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Scaling the alternative protein 
supply chain

Zak Weston, Foodservice & Supply Chain Manager



How GFI advances alternative proteins

Science and Technology
Bridging gaps in scientific research, funding, and talent across the alternative 
protein sector.

Corporate Engagement
Helping the food industry and investor communities put delicious, affordable 
alternative proteins on every menu and in every food retailer.

Policy
Advancing government investment in sustainable proteins as well as fair 
regulation and legislation.

We work as a force multiplier, bringing the 
expertise of our departments to 
the rest of the world. 

United States
Brazil
India
Israel

Europe
Asia Pacific

GFI is a nonprofit working to create a sustainable, healthy, and just 
food system through three key areas of work:

GFI officially earned GuideStar's 2019 Platinum Seal of Transparency -
obtained by less than 1% of nonprofits - reflecting our commitment to 
maximum impact, efficiency, and inclusion.

100+ staff in 6 countries



Our Unique Role
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Sharing knowledge freely. In a field where many innovators seek novel solutions to the same 
set of problems, GFI’s research, data, and insights are open-access and support the progress of 
every innovator in this space.

Focusing on the white space. GFI advances high-impact, tractable solutions in areas where too 
few people are working

Taking a big-picture perspective. GFI works across the plant-based and cultivated industries, 
the public and private sectors, and international borders, as well as into future decades. We 
spot and address today’s industry-wide challenges, and we forecast and avert obstacles.

GFI plays a unique role in the alternative protein ecosystem. 
As a non-profit organization, we maximize our impact by:



Feeding 10 Billion
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“To adequately feed more than 9 
billion people by 2050, the world 
must close a nearly 70 percent gap 
between the amount of food 
produced in 2006 and that needed 
by mid-century.”

- World Resources Institute, 2014

2006 2050

9,500

trillion kcal/year

16,000

How will we feed 10 billion?

Source: https://www.gfi.org/images/uploads/2018/05/WRISustainableFoodFuture.pdf

As the global population increases and 
people move into higher income 
brackets, more food is needed.

https://www.gfi.org/images/uploads/2018/05/WRISustainableFoodFuture.pdf


Animals are inefficient processors of plant feed crops
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The 
Carbon 
Footprint 
of Protein 

gfi.org 

The 
Carbon
Footprint
of Protein 

Source: Our World in Data 
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Source: United Nations, Livestock’s Long Shadow (report)

Sustainably
Industrialized animal agriculture 
is in the top 2-3 most 
significant contributors to the 
world’s most pressing 
environmental issues such as 
water use, air pollution, and 
loss of biodiversity.

Industrialized animal ag is 
responsible for 14-18% of 
greenhouse gas emissions—a 
higher share than the entire 
transport sector.

Sources: World Resources Institute (calorie formula);
UN FAO (land use) 

Efficiently

It takes nine calories of 
food fed to a chicken to 
produce one calorie of 
meat.

75% of agricultural land is 
used for raising and feeding 
livestock yet only provides 
1/3 of the global protein 
supply.

Sources: FDA (animal-consumed antibiotics); IMS Health (human-
consumed antibiotics);  United Nations IAGC (AMR)

Safely

Animals in the United States 
consume more than 2x as 
many medically important 
antibiotics as humans do.

Based on current trends, 
medical experts expect 10 
million annual deaths from 
antimicrobial resistance 
(AMR) in 2050, a 14-fold 
increase over current 
deaths.

http://www.fao.org/3/a0701e/a0701e00.htm


GFI’s Approach
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The Challenge
Current meat, egg, and dairy 
production is unsustainable 
and inefficient. It is a key 
driver of climate change, 
environmental degradation, 
and antibiotic resistance.

GFI’s Solution
We can create meat, eggs, and dairy more sustainably and 
efficiently by making them from plants, cultivating them directly 
from cells, or producing them by fermentation.

Instead of asking consumers to give up the foods they love, GFI 
is accelerating the transition to alternative proteins by helping 
companies make products that are delicious, affordable and 
accessible.



CULTIVATEDFERMENTATION
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PLANT-BASED

Photo courtesy of Beyond Meat

The Alternative Protein Landscape

Photo courtesy of Ecovative Design: Atlast Food Co.
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Plant-Based

Plant-based meat, eggs, and dairy are 
produced directly from plants. 

Like animal products, they are composed of 
protein, fat, vitamins, minerals, and water. 
Next-gen plant-based options look, taste, and 
cook like conventional meat, 
and offer complex carbs and fiber.
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Fermentation

Fermentation is an enabling technology for the 
alternative protein industry that allows the 
production of standalone protein sources or 
functional ingredients.

Microorganisms, such as filamentous fungi and 
bacteria, can be programmed to express specific 
proteins or fats, or their entire protein biomass 
can be harvested.



gfi.org | Page 12

Cultivated

Cultivated meat is produced directly from 
animal cells.

Meat cultivation facilitates the same biological 
process that happens inside an animal by 
providing cells with the warmth and basic 
nutrients required to build muscle and fat.



Manufacturers are focusing on the larger omnivore and 
flexitarian segments
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Omnivores
65%

Flexitarian
29%

Veg/
Vegan

6%



Tracking primary consumption drivers 
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Price Taste Availability

Retail
Plant-based meat: $4.52/pkg
Conventional: $4.13/pkg

Foodservice (wholesale)
Plant-based meat: $4.76/lb
Ground sirloin: $3.20/lb

60% of Americans who tried
PB meat were likely to repeat 
purchase

Retail (distribution points)
Plant-based meat: + 6%
Conventional: -0.11%

Foodservice
Plant-based meat: +26.4%
Conventional: N/A



Diffusion of innovation for plant-based meat and plant-based 
milk (US household penetration)
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Manufacturing
Launch of a plant-based 
product or product line

✔ ✔ ✔ ✔ ✔ ✔

Investment
Known investments in a 

plant-based or 
cultivated meat 

company

✔ 🗶 ✔ 🗶 🗶 ✔

Conventional animal meat companies are participating in the 
alternative protein disruption

Tyson CEO Noel White said he expects Tyson “to be a market leader in alternative protein, which is experiencing 
double-digit growth and could someday be a billion-dollar business for our company.”

Source: GFI analysis



Future benefits of plant-based & alternative proteins
Complete customizability and control
● Steak with your brand’s logo printed into the marbled fat

● Custom meat blend (turkey + duck + chicken) that is unique to your brand

● The species of meat we currently eat (cows, chickens, pigs, etc.) weren’t necessarily 
selected for being the most delicious or nutritious: these species happened to be 
easy to domesticate

● Better nutrition, can control fat ratios and compositions

● Improved shelf life and food safety

● Can be made anywhere

Produce just the highest-value meat cuts 
● No carcass balancing problem, can produce the exact cuts demanded
● Eventually, premium cuts like sirloin or bluefin tuna could cost the same as ground 

beef, causing a dramatic shift in consumption patterns 
● Easier and faster to produce



Animals as a technology are being superseded, and this 
has happened before
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Made irrelevant via alternative technology

Transportation

Horses & pack 
animals

Fuel & Energy Fuel

Lamps (whaling)
Draft animals

Research / Animal 
Testing

Models for 
Human Disease

Food & 
Materials

Meat & 
Byproducts

Category

Technology 
(Animal)

Alternative
Technology

Cars, Planes, 
Trains

Electricity &
Tractors

Refrigeration,
Processing, &   
Currency

Body-on-a-chipNew Protein 
& Material

Food Storage & 
Tradeable Wealth

Livestock



Plant-based 2.0 is reframing the meat, egg, & dairy categories

Meat has been abstracted away from the animal
• From hunting/gathering and agrarian economies >> centralized farming and slaughter 
• From buying whole parts of animals (side of beef) >> buying specific cuts and formats
• All enabled by food-tech and supply chain technology innovations such as boxed beef and 

cold shipping

The definition of “meat” is shifting, from being primarily defined as 
animal tissue to:
• Functional - center-of-plate anchor, satiety, nutrition and protein source, energy for my day
• Experiential - specific grouping of flavors and textures, umami, dense flavor, an experience

Integrating plants and new forms of protein is the next step of this 
evolution
• Plant-based, fungi, algae, cellular agriculture, precision fermentation, etc.
• Hybrids/blends of Animal + plant protein, animal + cellular protein, plant + cellular, etc.
• Breeding better fruits and vegetables for flavor
• Spreading protein around the plate

>>>

>>>

>>>

!



Global plant-based meat market projections

Source
Projected 

market 
size

By 
year

Projected share of 
global meat market

MarketsandMarkets $28b 2025 2%

J.P. Morgan $100b 2035 7%

A.T. Kearney $370b 2035 23%

This is a massive disruption global plant-based meat market is 
projected to reach at least $100b if not $370b by 2035
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U.S. plant-based meat market projections

Source
Projected 

market 
size

By 
year

Projected share of 
U.S. meat market

Grizzle $34b 2030 10%

Bernstein $41b 2030 12%

Source: Nasdaq (May 2019); Business Times (May 2019); J.P. Morgan (May 2019); A.T. Kearney (May 2019); Grizzle (May 2019)

https://www.nasdaq.com/article/the-zacks-analyst-blog-highlights-lyft-uber-pinterest-and-twitter-cm1151662
https://www.businesstimes.com.sg/consumer/beyond-meat-bulls-are-undaunted-as-bears-pile-on-after-surge
https://www.atkearney.de/pressecenter/article/?/a/a-t-kearney-studie-zur-zukunft-des-fleischmarkts-bis-2040
https://grizzle.com/beyond-meat-bynd-juicy-multi-bagger/


Future of plant-based/alternative 
protein supply chains



PB Meat Value Chain
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Crop 
Characterization 
and Optimization

Raw Material 
Optimization

Production Method 
(Extrusion, Shear 

Cell, etc.)

Financing and 
Business Services

Brokerage & 
Distribution

End Products / New 
Product Lines

Retail

Foodservice

Product Dev. 
(Flavor, Color, 

Texture)

Manufacturing 
(Facility Design, 

Optimization, etc.)

Safety, QA, and 
Regulatory

Branding and 
Marketing

Source: GFI analysis; value chain    design inspired by Wild Type’s Food for Thought Medium post. 



Technology development opportunities exist across the 
value chain for improving plant-based meat production

INGREDIENT PROCESSING

Raw materials are isolated and functionalized 
by mechanical and chemical processes to 
create optimal ingredients for the end 
product.

END PRODUCT FORMULATION AND 
MANUFACTURING

Texturization

The correct mix of ingredients and 
processes are established to create the 
desired taste, texture, smell, and structure

SOURCE SELECTION
Characterize new crop sources 
to diversify the available inputs 
for plant-based meat.

OPTIMIZATION
The source 
material is 
optimized via 
breeding or 
engineering. 

Raw material 
optimization

Isolation & 
functionalization

Formulation & 
manufacturing gfi.org 



• Diversity of shapes and sizes

• Generally utilized to create whole muscle 
products and best resembles muscle striata (i.e. 
filets, strips, etc.)

• Product is extruded in a hydrated form, then 
passed through one or a combination of stages 
including marinating, coating, and freezing

• The same key equipment manufacturers provide 
twin-screw extruders for high moisture extrusion 
and low moisture extrusion 

Current production technology: 
High-moisture extrusion (HME)



Future Production Requirements 

• Analysis of existing end-product manufacturing and ingredient processing capacity
• Analysis of key input production: crop acreage, cell culture media, equipment, 

bioreactors, feedstocks, etc.
• Modeling of supply chain capacity, infrastructure, workforce, and investment needs 

based on estimates of future alt protein demand



Plant-based infrastructure priorities

Production capacity
● Dedicated facilities owned & operated by plant-based 

brands
● Contract manufacturing

Processing capacity
● Raw materials like crops

Challenges
● Need capacity at various scales: pilot, demo, and 

commercial
● Retrofitting existing facilities
● Finding stranded and underutilized assets

Source: AT Kearney (May 2019)

Production capacity needs

Plant-based meat capturing 
10% of meat market by 2025 

would require 37 MMT of 
production capacity*, which 

would cost $40B - $60B 
(greenfield) capex based on 

2019 infrastructure costs

https://www.de.kearney.com/pressecenter/article/?/a/a-t-kearney-studie-zur-zukunft-des-fleischmarkts-bis-2040


Fermentation-based production & R&D needs

SOURCE
Fungi, bacteria, algae, and plant cells 
can all be starting material for 
fermentation-based protein production 

FERMENTATION
The cells are added to a bioreactor along 
with cell culture media. The conditions 
inside the bioreactor allow the cells to 
proliferate.

PURIFICATION & FINAL PRODUCT

Biomass

All the proteins in the 
cells can be isolated and 
purified to produce a 
protein isolate for meat, 
egg, or dairy production.

Alternatively, a specific 
protein expressed by the 
cells can be isolated and 
purified for use as an 
ingredient.

Functional Protein

OPTIMIZE
The cells are optimized for 
fermentation and final product 
function via culture conditions 
and/or cell engineering. 



Fermentation infrastructure priorities
Production capacity
● Dedicated facilities owned & operated by alternative protein brands
● Contract fermentation providers

Processing capacity
● Sources of raw materials like sugar or other biomass feedstocks
● Marketplaces & exchanges to aid sourcing
● Upstream processing & quality/safety testing
● Cheap downstream processing (recovery, extraction, purification, 

drying, etc.)

Challenges
● Need capacity at various scales: pilot, demo, commercial
● Retrofitting obsolete biofuel facilities
● Existing production infrastructure, inputs, and workforce come from 

high-cost, high-margin life sciences industry, with emphasis on sterility 
that is over-engineered for food production purposes



Cultivated Meat Production

Phase 2: 
Tissue Maturation

Phase 1: 
Cell proliferation

SAMPLE
A small sample of cells is 
obtained from an animal. 

Medium Recycling

The cells are added to 
a bioreactor along 
with cell culture media, 
which causes the cells 
to proliferate.

CELL STARTER CULTURE

Scaffolding

Final Product

CELLS AT MATURATION
Primarily muscle, fat, and 
connective tissue.

Fat 
Cell

Muscle 
Cell

Fibroblast 
Cell

A change in culture 
conditions pushes the 
cells to differentiate 
into muscle, fat, and 
connective tissue.

Source: GFI analysis



Cultivated Meat Value Chain
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Product Dev. 
(Flavor, Color, 

Texture)

Manufacturing 
(Facility Design, 

Optimization, etc.)

Safety, QA, and 
Regulatory

Branding and 
Marketing

Financing and 
Business Services

Brokerage & 
Distribution

End Products / New 
Product Lines

Retail

Foodservice

Cell Line 
Development Cell Culture Media BioreactorsScaffolding

Source: GFI analysis; value chain    design inspired by Wild Type’s Food for Thought Medium post. 



Cultivated meat infrastructure priorities
Production capacity
● Pilot, demo, and commercial scale

Innovative financing and production partnerships
● Licensing
● Contract manufacturing
● Strategic investment and supplier partners – media, bioreactors, etc.

Challenges
● Since cultivated meat has not yet been commercialized, production 

needs are still theoretical
● Hard to justify investment in production facilities without regulatory 

approval, but it is hard to get regulatory 
● Existing production infrastructure, inputs, and workforce come from 

high-cost, high-margin life sciences industry, with emphasis on sterility 
that is over-engineered for food production purposes



The “feed” industry of the future – alternative proteins need to 
utilize every fraction of crop or biomass inputs
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OR

SIDESTREAM 
BIOMASS

• High utility for plant-based meat, egg, 
and dairy products

High molecular-
weight proteins

• High utility for cultivated meat 
production; may need to supplement 
with fermented amino acids

Amino acids, 
small peptides

• High utility for microbial fermentation 
(production of ingredients, enzymes, 
growth factors, fungal protein) or 
scaffolding for cell-based meat

Simple sugars 
and longer 

polysaccharides 
and starches

PLANTS
ALGAE
BACTERIA
FUNGI



Alternative protein investment opportunities

● Venture capital
● Need to explore different sources of growth capital
● To scale infrastructure, industry needs innovative financing solutions

○ Debt financing
○ Project finance
○ Leasing
○ Infrastructure loan and investment funds
○ Industrial REIT’s for manufacturing and processing facilities
○ Venture loans
○ Low-cost, non-dilutive growth capital

● Startups need to partner with established industry to unlock capital and 
expertise
○ M&A activity
○ Strategic investment partners



SOLAR

Global R&D investment into renewable energy 
in a single year (2011): $250 billion

Total combined R&D into meat alternatives: 
about $1bn

WIND BIOMASS BIOFUELS HYDRO MARINE GEOTHERMAL

Source: Global Trends in Renewable Energy 2012

$147.4bn $83.8bn $10.6bn $6.8bn $5.8bn

$2.9bn $0.2bn

Alternative protein development is highly tractable and 
will benefit from additional resources

gfi.org 



Growth across both plant-based meat and cultivated meat

Source: GFI analysis of PitchBook data



● Abundant, inexpensive capital
● Diverse pool of investment sources to meet variety of 

industry needs
● More food industry partnerships

● More research funding
● Talent & workforce development
● Better end product formulation
● More & better ingredients
● Scientific advancement & innovation
● Shared & open-access knowledge

This is still a young category. As it grows, product quality will 
improve and prices will come down

● Ecosystem of enabling industries
● More production/processing capacity
● Scaling infrastructure for future demand
● Better processing & production techniques

● Lower prices
● More variety
● Improved nutrition
● Wider availability
● Improved functionality & versatility
● Quality: Better flavor, texture, & sensory appeal

● Food industry support
● Positive consumer perceptions
● Social and institutional support
● Cultural & cuisine integration
● Effective promotion



Work we are doing and need help with
• Science & technology engagement
• Policy engagement: government R&D funding
• Corporate engagement with supply chain companies
• Looking for different types of investors
• Looking for case studies and best practices from other industries/sectors 

for rapid and sustainable scaling of supply chains and manufacturing 
infrastructure  

• Demand forecasting & modeling
• Techno-economic root cause analysis of alt protein product liabilities 

(taste and price, scale)
• Cost and experience curve analysis, how to reduce production costs
• How to rapidly scale, de-risk, and commercialize R&D
• Existing stranded or underutilized assets that can be repurposed



Recurring questions
• What is the total?
• What will the market share of alternative proteins be in 5, 10, 15 years?
• Why do alternative proteins cost so much? How can we reduce COGS?
• How can the taste and sensory properties of alt protein products be improved?
• Are clean labels important to consumers? Are other claims such as non-GMO or organic 

important to them?
• Where are the M&A opportunities in alternative proteins?
• How much raw material processing capacity exists today? How much is needed to meet future 

demand?
• How much end-product production capacity exists today? How much is needed to meet future 

demand?
• Should we build a new plant? Should we retrofit or repurpose existing capacity?
• Are there enough acres planted of crops that can be used as alt protein inputs?
• What are the next big proteins/crops? 
• How can we get infrastructure capital/project financing for new manufacturing capacity?
• Contract manufacturing (lab-pilot-demo-commercial scales)
• Contract processing (lab-pilot-demo-commercial scales)
• Need expanded access to working capital



Recurring topics & questions -
key challenges

GFI recently published an overview of the most 
pressing challenges we’ve been told about at 
each stage of the alt protein supply chain, 
representing whitespace opportunities for 
startups/investors/corporates, based on over 
150 supply chain interviews

https://www.gfi.org/alternative-protein-solutions


The pandemic is shining a bright spotlight on animal protein 
supply chain vulnerabilities
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“More than 16,200 U.S. meat plant workers had 
tested positive for Covid-19 by the end of May 
and 86 had died.”

https://www.bloomberg.com/news/articles/2020-07-07/virus-killed-86-u-s-meat-plant-workers-through-may-cdc-says
https://www.nytimes.com/2020/06/16/business/meat-industry-china-pork.html


38%
41%
42%

47%
49%

53%
55%

61%
63%

74%

0% 20% 40% 60% 80%

Almost half of consumers report they are willing to eat more 
plant-based meat in the event of meat shortages

Source: Datassential, “Covid-19 Report 18: Where’s the Meat” (May 2020)

Actions consumers are willing to take if Covid-19 leads to meat shortages

Eat less meat in general
Choose grocery stores based on which has meat I want
Be open to restaurants featuring dishes with less meat

Choose restaurants based on availability of meat dishes
Get meat elsewhere if shortage at a store

Pay a higher price for meat at the grocery store
Switch to eating more plant-based meat
Buy raw meat from restaurants if offered
Pay higher prices for meat at restaurants

Pay high prices for burgers at fast food restaurants

Gen Z and Millennials are more likely to 
switch to eating more plant-based meat, at 

62% and 56%, respectively



Market disrupting events can have enormous financial 
impact

China’s plunging pig population 
send pork prices soaring

Source: Ministry of Agriculture and Rural Affairs, National Bureau of Statistics

Reported outbreaks in China since Aug 2018

Or half, of China’s breeding pigs died or 
were culled

Chinese hog farmers decided not to restock

Fall in Chinese sow herd in April 2019

1.6M

80%

145

-22%
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This slide is reproduced courtesy of the FAIRR initiative, a global investor network focused on risk and opportunity in 
protein supply chains. For more information please see www.fairr.org

http://www.fairr.org/


Conclusion



The long view: Chicken has been THE protein growth story of the 
past 50 years, but we are on the cusp of another revolution

• Chicken consumption has 
skyrocketed to the biggest 
share of stomach in the US

• Right now we are on the cusp 
of a similar plant-based 
revolution

• Plant-based has become the 
fifth-largest major center-of-
plate protein, but not for 
long… 



Plant protein will soon surpass fish & seafood to become the 
“fourth meat”

If the typical American were to eat just 17 pounds of plant-based 
meat each year (two 3-oz. servings per week) plant-based meat 

would replace seafood as the fourth-most-popular center-of-
plate protein category in the US.

>



DATABASE
Alternative Protein 
Company Database 
>>

REPORT
State of the Industry 
Reports >>

Business Resources
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See more business resources >>

GUIDE
The Good Food 
Startup Manual >>

REPORT
The Good Food 
Restaurant 
Scorecard >>

DATABASE
Plant Protein 
Database >>



Technical Resources
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See more technical resources >>

Our Science & Technology team offers several technical resources to guide companies and scientists:

TECHNICAL PAPER
Formulating with Animal-
Free Ingredients >>

TECHNICAL PAPER
Meat by the Molecule: 
Making Meat with Plants 
and Cells >>

TECHNICAL PAPER
Cellular Agriculture: An 
Extension of Common 
Production Methods >>

TECHNICAL PAPER
Cultivated Meat: Culture 
Medium Costs and 
Production Volumes >>
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www.gfi.org


