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Foreword 

In 2008, the Food Climate Research Network (FCRN) published a report1 which estimated that 
our consumption of food in the UK, from agriculture through to consumption, accounts for 19% 
of all the greenhouse gas (GHG) emissions generated through the goods and services we 
consume. It also argued that a reduction of up to 70% should be possible if we deployed a mix 
of technological improvements and changes in consumption. The report recommended that 
government should commit to reducing emissions by this amount, by 2050, and should set out a 
road map for how it intends to do so, stating what proportion would be achieved through 
technological and managerial improvements; and what from changes in the balance of what 
people eat. 
 
This recommendation and WWF-UK’s desire to understand what approaches are needed to 
reduce GHG emissions from food by 70% provided the impetus for WWF-UK and the FCRN to 
join forces in commissioning a piece of work that would: first, re-examine total food chain 
emissions taking into account emissions arising from agriculturally induced land use change; 
and, second, would investigate whether and if so how a 70% reduction in GHG emissions might 
be achieved.2. This report, undertaken by a team of researchers from Cranfield University, 
Ecometrica and Murphy-Bokern Konzepte, is the result.  
 
We welcome it. This is an innovative piece of work. It has gone a considerable way towards 
expanding our understanding of the food chain and its impacts, and of highlighting the actions 
that may be needed both pre and post farm gate, both technological and behavioural, if we are 
to reduce emissions. By making, as it has had to, a great many fairly major assumptions as to 
both impacts (particularly with respect to land use) and as to what solutions might be possible in 
the coming years, it has also underlined how much we still don’t know, and need to know.  
 
We would like to draw attention to what we feel are the most striking aspects of this work. 
 
A first key finding of the report is that a focus on one solution only will not lead to the reductions 
that are needed. Single measures, such as the elimination of meat and dairy products from our 
diet, or the decarbonisation of the supply chain, or the development of technologies to eliminate 
enteric methane emissions will not by themselves cut emissions by 70%. If the UK food chain is 
to make a proportionate contribution to the UK’s target of reducing its overall emissions by 80% 
by 2050, then policy makers will need to put in place a combination of measures that change 
not only how we produce and consume food, but also what it is we consume.  
 
A second important finding is that the report corroborates previous estimates, both by both the 
FCRN and Defra3, of the contribution that food chain emissions (excluding land use change) 
makes to UK GHG emissions. They all fall between 152- and 159 MtT CO2 eq - and put the food 
chain’s contribution to overall UK consumption related emissions at approximately 20%. 
 
Third is the striking and disturbing finding of this report with respect to land use. This, to our 
knowledge, is the first report that actually links changes in land use overseas to the food 
consumption patterns of one country. It finds that the inclusion of CO2 emissions resulting from 
UK food-consumption induced land use change increases food’s footprint by 50% and 
increases the contribution made by the food system to overall UK consumption related GHG 
impacts to 30%. 

                                                 
1
 Garnett, T. (2008). Cooking up a Storm: Food, greenhouse gas emissions and our changing climate. The Food and Climate 

Research Network, Centre for Environmental Strategy, University of Surrey. 
2
  The full terms of reference for this research are provided in an appendix. 

3
 Defra., 2008. The environment in your pocket, 2008. 
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The fourth striking conclusion, again, one that previous studies have also drawn, is the 
important contribution that meat and dairy products make to the overall footprint of the food 
chain. Emissions from livestock rearing alone account for over 57% of agricultural emissions. 
However, the inclusion of the land use change dimension – livestock are also responsible for 
more than three quarters of land use change emissions – adds even more emphasis to this 
conclusion.  
 
Now that this report has been published, what next? We very much hope that others will use 
this report as a starting point for further exploration. The report has highlighted the important 
contribution played by land use change but clearly much more work needs to be done to 
increase our understanding of how these impacts play out both by commodity type and by 
agricultural system, as well as what we might need to do about them. 
 
More work needs to be done to examine the trade offs and synergies with other social and 
environmental goals, notably with animal welfare and biodiversity. The report suggests that a 
lower-meat diet may, for example, have nutritional benefits, and it also looks at the potential 
knock-on effects of reduced livestock production from an industrial perspective. In the next 
phase of this work, WWF-UK and the FCRN intend to explore the broader social, ethical and 
environmental implications of different mitigation scenarios more closely. 
 
Finally, we need to do more work to make change happen. We know enough now to conclude 
that the food system contributes very substantially to the problem of climate change. We also 
know enough about where and how the impacts arise to start doing something about them. 
Business-as-usual, and indeed even business-as-usual lite, are no longer options. We urge 
decision makers, in Ggovernment, the food industry and in the civil society sector to read this 
report, and to start thinking urgently about what they intend to do now to create a low GHG, 
sustainable food system for ourselves and for our children. 
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Summary 

 
The overall aim of this study was to develop a set of scenarios that explore how greenhouse 
gas emissions from the UK food system may be reduced by 70% by the year 2050. The work is 
focused on all emissions from the supply chains and systems, not just the emissions from the 
UK food chain that arise in the UK. The study comprises an audit of the greenhouse gas 
emissions arising from the UK food economy and an examination of the scope for substantial 
reductions of these emissions. 
 
The aim of this short and preliminary study conducted over a few months in 2009 is to stimulate 
debate about the full GHG impact of the UK food chain and the scope and options for reducing 
GHG emissions in line with wider climate change policy. The study is theoretical, in effect a 
thought experiment based on detailed inventories of emissions and the use of life cycle 
assessment (LCA) to examine the effects of measures. As far as we are aware, this is the first 
study to identify systematically the proportion of global land use change attributable to 
commercial agriculture linked to international trade. From this its estimates a proportion of 
global land use change emissions attributable to the UK food supply chain.  
 
In considering this report, especially the scenarios for reductions, it is important to appreciate 
that we are not presenting a model or components of a model for working out the full effect of 
policy choices. This report identifies the size and sources of present emissions and identifies 
scenarios from these for reductions. Our scenarios set out possible directions of travel but we 
emphasise that the full real-world effect of greenhouse gas mitigation strategies will depend on 
the consequences of complex interactions that cannot be predicted here. Measures may open 
up opportunities for synergies in specific circumstances that will be revealed in the path to a low 
carbon food system giving additional benefits. Similarly, there are also risks that some 
measures may trigger economic responses with unintended consequences – for example a 
reduction in demand for ruminant products may cause the wide-spread abandonment of UK 
grazing land leading to increased imports from sources closer to active land use change.  
 
Our estimates are based on the current UK population. This is expected to increase 
substantially by 2050. There will be a corresponding increase in food system emissions as the 
food economy grows. But from a global perspective, this is a growth in GHG emissions that will 
occur somewhere as the global population expands. By working on the basis of food system 
emissions in 2005, we have avoided confusion between the effectiveness of measures and 
trends in population. We also want to emphasise that our study is about the food system and 
therefore does not consider other agricultural land uses – for example for biofuels. However, our 
findings are applicable to the assessment of other uses of agricultural products.  
 
Our main results are as follows: 
Using a detailed inventory of emissions developed from LCA of a wide range of foods and 
processes, we estimate that the supply of food and drink for the UK results in a direct emission 
equivalent of 152 Mt CO2. A further 101 Mt CO2e from land use change is attributable to UK 
food. Total UK consumption emissions are estimated to be about 748 Mt CO2e (excluding land 
use change).4. This means that direct emissions from the UK food system are about 20% of the 
currently estimated consumption emissions. When our estimate of land use change emissions is 
added to these, this rises to 30%.  
 
In our work, we refer to direct emissions (excluding land use change emissions) as ‘supply 
chain emissions’. Of these, about 58% arise from animal products which account for just over 
30% of consumer energy intake. Two- thirds of food production emissions arise in the UK, 16% 

                                                 
4
 Garnett, T. (2008). Cooking up a storm. Food, greenhouse gas emissions and our changing climate. The Food and Climate 

Research Network. 
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arise outside Europe. Overall, about one fifth of direct UK food chain emissions occur outside 
the UK. If land use change emissions are taken into account, then about a half of total food 
system emissions arise outside the UK. So our results indicate that the food system in particular 
presents special challenges for climate change policy focused on domestic emissions and 
targets.  
 
Taking the food chain as a whole, the supply chain emissions comprise (on a CO2 equivalent 
basis) CO2 – 102 Mt, CH4 – 23 Mt, N2O -– 21 Mt and refrigerants -– 6 Mt. 56%Fifty-six per cent 
of emissions arise from primary production (mainly farming) with CH4 and N2O accounting for 
more than half of these. 
 
Land use change (mainly deforestation) driven by agricultural expansion is a hugely important 
source of emissions attributable to the global food system. The UK food system is part of the 
global food system contributing to the underlying forces. We estimate that global land use 
change emissions account for 40% of the emissions embedded in UK consumed food and 12% 
of emissions embedded in all UK consumption overall. This is based on the allocation of 2.1% 
of global land use change emissions to the UK food supply chain. This estimate is based on 
global average yields and land use. Managed and native grassland covers more land than 
arable crops. As a result, a large proportion (arounda three quarters) of LUC emissions is 
allocated to ruminant meat. We used alternative ways of allocating emissions which increase 
allocations to crops and reduce allocations to pasture, for example by allocating according to 
the economic value of crop and livestock farm outputs. This reduced emissions from beef and 
sheep/goat meat production from 77 Mt CO2e to 42 Mt CO2e out of a total of 102 and 86 Mt 
CO2e respectively. So while allocation on economic value reduces the emissions attributable to 
beef and sheep meat, we are confident that the broad conclusions remain across the various 
allocation methods that could be used.  
 
By assessing and attributing a proportion of land use change emissions to agricultural land use 
generally, our analysis draws attention to how consumers share responsibility directly or 
indirectly for the drivers behind land use change. We work on the premise that commodity 
markets are highly connected. Our analysis could lead to the conclusion that transferring 
consumption away from products directly linked to land use change to products from 
established farmland through product certification may displace rather than reduce the 
underlying pressures. This highlights the need for demand/market based approaches (e.g. 
product certification and moratoria) that counter the economic forces driving land use change, 
complementing ‘top-down’ government measures that seek to stop deforestation directly. 
 
The supply chain measures we examined to achieve a 70% reduction in supply chain emissions 
range from the decarbonisation of energy carriers used in food production, and measures to 
increase farm efficiency, to technologies to reduce emissions of methane. Our results confirm 
that significant reductions will involve radical structural change throughout the supply chain from 
the generation of electricity through to the preparation of food. No single measure or the 
combination of similar measures is capable of reducing emissions by more than about half. The 
decarbonisation of the wider economy sought now by government policy by 2050 will reduce 
food supply chain emissions by about 50%.  
 
A vegetarian diet (with dairy and eggs), a 66% reduction in livestock product consumption, and 
the adoption of technology to reduce nitrous oxide emissions from soils and methane from 
ruminants are measures that each haves the potential to reduce direct supply chain emissions 
by 15 - 20%. Modifying consumption has a particularly important role to play and consumption 
measures offer opportunities for reductions that could be implemented in the near future. In 
addition, consumption measures align with other public policies, particularly health. A switch 
from red to white meat will reduce supply chain emissions by 9% but this would increase our 
reliance on imported soy meal substantially. Our analysis indicates that the effect of a reduction 
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in livestock product consumption on arable land use (which is a critical component of the link 
with deforestation) will depend on how consumers compensate for lower intakes of meat, eggs 
and dairy products. A switch from beef and milk to highly refined livestock product analogues 
such as tofu and Quorn could actually increase the quantity of arable land needed to supply the 
UK. In contrast, a broad-based switch to plant based products through simply increasing the 
intake of cereals and vegetables is more sustainable. We estimate that a 50% reduction in 
livestock production consumption would release about 1.6 Mha of arable land (based on the 
yield of crops supplying the UK) used for livestock feed production. This would be off-set by an 
increase of about 1.0 M ha in arable land needed for direct crop consumption (based on UK 
yields). In addition to the release of arable land, between 5 and 10 Mha of permanent grassland 
would be available for extensification, other uses, or re-wilding. Such changes would open up 
‘game-changing’ opportunities but there needs to be careful assessment made in the 
development policy if unintended consequences are to be avoided. A contraction in the 
livestock sector that might follow a significant change in consumption could trigger a collapse of 
livestock production in the UK. The consequences for the emissions from the UK food chain 
would then depend on developments elsewhere. Completely unregulated, such a collapse could 
reinforce expansion in low cost exporting countries, even adding to forces driving land use 
change.  
 
Our examination of measures that raise production and nitrogen use efficiency indicates that 
this approach has the potential for savings that are less than consumption based measures. 
This is supported by the scientific literature. However we acknowledge and set out evidence 
from elsewhere that this too has an important role to play. We anticipate too that there are 
potential synergies between production efficiency measures and consumption measures that 
we have not been able to simulate – for example a reduction in livestock product consumption 
may synergise with efforts to raise the efficiency of nitrogen use in the food system. There are 
also possible synergies between efforts to raise production efficiency and the use of 
technologies to reduce emissions directly. Consumption based measures would mean a 
significant contraction in livestock production for UK consumption and this opens up 
opportunities to restructure agriculture in a way that enhances the benefits of production 
efficiency measures. In addition, from a global perspective, reductions in livestock consumption 
and measures to increase production efficiency synergise with efforts to eliminate deforestation. 
Improving production efficiency and reducing production emissions directly will mean embracing 
new technologies. These need to be carefully applied to whole systems to raise system eco-
efficiency. Our analysis indicates there is little scope for emission reductions through the 
exclusion of production technologies – for example through the widespread adoption of organic 
farming. We estimate from analysis of recently published work that a complete conversion to 
organic farming in the UK with corresponding changes in diet would reduce supply chain 
emissions by about 5%.  
 
Emissions from fish consumption were quantified, but expansion in fish production to replace 
other livestock products was not considered owing to concerns about the sustainability of wild 
fish stocks. This though has significant potential depending on the success of developing new 
aquaculture systems. 
 
Very significant change in the food system is required to achieve a 70% reduction in supply 
chain emissions. The consumption and farm technology changes align with other policy 
objectives, for example public health, nitrate emissions, ammonia emissions and biodiversity. 
The scenarios set out here do not have definitive implications for animal welfare outcomes in 
one direction or another. The reduction in animal products consumption generally as set out in 
consumption measures opens up opportunities to improve welfare. However, measures to 
increase production efficiency at the animal level raise questions about the welfare 
consequences. This underscores the importance of whole system analyses and an emphasis 
on whole system solutions rather than just on interventions at the individual animal level. 
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Our results also show that a 70% reduction in supply chain emissions (i.e. excluding land use 
impact) may be possible without significant changes in consumption. However, if repeated 
across the developed and developing world, such a high level of livestock product consumption 
would require a large expansion in global agriculture and would make contraction and 
convergence of emissions difficult. Per-capita UK meat consumption is more than twice the 
world average, and nearly three times that of developing countries. As the global food system 
becomes more resource constrained and developing countries lift themselves out of poverty, 
consumption based measures will acquire relevance beyond just the UK’s greenhouse gas 
emissions.  
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Introduction 
 
This study examines the feasibility of achieving a significant reduction (possibly 70%) in 
greenhouse gas (GHG) emissions from the UK food system by 2050. The work is consumption 
based. It relates UK consumption to all direct and indirect emissions from the supply of food for 
UK consumption, both in the UK and overseas. The study comprises an audit of the greenhouse 
gas emissions arising from the UK food economy and an examination of the scope for 
substantial reductions of these emissions in this timeframe. The overall aim was to develop a 
set of scenarios that explore how greenhouse gas emissions from the UK food system may be 
reduced by 70% by the year 2050.  
 
To achieve this, two broad objectives were addressed: 
 
1. To compile a complete inventory of all UK food consumption from domestic production and 

imports, distribution and consumption, including direct greenhouse gas (GHG) emissions 
related to primary and post-primary production and indirect emissions resulting from Land 
Use and Land Use Change (LULUC) associated with this production. 

2. To develop and assess a set of scenarios to reduce these emissions by 70% based on 
measures from both production and consumption systems by 2050.  

 
The work was prompted by the suggestion from the FCRN that the UK Ggovernment should 
commit to achieving a 70% or more absolute reduction in food-related GHG emissions by 
2050.5. Since then, the UK Climate Change Act 2008 which aims to improve carbon 
management and support the transition towards a low carbon economy in the UK has been 
enforced. It seeks to demonstrate strong UK leadership internationally, with a commitment to 
share of responsibility for reducing global emissions globally. Targets include an 80% reduction 
in UK greenhouse gas emissions through action in the UK and abroad by 2050, and reductions 
in CO2 emissions of at least 26% by 2020, against a 1990 baseline. The 80% target translates 
into a 77% reduction in relation to 2005. This research examines in outline if and how changes 
to the UK food system can make a significant contribution to this target. It also identifies the 
relevance of this domestic target focused on emissions from the UK to the emissions arising 
from the wider UK food system. 
 
 
GREENHOUSE GAS EMISSIONS AND THE FOOD ECONOMY – CURRENT ESTIMATES  
World wide, agriculture, and related up-stream activities such as fertiliser manufacture plus land 
use change are responsible for about a third of the world’s greenhouse gas emissions (Figure 
1). In primary agricultural production, the profile and underlying causes of GHG emissions is 
different to most other sectors. N2O from the nitrogen cycle dominates direct greenhouse gas 
emissions from crops in terms of global warming potential, accounting for about 70% of the 
GHG emission from wheat production for example. In addition, methane from livestock 
production, particularly from cattle and sheep, is a potent global warming gas emission. 
Methane and nitrous oxide emissions have risen in a pattern similar to CO2. Agriculture’s role in 
carbon dioxide emissions arises mainly from land use change rather than fossil fuel use.  
 
UK greenhouse gas inventories indicate that 7% of UK emissions are attributable to UK 
agriculture6 made up of the equivalent of 51 Mt of CO2e as carbon dioxide (11%), methane 
(37%) and nitrous oxide (53%). This is only a small proportion of total emissions attributable to 
the food system. There are also emissions from the manufacture of farm inputs, food 
processing, distribution, retailing and preparation. The manufacture of nitrogen fertilisers 

                                                 
5
 Garnett, T. (2008.) Cooking up a storm. Food, greenhouse gas emissions and our changing climate. The Food and Climate 

Research Network.  
6
 HM Government,. 2006. Climate change, the UK programme. 
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(registered in GHG inventories as an industrial emission) is the most important cause of direct 
emissions upstream of agriculture. About 900,000 tonnes of nitrogen as fertiliser is used in UK 
agriculture each year. Assuming 80% is ammonium nitrate and 20% is urea7, the manufacture 
of this fertiliser emits the equivalent of 6 Mt of carbon dioxide, the equivalent of about 1% of the 
GHG emissions in the UK.  
 
The UK is a net importer of many foods and emissions from the production of imports are not 
reflected in UK inventories. Previous analyses indicate that overall, UK agriculture, fertiliser 
production, and livestock agriculture in near-neighbouring countries for export to the UK is 
responsible for the emission of about 62 Mt carbon dioxide per year, equivalent of 10% of 
emissions attributed to the UK in inventories. Livestock products represent the majority of 
imports from these nearby counties. Their production, especially of poultry and pig meat, is 
similar in LCA terms to that of the UK. So drawing on UK LCA data8, it is estimated that the 
production of these imported livestock commodities emits the equivalent of about 3.7 Mt carbon 
dioxide on a life- cycle basis up to the farm- gate. Land use change in other countries is also 
excluded from national emissions inventories. So it can be concluded that the role of the UK 
food system in global greenhouse gas emissions is far greater than that indicated by UK 
emissions attributable to UK agriculture.  
 

 
Figure 1.   Flow of global greenhouse gas emissions 
 

A number of studies have made estimates of the wider emissions from the food system. The 
University of Surrey based Food Climate Research Network reports that the UK food chain 

                                                 
7 Williams, A., Audsley, E. and D Sandars, D. 2006. Determining the environmental burdens and resource use in the production of 
agricultural and horticultural commodities. Defra project report IS0205.  
8 Williams, A., Audsley, E. and D Sandars, D. 2006. Determining the environmental burdens and resource use in the production of 
agricultural and horticultural commodities. Defra project report IS0205.  






















































































































































