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Introduction
This brief serves as an introduction to the Future of Protein Policy and Information Package, and
sets out some conceptual foundations for the following six briefs. Namely, it offers a short
backgrounder on what proteins are exactly and why they are required, before laying out the global
‘protein problem’ along six core thematic pillars (feeding the world; nutrition and health; ethics
and welfare; culinary change; climate change and biodiversity; and innovation and investment).
Finally, this document introduces the three main categories of responses to ‘the protein problem’
– known as the ‘Repair’, ‘Replace’ and ‘Restore’ pathways. The Policy and Information package
demonstrates how the world appears to be travelling down all three pathways at once.

Why ‘Protein’?
Why such a comprehensive analysis of protein? And what does protein have to do with future
sustainability? To help illustrate why protein is a worthy theme for in-depth analysis, consider the
following pressing questions which have increasingly been voiced by agri-food writers, policy
experts, decision-makers, the corporate sector, and concerned citizens:
è How will we be able to meet the nutritional demands of the world’s growing population?
è What does the latest research tell us about the health benefits and risks involved in
consuming a ‘plant-based diet’?
è What are the ethical concerns we need to consider in the future production and
consumption of animal products and its alternatives?
è In what ways will the 21st Century ‘sustainable diet’ prompt shifts in tastes, culinary
traditions and food consumption habits – in North America and globally?
è How can we mitigate the environmental impacts of agricultural production, and how might
global environmental changes (including global heating and biodiversity decline) shape
agricultural production in turn?
è How can innovation and investment in the agri-food sector help tackle social and
environmental problems associated with the production and distribution of nutritious
foods, while scaling-up sustainable production?
As we explore throughout this Policy Package, these questions all come together in the growing
debate about the future of one essential macronutrient: protein.
Protein has become the unwitting focus of a range of debates, in fact, because it comes in many
different forms and from different places, and the range of forms and places in/from which it comes
appears to be expanding. Whereas a century ago humans primarily derived their protein from
‘natural’ animal, plant and insect sources produced in a (mostly) localized, traditional, agricultural
context (or from wild animals and plants which were hunted and gathered from nature), today the
situation is much more complex: Now only a portion of human consumable proteins are produced
in this way. We now have new types of agricultural production (intensive ‘industrialized’ farms)
which have increased the distance between food producer and food consumer, and, when combined
with increasing global trade flows, have created a truly global diet. Moreover, new production
methods and technological innovations have enabled humans to produce proteins which are far
more synthesized and processed than straight-up meat, nuts, and legumes – now we have novel
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protein products like protein powders and supplements, chemically-altered plant proteins which
are combined with other ingredients to look, feel and taste like meat, and even animal cell-cultured
meats which are produced without animals. Moreover, thanks to modern globalization, population
growth, and unevenness in international development, we have much more significant disparities
between parts of the world in terms of access to nutritious foods, and a much greater scale of health
problems relating to malnutrition (including a significant portion of the world which suffers from
overweight; and another which suffers from famine and hunger); not to mention some level of
cultural homogenization and fragmentation in terms of foods which have come to be identified
with cultural practices. Finally, in part thanks to expanding and novel agricultural production
methods, the world’s environment has changed, and these changes (to climate and biodiversity,
notably) are having an impact on decisions food producers and consumers make about protein.

All of this is complex, and the goal of this project is to delve into various specific aspects of
the overall picture to get a better sense of the whole. The point is that our world is changing
rapidly, and as such the human relationship with protein – an essential macronutrient – is changing
rapidly too. This Policy and Information package aims to inform readers of these changing sociocultural, political, environmental and economic circumstances and how they might impact the
world as it attempts to achieve a sustainable prosperity going forward.
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The Foundations of Protein
Protein is a rather miraculous macronutrient. Humans use it as a structural component in human
tissues and in the production of hormones, enzymes, hemoglobin, and as neurotransmitters.
Technically it is incorrect to refer to protein in the ‘singular’, since – being defined at the molecular
level as long chains of amino acid compounds – there are in theory endless numbers of different
proteins which we might encounter.1
Since proteins work like building blocks, we have to consume enough proteins in order to restore
those building materials. If we do not consume enough, we run out of those building blocks, and
suffer consequences, such as muscle wasting, edema (swollen skin), inflammation of the liver,
bone weakening, and stunted growth, an impaired immune system, and hunger (among other
problems).2 At the same time, there are risks from consuming too much protein (although the
human body can tolerate quite a bit). For instance, overconsuming protein can lead to indigestion,
dehydration, nausea, irritability, etc., and on a long-term basis chronic protein overconsumption
can lead to cardiovascular disease, liver and kidney injuries, type 2 diabetes and even cancer.3
è Thus, humans need protein, and we need a balanced approach to ensure we are getting
enough, but also not too much, as well as ensuring we get the complete profile of amino
acids necessary.
è Since there are varying quantities of proteins in different foods, a well-balanced diet is
usually the best way to ensure an adequate intake of all the requisite proteins.
è Populations most at risk of protein deficiency include those who lack access to a full range
of high-quality proteins (in particular poor communities in the indebted countries,
institutionalized individuals and patients, and anyone with an imbalanced diet).
è There is some debate about exactly how much protein humans need. The reference case
for nutrition is about 0.8 g of protein per kg body weight/day – but that is a mimimum
requirement.4
Different types of protein foods
It gets more complicated. Most whole foods contain some protein (aside from fruits, which are
usually devoid of protein), but not all foods are considered important sources of protein for the
human diet. For instance, vegetables like leafy greens and some grains like rice do contain some
protein, but only in relatively low quantities. The main protein sourced foods considered here are
those which offer a high quantity and quality of proteins as a proportion of the food content.
As such we can divide ‘protein rich’ foods into three categories:
è Animal-sourced protein foods (ASPFs);
è Plant-sourced protein foods (PSPFs);
è Novel protein food products (NPFPs).
ASPFs include meats, poultry, fish and seafood, milk, dairy and eggs. PSPFs include soybeans
(and soy products like tofu, tempeh, edamame, etc.); lentils; chickpeas, nuts, quinoa, etc. For the
purposes of this project we also identify ‘Novel Protein Food Products’. NPFPs include “new”
food commodities and products which have until very recently (within the last few decades) not
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been considered a ‘staple’ source of protein in the industrialized world, for cultural and/or
technological reasons; such as processed meat analogues made from plant residues (such as peas
or soybeans) in a factory setting; cellular meat protein cultures (so-called “lab meat”); insect
powders; processed protein supplements, and so on. In many cases NPFPs are in fact derived from
plants in the sense that they use plant proteins as a feedstock (usually soy, peas, nuts, or oats), but
we differentiate them here largely in the sense that we consider PSPFs to be centered on whole
unprocessed plant foods.
Protein quality, and common-paired nutrients
With some exceptions, most PSPFs are not complete proteins containing all nine essential amino
acids (though there are some key exceptions - like soybeans and quinoa – which contain small
amounts of these amino acids). Moreover, while PSPFs usually come along with higher quantities
of dietary fibre, carbohydrates, and vitamin C, they are typically lacking in those common-paired
nutrients which come along with ASPFs, such as heme iron, vitamins B12 and D, saturated fatty
acids. Thus, another problem is that we require essential vitamins and minerals which are not
themselves proteins, but typically come alongside certain types of proteins. For instance, those
following an omnivorous diet will usually acquire their required calcium, iron, and vitamin B12
from meat and dairy proteins, whereas those on a vegetarian or vegan diet will require supplements
or fortified PSPFs to ensure that they get enough of these essential nutrients (see Brief No 3).

Figure 1.1. Animal, Plant, and Novel Protein Foods

Credits: Produced by author.
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The Global Protein Market
An important part of the global protein story involves the shape and contours of the global protein
market: By 2013 the average human on this planet was consuming 81grams of protein per day –
amounting to 213.7 billion kg of protein for the world that year. As Figure 1.2. shows, the
discrepancy in protein intake between regions is notable – the average intake in North America in
2013 was nearly 110 grams per person per day, whereas in Africa it was just over 69 grams.

Figure 1.2. Per Capita Protein Intake by Region (grams per day)

Credits: Produced by Hannah Ritchie and Max Roser, “Food per person”, Our World in Data.5
Of the global total protein consumed in 2013, a considerable amount (about 40%) was from ASPFs
(see Figure 1.3). However, it would seem that far more ASPFs are being produced than consumed,
suggesting considerable amounts of food waste – or diversion of animal products to other sectors.
In 2014, for instance, the world produced 318 million tonnes of meat; 792 million tonnes of milk;
70 million tonnes of eggs; 155 million tonnes of seafood and fish – adding to about 1.3 billion
tonnes of Animal Sourced Protein Foods (or 1.3 trillion kg – orders of magnitude greater than the
total protein consumed). As Figure 1.4 shows, ASPF production has grown tremendously over the
last half-Century.
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Figure 1.3. ASPFs and PSPFs as a share of the global diet

Credits: Produced by Hannah Ritchie and Max Roser, “Food per person”, Our World in Data.6

Figure 1.4. Meat, Dairy and Seafood Production Growth Trends (1961 – 2014)

Credits: Produced by author with data from Hannah Ritchie and Max Roser, “Meat and Seafood
Production and Consumption”, Our World in Data.7
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The Protein Problem
We thus arrive at the great global protein sustainability problem: Driven by consumption and
production trends in the global protein market, protein has found itself at the centre of a number
of debates and challenges pertaining to the agri-food system, human health, and global
development:
1) There does not appear to be enough farmland to maintain the current trends in (land-heavy)
meat production and consumption. Meanwhile, a large part of the world is becoming
industrialized and urbanized, all while the global population is growing - which leads to a
real dilemma in terms of how to satiate the growing demand for meat protein in particular
(inasmuch as other protein foods).8
2) The world faces a 'double burden' of malnutrition, where 1.9 billion adults, and 42 million
children are overweight; and 462 million adults and some 206 million children suffer from
underweight, stunted growth, or ‘wasting’.9 Clearly it is not sustainable to have more than
one third of the world’s population suffering from food-related health problems.
3) There are billions of domesticated farm animals worldwide, and many (though it is not
clear exactly how many) are not afforded the ‘five freedoms’ required for genuine animal
welfare.10 Moreover, new food technologies and production methods also are pushing up
against ‘ethical’ boundaries, and consumers are responding by calling for change. In short,
the failed ethics of the conventional protein subsystem is unsustainable.
4) Agricultural production is directly responsible for 13% of global GHGs, and up to 25% of
GHGs when land use changes are included (which also contributes to the climate crisis).11
Existing agricultural practices are also a key driver of biodiversity decline.12 In short, the
way we produce food – especially proteins – is not sustainable.
5) Animal sourced protein foods play an important role in contemporary cultural practices,
culinary traditions, and human food preferences in terms of taste and seasonality, yet
unstoppable changes to the 'global diet' are coming. This raises concerns from some
quarters about the vulnerabilities that rural communities and traditional cultures may be
facing from dietary change.13
6) New technologies and investment flows are often presented in favourable terms (helping
to solve social and ecological problems). However, 'disruptions’ in the agri-food sector are
not ‘neutral’ in terms of producing winners and losers.14 The challenge becomes taking
stock of who stands to benefit or lose from rapid shifts in global protein market, and
ensuring that no communities or groups are left behind without the necessary resources to
adapt or embark upon a just and sustainable transition.
And so, we have a multi-faceted protein problem – wherein it is clear that the conventional way of
doing things is not sustainable (see Figure 1.5).
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Figure 1.5. Six Dimensions of the Protein Sustainability Problem

Credits: Produced by author.
Each of the briefs in this series tackles one of the six dimensions of the protein sustainability
problem in depth, as follows:
è Feeding the World (Brief 2)
The FAO tells us that by 2050 we will have 34% more people on this Earth than a decade ago,
and humanity will be richer and more urbanized.15 Given that the demand for ASPFs correlates
closely with income levels, it is expected that demand for meat will grow tremendously. For
this reason the FAO asserts that the world will in fact have to produce 70% more food than it
did in 2009 in order to feed everyone in 2050. This, of course, is an enormous and complex
challenge, in part because the world is already stretched for farmland: Presently about half of
the world’s habitable land surface (so 51 million square kilometers of 104 million square km
total) is used for agriculture. Of all agricultural land, about 77% (49 million km2) is used for
livestock production – including crops destined for livestock feed, and the remaining 23% of
land is used for crops destined for humans directly.16 Brief 2 considers this “wicked problem”
and various proposed solutions.
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è Nutrition and Health (Brief 3)
While there appeared to be growing consensus in recent decades that eating less ASPFs could
improve overall health outcomes, there appears to be growing debate about the exact dynamics
involved in the nutritional value and health impacts of meat consumption, inasmuch as the
global health implications of advocating plant-based diets.17 Moreover, while there may be
health benefits associated with a shift in the focus of ASPFs to PSPFs in industrialized nations,
this does not mean that the further shift to NSPFs will produce the same benefits.18 Debates
about the healthfulness of various protein foods inevitably verges into debates about the
healthfulness of common-paired nutrients like fats and carbohydrates. This brief considers the
contours of the debate and gleans what information is considered part of the scientific
consensus, and what is still under dispute.
è Ethics and Welfare (Brief 4)
The discussion surrounding the future of protein gives rise to ‘a perfect moral storm’ of
competing values and interests. Globally, an estimated 70 billion land animals are killed for
food each year.19 Common practices in the industrial livestock sector have been shown to cause
a great deal of animal pain and suffering.20 Moreover, as other briefs in this series show, there
are a number of other ethical concerns about the way protein is current produced and the
impacts it has, on people’s health, the environment, and society. Brief 4 discusses the broad
theme of ‘ethics and welfare’ as it pertains to the wide range of concerns implicated in the
future of protein.
è Culinary Change (Brief 5)
Enabling the protein subsector’s transition to sustainability will require not only a shift in the
way we produce food, but also in the way we eat it. The present trends seem to mark a
contradiction – ASPF demand is growing considerably, and yet interest in plant-based diets is
also growing.21 New consumer products are available (in particular NSPFs), and at the same
time there has been a resurgent interest in ‘traditionally’ sourced foods from local farms and
artisanal producers.22 Brief 5 focuses on the role consumers play in shaping a sustainable future
of protein, as well as the resultant impacts a shift to more sustainable diets will have on taste,
culinary traditions and food habits.
è Climate Change and Biodiversity (Brief 6)
Greenhouse gas emissions from the protein subsystem are significant. For instance, the
livestock sector supply chain currently accounts for about 14.5% of global emissions.23
Furthermore, a recent high-profile report from the Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services (IPBES) found that activities relating to unsustainable
agricultural production are a leading cause of biodiversity decline globally.24 At the same time,
the agriculture sector is one area wherein changes to conventional practices can have
measurable results in terms of climate mitigation (through the sequestration of carbon dioxide
in agricultural soils and trees), and improvements to biodiversity (through the protection of
wildlife habitat and low-impact production methods). Brief 6 discusses the theme of climate
change and biodiversity as it pertains to the future production and consumption of protein
foods.
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è Innovation and Investment (Brief 7)
Innovation is key to achieving food security, but there remain myriad roadblocks and barriers
to both the development and the implementation of developing agricultural technologies,
practices and methodologies.25 In many places new products, processes and technologies
already exist, but having them effectively scaled-up and scaled-out remains an ongoing
challenge, especially in the developing world.26 At the same time, there remains widespread
resistance to certain types of innovation, particularly when these threaten longstanding
traditions or cultural values.27 This brief examines the rapidly changing world of innovation
and investment in the agri-food sector, with a particular focus on the protein subsystem.

Responses to Sustainable Protein28
What is to be done about the protein problem? Rather than provide a singular set of policy
responses, this series of briefs takes a multi-framework approach examining the protein
sustainability problem through three different lenses (Figure 1.6). Arguably, the future of protein
appears to be simultaneously pursuing three distinct pathways at once, and each of these pathways
offers a unique (and competing) vision of the future.

Figure 1.6. Pathways to Sustainable Protein

Credits: Produced by author.
a. The REPAIR pathway aims to ‘fix’ existing problems relating to the protein agri-food
subsystem, primarily through an approach prioritizing technological innovations and
improvements.
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b. The REPLACE approach seeks a broader overhaul of the protein subsystem, prioritizing
the replacement of ASPFs with PSPFs as the dominant protein source in the human diet, in
addition to the introduction of new food commodities and consumption practices.
c. The RESTORE ‘school’ aims to address the problem by ‘restoring’ a holistic balance
between humans and nature within the protein subsystem. This includes an emphasis on
maximizing biodiversity, biomimicry, and natural resilience in the production process, all
supported socio-economically through more sustainable consumption practices.
Each of the briefs in this series examined a specific dimension of the protein sustainability problem
through the three main pathways identified here, as a means of providing a comprehensive and
nuanced interpretation of the future of protein.

Conclusion
This introductory brief serves as a launch pad for the subsequent six briefs. It has sought to explain
the complexity involved in the global protein market, protein food consumption and production
trends and preferences, and offered a primer on the unique attributes of different types of protein
foods (ASPFs, PSPFs and NPFPs). It has additionally laid out the foundations of the global protein
sustainability problem and introduced six core thematic pillars (feeding the world; nutrition and
health; ethics and welfare; culinary change; climate change and biodiversity; and innovation and
investment) – each of which is examined more thoroughly in the following briefs. Finally, three
main pathways to sustainable protein have been introduced (Repair, Replace, and Restore) as
unique discourses – each with their own set of proposals for tackling the problems seen in the
current protein subsystem. Since the world appears to be travelling down all three pathways at
once, it may just be the case that the we have entered into a new era of “protein plurality”29 –
wherein heightened awareness about agri-food issues amongst both producers and consumers is
leading to a range of new production techniques and food options which ultimately benefits
humanity. That is, with further attention into the protein sustainability problem from a range of
approaches, it may just be possible to envision a future world in which everyone can have their
protein – and eat it too.
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