Towards a healthy, sustainable, humane food and farming system
Globally we need a far-reaching rethink of our food and farming systems. Without this it will not
be possible to meet the 2030 Sustainable Development Goals (SDGs) and the Paris Climate
Agreement’s targets. Nor will it be possible to achieve healthy dietary patterns and we will not be
able to halt the devastating impact of food production on wildlife.
The OECD stresses the need to break out of policy silos.1 We need instead to develop cohesive
food and farming policies that seek to fulfil a range of objectives relating to farming livelihoods,
food security, natural resources, dietary health, climate change and animal welfare. These
policies need to be properly integrated so that one objective is not achieved at the expense of
another.
We need to move away from industrial agriculture. Industrial livestock production is
responsible for a substantial proportion of the harm arising from today’s food and farming
systems.

“States [should] ensure the political and financial commitments needed to
shift from current industrial agricultural systems to nutrition-sensitive
agroecology that is healthy for people and sustainable for the planet”
Hilal Elver, UN Special Rapporteur on the right to food: 20151

1. Harm arising from industrial livestock production and overconsumption
of meat and dairy
Industrial livestock production is an inherently inefficient use of resources and is
undermining food security
Industrial livestock production is dependent on feeding human-edible cereals to livestock
who convert them very inefficiently into meat and milk.
For every 100 calories fed to animals as cereals, just 17-30 calories enter the human food
chain as meat.2 3 Some studies indicate that the conversion rates may be even lower.4
Cassidy et al (2013) report that for every 100 grams of grain protein fed to animals, we get
only about 43 new grams of protein in milk, 35 in eggs, 40 in chicken, 10 in pork, or 5 in
beef.5
Experts describe the use of cereals to feed animals as “staggeringly inefficient”,6 “colossally
inefficient”7 and “a very inefficient use of land to produce food”.8
These inefficiencies matter as the quantity of crops used as animal feed is huge. 56% of EU
cereals are used as animal feed.9 67% of US crop calories are used to feed animals10;
globally the figure is 36-40%.11 12 98% of global soybean meal is used as animal feed.13 The
sheer scale of the losses entailed in feeding cereals to animals means that this practice is
increasingly being recognised as undermining food security.14

Industrial livestock production’s detrimental impact on natural resources
Industrial livestock’s huge demand for feed has fuelled the intensification of crop production
which, with its use of monocultures and agro-chemicals, has led to overuse and pollution of
ground- and surface-water,15 soil degradation,16 17 biodiversity loss,18 and air pollution.19 The
demand for soy as animal feed is a key driver of deforestation.
Water pollution
The UN states that “Intensive livestock production is probably the largest sector-specific
source of water pollution”.20
Breaching planetary boundaries
Research has established nine planetary boundaries which, if crossed, could generate
irreversible environmental changes and drive the planet into a much less hospitable state.21
In two cases – (i) biodiversity loss and (ii) nitrogen and phosphorus flows – we have crossed
the boundary and entered a high-risk zone. Industrial livestock production has played a
major part in the crossing of both these boundaries. Nitrogen and phosphorus are primarily
used in fertilisers much of which are used to grow crops for animal feed.22 23 24 The demand
for huge quantities of feed crops has led to biodiversity loss through both the intensification
and the expansion of arable production.25
Threatening the survival of wildlife: elephants and earthworms
Studies show that population and species extinctions are proceeding rapidly and a sixth
mass extinction may already be underway.26 Human pressures including agriculture are an
important factor in this. Ever more forests and savannahs are being destroyed to grow soy
and cereals for industrially farmed animals. This is eating into wildlife habitats driving many
species – including elephants and jaguars – towards extinction.27
Moreover, the chemical soaked monocultures that have arisen in part to satisfy the industrial
sector’s growing demand for feed crops have devastated birds, butterflies and pollinators.28
Both the numbers and diversity of earthworms are being reduced by intensive agriculture;29
earthworms are essential to human life as they play a key part in maintaining soil health and
fertility.
Industrial livestock production’s detrimental impact on human health
Non-communicable diseases
The high levels of consumption of red and processed meat that have been made possible by
industrial livestock production contribute to heart disease, obesity, diabetes and certain
cancers.30, 31, 32 The World Health Organisation (WHO) has classified red and processed
meat as ‘probably carcinogenic’ and ‘carcinogenic’ respectively.33

“WHO and other health agencies are advising populations to reduce meat
consumption as part of an overall healthy diet.”
World Health Organisation, 20172
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Nutritional quality
Free-range animals –who consume fresh forage and have higher activity levels – often
provide meat of higher nutritional quality than animals that are reared industrially. Pasturefed beef has less fat and higher proportions of omega-3 fatty acids than grain-fed beef. 34
Meat from free-range chickens contains substantially less fat and generally a higher
proportion of the beneficial omega-3 fatty acids than meat from chickens reared industrially.
Moreover, the fast growth rates of today’s chickens are having a detrimental impact on the
nutritional quality of chicken breast meat with increased fat content and less and lower
quality protein.35 This suggests that the claim that chicken meat is healthy is questionable.
A paper published in the Journal of the American College of Cardiology challenges the
health status of chicken stating that “much chicken is transformed into fast food and other
calorie-rich, ultra-processed” products.36
Generating disease
Industrial livestock production plays an important part in the emergence, spread and
amplification of pathogens, some of which are zoonotic i.e. they can be transmitted to
people.37 38
Antimicrobial resistance
Antimicrobials are regularly used in industrial livestock systems39 40 to prevent the diseases
that would otherwise be inevitable where animals are confined in crowded, stressful
conditions and are bred and managed for maximum yield. These conditions compromise
their health and immune responses, and encourage disease to develop and spread. To
prevent this, antimicrobials are routinely given to whole herds or flocks of healthy animals via
their feed and water. The WHO stresses that the high use of antimicrobials in farming
contributes to the transfer of resistant bacteria to people thereby undermining the treatment
of serious human disease.41
Air pollution arising from agriculture
Agriculture is a major source of three important air pollutants: ammonia, particulate matter and
nitrous oxide. Air pollution is a serious problem for human health as it contributes to
conditions such as bronchitis, asthma, lung cancer and congestive heart failure. Studies
show that in some countries – including Demark and the UK– agriculture is responsible for a
larger proportion of the health problems arising from air pollution than transport or energy
generation.42 43 Agriculture’s emissions largely result from livestock and fertilisers; a
substantial proportion of these are used to grow crops for animal feed.
Climate change: reducing meat and dairy consumption is essential
If we are to avoid dangerous levels of climate change all sectors must reduce their
greenhouse gas (GHG) emissions. However, on a business-as-usual basis the emissions
from agriculture are likely to substantially increase by 2050.44 Animal products generally
generate substantially higher GHG emissions per unit of nutrition produced than plant
foods.45 46 Research shows that our diets - with their high proportion of meat and dairy - will
make it very difficult to respect the Paris targets.47 A significant reduction in meat and dairy
consumption is essential if food-related emissions are to decrease and if we are to meet the
Paris targets.48 49
Industrial agriculture is incompatible with the following SDGs:
Achieve food security (Goal 2): The UN Food and Agriculture Organisation (FAO) warns
that further use of cereals as animal feed could threaten food security by reducing the grain
available for human consumption.50
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Reduce water use and pollution (6.3 & 6.4): Industrial livestock production generally uses
and pollutes more surface- and ground- water than grazing systems.51 This is due to
industrial systems’ dependence on grain-based feed.52 Further intensification of animal
production systems will result in increasing use and pollution of water per unit of animal
product.53
Reverse land degradation and improve soil quality (2.4 & 15): Modern agriculture, in
seeking to maximize yields, has degraded soils to the point where poor soil quality is thought
to be constraining productivity.54
Ensuring healthy lives (3.4 & 3.9): Current high levels of red and processed meat will make
it very difficult to reduce non-communicable diseases.55 Industrial agriculture is a major
cause of air pollution.
Halt biodiversity loss (15): The UNDP states that modern agricultural practices have been
“responsible for considerable damage to biodiversity, primarily through land-use conversion
but also through overexploitation, intensification of agricultural production systems,
excessive chemical and water use, nutrient loading, pollution”.56
Halt deforestation (15.2): The use of soy as animal feed is an important driver of
deforestation.
Industrial livestock production’s detrimental impact on animal welfare
Even with good stockmanship industrial livestock production has no potential for providing
satisfactory welfare. Animals are confined in cages or narrow crates or in barren,
overcrowded units which make it impossible for them to carry out their natural behaviours.
Many are pushed to such high yields or fast growth that they suffer from painful health
problems including lameness, bone deformities and bone fractures.57 58 59
Concepts of animal welfare are evolving. Increasingly it is being recognised that animal
welfare does not just entail preventing suffering but that animals must be able to have
positive experiences. Mellor (2016) writes that such experiences include “comfort, pleasure,
interest, confidence and a sense of control”.60
Industrial livestock production flies in the face of the growing recognition that animals are
sentient beings and that each is an individual with their own distinct characteristics. Animals
have been placed in this world for their own sakes, to live their own lives not just to act as
our handmaids, as servants to our needs and wants. Industrial production takes a
mechanistic view of animals as tools that can be made ever more efficient. This is unworthy
of our finer, more generous instincts as humans. Let us recognise that animals are not
pieces of machinery; they are our fellow creatures entitled, like us, to experience the joy of
living.
Animal welfare should not be regarded as a peripheral consideration in the formulation of
food and farming policy. Instead it should be accepted – together with food security, public
health, the environment, climate change and farmers’ livelihoods - as one of the core criteria
that must be satisfied by our food and farming systems.
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2. A food and farming renaissance is needed

The International Panel of Experts on Sustainable Food Systems highlights
the need to transition to agroecological systems. They stress: “This
transition is viable and necessary whether the starting point is highly
specialized industrial agriculture or forms of subsistence farming in poor
developing countries”.
IPES Food, 20163

At present consumption is presumed to be unchangeable and that, whatever the planetary
consequences, demand must be met. Policies about production and consumption need to be
interwoven. Healthy eating patterns must be encouraged that enable food to be produced
without causing irreparable harm to natural resources and the climate.
Production: Redefining the role of livestock
Studies show that livestock are only efficient when they are converting materials that people
cannot consume - grass, by-products, crop residues, unavoidable food waste – into food that
we can eat.61 62 The role of livestock should be transformed so that they are primarily seen
as converters of inedible materials into meat and milk. The use of human-edible crops as
animal feed should be reduced with the main emphasis being on:
•

raising animals on extensive pastures and rangeland: Extensively reared
ruminants convert grass and other vegetation into food that we can eat and are able
to use land that is generally not suitable for other forms of food production. Wellmanaged grasslands support biodiversity and store large carbon stocks;

•

integrated crop/livestock production: The link between animals and the land
should be restored through mixed rotational farming where animals are fed on crop
residues and pasture and their manure, rather than being a pollutant, fertilises the
land;

•

raising pigs and poultry outdoors: Pigs and poultry are nature’s great foragers
and recyclers. They should be kept outdoors where some of their diet can come
from foraging, pasture, cull vegetables from local farms and food waste. This could
replace part of the cereal, soy, palm and fish-based feed currently used;

•

agro-forestry: This can be more productive, profitable and sustainable than forestry
alone or agricultural monocultures. In Galicia in Spain, pigs are farmed in forest
areas63 while in Denmark pig rearing is combined with fruit and vegetable
production.64 In Italy some farmers integrate pig rearing with trees which provide
shade for the pigs in the hot summer months.65
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Consumption: Eating less and better meat and dairy products

“overconsumption of meat is bad for our health and for the health of our
planet ... we need to decide whether to act now to reduce human meat
consumption or wait until the decay of sufficient parts of the global system tip
us into much poorer planetary, societal, and human health”
John Potter, Professor of epidemiology, British Medical Journal 20174

A reduction in meat and dairy consumption would deliver multiple co-benefits. It would:
 reduce the incidence of heart disease and certain cancers (this applies to reduced
consumption of red and processed meat)
 make it possible to meet the Paris climate targets
 allow cropland to be farmed less intensively so enabling biodiversity, soils and water
quality to be restored
 help feed the growing world population as a much greater proportion of crops would
be used for direct human consumption
 reduce pressures on wildlife as habitat destruction could be reversed
 enable animals to be farmed extensively to high welfare standards.
Reducing meat production and consumption: should the focus be on ruminants or
monogastrics?
Some argue that the reduction should be made in ruminants as they have higher GHG
emissions than monogastrics. It is also argued that ruminants need more land than
monogastrics. However, this point does not distinguish between (i) intensively and
extensively raised ruminants and (ii) arable land and grassland. Extensive ruminants utilise
land very efficiently when they graze grassland which cannot be used for others forms of
food production. In contrast, monogastrics and intensive ruminants need arable land for
feed which could be used more efficiently to grow crops for direct human consumption.
In several respects extensive ruminants make a much better contribution to sustainable food
production than monogastrics (most pig and poultry production is in the industrial sector).
Extensive ruminants augment food security by converting inedible materials into food we can
eat. Monogastrics, however, undermine food security as they consume much more nutrition
when eating human-edible crops than they deliver as meat.
Any expansion of the monogastrics sector would fuel increased demand for cereals and soy
as animal feed. . This would lead to expansion of cropland into forests and grasslands
and/or intensification of crop production through the use of monocultures and agrochemicals.
Animals raised in industrial systems are vulnerable to disease. As a result antibiotics use is
much higher in such systems than in extensive ruminants. Animal welfare is poor in
industrial pig and poultry operations while well-managed extensive ruminant production has
the potential to deliver high welfare standards.
In summary, the fact that ruminants produce more GHG emissions per unit of meat
produced than pigs and poultry is crucial. However, it does not follow that meat production
6

should switch from ruminants to monogastrics as this would result in detrimental impacts on
food security, biodiversity, use of arable land, deforestation, antibiotic resistance, animal
welfare and the quality of soil, water and air. The best response to ruminant GHG emissions
– while at the same time ensuring that other key factors are not undermined - is to
substantially reduce meat consumption but for the bulk of meat production to be extensive
ruminants as industrial pig and poultry production is responsible for a very wide range of
harms.
Empowering consumers
Governments should develop programmes to increase public awareness of the implications
of different livestock farming methods and consumption levels for human health, the
environment, food security, climate change and animal welfare. SDG 12.8 requires people
“to have the relevant information and awareness for sustainable development and lifestyles
in harmony with nature”.
Consumers should be empowered to play a greater part in driving improvements in animal
welfare. Mandatory labelling of meat, dairy products and eggs as to farming method would
enable consumers to make informed choices when buying food.
Ending hunger and increasing the productivity of small-scale farmers

“High-input, resource-intensive farming systems, which have caused massive
deforestation, water scarcities, soil depletion and high levels of greenhouse
gas emissions, cannot deliver sustainable food and agricultural production.
Needed are innovative systems that protect and enhance the natural resource
base, while increasing productivity. Needed is a transformative process
towards ‘holistic’ approaches, such as agroecology, agro-forestry ... and
conservation agriculture, which also build upon indigenous and traditional
knowledge.”
UN Food and Agriculture Organisation, 20175

Increasing food production will not of itself be sufficient to combat hunger.66 It must be
combined with improved livelihoods for the poorest, particularly small-scale farmers in the
developing world. Smallholder farmers must be helped to increase their productivity but this
should not entail the introduction of industrial systems as these exclude participation of the
poorest farmers. They are out-competed by industrial production which provides little
employment.
Small-scale farmers should be helped to provide improved healthcare and nutrition for their
animals through better disease prevention and management, the expansion of veterinary
services and the cultivation of fodder crops such as legumes. Better animal health and
nutrition result in increased livestock productivity and longevity. This will improve
smallholders’ purchasing power, making them better able to buy the food that they do not
produce themselves and to have money available for other essentials such as education and
health care.
Non-industrial approaches can deliver substantial productivity gains. Research has studied
silvopastoral systems for cattle that, alongside pasture also provide shrubs (preferably
7

leguminous) and trees with edible leaves and shoots. Such systems do not need synthetic
fertilisers, produce more biomass than conventional pasture and hence result in increased
meat and milk production.67 In East Africa fodder shrubs have been identified that provide
cheaper and easily available protein feeds for improving milk production and boosting
incomes in smallholder farms.68
In an area in Ethiopia prone to drought deep water-harvesting holes have been dug; these
are lined with a geo-membrane to stop leakage. Rainwater is stored allowing farmers to
irrigate their crops at times of need. Their livestock no longer have to be sold during the dry
season, when feed becomes scarce. Farming is now a viable livelihood, where once foodhandouts or migration were the only options.69 In the Philippines small-scale enterprises
rearing free range chickens are proving to be commercially viable.70
Analyses of some 300 projects in the developing world show substantial benefits in the form
of increased crop yields, improved water efficiency and reduced pesticide use arising from
techniques such as integrated pest and nutrient management, agro-forestry and
conservation agriculture.71 72
Replacing routine use of antimicrobials with health-orientated systems for rearing
animals
A Joint Scientific Opinion by the European Medicines Agency and the European Food Safety
Authority highlights the “need to rethink those particular farming systems which place much
reliance on antimicrobial use ... The stress associated with intensive, indoor, large scale
production may lead to an increased risk of livestock contracting disease.”73
Heath-orientated systems should be used in which good health is integral to the system
rather than being propped up by routine use of antimicrobials. This approach would build
good health and strong immunity by:
avoiding overcrowding: high densities are a risk factor for the spread and development of
infectious disease; such densities can allow rapid selection and amplification of pathogens;74
75 76

reducing stress: stress tends to impair immune competence, making animals more
susceptible to disease;77
enabling animals to perform natural behaviours: inability to engage in natural behaviours
is a major source of stress in intensive systems;78
ending the early weaning of pigs: this is stressful due to premature removal from the sow,
change in diets, mixing with unfamiliar pigs and being moved to a new environment.79
avoiding excessive group size: The O’ Neill Review states: “large numbers of animals
living in close proximity ... can act as a reservoir of resistance and accelerate its spread.
There are often many opportunities in intensive farming environments for drug-resistant
bacteria to be transferred between, for example, thousands of chickens being reared in the
same indoor enclosure”;80
maintaining good air quality: poor air quality and inadequate ventilation are risk factors for
respiratory disease;81
encouraging a move away from genetic selection for high production levels: these
appear to involve an increased risk of immunological problems and pathologies.82
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Such health-orientated systems would also have much greater potential for delivering good
welfare outcomes than industrial systems.
Diversifying our sources of protein: meat analogues and artificial meat
Meat analogues and artificial meat are being developed. These will facilitate reduced
consumption of real meat with concomitant benefits for health, the environment, climate
change and animal welfare.83 84 Meat analogues (imitation meat), based on plant sources of
protein such as soy and wheat gluten, resemble meat in flavour, texture and appearance.
The market for meat analogues is expected to grow strongly.85
Artificial meat (‘lab-grown’ meat) could make a major contribution to meeting the growing
demand for meat while at the same time reducing the global population of farm animals.
Moreover, its production would not entail the routine use of antimicrobials which is endemic
in industrial livestock production or carry the risk of zoonosis outbreaks. Artificial meat would
have much lower environmental impacts and GHG emissions and would need less land and
water than real meat.86
Artificial meat is made from cells collected from an animal which are then grown in a culture
medium. Lab-grown burgers and meatballs as well as chicken meat have already been
produced. 87 88 89 90 A number of start-ups are working in this field.91 Costs are coming
down.92 Governments should adopt policy positions that strongly support the development
of artificial meat.
Replacing distorting economics with true cost accounting

“In many countries there is a worrying disconnect between the retail price of
food and the true cost of its production. As a consequence, food produced at
great environmental cost in the form of greenhouse gas emissions, water
pollution, air pollution, and habitat destruction, can appear to be cheaper than
more sustainably produced alternatives.”
UN Food and Agriculture Organisation, 20156

John Potter, Professor of epidemiology, British Medical Journal 20174
Industrially produced meat and milk are cheap at the supermarket checkout. However, the
low cost of these products is achieved only by an economic sleight of hand. We have
devised a distorting economics which takes account of some costs such as housing and
feeding animals but ignores others including the detrimental impact of industrial agriculture
on human health and natural resources.
These “negative externalities” represent a market failure in that the costs associated with
them are borne by third parties or society as a whole and are not included in the costs paid
by farmers or the prices paid by consumers of livestock products. In some cases the costs
are borne by no-one and key resources such as soil and biodiversity are allowed to
deteriorate undermining the ability of future generations to feed themselves.
Need to internalise negative externalities
The UK Foresight report on the future of food and farming said: “There needs to be much
greater realisation that market failures exist in the food system that, if not corrected, will lead
to irreversible environmental damage and long term threats to the viability of the food
9

system. Moves to internalise the costs of these negative environmental externalities are
critical to provide incentives for their reduction.”93
We need to develop ways of internalising these negative externalities so that the costs and
losses they engender are properly reflected in the price of food. If this were done, industrial
meat and milk would be more expensive than their more nutritious, extensively produced
counterparts.
Mending our price system
Olivier De Schutter, former UN Special Rapporteur on the right to food, stresses that “any
society where a healthy diet is more expensive than an unhealthy diet is a society that must
mend its price system.” 94 This applies equally to a society where environmentally
damaging, low animal welfare food is cheaper than food that respects natural resources and
animals’ well-being.
Fiscal measures should be used to lower the cost of quality food for both farmers and
consumers. Farmers producing to high environmental and animal welfare standards could
be compensated for the extra costs involved by subsidies and, in their tax affairs, by
generous capital allowances and an extra tranche of tax-free income. This could be paid for
by placing taxes on the inputs of industrial agriculture such as chemical fertilisers and
pesticides.
Taxes should be placed on unhealthy, inhumanely produced food with the revenue raised
being used to subsidise the price of healthy food produced to high standards of animal
welfare. In countries which charge VAT on food, the price paid by consumers for quality
food could be reduced by placing a lower or nil VAT rate on such food.
Rebutting the 70% myth
One thing more than any other drives current food policy: the assumption that by 2050 we
need to produce 70% more food to feed the growing world population. And on this basis we
are told that further industrialisation is necessary. However, estimates of the number of
people that could be fed from current food production vary from 11.5 billion to nearly 16
billion. 95 96 97 We produce sufficient food; the problem is that over half is lost or wasted in
various ways.
The UN Environment Programme calculates that the cereals which, on a business-as-usual
basis, are expected to be fed to livestock by 2050, could, if they were instead used to feed
people directly, provide the necessary food energy for over 3.5 billion people. If a target
were adopted of halving the use of cereals for feed an extra 1.75 billion people could be fed.
A report by the High Level Panel of Experts on Food Security and Nutrition states that
worldwide 25% of food calories are lost or wasted post harvest or by being discarded by
consumers or food businesses. If such loss and waste could be halved an extra 1.4 billion
people could be fed.98
Alexander et al (2017) calculate that 2.9 EJ (exajoules) are lost each year through
overconsumption i.e. consumption in excess of nutritional requirements.99 An extra 400
million people could be fed if such overconsumption was halved.
If all the above steps were taken, an extra 3.55 billion people could be fed; this is more than
the anticipated 2.2 billion increase in world population by 2050100 (see Figure 1). We do not
need to produce large amounts of extra food; we simply need to use our food more wisely.
This said, increased production is needed in certain regions such as sub-Saharan Africa and
South Asia but this must be achieved in a genuinely sustainable manner.
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Figure 1
Feeding the 2.2 billion extra people anticipated by 2050
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Challenging vested interests

“much food production is now divorced from its primary purpose of providing
the nutrients that sustain human life in good health”
World Health Organisation, 2017

The WHO points out that a handful of large multinational corporations now control the food
chain.101 They stress the need for governments “to make bold political choices that take on
powerful economic operators, like the food and soda industries. If governments understand
this duty, the fight against obesity and diabetes can be won. The interests of the public must
be prioritized over those of corporations”.102
Multi-national companies that provide agricultural inputs such as livestock feed, genetics and
pharmaceuticals; fertilisers, pesticides and commercial seeds; and farm equipment have a
vested interest in promoting industrial agriculture, including industrial livestock production.
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These providers of inputs are dependent on agriculture being industrial. If farming were to
become extensive demand for their products would fall very substantially. Accordingly, they
endeavour to protect industrial agriculture from criticism. Such companies wish not just to
protect their markets but to keep on growing; hence their desire to see further expansion of
the industrial model in the developing world. Indeed, the global South is the prime growth
region for industrial agribusiness.103
Even those input providers with no apparent connection to industrial livestock – such as
manufacturers of pesticides and fertilisers – are in fact dependent on it as 36% of global
cereals 104 and 98% of the world’s soybean meal are used as animal feed. 105
The major international grain traders also have a strong interest in the continued expansion
of industrial livestock production as it is their products that are used by manufacturers of the
concentrate animal feed that is the norm in the industrial sector.
These companies have immense political influence which they use to influence policymakers
and regulators and to obstruct reforms. They are able to shape the narratives that entrench
the status quo e.g. industrial agriculture gives us cheap food and is vital to feed the world.
Hilal Elver says: “Political will is needed to re-evaluate and challenge the vested interests,
incentives and power relations that keep industrial agrochemical-dependent farming in
place”.106

1

OECD, 2010. Breaking out of policy silos. http://www.keepeek.com/Digital-Asset-Management/oecd/urbanrural-and-regional-development/breaking-out-of-policy-silos_9789264094987-en#.WZ_QLj6GPIU
2
Lundqvist, J., de Fraiture, C. Molden, D., 2008. Saving Water: From Field to Fork – Curbing Losses and
Wastage in the Food Chain. SIWI Policy Brief.
SIWI.http://www.siwi.org/documents/Resources/Policy_Briefs/PB_From_Filed_to_Fork_2008.pdf
3
Nellemann, C., MacDevette, M., Manders, et al. (2009) The environmental food crisis – The environment’s role
in averting future food crises. A UNEP rapid response assessment. United Nations Environment Programme,
GRID-Arendal, www.unep.org/pdf/foodcrisis_lores.pdf
4
Cassidy E.M et al, 2013. Redefining agricultural yields: from tonnes to people nourished per hectare. University
of Minnesota. Environ. Res. Lett. 8 (2013) 034015
5
Ibid
6
Bailey R et al, 2014. Livestock – Climate Change’s Forgotten Sector. Chatham House.
7
IEED briefing, March 2015. Sustainable Intensification revisited. http://pubs.iied.org/17283IIED.html
8
Bajželj B. Et al, 2014. Importance of food-demand management for climate mitigation. Nature Climate Change
http://www.nature.com/doifinder/10.1038/nclimate2353
9
https://ec.europa.eu/agriculture/sites/agriculture/files/cereals/balance-sheets/cereals/2017-18_en.pdf
10
Cassidy et al, 2013. Op. Cit.
11
Ibid
12
Pradhan et al, 2013. Embodied crop calories in animal products. Environ. Res. Lett. 8 (2013) 044044
13
Soyatech. 2017. http://www.soyatech.com/soy_facts.htm accessed 19 April 2017
14
FAO, 2013. Tackling climate change through livestock
15
Mekonnen, M. and Hoekstra, A., 2012. A global assessment of the water footprint of farm animal products.
Ecosystems.: DOI: 10.1007/s10021-011-9517-8
16
Edmondson, J.L. et al., 2014. Urban cultivation in allotments maintains soil qualities adversely affected by
conventional agriculture. Journal of Applied Ecology 2014, 51, 880–889
17
Tsiafouli, M.A. et al., 2015. Intensive agriculture reduces soil biodiversity across Europe. Global Change
Biology: 21, p973–985
18
World Health Organization and Secretariat of the Convention on Biological Diversity. 2015. Connecting global
priorities: biodiversity and human health
19
Lelieveld et al, 2015. The contribution of outdoor air pollution sources to premature mortality on a global scale.
Nature, Vol 525
20
UN World economic and social survey 2011
21
Steffen et al, 2015. Planetary boundaries: Guiding human development on a changing planet. Science
Express. 15 January 2015: page 1/10.1126/science.1259855
22
Ibid
23
Eds. Sutton M.A., Howard C.M., Erisman J.W., Billen G., Bleeker A., Grennfelt P., van Grinsven H. and
Grizzetti B., 2011. The European Nitrogen Assessment. Cambridge University Press.

12

24

Sutton M. et al, 2013. Our Nutrient World: The challenge to produce more food and energy with less pollution.
Global Overview of Nutrient Management. Centre for Ecology and Hydrology, Edinburgh on behalf of the Global
Partnership on Nutrient Management and the International Nitrogen Initiative
25
World Health Organization and Secretariat of the Convention on Biological Diversity. 2015. Connecting global
priorities: biodiversity and human health
26
Geballos G et al, 2017. Biological annihilation via the ongoing sixth mass extinction signaled by vertebrate
population losses and declines. http://www.pnas.org/content/114/30/E6089
27
Lymbery P, 2017. Dead Zones. Bloomsbury Publishing.
28
Ibid
29
Tsiafouli, M.A. et al., 2015. Op.Cit.
30
Friel S., Dangour A.D., Garnett T., Lock K., Chalabi Z., Roberts I., Butler A., Butler C.D. Waage J., McMichael
A.J. and Haines A., 2009. Health and Climate Change 4: Public health benefits of strategies to reduce
greenhouse-gas emissions: food and agriculture. Published online November 25, 2009 DOI:10.1016/S01406736(09)61753-0
31
Aston LM, Smith JN and Powles JW, 2012. Impact of a reduced red and processed meat dietary pattern on
disease risks and greenhouse gas emissions in the UK: a modelling study. BMJ Open Vol 2, Issue 5
http://bmjopen.bmj.com/content/2/5/e001072.full.pdf+html
32
Anand, S. et al., 2015. Food Consumption and its Impact on Cardiovascular Disease: Importance of Solutions
Focused on the Globalized Food System. Journal of the American College of Cardiology, 66, no 14
33
Bouvard et al, 2015. Carcinogenicity of consumption of red and processed meat. The Lancet Oncology
http://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(15)00444-1/abstract
34
Research reviewed in Nutritional benefits of higher welfare animal products, 2012. Compassion in World
Farming.
http://www.ciwf.org.uk/includes/documents/cm_docs/2012/n/nutritional_benefits_of_higher_welfare_animal_prod
ucts_report_june2012.pdf
35
Petracci M et al , 2014. Effect of White Striping on Chemical Composition and Nutritional Value of Chicken
Breast Meat, Italian Journal of Animal Science, 13:1, 3138,
http://www.tandfonline.com/doi/full/10.4081/ijas.2014.3138
36
Ibid
37
Otte, J., D. Roland-Holst, R. Pfeiffer Soares-Magalhaes, Rushton, J., Graham,J., and Silbergeld, E. 2007.
Industrial Livestock Production and Global Health Risks. Food and Agriculture Organization of the United
Nations, Pro-Poor Livestock Policy Initiative Research Report.
38
Council for Agriculture, Science and Technology. Global Risks of Infectious Animal Diseases. Issue Paper 28,
February 2005; 15pp
39

http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&C%20ompleted=0&ProjectI
D=9902 Accessed 29 November 2016
40
http://www.ft.dk/samling/20131/almdel/flf/spm/495/svar/1156714/1401964.pdf) Accessed 29 November 2016
41
http://www.who.int/mediacentre/news/releases/2011/whd_20110406/en/
42
Brandt, J et al, 2011. Assessment of Health-Cost Externalities of Air Pollution at the National Level using the
EVA Model System. Centre for Energy, Environment and Health Report series
43
Lelieveld et al, 2015. Op.Cit.
44
Springmann M et al, 2016. Analysis and valuation of the health and climate change cobenefits of dietary
change.| PNAS vol. 113 no. 15: 4146–4151
45
Ibid
46
Scarborough P. et al, 2014. Dietary greenhouse gas emissions of meat-eaters, fish-eaters, vegetarians and
vegans in the UK. Climatic Change (2014) 125:179–192 DOI 10.1007/s10584-014-1169-1
http://link.springer.com/article/10.1007%2Fs10584-014-1169-1#page-1
47
Bajželj B. et al, 2014. Importance of food-demand management for climate mitigation. Nature Climate Change
http://www.nature.com/doifinder/10.1038/nclimate2353
48
Ibid
49
Bailey R. et al, 2014. Livestock – Climate Change’s Forgotten Sector. Chatham House.
https://www.chathamhouse.org/sites/files/chathamhouse/field/field_document/20141203LivestockClimateChange
BaileyFroggattWellesley.pdf
50
FAO, 2013. Tackling climate change through livestock
51
Mekonnen, M. and Hoekstra, A., 2012. A global assessment of the water footprint of farm animal products.
Ecosystems.: DOI: 10.1007/s10021-011-9517-8
52
Ibid
53
Ibid
54
Edmondson et al, 2014. Op. Cit.
55
Etemadi A et al, 2017 Mortality from different causes associated with meat, heme iron, nitrates, and nitrites in
the NIH-AARP Diet and Health Study: population based cohort study the bmj | BMJ 2017;357:j1957 | doi:
10.1136/bmj.j1957
56
UN Decade on Biodiversity. https://www.cbd.int/undb/media/factsheets/undb-factsheet-agro-en.pdf

13

57

Knowles, T. G., Kestin, S. C., Haslam, S. M., Brown, S. N., Green, L. E., Butterworth, A., Pope, S. J., Pfeiffer,
D. and Nicol, C. J., 2008. Leg disorders in broiler chickens: prevalence, risk factors and prevention. Plos one 3
(2): e1545. doi: 10.1371/journal.pone.0001545.
58
Laywell: Welfare implications of changes in production systems for laying hens: Deliverable 7.1
59
European Food Safety Authority. 2009. Scientific Opinion of the Panel on Animal Health and Welfare on a
request from European Commission on welfare of dairy cows. The EFSA Journal 2009 1143, 1-38.
60
Mellor DJ. Updating Animal Welfare Thinking: Moving beyond the “Five Freedoms” towards “A Life Worth
Living”. Animals 2016, 6(3), 21; doi:10.3390/ani6030021
61
Op. Cit. Bajželj et al , 2014 Op. Cit.
62
Schader C et al. 2015. Impacts of feeding less food-competing feedstuffs to livestock on global food system
sustainability. J. R. Soc. Interface 12: 20150891. http://dx.doi.org/10.1098/rsif.2015.0891
63
http://www.agforward.eu/index.php/en/agroforestry-with-pigs-in-galicia-spain.html
64
http://www.agforward.eu/index.php/en/free-range-pigs-integrated-with-energy-crops.html
65
http://www.agforward.eu/index.php/en/free-range-pigs-with-energy-crops-italy.html
66
Report submitted by the Special Rapporteur on the right to food, Olivier De Schutter. 17 December 2010.
A/HRC/16/49 http://www2.ohchr.org/english/issues/food/docs/A-HRC-16-49.pdf
67
D. M. Broom, F. A. Galindo and E. Murgueitio, 2013. Sustainable, efficient livestock production with high
biodiversity and good welfare for animals. Proc. R. Soc. B 2013 280, 20132025, published 25 September 2013
68
Jules Pretty, Camilla Toulmin & Stella Williams (2011) Sustainable intensification in African agriculture,
International Journal of Agricultural Sustainability, 9:1, 5-24
69
https://www.ciwf.org.uk/media/3819837/ethiopia-case-study.pdf
70
https://www.pressreader.com/philippines/fb-world/20161201/284000421924404 Accessed 1 June 2017
71
Jules Pretty et al., “Resource-conserving agriculture increases yields in developing countries,”
Environmental Science and Technology, 40:4, 2006, pp. 1114−1119.
72
Jules Pretty, Camilla Toulmin & Stella Williams (2011) Sustainable intensification in African agriculture,
International Journal of Agricultural Sustainability, 9:1, 5-24
73
EMA & EFSA, 2017. Joint Scientific Opinion on measures to reduce the need to use antimicrobial agents in
animal husbandry in the European Union, and the resulting impacts on food safety.
http://www.ema.europa.eu/docs/en_GB/document_library/Report/2017/01/WC500220032.pdf
74 74
Otte, J., D. Roland-Holst, R. Pfeiffer Soares-Magalhaes, Rushton, J., Graham,J., and Silbergeld, E. 2007.
Industrial Livestock Production and Global Health Risks. Food and Agriculture Organization of the United
Nations, Pro-Poor Livestock Policy Initiative Research Report.
75
Council for Agriculture, Science and Technology. Global Risks of Infectious Animal Diseases. Issue Paper 28,
February 2005; 15pp
76
EFSA Panel on Animal Health and Welfare, 2005. Opinion related to welfare of weaners and rearing pigs:
effects of different space allowances and floor. EFSA Journal 2005;3(10):268, 149
pp.doi:10.2903/j.efsa.2005.268
77
Op. Cit. Joint EMA/EFSA Scientific Opinion
78
Ibid
79
Callaway et al, 2006. Social Stress Increases Fecal Shedding of Salmonella Typhimurium by Early Weaned
Piglets. Curr. Issues Intestinal Microbiol. 7: 65–72.
80
The Review on Antimicrobial Resistance, 2016. Tackling drug-resistant infections globally: final report and
recommendations http://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
81
Ibid
82
Rauw W et al, 1998. Undesirable side effects of selection for high production efficiency in farm animals: a
review. Livestock Production Science. Volume 56, Issue 1, 1 October 1998, Pages 15-33
83
Tuomisto H and Joost Teixeira de Mattos M, 2011. Environmental Impacts of Cultured Meat Production.
Environ. Sci. Technol., 2011, 45 (14), pp 6117–6123
84
Op. Cit. Alexander et al, 2017
85
http://www.marketsandmarkets.com/PressReleases/meat-substitutes.asp Accessed 23 May 2017
86
Tuomisto H and Joost Teixeira de Mattos M, 2011. Environmental Impacts of Cultured Meat Production.
Environ. Sci. Technol., 2011, 45 (14), pp 6117–6123
87
https://www.washingtonpost.com/national/health-science/lab-grown-meat-is-in-your-future-and-it-may-behealthier-than-the-real-stuff/2016/05/02/aa893f34-e630-11e5-a6f321ccdbc5f74e_story.html?utm_term=.71520635d82e Accessed 23 May 2017
88
http://fortune.com/2016/02/02/lab-grown-memphis-meats/ Accessed 23 May 2017
89
http://fortune.com/2017/03/15/memphis-meats-lab-grown-chicken-peta/ Accessed 23 May 2017
90

https://static1.squarespace.com/static/5674c0c22399a3a13cbc3af2/t/58c94becff7c508dcd28b8ff/148958718118
4/Memphis+Meats+-+Press+Release+15+Mar+2017+Final.pdf Accessed 4 September 2017
91
http://www.geektime.com/2017/03/09/4-startups-working-on-lab-grown-meat-you-should-be-following/
Accessed 23 May 2017
92
http://www.sciencealert.com/lab-grown-burger-patty-cost-drops-from-325-000-to-12 Accessed 23 May 2017
93
UK Government Office for Science, 2011. Foresight Report on the Future of Food and Farming
94
Report of the Special Rapporteur on the right to food, Olivier De Schutter. 26 December 2011. A/HRC/19/59
http://www.ohchr.org/Documents/HRBodies/HRCouncil/RegularSession/Session19/A-HRC-19-59_en.pdf

14

95

Calculations based on Cassidy E.M et al, 2013. Redefining agricultural yields: from tonnes to people nourished
per hectare. University of Minnesota. Environ. Res. Lett. 8 (2013) 034015
96
De Schutter O, 2014 Nous pourrions nourrir deux fois la population mondiale, et pourtant... Le point.fr
09/09/2014 http://www.lepoint.fr/environnement/nous-pourrions-nourrir-deux-fois-la-population-mondiale-etpourtant-09-09-2014-1861529_1927.php
97
For crop and animal production: FAOSTAT: Production database: production data for crops primary, crops
processed, livestock primary. Production data from 2012-2014 period as available on database. For calorific
values: FAOSTAT Food supply database: Food balance and food supply. People fed calculated as 2250 kcal
per person per day for one year. http://faostat3.fao.org/home/
98
15
Calculation based on Cassidy et al (Op. Cit.) which states that 9:46 x10 calories available in plant form are
produced by crops globally,
99
Alexander P et al, 2017. Losses, inefficiencies and waste in the global food system. Agricultural Systems 153:
190–200.
100
UN Department of Economic and Social Affairs
https://www.un.org/development/desa/en/news/population/world-population-prospects-2017.html Accessed 6
September 2017
101
WHO, 2017. Ten years in public health, 2007–2017
102
Ibid
103
ETC Group Communiqué 115, December 2015. Breaking Bad
104
Cassidy E.M et al, 2013. Redefining agricultural yields: from tonnes to people nourished per hectare.
University of Minnesota. Environ. Res. Lett. 8 (2013) 034015
105
Soyatech. 2017. http://www.soyatech.com/soy_facts.htm Accessed 19 April 2017
106
Hilal Elver, 2017. A/HRC/34/48

References for text boxes
1

Hilal Elver, 2016. A/71/282. Interim report to UN General Assembly
WHO, 2017. Ten years in public health 2007- 2017
3
The International Panel of Experts on Sustainable Food Systems, 2016.From uniformity to diversity, executive
summary
4
Potter J, 2017. Red and processed meat, and human and planetary health. British Medical Journal
5
FAO, 2017. The future of food and agriculture
6
FAO, 2015. Natural capital impacts in agriculture
2

15

