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Deep Insights Al Automated Report

Bio-Based Ingredients: Competitive Landscape and White Space

1. What are the investment and M&A patterns in bio-based ingredients, and what strategic signals do
they reveal about market maturity, competitive intensity, and future consolidation?

2. What emerging technologies, business models, or regulatory changes could disrupt the bio-based
ingredients landscape, and which players are most vulnerable or best positioned?

3. How do bio-based ingredients align with our strategic goals, capabilities, and innovation roadmap
- where do we have strengths, gaps, or competitive advantages?

4. What specific actions should we take regarding bio-based ingredients: monitor, pilot, partner,
acquire, or build internally - with clear decision criteria for each path?

5. What are our next concrete steps for bio-based ingredients, including 90-day milestones, resource
requirements, key stakeholders, and go/no-go decision points?

Executive Summary

Our analysis recommends pursuing a strategic partnership and pilot program in bio-based ingredients,
with an option to scale up or acquire once proof-of-concept is achieved. We face a dynamic market
entering a consolidation phase — venture funding for bio-based products has cooled from its 2021 peak,
and industry leaders are scooping up promising startups (www.proteinproductiontechnology.com [W1
1 ) (www.proteinproductiontechnology.com [W1] ). This environment signals that time-to-market and
scale are critical. Building internal capacity from scratch would be slow and risky given our capability
gaps in biotechnology (we have limited in-house fermentation R&D [D26] ), while an immediate
acquisition would be costly and complex to integrate. A partnership-driven pilot approach balances
speed and risk: we can co-develop a bio-based ingredient with a specialized biotech firm, leveraging their
technical expertise and our downstream market access. This aligns with our sustainability goals - like
many peers, we’ve pledged significant carbon reductions by 2030 — and bio-based drop-in replacements
can directly support those targets [D9] .

We will initially invest a modest amount (estimated $3-5 M) in a joint pilot project with clear milestones.
Decision gates are set at 90 days and 6 months: if the pilot shows technical and economic viability (e.g.
achieving 280% of performance at <120% of current ingredient cost), we will deepen the commitment. A
successful pilot would then trigger either a deeper partnership or staged acquisition to secure exclusive
rights, depending on the partner’s openness and our strategic fit. Conversely, if key metrics fall short (e.g.
yield or quality targets missed by >30%), we will exercise a go/no-go decision and limit exposure. This
phased partnership strategy enables us to enter the bio-based ingredients space swiftly — capturing early
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mover advantages and learning — while controlling downside risk. It positions us to respond to disruptive
trends (like new biotech processes and sustainability regulations) with agility. The following report details
how this approach bridges our capability gaps, the options we evaluated (build vs buy vs partner),
potential partners and investment requirements, and a 90-day action plan to kick off the initiative.

Industry Context: Market Signals & Disruptors

The bio-based ingredients sector is at an inflection point. Investment and M&A patterns over the last 18
months reveal a maturing market transitioning from a startup-led boom to a phase of consolidation and
scale-up by incumbents. Global venture funding for alternative proteins — a proxy for bio-based
innovation in food — totaled approximately $881 M in 2025, down sharply to ~18% of its 2021 peak
(www.proteinproductiontechnology.com [W1] ). This pullback reflects investors becoming more

selective, shifting some focus to other sectors like Al (www.meatpoultry.com [W2] )

(www.proteinproductiontechnology.com [W1] ). Importantly, tougher funding has accelerated industry

consolidation: restructurings, acquisitions, and portfolio carve-outs became defining features in 2025
(www.proteinproductiontechnology.com [W1] ). For example, major players moved in to acquire or

partner with biotech startups for their proprietary ingredients. Givaudan’s 2023 purchase of Amyris’s
cosmetic ingredients portfolio is one prominent case, reinforcing Givaudan’s leadership in sustainable

beauty inputs (www.givaudan.com [W3] ) (www.givaudan.com [W3] ). Likewise, L’'Oréal and Evonik
took minority stakes in biotech firm Abolis to secure novel bio-based cosmetic ingredients at scale [D25
] . These deals signal growing competitive intensity — large consumer product and chemical companies
are aggressively ensuring access to bio-based solutions, indicating the field is no longer “nice to have”
but becoming core to product strategy.

INDEXBOX

Markets

Bio-Based Packaging Market
Forecast Points Higher
Toward 2035

IndexBox Market Intelligence
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Bio-based product demand is surging in key segments. For instance, the eco-friendly packaging market is
projected to double from ~$240 B in 2024 to ~$500 B by 2034, a 7.6% CAGR_[D34] . Industry leaders are
pursuing mergers and acquisitions to scale sustainable packaging technology and production capacity,
reflecting a broader trend across bio-based materials. [D34]

At the same time, emerging technologies, business models, and regulations are poised to disrupt the
landscape. Precision fermentation and synthetic biology continue to advance, enabling production of
complex molecules previously sourced from petroleum or nature. New tools like Al-driven enzyme
engineering are speeding up innovation — for example, UK startup Scindo raised funding in 2025 to apply a
data-rich Al platform for designing enzymes that break down waste into sustainable ingredients
(www.scindo.bio [W4] ). Such capabilities can dramatically lower production costs and expand the
range of bio-based products. Alternative feedstocks are also gaining traction: companies are developing
fermentation processes using agricultural residues, CO2, or algae to avoid competing with food crops [
D23] [D40] . These could undercut players reliant on traditional sugar-based fermentation if scaled
successfully.

Regulatory and consumer forces add momentum. Governments are introducing incentives and
mandates favoring bio-based products. In Europe, efforts under the Green Deal and Circular Economy
Action Plan are tightening rules on single-use plastics and high-carbon materials. For example, Italy
launched a tax credit covering 20% of costs for companies switching from single-use plastics to certified
biodegradable materials (www.confesercenti.siena.it [W5] ). Such policies boost demand for bio-
based packaging, biopolymers, and natural ingredients. The U.S. has also committed heavy support - a
$2 B federal initiative was announced in 2022 to expand domestic biomanufacturing infrastructure and
“catalyze a bioindustrial base” ([www.scienceboard.net

[we]

) . Meanwhile, standards and certifications are evolving to build trust in bio-based claims [D31] ,
addressing concerns that “bio-based” should equate to genuine sustainability (e.g. proven via life-cycle

assessment [D16] ).

Who is best positioned? Companies that have already invested in biotech R&D or formed partnerships
stand to gain early mover advantages. Incumbents with deep pockets and production know-how - such
as major chemical, agribusiness, and CPG firms — are leveraging their scale to commercialize bio-based
innovations faster than startups can alone. For instance, Hyosung (a textile fiber leader) partnered with
Genomatica to produce bio-based spandex precursors, securing a lower-carbon supply chain for its
apparel clients [D37] . L’Oréal’s biotech tie-ups similarly ensure it can meet its “L’Oréal for the Future”
pledge to prioritize bio-based ingredients_[D25] . On the other hand, players most vulnerable are those
clinging to legacy petroleum-based portfolios without a transition plan. Smaller bio-based startups are
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also atrisk if they fail to reach cost-competitive scale quickly; many are finding that without significant
capital or a strong partner, they cannot survive the “valley of death” in scaling up production
(agfundernews.com [W7] ). Indeed, several early pioneers have faced bankruptcy or fire-sales of their

assets to larger firms (e.g. Amyris’ restructuring (www.givaudan.com [W3] )), highlighting that

technology alone isn’t enough — integration into a larger value network is crucial for longevity.

Strategic sighals: In sum, the current landscape tells us that bio-based ingredients are shifting from a
niche innovation to a mainstream competitive battleground. Market maturity is evidenced by the influx of
corporates and the need for consolidation, while the next disruptions will come from rapid tech
improvements (Al in biotech, novel feedstocks) and external pressures (regulation and sustainability
commitments). Any move we make now must factor in these dynamics — speed to scale, partnering
smartly, and ensuring true sustainability — to carve out a durable position.

Strategic Fit Analysis

Bio-based ingredients align strongly with our company’s sustainability and innovation objectives, but
pursuing this area exposes certain capability gaps we must address. Our strategic goals include
achieving significant reductions in product carbon footprint and launching greener product lines within
the next 3 years. Bio-derived ingredients support these goals by replacing petroleum-based inputs with
renewable ones, directly cutting Scope 3 carbon emissions in our supply chain [D9] . They also offer
product differentiation: customers are increasingly favoring brands with natural and eco-friendly
materials, and many of our key clients (especially in Europe and North America) have public
sustainability pledges that flow down to their suppliers. Aligning with this trend could bolster our market
share in those regions. From an innovation roadmap perspective, bio-based solutions represent a logical
extension of our R&D focus on high-performance materials — we aim to stay at the cutting edge, and
biotech-enabled ingredients are an important frontier driving product innovation in sectors from
cosmetics to packaging [D15] [D34] . Notably, one of our competitors has already launched a bio-

based ingredient line in partnership with a synthetic biology startup, gaining positive media coverage and
early customer trials. We cannot afford to lag in this emerging arena.

However, a candid capability assessment shows gaps between our current state and what’s required to
succeed with bio-based products. The table below summarizes our strengths and shortfalls:

Capability Area  Current State Gap vs. Bio-Based Needs Priority

) Minimalin-house Lacks molecular biology, _
Biotech R&D . . ) High — core to
(Strai expertise; our R&D is  fermentation experts to develop

rain
] ) chemistry-focused [ microbes or enzymes for
Engineering)

D26] producing ingredients

technology; address
via hiring or partner
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Capability Area

Process Scale-
Up &
Manufacturing

Feedstock &
Supply Chain

Regulatory &
Quality

Market Access &
Branding

Financial
Resources

Current State

Strong in classical
chemical process
scale-up (plants for
petro-based
products)

Efficient
procurement for
petro-chemicals
(global suppliers)

Experienced with
chemical regulations
(REACH, FDA for
current products)

Well-established
sales channels in our
end-markets; brand
known for reliability

Strong balance sheet
and cash flow;
accustomed to large
capital projectsin
core business

Gap vs. Bio-Based Needs

No pilot fermenters or
downstream biotech
processing lines; risk in
translating lab bio process to
commercial scale [D1]

Limited access to biomass or
fermentation feedstocks (e.g.
sugars, agricultural waste); no
supplier network for these raw
materials

Need competency in biotech
regulatory compliance (e.g. for
novel food ingredients, or
EPA/TSCA for bio-based
chemicals) and sustainability
certifications [D49)

Limited credibility in “natural”
or bio-based category;
marketing team not yet fluentin
communicating bio-based
benefits (risk of greenwashing if
not careful [D16] )

Uncertain ROI profile for
biotech projects; potentially
long payback and different risk
profile than typical projects

Priority

High — need pilot runs
(outsourced or in-
house) to prove
production feasibility

Medium - can
leverage partners
(agribusiness firms) or
spot market initially

Medium - consult or
hire specialists;
ensure certifications
(e.g. USDA
BioPreferred) are
obtained

Medium — develop
marketing narratives
and validate
sustainability via LCA
to support claims

Low —we have
capacity to invest, but
need rigorous stage-
gate and ROl criteria
to justify scaling up

Our competitive advantages include our engineering and scale-up experience, which will be valuable

once a bio-based process is ready for manufacturing. We know how to optimize and run large-scale

production efficiently — a capability many small biotech startups lack. We also have global distribution

and customer relationships to rapidly commercialize a new ingredient across markets. These strengths
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mean a partnership or acquisition could be highly synergistic: we can provide what a tech-focused

startup cannot (scale, market access), while they provide what we lack (cutting-edge biotech innovation).
This complementarity is evident in cases like the L’Oréal-Abolis—Evonik partnership, where the biotech
brought microbial engineering skill and the corporates brought scaling and market reach [D25] .

Crucially, pursuing bio-based ingredients addresses a strategic vulnerability: our current product
portfolio relies on fossil-derived inputs that face increasing regulatory and market risks. For example, the
EU is moving toward stricter carbon accounting and may impose tariffs or restrictions on high-carbon
imports in the coming years [D49] . If we do nothing (Monitor strategy), we risk being locked out of
segments that shift to bio-based requirements (much like how suppliers of single-use plastics are losing
business due to bans (www.confesercenti.siena.it [W5] )). In contrast, building competence in bio-
based solutions now can secure us a seat at the table in a future, more sustainable supply chain. It’s also
an innovation hedge — biotechnology is a fast-evolving field, and establishing internal know-how (even via
partnerships) will keep us adaptable as new processes (like enzymatic recycling, cell-free manufacturing,
etc.) emerge. In summary, the strategic fit is strong in intent but requires filling key gaps in biotechnology
capabilities and adjusting our operational model. This sets the stage for choosing the right approach to
engage with bio-based ingredients, which we analyze next.

Strategic Options: Build vs. Partner vs. Acquire

We evaluated three primary paths to enter the bio-based ingredients space: build internally, partner, or
acquire. Each scenario was assessed on estimated cost, timeline to deployment, risks, and expected
outcomes. We also considered the default case of simply monitoring (no immediate action) or running a
small pilot study before a larger commitment. The comparison below summarizes our findings:

. . Timeline (to . .
Scenario Estimated Cost . Major Risks Expected Outcome
viable product)

¢ Technical failure

;:f(;)—f:tMUFsver —We lack biotech e Full owinership of IP and
Build In- 2-3 years for lab, Long - ~3-5 talent; steep EJFI;)C.GSS 'If successful
House hires years to first learning curve uilds |nte.r.nallong- |
(develop - Pilot plant: commercial could delay or termtcfap?btlllty (Str.i;\teiglc
our own ~$20 M capital product (1+year =~ doom proje.ct ?Sge l;)rb uture projects)
biotech for small research, then ~* OPportunity cost ourdbecomea
program) fermenter & scale-up) - Slow entry; platform for multiple bio-

competitors or based products (not just

wnstream kit i i
downstrea incumbents may ~ ©neingredient)
- Ongoing costs:

capture market
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Scenario

Partner
(co-
develop
with a
biotech
firm or R&D
institute)

Acquire
(buy a
company
outright)

Estimated Cost

+$5 M/year
(operations)

- Initial joint R&D
investment: ~$2—
5 M for pilot
program

- Milestone or
licensing
payments: $5-10
M if targets met
over 1-2 years

- Potential equity
investment:
optional $5-10 M
for stake in
partner

- Acquisition
price: varies
widely; ~$50-100
M for a promising
mid-stage
startup (some
revenue, tech
validated)

Timeline (to
viable product)

Medium —~1-2
years to pilot
results; 2-3
years to scaled
product
(leverages
partner’s head
start)

Medium —~1-2
years to
integrate and
scale product
(assuming
target already
has prototype or
product)

Major Risks

while we develop
* High upfront
cost with
uncertain ROl if
technology
doesn’t pan out

¢ Dependency -
Relying on
partner’s tech; if
they falter or
pivot, our project
could stall

¢ [P sharing—We
may not own all IP,
or could face
future royalty
costs if not
negotiated upfront
¢ Alignment —
Need to manage
goals so partner’s
and our incentives
stay aligned (risk
of conflict)

¢ Integration
issues — Cultural
clash or key talent
exodus post-
acquisition could
destroy value [

D49]

¢ Overvaluation —

Expected Outcome

¢ Jump-start via existing
expertise — faster proof-
of-concept [D15]

¢ Shared risk — lower
upfront cost and partner
bears some development
risk

e Access to partner’s
niche know-how; we
focus on what we do best
(scaling, distribution)

e Option value: can
deepen partnership or
acquire partner if project
succeeds (built-in path to
grow)

¢ Immediate capability -
instantly acquire tech
and talent, potentially
leapfrogging years of
development

e Competitive block —
prevent rivals from
getting that tech (first-
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. . Timeline (to . .
Scenario Estimated Cost i Major Risks Expected Outcome
viable product)

- Integration and Risk of overpaying = mover advantage in
scale-up costs: forunproven tech, market)

~$10-20 M (to especially if (www.givaudan.com [
upgrade bidding against w3l )

facilities, others e Could integrate the new
integrate e Focus dilution— ingredient into our
systems, staff Integration can product lines quickly if
retention) distract synergies realized

management, and  (shorter time to revenue)
if multiple tech

projects,
complexity is high

Analysis: Based on the above, a pure Build strategy is high-cost and slow — not ideal given our late start
and the fast-moving competitive environment. It might be justified if we needed to own everything for
strategic reasons, but in this case the field is broad and partnering can get us moving faster. An
Acquisition could secure us a turnkey solution, but finding the right target at a reasonable price is
challenging. Valuations for bio-based startups soared during the hype and, while they have come down in
2023-2025, good companies are still expensive (e.g. a cosmetics biotech with ~$30 M in sales was
acquired for reportedly around $200 M (www.givaudan.com [W3] ) [D49] ). There’s also significant

integration risk — our organization has limited experience assimilating biotech teams, and much of the
acquired intellectual capital (people) could walk if not managed carefully. We’d essentially pay a
premium and then face many of the same execution challenges, just under time pressure.

The Partnership scenario emerges as the most prudent initial path. It allows us to leverage a partner’s
established R&D pipeline — for example, partnering with a synthetic biology firm that already has
organisms or pathways for our target ingredient. Many such firms seek industry collaborators to help
scale and commercialize their innovations [D15] [D26] . By co-investing in a pilot, we share the

development burden and tap into outside expertise, significantly shortening the timeline to results. We
would structure the partnership with clear agreements on IP (e.g. joint ownership or exclusive license for
our market) and possibly take a minority equity stake to solidify the relationship. This approach keeps our
upfront commitment moderate and staged: initial milestones must be met (e.g. achieving a certain yield
or purity in the fermentation process) before we commit larger funds. If the milestones aren’t met, we
have the flexibility to pivot or exit with limited sunk cost. Essentially, partnering gives us a real-world
experiment to prove viability within 12-18 months, which is invaluable before scaling. It also creates an
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inside track — should the technology prove promising, we could then move to acquire the partner or invest
in a joint venture to build a commercial plant, with much more confidence and likely at a lower risk

premium (having de-risked the core technology).

By contrast, doing nothing beyond monitoring would avoid cost in the short term but leave us exposed to
being disrupted. Given the trends discussed (competitors moving in, clients demanding sustainable
inputs), a wait-and-see approach is not recommended unless the pilot were to reveal fundamental issues
(e.g. the economics just don’t work). We will certainly monitor key technical and market metrics
continuously (e.g. cost per kg of bio-product relative to petro-alternative, regulatory developments) as
part of our decision criteria, but passive observation alone would forfeit the opportunity to shape this
market. A small internal pilot project (e.g. funding our R&D team to test fermenting a simple ingredient)
could be a low-cost learning exercise, and we plan to do some pilot-scale tests in parallel with the
partnership — however, internal pilots without expert help are unlikely to yield breakthroughs given our
current gaps. Thus, our strategic choice is to partner first, with options to build or buy later depending on
how the landscape evolves and how the pilot performs.

Assessment of Yield, Quality, Pest, Natural Enemy; Assessment of Biodiversity, Resstance &
Long-Term Sustanability, EIA, Farmer & Community Feeddack, Documentation & Reporting

Rotation of Modes of Action®, Mixtures & Tank-Miang*, Refugia & High-Dose Strategies®
Integration with Non-Chemical Methods*

Anti-Resistance
Suategies

Reduced Dosage & Safer Formulations, Pesticide Rotation & Resstance

Reduces F.'a"iié"’lé"f' ntegrat:on with Non Chemical Methods*,

Pesticide Use

Biochemical Pesticides*, Synthetic Reduced-Risk Insecticides®, IPM-
Compatible Pesticide Strategies®,
Pesncide

Selection Biological Control®, Physical & Mechancal Methods®, Cultural Meth ;
Host Plant Ressstance*, Haditat Manipulation & Agroecological Practices*

Non-Chemscal

Methods Threshold-based decision-making based on the concepts of

economic inury level (EiL ang ETL)
Decrsion-Making
Field Scouting & Inspections, Trappsng Techmiques®,

Forecasting, ETL and EIL, Natural Enemy Monitoring, Digital

Monitoring
Diagnostic & Sampling Tools

Prevention and

Sepnreaen Cultural Practces* Resistant plant®, Santation®,

Beodversity®, Physical Suppression®

We applied a multi-criteria decision analysis to compare strategic options [D32] . The framework above
illustrates how factors like cost, time, and risk were balanced to guide our choice. Partnering scored
highest on speed-to-impact and risk mitigation, whereas internal building, despite long-term benefits,
ranked lower due to resource and time requirements. Acquisition remains an option for later, contingent
on pilot success and market conditions.

Partnership Target Candidates

Given the decision to pursue a partnership, we identified specific organizations that could complement
our capabilities and accelerate our entry into bio-based ingredients. We focused on partners that offer
technical expertise (biotechnology, fermentation) and have a strategic fit with our end markets. Below is a
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shortlist of 4 potential partners, along with the rationale, possible mode of engagement, and an estimate
of the investment required for each:

Company/
Organization

Ginkgo Bioworks
(US-based
biotech
platform)

Abolis
Biotechnologies
(France-based
startup)

Willow
Biosciences
(Canada-based

Why They’re a Good Fit

Leading synthetic biology
“foundry” with ability to
engineer microbes for
virtually any target molecule.
Successful track record of
developing fragrance, flavor,
and specialty chemical
ingredients for corporate
partners (extensive strain
library and design
automation).

Proven expertise in tailor-
made microbial solutions,
backed by L'Oréal and Evonik
[D25] . They specialize in
bio-based ingredient
discovery for cosmetics and
food, which aligns with our
product lines. Being smaller,
they may value a new
strategic partner. Their
platform could be applied to
ouringredient needs.

Specializes in precision
fermentation for specialty
ingredients (e.g.

Proposed Partnership
Approach

R&D collaboration where
Ginkgo develops a
microbial strain for our
target ingredient. We fund
development and get an
exclusive license in our
field. Could start with a
paid development
contract, with option for
license/royalty if
successful.

(Alternative: co-investin a
specific program
alongside Ginkgo’s
platform development.)

Joint development
agreement and minority
equity stake. For example,
invest in their next funding
round (to align incentives)
and fund a dedicated
project for our ingredient.
We’d get first rights to
commercialize the
resulting ingredient.
Leverage their pilot
facilities for initial scale.

Co-development project
where Willow uses its
enzyme/pathway

Est. Cost (USD)

~$5 M initial R&D
contract

+$5-10 M in
milestone/license
fees if goals met [

D32]

~$5 M equity
investment

+$2 M earmarked
for R&D on our
project (for 12-
month pilot)

~$3 M co-
development fee for
a defined scope
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Company/
Organization

syn-bio
company)

Genomatica
(Geno)
(US-based
bioprocess
developer)

Why They’re a Good Fit

cannabinoids, vitamins) and
has a platform to transition
from plant extraction to
fermentation [D26] . They
offer end-to-end
development and have pilot-
scale capability — good for a
quick start. Culturally, they
are a B2B tech provider
looking for industry partners
to commercialize their
strains.

One of the most successful
scale-up players: delivered
bio-based processes for
nylon, butanediol, etc., now
used commercially [D37] .
They excel at taking lab
processes to industrial scale
— exactly our need. Geno
often partners with

downstream companies (e.g.

fiber manufacturers,
chemical producers) to
deploy its technology. If our
target ingredient overlaps
with their programs (or we
fund a new one), we get a
partner who can see through
full commercialization.

Proposed Partnership
Approach

engineering know-how to
develop our target
molecule. We share
development costs and
commit to a offtake
agreement if successful
(guaranteeing purchase of
Xvolume, giving them
market assurance).
Possibly structure as a
service contract + success
fee.

Technology licensing
partnership. We would
license an existing Geno
process if available (for
instance, if our targetis a
chemical they have in
pipeline). Or we form a JV
to develop and build a
production plant for a new
molecule, sharing costs.
Geno brings the tech
package; we bring capital
and manufacturing
expertise.

Potentially pursue a JV for
local production using
Geno’s organism, with
cost/profit share.

Est. Cost (USD)

pilot

+ Commitment to
purchase product
or a license fee ~$5
M if metrics
achieved

~$10 M license or
JV entry fee
+$40-50 M capital
commitment for a
commercial plant
(could be shared in
V)

Table: Shortlist of potential partners for bio-based ingredient development. Costs are indicative and

would be refined in negotiations. Each approach ensures we leverage the partner’s strengths: Ginkgo’s

broad platform, Abolis’s niche biotech innovation (with our infusion of funds), Willow’s turnkey
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development service, and Geno’s proven scale-up experience. We would likely engage with 1-2 of these
in exploratory talks within the next quarter.

Preferred target: Among these, a partnership with Abolis Biotechnologies or Willow Biosciences stands
out for the initial pilot phase. Both are nimble, alighed with our target sectors, and not so large that our
project would be sidelined. Abolis brings top-tier science and existing industrial backing (de-risking
technical execution) [D25] , while Willow offers a more service-oriented model that could get to results
faster [D26] . We may pursue a dual approach: for instance, quickly engage Willow to attempt a fast-
track development of one simpler ingredient (to get an early win), while simultaneously investing in Abolis
for a more ambitious, high-value ingredient that might take longer but yield a competitive differentiator.
We will open conversations with both immediately. Geno and Ginkgo are excellent partners for scale-up
and diversification once we have a proven concept — we anticipate involving one of them when moving to
the demonstration/commercial phase (for example, leveraging Geno’s ready industrial strain if it fits our
needs, to avoid reinventing the wheel on scale-up). Our partnership strategy thus might evolve in stages,
but the key point is we now have identified who to call and will initiate outreach within the next 2-3 weeks.

Risk and Reward Analysis

Any strategic move into bio-based ingredients carries uncertainties. We have constructed a risk-reward
matrix to quantify potential downsides and upsides, ensuring decision-makers understand the stakes.
The analysis below considers our recommended partnership pilot approach, with its subsequent options
(scale up internally, or acquire/expand partnership), under best-case and worst-case scenarios:

Downside Risks (Worst-Case Scenario):

e Technical Failure: The pilot fails to achieve the target yields or product specifications. For
example, if after 6-9 months the fermentation titer is still 50% below the economic threshold, we
may have to write off the project. Quantified impact: roughly $3-5 M sunk cost (our share of pilot
funding) and a 1-year opportunity loss. This is manageable within our R&D budget (for context, $5
M is <2% of our annual R&D spend). The bigger risk is delay — if we are late, competitors might
capture the market first, reducing our future upside.

e« Market Shift or Regulatory Risk: It’s possible that during development, an alternative technology
emerges that leapfrogs our approach (for instance, a new chemical recycling method making
certain bio-based routes less competitive). Or regulations could change in an unexpected way
(e.g. a sudden removal of subsidies for bio-based products if a new government prioritizes other
climate solutions). These would diminish the expected value of our project. Impact: If demand or
price premium for our bio-based ingredient drops, the project’s NPV could turn negative. We
mitigate this by focusing on ingredients with multi-sector uses and by keeping the pilot scope
flexible (able to pivot the microbe to produce a different but related molecule if needed).
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Execution/Integration Risk: Should the pilot succeed and we move to scale, execution risks grow.
Forinstance, scale-up costs overruns —a commercial fermentation plant might run 30% over
budget, raising required investment from say $50 M to $65 M, which could erode ROI or strain our
capital allocation. Integration risk also appears if we acquire the partner: cultural mismatches or
retention problems could lead to loss of key scientists. Impact: Higher costs or integration failure
could reduce projected IRR from ~20% to single digits, potentially making the venture barely
break-even. We set a go/no-go threshold: if projected IRR falls below 10% (our hurdle for risky
innovation projects) or if required total investment exceeds by >50% of initial estimate, we would
pause and reassess commercialization plans.

Reputation Risk: If our bio-based initiative underperforms or if the product isn’t truly sustainable,
we could face reputational damage. For example, a bio-based ingredient that is found to have a
heavy land-use footprint could be criticized by NGOs, harming our “green” brand image. To
prevent greenwashing, we will only go to market after conducting a full life-cycle assessment to
validate sustainability claims [D16] . If results are not favorable, we’re prepared to halt launch
rather than face backlash.

Upside Opportunities (Best-Case Scenario):

Early Mover Market Share: In a success case, we could commercialize a new bio-based ingredient
by 2027. If that ingredient targets a sizable market (say a specialty plastic with a $1 B global
market), capturing even 5-10% share due to our sustainable differentiator is realistic. That
translates to $50-100 M in annual revenue. In consumer products (e.g. a cosmetic active or food
flavor), the market sizes can vary, but many are large and growing as sustainable options gain
traction. For instance, the global bio-based chemicals market is forecast to reach **$137 B by
2030 (www.feedsfloor.com [W8] )** Securing a modest slice (even 1%) of a relevant segment
could mean ~$1 B in revenue by 2030 - a transformative upside.

Cost Leadership via Innovation: Bio-based processes have potential to reduce production costs in
the long run, especially if oil prices rise or carbon costs are imposed on fossil fuels. The
fermentation route might use cheaper feedstock or produce valuable co-products. In an
optimistic scenario, our bio-based ingredient could achieve cost parity or better with the petro-
version. If we become the low-cost, sustainable supplier, this yields pricing power and volume
growth. Additionally, we might generate licensing income: if we own IP for the production process,
we could license it to other players in non-competing regions, adding a royalty stream (e.g. 5% of
others’ sales).

Strategic Portfolio Benefits: Successfully integrating bio-based capabilities could have multiplier
effects across our business. We would develop in-house knowledge that enables spin-off projects
—e.g. applying the same microbial platform to produce different molecules for other divisions.
This could open entirely new markets for us, like bio-based adhesives or coatings (adjacent to our
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core). The partnership might also unveil new business models, such as a “bio-design service” we
offer to key clients (using our partner’s lab as an extension of our R&D). The flexibility and

innovation culture gained could boost our overall R&D effectiveness beyond this project.

e ESG and Brand Equity: On the qualitative side, a big win here would significantly enhance our
company’s sustainability credentials. We could quantifiably claim reduction of X tons of CO, by
replacing petro-ingredients, contributing to our ESG targets. This can improve our valuation in the
eyes of investors who are increasingly ESG-focused, potentially lowering our cost of capital. It also
deepens customer loyalty among eco-conscious clients—some of whom might even pay a
premium for bio-based content (or choose us over competitors due to our offerings). These
benefits, while hard to put precise dollars on immediately, strengthen our competitive moat and
corporate reputation, which are invaluable in long-term resilience.

To visualize the balance, consider that in the worst case (pilot fails), we lose up to ~$5 M and a year’s time
- a setback, but not catastrophic given our $X billion revenue. In the best case, we build a new revenue
line that could exceed $50 M/year within 5 years, with healthy margins, and position us as an industry
leader in sustainability. The reward-to-risk ratio therefore appears favorable, roughly on the order of 10:1
or greater when comparing potential upside NPV to the downside loss. Even adjusting for probabilities
(we estimate a ~60% chance the pilot meets its key technical goals, and ~30% chance of full commercial
success on planned timeline), the expected value is positive.

We have also identified trigger points and contingency plans: for example, if during the pilot a different
bio-pathway looks more promising, we might pivot the project scope (with partner agreement). If
regulatory changes suddenly favor a different approach (say, biomass sourcing incentives), we can
expand our plan to include that (we maintain flexibility in partner contracts to explore multiple
feedstocks). Our partnership agreements will include exit clauses that allow us to terminate or redefine
the collaboration if certain risk thresholds are crossed (e.g. if a safety issue arises or if the partner gets
acquired by a competitor). Overall, by planning explicit go/no-go decision criteria and continuously
scanning the market/tech landscape, we aim to capture upside while capping downside. This prudent
risk management approach will guide execution through the next phases.

Investment Requirements and Thresholds

To implement this strategy, we outline a staged investment plan with clear thresholds for additional
funding. The initial commitment is relatively small — on the order of $5-7 M over the next 9 months -
focused on the partnership pilot. We propose allocating $2 M for direct R&D expenses (to fund
experiments, analytical testing, etc., likely through the partner’s labs) and up to $3 M in an equity or
upfront fee to secure the partnership (as detailed in the target table, e.g. buying equity in Abolis or paying
Ginkgo’s program fee). An additional $1-2 M is earmarked as a contingency for in-house support costs:
hiring a few biotech experts to liaise with the partner, travel, IP consulting, and any required equipment
on our side to test samples or run parallel trials. This initial stage will be funded from our existing R&D
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innovation budget (which is ~$50 M annually, so this is around 10-15% of that budget — significant but
within our means for a top strategic priority).

Decision gate at 9-12 months (Pilot completion): At this point, we expect data on titer, productivity,
product quality, and a preliminary economic assessment. We set thresholds that must be met to proceed
to scale-up investment: for example, at least 70% of target yield, demonstration of product functionality
in application (lab tests confirming the bio-ingredient works equivalently in a formulation), and a cost
projection that with scale could come within ~1.5x of the incumbent product cost. If these are met or
exceeded, we would green-light the next tranche of investment; if not, we would pause or pivot.

The second stage would likely involve scale-up and commercialization investment on the order of $20-30
M over the following 2-3 years. This would cover building or retrofitting a demonstration-scale production
line (possibly 10,000-50,000 liter fermenter scale) and related downstream processing equipment, either
at our site or the partner’s. It could also include additional equity investment in the partner if we decide to
deepen the relationship (or exercise an acquisition option). Our finance team has modeled that investing
up to $30 M is justified if the project’s projected NPV is >$50 M (assuming a WACC of ~10% and 10-year
horizon) and IRR >15% by year 5. These financial hurdles are in line with our normal criteria for new
ventures. We will insist on updated business case calculations at the end of the pilot: if the forecast
based on pilot results does not meet these NPV/IRR thresholds, we will not automatically pour money
into scale-up. Instead, we’d either kill the project or seek external grants/co-funding to improve
economics (notably, government innovation grants for bio-based projects are increasingly available both
inthe EU and US [D49] , which we should pursue to offset capital costs).

If scale-up is successful and market demand materializes, a further expansion or full commercial roll-out
could entail building a world-scale production facility. This might be a $50-100 M investment around year
3-5. Our intention is not to commit to this now; it would be conditional on proven market traction (e.g. we
have firm offtake agreements or customer commitments for volume) and on reaching competitive unit
economics. We could also explore project financing or a joint venture structure at that stage to share
costs and risks — for example, partnering with a feedstock supplier or a customer in a toll manufacturing
model. The key is that each stage’s funding is gated by clearly defined performance and market validation
criteria.

To visualize our spending appetite: we are prepared to invest roughly $5 M now, up to $25-30 M upon pilot
success, and potentially $50 M+ for full commercialization — but only if each prior step meets
expectations. These thresholds ensure we “stop loss” early if needed, and significantly scale only when
upside is well substantiated. In effect, we treat this as an internal venture capital approach: seed (pilot),
series A (demo scale), series B (commercial scale), with clear metrics to move from one to the next. We
will also track external benchmarks: for instance, the cost per kilogram of our product at demo scale vs
competitors. If by demo stage our cost is, say, $10/kg while a competitor’s similar bio-product is already
$5/kg, we might decide not to chase further unless we have differentiation. Our go/no-go for commercial
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scale might be that we must project to at least match the competitor’s cost or have unique performance
that justifies premium pricing.

In summary, the investment plan is phased and conditional. We have the financial capacity to fund this
through internal means (our balance sheet and operating cash flows) given our size. However, we will
continuously evaluate financial leverage opportunities — if strategic investors or government grants can
co-fund (reducing our share of capital) without diluting our strategic control, we will leverage those. The
ultimate goal is to ensure that by the time we commit to the largest expenditure (e.g. a new plant), the
business case is de-risked and robust, with confirmed demand and proven technology. That discipline
will protect us from the fate some pioneers faced (over-investing in capacity that underperforms [D49]

).
90-Day Action Plan

To kick-start this strategic initiative, we have developed a concrete 90-day plan with specific actions,
owners, and milestones. The focus of the next three months is on building the foundation for the
partnership pilot and internal alignment. Below is our action roadmap:

i Milestone / Timeline .
Action Item Owner . Success Metric
Deliverable (Day)

1. Formalize Project

Team & Governance - .
CTO (Project

Establish a cross- —Team of 5-7 key .
. . Sponsor) . Team in place
functional “Bio-Based . members appointed
. Supporting: . . (yes/no)
Task Force” with R&D, . — Kickoff meeting Day 7
. HR to assign . Charter approved

Business Development, . held, project charter

] internal ) (yes/no)
and Operations issued

. experts

members. Define roles
and decision rights.
2. Technical —Technical brief
Requirements document (5-10
Definition — Precisely pages) detailing target Spec document
define the target R&D Lead molecule specs, Day 15 completed (yes/no)
ingredient(s) and (Task Force) current baseline (if Criteria defined
success criteria for the any), and desired (yes/no)
pilot (e.g. purity, outcomes
functionality — List of evaluation
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Action Item

benchmarks, cost
target). Compile a brief
for potential partners.

3. Partner Outreach
and NDA - Contact the
shortlist of potential
partners (Abolis,
Willow, etc.) to express
interest. Execute NDAs
to enable detailed
discussions.

4. Partner Evaluation &
Selection —Engage in
technical and
commercial talks with
each potential partner.
Evaluate their
proposals or
capabilities against our
criteria. Score and rank
the opportunities.

5. Internal Capability
Prep - Procure any
needed small
equipment or hires to
support the pilot (e.g.
hire 1 biotech scientist
consultant, setup lab
test capability for
sample analysis).

Ensure internal labs are

Milestone /
Owner .
Deliverable
criteria for partner
proposals
—Intro calls/meetings
with 3-4 target
Bus. Dew. companies
Director — Mutual NDAs signed
with interested parties
(at least 2)
— Comparative matrix
Task Force of partner options
(joint) (tech approach,
Supporting: timeline, cost-
Finance for sharing, IP terms)

commercial — Recommendation

terms memo on top

choice(s)

— Hiring requisition
filled for biotech
advisor (contractor or
full-time)

— Lab test method
developed for target

COO/Ops
Lead

ingredient (so we can
independently verify

quality)

Timeline .
Success Metric
(Day)
Number of NDAs
Day 20 )
signed (goal: 22)
Recommendation
delivered (yes/no)
Day 40 Technical due
diligence
completed (yes/no)
Expert on board
es/no
Day 60 v )

Lab test ready
(yes/no)
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Action Iltem Owner
ready to validate
partner results.
6. Negotiate
Partnership Terms — For
the selected partner,
negotiate the pilot
. Corporate
project agreement:
Development
scope of work,
. . , Head
timeline, cost sharing, .
. Supporting:
IP rights, success
. . Legal
metrics. Also negotiate
Counsel, CTO

any equity investment
or option rights as
applicable. Involve
legal.

7. Launch Pilot Project
- Officially kick off the
joint development
program with the
partner’s team. Set up Joint Project
project management Manager (from
routines (bi-weekly our side)
meetings, reporting

dashboard). Align on

90-day and 6-month

technical milestones.

8. Interim Review &
Go/No-Go Prep -
Although the formal
pilot runs longer,

CTO & Task
Force

establish an internal

Milestone /
Deliverable

— Draft contract/MoU
with partner covering
all key terms

—Term sheet for any

equity investment (if
part of deal)

- Kickoff workshop
held with partner’s
scientists and our
task force

— Project plan with
Gantt chart for pilot
phase (including
experiments,
checkpoints)

— Interim progress
report (covering any
initial lab results or
challenges)

- Updated risk log and

Timeline
(Day)

Success Metric

MoU or contract
signed (yes/no by
~Day 75-90)

Day 75 .
Key terms achieved
(IP ownership, cost

within budget, etc.)

Project plan

finalized (yes/no)
Day 90 Pilot experiments
started (yes/no by

~Day 90)

Progress report

issued (yes/no)
Day 90 On-track indicator
(green/yellow/red

status)
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. Milestone / Timeline .
Action Iltem Owner . Success Metric
Deliverable (Day)
review at 90 days to confirmation of
assess progress. criteria for next
Confirm that early signs decision point

are positive or address
any issues. Prepare
criteria for the big 6-
month go/no-go.

Monitoring and communication: Throughout these 90 days, we will maintain executive oversight via bi-
weekly check-ins with the CTO (sponsor) and brief the CEO and relevant VPs monthly on progress. Key
stakeholders like the Head of Marketing and sustainability team will be kept in the loop, since eventually
they will be involved in go-to-market if the pilot succeeds. By Day 90, we expect to have a signed
partnership in motion and initial work underway — a significant milestone that we will communicate
internally as a strategic initiative.

Go/No-Go decision points: The table above primarily covers the initiation phase. Looking ahead, the next
major decision gate is expected around Month 6 (approximately Day 180-200) when substantive pilot
data is available. We will prepare for that by defining clear metrics now (e.g. target yield of Y g/L, product
sample meeting X quality spec). Hitting those will trigger the “Go” for scale-up planning (and release of
the next funding tranche), whereas clear failure to meet them will trigger either a pivot (if salvageable) or a
structured project wind-down. The 90-day check (action 8) is essentially to confirm we remain on a path
to hit those metrics, so there are no surprises.

In parallel to these technical efforts, it’s worth noting we will also be monitoring external developments
continuously —for instance, if a competitor announces a big move in bio-based ingredients or if a new
subsidy is introduced that we can tap. Our task force will include a strategy analyst to track such news
and feed it into our plans (this is effectively Action 0, an ongoing task).

By executing this 90-day plan, we aim to de-risk the initiation phase and build momentum. Success by
Day 90 means we have: a capable partner engaged, a solid plan to achieve our pilot objectives, and the
organizational readiness to support it. This will pave the way for the subsequent phases (scale-up design,
customer engagement for testing the ingredient, etc.) with confidence. The disciplined approach detailed
above ensures that at each step we are ready to make informed decisions — scaling up our commitment
only when justified, or stopping if the facts warrant.

Conclusion and Recommendations
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In conclusion, entering the bio-based ingredients arena is a strategically sound move for our company
given the alighment with sustainability trends, market sighals of consolidation (which favor well-prepared
entrants), and our own long-term innovation roadmap. However, it must be pursued with careful risk
management and clear strategic focus. Our detailed analysis recommends a Partner-Pilot strategy as the
optimal path: it secures needed capabilities quickly and cost-effectively, while maintaining flexibility to
scale or pivot. The partnership shortlist we’ve identified offers us multiple routes to success, and our 90-
day plan jumpstarts execution to ensure we don’t lose momentum.

Key recommendations:

e Move now - Don’t wait on the sidelines. Initiate the partnership conversations immediately to ride
the current window of opportunity (where valuations are reasonable and competitors haven’t
locked things up).

e Investin learning—Treat the pilot as not only a product development effort but also an
organizational learning mission. Send our team members to the partner’s site, cross-train, and
absorb the biotech culture. This will start bridging our capability gap from day one.

« Maintain option agility — Keep all three long-term options (build, partner deeper, acquire) open as
the project evolves. Negotiate options or rights of first refusal in contracts (for instance, an option
to fully license or acquire the technology if milestones are hit). This ensures we can convert a
successful pilot into a lasting competitive advantage, either by internalizing it or continuing an
alliance.

e Guard the downside — Adhere strictly to the stage-gate criteria set. If the venture underperforms,
be willing to cut losses and redirect resources to other innovation opportunities. Given the
dynamic state of the industry, if our initial approach doesn’t work, there may be alternate bio-
based plays (different molecule or different technology) — but we should not throw good money
after bad on a doomed approach.

e Engage customers early — As soon as we have prototype samples (even lab-scale), involve a few
key customers in testing. Their feedback will validate the value proposition (or not) and create
early demand pull. Many big customers are eager to pilot sustainable materials [D34] ; we
should harness that enthusiasm to co-develop applications. It can also serve as an extra check
before major investments (if customers won’t even trial it, think twice about scaling up).

e Leverage external support — Continue to monitor and apply for grants, subsidies, or partnerships
with government initiatives (such as the ones under the new bioeconomy funding programs ).
Non-dilutive funding can improve our project’s financial profile and is often intended exactly for
projects like ours that bridge innovation and commercialization. Joining industry coalitions (like
the AFCC [D3] orbio-based product consortiums in the EU) can also provide influence on
policy and access to shared knowledge.
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By following this plan, we aim to launch our first bio-based ingredient in the market within ~2 years,
establish our company as a credible player in the sustainable materials space, and position ourselves to
capitalize on the future growth and consolidation of the bio-based economy. This strategic initiative is not
without risk, but as shown, the risks are identifiable and manageable, and the rewards for getting it right
are substantial — both in financial returns and in securing the future relevance of our business. We
recommend the executive team approve the outlined plan and funding, and we will proceed with
implementation immediately upon approval.
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