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Impacts of climate change now



NI’s 2030 and 2040 Emissions Reduction Targets and First Three Carbon Budgets & Views on the CCC’s Path to Net Zero





Climate Change Act NI 2022

Net Zero
2050

Sets a target of net zero 
greenhouse gas emissions 
by 2050.

Passed Final 
Stage in the 
Assembly on 9th 
March 2022.

Received Royal Assent 
on 6th June 2022.
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The Journey - Budgets & Targets

Proposed 
Emissions 
Targets

Carbon Budget 
2028-2032

48% Av.
Reduction

Carbon Budget 
2033-2037

62% Av.
Reduction

Carbon Budget 
2023-2027

100% Baseline
1990-1995

33% Av.
Reduction

2030
48%

2040
77%

Net Zero
2050



1MtCO2e
=

1 million 
tonnes of 

CO2e

1 million tonnes 
of CO2e =

Renewables
≈80%

2020

First Carbon Budget 
(2023-2027)
The maximum total 
greenhouse gas emissions 
for this five-year period is 
98.6MtCO2e



NI’s 2030 and 2040 Emissions Reduction Targets and First Three Carbon Budgets & Views on the CCC’s Path to Net Zero

• DAERA, on behalf of NI Executive, is leading development of NI’s first Climate Action Plan (CAP).

• The CAP will set out how the first NI Carbon Budget (2023-2027), how interim targets (for 2030 and 
2040) and the overall target for net zero by 2050 will be achieved.

• It is a detailed and strategic framework for measuring, planning, and reducing greenhouse gas 
(GHG) emissions.

• The CAP must also meet other requirements in relation to air, soil and biodiversity targets; nature 
based solutions; the special economic/social role of agriculture; the just transition principle, etc.

• Significant work has taken place within DAERA and with other Departmental representatives to 
scope and set the direction for the Climate Action Plan, in the context of our climate change 
legislation.

Climate Action Plan



NI Climate Adaptation



CCC Near Term Actions (by 2030)

Agriculture

Reduction in livestock
by 2030, 22% dairy cattle,
17% beef cattle 18% 
sheep, pigs and poultry.

LULUCF

Afforestation to 
increase from 540h/yr 
to 2,000 h/yr by 2030.

All peatland extraction 
sites restored by 2035.

Transport Buildings

Improving efficiency
of existing residential and 
public buildings.

The public sector should 
lead by example.

Scale-up of plug-in vehicles’ 
new car sales from 10% to 
100% within the next decade.

Increased journeys made by 
walking, cycling and public 
transport.

Energy

Deployment of new 
renewable electricity 
generation required at scale 
with appropriate energy 
storage and decarbonised 
back-up solutions.

Business & Ind

Industry to reduce 
fossil fuel use by 
45% by 2030.

Necessary to develop carbon 
capture policy to identify the 
best approaches.

Waste Management Fisheries

CCC has provided
advice for the UK shipping 
sector. This includes developing 
a clear timeline and roll-out plan 
to achieve zero-carbon shipping 
clusters by 2030.

Reducing landfill 
emissions by 
proposing options
to reduce or eliminate
biodegradable waste from 
entering landfill sites.

Emissions 
to fall

21%
Emissions 

to fall
22%

Emissions 
to fall

43%

Emissions 
to fall

43%
Emissions 

to fall
46%

Emissions 
to fall

33%

Emissions 
to fall

33%
Emissions 

to fall
51%



NI’s 2030 and 2040 Emissions Reduction Targets and First Three Carbon Budgets & Views on the CCC’s Path to Net Zero

The duties could include preparing reports containing:

1. an assessment of the current and predicted impact of 
climate change in relation to the body’s functions;

2. a statement of the body’s proposals and policies for 
adapting to, or mitigating the effects of, climate change in the 
exercise of its functions;

3. a statement of the time-scales for implementing those 
proposals and policies along with progress made in 
comparison to any previous reports prepared under the 
regulations.

Public Body Reporting:



Just Transition: What is required?
• Each NI department must have regard to the 

just transition principle and objectives when 
deciding its policies and proposals

• Each CAP must explain how the proposals and 
polices in the CAP take account of the just 
transition principle

• DAERA required to establish a Just Transition 
Commission

• The Commission will provide advice to NI 
departments

The Just Transition
Principle:

 Seeks to ensure
that the substantial 
benefits of a green 
economy are shared 
widely across all 
sectors

While also 
supporting those 
who may stand to 
lose out the most



NI’s 2030 and 2040 Emissions Reduction Targets and First Three Carbon Budgets & Views on the CCC’s Path to Net Zero

• Behaviour Change

• Communication and Education

• Adaptation

• Evidence and analyses

Enablers - Turning the Curve:



7

• SBRI - use innovation to address nutrient management challenge and produce low carbon energy source
• Proof of concept models to separate nutrients / process livestock slurry to reduce surplus phosphorus 

within NI agriculture and ensure efficient recycling of organic nutrients.

Phase 1
• 6 suppliers - Budget: £600,000 (ex VAT).
• Project length was 6 months (extended by a further month).
• Suppliers are using a variety of technologies.
• Policy barriers have been identified
• Successful outcomes – Consideration of Phase 2

SBRI Challenge – Sustainable Use of 
Livestock Slurry



Act today.
Protect 
tomorrow.



A Retailer and Consumer Perspective of Carbon

Joe McDonald, Head of Corporate Affairs, ASDA NI
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NI Supply Chain
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Growth



Washington ADC

Teesport

Larne RDC

Falkirk CDC

Grangemouth ADC

Spade Lane

Normanton

Doncaster Fulfilment

Lutterworth ADC



Things on our 
mind

• Climate emergency
• Supply chain inflation
• Windsor Framework
• Geo-politics
• Obesity
• Alcohol

23
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Walmart new owners ESG
• Increasingly important to our:
• Customers
• Investors
• Government
• Colleagues
• Boardroom

• Environmental, Social, Governance
• “The standards we set ourselves for the way we operate”

25



26

Environmental and governance score highest amongst ASDA customers

179

172

169

167

159

Strict policies on suppliers acting responsibly 158

Reduces environmental damage 156
Sources products from farmers and suppliers local to your area 154

Sustainable farming/manufacturing practices 152

Minimise non-food waste 151

Fights poverty via food banks and donations 141
Fair treatment of suppliers 134

Sustainable commodities 129

Healthy food choices 128

Action to improve animal welfare 127

Diverse and inclusive employer 122
Inclusive shopping environment 106

Restricts sales of potentially dangerous items 105

High standard of health and safety practices 103

Greener choices more affordable 

Sources products from British farmers and suppliers

Fair treatment of employees 

Action on food waste

Reduce plastic and increase recyclable

ESG stated importance amongst ASDA total customers – all drivers above an index of 100 = average

Environmental

Social

Governance

ESG Causes
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Social causes generally rank lower - local charity and mental health are seen as the 
most important of these

ESG stated importance amongst ASDA total customers – all drivers below 100 (average)

ESG Causes

Environmental 

Social

Governance

Supports and encourages recycling 91

Has simple product labelling, detailing ingredients & nutritional info 84

Reduce emissions 81

Supplier transparency 78

Mental health education 76

Local charity work 67

Tackles local unemployment 66

Clear ethics policy for employees 63

Invests in the development of its employees 62

Takes action to improve customer health 61

Educate and inspire customers 54

National charity work locally 47

Responsibly source fabrics 37

National charity work UK 35

Educate customers on environment 29

Supports and invests in social enterprises 27

Educate customers on nutrition 20
International charity work 9
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ESG 1 & 2

• ESG 1:

• Proud of the past, commitments for the future

• Carbon footprint down 44% 2007-2019

• ESG 2:

• Progress report & additional targets

• Publication of full carbon footprint for the first time

• Greener at Asda Price

• 50% lower direct GHG’s by 2025

• Net Zero by 2040

29



ESG 3

30



Sustainable Fitch

31

• Financial services ratings’ agency
• 3/5 (54)
• “progressive effort to integrate ESG into business strategy”.
• Decarbonisation since 2015 praised

• To do:
• Climate related scenario reporting
• Add water reduction roadmap
• Add green buildings roadmap



BRC Climate Roadmap 2040
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Asda
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2015
Today

2025
2030

2040



Roadmap for scope 1 & 2
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• Sustain and Save Exchange -
Two Degrees

• Arla Dairy Group

• ABP Group

• LEAF

• Supplier conference 20th March



Scope 3

36

2025
reduction 
targets

BRC Mondra 
Coalition

Food Data 
Transparency 
Partnership



Take home message
• Pledges have been made
• Scope 3 a big part of the jigsaw
• Measurement methodology needs to be agreed
• Supply chain partners
• It’s a journey

37



Meeting the carbon 
challenge in the 
supply chain
Ian Stevenson
29 February 2024



What’s driving the carbon challenge?
• Legislation – Climate Change Act (NI) 2022
• Customers of Industry – Specifications, public commitments
• Competition – Need to work hard for position in marketplace
• Business reporting requirements
• Financing business development and sustainable growth
• Improving business efficiency and profitability



What has the supply chain been doing?



Strategy and Action Plan published 2011
• Sectors’ committed to playing their part in carbon reduction and 

meeting targets
• Promoted awareness of agricultural GHG’s along supply chains
• Identified practical measures to implement at farm level
• Focus on productivity improvement and reducing waste
• Scientific research to underpin recommendations
• Partnership approach between government and industry
• Honed-in on decreasing carbon intensity per unit of output
• Growing production in a sustainable way



Was it impactful?

• Official statistics published by DAERA on Northern Ireland (NI) carbon 
intensity indicators 2022

• Total emissions (excluding sequestration) related to milk production 
decreased by 37% from an average of 1,927 grams of CO2 equivalent per 
kilogram of Energy Corrected Milk (ECM) in 1990 to 1,215 grams in 2020.

• Whilst milk production in the dairy sector has expanded by 85% since 
1990, the total number of dairy cows over this period has increased by 
only 13%, meaning this improvement in carbon footprint has been driven 
by substantial increases in milk yield per cow.



But…Current GHG emissions per sector in 
Northern Ireland:





The Challenge Ahead for NI is Huge



How does agri-food approach this challenge? 
Carbon Steering Group Alliance 2023



Purpose of CSG Alliance

• To progress carbon element of sustainability agenda
• To prepare for publication of first NI climate action plan
• To mould an industry wide coordinated approach that can measure 

and manage carbon emissions
• To achieve consistency in direction towards legislative targets
• To lead from the front to develop a market strategy and support 

farmers to intercept potential livestock reductions
• Develop a workable system that can deliver the information required 

and enable the agri-food sector to remain competitive & compliant



Carbon Footprinting Programme

• Carbon Farming Partnership now established combining the 
expertise of CSG and DAERA

• Programme forms a key part of DAERA’s future farm support 
and development programme

• Industry (CSG) has led the way on developing and piloting a 
secure and efficient carbon footprinting data collection system

• Robust governance structures in place to ensure all 
workstreams underpinning the programme work in harmony 
and that data collected is safeguarded for its intended purpose



What’s Unique about the NI Approach
• Single carbon calculator to be used across all farms
• Businesses and business sectors working pre-competitively
• Technical Working Group forensically working through the 

science and detail behind the carbon footprint calculation
• Harmonised and accurate data collection
• Focussed on minimising time on farms (first stage will be data 

collection at the same farm visit as FQAS / RT inspection)
• Joined up approach to knowledge transfer and business advice



The three CEOs of Northern Ireland’s largest dairy processors Lakeland 
Dairies, Dale Farm and Leprino Foods came together on a panel at a 
recent DCNI dairy symposium to discuss the importance of sustainability 
to their own businesses and how they are working with farmers to tackle 
climate change

Processors are committed to addressing emissions across the supply chain 
including those from milk supply, energy, transport and processing 
operations

Processors are now starting to roll-out sustainability payments to help
incentivise and engage their milk suppliers in taking practical and cost-
effective measurement and mitigation actions at farm level

Sustainability Leadership



For decades, the sector has been driving forward efficiencies and 
investing in new technologies to lower emissions and preserve the 
environment.

Much of the hard work and investment by farmers and dairy 
processing companies alike has gone unseen.

The differing approaches to sustainable farming practices by farmers 
like Robert Bryson of Carrick House Farm in Loughbrickland and 
Thomas Steele of Rowreagh Farm in Kircubbin are excellent 
examples of improving on-farm environmental sustainability.

The Importance of Communication



• Our grasslands play a key role in sequestering carbon and good 
grassland management practices such as liming, reseeding and 
targeted nutrient use help achieve this.

• Initiatives such as GrassCheck NI, which monitors grass growth 
throughout the growing season, and the AFBI Precision Grassland 
Platform which integrates soil, plant, animal, and climate data to 
improve understanding and management of grasslands

• Hugh Harbison’s farm in Aghadowey is a shining example of farming 
with nature. The farm has won various conservation awards over the 
years.

• In the case of Strabane farmer Hall Donnell, investing in renewables 
and implementing energy efficiencies has significantly lowered his 
farm’s carbon footprint.

Safeguarding Our Resources



Northern Ireland farmers benefit from leading research carried out by 
scientists at the Agri-Food and Biosciences Institute (AFBI) and with 
the support of advisers from the College of Agriculture Food & Rural 
Enterprise (CAFRE) this research is being put into practice on local 
dairy farms.

Omagh farmer Drew McConnell took part in a two-year research trial 
with AFBI investigating the impact of feeding a lower protein diet to 
dairy cows.

Although milk volume was reduced in the early days, the farm
recorded no negative impact on overall milk performance and
improvements in animal health and fertility were also seen.

From Research to Practice



Ballywalter farmer James Brown saw substantial benefits from taking 
part in an AFBIYoungstock research programme which helped him 
achieve a first calving age of 24 months.

Earlier calving means James can keep 30 less animals on the farm, 
thus lowering emissions as well as improving animal health.

Commenting on his involvement in the research project, James 
remarked, “The feedback was terrific, I got a report on how well my 
calves were performing compared to other farms and being involved in 
the research project helps you keep your eye better on the ball.”

From Research to Practice



Ian McClelland’s farm in Loughbrickland took part in AFBI’s Soil and
Catchment modelling study which has given a better understanding
of nutrient management on dairy farms.

Ian received soil and LiDAR analysis of his farm and surrounding areas 
which detailed where the most likely nutrient run-off areas are.

Ian said: “We have greatly benefited from the analysis and 
recommendations the programme produced and it has helped inform 
my fertiliser application and is enabling me to make the most of my soil 
testing, grass measurement and nutrient management.”

Informed Nutrient Application



Anaerobic digestion is used throughout the sector, from the farm to factory.

It demonstrates how reducing waste throughout the entire dairy supply chain, 
and repurposing suitable waste as a feedstock for AD, is helping to 
decarbonise the dairy sector further.

Three AD plants within the dairy supply chain were showcased in DCNI’s 
Sustainable Dairy Programme in 2021: on Alastair Taylor’s farm outside 
Ballymoney, at the dairy processing site in Ballyrashane and at a third-party 
service provider Bio Capital at Granville Eco Park in Dungannon which is 
creating renewable electricity, biofertiliser and biomethane fuel from food 
waste and dairy by products.

Bio Capital is now injecting renewable biomethane directly into the natural 
gas network showing how creative problem solving can also create value for 
other sectors.

Energy Efficiencies and the Circular Economy



As a sector we want to show that we are working towards the NI
Climate Act targets, but we need to ensure we have the data and
factual evidence to stand over the sector’s progress

The new DAERA farm support and development programme 
includes important cross cutting data packages on carbon 
footprinting, ruminant genetics and soil nutrient health

These initiatives are game changers for Northern Ireland and have 
a strong co-design and partnership ethos

Data in Action



Concluding Remarks

DAERA and other Departments are working through the
implications of the NI legislation, carbon budgets, sector
plans and a climate action plan for the whole of NI

Within our own dairy sector, gathering the data from 
Carbon Footprints is a key priority to help inform our 
sustainability improvement journey and champion our 
credentials – standing still is not an option

The most important data point on the farm remains the 
bottom-line and we want to see profitable progressive 
businesses that provide nutritious, quality food whilst 
playing an active role in improving the environment



Feed and carbon - issues and solutions
Jim Uprichard, Trouw Sales and Technical Manager for Sustainability, NIGTA



Compound Feed



Compound Feed Usage
By Species 405,000 mt

446,000 mt

252,000 mt

375,000 mt

871,000 mt



Feed Production in Northern Ireland
Total Compound Feed 2022 – 2,600,000 metric tons

Wheat
540,000mt
UK, Europe

Maize
546,000mt

Europe, 
Canada, Brazil

Soya Bean
352,000mt
Argentina 

USA

Barley
165,000mt

Local 
Europe

Distillers
164,000mt 

USA
EuropeSoya Hulls

152,000mt
Argentina

Rapeseed 
Meal

89,000mt
EU, Canada



Raw Materials
Carbon and Land Use Change
• Maize

• EU: 533kg CO2e/mt
• Canada: 486kg CO2e/mt
• Brazil: 1521kg CO2e/mt (LUC – 1012kg)

• Soyabean Meal Carbon Footprint:
• Argentina: 4417kg CO2e/mt

• Of which Land Use Change; 3741kg CO2e/mt
• USA: 662kg CO2e/mt

• Of which LUC; 10.2kg CO2e/mt
• By 2025 all Soya in Europe will be vDCF

• Wheat
• EU: 533kg CO2e/mt
• Irish: 335kg CO2e/mt (GFLI)
• : 242kg CO2e/mt (Tirlan)

• Beans
• Local: 510kg CO2e/mt



Raw Material Footprint
Country of Origin is Important

Soya,
Hulls,
Maize

Gluten, 
DDGS,
Maize, 
Rape

Palm 
Kernal, 

Oils

Maize, 
Wheat, 
Rape, 
SBP



Acreage required
80,000
280,000

• Locally Grown:
• Needed:

200,000mt
700,000mt

Why not use Local Ingredients

• Wheat and Barley

• Soya - Replace with Beans!
• Beans are 50% of Crude Protein of Soya
• Locally Grown:
• Needed:

??? 
700,000mt

??? 
350,000

• Do we have enough Arable land?

Raw Material Footprint



Carbon Footprinting of Feed



Carbon Footprinting Rules
Product Environmental Footprint 
Category Rules
• NIGTA follows international LCA standards, 

based on the calculation principles given by 
the PEFCR Feed Standard and ISO 14040/44

• Product environmental Footprint category 
rules (PEFCR) is the recommended
LCA standard from the European commission
to create a single market for green products. It 
is endorsed by our sectors trade
organizations.

• Feed trade organizations have been
actively involved in developing the PEFCR for 
feed

• This means all feed calculations are accurate, 
common across all species and updated 
regularly.



What is in the Feed Environmental Footprint?

Feed Ingredient
The environmental impacts of cultivating, 
harvesting (or extracting), and processing the 
ingredient.

Inbound Transport
The environmental impacts of the distance 
traveled and the modes of transportation used to 
bring the feed ingredient to the feed mill.

Secondary data from accredited 
databases

Company specific data or data from 
accredited databases Company specific data

Feed Mill
The environmental impacts of the 
ingredients used in the feed formula 
along with the source and amount of 
energy used by the feed mill.

Global Feed Lifecycle Assessment Institute

83% ≈15% 2%



What can reduce the Feed Footprint?

• Nutrition always Trumps Carbon!!!
• Feed Formulation

• Using less of high footprint ingredients
• Use home-grown cereals
• Wheat vs Maize?

• Manage rumen health to avoid acidosis

• Crude Protein
• Requirements: 16% lower than 20%

• Nuts vs Blends?
• No Difference!

Dairy Feed Carbon Footprints



Carbon Reduction Strategies



CO2eq Reduction Programs
Example Farm

kg CO2eq/kg milk

Average NI 1.21

• Renewable 
energy sources

• AFC
• <24 Mths

• Diet with 
lower 
CO2eq/kg

Potential incentives farmers to reduce CO2eq

• efficiency improves profitability
• License to supply
• Premium payments milk
• Use of Feed Additives
• Eligibility for subsidies, grants, loans
• Contributes to positive image

-0.15

-0.10

• Health, 
productivity, 
longevity 
solutions

• Enteric 
methane 
additive

-0.10

-0.05

CO2e Silage & Feed Cow Calf Rearing Farm Energy



Low hanging fruit
• Forage Analysis

• Digestibility (D value) is king!
• Precision nutrition

• Balance the diet
• Methane Inhibitors?

• Early life – target 23mth calving
• Feed more milk

• Herd Health; Manage for longevity
• Infertility, lameness, metabolic disease

• Calculate Lifetime Daily Yield
• Total lifetime production/Total days alive

Where to start?



• Nutrition and Health always Trump Carbon

• Northern Ireland Imports 90% of it’s feed ingredients.

• Very limited potential to reduce this.

• When needed ask your feed rep for Feed Footprints.

• Precision Nutrition – only feed what you need.

• Target 16 litres Lifetime Daily Yield

• Efficient farming reduces Carbon and makes money!

Take Home Messages



DAERA Policy – Reducing dairy emissions –
Martin Mulholland, Carbon Reduction Policy 

Branch, DAERA



Presentation Outline

• Climate Change Act

• Carbon Budgets Consultation

• GHG Emissions in Northern Ireland

• Farm Support and Development Programme Schemes

• Potential to reduce dairy farm emissions through Low Carbon Farming Practices



Delivering for Climate Change

The Farm Support and Development 
Programme will help the industry to reduce 
GHG emissions and meet its targets. 



Climate Change Act (NI) 2022
• 2030 – net NI emissions are 48% lower than the baseline year of 1990

• 2050 – NI GHG emissions is at least 100% lower than the baseline year of 1990

• Climate Action Plans to be developed and published every 5 years

• Climate Action Plans will set out policies and proposals to achieve the carbon 
budget for the CAP period and reduce emissions in line with the reduction targets 
as stated in the Climate Change Act (NI) 2022

• Climate Action Plans will build on the Climate Change Committee’s (CCC) and 
other organisations’ relevant evidence and advice to inform trajectories and 
measurable pathways for each sector



Carbon Budgets Consultation (June 2023)

1990 
(MtCO2)

2019 
(MtCO2)

2030 
(MtCO2)

2050 
(MtCO2)

GHGs 5.5 5.9 4.6 3.7
% change 
from 1990

+6% -16% -33%



CCC Advice and Farm Support and Development Programme

Emissions reductions are to be achieved by:

• Improved farm productivity;

• Widespread adoption of low-carbon farming practices;

• Widespread adoption of new and improved breeding, 
feeding and management practices to reduce GHG 
emissions;

• Reduction in livestock numbers by 2030:
• 22% reduction in dairy cattle, 

• 17% reduction in beef cattle

• 18% reduction in sheep, pigs and poultry.

Emissions reductions are to be achieved by:

• Improved farm livestock productivity;
• Age at slaughter, age at calving, calving interval;

• Widespread adoption of low-carbon farming practices;
• Reductions in N fertiliser use through legumes & herbs;
• Switch from CAN to Protected Urea;

• Widespread adoption of new and improved breeding,    
feeding and management practices to reduce emissions; 

• Breeding to improve cattle productivity;
• Methane suppressing feed products;
• Reductions in dietary crude protein and phosphorus;

• Reductions in the numbers of older non-breeding cattle;

• Increased AD/Biomethane using separated manure solids.

CCC Advice DAERA Farm Support and Development Programme



Agriculture Sector – Current Emissions



GHG Inventory - Emissions Breakdown by Source and Gas


Chart1

		Agricultural fuels (mainly CO2)

		Enteric fermentation (CH4)

		Manure management (CH4)

		Manure management (N2O)

		Nitrogen fertiliser (N2O)

		Agricultural soils (N2O)

		Liming (CO2)

		Urea hydrolysis (CO2)



%

Proportion of Agriculture Sector Emissions (%)

9.4000118237

57.2817994752

12.1489106864

3.8873980955

5.6085292724

10.3742308611

1.0665283793

0.2325914064



GHGI Inventory breakdown

		Agricultural fuels (mainly CO2)

		Enteric fermentation (CH4)

		Manure management (CH4)

		Manure management (N2O)

		Nitrogen fertiliser (N2O)

		Agricultural soils (N2O)

		Liming (CO2)

		Urea hydrolysis (CO2)



9.4000118237

57.2817994752

12.1489106864

3.8873980955

5.6085292724

10.3742308611

1.0665283793

0.2325914064



Enteric fermentation breakdown

		Dairy cows

		Other cattle

		Sheep

		Swine

		Deer

		Goats

		Horses



31.0864372677

58.952355143

8.655732637

0.8478213342

0.0233437064

0.0203989294

0.4139109823



GHG emissions by source and gas

		Agricultural fuels (mainly CO2)

		Enteric fermentation (CH4)

		Manure management (CH4)

		Manure management (N2O)

		Nitrogen fertiliser (N2O)

		Agricultural soils (N2O)

		Liming (CO2)

		Urea hydrolysis (CO2)



%

Proportion of Agriculture Sector Emissions (%)

GHG Emissions by Source and Gas (% of total)

9.4000118237

57.2817994752

12.1489106864

3.8873980955

5.6085292724

10.3742308611

1.0665283793

0.2325914064



Enteric fermentation (CH4)

		Dairy cows

		Other cattle

		Sheep

		Swine

		Deer

		Goats

		Horses



%

Proportion of Enteric Fermentation (%)

Enteric Fermentation - Breakdown by Livestock Category (%)

31.0864372677

58.952355143

8.655732637

0.8478213342

0.0233437064

0.0203989294

0.4139109823



Emission per cattle category

		Dairy heifer calf

		Dairy cow

		Dairy heifer

		Dairy replacement

		Breeding Bull

		Beef calf

		Beef cow

		Female for Slaughter

		Beef heifer

		Male for Slaughter

		Beef replacement



CO2e (tonnes)

CO2e (tonnes)

GHG Inventory - Combined CH4 & N2O Emissions from Cattle (CO2e tonnes)

1.4741552031

5.2645717144

1.9150549098

1.735863764

2.2948342925

1.87023099

2.7363837992

1.8760299446

1.9845780907

1.9341035977

1.9297702472



Sheet1

		

								CO2e (tonnes)		N2O-N (kg)		N2O CO2e (kg)		CH4 (kg)		CH4 CO2e (kg)

						Dairy heifer calf		1.5		0.5		221		44.8		1,253

						Dairy cow		5.3		1.3		524		169.3		4,740

						Dairy heifer		1.9		0.5		193		61.5		1,722

						Dairy replacement		1.7		0.4		182		55.5		1,553

						Breeding Bull		2.3		0.6		258		72.8		2,037

						Beef calf		1.9		0.8		312		55.6		1,558

						Beef cow		2.7		0.6		253		88.7		2,483

						Female for Slaughter		1.9		0.5		204		59.7		1,672

						Beef heifer		2.0		0.5		216		63.2		1,768

						Male for Slaughter		1.9		0.5		213		61.5		1,721

						Beef replacement		1.9		0.5		208		61.5		1,722





Data

		IPCC_name		Gas		BaseYear		1990		1995		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		Gas (ktCO2e)		Gas (%)		Gas (ktCO2e)		Gas (%)

		1A4ci_Agriculture/Forestry/Fishing:Stationary		N2O		27.9		27.9		32.9		21.0		23.8		12.1		16.0		18.7		23.1		28.0		32.3		32.5		38.1		41.0		38.3		47.1		51.0		49.3		48.3		48.0		47.6		45.9		45.1		43.6		40.2		32.1		0.4

		1A4ci_Agriculture/Forestry/Fishing:Stationary		CO2																																																						24.2

		1A4ci_Agriculture/Forestry/Fishing:Stationary		CH4																																																						2.9

		1A4cii_Agriculture/Forestry/Fishing:Off-road		N2O		379.6		379.6		383.7		397.6		423.0		416.9		399.7		439.2		444.6		478.7		511.0		507.2		517.8		611.7		570.3		526.2		461.5		565.2		471.2		493.5		567.4		526.9		558.6		554.4		495.5		469.6		6.3

		1A4cii_Agriculture/Forestry/Fishing:Off-road		CO2																																																						548.6

		1A4cii_Agriculture/Forestry/Fishing:Off-road		CH4																																																						0.1

		2D1_Lubricant_Use		CO2		1.1		1.1		1.3		0.8		0.8		0.7		0.6		0.6		1.0		0.9		0.3		0.3		0.3		0.2		0.2		0.3		0.3		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2

		3A1a_Enteric_Fermentation_dairy_cattle		CH4		748.3		748.3		755.5		820.6		829.5		834.4		886.8		895.4		875.3		875.0		896.3		895.4		902.3		900.4		868.4		878.8		907.2		917.2		901.8		992.7		1020.0		1012.9		1032.3		1030.8		1055.2		1070.5		1,104

		3A1b_Enteric_Fermentation_non-dairy_cattle		CH4		1905.0		1905.0		2085.6		2198.5		2124.3		2073.6		2073.1		2082.5		2104.8		2098.5		2166.9		2134.8		2111.4		2038.8		2021.6		2045.4		2022.9		2074.8		2014.8		1982.0		2024.7		2088.9		2082.3		2006.8		1987.1		1994.5		2,093

		3A2_Enteric_Fermentation_sheep		CH4		415.9		415.9		418.5		436.3		417.2		403.1		386.5		347.7		336.7		336.1		320.2		307.9		300.5		288.5		283.6		281.6		287.7		303.0		290.4		293.5		304.0		307.8		313.1		304.6		310.1		304.9		307

		3A3_Enteric_Fermentation_swine		CH4		28.9		28.9		26.8		27.4		20.6		17.4		16.2		16.3		18.2		17.8		17.0		16.2		17.2		16.9		18.2		17.8		17.9		17.9		20.2		21.7		23.9		25.2		27.3		26.6		28.3		28.6		30

		3A4_Enteric_Fermentation_other:deer		CH4		1.8		1.8		1.6		1.3		1.6		1.6		1.2		1.6		1.8		1.8		1.8		1.0		1.1		1.4		2.1		1.7		2.7		1.7		1.5		1.5		1.3		1.4		1.1		0.9		1.1		1.2		1

		3A4_Enteric_Fermentation_other:goats		CH4		0.9		0.9		0.7		0.7		0.7		0.7		0.9		0.8		0.7		0.7		0.6		0.6		0.6		0.7		0.7		0.7		0.8		0.8		0.8		0.8		1.0		1.0		1.0		0.9		0.9		0.8		1

		3A4_Enteric_Fermentation_other:horses		CH4		10.0		10.0		12.0		17.4		17.5		17.6		17.8		17.9		18.0		18.1		18.2		18.1		18.1		18.0		18.0		17.9		17.8		17.6		17.5		17.3		17.2		16.8		16.4		16.1		16.0		15.1		15		3,550.4		57.3																%		ktCO2e

		3B11a_Manure_Management_Methane_dairy_cattle		CH4		195.3		195.3		203.9		226.9		231.7		235.3		253.3		257.0		251.7		252.5		261.3		263.3		267.2		266.3		257.6		265.0		278.1		283.0		280.9		315.4		323.4		320.3		329.5		332.8		346.1		356.5		370.2																		Agricultural fuels (mainly CO2)		9.4		582.6

		3B11b_Manure_Management_Methane_non-dairy_cattle		CH4		243.5		243.5		271.9		287.7		277.9		265.9		270.7		273.3		276.0		276.3		291.3		281.5		280.4		266.6		266.5		273.8		268.1		272.4		266.5		258.6		259.5		266.5		265.3		255.3		252.9		252.5		262.6																		Enteric fermentation (CH4)		57.3		3,550.4

		3B12_Manure_Management_Methane_sheep		CH4		10.8		10.8		11.0		11.3		10.7		10.4		10.2		9.1		8.8		8.7		8.3		8.0		7.8		7.4		7.4		7.4		7.5		8.0		7.6		7.7		8.0		8.1		8.2		8.0		8.2		8.0		8.0																		Manure management (CH4)		12.1		753.0

		3B13_Manure_Management_Methane_swine		CH4		95.2		95.2		89.5		92.2		69.1		58.6		54.9		55.2		61.8		60.2		57.7		55.4		58.7		57.6		62.3		61.3		60.6		60.8		68.5		73.3		80.4		84.1		90.2		88.0		93.4		93.5		98.6																		Manure management (N2O)		3.9		240.9

		3B14_Manure_Management_Methane_other:deer		CH4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0																		Nitrogen fertiliser (N2O)		5.6		347.6

		3B14_Manure_Management_Methane_other:goats		CH4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0																		Agricultural soils (N2O)		10.4		643.0

		3B14_Manure_Management_Methane_other:horses		CH4		0.2		0.2		0.3		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.3		0.3																		Liming (CO2)		1.1		66.1

		3B14_Manure_Management_Methane_other:poultry		CH4		4.6		4.6		6.6		6.1		6.0		6.0		5.6		6.6		7.3		8.1		7.1		7.4		6.9		7.5		6.9		6.8		8.0		7.8		7.9		8.4		8.9		12.1		13.4		13.8		13.2		13.2		13.2		753.0		12.1		4,306.4		69.5										Urea hydrolysis (CO2)		0.2		14.4

		3B21a_Manure_Management_Non-methane_dairy_cattle		N2O		1.0		1.0		1.0		1.1		1.2		1.2		1.3		1.3		1.3		1.3		1.3		1.4		1.4		1.4		1.4		1.4		1.5		1.6		1.6		1.8		1.8		1.8		1.9		2.0		2.0		2.1		2.2																				100.0		6,198.2

		3B21b_Manure_Management_Non-methane_non-dairy_cattle		N2O		105.2		105.2		119.2		120.6		116.3		111.0		115.0		117.2		119.4		118.9		125.5		121.2		122.1		119.4		121.7		124.8		120.3		126.5		122.1		117.6		122.7		129.5		125.2		120.8		119.4		123.0		128.3

		3B22_Manure_Management_Non-methane_sheep		N2O		2.2		2.2		2.2		2.3		2.2		2.1		2.1		1.8		1.8		1.7		1.6		1.6		1.5		1.4		1.4		1.4		1.5		1.6		1.5		1.5		1.6		1.6		1.6		1.6		1.6		1.6		1.6																		Enteric fermentation		%		ktCO2e

		3B23_Manure_Management_Non-methane_swine		N2O		8.0		8.0		7.1		7.0		5.2		4.4		4.1		4.1		4.5		4.3		3.9		3.6		3.8		3.7		3.9		3.7		3.7		3.7		4.1		4.3		4.6		4.7		5.1		5.0		5.3		5.3		5.6																		Dairy cows		31.1		1,104				3.5

		3B24_Manure_Management_Non-methane_other:Deer		N2O		0.2		0.2		0.2		0.1		0.2		0.2		0.1		0.2		0.2		0.2		0.2		0.1		0.1		0.2		0.2		0.2		0.3		0.2		0.2		0.2		0.1		0.2		0.1		0.1		0.1		0.1		0.1																		Other cattle		59.0		2,093				1.7

		3B24_Manure_Management_Non-methane_other:Goats		N2O		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0																		Sheep		8.7		307

		3B24_Manure_Management_Non-methane_other:horses		N2O		3.5		3.5		4.0		5.4		5.5		5.6		5.6		5.7		5.8		5.9		6.0		6.0		6.0		6.0		6.0		6.0		5.9		5.8		5.8		5.7		5.7		5.6		5.5		5.4		5.4		5.2		5.1																		Swine		0.8		30

		3B24_Manure_Management_Non-methane_other:poultry		N2O		18.1		18.1		24.9		23.3		22.3		22.1		20.7		23.7		25.2		26.8		22.4		22.7		20.9		22.1		20.8		18.7		21.7		21.0		21.4		22.5		22.8		22.7		25.6		26.0		25.9		24.9		24.3		167.2		2.7														Deer		0.02		1

		3B25_Manure_Management_Indirect_Emissions_dairy_cattle		N2O		11.9		11.9		12.5		13.9		14.2		14.4		15.5		15.7		15.6		15.9		16.6		17.0		17.5		17.7		17.1		17.8		18.9		19.4		19.4		22.0		22.7		22.7		23.7		24.1		25.1		25.8		26.9																		Goats		0.02		1

		3B25_Manure_Management_Indirect_Emissions_other:deer		N2O		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0																		Horses		0.4		15

		3B25_Manure_Management_Indirect_Emissions_other:goats		N2O		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0																						3,550

		3B25_Manure_Management_Indirect_Emissions_other:horses		N2O		0.3		0.3		0.4		0.5		0.5		0.5		0.5		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		3B25_Manure_Management_Indirect_Emissions_other:poultry		N2O		8.6		8.6		10.6		9.9		9.3		9.2		8.7		9.5		9.9		10.3		8.9		8.9		7.2		7.2		6.3		5.4		6.2		5.8		5.7		5.8		5.7		5.5		5.6		5.6		5.7		5.4		5.1

		3B25_Manure_Management_Indirect_Emissions_other_cattle		N2O		26.7		26.7		30.0		31.5		30.5		29.0		29.8		30.2		30.7		30.7		32.8		31.5		31.5		30.0		30.2		31.2		30.3		31.0		30.4		29.5		29.7		30.7		30.7		29.6		29.4		29.5		30.7

		3B25_Manure_Management_Indirect_Emissions_sheep		N2O		1.0		1.0		1.0		1.1		1.0		1.0		1.0		0.9		0.8		0.8		0.8		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.8		0.7		0.8		0.8		0.8

		3B25_Manure_Management_Indirect_Emissions_swine		N2O		15.3		15.3		13.7		13.6		10.1		8.6		8.0		8.0		8.9		8.4		7.5		7.1		7.4		7.1		7.5		7.1		6.9		6.8		7.4		7.7		8.2		8.4		9.0		8.8		9.3		9.3		9.8

		3D11_Agriculural_Soils_Inorganic_N_Fertilisers		N2O		497.1		497.1		645.4		558.1		603.8		563.4		523.8		511.4		519.0		464.0		421.0		396.3		356.4		303.0		316.9		357.6		341.2		336.1		395.4		347.4		328.0		326.6		348.4		373.8		320.1		354.4		347.6

		3D12a_Agricultural_Soils_Manure_Applied_to_Soils		N2O		142.6		142.6		158.7		164.0		156.9		152.0		153.4		159.9		164.2		167.4		165.1		163.3		162.5		159.0		157.1		157.3		163.6		164.7		165.2		171.5		174.0		158.2		165.2		164.8		166.0		166.2		171.8

		3D12b_Agricultural_Soils_Sewage_Sludge_Applied_to_Soils		N2O		1.6		1.6		2.6		1.7		0.2		0.2		0.2		0.2		0.3		0.3		0.1		0.1		0.1		1.4		2.4		4.2		1.2		1.2		1.3		1.3		1.4		1.4		1.4		1.5		1.5		1.5		1.5

		3D12c_Agricultural_Soils_Other_Organic_Fertilisers_Applied_to_Soils		N2O																												0.1		0.1		0.1		0.3		1.3		4.7		7.8		9.6		26.4		31.2		32.8		33.7		33.7		33.8

		3D13_Agricultural_Soils_Manure_Deposited_by_Grazing_Animals		N2O		82.7		82.7		87.6		93.9		91.5		91.9		90.9		89.0		89.1		88.8		89.6		89.6		89.0		85.7		83.4		83.2		84.1		85.7		82.0		85.0		87.0		87.1		87.4		83.9		84.3		83.8		87.6

		3D14_Agriculural_Soils_Residues		N2O		28.4		28.4		29.5		26.3		25.5		25.6		25.2		23.6		25.1		25.7		24.2		24.0		24.0		25.3		25.5		25.6		25.7		24.3		25.3		25.7		25.9		24.9		25.3		24.9		25.7		25.0		25.9

		3D15_Agricultural_soils_Mineralization/Immobilization		N2O		23.5		23.5		28.4		29.7		30.2		31.1		31.6		31.9		32.5		32.5		33.5		33.9		33.9		33.6		34.2		34.6		34.2		34.8		34.4		34.4		34.4		34.2		33.9		33.7		33.7		33.5		33.3

		3D16_Agricultural_soils_Cultivation_of_Organic_Soils		N2O		120.1		120.1		119.0		118.9		118.6		118.5		118.3		118.3		118.1		117.9		117.7		117.7		117.6		117.5		117.4		117.3		117.2		117.2		117.2		117.1		117.1		117.0		117.0		117.0		116.9		116.9		116.9

		3D21_Agriculural_Soils_Indirect_Deposition		N2O		77.4		77.4		88.3		87.6		88.7		82.1		81.2		80.4		81.3		81.2		78.0		75.3		73.7		71.9		72.3		72.0		72.7		73.8		77.0		77.1		79.6		80.1		84.7		84.3		83.5		82.9		86.3

		3D22_Agriculural_Soils_Indirect_Leaching_and_Run-off		N2O		81.1		81.1		96.4		92.9		95.2		90.6		88.6		87.8		89.7		87.0		83.7		81.5		79.2		75.9		76.6		78.7		78.6		78.6		82.0		80.7		81.0		81.0		84.6		85.3		82.7		84.1		85.9		1,064.4		17.2		1,238.3		20.0

		3G1_Liming - limestone		CO2		39.6		39.6		39.8		45.3		49.4		47.5		28.8		19.8		38.6		55.1		69.4		58.3		55.2		52.4		55.5		54.0		56.0		48.8		43.5		39.6		39.9		41.7		37.5		42.8		49.7		52.9		59.9

		3G2_Liming - dolomite		CO2		23.2		23.2		25.4		9.2		7.2		10.9		12.0		8.5		9.0		13.2		16.1		17.8		14.8		13.0		9.8		11.9		11.1		10.8		8.6		9.0		9.4		9.1		8.5		8.8		9.0		8.3		6.2

		3H_Urea application		CO2		15.9		15.9		17.0		16.0		24.0		13.2		13.5		8.7		7.0		8.6		5.8		2.1		2.2		4.3		8.7		6.2		6.0		6.5		8.2		5.1		10.1		9.1		12.1		13.2		14.3		11.2		14.4		653.5		10.5		653.5		10.5

						5404.6		5404.6		5866.8		6020.3		5964.3		5790.9		5773.8		5780.6		5828.7		5829.4		5923.1		5812.5		5758.2		5684.0		5600.3		5654.3		5602.8		5788.9		5663.8		5736.8		5912.0		5950.0		6056.9		5980.1		5900.4		5929.3		6,198.2		6,188.5				6,198.2
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GHG Inventory - Enteric Fermentation - Breakdown by Species
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GHG emissions by source and gas
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Emission per cattle category
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								CO2e (tonnes)		N2O-N (kg)		N2O CO2e (kg)		CH4 (kg)		CH4 CO2e (kg)

						Dairy heifer calf		1.5		0.5		221		44.8		1,253

						Dairy cow		5.3		1.3		524		169.3		4,740

						Dairy heifer		1.9		0.5		193		61.5		1,722

						Dairy replacement		1.7		0.4		182		55.5		1,553

						Breeding Bull		2.3		0.6		258		72.8		2,037

						Beef calf		1.9		0.8		312		55.6		1,558

						Beef cow		2.7		0.6		253		88.7		2,483

						Female for Slaughter		1.9		0.5		204		59.7		1,672

						Beef heifer		2.0		0.5		216		63.2		1,768

						Male for Slaughter		1.9		0.5		213		61.5		1,721

						Beef replacement		1.9		0.5		208		61.5		1,722





Data

		IPCC_name		Gas		BaseYear		1990		1995		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		Gas (ktCO2e)		Gas (%)		Gas (ktCO2e)		Gas (%)

		1A4ci_Agriculture/Forestry/Fishing:Stationary		N2O		27.9		27.9		32.9		21.0		23.8		12.1		16.0		18.7		23.1		28.0		32.3		32.5		38.1		41.0		38.3		47.1		51.0		49.3		48.3		48.0		47.6		45.9		45.1		43.6		40.2		32.1		0.4

		1A4ci_Agriculture/Forestry/Fishing:Stationary		CO2																																																						24.2

		1A4ci_Agriculture/Forestry/Fishing:Stationary		CH4																																																						2.9

		1A4cii_Agriculture/Forestry/Fishing:Off-road		N2O		379.6		379.6		383.7		397.6		423.0		416.9		399.7		439.2		444.6		478.7		511.0		507.2		517.8		611.7		570.3		526.2		461.5		565.2		471.2		493.5		567.4		526.9		558.6		554.4		495.5		469.6		6.3

		1A4cii_Agriculture/Forestry/Fishing:Off-road		CO2																																																						548.6

		1A4cii_Agriculture/Forestry/Fishing:Off-road		CH4																																																						0.1

		2D1_Lubricant_Use		CO2		1.1		1.1		1.3		0.8		0.8		0.7		0.6		0.6		1.0		0.9		0.3		0.3		0.3		0.2		0.2		0.3		0.3		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2

		3A1a_Enteric_Fermentation_dairy_cattle		CH4		748.3		748.3		755.5		820.6		829.5		834.4		886.8		895.4		875.3		875.0		896.3		895.4		902.3		900.4		868.4		878.8		907.2		917.2		901.8		992.7		1020.0		1012.9		1032.3		1030.8		1055.2		1070.5		1,104

		3A1b_Enteric_Fermentation_non-dairy_cattle		CH4		1905.0		1905.0		2085.6		2198.5		2124.3		2073.6		2073.1		2082.5		2104.8		2098.5		2166.9		2134.8		2111.4		2038.8		2021.6		2045.4		2022.9		2074.8		2014.8		1982.0		2024.7		2088.9		2082.3		2006.8		1987.1		1994.5		2,093

		3A2_Enteric_Fermentation_sheep		CH4		415.9		415.9		418.5		436.3		417.2		403.1		386.5		347.7		336.7		336.1		320.2		307.9		300.5		288.5		283.6		281.6		287.7		303.0		290.4		293.5		304.0		307.8		313.1		304.6		310.1		304.9		307

		3A3_Enteric_Fermentation_swine		CH4		28.9		28.9		26.8		27.4		20.6		17.4		16.2		16.3		18.2		17.8		17.0		16.2		17.2		16.9		18.2		17.8		17.9		17.9		20.2		21.7		23.9		25.2		27.3		26.6		28.3		28.6		30

		3A4_Enteric_Fermentation_other:deer		CH4		1.8		1.8		1.6		1.3		1.6		1.6		1.2		1.6		1.8		1.8		1.8		1.0		1.1		1.4		2.1		1.7		2.7		1.7		1.5		1.5		1.3		1.4		1.1		0.9		1.1		1.2		1

		3A4_Enteric_Fermentation_other:goats		CH4		0.9		0.9		0.7		0.7		0.7		0.7		0.9		0.8		0.7		0.7		0.6		0.6		0.6		0.7		0.7		0.7		0.8		0.8		0.8		0.8		1.0		1.0		1.0		0.9		0.9		0.8		1

		3A4_Enteric_Fermentation_other:horses		CH4		10.0		10.0		12.0		17.4		17.5		17.6		17.8		17.9		18.0		18.1		18.2		18.1		18.1		18.0		18.0		17.9		17.8		17.6		17.5		17.3		17.2		16.8		16.4		16.1		16.0		15.1		15		3,550.4		57.3																%		ktCO2e

		3B11a_Manure_Management_Methane_dairy_cattle		CH4		195.3		195.3		203.9		226.9		231.7		235.3		253.3		257.0		251.7		252.5		261.3		263.3		267.2		266.3		257.6		265.0		278.1		283.0		280.9		315.4		323.4		320.3		329.5		332.8		346.1		356.5		370.2																		Agricultural fuels (mainly CO2)		9.4		582.6

		3B11b_Manure_Management_Methane_non-dairy_cattle		CH4		243.5		243.5		271.9		287.7		277.9		265.9		270.7		273.3		276.0		276.3		291.3		281.5		280.4		266.6		266.5		273.8		268.1		272.4		266.5		258.6		259.5		266.5		265.3		255.3		252.9		252.5		262.6																		Enteric fermentation (CH4)		57.3		3,550.4

		3B12_Manure_Management_Methane_sheep		CH4		10.8		10.8		11.0		11.3		10.7		10.4		10.2		9.1		8.8		8.7		8.3		8.0		7.8		7.4		7.4		7.4		7.5		8.0		7.6		7.7		8.0		8.1		8.2		8.0		8.2		8.0		8.0																		Manure management (CH4)		12.1		753.0

		3B13_Manure_Management_Methane_swine		CH4		95.2		95.2		89.5		92.2		69.1		58.6		54.9		55.2		61.8		60.2		57.7		55.4		58.7		57.6		62.3		61.3		60.6		60.8		68.5		73.3		80.4		84.1		90.2		88.0		93.4		93.5		98.6																		Manure management (N2O)		3.9		240.9

		3B14_Manure_Management_Methane_other:deer		CH4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0																		Nitrogen fertiliser (N2O)		5.6		347.6

		3B14_Manure_Management_Methane_other:goats		CH4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0																		Agricultural soils (N2O)		10.4		643.0

		3B14_Manure_Management_Methane_other:horses		CH4		0.2		0.2		0.3		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.3		0.3																		Liming (CO2)		1.1		66.1

		3B14_Manure_Management_Methane_other:poultry		CH4		4.6		4.6		6.6		6.1		6.0		6.0		5.6		6.6		7.3		8.1		7.1		7.4		6.9		7.5		6.9		6.8		8.0		7.8		7.9		8.4		8.9		12.1		13.4		13.8		13.2		13.2		13.2		753.0		12.1		4,306.4		69.5										Urea hydrolysis (CO2)		0.2		14.4

		3B21a_Manure_Management_Non-methane_dairy_cattle		N2O		1.0		1.0		1.0		1.1		1.2		1.2		1.3		1.3		1.3		1.3		1.3		1.4		1.4		1.4		1.4		1.4		1.5		1.6		1.6		1.8		1.8		1.8		1.9		2.0		2.0		2.1		2.2																				100.0		6,198.2

		3B21b_Manure_Management_Non-methane_non-dairy_cattle		N2O		105.2		105.2		119.2		120.6		116.3		111.0		115.0		117.2		119.4		118.9		125.5		121.2		122.1		119.4		121.7		124.8		120.3		126.5		122.1		117.6		122.7		129.5		125.2		120.8		119.4		123.0		128.3

		3B22_Manure_Management_Non-methane_sheep		N2O		2.2		2.2		2.2		2.3		2.2		2.1		2.1		1.8		1.8		1.7		1.6		1.6		1.5		1.4		1.4		1.4		1.5		1.6		1.5		1.5		1.6		1.6		1.6		1.6		1.6		1.6		1.6																		Enteric fermentation		%		ktCO2e

		3B23_Manure_Management_Non-methane_swine		N2O		8.0		8.0		7.1		7.0		5.2		4.4		4.1		4.1		4.5		4.3		3.9		3.6		3.8		3.7		3.9		3.7		3.7		3.7		4.1		4.3		4.6		4.7		5.1		5.0		5.3		5.3		5.6																		Dairy cows		31.1		1,104				3.5

		3B24_Manure_Management_Non-methane_other:Deer		N2O		0.2		0.2		0.2		0.1		0.2		0.2		0.1		0.2		0.2		0.2		0.2		0.1		0.1		0.2		0.2		0.2		0.3		0.2		0.2		0.2		0.1		0.2		0.1		0.1		0.1		0.1		0.1																		Other cattle		59.0		2,093				1.7

		3B24_Manure_Management_Non-methane_other:Goats		N2O		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0																		Sheep		8.7		307

		3B24_Manure_Management_Non-methane_other:horses		N2O		3.5		3.5		4.0		5.4		5.5		5.6		5.6		5.7		5.8		5.9		6.0		6.0		6.0		6.0		6.0		6.0		5.9		5.8		5.8		5.7		5.7		5.6		5.5		5.4		5.4		5.2		5.1																		Swine		0.8		30

		3B24_Manure_Management_Non-methane_other:poultry		N2O		18.1		18.1		24.9		23.3		22.3		22.1		20.7		23.7		25.2		26.8		22.4		22.7		20.9		22.1		20.8		18.7		21.7		21.0		21.4		22.5		22.8		22.7		25.6		26.0		25.9		24.9		24.3		167.2		2.7														Deer		0.02		1

		3B25_Manure_Management_Indirect_Emissions_dairy_cattle		N2O		11.9		11.9		12.5		13.9		14.2		14.4		15.5		15.7		15.6		15.9		16.6		17.0		17.5		17.7		17.1		17.8		18.9		19.4		19.4		22.0		22.7		22.7		23.7		24.1		25.1		25.8		26.9																		Goats		0.02		1

		3B25_Manure_Management_Indirect_Emissions_other:deer		N2O		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0																		Horses		0.4		15

		3B25_Manure_Management_Indirect_Emissions_other:goats		N2O		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0																						3,550

		3B25_Manure_Management_Indirect_Emissions_other:horses		N2O		0.3		0.3		0.4		0.5		0.5		0.5		0.5		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		3B25_Manure_Management_Indirect_Emissions_other:poultry		N2O		8.6		8.6		10.6		9.9		9.3		9.2		8.7		9.5		9.9		10.3		8.9		8.9		7.2		7.2		6.3		5.4		6.2		5.8		5.7		5.8		5.7		5.5		5.6		5.6		5.7		5.4		5.1

		3B25_Manure_Management_Indirect_Emissions_other_cattle		N2O		26.7		26.7		30.0		31.5		30.5		29.0		29.8		30.2		30.7		30.7		32.8		31.5		31.5		30.0		30.2		31.2		30.3		31.0		30.4		29.5		29.7		30.7		30.7		29.6		29.4		29.5		30.7

		3B25_Manure_Management_Indirect_Emissions_sheep		N2O		1.0		1.0		1.0		1.1		1.0		1.0		1.0		0.9		0.8		0.8		0.8		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.8		0.7		0.8		0.8		0.8

		3B25_Manure_Management_Indirect_Emissions_swine		N2O		15.3		15.3		13.7		13.6		10.1		8.6		8.0		8.0		8.9		8.4		7.5		7.1		7.4		7.1		7.5		7.1		6.9		6.8		7.4		7.7		8.2		8.4		9.0		8.8		9.3		9.3		9.8

		3D11_Agriculural_Soils_Inorganic_N_Fertilisers		N2O		497.1		497.1		645.4		558.1		603.8		563.4		523.8		511.4		519.0		464.0		421.0		396.3		356.4		303.0		316.9		357.6		341.2		336.1		395.4		347.4		328.0		326.6		348.4		373.8		320.1		354.4		347.6

		3D12a_Agricultural_Soils_Manure_Applied_to_Soils		N2O		142.6		142.6		158.7		164.0		156.9		152.0		153.4		159.9		164.2		167.4		165.1		163.3		162.5		159.0		157.1		157.3		163.6		164.7		165.2		171.5		174.0		158.2		165.2		164.8		166.0		166.2		171.8

		3D12b_Agricultural_Soils_Sewage_Sludge_Applied_to_Soils		N2O		1.6		1.6		2.6		1.7		0.2		0.2		0.2		0.2		0.3		0.3		0.1		0.1		0.1		1.4		2.4		4.2		1.2		1.2		1.3		1.3		1.4		1.4		1.4		1.5		1.5		1.5		1.5

		3D12c_Agricultural_Soils_Other_Organic_Fertilisers_Applied_to_Soils		N2O																												0.1		0.1		0.1		0.3		1.3		4.7		7.8		9.6		26.4		31.2		32.8		33.7		33.7		33.8

		3D13_Agricultural_Soils_Manure_Deposited_by_Grazing_Animals		N2O		82.7		82.7		87.6		93.9		91.5		91.9		90.9		89.0		89.1		88.8		89.6		89.6		89.0		85.7		83.4		83.2		84.1		85.7		82.0		85.0		87.0		87.1		87.4		83.9		84.3		83.8		87.6

		3D14_Agriculural_Soils_Residues		N2O		28.4		28.4		29.5		26.3		25.5		25.6		25.2		23.6		25.1		25.7		24.2		24.0		24.0		25.3		25.5		25.6		25.7		24.3		25.3		25.7		25.9		24.9		25.3		24.9		25.7		25.0		25.9

		3D15_Agricultural_soils_Mineralization/Immobilization		N2O		23.5		23.5		28.4		29.7		30.2		31.1		31.6		31.9		32.5		32.5		33.5		33.9		33.9		33.6		34.2		34.6		34.2		34.8		34.4		34.4		34.4		34.2		33.9		33.7		33.7		33.5		33.3

		3D16_Agricultural_soils_Cultivation_of_Organic_Soils		N2O		120.1		120.1		119.0		118.9		118.6		118.5		118.3		118.3		118.1		117.9		117.7		117.7		117.6		117.5		117.4		117.3		117.2		117.2		117.2		117.1		117.1		117.0		117.0		117.0		116.9		116.9		116.9

		3D21_Agriculural_Soils_Indirect_Deposition		N2O		77.4		77.4		88.3		87.6		88.7		82.1		81.2		80.4		81.3		81.2		78.0		75.3		73.7		71.9		72.3		72.0		72.7		73.8		77.0		77.1		79.6		80.1		84.7		84.3		83.5		82.9		86.3

		3D22_Agriculural_Soils_Indirect_Leaching_and_Run-off		N2O		81.1		81.1		96.4		92.9		95.2		90.6		88.6		87.8		89.7		87.0		83.7		81.5		79.2		75.9		76.6		78.7		78.6		78.6		82.0		80.7		81.0		81.0		84.6		85.3		82.7		84.1		85.9		1,064.4		17.2		1,238.3		20.0

		3G1_Liming - limestone		CO2		39.6		39.6		39.8		45.3		49.4		47.5		28.8		19.8		38.6		55.1		69.4		58.3		55.2		52.4		55.5		54.0		56.0		48.8		43.5		39.6		39.9		41.7		37.5		42.8		49.7		52.9		59.9

		3G2_Liming - dolomite		CO2		23.2		23.2		25.4		9.2		7.2		10.9		12.0		8.5		9.0		13.2		16.1		17.8		14.8		13.0		9.8		11.9		11.1		10.8		8.6		9.0		9.4		9.1		8.5		8.8		9.0		8.3		6.2

		3H_Urea application		CO2		15.9		15.9		17.0		16.0		24.0		13.2		13.5		8.7		7.0		8.6		5.8		2.1		2.2		4.3		8.7		6.2		6.0		6.5		8.2		5.1		10.1		9.1		12.1		13.2		14.3		11.2		14.4		653.5		10.5		653.5		10.5

						5404.6		5404.6		5866.8		6020.3		5964.3		5790.9		5773.8		5780.6		5828.7		5829.4		5923.1		5812.5		5758.2		5684.0		5600.3		5654.3		5602.8		5788.9		5663.8		5736.8		5912.0		5950.0		6056.9		5980.1		5900.4		5929.3		6,198.2		6,188.5				6,198.2
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Farming for Carbon Actions

• Assist and incentivise farmers to adopt carbon reduction actions into their 
management will also be central to this future policy

• Seek to ensure that as many of the policy interventions as possible help 
drive down the carbon footprint of the agricultural industry

• Will evolve over time as baselines and reduction targets are established –
starting with relatively simple measures that can assist all farm businesses 
now to begin to reduce their carbon footprint



Carbon Reduction Measures
Agriculture Measures LULUCF Measures

Reductions in numbers of older non-breeding beef cattle 
(age at calving, replacement rate, age at slaughter)

Afforestation

Agroforestry

Reductions in numbers of older dairy cattle 
(age at calving, calving interval, replacement rate)

Peatland rewetting

Feed additives (e.g. 3-NOP) and feed formulation Soil carbon

Legumes and herbs/reduced fertilisers Hedgerows

Breeding and genomics

Urease inhibitor fertilisers

Biomethane from waste



Defra Dairy Demonstrator (1)
Northern Ireland specific requirements incorporated within Dairy Demonstrator:

• Minimum of 12 commercial dairy farms involved in Northern Ireland; 

• Innovative diets to include methane inhibitors, crude protein reduction and phosphorus reduction;

• Target complete dairy cow diet crude protein level across the year – 16% by dry matter;

• Target phosphorus content of concentrates 5.0 g/kg DM or less;

• Knowledge transfer initiative in Northern Ireland from October 2024 onwards;

• MRV case for first methane inhibitors (e.g. 3-NOP) to be finalised by June 2025;

• Living Labs approach to provide evidence for policy development;

• Northern Ireland Living Lab with strong industry representation (Dairy Co-operatives, Feed Companies, 
Farmer representatives).



Defra Dairy Demonstrator (2)
Examples of what’s in scope:

• Trialling multiple GHG measures in synchrony 
• Trialling proven mitigation measures
• Methane suppressing feed products
• Precision formulated diets
• Tech to improve animal health and increase productivity
• Genetic testing of individual animal variability
• Tech to estimate or measure animal’s GHG emissions
• Tech and mitigations to reduce nitrogen excretion impacts (should be directly applicable)



Defra Dairy Demonstrator (3)

• Launched 29 Nov 2023

• Call for bids from research led consortia

• Defra/DAERA hosted supplier event - Tue 12 Dec 2023

• Closing date for applications - 5 Feb 2024

• Anticipated to be a 3-year project delivered by one successful UK consortium



Methane Suppressing Feed Products (MSFP)

NI example diets Avg
GS

Good 
GS+WC

Good 
GS+FM

3-NOP (mg/kg DM) 60 60 60
NDF (% DM) 36.3 36.8 37.0
Fat (% DM) 6.0 5.7 5.5
Starch (% DM) 10.5 12.6 14.2
CH4 change (% g/day) -20.8 -21.3 -21.7

3-NOP being progressed through Defra Dairy Demonstrator project

• 3-NOP current formulation – needs fed 6-8 times/day

• 50% to 55% dairy cows fed by TMR

• Slow-release formulation by 2025?

• Kebreab et al meta-analysis: JDS 2023

• % Change CH4 = -32.4 - 0.282*(3NOP (mg/kg) - 70.5) + 0.915*(NDF (% DM) - 32.9) + 3.080*(Fat (%DM) - 4.2)

• Additional methane suppressing feed products available e.g. nitrates and essential oil products

• Other products being researched include: Rumenglas (Calcium peroxide) and seaweed products



Reducing age at 1st Calving - Dairy Replacements

• APHIS average age at first calving 30.9 months in 2020

• Dale Farm & NMR milk recording suggests latest (2022) calving age is 24.6 months

• Reduced age at 1st calving delivers a quantifiable reduction in emissions without impacting milk output

C. Hamill 2023 -
Analysis excludes: 1st

Calving ages <18 
months & >39 months

Year ‘Filtered’ Age 1st Calving 
(months)

2016 28.6
2017 28.5
2018 28.8
2019 28.3
2020 27.8
2021 27.6


Chart1

		2016

		2017

		2018

		2019

		2020

		2021



Age at 1st calving

Year

Months

28.6

28.5

28.8

28.3

27.8

27.6



Measures

		

												First Step				1. Reducing the age at first calving of replacement heifers in beef herds (Beef Sustainability Package)

																2. Reducing the age at slaughter of ‘clean beef’ cattle (Beef Carbon Reduction measure)

																3. Reducing dietary crude protein in dairy cow diets (Ammonia Strategy)

												Second Step				4. Reducing the age at first calving of replacement heifers in dairy herds

																5. Incorporating 3-NOP in dairy cow rations

																6. Incorporating 3-NOP in non-dairy cow rations

																7. Switching from CAN to protected urea fertiliser in crop and grassland production

																8. Reducing nitrogen fertiliser use through the incorporation of legumes in grass swards

																9. Increasing the proportions of cattle and pig slurry processed through anaerobic digester to produce biomethane

																10. Reducing replacement rates in dairy herds through management, genetic selection and crossbreeding

																11. Increasing cattle productivity through increased uptake of improved genetics

																12. Genetic selection of cattle with reduced methane output





Baseline

		

												Baseline / Scenario

														We presume that …

																The baseline is the 2021 submission for Northern Ireland, with all technical mitigation at 2021 values of partial uptake;

																		This means that some Urea fertiliser is already mitigated with a urease inhibitor …

																				… and we will need to raise uptake for M7 from (Crop 15.6 to 100%) and (Grass 17.0 to 100%) or whatever is appropriate

																Should the baseline actually be 2030 ?

																		With the UK-AMM model predictions of the economic size of the sector ?

																		With the UK-AMM scaling of Dairy Cow excreta and enteric method for expected milk produced per cow ?

																				Or a local NI economic projection ?

														Trajectories of change …

																We will only model a baseline and a single step in the uptake …

																		We require an assessment of maximum technical uptake (%) and achieved uptake (%) under the policy scenario

																Defra (2022) SCF0120 - Sustainable Intensification Trajectories

																Buys, G., Cliverd, H., Thomson, A. and Barnes, A.

																CEH, SRUC, NIAB

														Measure Interaction …

																Some measures interact - therefore effect will be calculated individually and for all measures combined.





M1, M2 C Hamill

																												Age at slaughter (mths)		Number of clean beef animals		No. x Age Mths)				Age at 1st Calving (mths)		Average number of heifers (2018 to 2020)

																												15		18,187		272,805				19		332

												Reducing the age at first calving of replacement heifers in beef herds																16		12,785		204,560				20		368

												Reducing the age at slaughter of clean beef cattle																17		5,273		89,641				21		486

														All to be represented by change in relative numbers of each type of animal - via a very simple herd structure model														18		6,508		117,144				22		723

																												19		8,748		166,212				23		1,228

						BOVIS / APHIS						Essential National Herd Parameters												AHDB Stocktake - Beef and Lamb Report 2016, 48 pp.				20		11,967		239,340				24		2,303

				Scenario Target		Agreed Baseline		Guestimate																AHDB Dairy Performance Results 2018/2019; Great Britain Values; 350 audited farms				21		16,450		345,450				25		3,295

		C. Hamill				386		426				Calving Interval (days)												Hanks, J. and Kossaibati, M. (2021) Key performance indicators for the UK national dairy hered - A study of herd performance in 500 Holstein/Friesian hered for the year ending 31st August 2021, Veterinary Epidemiology and Economics Research Unit, Univeristy of Reading, 48 pp.				22		19,342		425,524				26		3,258

		C. Hamill				912		854				Age at First Calving (days)												Hyde et al. (2020) Quantitative analysis of calf mortality in Great Britain. Journal of Dairy Science, 103, 3, 2615-2623.				23		23,128		531,944				27		2,857

																								Thomson et al. (2020) Structure and efficiency of the Scottish beef herd - Cattle Tracing System insights. SRUC, 71 pp.				24		25,725		617,400				28		2,661

		A. Hall CAFRE				22		20				Herd Replacement Rate (%)												Defra Slaughter Statistics				25		24,145		603,625				29		2,452

								5.6				Number of Lactations (n)												Anthony (2020) Nitrous oxide and methane emissions from Welsh beef cattle and sheep: effects of stock performance improvement and nitrogen efficiency measures. Report to HCC, 54 pp.				26		24,854		646,204				30		2,431

																												27		23,317		629,559				31		2,463

								4				Calf Mortality (%)						<<< Need to consider definition - Refer to Hyde et al. if using up to 12 months;										28		24,335		681,380				32		2,276

												2		Stillborn Rate (%)														29		21,368		619,672				33		2,418

												2		Twin-Calf Rate (%)														30		22,842		685,260				34		2,331

																												31		13,810		428,110		69,984		35		2,484

								2				Cow Mortality (%)																32		14,192		454,144				36		2,701

																												33		7,240		238,920				37		2,241

								10				Empty Cows (%)																34		5,570		189,380				38		1,685

																												35		4,691		164,185				39		1,125

						798		723				Finished Animal Slaughter Age (days)																36		5,574		200,664				40		869

																												37		1,656		61,272				41		678

												Cull Animal Liveweight (kg)										Carcase Weight ~ 305 kg / KO ~ 50 to 55%						38		988		37,544				42		549

																												39		903		35,217				43		495

												Finished Animal Liveweight (kg)										Carcase Weight ~ 345 kg / KO ~ 50 to 55%						40		1,691		67,640				44		411

																												41		717		29,397				45		367

																												42		641		26,922				46		367

												180		Lactation / Weaning Duration (days)														43		623		26,789				47		345

																												44		461		20,284				48		345

												285		Gestation Duration (days)														45		434		19,530				49		323

																												46		392		18,032				50		242

																												47		760		35,720				51		206

																												48		343		16,464				52		156

																												49		271		13,279				53		120

																												50		313		15,650				54		100

																												50 plus		8,714		444,414				55		92

																												Total 'clean cattle'		358,958		9,419,277				56		89

																												Mean age at slaughter		26.2						57		83

																												Number over 26 months		186,700						58		76

																												Over 26 months (%)		52.0						59		73

																												Mean age over 26 months		31.1						60		61

																																				61		57

																																				62		63

																																				63		41

																																				64		32

																																				65		32

																																				66		29

																																				67		21

																																				68		23

																																				69		24

																																				70		22

																																				71		24

																																				72		24





M1, M2 C Hamill
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M4, M10 DF & NMR
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Average number of DAMs

Age at 1st Calving (months)

Number of heifers

Age at 1st Calving (mean of 2018 to 2020)

331.6666666667

368

486.3333333333

723

1228

2303

3294.6666666667

3258

2857.3333333333

2660.6666666667

2452.3333333333

2431

2462.6666666667

2276

2418.3333333333

2331.3333333333

2484

2701

2240.6666666667

1684.6666666667

1125

868.6666666667

677.6666666667

549

495

411

366.6666666667

367

344.6666666667

344.6666666667

323.3333333333

242.3333333333

206

156

120.3333333333

99.6666666667

92

89.3333333333

83.3333333333

76.3333333333

73

60.6666666667

56.6666666667

62.6666666667

41

32.3333333333

31.6666666667

29.3333333333

21.3333333333

23

23.6666666667

21.6666666667

24.3333333333

24



M3 - NIGTA

		

														Reducing the age at first calving of replacement heifers in dairy herds

														Reducing replacement rates in dairy herds through management, genetic selection and cross breeding

																All to be represented by change in relative numbers of each type of animal - via a very simple herd structure model

								BOVIS / APHIS						Essential National Herd Parameters

						Scenario Target		Agreed Baseline		Guestimate																				AHDB Dairy Performance Results 2018/2019; Great Britain Values; 350 audited farms

				C Hamill				401		399				Calving Interval (days)																Hanks, J. and Kossaibati, M. (2021) Key performance indicators for the UK national dairy hered - A study of herd performance in 500 Holstein/Friesian hered for the year ending 31st August 2021, Veterinary Epidemiology and Economics Research Unit, Univeristy of Reading, 48 pp.

				C Hamill				845		811.3				Age at First Calving (days)																Hyde et al. (2020) Quantitative analysis of calf mortality in Great Britain. Journal of Dairy Science, 103, 3, 2615-2623.

																														Thomson et al. (2020) Structure and efficiency of the Scottish beef herd - Cattle Tracing System insights. SRUC, 71 pp.

				CAFRE				29.7		30				Herd Replacement Rate (%)

								3.43		3.7				Number of Lactations (n)

										6				Calf Mortality (%)						<<< Need to consider definition - Refer to Hyde et al. if using up to 12 months;

														2		Stillborn Rate (%)

														2		Twin-Calf Rate (%)

										5				Cow Mortality (%)

														3		Culling after Calving (%)

										10				Empty Cows (%)

				DAERA				8,006		8396				Milk Production (kg/cow/year)

				DAERA				3.31		3.3				Protein Content (%)

				DAERA				4.15		4.06				Butterfat Content (%)

														305		Lactation Duration (days)

														285		Gestation Duration (days)

								Year		2016		2017		2018		2019		2020		2021		2027		2030		2038

								Age at 1st calving		28.6		28.5		28.8		28.3		27.8		27.6		26.5		25.9		24.1





M3 - NIGTA

		



Age at 1st calving



M5, M6 3NOP

																																										Dairy Cow Dietary assumptions NI (MM)

												Reduced Dietary Crude Protein (Concentrate Only) in Dairy Cow Diets																														Dairy cow milking concentrate (g/kg DM)		217.7				milk yield (litres)		8,066

																																										Grazed grass (g/kg DM)		173				calving interval (days)		401

																																										Grazed grass/clover (g/kg DM)		203				dry period (days)		56

												Measure Type:																														Grass silage (g/kg DM)		123				lactation length (days)		345

														Re-Run of Inventory - Implemented as Reduction Measure																												Maize silage (g/kg DM)		83				average yield across lactation (litres)		20.1

																																										Whole-crop silage (g/kg DM)		95				milk energy (MJ/litre)		5.3

												Applies to:																														Barley straw (g/kg DM)		43				maintenance (MJ)		80

														N Excretion from Dairy Adult Cow (Milking)																																		total energy		187

														Assumed current level of CP in concentrate is 217.667 g / kg CP for Dairy Adult Cow (Milking)														Assume this is g/kg CP in the DM?														Silage diet						average DMI (kg DM)		16.0

														We will assume the CP in concentrate is reduced to 160 or 180 g / kg CP - only in dairy cow, or all cattle ?																												Days on silage diet		152.5				average energy density (MJ/kg DM)		11.7

																																										Silage DMI (kg DM)		9.0

												Percent Maximum Uptake:																														Concentrate DMI (kg DM)		10.5

																																										Total DMI (kg DM)		19.5

														?																												Concentrate FW Intake (kg)		12.1

																																										Silage CP (% DM)		12.3

												Percent Efficiency:																														Concentrate CP (% FW)		19.7

														20% Reduction in Total N Excretion - See example Inventory outputs far below																												Concentrate CP (% DM)		22.7

																																										Diet CP (% DM)		17.9

												Side Effects:																														Grazing diet

														No side effects on CH4, milk yield etc																												Days on grazing diet		152.5

																																										average grass intake (kg DM)		12.0

																																										average grass ME (MJ/kg DM)		10.8

																																										grass energy intake (MJ)		130

																																										average energy intake requirement		187

																																										concentrate energy intake (MJ)		57

																																										concentrate intake requirement (kg FW)		5.0

																																										concentrate intake requirement (kg DM)		4.4

																INVENTORY CALCULATIONS - Derivation of the effect of reducing concentration CP value:																										grass crude protein (%)		17.3

																																										concentrate crude protein (% FW)		17.0

																																										concentrate crude protein (% DM)		19.5

																Re-Run 2021														Diff Check												grazing DMI (kg DM)		16.4

																																										grazing diet CP (% DM)		17.9

																		Area_Animal Number		Total N (Grazing) [kg]		Total Dry Matter Intake [kg]		Methane: Enteric Fermentation [kg CH4]		Total N in Excreta [kg]				Area_Animal Number		Total N (Grazing) [kg]		Total Dry Matter Intake [kg]		Methane: Enteric Fermentation [kg CH4]		Total N in Excreta [kg]

																DC1 Dairy Calves Female		1257652.43676		2186905.17130825		152990034.545584		4441962.34991263		3572124.16103484				0		0		0		0		0				Overall diet CP content

																DC2 Dairy Replacements Female		1077671.97456		2625100.83615342		167440537.938591		4444685.35583145		4270010.54164333				0		0		0		0		0.0000000102				Silage concentrate CP intake (kg CP FW)		363

																DC3 Dairy In Calf Heifers		739308.069239999		1981999.82715584		131426765.725847		3340015.44281421		3146145.09699704				0		0		0		0		0				Silage concentrate intake (kg FW)		1,841

																DC4 Dairy Cows		3820464		9063607.7976686		1841415567.7031		39417842.5523806		37710203.0545907				0		0		0		0		0				Grazing concentrate CP intake (kg CP FW)		131

																																										Grazing concentrate intake (kg FW)		769

																		Area_Animal Number		Total N (Grazing) [kg]		Total Dry Matter Intake [kg]		Methane: Enteric Fermentation [kg CH4]		Total N in Excreta [kg]																Total concentrate intake (kg FW)		2,610

																DC1 Dairy Calves Female		1257652.43676		2186905.17130825		152990034.545584		4441962.34991263		3572124.16103484																Concentrate feed rate (kg/litre)		0.32

																DC2 Dairy Replacements Female		1077671.97456		2625100.83615342		167440537.938591		4444685.35583145		4270010.54164332																Total concentrate CP intake (kg FW)		494

																DC3 Dairy In Calf Heifers		739308.069239999		1981999.82715584		131426765.725847		3340015.44281421		3146145.09699704																Average concentrate CP content (% FW)		18.9

																DC4 Dairy Cows		3820464		9063607.7976686		1841415567.7031		39417842.5523806		37710203.0545907																Average concentrate CP content (% DM)		21.7567

																Modified - with Reduced Concentrate CP down from 217.667/200 to 160 g/kg CP														Derived Percent Reduction in Excreta N Load, At Grazing and Over All Year

																		Area_Animal Number		Total N (Grazing) [kg]		Total Dry Matter Intake [kg]		Methane: Enteric Fermentation [kg CH4]		Total N in Excreta [kg]				Grazing						All Year

																DC1 Dairy Calves Female		1,257,652		1901278.32900408		152,990,035		4441962.34991263		3082478.14565627				13.1		0.0		0.0		13.7		As Percent %

																DC2 Dairy Replacements Female		1,077,672		2380349.5565978		167,440,538		4444685.35583145		3850436.91954796				9.3		0.0		0.0		9.8

																DC3 Dairy In Calf Heifers		739,308		1898047.28862659		131,426,766		3340015.44281421		3002226.45951832				4.2		0.0		0.0		4.6

																DC4 Dairy Cows		3,820,464		7388507.01602787		1,841,415,568		39417842.5523806		29719314.5760575				18.5		0.0		0.0		21.2

																						482

																There is no change in the percentage TAN content …

																Modified - with Reduced Concentrate CP down from 217.667/200 to 180 g/kg CP														Derived Percent Reduction in Excreta N Load, At Grazing and Over All Year

																		Area_Animal Number		Total N (Grazing) [kg]		Total Dry Matter Intake [kg]		Methane: Enteric Fermentation [kg CH4]		Total N in Excreta [kg]				Grazing						All Year

																DC1 Dairy Calves Female		1257652.43676		2044091.75015617		152990034.545584		4441962.34991263		3327301.15334555				6.5		0.0		0.0		6.9		As Percent %

																DC2 Dairy Replacements Female		1077671.97456		2502725.19637561		167440537.938591		4444685.35583145		4060223.73059565				4.7		0.0		0.0		4.9

																DC3 Dairy In Calf Heifers		739308.069239999		1940023.55789121		131426765.725847		3340015.44281421		3074185.77825768				2.1		0.0		0.0		2.3

																DC4 Dairy Cows		3820464		7969466.82468939		1841415567.7031		39417842.5523806		32490720.9847972				12.1		0.0		0.0		13.8

																				Area_Animal Number		Total N (Grazing) [kg]		Total Dry Matter Intake [kg]		Methane: Enteric Fermentation [kg CH4]		Total N in Excreta [kg]		Total TAN (Grazing) [kg]

																DC1 Dairy Calves Female		Large		451195.388212017		815278.59840585		57277632.0428836		1635595.76706695		1328824.62194899		538125.367298196						13.2

																DC1 Dairy Calves Female		Medium		782788.029688159		1342445.60027879		93768462.8695047		2739198.25294991		2194351.86755549		888743.511141577						13.9

																DC1 Dairy Calves Female		Small		23669.0188598232		29180.9726236074		1943939.63319652		67168.3298957595		48947.6715303484		19741.4494173902						18.8

																DC2 Dairy Replacements Female		Large		338119.5820182		853428.811963947		54840137.9268698		1435019.80068866		1385692.58191826		555815.371316304						9.5

																DC2 Dairy Replacements Female		Medium		719238.275821344		1734753.9137507		110325189.652095		2941359.03450326		2823364.42371174		1132683.84553976						9.9

																DC2 Dairy Replacements Female		Small		20314.116720456		36918.1104387803		2275210.35962616		68306.5206395205		60953.5360133239		24495.0419619916						13.0

																DC3 Dairy In Calf Heifers		Large		275747.123665135		760614.012613248		50702082.0575979		1275313.05097295		1206380.82104644		493346.420910926						4.4

																DC3 Dairy In Calf Heifers		Medium		448708.246463833		1190692.21008298		78728801.5090156		2008921.99361473		1890725.25468053		773910.984821776						4.6

																DC3 Dairy In Calf Heifers		Small		14852.6991110316		30693.6044596149		1995882.15923358		55780.3982265184		49039.0212700581		20215.6735366703						5.9

																DC4 Dairy Cows		Large		1,224,650		1955861.17518485		670974533.281005		13911798.676011		13814946.8059592		1004392.54563219						24.4

																DC4 Dairy Cows		Medium		2,540,761		7032800.61812023		1149503082.56379		25026546.8921491		23501531.4633426		3618371.87552832						19.4		>-		Reduction does change with breed, but breed is not preserved by SMT so seeking an overall value

																DC4 Dairy Cows		Small		55,053		74946.0043635125		20937951.858303		479496.984220401		393724.785288848		38645.2164662795						16.8

																				Area_Animal Number		Total N (Grazing) [kg]		Total Dry Matter Intake [kg]		Methane: Enteric Fermentation [kg CH4]		Total N in Excreta [kg]		Total TAN (Grazing) [kg]

																DC1 Dairy Calves Female		Large		451195.388212017		712807.11246081		57277632.0428836		1635595.76706695		1153159.21747178		473729.346896991

																DC1 Dairy Calves Female		Medium		782788.029688159		1164665.74109183		93768462.8695047		2739198.25294991		1889586.39466356		776855.793921016

																DC1 Dairy Calves Female		Small		23669.0188598232		23805.4754514432		1943939.63319652		67168.3298957595		39732.5335209239		16317.2570341121

																DC2 Dairy Replacements Female		Large		338119.5820182		776638.098003369		54840137.9268698		1435019.80068866		1254051.35798584		508023.742529046

																DC2 Dairy Replacements Female		Medium		719238.275821344		1571406.90977527		110325189.652095		2941359.03450326		2543340.98832529		1030972.67393194

																DC2 Dairy Replacements Female		Small		20314.116720456		32304.5488191567		2275210.35962616		68306.5206395205		53044.5732368264		21606.1301790784

																DC3 Dairy In Calf Heifers		Large		275747.123665135		729301.394792606		50702082.0575979		1275313.05097295		1152702.04763963		473890.354677865

																DC3 Dairy In Calf Heifers		Medium		448708.246463833		1139738.89587342		78728801.5090156		2008921.99361473		1803376.71603557		742242.164913882

																DC3 Dairy In Calf Heifers		Small		14852.6991110316		29006.9979605622		1995882.15923358		55780.3982265184		46147.6958431106		19163.4372077368

																DC4 Dairy Cows		Large		1224649.7352		1521323.45077814		670974533.281005		13911798.676011		10441715.9534219		782458.331102846

																DC4 Dairy Cows		Medium		2540761.37856		5803232.34389292		1149503082.56379		25026546.8921491		18950208.759436		2990096.55965746

																DC4 Dairy Cows		Small		55052.88624		63951.2213568057		20937951.858303		479496.984220401		327389.863199573		33022.0142402305





M7 Teagasc

																								SRUC MACC 3-NOP uptake (max impact 2034)										SRUC MACC Nitrate uptake (max impact 2034)

				Incorporating 3-NOP in dairy cow rations																				Dairy Calves Female						0.401				Dairy Calves Female						0.000

				Incorporating 3-NOP in non-dary cow rations																				Dairy Replacements Female						0.396				Dairy Replacements Female						0.168

																								Dairy In-Calf Heifers						0.393				Dairy In-Calf Heifers						0.334

				Dietary Supplementation with 3-NOP																				Dairy Cows						0.670				Dairy Cows						0.569

				3-nitrooxypropanal (3-NOP)																				Beef Heifers for Breeding						0.487				Beef Heifers for Breeding						0.049

																								Beef Females for Slaughter						0.514				Beef Females for Slaughter						0.051

				Measure Type:																				Beef Bulls for Breeding						0.494				Beef Bulls for Breeding						0.049

						Technical																		Beef Cereal Fed Bull						1.000				Beef Cereal Fed Bull						0.100

						Represented by Emission Measure																		Beef  Steers						0.494				Beef  Steers						0.089

																								Beef Cows						0.492				Beef Cows						0.098

						Feed additive marketed as 'Bovaer' by DSM Nutritional Products Ltd (htpp:dsm.com)

																												Large Breeds		Medium Breeds		Small Breeds		Total		TMR % Avg		Proportion of year housed		Number fed 3-NOP

																												98,303		212,496		4,484		315,283												40 litre cow diets								Feed		DM (%)		CP (%DM)		ME (MJ/kgDM)		NDF (%DM)		Starch (%DM)		Sugar (%DM)		Oil (%DM)

																				All year housing (%)								45		19.5		33.3												NI Example diets		Avg GS		Good GS + WC		Good GS + FM				Average grass silage		25		14		10.4		47.5		0		3		4.4

																				All year housing (number								44,236		41,437		1,495		87,168		93.75		100		81,720				3-NOP feed rate (mg/kg DM)		60		60		60				Early cut grass silage		27.5		14		11.2		45		0		6		4.8

				Applies to:																																								NDF (% DM)		36.3		36.8		37				Maize silage		32.5		10		11.5		42.5		30		0.5		2.9

						Dairy Cow, at Housing Only, CH4 from Enteric Fermentation (only)														Winter housed, part housed summer (%)								30		17.5		33.3												Crude fat (% DM)		6		5.7		5.5				Wholecrop		40		9.5		10.5		46.7		20		4		3

						Beef Cow, at Housing Only, CH4 from Enteric Fermentation (only)														Winter housed, part housed summer (number)								29,491		37,187		1,495		68,172		77.5		75		39,625				Starch (% DM)		10.5		12.6		14.2				Straw		86		4		6.5		81.1		0		1.5		1.4

																																												CH4 production change (% g/day)		-20.8		-21.3		-21.7				18 % CP nut		87		20.7		13.3		25		20		7		7.5

				Percent Maximum Uptake:																Winter housing, out in summer (%)								25		63		33.3																						16 % CP nut		87		18.4		13.3		25		20		7		7.5

																				Winter housing, out in summer (number)								24,576		133,872		1,495		159,943		55.5		50		44,384

																																						Cows fed 3-NOP over full year		165,729

				?																																		Proportion of cows fed 3-NOP		53

				Percent Efficiency:

						Dairy Cow		30% of Enteric CH4 production										*Lowest proposed commecial dose of 3-NOP (60 mg/kg DM of the total daily ration) when applied to TMR can reduce methane

						Beef Cow		20% of Enteric CH4 production										emissions from dairy cows by 22 to 35%.

																		*3-NOP has stronger effects in dairy cattle than beef cattle.

				Side Effects:

						Assumed no impact on milk yield, dry matter intake or liveweight

				Kebreab et al. (2022) A meta-analysis of the effects of 3-NOP on methane production, yield and intensity in dairy cattle, Journal of Dairy Science, 106, 2, 927-936.

				Gu et al. (2021) A review of 3-NOP for enteric methane mitigation from ruminant livestock. Animals (Basel), 11, 12, 16 pp.

				Hegarty et al. (2021) An evaluation of evidence for efficacy and applicability of methane inhibiting feed additives for livestock. A report coordinated by Climate Change, Agriculture and Food Security (CCAFS) and the New Zealand Agricultural Greenhouse Gas Research Centre (NZAGRC) initiative of the Global Research Alliance, 104 pp.

				Dijkstra et al. (2018) Short communication: antimethanogenic effects of 3-NOP depend on supplementation does, dietary fiber content and cattle type. Journal of Dairy Science, 101, 10, 9041-9047.

				Eory et al. (2022) A scenario based approach to emissions reduction targets in Scottish agriculture. Scotland Climate Exchange, 104 pp.





M9 JMcF

		

												Switch from CAN to protected urea in crop and grassland production.

												CAUTION - Rember to adjust for current low level uptake of Urease Inhibitor in both Crop and Grass sector																								ROI switch to protected Urea on grassland farms

																																				Year		2025		2030

												Measure Type:																								% uptake		80-90		90-100

														Combined technical measures -																						% uptake per year (8 years)						11

																Redirection - Change all CAN to U

																Emission - Incorporate  Urease  Inhibitor only with all U

																Presume use of Urease Inhibitor, one of NBPT; 2-NPT or NBPT+NPPT as researched by Teagasc

												Applies to:

														CAN to U Fertiliser Only

												Percent Maximum Uptake:

														?

												Percent Efficiency:

												70		?		Ammonia																		Baseline EF for U in Inventory …

												40		?		Nitrous Oxide				There is no impact of urease inhibitor on N2O … in the Inventory														NH3-N EF is 11.6%; N2O-N EF is 0.40%

												Side Effects:

														Assumed none on yield or leaching

														Forrestal et al. 2016 Soil Use and Management, 32, 92-100.

														Forrestal et  al. (2015) Ammonia emissions form urea, stabilised urea and calcium ammonium nitrate: insights into loss abatement in temperate grassland. Soil Use and Management, November, 1-9.

														Rahman et al. (2021) Differing effects of increasing calcium ammonium nitrtate, urea and urea + NBPT fertiliser rates on nitrous oxide emission factors at six temperature grassland sites in Ireland. Agriculture, Ecosystems and Environment, 313, 107382, 10 pp.

														Harty, M. et al. (2016) Reducing nitrous oxide emissions by changing N fertiliser use form calcium ammonium nitrate (CAN) to urea based formulations. Science of the Total Environment, 563-564, 1, 576-586.

														Fan, D. et al. (2022) Global evaluation of inhibitor impacts in ammonia and nitrous oxide emissions from agricultural soils: a meta analysis. Global Change Biology, 28, 5121-5141.
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														Increase proportions of cattle and pig slurry processed through anaerobic digester to produce biomethane

														Measure Type:

																Source Measure from Pig Stored SLY to Pig Stored SLY Digestate

																Source Measure from Dairy Stored SLY to Dairy Stored SLY Digestate

																Source Measure from Beef Stored SLY to Beef Stored SLY Digestate

														Applies to:

																Only Pig Slurry that is Stored for a Period - Careful, do not apply to NO STORAGE														BUT it is not possible to apply Source measure to a Location, so there will be a small over-estimate as all locations inc. no storage will be moved across …

																Ditto Beef														This affects around 14% of Pig slurry, but none of cattle slurry

																Ditto Dairy														But majority 90% of managed slurry is from cattle

														Percent Maximum Uptake:

																?		Pig

																?		Beef

																?		Dairy																						Pig		Dairy		Beef

														Percent Efficiency:																								Slurry		5145316.008		26072947.515		13185486.288		44403749.811

																?		How much is feasible based on increase in digestor build ?																				SlurryDigestate		266319.894		752360.47		363918.618		1382598.982

																		Suggest 2-fold increase in quantity currently treated, based on KPMG reporting																												0.0301967512

														Side Effects:

																Pike, P. (2021) Anaerobic digestion in Northern Ireland - Research and Information Service Briefing Paper, No. 29/21. Northern Ireland Assembly, 15 pp.

																		There are 63 operational AD plants in NI that predominently use animal wastes as an agricultural feedstock.

																		As many as 70% of homes in NI use oil for heating and are not connected to the mains gas grid.

																		The NI Utility Regulator estimated that 65% of properties would be connected by 2023.

																Mehta, N. (2022) Evaluating the opportunity for utlising anaerboc digestion and pyrolosis of livestock manure and grass silage to decarbonise gas infrastructure: A Northern Ireland case study. Renewable Energy, 196, 343-357.

																IRISH Farmers Journal (Sept, 2022)

																		Each plant would require around 1,000 acres of grass or wholecrop along with 10,000 to 15,000 tonnes of slurry.

																		NI will need 70 new farm based AD plants by 2030 to help meet its climate goals - The target is contained in a new KPMG report presented

																		as at recent AD NI forum in Belfast.

								INVENTORY OUTPUTS - SAMPLE CALCULATON OF INCREASING PIG SLURRY TO DIG FROM BASE of 5% to 100% to check effects

								BASELINE SCENARIO:						Country		NorthernIreland										Country		NorthernIreland

														Sector		Pig										Sector		Pig

														Stage		Storing										Stage		Spreading

														Row Labels		Sum of TotalNitrogenArriving		Sum of DirectNitrousOxide		Sum of DirectMethane		Sum of DirectAmmonia				Row Labels		Sum of TotalNitrogenArriving		Sum of DirectNitrousOxide		Sum of DirectMethane		Sum of DirectAmmonia

														FarmyardManureDigestate		438.0		0.0		58.2		3.8				FarmyardManureDigestate		434.1		3.2		0.0		35.3

														FarmyardManureDigestateStorage		438.0		0.0		58.2		3.8				LiquidManure		4,590,605.6		34,314.8		0.0		467,093.8

														LiquidManure		5,145,316.0		0.0		3,470,687.6		554,710.5				SlurryDigestate		261,292.3		1,953.2		0.0		31,221.1

														LiquidManureAboveGroundTank		977,610.0		0.0		757,300.6		67,059.0				SolidManure		8,166.4		26.9		0.0		411.4

														LiquidManureBelowGroundTank		2,161,032.7		0.0		1,674,032.9		98,786.2				Grand Total		4,860,498.4		36,298.1		0.0		498,761.7

														LiquidManureEarthBankLagoon		1,337,782.2		0.0		1,036,306.1		388,865.3

												0.1300000006		LiquidManureNoStorage		668,891.1		0.0		3,048.0		0.0

								Percent of slurry being managed as digestate:						SlurryDigestate		266,319.9		0.0		48,542.0		5,027.6

										4.9				SlurryDigestateStorage		266,319.9		0.0		48,542.0		5,027.6

														SolidManure		8,461.7		0.0		2,686.9		173.5

														SolidManureFieldHeap		4,061.6		0.0		2,292.5		148.7

														SolidManureNoStorage		3,723.2		0.0		12.4		0.0

														SolidManureSteadingHeap		676.9		0.0		382.1		24.8

														Grand Total		5,420,535.6		0.0		3,521,974.6		559,915.4

								AFTER INC DIG TO 100%						Country		NorthernIreland										Country		NorthernIreland

														Sector		Pig										Sector		Pig

														Stage		Storing										Stage		Spreading

														Row Labels		Sum of TotalNitrogenArriving		Sum of DirectNitrousOxide		Sum of DirectMethane		Sum of DirectAmmonia				Row Labels		Sum of TotalNitrogenArriving		Sum of DirectNitrousOxide		Sum of DirectMethane		Sum of DirectAmmonia

														FarmyardManureDigestate		438.0		0.0		58.2		3.8				FarmyardManureDigestate		434.1		3.2		0.0		35.3

														FarmyardManureDigestateStorage		438.0		0.0		58.2		3.8				LiquidManure		0.0		0.0		0.0		0.0

														LiquidManure		0.0		0.0		0.0		0.0				SlurryDigestate		5,309,474.5		39,688.3		0.0		634,415.6

														LiquidManureAboveGroundTank		0.0		0.0		0.0		0.0				SolidManure		8,166.4		26.9		0.0		411.4

														LiquidManureBelowGroundTank		0.0		0.0		0.0		0.0				Grand Total		5,318,075.1		39,718.5		0.0		634,862.3

														LiquidManureEarthBankLagoon		0.0		0.0		0.0		0.0

														LiquidManureNoStorage		0.0		0.0		0.0		0.0

								Percent of slurry being managed as digestate:						SlurryDigestate		5,411,635.9		0.0		986,375.5		102,161.4				72.0		: Methane Reduction at storage

										100.0				SlurryDigestateStorage		5,411,635.9		0.0		986,375.5		102,161.4				81.7		: Ammonia Reduction at storage

														SolidManure		8,461.7		0.0		2,686.9		173.5

														SolidManureFieldHeap		4,061.6		0.0		2,292.5		148.7						At spreading

														SolidManureNoStorage		3,723.2		0.0		12.4		0.0				-9.4		: Nitrous Oxide Reduction		Oh dear, an increase !

														SolidManureSteadingHeap		676.9		0.0		382.1		24.8						As we have an approx 10% increase in the quantity of N arriving at spreading …

														Grand Total		5,420,535.6		0.0		989,120.6		102,338.7

								Quantities arriving at present SLY DIGESTATE

								Country		NorthernIreland

								Source		SlurryDigestate

								Stage		Storing

										kg		kg

								Row Labels		Sum of TotalNitrogenArriving		Sum of ExcretaManureFertiliserQuantityArriving				t of SLY		Approx No. of Plants

								Beef		363918.618		98692291.333				98692.291333		9.9

								Dairy		752360.47		148560685.353				148560.685353		14.9

								Pig		266319.894		44143225.982				44143.225982		4.4

								Grand Total		1382598.982		291396202.668				291396.202668		29.1
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												Genetic Selection of Cattle with Reduced Methane Output

												Measure Type:

														Genetic / Breeding

														Represented by Reduction (Enteric) Measure

														This is an assumed reduction in CH4 per kg DMI

												Applies to:

														Cattle, All Stages, CH4 from Enteric Fermentation (only)

												Percent Maximum Uptake:

														20% - Limited Market Penetration ?

												Percent Efficiency:

														? in CH4 from Enteric Fermentation from All Stages												Caution - Ensure that effect is per unit of DMI and not per unit of product !

														Based on 10 years of successful breeding												Assumes that breeding incorporates 'lower emissions intensity' goal

												Side Effects:

														Impact on milk yield and nitrogen excretion ?

												Wall, E. et al. (2010) The potential for reducing greenhouse gas emissons for sheep and cattle in the UK using genetic selection. Defra, Final Report,

												de Hass et al. (2021) Selective breeing as a mitigation tool for methane emissions from dairy cattle. Animal, 15, S1, 10 pp.

												MacLeod et al. (2019) Impact of animal breeding on GHG emissons and farm economics. JRC Technical Reports, 47 pp.

												Wall et al. (2010) Developing breeding schemes to assist mitigation of greenhouse gases. Animal, 4, 3, 366-376.

												Eory et al. (2022) A scenario based approach to emissions reduction targets in Scottish agriculture. Scotland Climate Exchange, 104 pp.

												Barwick et al. (2019) Methods and consequences of including reduction in greenhouse gas emission in beef cattle multiple trait selection. Genetics Selection Evolution, 51, 18, 13 pp.

												Crompton et al. (2018) Enteric methane emission factors. Defra project AC0114, Final Report, 31 pp.

												Lactating Cattle, CH4 (g/day) := 15.8 * DMI + 88.6

												Non-Lacating Cattle, CH4 (g/day) := 17.6 * DMI + 45.9

												Eory et al. (2022) assume that changing breeding goals to include GHG emissions

												in dairy and beef results in a -0.15% / yr reduction in the Ym.

																														Lacating Cattle Model

																														Non-Lactating Cattle Model

																														2021 AAGHGI Output - Northern Ireland

																																Methane: Enteric Fermentation [kg CH4]		Area_Animal Number		Total GE [MJ]		Total Dry Matter Intake [kg]								Implied Average Ym (%):		Implied Average GE (MJ/kg DM)

																														DC1 Dairy Calves Female		4441962.34991263		1257652.43676		2828902607.66486		152990034.545584								8.74		18.49				2.25

																														DC2 Dairy Replacements Female		4444685.35583145		1077671.97456		3104681128.53787		167440537.938591		@ 55.65 MJ / kg CH4						7.97		18.54

																														DC3 Dairy In Calf Heifers		3340015.44281421		739308.069239999		2448437152.82059		131426765.725847								7.59		18.63

																														DC4 Dairy Cows		39417842.5523806		3820464		34084475400.4415		1841415567.7031								6.44		18.51

																																Methane: Enteric Fermentation [kg CH4]		Area_Animal Number		Total GE [MJ]		Total Dry Matter Intake [kg]								Implied Average Ym (%):		Implied Average GE (MJ/kg DM)

																														Beeffemalesforslaughter		18114922.2733755		4200658.41826062		12877750762.3707		696038524.95349								7.83		18.50

																														Bullsforbreeding		2026993.86502115		468670.0247063		1431612535.50725		77992723.1123903								7.88		18.36

																														Cerealfedbull		3553614.90285965		839530.39546509		2486800153.99517		135313950.539258								7.95		18.38

																														Cows		18779785.6351744		2913586.888		12714188056.5044		696045335.727501								8.22		18.27

																														Heifersforbreeding		1499627.51972167		330233.76611038		1074152896.26141		59010221.7619782								7.77		18.20

																														Steers		18550434.2927094		4248531.8698724		13327657775.8941		716985950.902491								7.75		18.59
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												Increased cattle productivity through increased uptake of improved genetics

												What exactly does this measure mean ?

														Is this increased milk yield in the DAIRY sector ?

														Is this increased finish live weight in the BEEF sector ?

																Or reduced regidual feed intake ?

																Or faster growth rate ?





		

																																		ROI t N fertiliser target reductions

														Reducing nitrogen usage through the incorporation of legumes in grass swards																				Year		2018		2025		2030

																																		tonnes		408,000		330,000		300,000

																The primary impact of white-clover is the reduction in fertiliser rates as biological fixed nitrogen does not contribute to direct nitrous oxide emissions																		% reduction				-19		-26

																																		% reduction per year (8 years)						-3.3

																We will not calculate the embedded CO2 (or N2O) in fertiliser manufacture

																Clover will reduce the protein content of the sward, and if we were being completist then this could raise nitrogen excretion by grazing livestock

																Census and FBS data for Northern Ireland does not allow for separation of temporary / permanent swards, nor fertilised / non-fertilised swards

																Need to agree a national reduction if fertiliser rate applied.

								Copy of Email sent previously

								Modelled Sward Uptake / Intake … With / Without White Clover

								Northern Ireland

																				Fertiliser Rate (kg/ha N)		0		50		100		150		200		250		300		350		400		450

								June Census Type		Manured		Management		Clover in Sward

								Temporary (1 to 5 yrs)		No		Exclusively		No						FracLeach (%) - Of Fertiliser		0.0		1.4		1.7		2.3		2.6		3.0		3.5		5.1		7.3		9.9

												Cut (Conservation Interval)								Off-Take / Intake (kg DM/ha)		4716.9		5981.4		7820.8		10598.4		11755.0		12679.0		13414.4		13827.1		14041.5		14138.5

																				Standing Root (kg DM/ha)		5740.9		5913.4		6020.1		5989.2		6005.6		6028.4		6061.1		6021.9		5960.9		5898.2

																				Renewal Nitrogen (kg N/ha) - Stubble and Standing Root		90.3		95.7		101.4		109.2		114.5		120.4		127.1		132.8		137.9		142.7

																				Renewal Frequency (%)		5.0		5.0		5.0		5.0		5.0		5.0		5.0		5.0		5.0		5.0

																				Direct & Indirect Nitrous Oxide (kg N2O-N/ha; EF: 1.00%; 0.75%)		0.0		0.6		1.1		1.6		2.1		2.6		3.1		3.7		4.3		4.9

																				Fertiliser Rate (kg/ha N)		0		50		100		150		200		250		300		350		400		450

								June Census Type		Manured		Management		Clover in Sward

								Temporary (1 to 5 yrs)		No		Exclusively		Yes - Recently Sown						FracLeach (%) - Of Fertiliser		0.0		2.2		2.1		2.6		2.8		3.1		3.9		5.6		7.9		10.4

												Cut (Conservation Interval)								Off-Take / Intake (kg DM/ha)		10659.8		11155.3		11884.6		13064.0		13614.7		14096.6		14458.9		14625.4		14686.6		14683.2

																				Standing Root (kg DM/ha)		6547.3		6515.8		6454.1		6291.9		6257.2		6242.1		6215.2		6140.9		6061.9		5987.4

																				Renewal Nitrogen (kg N/ha) - Stubble and Standing Root		130.4		129.8		129.1		129.1		131.1		134.2		138.0		141.6		145.3		149.0

																				Renewal Frequency (%)		5.0		5.0		5.0		5.0		5.0		5.0		5.0		5.0		5.0		5.0

																				Direct & Indirect Nitrous Oxide (kg N2O-N/ha; EF: 1.00%; 0.75%)		0.1		0.6		1.1		1.6		2.1		2.6		3.2		3.7		4.3		4.9

																				Fertiliser Rate (kg/ha N)		0		50		100		150		200		250		300		350		400		450

								June Census Type		Manured		Management		Clover in Sward

								Permanent (> 5 yrs)		No		Exclusively		No						FracLeach (%) - Of Fertiliser & Excreta Returns		9.7		7.8		8.4		11.3		12.8		14.9		17.4		20.1		22.9		25.7

												Grazed								Off-Take / Intake (kg DM/ha) @ Graze Efficiency 75%		3365.7		4032.4		4977.0		6397.0		6970.9		7354.5		7575.6		7693.9		7751.8		7771.4

																				Standing Root (kg DM/ha)		5588.9		5569.1		5489.2		5301.0		5262.9		5196.1		5112.2		5033.2		4966.3		4910.1

																				Renewal Nitrogen (kg N/ha) - Stubble and Standing Root		95.8		98.9		103.1		111.3		117.0		122.1		126.4		130.0		133.3		135.9

																				Renewal Frequency (%)		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0

																				Grazed Nitrogen Content (%)		2.4		2.4		2.5		2.8		2.9		3.1		3.2		3.3		3.4		3.5

																				Direct & Indirect Nitrous Oxide (kg N2O-N/ha; EF: 1.00%; 0.75%) - Exc Excreta		0.0		0.6		1.1		1.7		2.2		2.8		3.4		4.1		4.7		5.4

																				Direct & Indirect Nitrous Oxide (kg N2O-N/ha; EF: 1.00%; 0.75%) - Inc Excreta		0.7		1.4		2.2		3.2		4.0		4.8		5.6		6.4		7.2		8.0

																				Fertiliser Rate (kg/ha N)		0		50		100		150		200		250		300		350		400		450

								June Census Type		Manured		Management		Clover in Sward

								Permanent (> 5 yrs)		No		Exclusively		Yes - Sown > 3 yrs Ago						FracLeach (%) - Of Fertiliser & Excreta Returns		10.6		9.7		10.1		12.4		13.8		15.8		18.1		20.7		23.4		26.2

												Grazed								Off-Take / Intake (kg DM/ha) @ Graze Efficiency 75%		5329.1		5677.1		6196.9		7057.0		7436.6		7682.0		7825.4		7899.7		7929.8		7932.4

																				Standing Root (kg DM/ha)		5644.7		5590.5		5502.5		5335.4		5291.7		5214.0		5129.8		5052.7		4987.7		4932.1

																				Renewal Nitrogen (kg N/ha) - Stubble and Standing Root		112.9		113.5		114.8		119.4		123.4		127.0		130.3		133.4		136.1		138.5

																				Renewal Frequency (%)		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0

																				Grazed Nitrogen Content (%)		2.9		2.9		2.9		3.0		3.1		3.2		3.3		3.4		3.5		3.6

																				Direct & Indirect Nitrous Oxide (kg N2O-N/ha; EF: 1.00%; 0.75%) - Exc Excreta		0.0		0.6		1.1		1.7		2.2		2.8		3.4		4.1		4.7		5.4

																				Direct & Indirect Nitrous Oxide (kg N2O-N/ha; EF: 1.00%; 0.75%) - Inc Excreta		1.4		2.0		2.6		3.5		4.2		5.0		5.8		6.5		7.3		8.1
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Reducing replacement rate in Dairy Herds

2015-16 2016-17 2017-18 2018-19 2019-20 2020-21

Dairy herd replacement rate 31% 29% 27% 29% 30% 30%

• Ideal economic and environmental replacement rate – 20% (Dallago et al Canada 2021)

• Options to reduce replacement rate:
• Genetics – enviro-cow PTA

• Management

• Crossbreeding – Hansen et al Minnesota (2020)

• Quantifiable reduction in dairy farm emissions through fewer replacement heifers on dairy farms

• Impact on overall cattle emissions across dairy and beef?
• Reduced cull dairy cow beef

• Increased dairy bred beef animals for slaughter



Reducing Calving Interval in Dairy Herds

• Ideal economic and environmental replacement rate – 365 (days)? – 380 (days) more realistic target

• Options to reduce replacement rate:
• Genetics – Fertility Index PTA

• Management

• Crossbreeding – Hansen et al Minnesota (2020)

• Impact on overall emissions across dairy and beef?

• Reduced calving interval:-
• Increase in milk yield per cow per year

• Increase in dairy herd margins

• Increase in dairy bred beef calves

• Potential to maintain beef and milk output with fewer cows while increasing margins?

Year Calving Interval 
Milk Recording 

(days)

Calving Interval 
APHIS Analysis 

(days)

2019 405 402

2020 407 401

2021 405 400

2022 404

2023 403

Source: Dale Farm Milk Recording & C. Hamill CAFRE



Reducing N Fertiliser Use and Switch to Protected Urea

• Total N fertiliser deliveries in 2023 down by 33% compared to 2020

• Switching from CAN to Protected Urea significantly reduces N2O emissions

• Current fertiliser use considerably lower than 1995 peak

• But – impact on feed use and Nitrogen and Phosphorus balances?

• Necessity to maintain forage output
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Total Quantity of N delivered (thousand tonnes)
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Total Quantity of N delivered (thousand tonnes)

N fertiliser deliveries since 2018
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		Year		Total Quantity of N delivered (thousand tonnes)		of which N was present in Urea (thousand tonnes)

		2018		77.6		7.6

		2019		71.4		8.5

		2020		86.7		7.6

		2021		78.3		8.8

		2022		66.7		10.3		*no Q4 data for 2022

		2023		57.7
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Total Quantity of N delivered (thousand tonnes)

Year

Total Quantity of N delivered (thousand tonnes)

N fertiliser deliveries over the last 5 years
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of which N was present in Urea (thousand tonnes)

Year

Total Quantity of N delivered (thousand tonnes)

of which N was present in Urea



				Total Quantity of N delivered (thousand tonnes)

		Year		Q1		Q2		Q3		Q4

		2018		16.3		37.9		20.1		3.3

		2019		17.7		39.8		11.5		2.4

		2020		31.2		34.5		16.2		4.8

		2021		31.5		29.8		10.5		6.5

		2022		26.9		13.8		20.2		0		* no Q4 data for 2022





		



2018

2019

2020

2021

2022

Total Quantity of N delivered (thousand tonnes)

Quarterly deliveries of N per year



		



Q1

Q2

Q3

Q4

Total Quantity of N delivered (thousand tonnes)

Yearly deliveries of N per Quarter
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		Year		Total Quantity of N delivered (thousand tonnes)		of which N present in Urea (thousand tonnes)

		2018		77.6		7.6

		2019		71.4		8.5

		2020		86.7		7.6

		2021		78.3		8.8

		2022		60.8		12.4
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N fertiliser deliveries over the last 5 years



Historical N

		



of which N present in Urea (thousand tonnes)

Year

Total Quantity of N delivered (thousand tonnes)

of which N present in Urea
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		Year		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022

		Total quantity of N delivered thousand tonnes		104.0		70.6		73.4		76.1		79.6		93.1		97.5		109.5		103.8		93.8		109.4		116.2		87.8		105.5		116.9		128.2		131.7		114.3		107.2		106.3		121.3		114.1		103.2		97.7		103.7		85.5		81.9		82.6		78.8		65.3		60.8		77.4		61.5		70.1		84.2		66.7		65.0		79.0		81.9		77.6		71.4		86.7		78.3		66.7

				2023		2024		2025		2026		2027		2028		2029		2030		2031		2032

				74.8034		74.0992		73.395		72.6908		71.9866		71.2824		70.5782		69.874		69.1698		68.4656

						Year		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032

						Predicted trend		74.8		74.0		73.3		72.6		71.9		71.2		70.5		69.8		69.1		68.4
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Thousand tonnes

Total quantity of N delivered in NI 1979-2022



Urea

		



Year

Thousand tonnes

Total quantity of N delivered in NI 1990-2022



Lime

				Total Quantity of N delivered (thousand tonnes)

		Year		Q1		Q2		Q3		Q4		Yearly Total

		2018		16.3		37.9		20.1		3.3		77.6

		2019		17.7		39.8		11.5		2.4		71.4

		2020		31.2		34.5		16.2		4.8		86.7

		2021		31.5		29.8		10.5		6.5		78.3

		2022		26.9		13.8		20.2		0		60.9





Lime

		



2018

2019

2020

2021

2022

Total Quantity of N delivered (thousand tonnes)

Quarterly deliveries of N per year



Total Fert

		



Q1

Q2

Q3

Q4

Total Quantity of N delivered (thousand tonnes)

Yearly deliveries of N per Quarter



				Total Quantity of N as Urea delivered (thousand tonnes)

		Year		Q1		Q2		Q3		Q4

		2018		3.1		1.8		2		0.7

		2019		3.9		3.5		0.8		0.2

		2020		3.6		2		1.4		0.6

		2021		5.3		1.4		1.1		1

		2022		4.3		2		3.9		0





		



Q1

Q2

Q3

Q4

Thousand tonnes

Total Quantity of N as Urea delivered



		Year		Total Quantity of Lime purchased (thousand tonnes)

		2016		176

		2017		165

		2018		193

		2019		154

		2020		196

		2021		212

		2022





		



Total Quantity of Lime purchased (thousand tonnes)

Year

Thousand tonnes

Total Quantity of Lime purchased



		Year		Total Quantity of Fertiliser delivered (thousand tonnes)

		2018		309.2

		2019		281.3

		2020		342

		2021		312.4

		2022		232		*no Q4 data







Legumes and herbs

• Past research and experience of clover - CAFRE Beef and Sheep Centre

• Clover incorporation programme ongoing - CAFRE Dairy Centre

• Appropriate soil pH and fertility – SNHS

• Agrisearch ZeroNsile project on red clover

• Defra funded, Germinal led NEU-Leg project

• Teagasc Solohead into 4th year of a ‘Clover-Zero’ dairy system study

• Growing same forage yields (15 t DM/ha) as 275 kg N control

System Control Clover -
Zero

Kg N/ha 275 0

2021 15.5 15.4

2020 15.0 15.3

2019 15.5 14.9

Solohead Dairy Systems (t DM/ha)



Ruminant Genetics Programme and Dairy Bred Beef

Proportion of dairy bred male cattle slaughtered (%)  

• Considerable scope to select for improved longevity, fertility and feed efficiency
• Dairy bred beef – considerable scope for genetic improvement

Source: AFBI Bovine Information System (BOVIS)
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Sex breed type & slaughter age
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Sex breed type & carcass weight
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BOVIS Data

		

				Count		YoungBull		Steer		Heifer		Total		%

				PureDairy		24,586		48,559		12,928		86,073		15.1

				Continental dairy origin		6,439		34,844		28,422		69,705		12.3

				Native dairy origin		6,847		58,152		50,605		115,604		20.3

				Continental beef origin		27,246		106,982		92,816		227,044		39.9

				Native beef origin		4,948		38,537		27,087		70,572		12.4

				All		74,525		311,128		231,027		616,680

				Totals		70,066		287,074		211,858		568,998		100.0

																								Numbers		%

				Pure dairy proportion		24,586		48,559		12,928		86,073		15.1								Dairy origin beef		271,382		48

				Dairy origin proportion		13,286		92,996		79,027		185,309		32.6		100.0						Suckler origin beef		297,616		52

				Beef origin proportion		32,194		145,519		119,903		297,616		52.3										568,998

				Native beef proportion		11,795		96,689		77,692		186,176		32.7		100.0

				Continental proportion		33,685		141,826		121,238		296,749		52.2

				Mean weight (kg)		YoungBull		SD		Steer		SD		Heifer		SD						Mean weight (kg)		YoungBull		Steer		Heifer

				PureDairy		261		57.87		316		46.85		286		51.14						PureDairy		261		316		286

				Continental dairy origin		335		54.94		364		44.54		325		38.49						Continental dairy origin		335		364		325

				Continental beef origin		382		52.42		390		45.46		346		42.89						Continental beef origin		382		390		346

				Native dairy origin		316		50.97		342		41.35		304		35.12						Native dairy origin		316		342		304

				Native beef origin		345		56.15		355		46.46		312		40.87						Native beef origin		345		355		312

				All		325		75.43		359		52.8		325		46.03

				Mean Age (days)		YoungBull		SD		Steer		SD		Heifer		SD						Mean Age (days)		YoungBull		Steer		Heifer

				PureDairy		450		108.06		902		499.51		897		198.66						PureDairy		450		902		897

				Continental dairy origin		495		79.41		821		296.83		805		149.75						Continental dairy origin		495		821		805

				Continental beef origin		473		70.19		795		331.83		775		158.69						Continental beef origin		473		795		775

				Native dairy origin		490		84.13		772		214.07		754		132.41						Native dairy origin		490		772		754

				Native beef origin		477		76.64		754		292.9		742		159.71						Native beef origin		477		754		742

				All		469		140.84		806		392.79		777		262.8

				Weighted average AS		YoungBull

				PureDairy		11063700

				Continental dairy origin		3187305

				Continental beef origin		12887358

				Native dairy origin		3355030

				Native beef origin		2360196

				Days		469







Livestock Manures and Biomethane from Grass

Anaerobic Digestion of 2.5% of managed cattle and pig slurry (2021 GHG Inventory)

Biomethane proposals – KPMG + Action Renewables (2022):

• Proposed biomethane target of 1.4 TWh by 2030

• 70 No. 20 MW AD-Biomethane plants with feedstock:

• 48,000 tonnes grass silage

• 16,000 tonnes cattle slurry and 16,000 tonnes pig slurry

• Equates to an additional 6% of managed cattle and pig slurry utilised for biomethane

• Sustainable Utilization of Livestock Slurry (SULS) SBRI projects – separated slurry solids

• Potential to reduce manure emissions through slurry aeration and slurry additives



Understanding Carbon: 
CAFRE Dairy Farm
Michaela Tener
Sustainable Land Management Branch 
CAFRE



www.cafre.ac.uk

CAFRE Herd performance
Nutrition:
• Meal Fed per cow: 2.47t
• Feed Rate: 0.28kg/ltr

Replacement Rate: 27%

Breeding Performance:
• Calving Interval: 384 days
• Age at 1st Calving: 24.7 months

Herd Size:
181

Milk From Forage: 3,192 ltrs

Annual Production/cow:
• Liquid milk: 8,679 ltrs
• Milk solids: 680 kgs
• P: 3.48%
• BF:4.34%

http://www.cafre.ac.uk/
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Carbon Management at CAFRE

• Measure to manage

• Understand sources of emission

• Tool to support business planning

• Farm business sustainability

http://www.cafre.ac.uk/
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http://www.cafre.ac.uk/
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Agricultural GHG Emissions

GWP=Global Warming Potential

Carbon dioxide (CO2)
• Burning of fossil fuels - diesel
• Electricity

GWP 1

Methane (CH4)
• Enteric Fermentation
• Manure Management

GWP 27.2

Nitrous oxide (N2O)
• Fertiliser application
• Nitrogen cycling

GWP 273

GWP correct for AR6 report

http://www.cafre.ac.uk/
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CAFRE Dairy Enterprise
Calculated Emissions: 2193 tCO2e

*2022

http://www.cafre.ac.uk/
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Carbon Intensity

Top 25%: 1.18

NI Average: 1.38
Bottom 25%: 1.61

CAFRE: 1.23

*Figures quoted as kg CO2e/kg FPCM

http://www.cafre.ac.uk/
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Is CAFRE typical of NI dairy systems?

45.5%

17.0%

19.4%

13.5%

4.4%

39.6%

0.7% 18.0%

CAFRE

22.7%

14.7%

2.4%2.5%

NI Average

YES

http://www.cafre.ac.uk/
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CAFRE Journey to 2030
Potential GHG Reductions

-7%
-5%

http://www.cafre.ac.uk/
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Dairy Enterprise

Calculated 
Emissions

2193 t CO2e

Estimated 
Sequestration

-263 t CO2e

Net 
Emissions

1930 t CO2e

http://www.cafre.ac.uk/
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Key themes

• Measure to manage

• Understand sources of emission

• Tool to support business planning

• Farm business Sustainability

http://www.cafre.ac.uk/


Understanding Carbon: 
Mitigations and Adaptations

Alan Agnew
Senior Dairying Adviser, CAFRE
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How can we reduce emissions at 
CAFRE, Greenmount?

Livestock Forage Manure/FertiliserFeed

http://www.cafre.ac.uk/
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• Low Crude Protein Diets

• Higher Starch Diets

• Including Lipids

• Feed additives/methane inhibitors

• Origin of feed ingredients

Mitigating Emissions

http://www.cafre.ac.uk/
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• Genetic Improvement

• Reducing Age at first calving

• Improved fertility

• Improved animal health

Mitigating Emissions

http://www.cafre.ac.uk/
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Herd Genetic Report

http://www.cafre.ac.uk/
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• Grass/Legume Mixes

• Improved forage quality

• Inclusion of maize silage (or wholecrop) in diet

• Multispecies Swards

Mitigating Emissions

http://www.cafre.ac.uk/
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• Low Emission Slurry Spreading

• Use of inhibitors (protected Urea)

• Covering Slurry Stores

• Slurry additives/processing

• Nutrient Management Planning

Mitigating Emissions

http://www.cafre.ac.uk/
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Carbon Balance
Emission Reductions: tCO2e

• Improve milk from forage
• Reduce replacement rate
• Reduce fertilizer use
• Improve animal health
• Improve genetics
• Feed Additive

23.7
41.7
14.4
21.9
21.9
153.5

Additional Sequestration:
• 4.5 ha to forestry

tCO2e 
63.0

• Bulking of hedgerows 9.4

• Improved soil OM 115.5 
Total add. sequestration 187.9 tCO2e

Total reduction 277.1 tCO2e (13%)

Net Emissions improved by 465.0 tCO2e (21%)

http://www.cafre.ac.uk/
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Adaptations

Increasing 
number of cow 
tracks and entry 

points

Sward species, 
drought 

resistant?

Cooling fans in 
collecting yards / 

cattle housing

Further use of 
Breeding Indices

Shallow injection 
to reduce run-off

Volume of slurry 
storage

Home-grown 
cereals & 
proteins

Acreage of 
maize/wholecrop

http://www.cafre.ac.uk/
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Key messages
• Improving farm efficiency generally improves 

carbon efficiency as well as profitability – Win Win

• The aim is to maintain output while reducing 

emissions – We’re still producing food.

• Carbon is only one part of the story – Sustainability.

• Start the journey – Measure and manage.

http://www.cafre.ac.uk/
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