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PRECISION AND BIOMASS FERMENTATION CAN PLAY AN IMPORTANT ROLE
IN HUMAN PROTEIN CONSUMPTION

. Alternative proteins (AP) in scope of this analysis

Protein sources for human consumption
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2 Source: adapted from: FAIRR, 2024: Protein Diversification: A Tool to Address Climate, Nature, and Public Health Risks




FERMENTATION HAS BEEN WIDELY USED THROUGH HISTORY, PRODUCTS
HAVE THE POTENTIAL TO UNLOCK THE BROADER ALT. PROTEIN MARKET

Using microorganisms to
transform ingredients

The process of changing a plant-
based ingredient through
microbial anaerobic (using intact,
live microorganisms) into food '

What is it?

* Yogurt
* Cheese
» Tofu

* Tempeh
* Miso

» Kimchi
* Bread

Food applications
(non exhaustive)

* Beer
* Wine
» Sake

Sources: ' GFI (N.D.) What is fermentation for alternative proteins — Resource Guide; 2 GFIl (2024) 2023 State of the Industry Report — Fermentation; 3 The term ‘precision fermentation’ was coined in 2019 by RethinkX to

The microorganism is the end-product of interest

Process utilizes fast-replicating natural microorganisms, e.g.
fungi or algae, to produce high protein biomass

Resulting biomass is either used as a standalone product (e.g.
mycoprotein) or as an ingredient in AP foods

6x more fungi species than plants globally, offering a diverse
range of nutrient and taste profiles for human diets

Mycoprotein: e.g., Quorn grows filamentous fungi via
fermentation since 1985. The fungi biomass produced is
used as primary ingredient in their alt protein products’
Algae protein

Bacterial single-cell protein

Yeast protein
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Leather alternatives

combine concepts of fermentation and precision biology; RethinkX (2019) Rethinking Food and Agriculture 2020-2030; RethinkX (2020) Precision Fermentation: What exactly it it?; 4 Planet A Ventures (2023) Introducing
Precision Fermentation: Accelerating the Plant-Based Revolution; ® GFI (N.D.) The Protein Transition: The science behind alternative proteins (Lecture 4, Fermentation);

Precision fermentation

Using microorganisms as cell factories

* Precision fermentation has been used for decades to
produce ingredients like low-cost rennet for cheesemaking, and
is now being used to make next-generation alternative
protein ingredients.

+ Similar to how traditional fermentation involves microorganisms
turning sugars into alcohol, PF gives organisms like yeast the
instructions to turn sugars into ingredients like heme or dairy
proteins

Widely used for:
* Rennet (80-90% of modern cheese production uses PF-
derived rennet enzymes, rather than extracts from calf

stomachs)23:5 TANDING E“Eﬂ'

« Riboflavin (vitamin B2) ouATION
Novel ingredients: BETTER
DAIRY

+ Dairy proteins (e.g., whey and caseins)

» Egg white proteins . .
OQ(OJ remilk.
Sl ONEGO. P

* Heme protein

* Fats

Widely used for: Novel ingredients:

* Insulin * Palm oll

« Citric acid * Ingredients for cosmetics

* Enzymes for biofuel processing <« Cotton fiber
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https://gfi.org/fermentation/
https://gfi.org/fermentation/
https://gfi.org/fermentation/
https://gfi.org/wp-content/uploads/2024/04/State-of-the-Industry-report_Fermentation_2023.pdf
https://gfi.org/wp-content/uploads/2024/04/State-of-the-Industry-report_Fermentation_2023.pdf
https://gfi.org/wp-content/uploads/2024/04/State-of-the-Industry-report_Fermentation_2023.pdf
https://23227526.fs1.hubspotusercontent-na1.net/hubfs/23227526/RethinkX%2BFood%2Band%2BAgriculture%2BReport-3.pdf?utm_campaign=AA%20-%20All%20gated%20Content&utm_medium=email&_hsenc=p2ANqtz-9lq7i-2FjLxtV5dEZ4IvLcb4dN0yxf4KJj_sf4viacZys56T5hEYBb3WRJmWrBrKIiwqHQTBqf0G1pzUuH4br0mllEYp23EllgkUuh0XTvh2YSuzM&_hsmi=313016416&utm_content=313016416&utm_source=hs_automation
https://23227526.fs1.hubspotusercontent-na1.net/hubfs/23227526/RethinkX%2BFood%2Band%2BAgriculture%2BReport-3.pdf?utm_campaign=AA%20-%20All%20gated%20Content&utm_medium=email&_hsenc=p2ANqtz-9lq7i-2FjLxtV5dEZ4IvLcb4dN0yxf4KJj_sf4viacZys56T5hEYBb3WRJmWrBrKIiwqHQTBqf0G1pzUuH4br0mllEYp23EllgkUuh0XTvh2YSuzM&_hsmi=313016416&utm_content=313016416&utm_source=hs_automation
https://23227526.fs1.hubspotusercontent-na1.net/hubfs/23227526/RethinkX%2BFood%2Band%2BAgriculture%2BReport-3.pdf?utm_campaign=AA%20-%20All%20gated%20Content&utm_medium=email&_hsenc=p2ANqtz-9lq7i-2FjLxtV5dEZ4IvLcb4dN0yxf4KJj_sf4viacZys56T5hEYBb3WRJmWrBrKIiwqHQTBqf0G1pzUuH4br0mllEYp23EllgkUuh0XTvh2YSuzM&_hsmi=313016416&utm_content=313016416&utm_source=hs_automation
https://rethinkx.medium.com/precision-fermentation-what-exactly-is-it-7004eeaa798e
https://rethinkx.medium.com/precision-fermentation-what-exactly-is-it-7004eeaa798e
https://rethinkx.medium.com/precision-fermentation-what-exactly-is-it-7004eeaa798e
https://planet-a.medium.com/introducing-precision-fermentation-accelerating-the-plant-based-meat-revolution-bad1dfd9cb04
https://planet-a.medium.com/introducing-precision-fermentation-accelerating-the-plant-based-meat-revolution-bad1dfd9cb04
https://planet-a.medium.com/introducing-precision-fermentation-accelerating-the-plant-based-meat-revolution-bad1dfd9cb04
https://planet-a.medium.com/introducing-precision-fermentation-accelerating-the-plant-based-meat-revolution-bad1dfd9cb04
https://docs.google.com/presentation/d/1ajVUwHmHRcHQRTbKgVc-KE0RvTM_0ysvvo3qlJM5TrU/edit#slide=id.ge0b00bcb0b_0_106

CURRENT POLICIES PUT THE UK ON TRACK FOR A £2.4 BILLION

FERMENTATION MARKET BY 2050

UK fermentation market size projections, based on level of policy support and investment, in £B, future prices

Low Ambition

UK market size for end-product
by 2050
(£B, future prices)

£0.6 B

0.5
0.1 [ 60% |
40%
Precision Biomass

» UK falls behind global leaders as regulatory delays, lack
of guidance and limited FSA capacity make it difficult for
companies to launch products

» Public funding remains low, with minimal support for
pilot infrastructure or scale-up

= Strict naming rules and no coordinated terminology
reduce consumer understanding and trust

= Market size remains small, comparable to the current UK
manufacturing of leather and related products (£0.5 B)

Business As Usual (current policies)

I Meat Seafood Dairy [ Egg
1.9
0.5 32%
60% 16%
0% 5%
Precision Biomass

= The UK maintains steady progress, with modest public
R&D support through UKRI and inclusion of
fermentation in engineering biology strategies

= The FSA provides a functioning regulatory process,
though still slowed by limited resources

= Broader use of clear terminology improves consumer
trust and investor confidence

= Market size grows modestly, comparable to the 2024
sales of pet food industry (£2.7 B)

Projection in current course’

Notes: The market sizes represent the total addressable market in the UK based on projected demand and product prices, irrespective of domestic production and imports. Based on
Systemiq Precision and Biomass fermentation analysis building on FAO consumption data; UK Manufacturing 2024 sales based on UK Manufacturers’ sales by product dataset, link

High Ambition

2.2

64% 29%
5%
Precision Biomass

The UK becomes a leading hub for fermentation,
backed by strong public R&D investment, infrastructure
funding, and a coordinated national strategy

The FSA is well-resourced, enabling fast and predictable
regulatory approval for novel foods

Naming laws are reformed to allow terms like "milk" and
"cheese", significantly boosting consumer trust

Market size slightly surpassing the 2024 sales of the beer
manufacturing industry (£5.6 B)
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https://www.ons.gov.uk/businessindustryandtrade/manufacturingandproductionindustry/datasets/ukmanufacturerssalesbyproductprodcom
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WITH MORE AMBITIOUS POLICIES, FERMENTATION COULD CREATE

” ~
CLOSE TO £11 BILLION OF ECONOMIC VALUE, INCLUDING EXPORTS W
Opportunity & key benefits Key drivers
UK domestic and export market sizes for precision High ambition scenario * The UK government’s stance toward the fermentation sector is broadly positive,
and biomass fermentation 2050, (£B, future prices) with growing momentum for change, regulatory modernisation initiatives, and investment

in scale-up and consumer readiness

= UK Industrial Strategy | calls out precision technologies and engineering biology as
priority sectors to boost productivity, build climate resilience, and reduce emissions
in the agriculture sector?

= Regulation | facilitates innovation by investing £1.4 million in the Innovation Hub,
enabling the Food Standards Agency (FSA) to expand its expertise in precision
fermentation?

= Public funding | since 2021, over £75M in public funding has been invested in
alternative proteins incl. fermentation, >50% of the amount recommended by a
landmark review of England’s food system?

= How to unlock further growth:
= Recognize the role of fermentation in the new UK Food Strategy

8.2 = Reform the Precision Breeding Act to enable some fermentation products to
: come to market without a novel food / GM food/ feed authorisation

= Revise dairy nomenclature regulations, so fermentation products can use

Domestic 9.5 familiar terms like “dairy” and “cheese”
Investing in the future of fermentation (high ambition):
= £150 M per year in R&D funding until 2050 (total public & private): critical
research to reach taste & price parity and unlock revenue opportunities (e.g.
- - — - target identification, strain optimization, bioprocess design)
PF/ BF ingredients Specialised & Production Total market

= £960 M per year to build the fermenters until 2050 (total public & private): to

commodity inputs  Infrastructure opportunity build and develop pilot, demo, commercial and biofoundry scale facilities*

Note: The domestic market sizes shows the market size serviced by domestic production, which explains the slightly lower number than the total addressable market on the previous page. Sources: '
UK’s Modern Industrial Strategy, June 2025; 2 GFl, link; 3 GFl, link; 4 The investment numbers presented here are based on current strain and titer productivity, making them a conservative estimate for SYSTEMIQ
5 clarity and consistency. By 2050, yields are expected to improve significantly, which would reduce the demand on bioreactor hardware and capacity and could substantially lower investment

requirements, especially for PF.


https://gfieurope.org/blog/uk-invests-1-4-million-in-boosting-food-standards-agency-precision-fermentation-expertise/
https://gfieurope.org/blog/analysis-finds-uk-government-has-invested-75-million-in-alternative-protein-innovation-since-2021-national-food-strategy/
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THE ECONOMIC BENEFITS OF A HIGH AMBITION SCENARIO COULD BE
3-4X HIGHER THAN THE BAU SCENARIO FOR GVA AND EXPORTS

A
V.

Total annual GVA contribution Annual market value of exports
(£B, future prices) (£B, future prices)
9.8 2.3
I Precision
Biomass
3.2
70%
63 e b
0.7 2.5 0.1 83%
—o0.s— __ 100%
Low BAU High Low BAU High
» There is a potential £9.8 B contribution to the UK economy by 2050. For context, » Up to £2.3 B of trade opportunities are created with the fermentation value chain,
the agri-food sector contributed £146.7 B to the national Gross Value Added in of which ~45% is driven by the UK exporting product inputs, and ~45% by the
20222, export of fermentation ingredients
= >20% of the GVA comes from the broader value chain outside of the end- » For context, the total value of exports of Food, Feed and Drink from the UK was
product, showing the catalyzing role fermentation can play for broader £24.6 B in 20243; the value of Scottish whisky exports stood at £5.4 B in 20244

economic activity

Notes & Sources: ' Total GVA contribution is based on 1) the direct GVA contribution + indirect and induced impact of the domestic fermentation end-markets, 2) the direct GVA
contribution + indirect and induced impact of the export markets, split in fermentation end-market, high- and low-value input markets, high- and low-value infrastructure markets; ? Link; 3 SYSTEMIQ
6 UK Capabilities in the Agri-Tech sector, 2018; 45 Link, Scotch Whisky Association, 2025;



https://www.gov.uk/government/statistics/food-statistics-pocketbook/food-statistics-in-your-pocket
https://www.gov.uk/government/statistics/uk-trade-in-food-feed-and-drink/uk-trade-in-food-feed-and-drink

SYSTEMIQ

© 2025 Systemiq Ltd. All rights reserved.
This document (the “Document”) is for informational purposes only and is being made available to you by Systemiq.

This Document is published by Systemiq and contains information that has been or may have been provided by a number of sources. Systemiq has not separately verified the information provided from
outside sources and cannot take responsibility if any of these statements misrepresent a stakeholder position or if positions evolve over time.

To the extent permitted by law, nothing contained herein shall constitute any representation or warranty and no responsibility or liability is accepted by Systemiq as to the accuracy or completeness of any
information supplied herein. Recipients of this Document are advised to perform independent verification of information and conduct their own analysis in relation to any of the material set out.

The statements contained herein are made as at the date of the Document. Systemiq or any member, employee, counsel, officer, director, representative, agent or affiliate of Systemiq does not have any
obligation to update or otherwise revise any statements reflecting circumstances arising after the date of this Document.

This Document shall not be treated as tax, regulatory, accounting, legal, investment or any other advice in relation to the recipient of this information and this information should not and cannot be relied
upon as such.

If you are in any doubt about the potential purpose to which this communication relates you should consult an authorised person who specialises in advising on business to which it relates.



	Slide 1: The economic opportunity of precision and biomass fermentation for the uk
	Slide 2: Precision and biomass fermentation can play an important role in human protein consumption
	Slide 3: Fermentation has been widely used through history, products have the potential to unlock the broader alt. protein market
	Slide 4: Current policies put the UK on track for a £2.4 billion fermentation market by 2050
	Slide 5: With more ambitious policies, fermentation could create close to £11 billion of economic value, including exports
	Slide 6: The economic benefits of a high ambition scenario could be  3-4x higher than the BAU scenario for GVA and exports
	Slide 7

