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Foreword 
 

Trehane Trust Fellowship Report 
 

Net Zero Roadmap for UK dairy farmers 

 
Author:  Richard Lane, The Dairy Group 

 
April 2022 

 
 
The Trehane Trust supports knowledge transfer and career development within the dairy 
supply chain. Since its inception, in 1978, it has awarded over 80 dairy scholarships through 
the Nuffield Scholarship Trust.  
 
More recently the Trust has supported its objectives through fellowships that address key 
challenges faced by UK dairy farmers.  
 
In this second fellowship report, The Dairy Group of farm consultants, led by their dairy 
business consultant Richard Lane, has researched the issues facing UK dairy farmers as 
they work towards net zero.  
 
The report offers a roadmap that aims to provide clear, cost-effective and practical 
guidelines and initiatives that can help dairy farmers adapt their businesses to climate 
change in a practical and profitable way – and within the Government’s timeframe.  
 
Integral to the usefulness of this report are key climate-related strategies for farmers and 
their advisers to enable them to benchmark and to monitor progress. This will help them to 
meet the challenges and targets required for sustainable milk production.  
 
Diana Allen, Chair of the Trehane Trustees 
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Executive Summary 
 
The phrase Net Zero seems to be ubiquitous along with agriculture’s environmental impact 
coming to the fore. The Trehane Trust identified that Net Zero came with much rhetoric and 
little clear and practical advice to support carbon reduction so decided to set about creating a 
Fellowship to deliver ‘A roadmap for achieving Net Zero in dairy farming practically and 
profitably’.  
 
A team from The Dairy Group was successful in being awarded the Fellowship. A research 
study was carried out to evaluate carbon reduction strategies, to understand the science 
behind them and to identify practical reduction opportunities for dairy farms.  The roadmap for 
achieving Net Zero in dairy farming practically and profitably identifies where emissions are 
produced within the production cycle and how to implement key reduction strategies. 
 
This was followed by farm studies. Three farms operating different dairy systems and yield 
objectives were analysed using information for the year end March 2020. Financial evaluation, 
physical performance and carbon footprinting was carried out.  
 
Once completed, carbon reduction opportunities were identified. Modelling was carried out to 
assess changes, calculating carbon and financial impacts. The results of the modelling 
assessments are reported in the Farm Modelling Summary. This demonstrates the likely 
financial and environmental impact when applied on farm. 
 
The main findings of the fellowship at farm level are, 

1. We are already on the path. UK dairy production is a low carbon system compared to 
global averages, but there is room for much greater reductions. The carbon footprint 
of a litre of British milk is around 1.25kg CO2-e

 compared to a global average of 2.9kg 
CO2-e per litre of milk. 

2. Carbon reduction makes good business as well as environmental sense resulting in 
more efficient resource utilisation leading to greater profit. 

3. Even on most very well-run and efficient farms significant reductions can be made. 
4. Farm carbon modelling is not a complete science and not all reduction practices are 

currently reflected in footprint results. The process is dynamic and will become more 
accurate, so use the tools available and make a start.   

5. The need for farms to record accurate performance and resource data is key for 
accurate carbon analysis. If not established, put good data recording systems in place. 

6. Engagement must be driven at farm level. Carbon calculate to identify specific areas 
to target. The ‘easy wins’ will be achieved within the current farming system.  

7. At farm level there is a need for greater education and understanding of where farm 
carbon emissions emanate and how to reduce their impact. 
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1. Introduction 

 
Throughout the Fellowship I have been encouraged that virtually all carbon reductions have 
resulted in improved farm profitability so they should be approached positively. Whatever your 
motivations are, reducing carbon emissions from your herd makes good financial sense and 
with current input price inflation, there has never been a better time to start building resilience 
into your business. While not reported in this Road Map most GHG reduction strategies are 
likely to have positive effects on water and air quality while improving farm biodiversity 
therefore delivering multiple benefits. It is also positive to see that when comparing dairy 
systems, well run efficient farms have very similar CO2-e per kg energy corrected milk. This 
isn’t about finding the best system, it’s about making the best of your system. 
 
The dairy cow is a complex animal. Many of the strategies below will have multiple benefits 
and should be assessed through the whole production cycle, not just one element. Each farm 
will have their own unique circumstances, with owner objectives, commercial aims, genetics, 
facilities, soils and environment driving decisions and implementation.  
 
Global warming and climate change as a result of increased atmospheric greenhouse gases 
caused by human activity has increased average global temperature by about 1⁰C and is 
currently increasing by 0.2⁰C per decade. 
 
Greenhouse gas (GHG) emissions cause harm by absorbing and emitting radiant energy 
(solar energy) within our atmosphere. Different gases absorb and emit energy at different 
rates. This is referred to the Global Warming Potential (GWP) of the gas. The three GHG’s of 
greatest focus caused by agriculture are carbon dioxide (CO2), methane (CH4), and nitrous 
oxide (N2O). Atmospheric lifetime refers to the duration of time a greenhouse gas remains in 
the atmosphere before being decomposed by chemical processes. Below is a table illustrating 
the warming potential and atmospheric lifetime of the three main gases. 
 

Greenhouse Gas Chemical formula 
Global Warming 
Potential, 100-year 
time horizon 

Atmospheric Lifetime 
(years) 

Carbon Dioxide CO2 1 1000* 

Methane CH4 28 12 

Nitrous Oxide N2O 298 121 

 
Source. Fifth Assessment Report. IPCC. GWP100 
* No single lifetime can be given for carbon dioxide because it moves throughout the earth system at differing rates. Some carbon dioxide will be absorbed 
very quickly, while some will remain in the atmosphere for thousands of years. 

 
There are many sources of GHG’s on farm. The main contributions are CO2 direct (fuel and 
energy used by the farm plus gain/loss from soils) and indirect CO2 (embedded in purchased 
feed, artificial fertiliser, chemicals, purchased organic bedding and materials). CH4 is mainly 
in the form of enteric CH4 from the rumen and also manure. N2O is emitted from soil, slurry 
and manure and is the most potent gas.  
 
GHG impact is measured by several methods; GWP100, GWP* and GWP-20. This report 
does not attempt to evaluate the merits of each method as it adds unnecessary complication. 
The most important action is to start the Road Map to Net Zero and direction of travel, not the 
calculation method. 
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The Net Zero Roadmap 

 

 
 
Carbon Calculating - Before embarking on the Road Map to Net Zero it is important to assess 
your current carbon footprint. As with any journey it is imperative you know where you are 
starting from. Farm data must be entered into a carbon calculator to generate your starting 
point. There are several calculators specifically aimed at farming systems which are constantly 
developing. Accurate, dynamic and consistent data entry is crucial to derive a current figure 
and to enable positive Road Map progression. The same data entered into a different 
calculator may deliver a different result therefore it is difficult to compare data from different 
farms and calculators. Once you have selected the best calculator to use it would be beneficial 
to continue to use the same one. Remember carbon values from the calculator are proxy 
numbers (a best estimate), not actual figures.  

The most appropriate value to measure on a dairy farm is kg CO2-e/kg energy corrected milk 
(ECM).  Once calculated a full evaluation of the farm can be prepared. The best starting point 
for any carbon reduction is to understand where the greatest emissions are produced and 
identification of easiest reductions, ‘the low hanging fruit’. However, to make significant 
reductions it is likely many areas will need targeting as there is no silver bullet. 
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2. Key Reduction Targets  

2.1 Productivity 

1. Lifetime Milk Yield 
2. Age at 1st calving 
3. Herd replacement Rate 
4. Death/mortality Rate 
5. Reproduction and fertility 
6. Health - mastitis/lameness/injury 
7. Disease levels – TB/Johnes 

8. Feed efficiency 

 
1, 2, 3 and 4 are largely determined by 5, 6, 7 and 8. Healthy fertile animals will create longevity 
in the herd. Age at 1st calving is a function of calf health, growth rate and fertility efficiency. 
Targeting 22 to 24 months age at 1st calving means animals become productive sooner. 
Improving health and welfare means less animals are unproductive or need to leave the herd. 
Good cow comfort plays a big part as does transition management and targeted body 
condition score. Improved feed efficiency is achieved through feed ingredient selection, 
reduced wastage, feed presentation and genetics. 
 
Key message – Monitoring herd performance and benchmarking is key to improving 
productivity. 
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2.2 Feed and Diet 

Enteric methane (rumen methane) is the largest contributor of GHG’s on dairy farms. Methane 
is also a short-term gas so this should be the first target, with reductions making a significant 
and immediate reduction impact. Enteric methane is produced by bugs in the rumen as a result 
of fibre digestion. Methanogens utilise carbon dioxide (CO2) and Hydrogen (H2) molecules in 
the rumen to make CH4. This is a natural process that helps maintain rumen pH. Enteric CH4 
production is linked to the level of food intake, the type and quality of feed, the amount of 
energy consumed, animal size, growth rate, level of production, and environmental 
temperature. Between 5.5-9.0% of dairy cattle energy is typically lost through enteric 
fermentation. (D. E. Johnson and G. M. Ward, “Estimates of animal methane 
emissions,” Environmental Monitoring and Assessment, vol. 42) 

2.2.1 Dry matter intake (DMI) – as dry matter intake increases so does total enteric CH4 per 
head, but milk production also increases. This causes a dilution effect per kg ECM output as 
seen in the table below. 

  

To maximise DMI feed should always be freely available, free from spoiled material 
and well managed with regular push-ups in barns. Grazing should be optimised to 
maximise DMI. 

Key message – maximise DMI per head 
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2.2.2 Feed digestibility – The digestibility of forage is linked to plant maturity and the 
amount of fibre or cellulose it contains. The lower a forage fibre content the greater the 
digestibility. Increased digestibility results in less CH4 per kg DMI. More digestible 
feeds flow through the rumen faster therefore increase DMI. Increasing milk from 
forage is a key driver of farm profit but it must be highly digestible grass and silage to 
maximise DMI and digestibility resulting in reduced enteric CH4. 

 

Grazing covers and allocation 
should be managed to ensure 
highly digestible grass is consumed 
and high utilisation is achieved. 

Moving towards multi cut silage, 
cutting younger plant material more 
frequently, will produce highly 
digestible, energy dense silages 

with higher protein content, therefore reducing enteric CH4 production per kg DM fed, 
increase DMI and reduce the demand for high protein purchased feeds. Multi cut will 
also increase DM yield/ha. 
 
Seed mixes have an impact. Select productive grasses, legumes and consider deeper 
rooting plants to increase depth of soil organic matter (SOM). 

The same is true of purchased feeds. Cheaper raw materials generally have lower 
digestibility; therefore feed efficiency declines and enteric CH4 production increases 
per kg DMI. 

While reducing diet fibre levels it is important to recognise cows are 
ruminants and for the rumen to function a base level of fibre is required. 
Target 32% to 34% Neutral Detergent Fibre (NDF).  

Feed presentation is key – well managed clamp faces and feed 
storages will help ensure feeds are presented fresh and palatable, 
helping to increase DMI and reduce wasted feed. Cleanliness and 
consistency of diet are key to reduce feed losses. 

Key message – Aim to produce high digestible silages and reduce clamp/feed 
face waste. Select highly digestible purchased feeds. 
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2.2.3 Diet Energy source - The source of energy fed has an impact on enteric CH4 
production.  

Starch v’s NDF - High starch diets have been shown to reduce rumen CH4 emissions. 
Starch ferments into propionate in the rumen. This results in less H2 volume so 
reducing methanogenesis. Feeds such as soya hulls will result in acetate fermentation, 
producing more H2 therefore more CH4. Careful diet formulation to avoid acidosis is 
required to monitor the benefit of a high starch diet without compromising animal health 
and welfare.   
 
Fats - Supplementary fats reduce enteric CH4 per kg DMI by suppling energy that 
bypasses rumen digestion and therefore does not contribute to methanogenesis.  

Diet Protein % - Targeting 16% diet crude protein should not compromise milk yield. 
This will allow reductions in purchased protein feeds. Increasing diet starch levels will 
drive rumen microbial protein production therefore reducing the demand for high 
digestible undegradeable protein (DUP) feeds such as soya in the diet. 

Key message – Balance the ration to reduce fibre content whilst increasing 
starch (keeping within safe levels). Consider dietary fats. Target 16% CP 

2.2.4 Purchased feeds - Carbon embedded in purchased feeds is typically 25% of 
total farm  CO2-e. This is indirect CO2. Carbon within the feed was not produced on the 
farm but through growing, processing, manufacturing and transport of the feed. 

CO2 embedded in a feed ingredient’s lifecycle vary depending on feed source as can 
be seen in the supply chain framework below. 

 
GFLI Supply Chain Framework 
 

Work to assess a feeds’ GHG emissions is now entering the commercial marketplace 
with some feed companies already supplying a range of compound feeds with a known 
carbon footprint.  
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The Global Feed LCA Institute (GFLI) is an international independent animal nutrition 
and food industry institute with the purpose of developing a publicly available Animal 
Nutrition Life Cycle Analysis (LCA) database and tool to support meaningful 
environmental assessment of animal nutrition products and stimulate continuous 
improvement of the environmental performance in the animal nutrition and food 
industry. 
 
Key message – Formulate low impact diets by selecting feeds with low CO2-e 

LCA. 
 
2.2.5 Feed Additives - Seaweed, garlic extract, nitrate biochar and essential oils have 
all shown reduce enteric CH4. Some claim CH4 reductions only, some claim increased 
milk production as well. Trials to demonstrate  consistent results in UK dairy are 
ongoing.  

3-NOP (3-nitrooypropanol) is a synthetic feed additive. It works by disrupting CH4 
production in the rumen. Extensive trials have demonstrated an average reduction of 
30% enteric CH4. UK approval is likely soon but there is no indication of cost. 

Key message – Assess economic potential of feed additive. Does your milk 
contract pay for CO2-e reduction? 
 

2.3 Genetics and Breeding 

Genetics and breeding have a huge part to play on the path to Net Zero. Breeding 
replacements to be more efficient converters of feed into milk, more fertile and healthier 
will improve productivity and longevity in the herd resulting in reduced feed per output 
of milk and maintenance, less replacement animals and a greater number of lactations 
per head with less disease. Use genetic indices such as £PLI, £SPI, £ACI, 
HealthyCow, FeedAdvantage and EnviroCow as well as genomic testing. Breeding 
decisions can be made to strengthen the herd. New health, feed and environmental 
efficiency indices have recently been introduced to improve longevity, health and 
efficiency of animals and are an important addition to increasing herd productivity. 
 
Sexed Semen – The aim of sexed semen is to produce a calf of a specific sex. In 
simple terms, breeding the best cows and heifers in the herd with sexed semen, 
replacements heifers can be bred from the top 25% of animals in the herd as opposed 
to top 50% with conventional semen working on a 25% replacement rate. Being able 
to breed the remaining 75% of animals to beef will produce more valuable surplus 
calves for beef production resulting in higher calf returns. Targeted breeding from 
highest genetic merit animals will result in herd genetic gain acceleration. 
 
Milk recording is recommended to gain access to your herd’s genetic data enabling 
better breeding decisions. Genomic testing is likely to become more common. Animal 
genetic potential can be assessed earlier in the lifecycle of a replacement animal, 
therefore animals with lower potential can be diverted to producing beef calves. 
 
Key message – Utilise all information to advance the genetics of your herd. 
Breed cows to suit your system. 
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2.4 Plant Nutrition - Plant nutrition, forage production and soils are intrinsically 

linked.  

Soil and slurry sampling - Key to any nutrient plan is to maximise the use of organic 
manures, matching crop requirement with nutrient supply to avoid waste. Maximising 
use of organic manures reduces artificial fertiliser requirement which is produced using 
significant volumes of fossil fuel thereby releasing CO2 in production as well as 
transportation.  
 
Slurry application timing - Applying slurry during the growing season, particularly 
spring with cooler temperatures and adequate soil moisture will offer the greatest 
utilisation opportunity of plant nutrients, particularly rapidly growing grass leys. 
 
Low emission slurry spreading (trailing shoe, dribble bar or injection) will lead to 
improvements in slurry efficacy, 
 

• Improved slurry N utilisation 

• Reduced artificial N required 

• Reduced N2O emissions 

• Consider precision NIR analysis 
and variable rate slurry 
application 
 

 
 

Precision spreading of artificial N will help 
to improve accurate application and avoid 
overlapping. There is little variable rate 
application of artificial fertiliser on dairy 
farms, but this should be considered. Using 
GPS technology significant savings in 
fertiliser can be made by reducing overlaps 
and accuracy on headlands. Variable rate 
application matching crop yield to nutrient 
supply is possible. Reducing total farm N 

use will reduce N2O emissions. 
 
Timings and weather are critical when selecting product application. Urea (with 
inhibitor) is suited to cooler wetter conditions and ammonium nitrate suited to warmer 
drier conditions. Early season N applications may have limited uptake by grass. Ensure 
incorporation of slurry and FYM with 24 hours to reduce N2O losses. 
 

2.5 Slurry Management 
 
The main focus of slurry management is to 
reduce ammonia (NH3) emissions, 
however N2O is emitted from NH3 therefore 
reducing NH3 emissions will result in less 
N2O. CH4 losses can be marginally 
reduced also. Increasing slurry scraping 
frequency and avoiding mixing urine and 
faeces will reduce NH3 emissions. 



 

14 

 

 
 
Slurry Storage – Ensure storage capacity is sufficient to enable slurry spreading in 
the spring with maximum plant utilisation. Cover slurry stores to reduce emissions of 
N20 from NH3 by reducing store surface area, resulting in more organic N availability. 
N2O losses can be reduced by slurry crust, straw covering and permeable crust. CH4 
losses will be marginally reduced. 
 
Acidification – Research shows treating slurry with acid reduces NH3 losses and 
therefore N20 losses. 
 
Key message – Up to date soil analysis and corrective action. Maximise 
utilisation of slurry and FYM to reduce artificial N requirement. Target 
application timings to increase plant uptake and reduce N2O losses. Assess best 
slurry/FYM storage strategy.
 

2.6 Forage Production - Ensure nitrogen responsive grass is dominant in a sward 
to utilise available nitrogen. The genetic yield potential of new plant varieties should be 
maximised by reseeding. High sugar perennial ryegrass will increase utilisation of 
grass protein and reduce enteric CH4. 
 

Include N fixing legumes such as clover or 
lucerne to reduce artificial N requirement. 
Legumes will also increase forage 
digestibility therefore increase DMI, reducing 
enteric CH4 per kg DMI. 
 
Maize silage will increase diet starch 
therefore propionate production, reducing 
enteric CH4. Mixing forages in a TMR will 
increase DMI but will add cost and fuel 
requirement so must be weighed up. 

Potential soil damage through late harvest and overwinter stubbles must be avoided. 
 
Diverse swards are much talked about. Growing deeper rooting plants will increase the 
depth of soil carbon sequestration, but this needs to be balanced with dry matter yield 
and palatability. Diverse sward selection should aim to maximise season long 
production levels. 
 
Fodder beet delivers low CO2-e per kg DMI and has been shown to reduce enteric CH4 
so is a reduction opportunity. 
 
Key message – Assess current forages. Assess future forage production and 
grass mixes. Include legumes. Test soils and correct as required. Maximise 
efficient use of slurry/FYM. Challenge artificial N use.  
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2.7 Energy 

While a low fraction of total emissions (7%), most farm energy comes with high CO2 
embedded as it is derived from fossil fuel. Making efficient use of machinery and 
milking plant is fundamental.  
 

• Use low energy electricity plant 
and lighting 

• Fuel efficient machinery 

• Low energy robot machinery 

• Challenge yard operations  

• Challenge field operations 

• Use renewable electricity

 
Dairy farms have a great opportunity to generate and utilise renewable energy. Solar 
PV, wind, renewable heat, hydro and AD all provide opportunities. However, current 
financial returns are relatively low or require significant investment to achieve scale. 
 

Projects such as sizeable solar arrays or large-
scale AD are likely to ‘claim’ any carbon 
reduction, not the dairy enterprise. When 
assessing impact, it is important carbon is not 
double accounted. If an AD plant is taking dairy 
slurry/FYM the export will credit the producing 
dairy. 

 
Key message – Look at all energy saving opportunities. Look to renewable 
electricity tariffs. Explore on farm energy generation opportunities.  
 

3. Carbon sequestration 

Soils have huge potential to store carbon. Through crop production and natural capital 
(hedgerows and trees etc.) a farm takes CO2 from the atmosphere using 
photosynthesis to create energy, with a proportion stored underground. Grassland is 
an important sequester. Soil carbon is lost during cultivation therefore permanent 
pasture and long-term leys are significant storage opportunities. By applying slurry and 
FYM to growing crops organic manure carbon is recycled into soils while nutrients are 
utilised by the plant. High carbon soils emit less N2O. 
 

• UK grass grows nearly 365 days per year (+5°c) therefore sequesters all year  

• Reduced cultivation interval builds carbon through sequestration and soil 
biology 

• Aim to always have a green crop growing 
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Crop establishment method is important. Soil carbon is 
lost and soil biology is damaged by cultivations. Increase 
the interval between full grass reseed and consider 
overseeding to rejuvenate a sward. Changing to reduced 
tillage/direct drilling is preferable to reduce soil carbon 
losses, reducing fuel CO2 simultaneously. Establishing a 
cover crop (or interrow sowing in a standing crop) after 
maize is important to avoid losses of soil organic matter 
and valuable nutrients from bare soils. Avoiding soil 
compaction will reduce the need to corrective 
cultivations. 
 
Natural Capital is an important consideration. Trees, 
hedgerow and field margins all sequester carbon so are 
valuable in any carbon calculation. Tree planting will  
capture carbon but will reduce farm output. When modelled it had little impact on CO2-

e/kg ECM. 
 
Agro forestry offers benefits -  
 

• Increased carbon sequestration per Ha. 

• Animal protection from wind, rain and heat stress (shade) 

• Trees help drain waterlogged pasture therefore extend grazing season 

• Some species’ have medicinal properties so improving animal health 
 
Soil conditioners 
 
Addition of soil conditioners to help improve soil structure is important, increasing soil 
carbon. 
 

• Cover crops – improve soil health and increase soil carbon 

• Compost – add organic matter 

• Biochar – huge carbon retention potential in soil 
 
Key message – Sequestration and soil organic matter offer huge possibilities to 
capture and store carbon. There is debate around the science of accounting for 
sequestration but that should not stop a drive towards increasing measurable 
SOM. Measuring soil carbon levels is the best way to measure accurately.  

 

4. Carbon Trading 

Carbon markets should be approached with caution. Current focus should be on farm 
reduction rather than looking to monetise carbon. It is unlikely that most dairy farms 
will achieve Net Zero in the next few years so there is unlikely to be available carbon 
to trade. Carbon markets are still novel and relatively ungoverned.  
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5. The Road Map to Net Zero 

 
To Start 

 
1. Select a suitable carbon calculator, which may be determined by your milk 

buyer. Carbon calculators are evolving to deal with new developments, e.g. 
methane reduction feed additives, soil sequestration and natural capital. 

2. Detailed data capture is key (i.e. accurate farm and contractor diesel use, TMR 
tracker to record TMR feed accurately, record grass and silage production by 
field).  

3. Carbon calculation – calculate current farm emissions; identify enterprise 
strengths and weaknesses. Model potential outcomes to assess impact both 
for CO2-e and the financial impact (e.g. use partial budgets). 

4. Milk recording – assess cow physical performance and genetic potential. 
5. Assess soils, correct pH and where to target manures. 
6. Benchmark - Aim for at least top 25% standards on productivity, fertility, health 

and welfare. 
7. After analysis create a carbon reduction plan with measurable outcomes. 

 
Carbon Reduction Targets  
 

Set Emission Targets – Initially aim for 1.25 kg CO2-e/kg EMC (average UK figure) 
but target a minimum of 1kg CO2-e/kg EMC in the next few years. If already below 
1kg CO2-e/kg EMC, then look to achieve a 5% reduction per year. 

 
Cow productivity 
 

1. Age at 1st calving between 22 to 24 months. 
2. Use sexed semen on highest genetic merit animals. The rest to beef sires. 
3. Address fertility and aim for 365 calving interval. 
4. Increase Lifetime Milk Yield, cow longevity, reduce animal mortality. 
5. Target a maximum replacement rate 25%. 
6. Improve health and welfare. Reduce disease. 

 
Feed & diets 
 

1. Maximise milk yield from forage. Assess forage production and aim for high 
digestibility grass and silage therefore reduce concentrate feed rate 

2. Improve pasture quality – productive grasses, legumes and consider deeper 
rooting plants to increase depth of soil organic carbon. 

3. Optimise diet digestibility and dry matter intake. 
4. Grow maize if post-harvest crops can be established. 
5. Balance diets to target an NDF level of 32 to 34%. Avoid <30% NDF 
6. Target a maximum of 16% crude protein diet. 
7. Use feed data to select low CO2-e feeds. Evaluate the consequence of high 

impact feeds such as soya and palm. 
8. Evaluate feeding dietary fats. 
9. Examine feed additive and technology advances to reduce enteric CH4. 

 
 
 
 



 

18 

 

 
Forage production  
 

1. Optimise soil – Correct pH, remove compaction, increase soil organic matter 
2. Aim to reduce soil cultivations to minimise soil carbon losses 
3. Adopt low emission slurry spreading to increase N utilisation (required by 2025) 
4. Optimise use of artificial fertilisers to reduce indirect CO2 and N2O 
5. Slurry/FYM storage management to reduce CH4 and N2O losses  

 
Energy 
 

1. Assess power and energy use to reduce direct and indirect CO2. 
2. Switch to renewable energy tariffs. 
3. Opportunities for on farm energy generation. 

 
Carbon Sequestration 
 

1. Maximise carbon sequestration and soil organic matter levels. 
2. Consider options to increase Natural Capital on farm. 

 
Further recommendations 
 
From the research and farm modelling I have undertaken during my fellowship I am 
confident UK dairy can make significant progress towards a 30% reduction in methane 
emissions by 2030 and Net Zero by 2050, but the clock is ticking and urgent action is 
required now. There is a pressing need for each farm to carbon calculate, establishing 
a baseline to measure from. Farm data needs to be assessed using a common carbon 
calculation and ideally put into one platform to enable reliable farm data comparison. 
That way all farms will be using standard data for all metrics, be they for management 
purposes or compliance. GFLI feed assessment work highlights the potential of this 
and needs to be implemented into carbon calculators and diet rationing programmes 
to assess and evaluate diet impact. Standards need to be adopted globally to ensure 
a regulated and level playing field for all products and all producers, so that consumers 
can make informed and credible buying choices. 
 
To ensure individual farm carbon figures are understood and reduction targets set the 
majority of farmers need more help in understanding the carbon impact of their farm 
and specific reduction opportunities available to them. A knowledge gap in how to 
tackle reductions and the part new developments and technologies can play needs 
filling. A  lack of capital investment is stifling progress and adoption of reduction 
technologies. Good quality bespoke farm advice is required to help the industry adjust 
and adapt to delivering net zero ambitions. Clarity on policy, financial reward and 
support is necessary from government and the dairy processing industry to deliver 
public goods. If we can achieve the points in this report we can deliver a roadmap for 
achieving Net Zero in dairy farming practically and profitably. 
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Appendix 1. International Perspective 
 
To gauge the UK’s position in a competitive global dairy market an assessment of key 
aims and objectives of several dairy producing countries was assessed. 
 
New Zealand 
 

• Since COP26 the speed and change of interest has increased across all 
industries 

• Media is playing a bigger and generally negative role. Greenpeace  - ‘Too many 
cows’ 

• Dairy NZ highlighting difference between fossil and biogenic methane 
• Dairy NZ have 250 farm advisers working towards Net Zero 
• Vegan message becoming quieter 
• NZ methane pledge is focused on fossil methane, not biogenic 
• Enteric methane - 13.2% (increased from 10%) reduction in enteric methane 

by 2030 
• Fossil methane - 50% reduction by 2030 in other sectors 
• Farm-level emissions pricing system from 2025 whereby failure to reduce will 

be fined by a levy. Increased from $20 to $70 per tonne carbon. 
• Supply chain carbon reduction partnership to be able to report CO2-e  by 2025 

– ‘One Source of Truth’. 
  

The Netherlands 
  

• Net Zero by 2050 
• 85% of milk supplied through Friesland-Campina therefore strong market 

position with ‘Planet Proof’ program. Farmers participating in this program have 
to meet a certain number of targets on environment, animal welfare, 
biodiversity etc.. When they achieve targets they get a premium on their milk 
(+ 3 euroct/kg milk). The milk stream is collected separately and also marketed 
separately. Today, several hundred Dutch farmers are already participating in 
the program. 

• All farms carbon calculating using one agreed tool – ‘Kringloopwijzer’ (Annual 
Nutrient Cycle Analysis). It was an already existing tool to monitor N and P 
emissions, that was extended to also include carbon emissions. 

• Dairy processors have accredited several tools (solar panels, manure 
digesters, feed additives when licenced) to help farmers achieve their 
environmental goals.  
  

Ireland 
• 2030 (reduce by 22-30%) 
• Net Zero by 2050 
• Target 0.85 kg CO2-e/kg ECM from 1.04kg CO2-e/kg ECM (2017/18/19 average)  
• Reduce diet protein levels to a maximum of 15%  

  
USA 

• Net Zero by 2050 
• No real ambition change since COP26 
• No industry wide targets – 70% have agreed 2050 target 
• Very little voluntary carbon measuring 

  



 

20 

 

 
 
 
Australia 
  

• Dairying discussed in a positive way. Farmers held in high esteem and ‘doing 
a good job’. 

• 2030 goal to reduce GHG emissions intensity by 30%. 
• Enteric CH4 reduction discussed with solutions, not specific reduction targets. 

Promoting a 40% reduction over the last 30 years. 
• Focus on N20. 
• Increase shade from shelter belts – sequestration while reducing heat stress. 
• 94% of farmers have implemented reduction strategies including tree planting, 

strategic N application, improving energy efficiency and soil carbon. 
• 71% of dairy farms have renewable energy generation on farm. 
• 10% of dairy farmers know their carbon footprint. 

 
UK dairy farmers are in a challenging position. Agriculture has been set stringent 
carbon reduction targets by government, but without clear financial support or well-
defined strategies. Low business profit is stifling the necessary investment required to 
help achieve Net Zero. 
 
Much of the UK dairy carbon calculations are carried out as part of a milk contract 
obligation. This is useful for milk buyers to be able to calculate Scope 3 emissions and 
identify high emission farms, but is doing little to drive carbon reductions across the 
board. A visit once a year and follow up report is not delivering change therefore 
relatively ineffective at farm level. Far more farm level advice and engagement is 
needed.  
 
Compared to other countries with stringent reduction targets the UK suffers from a 
fragmented supply chain leading to a lack of clarity of the progress. We need to use a 
common reporting method such as in New Zealand or The Netherlands.  
 
There are currently very few UK milk contracts that reward carbon reductions. In The 
Netherlands most milk contracts financially reward carbon reductions.  
 
There is also a shortage of quality on-farm advice of how to reduce emissions within 
current farm infrastructure. Dairy NZ has 250 advisers helping farmers work towards 
Net Zero 
 
Without financial incentive most farms are waiting to start implementing a carbon 
reduction strategy.  
 
UK media seem to have a negative viewpoint of ruminant food production with enteric 
methane hijacking the narrative. There needs to be a balanced voice recognising the 
UK’s current low emission levels as well as the potential and progress that can and will 
be made towards Net Zero. 
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Appendix 2. Key messages for the consumer  
 
About UK Dairy Farming 
 

• The UK has a temperate climate with rainfall ideal for grass growth and 
therefore dairy production.  

• Much of the land used for dairy farming is marginal or unsuitable for arable crop 
production. Removing dairy cows will not always result in alternative food 
production. 

• 8000 dairy farmers 

• 1,850,000 milking cows. 

• 15,000,000 litres of milk in 2020/21. 

• There are 75,000 people employed in the UK dairy supply chain. 

• Cows convert human inedible foods into human edible foods. 

• A cow’s diet is based mainly on grass and other forages as well as human food 
by products (See Figure 1). 

• Grassland farming sequesters CO2, taking carbon from the atmosphere and 
locks it underground in long term storage. 

 
Where is UK Dairy today? 

• UK milk has a low carbon footprint. 
• The carbon footprint of a litre of British milk is around 1.25kg CO2-e

 compared 
to a global average of 2.9kg CO2-e per litre of milk. 

• Arla, the UK’s biggest milk buyer reports their producer average is 1.13 CO2-e 

per litre. 
• In the last 50 years GHG emissions per litre of milk have halved. 
• Progress is ongoing. 
• Market demand and government policy will drive reduction. 

How will UK Dairy farmers reduce GHG emissions? 

• Greater understanding of GHG causes and mitigation. 
• Greater efficiency and new technologies. For example, new feed additives 

can reduce rumen methane emissions by 30%. 
• Increased environmental actions such as hedgerow planting. 
• On farm energy generation – solar, wind, hydro, anaerobic digestion. 

The Outcome 

• Milk and meat production with very low, world leading GHG emissions. 

• Modelling shows we can produce healthy and nutritious cow’s milk at the 
same GHG emissions of plant-based alternatives. Cow’s milk is a nutritionally 
superior food, why consume an inferior product? 

• Maintaining utilisations of grassland to produce food while capturing carbon 
and alleviating flood risks associated with cultivated land. Grassland acts like 
a sponge to hold rainwater. 
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Agriculture, along with other industries that produce greenhouse gas (GHG) emissions, 
is reducing it’s carbon footprint while embracing the added challenge of ensuring food 
security for an expanding global population. UK agriculture accounts for 10% of the 
UK’s GHG emissions compares to a global average of 18%. We produce low GHG 
emission food in the UK. If we reduce UK food production we will have to import 
replacement food from countries with higher GHG emission systems produced to lower 
welfare and environmental standards which will increase food miles. Add in global 
supply chain issues and we could be facing severe food shortages. 
 
To achieve further GHG reductions UK dairy farmers are, as always, moving with the 
times by responding to government and market requirements. Developments in new 
technology and changing production methods are leading to reduced GHG emission 
farming practice. Increased automation and analytical data allow greater accuracy in 
monitoring livestock leading to increased productivity while reducing emissions. 
 
Milk is nutrient dense, providing our diets with energy and protein as well as essential 
vitamins and minerals such as calcium and vitamin B12, that are hard to source from 
other natural foods. Milk is also a highly adaptable food that can be incorporated into 
many meals or manufactures into many delicious products. 
 
The UK climate is ideally suited to growing high quality forage crops for feeding dairy 
cows supplemented with by-products from human food production (see Figure 1). A 
large local population of consumers and high-quality foods with globally recognised 
provenance makes UK dairy produce a long-term sustainable food. 
 
UK dairy farmers operate to the highest standards of animal welfare and produce milk 
of high quality and hygiene combined with world leading technical abilities making UK 
dairy farmers amongst the most environmentally efficient producers in the world. 
 
Most UK dairy cows are grazed on land unsuitable for arable production, supplemented 
with feeds that are by-products from human food production and are indigestible to 
other species of animal.  
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Figure 1 – The typical UK dairy cow diet 
 
Grassland sequesters carbon into soils. Grassland sequesters more carbon into soils 
that even woodland. Amazingly soil carbon sequestration values have not historically 
been accounted for when calculating emissions from milk therefore not giving a true 
reflection of the GHG emissions from milk production. 
 

 
To understand the impact of dairy production on greenhouse gas emissions (GHG) we 
must appreciate the cow is a ruminant. This means the cow has a four chambered 
stomach. The largest of this is the rumen which acts as a fermentation vat. 
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Inside rumen bacteria and other microorganisms digest tough plant fibres (cellulose). 
It is inside the rumen where enteric methane (a short-term gas) is produced and 
belched into the atmosphere. It is important to recognise the rumen methane is 
biogenic meaning it is part of a natural cycle, released from plant matter that has 
already removed that CO2 from the atmosphere, as opposed to fossil fuel methane that 
has been locked away for millions of years before release. 
 
Enteric methane emissions from UK agriculture have reduced significantly since 1990 
(see figure 2) while milk production has remained stable.  
 

 
Figure 2. Enteric methane emissions 1990 – 2019. Source Defra 
 
New technologies will play a significant roll in reducing animal methane emissions. 
Research demonstrates new feed additives will lead to  methane reductions of 30%. 
As with any population, there is genetic variation with the dairy herd. By selecting 
genetics for reduced rumen methane production and efficient feed conversion, more 
milk can be produced from less feed resulting is reduced GHG emissions. 
 
Improved plant varieties and diverse swards are being introduced to UK farms. These 
will add biodiversity, increase soil sequestration and reduce the reliance on artificial 
nitrogen for forage production leading to much lower GHG emissions.  
 
Significant investment and greater awareness is driving greater utilisation of slurry and 
farm yard manure. This will reduce the amount of carbon intensive artificial nitrogen 
needed on farm while reducing the amount of nitrous oxide gas emitted.  
 
Generation of renewable energy has great potential. With many buildings available the 
area of space for roof mounted solar arrays is huge, without requiring more valuable 
land being taken out of production. Anaerobic digestion has significant potential by 
fermenting cow waste with methane harnessed to generate electricity or even be piped 
into mains gas supplies. This methane could also be used as a fuel for farm machinery, 
milk tankers collecting milk and feed delivery lorries so replacing fossil fuels, 
significantly reducing CO2 production and GHG emissions from our atmosphere. Wind 
power is another renewable electricity generation opportunity.  
 

https://www.britannica.com/science/rumen
https://www.britannica.com/plant/plant
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Part of the Trehane Trust Roadmap was to assess GHG reduction modelling on farms. 
By adopting GHG reduction techniques and improving farm efficiencies further GHG 
emissions from modelled farms were reduced significantly. 
 
The table below shows kg of CO2-e per kg of energy corrected milk (EMC) from the 
financial year 2020/21, the impact of easily applied reduction potential and those 
reductions including soil carbon sequestration.  
 

  
2020/21  Modelled Reductions 

Total Reduction with 
Carbon Sequestration 

kgCO2-e/kg ECM 1.08 1.02 0.47 

Kg CO2-e/kg ECM 1.15 0.9 0.79 

Kg CO2-e/kg ECM 1.09 0.8 0.65 

 
The good news is that dairy milk can and is being produced at similar GHG emissions 
as plant-based alternatives while supplying far superior nutritional benefits for the 
human population. 
 
 
 
Appendix 3. Key Messages for Policy Makers  
 

• Support UK agriculture. We produce quality food to world leading standards of 
safety and animal welfare. Output continues to rise while emissions reduce. 
The UK climate lends itself to produce milk efficiently and sustainably. This is 
not the case elsewhere in the world. 

• The UK needs a robust and long-term food security policy. The last few years 
have highlighted the fragility of a global food chain. Producing food using 
environmentally sustainable methods meets the need to feed our growing 
population while addressing the changes needed to reduce environmental 
impact through not just carbon reduction, but also biodiversity, air and water. 
This needs a collaborative approach where all stakeholders work to a common 
goal.  

• Dairy farming is a long-term business. Animal genetics and land improvements 
take many years to come to fruition. Clear, long term policy guidelines will result 
in action on farm. Allow time for changes to deliver the significant change 
needed. 2050 is not far away and time is of the essence. Government policy 
needs to be in place so farmers know the framework they are working in. 

• Set clear targets with achievable mileposts. This applies to Net Zero, Farming 
Rules for Water and Clean Air Strategy. 

• Understand the economic benefit from UK dairy. 

• 8000 dairy farmers. 

• 1,850,000 milking cows. 

• 15,000,000 litres of milk in 2020/21. 

• There are 75,000 people employed in the UK dairy supply chain. 

• Dairy farm profitability is relatively low limiting investment opportunities. 
Financial grants will need to support the many changes required to achieve net 
zero. Funding needs to be significant if substantial capital expenditure is 
required.  
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• Most grassland is unsuitable for arable production. We can’t grow crops on this 
land and if rewilded, we have no food. 

• Grass based systems sequester carbon soils at greater levels than woodland 

• Cows produce plant available nutrients and organic matter leading to reduced 
artificial nitrogen demand 

• UK dairy farms offers high quality, nutrient dense protein  

•  
Appendix 4. Key Messages For Industry 
 

• We are in this together and need to work collaboratively. 

• Retailers need to reflect the true cost of food production, paying a fair price for 
sustainable goods and pass the cost on to consumers who will benefit from the 
improved environment. 

• If not already, start dialogue with farmer suppliers. 

• Communicate clear GHG targets. 

• Support on-farm measuring and reporting of current farm emissions. 

• Work collaboratively with individual famers to help identify key reduction areas 
to address. 

• Be realistic with targets. Not all strategies are currently available or affordable. 

• Examine opportunities for the supply chain to work with farmers, such as on-
farm energy generation. 

• We need to collectively manage the process with well researched and practical 
support alongside clearly defined and measurable metrics to achieve the aim 
of Net Zero. 

 


