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SUMMARY OF KEY POINTS
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Arable farmers are engaged in and receptive to change leading to emission reduction, 
but the supply chain must demonstrate a commitment to action across the entire range 
of crops and markets which also takes account of farm size and output volumes. 

The food processing sector’s expectations of the arable supply chain will reflect their 
need to reduce emissions, driven by shareholder and customer expectations of 
environmental and social reporting and governance, creating added pressure back up 
the supply chain to farmers. 

Use of regenerative farming methods is attracting increasing interest but there will be 
a range of responses from individual farming businesses to the system they select to 
reduce their emissions. Arable farmers will have access to a menu of land management 
options but all of them will require evidence of commercial viability at a farm level. 

Arable transition needs effective support under the Environmental Land 
Management scheme (and associated initiatives in the devolved administrations), 
plus a demonstration farm network across production sectors, including public and 
commercial sector collaboration. More farms will be willing to become case studies to 
show emissions reduction leadership.

Cereal farming has the ability to become carbon zero or even carbon negative through 
regenerative agriculture (carbon farming). Farmers can play a part in halting and 
reversing the rise in GHG emissions on UK farms, by adopting novel technologies that 
are commercially viable. 

UK arable farmers and trade bodies need to develop benchmarking tools for emissions 
and carbon capture, with a standard measurement system to ensure transparency and 
allow effective comparison between different crops and production regimes.

Existing arable technology and knowledge can deliver rapid improvement in resource 
use efficiency but requires increased public and private funding to ensure innovations 
are sufficiently agile, market-ready, well demonstrated and capable of wider adoption. 

Better integration of farm data platforms is required for collecting performance 
metrics to enable meaningful decision making. Low carbon arable systems need to 
be developed and implemented with greater speed and commercial focus, in order 
to demonstrate clear resource use efficiency benefits backed by financial margin 
improvement.
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1. INTRODUCTION
The challenge of developing a more sustainable future for agriculture has tended to focus on 
livestock emissions, but there also needs to be significant change for cereal production. 
Despite widespread concern around the impact of climate and global warming on production and 
supply chains, there is scope for cereal farming to become one of the lead contributors to halting 
or even reversing the rise in greenhouse gas emissions on UK farms. 

A remarkable transformation is underway, albeit on a 
small scale, but already there are positive signs that UK 
cereal production can become carbon neutral or even 
have the potential to achieve carbon negative or ‘climate 
positive’ status in the UK.

However, multigenerational family farms can be 
conservative, holding on to experience and methods 
seen as being tried and tested, to secure the longevity of 
their business.  Hence there are barriers to the uptake of 
innovation across agriculture and on arable farms:

• Innovations need to be readily understandable 
and presented as scientifically and financially robust to persuade farmers to change their 
crop management practices. Many farmers can be convinced to change their arable cropping 
practices, based on provision of realistic trial data, backed by peer-to-peer learning and sound 
science. The early adopters of climate positive cereal growing must be supported to share 
their successes with those who are yet to be convinced that success is possible or financially 
worthwhile. 

• The average age of farmers continues to increase and often there is not a succession plan 
in place for the next generation. However, sustainability and the environmental impact 
of outdated cropping systems can be a driver to enthuse future generations of younger 
farmers. The impact of generational change on future farm decision making should not be 
underestimated.

• Uncertainty over future legislation that could incentivise or penalise farmers will stifle uptake 
of proven innovation at the scale necessary to gain transformational change in GHG emissions. 
This makes existing emission reduction targets more challenging.  Hence, cereal growers are 
eating into time needed to avoid global temperature rise. 
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Addressing these issues on UK arable farms may not require a revolution in farm practice but 
rather an evolutionary introduction of data-based solutions to monitor progress and even remove 
some mundane repetitive field tasks whilst maintaining financial margins.  

Advantages stemming from wider adoption of novel systems and digital technologies must be 
accessible to the entire spectrum of farm sizes to protect availability of raw materials.  Larger 
brewing businesses have recognised that they need to be aware of the pressures that farmers 
are under with lower margin crops, otherwise they face a lack of availability of their key cereal 
ingredient. 

With digital solutions, much is made of the need for an increased ability to process ‘big data’, but 
often it is cost and poor network connections that limit digital uptake1 and are more of an issue 
to farmers than the potentially smaller benefit of being able to determine nutrient and water 
application at the level of one or two plants. Other pressing issues for digitalisation include remote 
sensing and rapid detection that helps deliver useful information that can improve yield in the first 
instance and reduce and direct resource input to make it more effective.

Change will also be led by the processing sector and changing expectations for the arable 
supply chain, with their need to reduce supply chain emissions.  At a corporate level, there is a 
clear investor preference for companies that can demonstrate good environmental and social 
governance. This will create added pressure back up the supply chain, on farmers to align with 
buyer decarbonisation goals such that they can continue to supply brewers, distillers, maltsters, 
millers and feed producers. 

Interest in regenerative farming systems can improve negative impacts on arable farms.  Although 
reliance on synthetic nitrogen is by far the major contributor to this sector’s on-farm emissions, 
farmers and contractors must also be incentivised to replace fossil fuel (red diesel) power trains as 
quickly as possible, particularly in relatively high-turnover heavy vehicles (some arable and farm 
contractor’s vehicles are replaced after about 4 years). Replacing fossil fuel-based crop protection 
products must include adoption of novel pest and disease control systems.  

1 More investment in rural digital coverage is needed to open up data access to remote rural areas, such as that being 
developed by rural trials being undertaken in rural Dorset by Wessex Internet

https://www.wessexinternet.com
https://www.newscientist.com/article/2295810-cop26-105-countries-pledge-to-cut-methane-emissions-by-30-per-cent/
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2. REDUCING ARABLE GREEN-
HOUSE GAS EMISSIONS  

Global population growth from 3 billion to 7 billion and the increase in calories consumed has 
meant the food (including grains) required to be grown by farmers has tripled in the last 50 years. 
Farmers around the world currently grow enough food to feed 9 billion people, yet inefficient 
supply chains, political decisions on imports/exports, post-harvest losses and food waste means 
this does not happen. 

The global impact of human activities including rural carbon emissions and access to water is well-
defined and agriculture must play a part in addressing these critical issues. McKinsey predicts that 
by 2030 around 40% of global water demand will not be met (Boccaletti et al, 2009).  

With 20% of global arable land already severely degraded, it might appear to be a difficult 
situation to reverse. Conversely, return on investment in food and agriculture is becoming more 
attractive - better than many other sectors (Goedde et al, 2015).  In the last 40 years, global CO2 
levels have increased from 300 ppm to 400 ppm2, the highest in 14 million years. This has raised 
surface temperatures over this period by 1oC, which for cropping equates to moving a northern 
hemisphere farm 500 miles south.

The estimated annual cost of UK soil degradation is £1.2 billion per year (Graves et al, 2015). 
Currently, 70% of UK arable soils have a soil organic carbon content below 20 kg/ha or 3.4%, a 48% 
loss since 1940 (Defra, 2019). Appropriate soil management practices could replace the soil carbon 
stock. 

The recommend minimum SOM content is 3.4% (Greenland et al, 1975). A modest global increase 
of 0.4% soil carbon in most soils could reduce atmospheric carbon by up to 3oC as proposed at 
COP21 when the “4 per 1000” initiative was launched3. 

Atlas Biosystems in conjunction with Yorkshire Water and Sustainable Futures, led by Neil Fuller, 
has engaged passionately and effectively with farmers who are highly receptive to such clear and 
practical solutions, in the face of what to some seems a desperate situation. The Good Soil Guide 
captures the debate and explains the pragmatic solutions in a manner that is highly accessible to 
farmers.

2  Atmospheric CO2 levels in the atmosphere from 1959 to 2020, Statista
3 The ‘4 per 1000 initiative’ from the Paris Agreement

https://www.mckinsey.com/~/media/mckinsey/dotcom/client_service/sustainability/pdfs/report_large_water_users.aspx#:~:text=McKinsey%20analysis%20shows%20that%20by,will%20live%20in%20waterscarce%20areas
https://www.mckinsey.com/~/media/mckinsey/industries/chemicals/our%20insights/pursuing%20the%20global%20opportunity%20in%20food%20and%20agribusiness/pursuing%20the%20global%20opportunity%20in%20food%20and%20agribusiness.pdf?shouldIndex=false
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/805926/State_of_the_environment_soil_report.pdf
https://soilguide.co.uk
https://www.statista.com/statistics/1091926/atmospheric-concentration-of-co2-historic/
https://www.4p1000.org
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With the UK national nitrogen use efficiency average of circa 48% (i.e. nearly half applied fertiliser 
does not hit its intended target), water companies have had to invest heavily in expensive nitrate 
removal systems. Thus, improving nitrogen use efficiency will reduce the amount of fertiliser 
applied, reducing emissions for fertiliser manufacture and impacts of environmental clean-up of 
excess nutrients. 

 In simple terms, rural impact on the climate emergency within the UK and possibly   
 globally could be fixed in a couple of generations by taking more effective action to fix  
 carbon at farm level.

2.1. Impact on UK cereal production

Farmers will have to accept that there will be increasing 
intervention at a national policy (and farm support) level 
to change farming practices, including fertiliser use and 
soil management4, as well as in relation to the use of 
fossil fuel-based inputs and choice of future fuels.

If UK policy and regulatory intervention is needed to 
mitigate the impact of climate change, it is useful to 
note the estimate by the UK Committee on Climate 
Change (CCC), that for the period 1990-2015, of the 38% 
of emissions reduction achieved, only 40% of that was 
driven by legislation (CCC, 2016). 

Flipping that figure suggests that 60% of the drive came directly from industry seeing a need and 
advantage that did not require legislation. This is encouraging for farm practice too where a similar 
benefit can be demonstrated and where some farmers are already taking action to cut emissions.

With the transition to ELM (in England), there is a sea change of legislation and payment support 
being developed that is a move to ‘outcome’ based practice and a ‘public money for public goods’ 
model, rather than payment for prescriptive practices. This support will try to promote best 
practice, including a suite of alternative farming solutions available now, which include cover 
cropping, intercropping, use of green composts, precision farming and minimum tillage. 
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4 See main Farm of the Future: Journey to Net Zero report

https://www.theccc.org.uk/wp-content/uploads/2016/10/Meeting-Carbon-Budgets-Implications-of-Brexit-for-UK-climate-policy-Committee-on-Climate-Change-October-2016.pdf
https://www.rase.org.uk/reports
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5 GHG emissions are categorised into 3 groups or ‘Scopes’ in the Greenhouse Gas Protocol. Scope 1 covers direct emissions 
from owned or controlled sources. Scope 2 covers indirect emissions from generation of electricity, steam, heating and cooling 
consumed by the reporting company. Scope 3 includes all indirect emissions in a company’s value chain, including purchased 
goods and services, waste or co-product disposal, transport and distribution (pre- and post-production activities).
6 Environmental land management schemes: overview
7 Sustainable Farming Incentive: how the scheme will work in 2022
8 Local Nature Recovery: more information on how the scheme will work
9 Landscape Recovery: more information on how the scheme will work

Cereal crop users, including food and beverage processors and retailers, are being driven by 
legislation to measure and report their emissions and in particular the embedded carbon in the 
cereals they use in their processes - to reduce overall farm emissions. This creates opportunities for 
producers and processors to work together to create their own private arrangements to offset (or 
ideally, ‘inset’) emissions by funding on-farm practices which reduce or sequester carbon.

In general, there has been an awakening among the larger corporates around over the need to 
address Scope 35 emissions, which contribute in excess of 90% of embedded carbon for some 
businesses. For food and beverage processors of cereals, Scope 3 upstream contribution can be 
over 65% for cereal growing alone (see Case Study 3 on the carbon footprint of beer).

2.2. Current government approach

It is recognised that policy mechanisms alone will not deliver changes and for many farms there is 
a requirement for farm level advisers to translate the words into a plan that works at an individual 
farm level in consideration of local area conditions and farm circumstances.   

Although the devolved administrations will have other mechanisms and approaches/payments, in 
England future legislative control and incentives for agriculture will be delivered through the three 
components of the Environmental Land Management (ELM)6 scheme, due to be fully rolled out by 
the end of 2024, replacing mechanisms under the Common Agricultural Policy (CAP). 

• The Sustainable Farming Incentive (SFI)7 addresses actions to improve soil health and water 
quality, including enhance hedgerows biodiversity and integrated pest management, 

• Local Nature Recovery8 supports the protection of the farmed landscape,
• Landscape Recovery9 looks more widely at restoration of wild land areas. 

Amongst farm groups who have already bought into the argument that ‘sustainable farming 
can build margins’ the new ELM scheme is seen as a welcome move, but many farmers need 
to be convinced that the system will be easy to engage with and that crop margins will not be 
undermined.  

https://www.gov.uk/government/publications/environmental-land-management-schemes-overview
https://www.gov.uk/government/publications/sustainable-farming-incentive-how-the-scheme-will-work-in-2022
https://www.gov.uk/government/publications/local-nature-recovery-more-information-on-how-the-scheme-will-work/local-nature-recovery-more-information-on-how-the-scheme-will-work
https://www.gov.uk/government/publications/landscape-recovery-more-information-on-how-the-scheme-will-work/landscape-recovery-more-information-on-how-the-scheme-will-work
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The visible impact of such activity on arable farming includes reduction in the use of inorganic 
fertilisers, improved nutrient and water retention and increased soil drought tolerance as the soil 
organic matter content improves. There is still an issue that the ELM initiative, which applies only to 
England, currently covers a tiny proportion of the total land farmed in the UK.  

Around 10,000 ha per year is being improved with a total of 300 kha land being restored against 
a total farmland area in England of 9.3M ha10. Still, 40% of farmers have not signed up to be part 
of the ELM initiative and so the argument still has to be won to secure large-scale change across 
England, and initiatives in the devolved administration are in too early a stage of development to 
assess possible uptake.   

Moving from financial support to improve the environment and reduce carbon emissions is a 
major shift. Subsidy schemes under the CAP, supporting farmers trying to grow quality crops on 
marginally suitable land or on farms too small to support the capital investment required, were 
largely ineffective in driving significant environmental protection at scale.

However, it is not just the larger arable farmers that are the primary adopters of novel 
technologies. The main challenge is to ensure farmers in the middle ground who are positive about 
environmental protection action are not disadvantaged by not having the support network or 
access to resources that the top 20% already have in place.  

For some years, legislators have interacted with farm groups promoting sustainability and the new 
plans for transforming agriculture have a bold set of targets for 2030 (in fact, 2028 in the initial UK 
timetable (Defra, 2020)).

By this date, if DEFRA’s ELM scheme plans are successful, most arable farmers in England will be: 

• Running sustainable businesses that do not need to rely on public subsidy, 
• Managing their business to deliver profitable crop production plus recovery of natural capital, 

fusing the modern technology with rediscovery of good farm/crop husbandry, 
• Limiting access to public money to help deliver environmental outcomes on the land they 

manage and to help arable operations become more productive and sustainable, 
• Meeting clear and outcome-focused legal standards that will help champion UK crop 

production internationally, prevent environmental harm and enhance biosecurity.

It is encouraging to read in the government plans that there is recognition that all their initiatives 
in environmental protection must be “trusted, consistent, credible and cost effective”. The 
Environment, Food and Rural Affairs Committee has expressed concerns about implementation of 
the ELM scheme11 and at this stage farmers cannot endure the failings that have undermined the 
Rural Payments Agency (RPA) in the past.

10 From DEFRA Secretary of State’s, George Eustice’s comments at the Oxford Farming Conference January 2022.
11 Environmental Land Management and the agricultural transition, House of Commons Environment, Food and Rural Affairs 
Committee, October 2021

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/954283/agricultural-transition-plan.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/954283/agricultural-transition-plan.pdf
https://committees.parliament.uk/publications/7663/documents/79987/default/
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Hence, there is a need for strong and enduring government support for agronomists and others 
to provide on-farm advice and training, including remote support and facilitation of peer-to-peer 
learning, which has proved effective in support schemes in other countries.

2.3. Farmer engagement with government policy

A number of publications during 2020 have highlighted that farmers are generally positive about 
on-farm GHG reduction. AN IPSOS Mori survey for Syngenta as part of its Good Growth Plan 
(Syngenta, 2020) showed that 72% of farmers globally were concerned about climate change and 
59% believed taking action would give them a competitive advantage, with 63% already having 
taken action.  

Of note, however, is that over half of respondents indicated that cost of implementation was a real 
barrier to introducing new measures.  Almost a third (28%) cited a lack of government support for 
adopting and trialling the systems being proposed and underlining the need for demonstration 
sites.  

The picture was very similar in the Defra Agriculture Statistics and Climate Change report (2020) 
where 66% of farmers reported taking action on GHG reduction (see Table 1). The responses were 
around 5% better than the 2019 survey, which is encouraging. Larger farms were more likely to 
take action than the smaller farms, but other reports show that a third of smaller farmers cite a lack 
of clear information as their main reason for not progressing a sustainability plan.

 Action % of farmers using this action

Soil carbon management 36

More efficient fertiliser and nutrient management 33

Animal husbandry (including feed and manure management) 21

Energy efficiency 19

Switch to renewable energy 14

Reduced use of machinery on farm 13

Tree planting and management 10

Water management, irrigation, recycling 7

Waste management and recycling 6

Table 1 - Most common actions by farmers to manage emissions and sustainability (Syngenta Good Growth Plan)

https://www.syngenta.com/sites/syngenta/files/sustainability/the-good-growth-plan/GGP2/Syngenta-Climate-Change-Global-Farmers-2020-Report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/941991/agriclimate-10edition-08dec20.pdf
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3. DELIVERING STEP CHANGES 
IN ARABLE EMISSIONS

3.1. Changing on-farm practices

The ability of arable farmers to cut emissions before 2030 will be based primarily on existing and 
emerging technologies, such as replacing fossil fertiliser use with abated nitrogen fertilisers and 
improved cropping and tillage practices.  Such practices may include companion planting, cover 
crops and the integration of more leguminous and nitrogen-fixing crops into systems as cash crops. 

Additionally, for certain applications, the role of engineering-based solutions such as robotics or the 
production of waste derived fuels through anaerobic digestion must not be underestimated. 
The World Resources Institute (2019) estimate that a 73% reduction in GHG emissions is possible 
with existing methods.

The challenge for farm level reduction is the need for practical changes in working practices. 
At a policy level, reduction in GHG emissions could potentially come from several sources that will 
have an impact on UK agriculture and decision making at a farm level:

• Reduced demand: reduced food waste, a change to more plant-based diets, phasing out crop-
based biofuels and improving nutrient use efficiencies (with a potential reduction of 5 billion 
tonnes (Bt) of CO2e/year), will impact on arable farm emissions, 

• Increased production: increased crop yields and crop rotation frequency, (including increased 
grassland productivity) liked to soil quality (reduction of 1.5 Bt CO2e/year),

• Reduced emissions: reduced enteric fermentation (methane) plus improved manure 
management (including conversion to bioenergy), along with increased nitrogen use efficiency 
(reduces the amount manufactured and applied) and reduced energy and fuel (diesel related) 
emissions (3 Bt CO2e/year),

• Ecosystem restoration: including peatlands and reforestation (1.5 Bt CO2e/year).

https://research.wri.org/sites/default/files/2019-07/WRR_Food_Full_Report_0.pdf
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From an initial level of 15 Bt CO2e, the residual (resistant) carbon if these reductions are 
implemented is only about 4 Bt CO2e. This reduction is equivalent to 600 million hectares of 
new forestry, or a carbon sequestration rate of just 220 kg of carbon per ha, so not beyond the 
bounds of becoming possible. The fact that nitrous oxide gasses hold 300 times more heat in 
the atmosphere means that it is more beneficial to look at reducing fertiliser use rather than to 
improve tractor emissions or crop yield. 

Figure 1 (data re-graphed from World Resources Institute, 2019) shows a potential 73% 
improvement from 15 to 4 Bt CO2e. However, concerns remain about how low carbon investment 
in the arable sector will be achieved.  In line with UN Sustainable Development Goals, it will require 
increased arable supply chain understanding; a longer term investment view due to the inherent 
seasonal volatility; and development of commercial relationships and operational capability in 
sustainable agriculture.

Figure 1: Potential reduction and mitigation of agricultural GHG emissions by 2050 (derived from World Resources Institute, 

2019)

https://sdgs.un.org/goals
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Other specific options to decrease embedded carbon in the cereals delivered to processors include:

• Use of less inorganic fertiliser and a switch to abated nitrogen fertiliser such as the low carbon 
calcium ammonium nitrate produced by Yara as a result of 90% reductions in the first stage of 
nitric acid production resulting in approximately 40% reduction overall12,

• Development of new ‘net zero’ fertilisers (produced at even lower NOx emissions) by improved 
production process methods that avoid fossil fuels13,

• Cover cropping and intercropping (growing two or more crops in proximity),
• Tillage practice, including ‘min till’ and ‘zero till’ systems,
• Increases in soil organic matter and introduction of green compost,
• Improved resistance to drought will be a consequence of carbon sequestration and higher 

solid organic matter content,
• Precision farming to apply only what pesticides and fertilisers the plant requires. 

Willingness of arable farms to adopt such options is influenced by farmer characteristics such as 
lack of awareness of the advantages or divergent opinions on climate change. Hence, there is a 
need for more clarity around policy to address understandable nervousness on how incentive 
schemes will develop.

12 Yara Nitrogen and Sulphur Fertilisers, Yara, UK
13 Yara Green Ammonia, Carbon Neutral Fertiliser, Yara, UK
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https://www.yara.co.uk/grow-the-future/nitrogen-and-sulphur/
https://www.yara.co.uk/grow-the-future/sustainable-farming/green-ammonia/
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3.2. Regenerative agriculture/carbon farming 

 The amount of organic carbon stored in soil is dependent on soil biology (root microbe  
 interactions), chemistry (nutrition, pH and Cation Exchange Capacity (CEC)) and physics  
 (sand, silt, clay proportions and structure). The balance of each equates to the soil   
 functionality and health and therefore yield and carbon sequestration potential. 

‘Carbon farming’ is a generic term that describes practices farmers can adopt to minimise 
emissions during production and to provide carbon capture or storage options on the farm. It is the 
agricultural sequestration of atmospheric carbon into soil, roots, wood and leaves. 
Methods available for carbon farming include: 
• Afforestation and reforestation to promote biodiversity and sustainable forest management,
• Agroforestry which combines trees/shrubs with crop or animal production systems on the 

same land,
• Use of catch crops, cover crops, conservation tillage to reduce erosion and enhance soil organic 

carbon,
• Targeted conversion of cropland to fallow or set-aside areas to permanent grassland,
• Restoration of peatlands and wetlands to increase the potential for carbon sequestration.

It is a key feature of the European Union’s ‘Farm to Fork’ policy which is relevant to the strategies of 
regenerative farming that could be developed in the UK. Two headline aims are: 
• Nutrient loss: reduced by 50% from agriculture. 
• Organic farming: increasing EU farmland under organic farming to 25% 

The nitrogen (N) required by crop can be reduced by planting a cover crop to store more N in the 
soil, reducing the amount required artificially, decreasing the crop’s carbon footprint. However, 
use of cover cropping (seen by some as the new panacea for soil improvement) will not reverse the 
hundreds of years of top-soil loss, but it is a credible option to gradually improve soil condition. 

This can also be achieved by making use of residual digestate from digester sites. With UK carbon stocks 
depleting by 0.6% per annum, there is a requirement to sequester 240-250 kg carbon per hectare per 
year dependent on soil type, land use and location. Thus, it could be 50-250 years before UK soils reach 
saturation for locking up carbon and capturing additional carbon from the atmosphere.

There is still much debate as to the suitability of organic farming as a solution to GHG reduction. 
Currently organic practices rely heavily on farmyard manure input, while suffering a significant yield 
penalty over conventionally grown cereals. Also, the respiration of soil microbes that are not locked 
into soil organic matter can increase GHG emissions after 3-5 years. 

Up to 90% of all surface biomass carbon and over 60% of all soil-incorporated carbon can return to 
the atmosphere within 36 months as a result of decomposition and microbial respiration. However, 
some carbon is captured and built into microbial biomass and soil aggregates and will remain 
locked in for centuries. 
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A key driver for organic production at present is the premium it attracts, but this should not be the 
main driver in a carbon reduction scenario. This is not to say that organic farming with more focus 
on yield improvement will not be a useful option. It should play a role in developing future farming 
practices. 

There is much to be learnt from other types of cropping that have the same aims as organic farming, 
including: reduced inorganic inputs, improved biodiversity and fewer chemical applications of 
pesticides with more emphasis on Integrated Pest Management.

Factors that discourage arable farmers from participating in carbon farming activities or contracts are 
usually related to policy uncertainty and carbon price volatility.  Also, lack of transparency in systems 
and impact of such practices on productivity and profitability. There are, however, a very wide range 
of options open to farmers most of which are tried and tested and result in soil carbon gain (Figure 2).

To maximise engagement in and wider adoption of carbon farming techniques, it is essential to 
communicate the agricultural and sustainability benefits alongside opportunities to earn financial 
reward through carbon credits, based on measurement systems can be trusted.

There is a strong relationship between clear production benefits and wider adoption. Evidence from 
peer-to- peer farmer groups is that farmers rank improved soil quality and reduced erosion as the most 
important benefits of carbon farming.  Improvement of soil quality should become a global priority but 
based on reliable data and transparent benchmarking against national and global standards.

Figure 2: Farm management options for soil carbon gain (re-drawn from the Good Soil Guide with permission)
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Locking carbon into the soil and reducing the embedded carbon during the production of raw 
materials for food and beverage production is a more realistic and sustainable option than buying 
credits, just to mathematically balance a carbon emissions account. 

Willingness to adopt carbon farming practices can relate to the ease with which they can be 
incorporated into farm operations. This may explain, for example, the reticence to adopt the use of 
biochar14 addition, which can improve soil structure, aeration, water-holding capacity and nutrient 
retention, plus offering a host for beneficial microbes to improve plant health. However, it is not seen 
as a large-scale solution to GHG reduction in cereals and more work is required if this is to become a 
choice for cereal GHG reduction (Allohverdi et al, 2021).

Other large-scale changes such as establishing areas of native vegetation or afforestation also need 
to be stimulated with appropriate incentives.  This is an area where cluster groups could contribute 
with aggregation of such areas across farms, to provide nature corridors in sensitive areas.  It is often 
reported that successful adoption of such practices on neighbouring farms strongly influences take 
up. Hence, there is a clear need for regional carbon farming demonstration sites, including in cluster 
groups.  

The speed of sequestration of carbon by cover cropping can exceed that of trees and in a much faster 
timeframe (Figure 3). Early outputs from farming groups around the UK are already showing that with 
just 30 days between crops a significant amount of carbon can be captured and locked into the soil.
Of course, this needs to stay locked in, so unless subsequent farming practices prevent soil 
disturbance, the benefits will be lost. Every 1 kg nitrogen released from soil organic matter releases 
10-15 kg carbon. Ploughing releases 30 kg N from SOM, therefore it releases 300-450 kg C or 1100-
1650 kg CO2e

14 Biochar is a high-carbon charcoal produced by hearing organic residues at extremely high by ‘pyrolysis’ which is the 
thermochemical conversion of biomass material in an oxygen-limited environment. Biochar is a stable and solid material that is 
rich in carbon and can be captured and endure in soil for thousands of years.

Figure 3: Carbon sequestration in trees and cover crops

TREES
• Forestry Commission data: 16,000 

trees planted under the Carbon Code
• Average carbon capture rate: 4.75 t 

CO2e/ha/yr
• Removes 8 million t CO2e in 100 years

COVER CROPS
• Use fast-growing cover crop plants, in 

the intervening time between crops 
when soils are most vulnerable to 
nutrient loss and erosion. 

• Average carbon capture rate: 15 to 25 t 
CO2e per hectare 

• 70-90 days plants accumulate above/
below ground biomass 

https://www.mdpi.com/1420-3049/26/18/5584/htm
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A further benefit from use of this type of carbon farming is that there is no long-term land use 
change. The greatest impact of lower tillage practice will be seen in clay loam soils with SOM 
increases from 2.5-7.5%, but even sandy loams can see a doubling of SOM from 2-4%15.

The practice of agroforestry, which essentially combines agriculture with trees, is an interesting mid-
way position, since trees are perhaps the ultimate cover crop that does not need planting every year. 
Typically, agroforestry operates with 10% of land under woody perennials, with the remaining 90% used 
for growing annual crops or grass. This system provides the benefits that trees bring (e.g. reduced soil 
erosion and nutrient leaching) whilst still retaining agricultural activity on 90% of the land area.

3.3. Carbon credits from cereal farming GHG 
reduction

Developing a functioning and accessible carbon market within the cereal supply chain itself that could 
be utilised to neutralise carbon emissions where there is currently no other option could drive large 
scale adoption from agricultural land use improvement. 

There has been a significant increase in activity in developing carbon markets in the cereals sector 
in the past 2-3 years. Such a market could be a benefit for the arable sector in the next decade, 
providing a verifiable offsetting route and a potential source of income for arable farmers who 
demonstrate good and enduring carbon capture practices on their land.

There is currently much activity in establishing baseline carbon emissions data for farming. Often this 
is shrouded in some suspicion about the veracity of the data generated and the tool used. See more 
detail in Case Study 2, based on Muntons’ carbon reduction activity. 

A number of bodies are engaged in GHG reduction plans and carbon capture planning and recently 
the AHDB16 announced it was piloting a scheme with 40 farmers through its monitor farm network17. 
A review of carbon calculators commissioned by AHDB identified 64 different models which all had 
some advantage but not all designed to look at whole farm activities. 

At present, no one tool covers every aspect perfectly, which is limiting universal acceptance.  Some 
carbon tools are specifically designed to look at specific operations to engage farmers in calculating 
and understanding carbon footprinting, before progressing to more integrated data models. This 
offers an advantage in not losing participants by blinding them with complexity.

15 The Good Soil Guide, Atlas Geodata 
16 The Agriculture and Horticulture Development Board (AHDB) is a levy board funded by farmers and growers and some 
other parts of the supply chain. It aims to enhance farm business efficiency and competitiveness.
17 AHDB launches on-farm carbon footprinting, AHDB, 18 November 2020 

https://soilguide.co.uk
https://ahdb.org.uk/news/ahdb-launches-on-farm-carbon-footprinting
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3.4. Carbon farming to generate carbon credits as 
insets

Use of offsets is potentially a controversial subject. Simply buying offsets from an already established 
project may balance a carbon emissions equation but is not driving new change. With all such 
schemes it is essential to establish a baseline performance for emissions, to stay with the model 
chosen and to establish a programme for continuous improvement.

The four ‘Oxford Principles’ to be used to govern carbon reduction was published in 2020:

1. Use high quality offsets - demonstrate additionality to ensure reduction of operational emissions 
before considering offsetting and avoid risk of reversal of carbon locked up,

2. Select offsets that remove carbon, not just balance it (e.g. soil carbon enhancement),
3. Ensure carbon is sequestered in long-term storage (e.g. geologic - mineralized carbon),
4. Develop a carbon market to support the drive to net zero with sector specific alliances.

It is of greater interest to cereal processors and their customers to be able to purchase carbon credits 
from within their supply chain – a concept referred to as an ‘inset’. Developing the market for carbon 
insets will not only provide a route to net zero but can help de-risk the supply of raw materials. 

The sale of certified carbon credits as insets will bring a new income stream to farming. The value will 
clearly depend on the market price for carbon. This price has risen significantly over 2020/21 from 
£20/tonne to over £75/tonne with expectations that it might even reach £100/tonne.

With expected levels of 5 tonnes of carbon sequestered per hectare, this offers a significant financial 
benefit. DEFRA have suggested this payment can be considered separate to ELM payments as it seeks 
to balance public and private funding without discouraging either. 

Climate positive farming practices to improve soil organic matter will improve soil fertility, water 
holding capacity (infiltration), reduce erosion and flooding risk while also boosting biodiversity - 
leading to more consistent yields, lower inputs and enhanced profitability. 

Policymakers require ‘additionality’, meaning that the investment drives an improvement in 
emissions that would not have happened without the intervention. The EU’s Emissions Trading 
Scheme (EUTS) includes Certified Emissions Reductions (CER). Projects that were planned in countries 
which had no government scheme to support green innovation could have that project’s credentials 

https://www.smithschool.ox.ac.uk/publications/reports/Oxford-Offsetting-Principles-2020.pdf


17   |  DECARBONISING UK CEREAL PRODUCTION

ratified by international auditors as having a CER value18. 

Nevertheless, such schemes are not without their challenges, particularly for farmers who have 
been following regenerative or organic practices for long periods. For these farmers, there is less 
‘headroom’ for gains/additionality and few mechanisms to reward the gains they have already 
achieved.  This is a perverse outcome whereby the highest monetary gains could very well be enjoyed 
by farmers and land managers who have degraded their land the most, as there is thus a greater 
potential for additionality.

The EUTS allowed emitters to effectively offset carbon at zero cost to create additional emissions 
reduction that would not otherwise have happened. It will be good for the UK to develop a similar 
scheme in the new UK ETS that has just been established.

Case Study 1 and Case Study 2 align with Principle 4 and aspects of Principle 2, recognising potential 
for reversal. It does not over-claim initial sequestration. Other international schemes are promoting 
similar sequestration measures. It is essential to ensure they are primarily carbon reduction 
initiatives rather than a financial instrument - although the two aspects can merge if a suitable 
framework such as the Oxford Principles is followed.

Verified carbon credits are governed by a minimal disturbance commitment to protect carbon 
release from the soil. Not all credits verified will be sold into the market, providing a buffer for any 
future verification which reduces the original sequestration amount. There is also a disincentive to 
farmers to do anything that will reduce sequestration with them having to potentially go into the 
carbon markets to buy lost carbon stock at a high price.

3.5. The role of digital in arable management

There is a belief that the quantum of GHG reduction needed at farm level requires collation of large 
amounts of data. Nobody can deny the huge strides in data use for predictive tools but what is the 
value of such data? Is it a technological solution looking for a problem?  

There are options for GHG reduction that do not rely on the data revolution.  Data will have a key role 
but may distract from other equally beneficial conventional agronomic solutions as described earlier. 

18 Companies in the EUETS scheme with a carbon balance they needed to surrender against annual emissions (called EUA’s) 
could formerly give up these credits, which could be traded to the project and receive a CER credit - same carbon surrender 
value. Sadly, the EUA scheme was undermined by fraud where cancelled CERs were subsequently traded, but the principle of 
externally verified projects to deliver offsets is sound. The UK emission carbon taxation scheme post Brexit is now the UKETS 
scheme with slightly tighter targets for emissions and at present UK manufacturers may also pay tax through a climate change 
agreement that is based on energy usage per tonne of product.
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Uptake of digital technology in farming globally may not be helped by indications that only 40% of 
users report advantages with performance; for instance: seed/crop protection 42%; fertilise 31%; 
equipment 22%; agricultural retail and distribution 36% (Bryan et al, 2020). Generally, businesses that 
report the best returns from digital solutions have strong CEO support and a clear strategic focus on 
creation of value. 

The primary benefits of deployment of digital systems on arable farms include detailed field and 
soil mapping, as well as support for precision farming and the per-crop approach expounded by 
companies like Small Robot Company and Harper Adams Hands Free Hectare (see Figure 4).

3.6. Scope 3 carbon emissions

 In future, there will be more focus on reducing Scope 3 emissions across the supply chain.  
 For many companies, Scope 3 can represent 90% of its carbon footprint. For malting barley,  
 the figure is ~65%. 

The Greenhouse Gas Protocol has established four levels of certainty for emissions, defined as 
going from most accurate to least: (1) supplier specific method, (2) hybrid method, (3) average data 
method, and (4) spend-based method. For malting barley, the largest part of Scope 3 is upstream and 
supplier-based methods can track changes in farm practice. 

Figure 4: Robot use in field (l). Seed drilling using autonomous vehicle (r). 
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https://www.mckinsey.com/industries/agriculture/our-insights/creating-value-in-digital-farming-solutions
https://www.smallrobotcompany.com
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Scope 3 upstream for most cereal processors will be largely from growing the grain. It is important to 
use a system that takes into account all factors and uses internationally agreed conversion factors in 
a sector standardised approach. Scope 3 downstream emissions are the hardest to calculate.

Likewise, the level of Scope 3 emissions upstream from growing crops can be a challenge to 
determine. However, the use of a level 4 financial input-output model estimates these are likely in the 
range 3 to 5%; hence, there is little to be gained by doing a very in-depth survey.  

Requests from brewers and distillers for better information on barley carbon footprinting are 
becoming more common. Brewers have recognized that embedded carbon from farming is 
something they need to understand and support innovation in mitigating emissions (see Case Study 
4, Heineken).  

As organic carbon storage in soils is dependent on biology (inc. root microbe interactions), chemistry 
and structure, improved soil health will impact on yield and carbon sequestration potential. 
Scientifically robust, user-friendly tools that can help get farmers engaged in carbon footprinting are 
important for benchmarking and measuring these improvements.

To develop this at scale, it is essential not to create an excessive data input burden for farmers 
or their agronomists. A number of groups are looking at a means of linking existing farm data 
automatically into carbon calculators. This is a useful ambition and will enable farmers to better 
understand how changing their farming practices impacts on resource use across different supply 
chains on their farms.
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4. SUSTAINABILITY DEFINITION 
AND STRATEGY

 Larger businesses in the supply chain that rely on supply of cereals as raw materials   
 are becoming increasingly interested in the potential risk of climate change on   
 the availability of sufficient amounts of raw material to ensure continuity of supply   
 (supply chain resilience) at the right quality and with verifiable internationally agreed  
 sustainability criteria. 

Globally, governments have struggled to define a way for sustainability efforts to be verifiable, but 
in 2002 a group of companies started working together within the Sustainable Agriculture Initiative 
Platform (SAI) to derive a definition that works for all crop types in all geographies and allows pre-
competitive and competitive activity. 

For farmers this can be a godsend because they could be growing multiple crops in rotation and 
being asked to meet a slightly different sustainability requirement for each crop. The SAI group 
created a Farm Sustainability Assessment (FSA), which defines criteria that must be met to be able 
to declare that a producer is sustainable. 

The basic bronze level can be improved on by introducing additional best practice to become 
silver or gold certified - for multiple crops across different continents. There is a commercial angle 
outside SAI and companies are now able to set roadmaps to improved sustainability, for example, 
by requiring 20% of raw material supply to be FSA silver certified by 2020, then 25% by 2030. 
However, for some supply chains, achieving the gold standard will be easier than for others.

A major advantage of the SAI FSA is that it can be used as a benchmark. Thus, a farmer who 
is growing multiple crops where the sustainability standards are different can be certified as 
sustainable if they have been benchmarked against FSA. The companies using his produce simply 
change their requirement to a particular FSA level and retain their individual company initiatives. 

This can support global sustainability programs without changing what is being done through 
existing initiatives that may have taken significant time and investment to establish. The FSA 
translates good local sustainability action into a credible global comparison standard. 

https://saiplatform.org/who-we-are/
https://saiplatform.org/who-we-are/
https://saiplatform.org/fsa/
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4.1. Impact on cereal production

A study published in Nature in 2018 used global beer availability following climate emergency events 
to model the impact on cereal availability (Xie et al, 2018). This suggested a remarkable resilience for 
many crops and barley in particular.  Using an index developed from historical data (1981-2010), the 
extreme events were classified, including concurrent heat and drought during the barley growing 
season.  

The research mapped differences in barley against beer sales and availability as a measure of supply 
chain impact. The likelihood of extreme events was predicted to be relatively unchanged whilst 
global average temperature remained within 3oC but then rose almost exponentially as average 
temperatures predicted by extreme event models rose toward 8oC. 

In the second half of the 20th century, the likelihood of extreme events rose around ten-fold, to be 
expected once in every 3 years under the worst scenario. The greatest geographical impact on barley 
crops is expected to be seen in the southern hemisphere (Central and South America and Central 
Africa).  In Europe, mild to moderate impacts can be expected. 

Following extreme weather events, it is not difficult to understand why global barley yields may 
decrease in terms of tonnage.  It is also likely that in such an event labour, machinery, fertiliser and 
irrigation will be diverted to support barley, offsetting some of the impact. 

Additionally, in difficult supply years, countries that normally export can be expected to hold onto 
their grain. Simulations predict that beer prices rise as barley supply falls and the proportion of 
barley in those beers may decline. There is a link between drought, precipitation and temperature 
such that extreme climatic events occur that can impact cereal yield. 

The likelihood of such serious events rises approximately 4% at the start of the 21st century to 18% 
or even 31% depending on which climate path unfolds. The likelihood of severe climate events is 
predicted to be twice as high in the second half of the 21st century than in the first half.
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4.2. New Arable Techniques: Smart Farming

Heineken’s innovative Low Carbon Farming Programme19 aims to ensure open sharing of information 
and implementation of on-farm best practice to achieve a 30%+ Scope 3. It is an example of how 
supply chain cooperation can deliver GHG reduction to generate benefit from farm to beer and de-
risk the supply chain from the impacts of climate change (see Case Study 4). 

There are an increasing number of platforms offering the ability to combine existing farm data from 
different source into one data set to help drive decisions. Use of drones and the deployment of 
imaging technology is also on the increase.  

Smart farming projects are being developed to integrate data from multiple sources including:

• Sensors: soil, water, light, humidity, temperature,
• Software: Internet of Things integration,
• Location: GPS, satellite and others,
• Robotics: including auto-drive farm vehicles.

In 2019, the ‘Hands Free Hectare’, a project run by Harper Adams University and Precision Decisions 
(a Map of Ag company) received funding to create a ‘Hands Free Farm’ in the UK (see also Case Study 
5). 

In the USA, ‘80 Acres Farms’ is the world’s first fully automated vertical farming operation. There are 
a number of others including the EU’s ‘Internet of Food’ and ‘Internet of Arable Farming’. The aim was 
to demonstrate what is possible and activity will continue in the coming years.

Wageningen University and Research have launched their Farm of the Future, which reflects current 
practice.  However, rather than monoculture, the farm works with strip cropping, using robots, drones, 
and precision farming, with minimal addition of artificial fertiliser and crop protection products.

So-called ‘hands-free’ farm initiatives seek to demonstrate the potential for the evolution of farming 
through robotics and artificial intelligence. There has been some success in improving the usefulness 
of the technology. But it is uncertain that systems that exclude any direct human intervention are 
likely to succeed, even on arable farms where there will still be a role for human oversight.

19 Heineken UK is exploring how barley can be grown in a more sustainable way to help reduce CO2 emissions, in a collaboration 
with Muntons, Future Food Solutions and Yorkshire-based barley farmers. In the 2021 Autumn crop-sowing campaign on 10 
farms - 7,000 acres of winter and spring barley should supply ~25,000 tonnes of grain, enough to brew almost 300 million pints 
of beer. The ambition is to reduce emissions by 33% by 2030 versus a 2018 baseline, and to achieve a carbon neutral value 
chain by 2040 (see also Case Study 4).

https://www.theheinekencompany.com/age-gate/3390
https://www.80acresfarms.com/
https://farmofthefuture.nl/en/
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The use of technology to combine data and aid decisions 
is generally to be welcomed. The greatest debate will 
be around the models and algorithms used behind the 
data processing, but only time will prove which decision 
platform generates actual farming improvement. 

Conventional ground-based mapping solutions are time, 
resource and labour intensive. As markets may increase 
in volatility, farmers will have an ever greater need to 
predict yield and manage inputs cost effectively and with 
precision. 

Drones, or unmanned aerial vehicles (UAVs) have 
an advantage - with multi-spectral imaging and non-
destructive measurement, which avoids soil compaction 
and reduces the risk of spreading pests and disease.

Figure 5: Improved data usage - 5G mast on 

repurposed telegraph pole
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5. TOWARDS 2030 –  
KEY ACTIONS AND  
STAKEHOLDER EXPECTATIONS

By 2030, arable farms will be less reliant on production related subsidies, partly offset by financial 
support for investing in ‘natural capital’, reducing emissions and protecting local biosecurity. ELM 
funding and commensurate programmes in the devolved regions will focus on environmental 
outcomes.  Profitable crop production and natural capital recovery will be based on technology 
available today. 

Case studies in the main RASE Farm of the Future: Journey to Net Zero report illustrate that a 
significant adaption in farming practice is underway.  There is still a considerable burden that 
requires the industry, the devolved administrations and DEFRA to work closely together to 
ensure an effective transition from CAP funding in a manner that enables farmers to undertake a 
fundamental rural investment shift to low carbon production technology. 

This will require some UK-wide areas alignment of domestic agricultural and land use policies, as 
well as support and administrative structures, enabling a smooth transition, particularly where 
farms cross country borders within the UK. 

It is essential that farmers who show leadership in the area of carbon farming have an appropriate 
forum for sharing their successes in an open and honest way, to help encourage all farms to 
develop a GHG reduction plan and improve the resilience of their farms through new income 
streams which will include a combination of reduced input costs and income associated with 
carbon farming.

Government support is needed for agronomic advice and training, including remote and peer-to-
peer learning, to help deliver changes in working practices at farm level. As shown above, action 
to reduce demand, boost production, curb emissions and improve ecosystem management could 
reduce farm emissions by 73% from 15 Bt CO2e, to about 4 Bt CO2e. 

https://tinyurl.com/FarmoftheFuture
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The cereal production chain is becoming more focused on potential risks from inaction on raw 
material supplies. Development of carbon markets for insetting will be a key action for the arable 
sector over the next decade. As the UK moves towards net zero and companies look to the best 
options for neutralising their emissions, they are more likely to favour insets over offsets. 

This is particularly the case where investment in carbon credits protects their raw material supply by 
providing a new income stream for farmers who can demonstrate enduring carbon capture on their 
land through regenerative climate-positive practices. Additionally, there are lots of opportunities for 
producers and processors to work together to create their own private commercial arrangements to 
offset emissions by funding on-farm practices which reduce or sequester carbon. 
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6. CEREALS CASE STUDIES 

6.1. CASE STUDY 1: Sustainable Futures – carbon 
farming

The Sustainable Futures Carbon Bank programme has developed regenerative farming protocols to 
sequester carbon in arable rotations. By growing cover crops for periods as short as 60-90 days, they 
create what they term “Pop up Rainforests”. They have developed a dashboard of metrics for soil 
health that enable a calculation of carbon capture.  

Other techniques include companion crops and short-term clover grass leys that produce large 
amounts of biomass above and below ground. Biomass is then incorporated into soil by action of soil 
microorganisms. Some of this carbon is lost back to the atmosphere, but the majority is sequestered 
as soil organic matter and can be measured to show carbon capture. 

Carbon can potentially be lost back to atmosphere if the farmer ploughs the land.  Hence, their 
growing contracts stipulate minimal tillage to establish a crop and no ploughing.

How is the carbon capture measured/verified?

Carbon sequestration varies with soil type and weather.  Hence, the need for robust, regular soil 
sampling and analysis to ensure that measurements are statistically sound. Each farmer in the group 
has an agreed technique to apply, and combining historical data and baseline measurement enables 
prediction of the amount of carbon that could be sequestrated.  

With a view to establishing a carbon market for this, a safety margin is that only 60% of this amount 
will be certified, with 40% remaining in a buffer fund until year 5, to manage risk of any changes 
in sequestration reversing the amount claimed.  In year 5, based on sampling in exactly the same 
places, any long-term additional carbon will then be certified as captured.

Certified carbon credits can then be sold to businesses looking to offset their carbon emissions, or for 
insetting by collaborating with supply chain partners.  Certification is undertaken by Rice University in 
Houston (Texas), with a global reputation for policy, research and analysis. 

Founded in 1993, Rice University’s Baker Institute for Public Policy has established itself as one of the 
premier non-partisan public policy think tanks in the country. The Institute and its Centre for Energy 
Studies ranks number 1 for university-affiliated think tanks worldwide. They have established the not-
for-profit ‘BCarbon programme’ to certify carbon credits. 

https://sustainablefutures.uk.com/
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6.2. CASE STUDY 2: Muntons, using carbon tools to 
engage the supply chain: the carbon footprint of malt

Muntons is a manufacturer of malt and malted ingredients selling globally to over 90 countries. In 
2004, Muntons sought to calculate sustainability when there were no cereal specific tools available 
and chose to use carbon footprinting. 

A calculator was developed using PAS2050 guidance and concentrated on direct operations (Scopes 1 
and 2). This gave a surprising result for the relative contribution of barley to the total carbon footprint 
of malt: over 60% of embedded carbon is from malting grade barley. 

Amazingly, data publication created an unexpected backlash among some in the supply chain, 
generating threats from supply chain partners to boycott conferences if this information was shared.  
In reality, the data created collective opportunities for improvement and generated supply chain 
integration where it looked likely to fragment. Within 4 years, it was found that there was only around 
6% difference in total carbon footprint between various models. 

Flipping this statistic suggests the data is 94% accurate and the systems are robust. Farmers have 
recognized for many years the advantages of precision farming whereby only nutrients and pesticide 
treatments that were necessary were applied to specific areas of land and not to others. The impact 
this had on carbon emissions was perhaps not well known at the time. 

Yara were a prime innovator in this area. To produce nitrogen fertilisers, they first produce nitric acid. 
A 90% reduction of total emissions (abatement) was achieved by reducing actual emissions in this 
first process step, which enabled them to produce an abated nitrogen fertiliser with the final product 
having just 40% of the footprint of the non-abated option. 

This factor alone reduces overall emissions substantially when built into a carbon calculation. 
Muntons were the first to require their farmers to use an abated nitrogen fertiliser and used that to 
drive a 30% reduction in their barley carbon footprint in under 10 years.

The next hurdle was to assess how this could be linked to creating value or minimising costs. Malting 
barley is one of the poorest margin cereals, so a key driver had to be taking risk and cost out of 
growing malting-quality barley without passing that on to maltsters and brewers.

The calculator was used to show the impact of different measures a farmer could take (see Figure 
6 below). A new tractor saves just 1 kg of carbon dioxide equivalent (CO2e) but with a cost of circa 
£250,000. 
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The action with the greatest reduction in carbon emissions is to switch to abated (low carbon CAN) 
fertiliser at no extra cost. In addition to working with the supply chain, Muntons chose also to lead by 
example and has set a science-based target for carbon reduction across the business and with grain 
suppliers.

Figure 6 - Reductions in carbon footprint for malting barley that could be achieved in different ways: faster tractor, 

20% less Calcium Ammonium Nitrate (CAN) fertiliser, Yield improvement of 20%, Use of a lower carbon abated nitrogen 

fertiliser. The latter has the greatest effect and is cost neutral.
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6.3. CASE STUDY 3: Contribution of malt to the 
footprint of beer

Alcoholic beverages are estimated to 

contribute 0.7% to GWP and cereals 3.8% 
A 2012 report from BIER20 graphed below, 
indicates that malt contributes a significant 
proportion of around 39% for bottles and 
33% for cans. Therefore, a reduction in the 
carbon footprint of malt would be beneficial 
to beer.  There have already been significant 
reductions in water and energy use in 
breweries in the past 10 years, but also 
within malting.

It can take considerable effort to compile 
data for emissions/carbon footprinting. This 
can have an impact disproportionate to the 
size of the brewery.
 
Emissions intensities in largest breweries 
(>500,000 kilolitres (kl), 4.2 million U.S. 
barrels) compared with the smallest 
(<50,000 kl, 426,000 U.S. barrels) were 3 
times better. 

Total carbon footprint for smaller craft 
breweries can be challenging to calculate 
and then to action any recommendations. 

The common factor, irrespective of size, is that benefits are seen in environmental protection and 
market share. For craft brewing, the main challenge in calculating GHGs is access to secondary, 
technical knowledge and finances. 

However, when calculated, the top three categories contributing to carbon footprint are similar to 
larger breweries.

20 Research on the Carbon Footprint of Beer, Beverage Industry Environmental Roundtable, June 2012

Figure 7: Carbon footprint allocation across the supply chain for beer 

in bottle or can. Original data from Beverage Industry Environmental 

Roundtable, 2012

https://www.bieroundtable.com/publication/beer/
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Clearly, energy is used in making malt, which makes it a major contributor to the carbon footprint of 
beer. This can place it under threat of replacement in centuries old heritage beer brands as brewers 
look for opportunities to save embedded carbon in raw materials. 

There are compelling arguments that there is no need to make such a draconian move.

An analysis for European-sourced malting barley from Muntons shows a total value of 504 kg CO2e/t 
derived as follows:

• Barley growing: 293 kg CO2e/t
• Malt manufacture (additional):  127 kg CO2e/t
• Total malt carbon footprint:  420 kg CO2e/t

Data from Muntons include a 6% uncertainty factor for barley growing (Scope 3 upstream). Within 
malt manufacture, 105 kg CO2e is from gas (Scope 1) and 22 kg CO2e from electricity Scope 2 and 
Scope 3 (transmission and distribution loss). 

The average carbon footprint of global maltsters is estimated to be between 550-650 kg CO2e/t. 
Muntons value is set to decrease even further as it sees the benefit of biomass heating for its malt 
kilning which has 90% lower emissions than gas fired kilns.

The carbon footprint value of malt is already falling rapidly due to Muntons getting close to achieving 
its science-based target - looking toward 50%+ emissions reductions since 2010. 

The value for malting can be greater where it is made in environments in which refrigeration is 
necessary. It is also affected by where the barley is sourced from (17% potential increase) and if 
abated nitrogen fertiliser is not used (20–40% potential increase). If heating used is entirely low 
carbon, this value will fall by as much as 75–90%, depending on technology used.

The greatest proportion of malting barley carbon footprint is Scope 3 at 60%, and the biggest 
contributor to that is upstream emissions from raw material (barley) sourcing (see Figure 8). It is very 
worthwhile engaging with farms to establish what can be done to reduce this. 

Data from Muntons’ monitoring program has shown around 32% reduction in its Scope 3 carbon 
footprint over the past 12 years. The most significant contributor to the reduction has been the use 
of abated nitrogen fertilisers. Attention was then focused on minimizing the input of inorganics and 
use of cover crops. 

This analysis drives the involvement of many brewers and distillers in the impact and availability of 
raw materials and the contribution they make to beer, back at farm level.



31   |  DECARBONISING UK CEREAL PRODUCTION

There have been suggestions that 
it would be more environmentally 
beneficial just to use barley with 
external enzymes to support 
the conversion to sugar. Harboe 
brewing company working with 
‘Novozymes’ in 2009 created an 
acceptable beer direct from barley 
with their cocktail of enzymes, but 
did that signal a new era for beer 
production? 

There is still much improvement 
that can be made to decarbonise 
malt made the traditional way. 
Ten years ago, when Muntons’ 
challenge globally was to reduce 
emissions by 80% by 2050, it was 
possible to envisage a 50% reduction in malt carbon footprint. 

With novel technology and more to come, Muntons are already able to achieve that now, and the 
push to carbon zero looks likely to make malting much less intensive in terms of emissions. It will still 
be energy intensive, which is inevitable presently to create the flavours consumers love, but energy 
will be provided in a much more environmentally friendly way.

Figure 8: Contribution by scope to the total carbon footprint of malting barley. Scope 

3 upstream is almost entirely attributable to growing of barley for malting
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6.4. CASE STUDY 4: Heineken: Supply chain 
cooperation to reduce Scope 3 emissions

Heineken have long recognised 
the need to understand the 
factors that affect growing of 
malting barley, a key ingredient. 
The phrase ‘No barley, no beer’ 
aptly describes reliance on this 
raw material. They co-initiated 
and helped fund the ‘Skylark’ 
farmer support program in 
Holland, to enable a network 
of Dutch farmers to develop 
sustainability plans. 

Existing agronomists were trained 
in developing sustainability 
objectives and helped farmers 
choose the options to pursue. To be included, farmers had to show continuous improvement in 
sustainable practice and to commit to sharing data with other members of the group. 

It was a successful venture, but when Skylark tried to establish a similar scheme in the UK, it met with 
opposition not seen in the Netherlands, driven mainly by fears of how farm data would be shared 
and disbelief that such a group could provide innovative solutions.

Later, within the Sustainable Agriculture Initiative Platform (SAI), of which Heineken was a member, 
other companies wanted to establish similar farmer groups and this resulted in the establishment of 
the Sustainable Futures support forum. 

The group provides central administrative financial support to facilitate a peer learning group of 
farmers to share experiences and develop case studies of sustainable farming. 

In 2021, Heineken decided to create a global roadmap for a Science Based target (SBTI) by 2030. They 
created a GHG reduction programme roadmap that recognised agriculture was the second largest 
contributor to its carbon footprint, with a significant Scope 3 element. 

In the Low Carbon Farming Programme (in its top 8 sourcing countries for barley and maize – 
representing over 80% of sourcing volume) Heineken aims to reduce embedded carbon emissions 
from agriculture by 30% by 2030, committing to carbon neutrality by 2040.

Figure 9: Scope 3 allocation for Heineken’s suppliers showing significant contributions 

from agriculture and packaging
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Malt manufacturers and suppliers of barley and maize have crated farmer groups aligned with this 
philosophy, to provide a strong support network around GHG reduction options.

Circa 500 pilot farms will test low carbon farming practices for the first 3-5 years, ultimately aiming to 
transfer knowledge to 15,000 farmers around the world. In the UK, the chosen supplier is Muntons 
plc, who started test and develop pilot projects on farm in 2021.

Some options chosen were known to farm groups already working in this area (reduction 
in nitrogenous fertiliser use, promotion of abated nitrogen fertiliser, use of cover crops, soil 
improvement), some not. Heineken’s involvement in the Low Carbon Farming Programme has 
focused on these options at global scale across the supply chain from farm to brewer. 
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6.5. CASE STUDY 5: ‘Map of Ag’ and Kelloggs – 
Smart farming systems

The Kellogg’s ‘Origins’ programme is a global initiative that works with farmers to improve their 
economic and environmental performance. English Food and Farms Partnership (EFFP) has managed 
the UK Origins programme for Kellogg’s since its inception in 2013 and had recognised that nitrogen 
use on farms was a key issue, and the largest carbon liability for cereal crops. 

Keen to help their growers improve their nitrogen use and reduce their carbon footprint, Kellogg’s 
partnered with Map of Ag to tackle this challenge. 

Map of Ag had been developing a carbon soil sampling service through the Precision Decisions 
specialist team and developing different ways to target nitrogen use and how these services can 
help farmers and grower groups with use efficiency.  The key objective of the project was to develop 
a straightforward tool for farmers to understand their overall crop performance with a focus on 
measuring, managing and mitigating nitrogen losses.

Understanding the challenge from the farmer’s perspective is vital when trying to improve farming 
practices to meet agri-food industry objectives. Working with a range of farmers helped identify what 
is needed to make successful changes that can benefit to all parties.

Working with the grower group, a framework for benchmarking nitrogen use efficiency was 
developed using historic data, creating a measurement technique and infrastructure to aid 
recommendations for nitrogen use to improve efficiency. This technique is simple to use and helps 
farmers make better use of fertiliser, which benefits their margins, while reducing environmental 
losses.

https://effp.com
https://mapof.ag/platform/
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