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There is a dramatic difference between the maximum potential if Ontario leads or follows in the market for
cellular agriculture. In the optimistic scenario the industry has the potential to represent more than $13 billion
in economic activity versus about $5.6 billion in the more pessimistic scenario. The top end of the optimistic
scenario sees almost 91,000 jobs in Ontario whereas the top end of the pessimistic scenario is almost 39,000
jobs. There is clearly a lot at stake with respect to taking action in support of industry development. Ontario
has some clear advantages as outlined earlier but those inherent advantages will only carry it so far.

The timing of the action is also critical to not only the total potential but also how quickly Ontario reaches
that potential. If the industry, both globally and in Canada, experiences rapid growth and the Ontario industry
is proactive in driving share of that growth, it could result in an industry with $5.3 billion in economic activity
and more than 28,000 jobs by 2030. On the other hand, if industry growth is slower and Ontario lags behind,
the highest forecasted level of economic activity would be just over a half a billion dollars and approximately
3,000 jobs by 2030.

There are clearly elements that are out of Ontario's control relative to building the cellular agriculture industry.
The regulatory framework is in the hands of the federal government (tied to Actionable Recommendation

2 from the 2021 report). A national cellular agriculture strategy would include Ontario but not be regionally
limited (tied to Actionable Recommendation 1 from the 2021 report). Maximizing the inherent advantages in
the province requires focused and timely action, and if a national strategy is not quickly forthcoming there
would be a benefit to an Ontario-focused strategy, which could then be further leveraged by integration into
or forming the basis of a national strategy. In either case, there needs to be quick development of an Ontario
strategy.
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Figure 18: 2024 Ontario cellular agriculture companies
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Ontario is also home to a wide range of new initiatives in, or supporting, the sector, many driven by Ontario

Genomics' aim to achieve the province's unparalleled opportunity in this space (Figure 18). LEGEND
Ontario Genomics' collaborative initiatives include support of companies through: Infrastructure (lab space, bioreactors)
e Co-launching with Canadian Food Innovation Network (CFIN) the first regional cellular agriculture- Entrepreneurship Support & Mentorship

focused funding program, AcCELLerate-ON, which supports a variety of start-ups as well as an Noteworthy Project Consortium
academic-industry partnership; Financial Support

e Implementation of the BioCreate program with funding from the Federal Economic Development Agency Initiative Applicable to or Surveying
m the Broader Public ONTARIO \
[ mar

for Southern Ontario and Ontario Genomics. The $11.6 million in-house accelerator program is for small-

and medium-sized enterprises and has funded seven cellular agriculture-focused companies in the first TALENT Educational Programs for
) Relevant Skills and Expertise
five (of seven) cohorts [85]; :
) s ) o i i == Technology Development:
e Co-leading with Global Affairs Canada, the co-organization of a 20+ Canadian cellular agriculture Innovation and Commercialization

company delegation to the Netherlands in 2023 to promote engagement, which resulted in partnerships
and investments with the Dutch ecosystem [86];

e Investing in fit-for-purpose bioreactors, some housed in the bioengineering hub, located at
n!Biomachines' new manufacturing facility in Burlington.

Scale-up Infrastructure ‘ Academic Program
E (Bioreactor Facility) wo  (College or University)

Lab Capacity
Funding of innovative industry-academic research and social sciences, including: e
e Funding, with Genome Canada, an Ontario-led $10-million cultivated meat project, the largest investment CATALYST VELOCITY
in cellular agriculture in Canada to date, with McMaster University, University of Guelph, University of Scale-up Capacity & Expertise urlington
Toronto, Collége La Cité, and various industry partners [75]; [ TECH DEV | © ontaro n ) ) 7 <l;|ami|t0n
« In parallel, Ontario Genomics has led the creation of the wasteCANcreate upcycling consortium, & Genomics g MBiomachines Master

y’

a national program which is investing in bioconversion-based technologies, including precision #4 Lambton pm Sarnia
. . . . . . . @ College o .
fermentation, that can upcycle agricultural or food byproducts into high-value products like ingredients, @@ ambton
roteins, or other products (e.g., biodegradable plastics, upcycled textiles, etc.). Talent Development iersy :
p p (e.g g p pcy ) ™ 3 p S & waterioo
q @TORONTO @
Support of the next generation of talent: UNVERGTY  |ACMfeR @ Lambton
e Training programs are also being expanded in the province, with biomanufacturing micro-credentials oGUELPH At W College NOTABLE FUNDED PROJECTS
being offered by various groups including BioZone at the University of Toronto, Lambton College (in Micro-credentials Largest Canadian Investment 2 ey or POWERED BY:
partnership with Ontario Genomics), Algonquin College, and others in the pipeline [87]. €D Qoo & owwme  m8 Lambton B in Cellular Agriculture to date: RESNTO O ontario
i " . el i | U T e i & Genomics & TORONTO @ Gl % Omics-guided technologies Mﬁﬁ?éter 3 Genomics
.ecent.newla capacity fas een. estq IS e. within the province e.g. Q!n .Qat Ississauga, the AcceleratGlR oA O i . £ for scalable production of W ' ? -
Bioengineering Hub at n!Biomachines in Burlington, and SPEC Labs in Mississauga, as well as expanded & EioCreate =4 cell-cultivated meat UMVFE%TY LACITEeR | €2 Cenada
capacity at Velocity Incubator in Waterloo, and the Catalyst at 77 Wade in development, all offering support to g gzr;in%ics Canadi TECHDEY
multi-sectoral life sciences and biotech companies in the province.
Upcycling { o ) WASTECANCREAT: Canadian cultured foods: g Qntario. POWERED BY:
[ TECHDEV =1 Environment, scale-up ENEW
. . . . . O ontario [ el g e ! HARVEST
Ontario - A Global Biomanufacturing and Life Sciences Hub & Genomics e, o safety, nutritionand A AVANEE Agl',t"ld
= food processing [EIX= 5T |AgiFood Canada
There has been strong support, investments and strategies for the biomanufacturing and = T
fermentation industries more broadly, through various new and strategic investments by SUPPORT ORGANIZATIONS "
and within the province. These include: (
. . . . . . . i The ALT PROTEIN  con s, UNIVERSITY OF POWERED BY:
. Ontario’s Life Sciences Strategy - Taking Life Sciences to the Next Level - Ontario’s 2 Ontano, ; ] : s \ @TORONTO
) " . ) ) ) > Genomics Projects at: [ : McMastet | 3, /cood Food
strategy (2022), with a vision to establish Ontario as a global biomanufacturing and =0 _ University 3 I/Institute,
life sciences hub leading in the development, commercialization and early adoption of ( Ontario Investors | TECHDEY o Waterloo
aking innovative health products and services [113]. O P
. . . SsS= | consecon
: . Phase 2 of the Life Sciences Strategy, launched October 2024, includes an \(. TEACHERS' G | foundation ) NOTABLE PROGRAMS & INITIATIVES
to thg ’.\leXt Level Wl investment 9f $146 miII‘ion towards infra§tructure énd wet lab spaTce, scale-up funding gnd P \ Canada’s first regional cellular POWERED BY:
PrtaricEl R eay y «‘ 3 venture capital funds aimed at establishing Ontario as a global biomanufacturing and life National Organizations roop inGavaZiAN ’ Y agriculture competition (2021) o) Ontario_
TR sciences hub [113]. with Provincial Focus b « ACCELLERATE-ON 3 Genomics
’ . This includes an additional $40 million from the Venture Ontario Fund to invest m NATURAL \ NEW 'g Stetinom moemmt oy oless 1 oo
' in venture capital funds that will help Ontario-based life sciences companies and 9 CANADA HARVEST Y ' TECHDEV | i

biomanufacturers innovate and grow, with a specific focus on in-demand, high-growth
areas where Ontario demonstrates a competitive advantage. Figure 19: Ontario Cellular Agriculture Innovation Ecosystem
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Ontario

a provincial
agri-food
strategy

e Expanding the eligible priority sectors, including to agricultural and food technology, for Intellectual
Property Ontario (IPON) to provide more comprehensive support to Ontario-based innovators and
researchers and help capitalize on the commercial potential of the research coming out of the life
sciences sector, and opportunity for more investments [128].

e Attracting international companies to locate to Canada through various mechanisms including:

o Collaborative efforts by Toronto Global and Invest in Canada, bolstered by Ontario Genomics' 2021
report - attracted German company, The Cultivated B, to set up their first North American site in
Ontario [129];

e Invest Ontario, the province's dedicated investment attraction agency, with a focus on advanced
manufacturing, life sciences, and technology;

e Invest Ontario is supporting a $200 million investment by Jungbunzlauer (2024), a leading producer
of high-quality, sustainable ingredients, including from natural sources, to build Canada'’s first xanthan
gum manufacturing facility in Port Colborne, including large-scale fermentation capacity [130];

o Over the last six years, Ontario has attracted over $5 billion in new investments in the life sciences
sector, including significant contributions from leading biomanufacturing and life sciences giants [131].

Ontario's Food Innovation Opportunity

Ontario is recognized as a leading life science and biomanufacturing hub. Ontario is uniquely positioned in
Canada to become a leader in food biomanufacturing (or cellular agriculture) by capitalizing on its research,
innovation, and foundational strengths and extending beyond biomanufacturing in the health sector to
include food, the convergence of which has become increasingly evident in recent years [132].

The province's strategic advantages—ranging from its world-class educational institutions and skilled
workforce to its vibrant biotech, conventional ag-food, food processing, life sciences and manufacturing
sectors—give it a solid foundation to drive growth in this high-potential industry. Food biomanufacturing
would have its own unique needs and challenges, but it's with these clear foundational strengths, Ontario
currently has a leading advantage at its fingertips.

Ontario is an agriculture and food powerhouse, strengthened by the Ontario Ministry

of Agriculture, Food and Agribusiness (OMAFA) and a long standing and successful
collaboration with the University of Guelph through the Ontario Agri-Food Innovation
Alliance [133]. Together with Agricultural Research and Innovation Ontario (ARIO),

they work to advance research and innovation that contributes to the success and
competitiveness of the province's agri-food sector [134]. In addition, OMAFA's strategic
report, Grow Ontario: a provincial agri-food strategy (2022) [135], outlines a plan to
strengthen the agri-food sector, support economic growth, and ensure an efficient, reliable
and responsive food supply for Ontarians. Grow Ontario outlines overarching priorities to
strengthen supply chains, increase technology adoption, growth of talent, and 2032 goals,
which are well aligned with the food innovation opportunities that precision fermentation
and cultivated foods have to offer.

However, to unlock the full economic potential, Ontario must take decisive and
ontario @ coordinated action to foster innovation, secure investment, and develop supportive
infrastructure and ecosystem. With a concerted effort, Ontario could capture a
significant share of the cellular agriculture market, creating thousands of high-quality jobs and generating
billions of dollars in economic activity while also playing a pivotal role in global food innovation, benefiting
our core foundational sectors and strengths.
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Ontario could achieve
between 30% - 70% of the the highest opportunity of what this growing sector has to offer - a $13 billion industry

Canadian market.

Calculations in this report estimate that Ontario could achieve between 30% and 70%
of the Canadian market. Estimations vary based on actions, and if we want to secure

in Ontario and the creation of 91,000 jobs - the time for action is now. Strategic and
deliberate movement is needed to advance and sustain the promise this sector has to
offer, and the next steps should include the development of short-, medium-, and long-
term goals and strategies towards sustained support and funding in the longer term.

In the short term, there are benefits to coalesce and engage the community and broader ecosystem,
including sectors intersecting with cellular agriculture and creating working groups or advisory councils
towards developing a regional strategy. Engagement with industry and private sector to invest and explore
opportunities is key, as are the alignment opportunities with the conventional ag/food sector community
to develop innovative multi-stakeholder value chains. It is also crucial to engage with the provincial
government around policy considerations and support, align on the next steps in Ontario, and look toward
mechanisms of engagement and the next steps nationally.

Ontario could be the leading province in Canada, which aligns with Ontario’s plans in the broader
biomanufacturing and life sciences, and our goals for the growth of the province’s agriculture and food sector.
In the near term, precision fermentation-derived ingredients and foods can help diversify and create

new product categories in Ontario or strengthen existing ones for domestic and international markets,
supporting home-grown company creation and Ontario intellectual property generation, as well as an
opportunity to address food security concerns in Canada and globally. In the longer term, these can be
supplemented by additional cellular agriculture products, cementing Ontario’s position as the sector leader.

Conclusion

As outlined in this report, Ontario possesses numerous strengths, resources, and the talent necessary

to become a global leader in cellular agriculture. Food innovation has the potential to further diversify

and enhance Ontario's dynamic agriculture and food industry, supporting other related sectors, including
biomanufacturing, while contributing to global food security. However, as we have detailed in the previous
pages, the time to take meaningful action is now for Ontario to unlock the maximum potential this exciting
sector offers and make the $13 billion and 91,000 job opportunity a reality.
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Appendix A: Development of the Economic Case

This appendix provides background and additional information on the economic forecasts presented earlier in the report. The first
part of this appendix is replicated from the first Ontario Genomics report as it serves as the foundation for the numbers in this
report [1]. There is some repetition from both the first report and this one, but we feel it is an important context within which to
present the detailed numbers below.

The appendix is broken into three sections:

1. An overview of the original approach to the forecasts.
2. The approach to revising the forecasts.

3. Forecasts for the Ontario case study.

Appendix A1 The Original Cellular Agriculture Forecasts

Our estimates of the potential of cellular agriculture for Canada were based on three key steps:
1. Estimating the size of the cellular agriculture market worldwide;

2. Estimating the size of Canada's share of that market; and

3. Estimating job creation in similar industries at similar levels of development.

There is little doubt that cellular agriculture has huge potential globally. There remains considerable uncertainty about both

the rate of growth of the market and Canada’s ability to carve out a share of that market. Progress on the recommendations
from the previous report are critical to establishing a beachhead in cellular agriculture from which the Canadian industry can
build. A proactive approach is critical. This uncertainty could be reduced if Canada was more proactive and developed a plan
for supporting and fostering the industry. We develop projections based on a number of assumptions outlined in this appendix.
We also outline some of the uncertainties associated with these assumptions to contextualize the projections and the range

of potential outcomes. We highlight that there is likely greater uncertainty with respect to when specific market revenues are
achieved as compared to the potential size of those markets.

The Market for Cellular Agriculture Products

Cellular agriculture covers a wide range of products. The primary focus of analysts to date has been on meat and dairy proteins.
Many of the estimates of market size are based exclusively on lab grown meat rather than on the broader potential which includes
cultured non-protein food products like chocolate and many fermentation products as ingredients. An example of this is heme
which is used in some plant based proteins to mimic real meat proteins [2].makes estimation of the potential size of the market
more difficult. There will be growth in existing products but there will be new products still in early development that will drive
substantial growth in cellular agriculture as they are commercially scaled and come to market. There is little debate that there will
be substantial growth in the cellular agriculture market. There is less consensus on the pace of that growth and when the market
will meet certain revenue milestones.

We collected a broad range of estimates of the size of the cellular market generally or cultured meat specifically. This Delphi
approach integrates a broad range of perspectives to provide insight into the potential for cellular agriculture products. The Delphi
approach is a well-accepted tool in developing forecasts for products/segments for which there is no significant history.

We choose to evaluate a range of market sizes. Rather than assign a specific dollar value to a year (as many of the other estimates
did) we specified numbers on a growth path. There is less debate on the eventual size of the market than there is as to when we
will hit those milestones. Our low value of $10 billion reflects a significant market but incorporates the lower estimates of global
market size with an adjustment to include all cellular agriculture products when only cultured meats were estimated. We also
extended estimates before 2030 out to 2030. This represents a reasonable time horizon for growth and development both globally
and in Canada and allows for some of the exponential growth one would expect in a market such as this. The midpoint of $75
billion is below some of the estimates for 2030 but represents a conservative forecast reflecting some of the more pessimistic
forecasts for the next decade. We would reiterate that there is little doubt that the market will reach $75 billion and beyond globally
but it might happen a bit later than 2030. The most optimistic forecast ($250 billion) is included to highlight the potential market
size twenty or thirty years down the line.

62 FOOD INNOVATION IN CANADA REPORT: An $18.8 Billion Opportunity in Precision Fermentation and Cultivated Foods

There are several factors that will affect the size and growth rate of the cellular agriculture market that bring some uncertainty as
to the timing of specific revenue milestones. These should be acknowledged as contributing uncertainty for both the total market
size and the share attributable to Canada. These include:

e The pace of discovery and product development for individual products. Many products are still in the early development
phase and even more in the discovery phase. The ability to bring these products to market and scale them depends on
financing, infrastructure, and other factors.

e Consumer acceptance of these products. There is evidence that consumers are open to these products. Plant based products
such as the Impossible Burger include the cellular agriculture product heme and are experiencing significant growth. Cultured
chicken is on the market in Singapore. Perfect Day is selling frozen dessert and cream cheese with cultured dairy proteins,
and the EVERY Company has launched an egg white-equivalent protein.

e Regulatory frameworks will be important for bringing products to the market.

e The availability of investment to drive product development and scale up will factor into the rate of growth.

o Infrastructure in support of scaling product is also critical to market growth.

It is also worth noting that much of the expertise and infrastructure to succeed in the cellular agriculture market will be applicable
beyond food and ingredients. Chiu et al. estimate that the market for biological based innovation will reach $3.0-$5.1 trillion by

2050 with $0.8 -$1.2 trillion of that in agriculture and food [3]. Fostering the cellular agriculture market will provide an opportunity
to develop a critical mass of highly qualified personnel and infrastructure to facilitate growth in the broader field of bio-innovation.

The Canadian Share of the Cellular Agriculture Market

There is considerable uncertainty related to the share of the total market that Canada could reach. As outlined above, factors such
as availability of investment, supporting infrastructure for scaling, regulation, and Canadian based discovery and development will
influence whether Canada plays a significant role in this industry going forward. Canada may also be dependent on other markets
for growth. It is often the case that the cost of regulatory approvals for the relatively small Canadian market leads companies to
prioritize limited resources for approvals to larger markets. The pace of approval also matters but Smyth (2017) highlights that the
approval of GM Apples in Canada proceeded such that approvals came very quickly after they did in the United States [4].

Darby and Sewell (2021) also highlight a number of other factors that can influence a country’s competitive position in new
technology development. They suggest that governments need to be proactive in helping companies bring products to
commercial success, particularly early investment where the private sector may not step up [5].

Canada represents approximately 0.5% of the world's population. Our conservative estimate of share reflects the case if Canada
achieves a share of the market only equal to double its share of population [1]. We use double because Canada is a developed
country and is further ahead in technology and food processing than many developing economies.

The World Bank estimated global GDP in 2019 at USD $87.6 trillion and that agriculture and food represent approximately 10%
of that total [6]. We use 2019 as 2020 GDP was lower due to the pandemic and should be expected to return to pre-pandemic
levels eventually. Canadians spent almost CDN $210 billion on food in 2019 with approximately CDN $130 billion in food stores
[7] and another $78.5 billion in food service [8]. That means that Canada represents approximately almost 2% of the global food
expenditure when exchange rates are considered. We use this as the midpoint for Canada's potential share of the total cellular
agriculture market.

Canada is a major producer and exporter of agriculture and food products reaching almost $74 billion in 2020 [9]. This represents
approximately 5% of the world trade in food and agriculture products of $1.5 trillion [10]. We use this as the aggressive target

for Canada'’s share of the cellular agriculture market. If Canada can compete in cellular agriculture as it does in global exports
generally, this is an achievable target.

Job Creation

Predicting job creation is difficult and forecasts are confounded by the maturity of the market. Jobs are a larger proportion of
revenues early in the development of a market as there are many skilled individuals working on product and process discovery
and development in advance of a mature market. As markets grow, the rate of job creation decreases.
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Canada'’s gross domestic product (GDP) was almost $1.7 trillion in 2019 [11]. That represents an average of slightly more than
$89,000 of GDP per job.

Canada's food processing sector produces approximately $104 billion in annual revenue with employment of approximately
250,000 jobs [12]. This makes sense in comparison to the Canadian number as the lower number for Canada reflects a significant
number of service jobs where labour costs are a bigger component of output.

Canada's biotechnology sector represents almost $90 billion in revenue and one million jobs [13]. This gives a revenue per job ratio
of almost $90,000. This reflects an industry in its infancy and the requirement to invest in development to grow sales.

We use the biotechnology number for an upper bound for cellular agriculture jobs and the food processing industry ratio for the
lower bound. This reflects that job creation is highest early in a market's development before sales grow. It is positive that the jobs
are created early in the development of an industry.

Projections
Based on the parameters outlined above we developed projections for the size of the Canadian cellular agriculture industry
presented in the 2021 report.

Table A4: Market Potential for Cellular Agriculture in Canada

Canada's Share (CDN)
Size of Global Market 1% 2% 5%
10,000,000,000 $ 50,000,000 $ 200,000,000 $ 500,000,000
25,00,000,000 $ 125,000,000 $ 500,000,000 $ 1,250,000,000

75,000,000,000 $ 375,000,000 $1,500,000,000 $ 3,750,000,000
150,000,000,000 $ 750,000,000 $3,000,000,000 $ 7,500,000,000
250,000,000,000 $1,250,000,000 $5,000,000,000 $12,500,000,000

Table A5: Canada’sShort term Jobs: Slow Growth
Share
Early Market ($) Low Middle High
10,000,000,000 568 2,274 5,684
25,000,000,000 1,421 5,684 14,210
75,000,000,000 4,263 17,052 42,629
150,000,000,000 8,526 34,03 85,259
250,000,000,000 14,210 56,839 142,98
Share
Mature Market ($) Low Middle High
10,000,000,000 120 481 1,202
25,000,000,000 300 1,202 3,005
75,000,000,000 901 3,606 9,014
150,000,000,000 1,803 7,212 18,029
250,000,000,000 3,005 12,019 30,048
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A1.2 Updating the Forecasts

There are several factors that have contributed to this growth based on changing conditions, highlighted below.

What has Changed?
There have been three significant developments in the time since the original publication of the original report. We have seen
generational levels of food price inflation across the world in all products, including proteins (Figure A1) [14].
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Figure A1: Food Price Inflation in Canada between 2000 - 2024.

The price of food has risen substantially in the last twenty-four years, with food being more than 70% more expensive than it was
in the year 2000. The last three years have seen more than 20% of that growth [14].

Inflation has been driven by a wide variety of factors including:

1. wars in Ukraine and the Middle East [15];

2. increased potential for future armed conflicts in Europe, the Middle East and other areas;
3. extreme weather events and diseases largely driven by climate change [16];

4, exchange rate differences;

While the COVID pandemic is often blamed for price increases, the pandemic itself did not contribute significantly to price
inflation. The first three points above are important for cellular agriculture for two reasons. First, higher food prices will allow
cellular agriculture products to be price-competitive sooner, which could accelerate the growth and value of the industry. It needs
to be acknowledged that the value of inputs for cellular agriculture products will also have risen but the relative price changes and
sustained food price levels should provide a price competitive advantage in the medium-term. This also creates an even larger
opportunity for upcycling sidestreams from agricultural and natural resource extraction activities to supplement feedstock supply
chains.

Secondly, the production variability caused by extreme weather events and other climate-driven factors will challenge the
resiliency of food supply chains. The COVID-19 pandemic has brought a focus on the localization of food value chains. The

risk of localization is that the food supply is more susceptible to production losses due to extreme weather events and other
climate-driven disruptions. A large part of the motivation for cellular agriculture is to augment conventional production to help
meet global needs. While feedstocks will continue to depend on conventional production, cellular agriculture production will be
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much less susceptible to extreme weather events. Canada has an abundant supply of feedstocks in comparison to some of the
other countries that are developing cellular agriculture industries which will also bring stability to the domestic industry. Cellular
agriculture can bring stability to global and local production and help build resilience. This will also help to accelerate the timeline
and increase the total potential for cellular agriculture in Canada and globally. Beyond the value of the economic activity due to
cellular agriculture, there is also a consumer benefit of the growth of the industry. We are seeing increased price variability (the
last ten years have statistically significantly more variability in food prices than the previous ten) which creates uncertainty and
difficulty for consumers.

There have been initiatives in several US states to ban cellular agriculture products generally or lab-grown meat products
specifically [17]. This is largely motivated by protectionism towards conventional agricultural production, which was explicitly
acknowledged in the legislation in Florida. There have also been some bans in European countries, most notably Italy [18]. While
countries like the UK and the Netherlands have been aggressive in developing the industry, it is not universal in Europe and can
provide an opening in Canada. It is unlikely these bans will survive in the long term, and many jurisdictions with large populations
are open to and encouraging the development of these products. It is also worth noting that the bans are more focused on
cultivated meat than on precision fermentation products. While this may be as much due to the issue of awareness, there has not
been the same focus on precision fermentation products. In fact, some early fermentation products are already on the market

in the US, specifically in the markets where cultured meat products are banned. Fermentation products may displace some
traditionally produced ingredients and thus draw the attention of protectionist legislators, too.

Progress on Recommendations
There has been some progress on the recommendations from the original report. This is critical to ensuring that Canada gets its
share of the growing total cellular agriculture pie.

The Government of Canada has released an informative webpage on applicable regulations in Canada for products of cellular
agriculture which includes key considerations for developers, and this is an important step forward. Regulatory clarity is important
for bringing investment and establishing manufacturing of cellular agriculture products, and transparency in oversight contributes
to public trust in novel products. While Canada itself presents a relatively small total market and the absence of domestic

market potential may discourage local research, development and production. It is, therefore, critical to have an investment and
regulatory environment that is favourable to the development of the industry, to provide a completive advantage for Canada, with
opportunities to attract foreign investment, as well as growth of domestic players. Canada has an advantage due to its proximity
to, and established trade agreements with, the US and Asian markets and an abundance of feedstock. Canada also has free trade
agreements covering 60% of the global GDP. Training can also give Canada an advantage by developing top-notch technical
talent. While the current Canadian regulatory framework does provide some clarity, there are some questions about whether the
framework sets a higher hurdle for regulatory approval than other countries [19, 20, 21] Nevertheless, there are three precision
fermentation products approved in Canada already. The speed of approval is critical to positioning Canada as a favourable market

for cellular agriculture production. Regardless, there is some clarity to the regulatory requirements in Canada which is positive. The

evolution of the regulatory environment both here and globally will be a significant factor in the growth of the Canadian industry.

There have been many initiatives in support of the cellular agriculture industry in Canada. These run from R&D funding, training,
support of companies, through to access to lab space and research bioreactors, and others. These are important. It is, however,
less clear that the efforts have been coordinated under a national strategy that brings different levels of government together to
coordinate activities for maximum leverage. These could include things like investment in shared national infrastructure, trans-
Canadian research investment, roadmap development, further regulatory modernization, connectivity across regional efforts, and
coordinated recruitment of investment and talent. This can also reduce the duplication of effort. There are clearly jurisdictional
questions, which make some efforts difficult, but a well-articulated national strategy with a commitment for coordination would
accelerate the progress to fulfilling Canada’s potential as a leader in this space. A national strategy also requires a champion. The
right strategy and champion(s) can help Canada to be a true leader in cellular agriculture. The alternative is slower and disjointed
investment and development.
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Given these changes and the passage of time, we raised our estimates of the long-term potential of the cellular agriculture.
Although there is some evidence of Canada lagging behind other large players (see main report figure 11) we have maintained our
original range regarding the share of the global industry taken by Canada. There is still time to catch up and, therefore, we believe
that the upper bound of opportunity still exists.

Table A1 shows the forecasted range of opportunity for the Canadian industry in the medium to long-term (20-30 years). The
figure of approximately $75 million (all numbers in Canadian dollars) In the upper left corner reflects both limited growth of the
global industry and a smaller share for Canada. On the other hand, the $18 billion figure in the bottom right corner reflects a
vibrant global industry with Canada holding a share of 5%. The range from low to high is significant and is driven by first by the
size of the global market and secondly by Canada'’s success in garnering a share of that global market. We would suggest that
the question of the overall size of the global market is one of timing - it will grow significantly but it may take a longer time to get
there. Thus it is critical for Canada to stake a claim to a share of that market now so that the $18 billion market size is achievable
versus the smaller $1.9 billion share of the larger market.

Table A1: Canadian Share of Global Market (CDN)

Size of Global Market 0.5% 2% 5%
11,000,000,000 $ 75,342,466 $ 301,369,863 $ 753,424,658
27,500,000,000 $ 188,356,164 $ 753,424,658 $ 1,883,561,644
82,500,000,000 $ 565,068,493 $2,260,273,973 $ 5,650,684,932

165,000,000,000 $ 1130,136,986 $ 4,520,547,945 $ 11,301,369,863
275,000,000,000 $1,883,561,644 $ 7,534,246,575 $18,835,616,438

Table A2 shows the job numbers associated with each level of market size in the Canadian industry. These are developed the
same way that the previous ones were with a blend of biotech and food processing job outputs.

Table A2: Canadian Jobs by Market Potential
Size of Global Market 0.5% 2% 5%
11,000,000,000 518.80 2,07518 5,187.95
27500,000,000 1,296.99 5,187.95 12,969.89
82,500,000,000 3,890.97 15,563.86 38,909.66
165,000,000,000 7,781.93 3112773 77819.32
275,000,000,000 12,969.89 51,879.55 129,698.87

There is also significant interest in the more short-term economic opportunity presented by cellular agriculture. To project the
potential size of the market we looked at a slow growth scenario (10% of long-term potential) and a quick growth scenario (40% of
long term potential). Table A3 gives the quick growth scenario and Table A4 gives the slow growth scenario.

Table A3: Canada's Short-Term Share of Global Market: Slow Growth
Size of Global Market 0.5% 2% 5%
11,000,000,000 $ 30,136,986.30 $120,547,945.21 $ 301,369,863.01
27500,000,000 $75,342,465.75 $ 301,369,863.01 $753,424,65753
82,500,000,000 $ 226,027,397.26 $904,109,589.04 $2,260,273,972.60
165,000,000,000 $ 452,054,794.52 $1,808,219,178.08 $ 4,520,547,945.21
275,000,000,000 $753,424,65753 $ 3,013,698,63014 $7,534,246,575.34
Table A4: Canada's Share of Global Market: Fast Growth
Size of Global Market 0.5% 2% 5%
11,000,000,000 $7534,246.58 $ 30,136,986.30 $ 75,342,465.75
27,500,000,000 $18,835,616.44 $75,342,465.75 $188,356,164.38
82,500,000,000 $ 56,506,849.32 $ 226,027,397.26 $ 565,068,49315
165,000,000,000 $113,013,698.63 $ 452,054,794.52 $1130,136,986.30
275,000,000,000 $188,356,164.38 $753,424,65753 $1,883,561,643.84
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In both cases the difference between the low share and the high share is stark. The performance in the next five to six years sets
the foundation for the long-term potential. If, for example, Canada lags behind in the quick growth scenario achieving less than

$1 billion in economic activity by 2030 (approximately 4,000 jobs) it will be difficult to catch up and make it to the $18 billion dollar
long-term opportunity. On the other hand, if Canada is proactive in taking action, we can achieve almost $2 billion in cellular
agriculture market size (and more than 100,000 jobs) even if global growth is slow.

Tables A5 and A6 present the 2030 job numbers associated with quick and slow growth scenarios.

Size of Global Market Low Medium High
11,000,000,000 161.69 646.79 1616.98
27500,000,000 404.24 1,616.98 4,042.46
82,500,000,000 1,212.74 4,850.96 1212740

165,000,000,000 242548 9,701.92 24,254.81
275,000,000,000 4,042.46 16,169.87 40,424.68
[Table A6: Canada’s Short Term Jobs: Fastgrowth |

Size of Global Market Low Medium High
11,000,000,000 4042 161.69 404.24
27,500,000,000 101.06 404.24 1,010.61
82,500,000,000 303.18 1,212.74 3,031.85

165,000,000,000 606.37 2,425.48 6,063.70
275,000,000,000 1,010.61 4,042.46 10,106.17

Appendix A.3 Ontario Forecasts

This appendix provides a greater depth of detail with respect to the forecasts for Ontario specifically and augment the Ontario
case study presented earlier.

The earlier section highlighted many of the strengths of Ontario relative to other regions in Canada. Ontario's share of the
Canadian market will be driving by differences in investment, policy, research progress, and strategic decisions made by
companies. Predicting growth in Ontario involves some subjective evaluation of the total potential. We use some broad shares to
set a range of potential for the Ontario share of the total Canadian market. For example, Ontario represents approximately 42% of
Canada's food and beverage GDP [22]. Ontario has a specific biotechnology growth strategy and represents more than 50% of the
biotech companies in Canada today [23]. Early shares can expand as momentum and critical mass grows [24].

Based on these qualitative assessments, we propose a share range of 30% (pessimistic) to 70% (optimistic) for the Ontario
cellular agriculture industry. That provides the foundation for the estimates derived from the Canadian economic activity numbers
provided previously.

Tables AO1 and AO2 present medium term numbers for both dollar value and jobs respectively, for Ontario in the scenario that
Ontario achieves a 70% of the Canadian market. Tables AO3 and AO4 presents those numbers in a low share scenario. In a high
share scenario, Ontario could reach more than $13 billion in economic activity and 91,000 jobs. This clearly represents a significant
opportunity. In the case where the global industry doesn't grow quick or substantially, and Canada gets a smaller share of the total
(the upper left cell in Table AO1, Ontario's industry would be small ($53 million with less that 400 jobs) even if it achieves the high
share. The foundation in Ontario could drive growth of the entire Canadian industry but there remains a significant first mover
opportunity to carve out a larger share of the value of the industry.

If Ontario only achieves 30% of the Canadian industry (the pessimistic projection), there is still a potential for $5.6 billion in activity
and almost 40,000 jobs. While both numbers ($13 billion and $5.6 billion) are substantial, there is considerable motivation for
building momentum early and driving both the growth of the Canadian market and Ontario’s share of that market.
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Tables AO7 through AO12 provide perspectives on short term potential for Ontario’s industry (2030). We take the numbers from
appendix A and apply the two share scenarios for Ontario’s industry. The 2030 numbers range from a low of $2 million (very
unlikely) to a high of $5.6 billion. The actual industry will likely be somewhere in between the floor and ceiling presented.

Size of Global Market 0.5% 2% 5%
11,000,000,000 $ 52,739,726.03 $ 210,958,904 $ 527,397,260.27
27:500,000,000 $131,849,315.07 $ 527,397,260.27 $1,318,493,150.68
82,500,000,000 $ 395,547,945.21 $1,582,191,780.82 $ 3,.955,479,452.05

165,000,000,000 $791,095,890.41 $3164,383,561.64 $7,910,958,90411
275,000,000,000 $1,318,493,150.68 $ 5,273,972,602.74 $13184,931,506.85

Size of Global Market Low Medium High
11,000,000,000 363.16 1,452.63 3,631.57
27500,000,000 907.89 3,631.57 9,078.92
82,500,000,000 2,723.68 10,894.71 27,236.76

165,000,000,000 544735 21,789.41 54,473.53
275,000,000,000 9,078.92 36,315.68 90,789.21

Size of Global Market 0.5% 2% 5%
11,000,000,000 $22,602,739.73 $ 90,410,958.90 $ 226,027,397.26
27,500,000,000 $56,506,849.32 $ 226,027,397.26 $ 565,068,49315
82,500,000,000 $169,520,547.95 $ 678,082,191.78 $1,695,205,479.45

165,000,000,000 $ 339,041,095.89 $1,356,164,383.56 $ 3,390,410,958.90
275,000,000,000 $ 565,068,49315 $2,260,273,972.60 $5,650,684,931.51

Size of Global Market Low Medium High
11,000,000,000 155.64 622.55 1,5656.39
27,500,000,000 389.10 1,5656.39 3,890.97
82,500,000,000 1167.29 4,669.16 1,672.90

165,000,000,000 2,334.58 9,338.32 23,345.80
275,000,000,000 3,890.97 15,563.86 38,909.66

Size of Global Market 0.5% 2% 5%
11,000,000,000 $ 21,095,890.41 $ 84,383,561.64 $ 210,958,904.11
27,500,000,000 $52,739,726.03 $ 210,958,904 $ 527,397,260.27
82,500,000,000 $158,219178.08 $ 632,876,712.33 $1,582,191,780.82

165,000,000,000 $ 316,438,35616 $1,265,753,424.66 $ 3164,383,56164
275,000,000,000 $ 527,397,260.27 $2,109,589,041.10 $5,273,972,602.74

Size of Global Market Low Medium High
11,000,000,000 11318 452.75 1,131.89
27500,000,000 282.97 1131.89 2,829.72
82,500,000,000 848.91 3,395.67 8,489.18

165,000,000,000 1,97.83 6,791.34 16,978.37
275,000,000,000 2,829.72 11,318.91 28,297.28
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Size of Global Market 0.5% 2% 5%
11,000,000,000 $ 9,041,095.89 $ 36,164,383.56 $90,410,958.90
27500,000,000 $22,602,739.73 $90,410,958.90 $226,027,397.26
82,500,000,000 $ 67,808,21918 $271,232,876.71 $ 678,082,191.78

165,000,000,000 $135,616,438.36 $ 542,465,753.42 $1,356,164,383.56
275,000,000,000 $226,027,397.26 $904,109,589.04 $2,260,273,972.60

Size of Global Market Low Medium High
11,000,000,000 48.50 194.03 485.09
27500,000,000 1131.89 485.09 1,212.74
82,500,000,000 363.82 1,455.28 3,638.22

165,000,000,000 72764 2,910.57 7,276.44
275,000,000,000 1,212.74 4,850.96 12,127.40

Size of Global Market 0.5% 2% 5%
11,000,000,000 $ 5,273,972.60 $ 21,095,890.41 $ 52,739,726.03
27,500,000,000 $13,184,931.51 $ 52,739,726.03 $131,849,315.07
82,500,000,000 $39,554,794.52 $158,219,178.08 $ 395,547,945.21

165,000,000,000 $79109,589.04 $ 316,438,356.16 $791,095,890.41
275,000,000,000 $131,849,315.07 $ 527,397,260.27 $1,318,493,150.68

Size of Global Market Low Medium High
11,000,000,000 28.29 113.18 28297
27500,000,000 70.74 282.97 70743
82,500,000,000 212.22 84891 2122.29

165,000,000,000 424.45 1,697.83 4,244,559
275,000,000,000 70743 2,829.72 7,074.32

Size of Global Market 0.5% 2% 5%
11,000,000,000 $ 2,260,273.97 $ 9,041,095.89 $22,602,739.73
275500,000,000 $5,650,684.93 $22,602,739.73 $ 56,506,849.32
82,500,000,000 $16,952,054.79 $ 67,808,219.18 $169,520,547.95

165,000,000,000 $33,904,109.59 $135,616,438.36 $339,041,095.89
275,000,000,000 $ 56,506,849.32 $ 226,027,397.26 $ 565,068,49315

Size of Global Market Low Medium High
11,000,000,000 1213 48,51 121.27
27,500,000,000 30.32 121.27 30319
82,500,000,000 90.96 363.82 909.56

165,000,000,000 181.91 72764 1,819.11
275,000,000,000 30319 1,212.74 3,031.85
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Appendix B: The Actionable Opportunities from the
2021 Report - CELLULAR AGRICULTURE: CANADA’'S
$12.5 BILLION OPPORTUNITY IN FOOD INNOVATION

Canada’s Actionable Opportunities for a Thriving Cellular Agriculture Ecosystem

Based on the input from our stakeholder consultations, along with a review of literature and other publicly available information,
we articulate the inter-connected actionable opportunities to inform a policy framework and implementation plan for a thriving
Canadian cellular agriculture industry worth up to $12.5 billion a year and creating up to 142,000 jobs.

1. Develop a National Vision and Strategy for a Canadian Cellular Agriculture Industry in the Near Term to enable a domestic
ecosystem that fully realizes the benefits presented by this industry. Founded on a clear value proposition and rationale,

this strategy should be national in scope and developed collaboratively and cohesively by federal, provincial and territorial
governments, industry (including large corporates, start-ups and conventional agriculture), academic and research institutions,
not-for-profits, regulatory agencies, and policymakers.

The strategy should define a framework with concrete steps for implementing an action plan in the short, medium and long-term
and have clear success metrics. Considerations for the value proposition and rationale include economic and export opportunities,
environmental and ethical concerns, current and future domestic and global protein requirements, trade considerations, the
changing food and agriculture employment landscape, opportunities in the sector, food security, resiliency in the face of climate
change or other shocks, and alignment with Canada's strengths and priorities. In addition, promoting the integration of new
production systems with existing conventional ones is critical, with ongoing monitoring to prevent undue disruption to either
sector. The framework should include the strategy for government incentivization at both federal and regional levels. In the
development of this Canadian-specific framework, models from currently leading cellular agriculture countries should inform
pathways for incentivization and funding mechanisms that leverage government support for private sector investment.

Taking the value proposition into account, the action plan should specifically include steps for:

e Substantial and sustained investment in cellular agriculture for dedicated research and development;
e Support for start-up creation and growth through pilot scale-up to commercial-level production;

e Building a talent development pipeline.
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The action plan should ensure coordination of and access to essential and existing infrastructure. Upfront investment is necessary
to help Canada catch up with other jurisdictions currently ahead in this sector.

Broad communication and outreach are integral to the success of a national strategy. This needs to occur in parallel with
technology development to ensure widespread uptake of cellular agriculture products and optimal return on investment. Critical
consideration is required to understand consumer perspectives and use for appropriate messaging to reach various people
across different demographics - from children to the elderly, as well as those facing food insecurity - to articulate benefits, address
concerns, and overcome potential barriers early.

2. Establish a Clear and Transparent Regulatory Framework for Cellular Agriculture Products in Canada. Canada is encouraged
to develop an agile, iterative, and innovative regulatory framework by building on existing processes. The framework should be
informed as early as possible by engaging industry stakeholders and other experts with the relevant regulatory departments and
agencies (e.g, AAFC, CFIA, Health Canada and Environment and Climate Change Canada), and including cellular agriculture
subject matter experts within regulatory bodies. This will ensure that any new policies and regulations have expert input and
consider the perspectives of both regulatory agencies and the ultimate end users, and would help simplify and strengthen the
Canadian process. A timely, reasonably priced and predictable regulatory process, and a smooth and transparent evaluation
process with high approval confidence, can be achieved through an iterative approach. Early engagement between regulators
and companies also allows issues to be flagged and addressed promptly. This will be crucial to attract and retain cellular
agriculture companies in Canada while ensuring the domestic industry remains globally competitive under Canada's rigorous
regulatory process and food safety standards. This process can be further fostered through continuous, clear, and comprehensive
communication between the industry and regulators, as well as broad dissemination of positive engagements and success
stories. A delineated regulatory pathway that is aligned with the industry’s needs has shown much success in Singapore, the most
advanced jurisdiction in regard to approvals of cellular agriculture product offerings.

To aid companies in navigating the regulatory process, a government program that appoints industry liaisons or “concierges”
could be established. This would particularly benefit start-ups and early-stage companies that are navigating the process for the
first time. It is anticipated that, before seeking regulatory approval, standardized safety testing of cellular agriculture food products
could provide confirmation of product composition, nutritional profile, and (lack of) toxicity profile. Consideration should be given
to an expedited review of products that have already been “passed” by an accredited, external standardized test. As the global
cellular agriculture industry grows and matures, Canada will need to ensure its cellular agriculture standards align with emerging
international standards to maintain its reputation as a producer of safe, high-quality foods and not impede exports. Currently, this
is an underdeveloped area, and being an early mover in standardized safety testing will allow Canada to have substantial input
into international standards as they progress. Cross assessment of regulatory processes with other jurisdictions (e.g., Singapore,
Australia and New Zealand) should be continued and expanded, as appropriate.

Early development of regulatory guidance for the labelling of these products is also essential for transparency and to empower
consumers to make informed choices. Cellular agriculture product labelling should be descriptive, communicate the nature of the
product in clear and relatable language, while maintaining appeal as a food item. Labelling should differentiate cellular agriculture
products from those in the traditional protein market while creating a positive impression and ensuring both types of products are
on a level playing field and competitive in consumer markets.

3. Provide Supporting Mechanisms for Research and Commercial Development. Incentivization, through both public and private
investment and partnerships, and outcomes-driven networks, is critical for a thriving domestic cellular agriculture industry,

with infrastructure support for R&D, training, company creation, scale-up, and growth leading to made-in-Canada product
commercialization.

Research and training the next generation of skilled workers

Early government investment would catalyze invention, help de-risk opportunities, and attract private sector investment while

incentivizing innovation and driving company creation and entrepreneurship within Canada. Funding could support:

e Both fundamental and industry-driven research to ensure that the necessary and foundational tools and technologies are in
place and that research is directed to industry needs.
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e Open science to reduce redundancy and speed up product development.

e Alignment with strategic government focus areas or grand challenges, such as climate action, to encourage industry growth
through sustainable practices and innovations.

o Key areas of multi, cross- and trans-disciplinary research (e.g., ‘omics, engineering biology, Al, food sciences and others)
for advancing cellular agriculture technologies that are also applicable to other business verticals (e.g., health, low carbon
economy).

e LCAs, TEAs and other analyses that are objective and independent.

e Social sciences research playing a critical role in driving consumer engagement, addressing risk perception and public trust,
and developing appropriate communication strategies.

New training programs that offer targeted and cross-disciplinary opportunities and industry placements related to cellular
agriculture and engineering biology are critical. There are also opportunities to train and up-skill those with related expertise in
other sectors. This would ensure that a domestic talent pipeline of skilled High-Quality Personnel (HQP) could fill the high-quality
jobs that the cellular agriculture industry will create.

Growing the economy through start-up support, public private partnerships, and networks

Early start-ups require support in the form of lab space, facilities, and infrastructure, but also public and private seed funding for
initial company growth. Canadian and international investors should be incentivized to invest in Canadian companies through
clear and well-publicized government support for the industry. As seen in leading cellular agriculture jurisdictions, investment in
public and private sector- partnered innovation hubs, including incubators and accelerators, can effectively support companies
in their early stages. In addition to physical facilities, these hubs would need to include access to expertise, mentorship, and
investment opportunities. While Canada has some capacity in Nova Scotia and New Brunswick, a lack of facilities for pilot/
demonstration scale-up and at commercial scale is viewed as the most significant bottleneck globally, and is a primary reason
for companies to leave Canada for other jurisdictions, such as the United States or Europe. The initial outlay to establish domestic
scale-up capacity in localized ecosystems would be high, but fee-for-service operations could provide a global leadership
opportunity to Canada, with potential to attract foreign companies. Such infrastructure can also be adaptable to serve different
industries, such as to the production of vaccines in a health emergency or to bypass disruptions in the supply chain of critical
materials to support a low carbon economy.

Supporting applied research and commercial development through industry and research collaboration is valuable to ensure

the success of the domestic cellular agriculture industry. Partnerships between established companies and start-ups/academics
(public-private partnerships) bridge the gap between research and translation, provide access to infrastructure, and create
linkages and entry routes into the supply chain for B2B companies. The larger partner benefits from priority access to innovations,
diversification and the creation of new product categories with strong market pull. Effective industry partnerships are vital to
inform and drive policy and regulation and advocate with a common voice for a clear path to market for Canadian companies.

On a larger scale, outcomes-driven networks are crucial to bringing together diverse stakeholders from industry, academia,
government, and non-governmental organizations. Such networks should include diverse fields of multi-, cross-, and trans-
disciplinary expertise and platforms and include regional, national, and international partnerships for interdisciplinary cross-
pollination of ideas to breakdown silos between sectors and geographic regions and facilitate dialogue between disciplines.
Network participants can benefit from and provide benefits to other sectors (e.g., health, low carbon economy) through knowledge
exchange and parallel applications of novel technologies. These networks must include representation from the food production
and conventional agriculture industries to foster mutually beneficial relationships, and transition or expansion to new food
products market.
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Appendix C: Canadian Investors

Canadian investors with a focus on agriculture, food, and climate investments, with some
investments in precision fermented, cultivated, or support companies (indicated).

Who

Pension Funds

Location

Description/Investment Portfolio

Board

CULT Food Science

Cellular Agriculture and Food-Tech Focused Funds

Vancouver, BC

Canadian Pension Plan Investment | Toronto, ON The governing body for the Canadian Pension Plan Fund managing the
Board investment portfolio. Investment in Perfect Day (pre-2021 report)
Ontario Teachers' Pension Plan Toronto, ON The governing body for the Ontario Teachers' Pension Plan Fund managing

the investment portfolio. Investment in Motif Foodworks (pre-2021 report)

CULT Food Science, an investment platform based in Vancouver, is focused
on investment and commercialization of cell-based food. Portfolio of 18
cellular agriculture companies, including Quebec-based Opalia.

Eat & Beyond

Venture Capital

Vancouver, BC

Private equity and venture capital firm that focuses on investments in plant-
based protein and meat alternative food industry. Portfolio of a variety of
alternative protein companies.

Amplify Capital Toronto, ON A spin out from the MaRS Discovery District investing in early-stage
companies in areas of health, education and environmental sustainability.
Investment in a wide variety of companies, including Alberta-based Future
Fields.

Arc Tern Ventures Toronto, ON With a focus on climate and sustainability, one of their six sectors for

investment is food systems includes plant-based food inputs and cellular
meats. Investment in a wide variety of companies across these industries,
including in Mosa Meat (pre-2021 report).

Builders VC

Calgary, AB, USA

Investing in companies to promote innovation within existing industries
including healthcare, real estate & construction, and agriculture, including
alternative proteins and precision agriculture. Portfolio includes Future Fields
(Alberta), and Upside Foods.

Emerald Technology Ventures

Toronto, ON

Toronto based venture fund supporting investments in sustainable
industrial innovation, with dedicated funds for investment in water, energy
decarbonization, and packaging. Investments include cultivated (Believer
Meats), and precision fermentation (ImaginDairy) companies.

Farm Credit Canada

Regina, SK

Support entrepreneurs and believe in the future of agriculture and food.
From start-ups to mature enterprises, they partner with businesses and
entrepreneurs to help them reach their full potential, providing financing for
primary producers, businesses in agriculture, and in the food industry.

Loyal VC

Toronto, ON

A highly diversified global investment firm focusing on individual
entrepreneurs and companies rather any particular industry or sector.
Investment in various companies, including Avant (cultivated).

Nadarra Ventures

Halifax, NS

An early-stage venture fund focusing on agriculture, food, and materials who
have raised their first fund to invest, supporting leading ag biotechnology
companies in Canada.

RHA Ventures

London, ON

Focused on the growth of early-stage companies, their 519 Growth Fund Il
will be invested in those companies engaged in the agriculture, agri-food, and
technology enabling sectors.

Ventures

Thrive Canada Accelerator by SVG

Canada

Supports early-stage agrifood tech startups across the entire value chain,
focusing on technologies that promote a more efficient, sustainable, and
secure agricultural future. SVG Ventures supports start-ups and founders,
from ideation stage through Series A and beyond.

Tall Grass Ventures

Calgary, AB

A venture capital firm investing in the future of agriculture and food, that
supports the transformational entrepreneurs who are changing our world's
relationship with its food, fuels and fibers.
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The 51

Calgary, AB

The 51's Food & AgTech Fund makes investment in women led and gender
diverse early-stage companies across the agricultural biotechnology,
automation, farm innovation, and food innovation sectors.

Waterpoint Lane

Toronto, ON

Focused on the agrifoodtech sector, by investing in growth stage enterprises
to improve the sustainability of food systems across areas of soil health, water
consumption, food waste, and greenhouse gas emissions.

Wittington Ventures

Consecon Foundation

Toronto, ON

Prince Edward County, ON

Investing in North American tech companies in the climate, commerce, food,
and health sectors. Varied portfolio across climate, commerce, food, and
healthcare, including investments in Motif and Arcaea.

A private foundation focused on distributing grants to Canadian organizations
working within four broad categories including accelerating the protein
transition, carbon management, biodiversity protection, and environmental
education. Within cellular agriculture, grants given include New Harvest and
Ontario Genomics.
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