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Executive Summary

W
e are on the cusp of the deepest, fastest, most
consequential disruption in food and agricultural
production since the first domestication of plants
and animals ten thousand years ago. This is pri-

marily a protein disruption driven by economics. The cost of
proteins will be five times cheaper by 2030 and 10 times cheaper
by 2035 than existing animal proteins, before ultimately ap-
proaching the cost of sugar. They will also be superior in every
key attribute—more nutritious, healthier, better tasting, and
more convenient, with almost unimaginable variety. This means
that, by 2030, modern food products will be higher quality and
cost less than half as much to produce as the animal-derived
products they replace.

The impact of this disruption on industrial animal farming
will be profound. By 2030, the number of cows in the US will
have fallen by 50% and the cattle farming industry will be all but
bankrupt. All other livestock industries will suffer a similar fate,
while the knock-on effects for crop farmers and businesses
throughout the value chain will be severe.

This is the result of rapid advances in precision biology that
have allowed us to make huge strides in precision fermentation
(PF), a process that allows us to program microorganisms to
produce almost any complex organic molecule. These advances
are now being combined with an entirely new model of pro-
duction we call Food-as-Software, in which individual mole-
cules engineered by scientists are uploaded to databases—
molecular cookbooks that food engineers anywhere in the world
can use to design products in the same way that software de-
velopers design apps. This model ensures constant iteration so
that products improve rapidly, with each version superior and
cheaper than the last. It also ensures a production system that is
completely decentralized and much more stable and resilient
than industrial animal agriculture, with fermentation farms lo-
cated in or close to towns and cities.

This rapid improvement is in stark contrast to the industrial
livestock production model, which has all but reached its limits
in terms of scale, reach, and efficiency. As the most inefficient
and economically vulnerable part of this system, cow products
will be the first to feel the full force of modern food’s disruptive
power. Modern alternatives will be up to 100 times more land
efficient, 10-25 times more feedstock efficient, 20 times more

time efficient, and 10 times more water efficient.1,2 They will
also produce an order of magnitude less waste.

Modern foods have already started disrupting the ground meat
market, but once cost parity is reached, we believe in 2021-23,
adoption will tip and accelerate exponentially. The disruption
will play out in a number of ways and does not rely solely on the
direct, one-for-one substitution of end products. In some mar-
kets, only a small percentage of the ingredients need to be re-
placed for an entire product to be disrupted. The whole of the
cow milk industry, for example, will start to collapse once
modern food technologies have replaced the proteins in a bottle
of milk—just 3.3% of its content. The industry, which is already
balancing on a knife edge, will thus be all but bankrupt by 2030.

This is not, therefore, one disruption but many in parallel, with
each overlapping, reinforcing, and accelerating one another. Pro-
duct after product that we extract from the cow will be replaced by
superior, cheaper, modern alternatives, triggering a death spiral of
increasing prices, decreasing demand, and reversing economies
of scale for the industrial cattle farming industry, which will col-
lapse long before we see modern technologies produce the perfect,
cellular steak.

Choices
The disruption of food and agriculture is inevitable—modern

foods will be cheaper and superior in every conceivable way—
but policymakers, investors, businesses, and civil society as a
whole have the power to slow down or speed up their adoption.
The aim of this report is to start a conversation and focus de-
cisionmakers’ attention on the scale, speed, and impact of the
modern food disruption. The choices they make in the near term
will have a lasting impact—those regarding IP rights and ap-
proval processes for modern food products, for example, will be
critical.

Many decisions will be driven by economic advantages as
well as by social and environmental considerations. But other
decisions may be influenced by incumbent industries seeking to
delay or derail the disruption. They may also be influenced by
mainstream analysis, although decisions made based on such
analysis tend to make economies and societies poorer by locking
them into assets, technologies, and skill sets that are uncom-
petitive, expensive, and obsolete. To unlock the full potential of
this and every other technological disruption, we need to em-
brace a different approach, one that better reflects the complex,
dynamic, and rapidly-changing world we live in.
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Decision-makers must also recognize there are no geograph-
ical barriers to the food and agriculture disruption, so if the US
resists or fails to support the modern food industry, other coun-
tries such as China will capture the health, wealth, and jobs that
accrue to those leading the way. Policymakers must, therefore,
start planning for the modern food disruption now in order to
capture the extraordinary economic, social, and environmental
benefits it has to offer.

The Second Domestication of Plants and Animals
Ten thousand years ago, the first domestication of plants and

animals marked a pivotal point in human history. For the very
first time, humans began breeding plants and animals to eat and
put to work. These were wild macro-organisms, ranging from
cows and sheep to wheat and barley. Humans no longer hunted
and gathered their food, but began controlling its production,
selecting the best traits and conditions for growing these or-
ganisms and thereby, albeit unintentionally, altering their nat-
ural evolution.

An often-overlooked component of this first domestication is
the vital role microorganisms played. Microorganisms exist
naturally within macroorganisms, breaking down nutrient inputs
to build useful outputs. For example, microorganisms in the
digestive tract of a cow help produce the protein and amino acids
it needs to live and grow. Not only, then, were humans unin-
tentionally manipulating the evolution of macro-organisms, but
microorganisms as well.

One thousand or so years later, humans were manipulating
microorganisms in a more direct way through early experiments
in fermentation. Within controlled environments such as ce-
ramic pots and wooden barrels, humans slowly discovered how
to make many staple foods such as bread and cheese, how to
preserve fruits and vegetables, and how to produce alcoholic
drinks. Humans were now able, in the most rudimentary way, to
control the production of food. For thousands of years, the
model of food production remained largely unchanged, based on
the lessons learned during the first domestication.

Today, we stand on the cusp of the next great revolution in
food production. New technologies allow us to manipulate mi-
croorganisms to a far greater degree than our ancestors could
possibly have imagined. We can now unplug microorganisms
entirely from macroorganisms and harness them directly as
superior and more efficient units of nutrient production.

This is the second domestication of plants and animals. The
first domestication allowed us to master macroorganisms. The
second will allow us to master microorganisms.

A New System of Production
In the biological sense, food is simply packages of nutrients, such

as proteins, fats, carbohydrates, vitamins, and minerals. Of these,
proteins—the large molecules that are needed by all cells to func-
tion properly—are the most important. They are, quite literally, the
building blocks of life. Macro-organisms produce these packages,
but to access the individual nutrients within them requires further
processing, which adds additional cost (and diminishes nutritional
quality). Single molecules within these packages are, therefore, the
hardest and most expensive to extract.3

However, microorganisms produce these individual nutrients
directly. Domestication of microorganisms, therefore, allows us
simply to bypass the macro-organisms we currently grow to
produce food and access the individual nutrients directly. By
doing this, we can build up food from these nutrients to the
exact specifications we need, rather than breaking down
macro-organisms to access them. We can replace an extrav-
agantly inefficient system that requires enormous quantities of
inputs and produces huge amounts of waste with one that is
precise, targeted, and tractable (Fig. 1).

More than that, by moving production to the molecular level,
the number of nutrients we can produce is no longer constrained
by the plant or animal kingdoms. While nature provides us with
millions of unique proteins, for example, we consume just a
fraction of these because they are too difficult or too expensive
to extract from macro-organisms. In the new system of pro-
duction, not only do these proteins become instantly accessible,
but millions more that do not even exist today. Free to design
molecules to any specification we desire, the only constraint will
be the confines of the human imagination. Each ingredient will
serve a specific purpose, allowing us to create foods with the
exact attributes we desire in terms of nutritional profile, struc-
ture, taste, texture, and functional qualities. Virtually limitless
inputs will, therefore, spawn virtually limitless outputs.

So bountiful and inexpensive will these proteins be that they
will disrupt not just the food and agriculture industries but
healthcare, cosmetics, and materials. They will underpin a new
production system that represents a profound shift in how we
conceptualize, design, and manufacture products across all these
sectors. We will be able to design and customize individual
molecules to build up products to precise specifications instead
of breaking them down from animals, plants, or petroleum.

We will, in short, move from a system of scarcity to one of
abundance. From a system of extraction to one of creation.

Technological Convergence Driving Disruption
The driving force behind these new possibilities is precision

biology. This encompasses the information and biotechnologies
necessary to design and program cells and organisms, including
genetic engineering, synthetic biology, systems biology, meta-
bolic engineering, and computational biology.4 In essence, syn-
thetic biology has undergone a conceptual shift by becoming an
engineering discipline. Just like software developers, synthetic
biologists can engineer biology and improve quality, scalability,
nutrition, taste, structure, and cost.

New information technologies like machine learning with
deep neural networks are allowing scientists to analyze complex
biological processes with far greater speed and accuracy than
ever before. For example, we now have the technology to an-
notate a database of 100 million proteins in less than two days
using a single computer.5 Meanwhile, technologies like CRISPR
have given scientists new tools to manipulate genetic matter to
design specific organisms that can be programed to produce
molecules with the precise attributes required.6

With the aid of artificial intelligence and robotics, this means
we can now formulate millions of potential versions of new food
products and ingredients and simultaneously analyze and test
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them through high-throughput screening to ensure the best
combination of nutrition, taste, flavor, aroma, and mouthfeel.
We have now reached the point where scientists can design
and synthesize almost any known or unknown molecule, while
rapidly falling costs mean we can do so far more cheaply than
ever before.

For example, the cost of fully sequencing the first human
genome was $1 billion in 2000 and took 13 years.7 Today, it

takes just a few days and costs about $1,000 – with a $100
genome within reach (Fig. 2).8-12 The cost of computing was $50
million per teraflop in 2000. Today, a GPU for machine learning
costs less than $60 per teraflop.13

When these advances in precision biology are combined with
the Food-as-Software production model, where the databases of
millions of individual molecules can be updated and shared by
scientists in real time with production facilities across the world,

Fig 1. Precision fermentation: Protein production unplugged.
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food engineers are able to design products in the same way that
software developers develop apps for smartphones. Continual
iteration means modern food products will improve rapidly,
both in functional attributes and in cost–just as version 1.0 hits
the market, companies will be working on version 2.0 already,
then 3.0, and so on, with every version superior and cheaper than
the last. This rapid improvement is in stark contrast to the in-
dustrial livestock production model, which has all but reached
its limits in terms of scale, reach, and efficiency.

PRECISION FERMENTATION
One key process enabled by the convergence of these

technologies and their rapidly falling costs is PF. This is the
combination of precision biology with the age-old process of
fermentation.14

PF is the process that allows us to program microorganisms to
produce almost any complex organic molecule.15 These include
the production of proteins (including enzymes and hormones),
fats (including oils), and vitamins to precise specifications,
abundantly, and ultimately at marginal costs approaching the
cost of sugar. These molecules are vital ingredients across a
wide range of industries as they bring structure, function, and
nutrition to consumer products.16

PF is a proven technology that has been used commercially since
the 1980s–scientists have been using genetic engineering to modify
microorganisms for producing human insulin17 and growth hor-
mone,18 enzymes such as rennet (chymosin),19 and various other
biologics.20 A number of vitamins and supplements are produced
almost exclusively using PF.21 More recently, the process is being
used to make collagen. Today, these products generate revenues of
more than $100 billion worldwide every year.22

The cost of PF is being driven ever lower by a steep decline in
the cost of precision biology. As a result, the cost of producing a
single molecule by PF has fallen from $1 million/kg in 2000 to
about $100/kg today. We expect the cost to fall below $10/kg by
2025.

This means PF is now on the cusp of outcompeting animal
agriculture as a form of food production, not just in cost, but in
capabilities, speed, and volume. The end result will be an im-
provement in the efficiency of current industrial food production
by an order of magnitude (Fig. 3).

LOWER PRODUCTION AND SUPPLY CHAIN COSTS

Production costs. To illustrate just how disruptive modern
foods will be, we use the example of the cow, which is one of the
most inefficient ways to manufacture protein and, therefore, an
industry ripe for disruption.

The cattle industry is very resource intensive, with enormous
quantities of feed crops, land, water, and time dedicated to the
production of animal-based products. Currently, farmers es-
sentially grow an entire cow before breaking it down into spe-
cific products, such as steak, leather, or collagen, and the process
is nearing its limits in terms of resource efficiency, with little
potential to improve costs of production. For example, cow-feed
efficiencies have made little to no improvements over the last 30
years.23 But with PF, a process that will continue to fall dra-
matically in cost, these products can be produced using the
precise number of individual molecules needed.

Modern foods will be about 10 times more efficient than a
cow at converting feed into end products because a cow needs
energy via feed to maintain and build its body over time. Less
feed consumed means less land required to grow it, which means
less water is used and less waste is produced. The savings are
dramatic–more than 10-25 times less feedstock, 10 times less
water, five times less energy and 100 times less land.

PF can also decrease production time from the two to three
years currently required to grow a cow to a matter of weeks. These
order-of-magnitude improvements in input and time efficiencies
will translate into order-of-magnitude lower product costs.

We forecast, therefore, that cost parity with most animal-
derived protein molecules will be reached by 2023-25 and, by

Fig 2. Costs of key underlying technologies falling exponentially.

TUBB AND SEBA

60 INDUSTRIAL BIOTECHNOLOGY APRIL 2021

D
ow

nl
oa

de
d 

by
 A

le
x 

A
 f

ro
m

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

4/
24

/2
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



2030, the cost of protein production using PF will be five times
less than that of animal agriculture. More structurally complex
products like steak, which require multiple molecule types and
complex structures, will be more expensive to produce and take
longer to reach parity. Once protein production falls below $10/kg
by 2023-25, the livestock farming industry will begin to collapse
and disruption of all forms of meat production becomes inevitable.

During the 2030s, we anticipate the total costs of modern
foods will approach one tenth the cost of cow products, while the
marginal cost of production will approach the cost of sugar plus
energy and water. The carbohydrate-based inputs needed to
power modern foods can potentially come from any biomatter
(leaves, crops, seaweed, or algae).

Supply chain costs. Modern foods will also bring about an
entirely different food production system that will move from
the field to the fermentation tank. Eliminating the current supply
and value chains associated with cattle production and replacing
them with a far more efficient, localized production system that
all but eliminates waste and reduces significantly the need for
transport will cut distribution costs and price volatility, which
will cut product costs further still.

Existing cattle supply chains that are heavily dependent on ex-
pansive infrastructure, from large-scale crop farms and slaughter-
houses to packing facilities and distributors, will become largely
redundant as the line between producers, wholesalers, and retailers
blurs. Just like ice shifted from being extracted from northern lakes
to being produced in local refrigerators in the late 19th century,
food production will shift from large, remote, agricultural areas to
smaller, easily accessible, urban areas.

IMPROVEMENTS IN ATTRIBUTES
Modern foods will not only produce food that is cheaper than

animal-derived products, but superior in every conceivable way–
in quality, taste, structure, nutrition, and impact on the environ-
ment and society. In fact, these improvements will ensure that
adoption of new products begins before cost parity is reached,
just as it has in some markets today.

Taste. Attributes related to taste
and mouthfeel, such as sweetness,
sourness, melt, bite, and texture
will represent an improvement on
animal-derived foods. Properties
related to the structure of foods
and their utility will also improve,
including emulsification, ability to
foam, or to make baked goods rise.

Convenience. Modern foods will
lead to a system of production that
is more distributed, where food
can be created and delivered lo-
cally far faster and more conve-
niently than is currently the case.

Variety. Modern food technol-
ogies will allow the production
of foods with an infinite range of

properties, including those related to tolerability, allergies,
and personalization, meaning consumers will ultimately be
able to order food specifically designed to meet their indi-
vidual needs.

Nutrition. Modern food products will be more healthy and
nutritionally complete than their animal-derived equivalents.
For example, a PF-enabled burger can contain not only less fat
and salt than a burger made from a cow, but more vitamins and
minerals than a portion of fresh vegetables. Modern proteins
should also be more bioavailable than animal proteins.

Predictability. A more decentralized and resilient production
model, closer to the consumer, means food production will no
longer be at the mercy of geography, or of extreme price, quality,
and volume fluctuations due to climate, seasons, disease, epi-
demics, geopolitical restrictions, or exchange-rate volatility. PF
foods will also have a longer shelf life and be less vulnerable to
contamination risk.

These attributes will affect decisions made by stakeholders
across society, and therefore impact the speed of adoption.
The importance of each one of these criteria will vary de-
pending on the stakeholder–consumer, business, investor, or
policymaker. But to all stakeholders, products made from
PF will be demonstrably better on every parameter than food
products made by conventional animal agriculture–to consumers
who buy food, to businesses who supply it, to investors who
help fund its production, and to policymakers who influence the
regulatory, fiscal, and policy frameworks that determine the
competitiveness of the different production systems. When we
also consider the increasing cost savings over conventionally-
farmed foods, our analysis indicates that the disruption of in-
dustrial food production will be dramatic, both in speed and
scope. Indeed, the conventional industrial food production sys-
tem has as much chance of competing with modern foods as
cuneiform clay tablets have of competing with modern computer
tablets or smartphones.

Fig 3. PF disrupting more industries as costs fall.
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Disruption and Adoption
UNBUNDLING THE COW

The second domestication of plants and animals is a contin-
uation of the historic unbundling of the cow by superior and
more efficient technologies.

The first domestication of the cow provided our Neolithic
ancestors with a number of value streams–food (meat and milk),
clothing, tools, and energy. Cows were also valuable in agri-
culture as draft animals and produced manure to fertilize the
fields. They provided ancient populations with resiliency by
acting as a form of food storage through winter and lean times.
Cattle were also used for transportation of goods and people and,
at times, were valuable as a form of currency and a means of
trade and exchange.

Technology has already disrupted most of these sources of
value. Tractors made cattle obsolete as draft animals, while their
value as food storage was disrupted by the refrigerator. Petro-
chemical fertilizers decreased the value of manure, while the
horse and then the car destroyed the value of cattle as transport.
Food is the last remaining major source of value, with materials
a distant second.

The cow—one of the oldest, largest, and most inefficient food
production systems in the world—is now experiencing its final
disruption. The remaining parts of the cow with any significant
value—namely meat and milk, but also leather and collagen—
are being replaced by superior technologies, products, and ser-
vices, all enabled by the continued engineering by humans of
microorganisms. These disruptions are already underway and
will hit tipping points within five years, accelerate through the
mid-2020s and be over by 2035.

THE DISRUPTION OF THE COW
As we have seen, proteins produced by modern food pro-

duction methods are already used in healthcare, vitamins, and
cosmetics. They are now beginning to disrupt major, recogniz-
able portions of the wider food market. We already eat many
foods with ingredients produced by PF, yet very few of us are
aware of it. These include valencene (orange taste and smell),
raspberry aroma, sweeteners like thaumatin, and vitamins, as
well as a number of enzymes used in food processing like rennet,
amylase, or lipase. More recently, the process is being used to
make soy leghemoglobin (heme).24 Many of these products have
already completely disrupted the markets they entered.

The next proteins to be disrupted are those produced by cows,
namely those in milk and meat. They will instead be created
directly from microorganisms rather than extracted from the
cow (the macro-organism). These individual proteins will then
be built up to make the end product, whether it be ground meat, a
burger, or a steak. This is a complete reversal of conventional
production methods, where the cow is broken down into con-
stituent components and then processed according to which end
product is desired. In the conventional system, single molecules
such as whey are the hardest and most expensive to produce. In the
new system, they are the easiest and cheapest to produce. Cru-
cially, the single protein molecules made using modern production
techniques will be superior, purer, and more consistent than those
extracted from the cow.

The Four Waves of Disruption
The disruption of the cow is not just a simple one-for-one

substitution—a conventional sausage or burger replaced by a
novel alternative (though that will happen). New production
methods only need to disrupt key ingredients, not entire prod-
ucts, in order to render the cow entirely redundant. The direct,
end-user product substitution is, in fact, just one of four main
ways in which the cow will be disrupted over the next decade
and beyond. All of these disruptions overlap, reinforce, and
accelerate one another. They fall into two broad categories:
What we eat (substitute ingredients and substitute end products)
and the way we eat (fortification and form factor.

SUBSTITUTE INGREDIENTS
This is the one-for-one substitution of animal-derived pro-

teins and other ingredients that usually represent a small per-
centage of the final product. For example, the replacement of
whey protein in sports drinks or baby formula, or of gelatin, a
common ingredient used as a thickener in both sweet and sa-
vory dishes. Decisions to use these ingredients, many of which
are key components of products despite being used in small
quantities, will be made by businesses, not consumers, based on
lowering cost (buying cheaper ingredients or increasing the
product shelf life), risk mitigation (such as the reliability, con-
sistency, and quality of supply), and the ability to increase rev-
enues (for example by increasing the value to customers through
higher protein or superior nutritional content, or by highlighting a
healthier, more sustainable, or animal-free product).

Some of these B2B ingredient disruptions can happen very
quickly. For example, HFCS 55, a sweetener with 55% con-
centration of high fructose corn syrup, was introduced in 1978.
The wholesale price of refined sugar spiked twice in the
1970s,25 leading Pepsi Cola and Coca Cola to start replacing
sugar, their key ingredient, with HFCS-55 in 1980. By 1984,
all of their soft drinks bottled in the US used HFCS-55 instead
of sugar.26 This direct substitution is a B2B disruption, which
means that consumer preference is not the primary driver of
adoption.

SUBSTITUTE END PRODUCTS: MIXED INGREDIENTS
This is where PF-produced proteins are mixed with other

ingredients to form the final end product. This will happen in the
dairy, meat, and leather markets. We refer to these products as
PF-enhanced—where PF proteins are part of a broader list of
ingredients such as plants and mycoprotein (a single-celled
fungal protein grown by fermentation). For meat, PF enables
the production of molecules like heme, which, when combined
with other ingredients, allows the production of a ground meat
replica that improves upon the animal-derived original in
ways that plant-based, non-precision-fermentation alterna-
tives simply cannot.

This is the approach taken by Impossible Foods in the pro-
duction of their Impossible burgers, which have sold more than
13 million units since they were launched in 2016.27 Because the
attributes of these new products will be superior to animal-
derived products on every parameter, businesses are likely to
introduce them as product line extensions that offer additional
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benefits. Burger King has done just this, introducing the Im-
possible Whopper as part of its Whopper brand. The company
initially priced the burger at about $1 more than the conven-
tional Whopper while promoting its health benefits.28

The milk industry provides an excellent example of how this
mixed ingredient disruption will play out. The milk industry is
currently on a knife-edge—it operates on extremely thin mar-
gins29 and suffers from volatile commodity prices,30 and so re-
lies on government subsidies31 and support from powerful
lobbying arms to stay afloat.32 Cow milk shows very well how
only a small percentage of ingredients need to be replaced for an
entire product to be disrupted, triggering the collapse of an entire
market. Solid proteins (casein and whey) account for just 3.3%
of milk’s overall composition. The rest is made up of 87.7%
water, 4.9% sugar (mainly lactose), 3.4% fats, and 0.7% vita-
mins and minerals.33

The key to understanding the disruption of milk is that PFonly
needs to disrupt 3.3% of the milk bottle—the key functional
proteins—to bring about the collapse of the whole cow milk
industry. Roughly 65% of milk proteins are consumed directly,
either as drinking milk or in dairy products like cheese, yogurt,
and ice cream.34 The remaining 35% are consumed indirectly as
ingredients in all manner of products, from cakes and desserts to
baby formula and sports supplements. These ingredients will be
the first to be disrupted.

Whey and casein proteins have become universally avail-
able and are widely-traded commodities.35,36 Both are already
being targeted for production through PF.37 We anticipate these
PF proteins will reach cost parity with their animal-derived
equivalents by 2023-25, with the marginal cost converging over
time towards the cost of sugar (less than 10¢/kg) plus water and
energy.38

But disruption history indicates that price parity does not have
to be reached for these products to be adopted. Initial adoption
will come when the proteins offer a superior product by offering
something cow milk proteins cannot. For example, baby for-
mula currently uses cow proteins, but the possibility of using PF
to make human breast milk proteins should provide a superior
product in terms of toleration and nutrition.39 Improvements in
other areas such as better adaptability, more consistent quality,
lack of price volatility, and security of supply will also spur
businesses to use these PF products.

As protein consumption switches to these modern alterna-
tives, the 35% of the milk market that is used as ingredients will
disappear rapidly. The disappearance of a third of industry
revenues will be enough to push the primary milk production
industry into bankruptcy.40

But the disruption does not end there—the rest of the milk
protein market will soon be at risk. Dairy products like cheese,
yogurt, and ice cream will also be manufactured using superior
and cheaper PF-based proteins.

The disruption of whey proteins will be a key catalyst in the
process. Today, regulated dairy producers get compensation for
whey—whether there is a market for this protein or not.41 Whey
is a byproduct of cheese production that brings incremental
revenues to large cheese manufacturers. As PF whey disrupts
cow whey, they will have to join small cheesemakers (who do
not have access to the dry whey market) and lose money dis-

posing of whey.42 As the additional revenue streams generated
from this protein fall, industrial cheese prices (and government
subsidies) will have to rise to compensate, thus lowering de-
mand and accelerating the disruption of the market by PF-based
alternatives. This will add a whey glut to the bulging cheese glut
in the US market.

By this point, the only market left for cow milk will be
drinking it. But even this market will soon be threatened as the
underlying PF production processes continue to improve, in-
cluding those for fats, vitamins, and minerals, the other key
functional ingredients in milk. Finally, then, as replication and
improvement of drinking milk becomes possible, this last mar-
ket will be completely disrupted. Producers will be able to de-
velop a lower-cost product that replicates the taste and feel but
improves on other attributes, including tolerability, digestibility,
and nutrition. Indeed, non-PF, plant-based milks already com-
mand a 13% market share in the US despite a large price pre-
mium and a different taste profile.43

As demand for milk drops, milk processing costs will rise
as economies of scale reverse and plants operating below
capacity drive costs up. To stay in business, milk producers
will have to raise prices, causing demand to drop further,
accelerating the switch to modern production methods, which
will continue to improve exponentially. The wider dynamics
of the food industry will also come into play. The milk industry
does not operate in isolation—it is connected to the broader
cattle industry through hides, carcasses, and other inputs
like feed. The effects of disruption to these broader markets
will act to accelerate the disruption of the milk market, and
vice versa.

Ultimately, there is little the existing milk industry can do
and, barring massive government bailouts, we expect to see
widespread bankruptcies throughout the 2020s and the industry
to collapse before 2030. By 2030, we expect almost 90% of US
dairy protein demand to come from PF alternatives (Fig. 4).

Fig 4. US dairy protein demand.
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SUBSTITUTE END PRODUCTS: CELL-BASED MEATS
The disruption that most people instinctively think about is

the one-for-one substitution of an existing product for a new one,
such as burgers, sausages, ground meat, and steak. Initially, we
see replacements coming from both PF-enhanced food and cell-
based meat.

Cell-based meat is the direct, one-for-one substitution of
complete, structurally complex food products made from ani-
mals. This is where the animal cells (mainly muscle and fats) are
cultivated in a growth medium outside of the animal to create
meat—animal meat without the animal. This is the approach
taken by companies such as Mosa Meat and Memphis Meats.
The disruptions involving any kind of structural products will
move more slowly than the single molecule ingredients, because
these products are harder to develop due to structural complexity
and the need to combine different types of molecules, such as
fats and proteins.

Cell-based meat is a fundamentally different disruption to PF,
with its own cost curve (just like PF, the costs of cell-based meat
production are falling rapidly), adoption rate, and regulatory
approvals. However, cell-based meat may have a distinct ad-
vantage from a consumer perspective because it is animal meat.
Conceptually, consumers may feel more comfortable with this.

Ground meat is the most significant and ubiquitous beef
product, representing 40-60% of the output of a cow by vol-
ume.44 It can be used in a variety of ways, from burgers and
meatballs to sausages and lasagnas. Structurally, it is a far easier
product to replicate than animal tissue.

Analogue meat products are not a new phenomenon—
products like seitan, tempeh, and tofu45 have been around for
centuries, with more recent products like the mycoprotein-based
Quorn46 and purely plant-based alternatives such as textured
vegetable protein introduced decades ago. However, their taste
and texture has not been good enough to convince meat eaters to
switch in meaningful numbers. Modern foods mean that, for the
first time, new alternatives are now more than good enough.

There are already a number of PF-enhanced products on the
market, such as Impossible burgers, that can compete with
animal-derived ground meat, some with significant advan-
tages such as health benefits and the ability to introduce new
flavors.47 Adoption has begun before price parity is reached
as many consumers value these non-cost benefits. Once price
parity is reached, we believe between 2021 and 2023, disruption
becomes inevitable. Like the milk market, the beef industry
operates on thin margins and just a small fall in demand is
needed to trigger widespread bankruptcies and the collapse of
the industry.

While we expect PF-enhanced meat to be cheaper than cell-
based meat in 2030, the cost ultimately depends on the make-up
of the final consumer product—for example, a pure cell-based
burger may not be intrinsically superior to a mixed PF/cell-
based burger, and every product could have a different profile.

This is already happening today—the first products on the
market are not 100% PF-enhanced burgers, but mixes, such as
the 2% heme Impossible Burger. Once costs fall, the Food-as-
Software model will ensure that more of the burger will be
made with PF. This will be more heme at first, then more
protein and more of the fats. The first cell-based products,

which we believe will hit the market in 2022 before reaching
cost parity with conventional ground meat in 2025-26, are
likely to follow the same pattern. This means the disruption of
the ground meat market will happen far faster than main-
stream analysts believe. In fact, foods using ground meat as
just one of a number of key ingredients, such as lasagna and
spaghetti Bolognese, may be disrupted before burgers. By
2030, therefore, we expect a 70% reduction in the market for
animal-derived ground beef in the US.

The drop in the cost of ground beef and the rising cost of steak
will increase the price differential between ground meat and
steak, leading to a switch in demand from steak to ground meat.
While producing a steak is the hardest challenge for modern
food production technologies, we expect competitive steak al-
ternatives to enter the market by the late 2020s. The earliest
versions are likely to be used in stews or curries that require
lower quality cuts of meat. By 2030, we expect a 30% reduction
in the market for animal-derived tissue beef in the US. This will
come from a combination of direct replacement of steaks
alongside a shift from tissue to ground meat consumption, to-
gether with the impact of the fortification disruption.

By 2030, therefore, we expect 70% of all beef consumed to
come from modern production methods (Fig. 5). PF-enabled
beef alone will replace 55% of the beef market, which means
we do not need cell-based beef for the cow to be completely
disrupted.

FORTIFICATION
As the price of modern proteins drop at the same time as their

functionality improves, they will be increasingly used to enhance
all kinds of food products. We call this fortification. We have
already seen this happen without modern production methods—
the number of new products with added protein doubled from
2013 to 2017.48 These fortified products, such as protein cookies,
chips, water, and fruit juices, are commonplace on grocery market
shelves. Other products like ‘super-milk’ with added proteins
and fats, which is increasingly popular among baristas due to
its creamier froth, are also finding a market. In fact, the most
successful new consumer food or drink product in the US in
2017 was Halo Top, a startup company that launched an ice
cream with more than twice as much protein as regular ice
cream.49,50 A pint of vanilla Halo Top has 280 calories, 8 grams
of fat, 12 grams of fiber, and 20 grams of protein.51 Halo Top
now turns over more than $350 million a year in revenues.

Cheaper, more versatile proteins made by modern production
methods will mean this market will grow substantially in the
coming years. By 2030, we estimate that 10-20% of total protein
consumption in the US will come from nutritionally-fortified
products. Half of this amount will come from increased protein
consumption, and half will displace existing demand for animal
protein, leading to a reduction in demand for animal proteins of
5-10%.

Elsewhere in the world, where protein consumption is lower
but growing towards Western levels (for instance in China), we
expect fortified products to capture a greater share of the market.
More than 90% of China’s population and 70-80% of African
and South Indian populations are believed to be lactose
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intolerant.52 In these markets, the lower cost of modern alter-
natives will drive a faster adoption as there is less attachment to
conventional forms of protein.

FORM FACTOR
Modern production methods will open up the possibility of

creating entirely new forms of food. Indeed, how we consume
food will change just as much as what we eat. This should not be
entirely surprising as food form factors have changed through-
out history—the burger, now seen as the ultimate traditional
American staple was a new form factor when it was first pro-
duced in 1921.

What may be surprising is that the best performing stock this
millennium is not a social media, smartphone, or software-as-a-
services company, but Monster Beverage, a producer of energy
drinks with a number of added ingredients including sugars, salts,
vitamins, and plant extracts. Since its 2003 IPO, the company’s
stock has gone up 60,000%.53 And it is not alone—the energy
drinks sector barely existed in 1999, but between 2000 and 2013
sales grew by 5,000% and it is now almost as large as the coffee
market in the US.54 The same can be said of protein bars, which
first appeared in 1986 with the PowerBar. By 1998, the nutrition
bar industry had grown to $200m before growing another 1,000%
on its way to $2.1 billion by 2012.55,56 Crucially, two thirds of
nutrition bar consumers eat them as a meal replacement. Protein
bars pack a combination of convenience, cost, nutrition, taste, and
texture into a totally new form factor. We have seen the same story
play out with protein powders, which followed a similar trajectory
to become a $4.7 billion market by 2015.57

Disruptive companies like this are not bound by conventional
assumptions about how food should look and taste—they do not
respect the artificial boundaries dictating that protein is a solid

animal, which is separate from a
liquid coffee, which is separate
from a multivitamin pill. New
modern food technologies will
take this form factor disruption a
step further. As we are freed from
the biological constraints of live-
stock evolution and its extractive,
break-down model, we will be able
to meet our nutritional requirements
in any conceivable form. Our imag-
ination and a molecular chef’s abil-
ity to realize its vision are the only
limits.58 Food will be personalized to
the consumer’s form and nutritional
needs. Picture a ‘Nutrition capsule’
or even a ‘Full Meal pouch’ that can
be brewed like coffee at a super-
market, restaurant, or even at home.
Just like we brew Colombia, In-
donesia, or Guatemala coffee pods,
companies could develop a Paleo,
Keto, or Smart nutrition capsule.

In this report, we are not in-
cluding any reduction to animal

meat demand from the form factor disruption but, beyond 2025,
we see a high likelihood that this disruption will impact a ma-
terial and ever-growing part of the food market as modern food
entrepreneurs and molecular chefs invent entirely novel ways to
produce, distribute, and consume the foods we eat.

Adoption Dynamics: How far and how fast?
These four waves of disruption will reinforce and acceler-

ate one another, so that modern foods rapidly begin replacing
animal-derived products. The disruption has already started and
once certain tipping points are reached, adoption will accelerate
exponentially. As modern products get cheaper and more ca-
pable, a virtuous cycle will be triggered, speeding up adoption
across every key market. At the same time, as animal-derived
products become more expensive and less attractive relative to
their modern equivalents, a vicious cycle will be triggered, has-
tening the demise of industrial animal food production

Increasing demand for modern foods will drive increasing
economies of scale, increasing investment of money and inge-
nuity, leading to ever-greater improvement in cost and cap-
abilities, driving further increases in demand. Feeding into this
cycle and driving demand ever higher will be greater public
acceptance and, therefore, appetite for modern foods, and greater
government support as the significant advantages they hold over
animal-derived products become clearer.

Given its biological limitations, the industrial agriculture in-
dustry will be unable to compete, especially so once the ‘‘death
spiral’’ sets in. As demand for animal products is chipped away
by modern alternatives, we will see the industrial system of
meat production coming under ever-increasing pressure. Milk,
hides (for leather), collagen, gelatin, and ground and tissue meat
will be replaced by lower cost, higher quality modern substitutes.

Fig 5. US market share of cow versus modern beef products.
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At a certain tipping point—we estimate at 10-15% of the
market59—the incumbent industry will enter a vicious cycle. As
the various cow product markets begin to be disrupted, prices of
the remaining products will jump as the full costs of production
and processing will need to be borne by an ever-smaller number
of products that still have markets available to them.

This price spiral and continuing reduction in demand will
ultimately lead to the value chain breaking down as abattoirs,
renderers, processors, and packagers see decreasing utiliza-
tion and hence reversing economies of scale. Eventually, they
will be forced to shut down as their economics continue to
deteriorate. The beef and, especially, dairy industries operate
on extremely thin margins, with high operating and financial
leverage, and are propped up by government subsidies. Both
are already hanging in the balance and just a small drop in
demand will send them spiraling towards bankruptcy. While
continued government support is certainly possible, the bill
will continue to rise and is not sustainable in the long run.
Furthermore, clean-up costs for industrial feedlots and pro-
cessing plants will make shutting down an expensive option,
and these costs are likely to be passed on to taxpayers if the
businesses that operate them fail.

This means that the disruption of the cow will be irreversible
well before the new technologies are capable of producing the
perfect steak at a competitive cost.

Impacts and Implications
Every aspect of the value chain will be impacted to such a

degree that, by 2030, the cattle industry in the US will be all
but bankrupt. Revenues of beef and dairy businesses will
collapse, closely followed by those in the chicken, pig, and
fish industries. Crop farmers will also suffer as feed produc-
tion revenues slump. The knock-on effects throughout the
supply chain will be dramatic. However, there will be enor-
mous opportunities for businesses embracing modern food
technologies to thrive.

The implications of the collapse of industrial livestock
farming will ripple out far beyond food and agriculture. Live-
stock and its associated industries generate revenues of almost
$1.25 trillion, or about 6% of US GDP, and have a deep impact
on the world we live in. There are nearly one billion cows on the
planet, 10% of which are in the US They impact the environment
profoundly through their use of water, land, feed, and waste in
the form of greenhouse gases and manure. Indeed, in the US,
cows generate 13 times more bodily waste than the entire
American human population.60

Animal products are a major component of the American diet
and so play an important role in health and well-being, while
intensive animal farming is also a source of disease and anti-
biotic use. Animal agriculture is also a major employer—more
than 1.2 million people work in the US cattle industry alone—
while the average American family spends $1,500 of its total
annual income on animal products.61,62

Eliminating animals from the supply chain will, therefore,
have profound implications, both direct and indirect, for the
economy, human health, natural resource use, the environment,
and society.

IMPACTS ON THE CURRENT SUPPLY CHAIN
In our forecast, the number of cattle will drop by 50% by

2030, with revenues directly associated with cattle production
falling from $95 billion to $50 billion at current prices. By 2035,
we anticipate that cattle production will drop by 75% from
current levels, with revenues shrinking to $20 billion. At current
prices, revenues of the US beef and dairy industries and their
suppliers, which together exceed $400 billion today, will decline
by at least 50% by 2030, and by nearly 90% by 2035. All other
livestock, aquaculture, and commercial fisheries will follow a
similar trajectory. It is possible, however, that the disruption
to these industries moves faster depending on factors such as
policy and regulation.

Crop farming is closely entwined with animal agriculture,
with just under half of US cropland dedicated to feeding ani-
mals, both domestically and abroad.63 While there are many
varieties of crops used for livestock feed, the major staples for
cattle are corn, soy, and hay. Together, US beef and dairy cattle
consume about 50% of the crops produced for US livestock—
70% of the hay, 45% of the corn, and 17% of the soy.64

As a result, crops needed to feed cattle in the US will fall by
50%, from 155 million tons in 2018 to 80 million tons in 2030.65

As volumes drop, prices for these crops will also drop as supply
exceeds demand and the marginal price is set by lower-cost
producers. This means, at current prices, feed production reve-
nues for cattle will fall by more than 50%, from $60 billion in
2018 to less than $30 billion in 2030. In addition, there will be a
transformation in the crops required, away from large animal
feed crops like soy and towards sugar and other biomatter that
provide the optimal feedstock for PF. Due to the drastic increase
in efficiency of new production methods, the volumes of crops
required for food production will drop more than 10 times.66

With the massively-reduced amounts of feed and land needed
to produce meat, crop farming will change drastically. There
will be an increase in demand for alternative crops used either
as feedstock for PF or as ingredients for the plant-based food
sector. Eventually, however, PF producers will reduce costs by
using recycled biomatter to feed their microorganisms. In an-
other virtuous cycle, this process may be enabled by enzymes
produced via PF that can turn biomatter into usable sugars.

The bulk of arable crop production does not come from small
family farms, but from large-scale farm corporations.67 These
companies are driven by profits derived by resource efficiencies
(such as land, feed, and capital) and economies of scale. Once
demand for conventional feed crops is surpassed by demand for
other crops for modern foods, these companies are likely to
switch production to higher-profit opportunities and scale down
operations in shrinking markets. Some arable crop farmers and
landowners could adapt by moving to production of crops re-
quired by the modern system,68 but the decline in volume of
plant products required is such that few will succeed. Further-
more, as local indoor and vertical farming develop for the pro-
duction of higher-value plant products, their choices will narrow
further (we expect further disruptions to crop farming by indoor
agriculture and vertical farming, but these are beyond the scope
of this report).

The effects of a dramatic decrease in crop production will have
ripple effects across the whole value chain, causing systemic
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disruption in pesticide, seed, and fertilizer companies, as well as
in other inputs for crop farmers, such as electricity and fuel.

Volumes of fertilizers, pesticides, and seeds will fall by 50%
by 2030, meaning, at current prices, pesticide revenues will fall
to $1.5 billion, fertilizer revenues to $1.5 billion, and seed
revenues to $750 million. Meanwhile, revenues for animal
health will also be cut by more than half from current levels of
almost $4 billion ($1.2 billion is spent on antibiotics and other
pharmaceuticals and $2.8 billion on other veterinary services).

The disruption of the cow by modern foods will trigger a
transformation of the whole supply chain, with different in-
dustries seeing disproportionate losses and gains. Picking in-
dividual winners is likely to be much harder than identifying
losers, but the opportunities will be enormous. The successful
food and agricultural businesses of today may not be the ulti-
mate winners. Incumbent businesses are often handicapped by
incentives, mindsets, and organizational structures and pro-
cesses that favor incremental improvement over disruptive
innovation. As the markets they operate in are disrupted, they
have the potential to adapt, but that is no guarantee they will.

Modern production technologies will blur the boundaries
between food, materials, healthcare, and cosmetics, providing
an enormous opportunity for those companies, regions, and
countries taking a lead. Protein producers will not have to
restrict themselves to one particular industry as many proteins
can be used for many applications. For example, collagen is an
input in a range of end markets including leather, cosmetics,
and food.

As the costs of modern meat and milk products drop below
those of animal-derived competitors, new producers may
flourish as their margins increase far beyond those in livestock
farming. For early in the disruption, animal products will set the
marginal price for modern foods. Given the cost advantages
modern products enjoy, this will lead to a period of exceptional
margins that is likely to drive even greater investment in the
modern food sector. However, over time, as supply grows and
competition increases, modern products themselves will begin
to set the marginal price, thus reducing margins back to a longer-
term, equilibrium level.

The winners in food production are likely to be biotechnology
and software companies—those that have a model where effi-
cient product distribution is key—or those retailers and dis-
tributors able to adapt to and help shape the new supply chain.

Biotechnology and software. Huge opportunities will emerge in
many areas of biotechnology and software, including product
simulation and testing, artificial intelligence, molecular data-
bases, and gene sequencing and editing. The profitability of
these technologies depends on the system that emerges—an
opensource system of development and production is likely to
out-compete a system that privatizes parts of this platform, like
the pharmaceuticals industry does today.

We are already seeing mainstream pharma companies
showing interest in this space, with Merck identifying ‘‘clean
meat’’ as one of its innovation fields in 2018,69 but we also
see moves for an open-source system—crowd-sourced syn-
thetic biology (bio-hacking), for example, is becoming more
and more popular.70

Ultimately, decisions made regarding intellectual property
(IP) rights and approval processes will determine which system
develops.

Fermentation Farms. Fermentation farms will be the new food
farms. There will be opportunities involved in engineering, de-
signing, building, and operating them. Industries with experi-
ence operating fermentation tanks, which include pharmaceutical
manufacturing, food and drink, and bioethanol companies, have a
head start. These tanks are likely to be owned in a variety of ways.
Current food producers or retailers may own and operate their
own production, or we may see independent fermentation farm
companies that either license or supply to a range of customers.

Impacts on Land Use and Value
The implications of the disruption for land use will be pro-

found. Today, more than 835 million acres—equivalent to 40%
of the total US land mass—is used to feed livestock (630 million
is used for beef and dairy cattle). Of this, 655 million acres are
used for grazing and 180 million to grow feed crops such as soy,
corn, and hay.71 By contrast, the far greater efficiency of PF
technology means that its products typically require less than
one tenth of the cropland of their animal-derived alternatives. In
the case of cattle, current research suggests that a PF-enhanced
burger will use 94% less land than equivalent beef or dairy
products.72 As a result, by 2030, cattle pasture, rangeland, and
feed cropland will decline by about 50%. This means the dis-
ruption of the US beef and dairy industries by modern produc-
tion methods will free up about 300 million acres of land by
2030, rising to 450 million acres by 2035.

Taking all livestock into account and including land needed
for modern production, 325 million acres will be freed up by
2030, and up to 485 million acres by the 2035. This is 13 times
the size of Iowa, or six times the size of Germany. Excluding
land for modern production, 620 million acres will be freed up
by 2035, more than the 530 million acres acquired during the
Louisiana Purchase of 1803.73

The opportunity to reimagine the American landscape by
repurposing this vast expanse of freed land is wholly unprece-
dented. A number of land use options are available, including
urban and suburban development and conservation. A substantial
portion could, for example, be used to restore wildlife habitat,
safeguard biodiversity, improve water quality, and combat cli-
mate change through reforestation.74

Impact on Associated Economic Sectors
The agriculture sector is entwined with the broader economy,

so changes to the agricultural system will have implications for
other sectors, just as changes in other sectors will impact agri-
culture. Furthermore, modern technologies will be used in other
sectors, so improvements in production methods, costs, and
capabilities there will accelerate development of the underlying
technologies and other inputs into the food system.

MATERIALS
As the ability to produce bespoke molecules and structures

improves, entirely new materials not provided by nature (that
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cannot be produced via synthesis) become possible.75 The
market opportunity for these technologies is enormous and includes
clothes, furnishings, and organic and construction materials.

TRANSPORTATION
The modern food system will be far more localized, with

shorter supply chains and local procurement, thus reducing the
need for transportation. There will be a dramatic reduction in the
shipping not just of livestock,76 animal feed, pesticides, fertil-
izers, and other inputs, but of the end products as well. In fact, of
the four trillion ton-miles of goods shipped in the US, at least
12% can be attributed to livestock.77

ENERGY
There will be an increase in the amount of electricity used in

the new food system as the production facilities that underpin it
rely on electricity to operate. This will, however, be offset by
reductions in energy use elsewhere along the value chain. For
example, since modern meat and dairy products will be pro-
duced in a sterile environment where the risk of contamination
by pathogens is low, the need for refrigeration in storage and
retail will decrease significantly.78,79

Reductions in energy consumption in the value chain will also
hit demand for oil. The oil industry is connected to agriculture in
many ways—to power mechanized equipment in farming, to
provide the petrochemicals used in fertilizers, pesticides, syn-
thesized food products, and plastics in packaging, and to make
the diesel used in transportation and refrigeration. In fact, the on-
farm fuel requirements (diesel) make up 24% of agricultural
energy consumption at 74 million barrels of oil equivalent
(BOE) a year.80 US agriculture as a whole is responsible for
about 2% of oil products consumption, which is equivalent to
about 150 million BOE per year.81

Wider Environmental, Social,
and Economic Implications
ENVIRONMENTAL IMPLICATIONS

. Direct US greenhouse gas emissions from cattle will drop
by 60% by 2030, on course to almost 80% by 2035.

. When the modern food production that replaces animal
agriculture is factored in, net emissions from the sector as a
whole will decline by 45% by 2030, on course to 65% by
2035.

. Water consumption in cattle production and associated feed
cropland irrigation will fall by 50% by 2030, on course to
75% by 2035.

. When the modern food production that replaces animal
agriculture is factored in, net water consumption in the
sector as a whole will decline by 35% by 2030, on course
to 60% by 2035.

HEALTH IMPLICATIONS

. Nutrition will improve for everyone. In the developing
world in particular, access to cheap protein will have a
hugely positive impact on hunger, nutrition, and general
health.

. Rates of foodborne and human-animal crossover illnesses
will decrease significantly, as will antibiotic resistance in
disease-causing bacteria.

SOCIAL IMPLICATIONS

. Higher quality food will become cheaper and more ac-
cessible for everyone.

. The poorest American families could save 8% of their
income each year, equivalent to $700, by 2030 through
cost savings made by buying modern foods that are up to
80% cheaper than existing animal-derived products.

. Half of the 1.2 million jobs in US beef and dairy produc-
tion and their associated industries will be lost by 2030,
climbing towards 90% by 2035.

. Employment and incomes in all other US livestock and
commercial fisheries industries will follow suit, for a total
loss of more than 1.7 million jobs by 2035.

. The emerging US PF industry will create at least 700,000
jobs by 2030 and up to 1 million jobs by 2035.

ECONOMIC IMPLICATIONS

. The cost of modern foods and other PF products will be at
least 50% and as much as 80% lower than the animal-derived
products they replace, which will translate into substantially
lower prices and increased disposable incomes.

. The average US family will save more than $1,200 a year
in food costs. This will keep an additional $100 billion a
year in Americans’ pockets by 2030.

GEOPOLITICAL IMPLICATIONS

. Trade relations will shift because decentralized food
production will be far less constrained by geographic and
climatic conditions than traditional livestock and agri-
culture. Major exporters of animal products, like the US,
Brazil, and the European Union, will lose geopolitical
leverage over countries that are currently dependent
upon imports of these products. Countries where exports
of animal products or feed make up a large proportion of
GDP will face challenges if they fail to transition to new
industries.

. Countries importing animal products will benefit as they
can more easily produce these products domestically at a
lower cost using modern production methods.

. Large endowments of arable land and other natural re-
sources are not required to lead the disruption, so the
opportunity exists for any country to capture value as-
sociated with a global industry worth hundreds of billions
of dollars that ultimately emerges over the course of this
disruption.

About RethinkX
RethinkX is an independent think tank that analyzes and fore-

casts the speed and scale of technology-driven disruption and
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its implications across society. We produce impartial, data-driven
analyses that identify pivotal choices to be made by investors,
businesses, policymakers, and civic leaders.

Rethinking Food and Agriculture is the second in a series of
reports that analyzes the impacts of disruption, sector by sector,
across the economy. We aim to produce analyses that reflect the
reality of fast-paced, technology adoption S-curves. Mainstream
analysts produce linear, mechanistic, and siloed forecasts that
ignore systems complexity and thus consistently underplay the
speed and extent of technological disruptions—for example
solar PV, electric vehicles, and mobile phone adoption. By re-
lying on these mainstream forecasts, policymakers, investors,
and businesses risk locking in inadequate or misguided policies
and investments, resource misallocation and negative feedbacks
that lead to massive wealth, resource, and job destruction as well
as increased social instability and vulnerability.

We take a systems approach to analyze the complex interplay
between individuals, businesses, investors, and policymakers in
driving disruption and the impact of this disruption as it ripples
across the rest of society. Our methodology focuses primarily on
market forces that are triggered by technology convergence,
business model innovation, product innovation, and exponential
improvements in both cost and capabilities.

RethinkX’s follow-on analyses will consider the cascading
and interdependent effects of technology disruption within and
across sectors. Our aim is to inspire a global conversation about
the threats and opportunities of technology-driven disruption
and to focus attention on choices that can help lead to a more
equitable, healthy, resilient, and stable society.
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