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Overview 

This workshop aims to equip participants with foundational knowledge and hands-on insights 
into GreenFeed technology for measuring methane (CH₄) emissions in livestock systems. 
Participants will explore where GreenFeed fits among methane measurement technologies, 
understand its components, and gain practical guidance on its operation. The workshop is 
designed for researchers and farm managers seeking effective tools for methane mitigation 
strategies. 

This training workshop is a joint activity of the Philippine and Vietnam Greenhouse Gas 
Measurement Hubs, through the support of the New Zealand Government’s Climate Smart 
Agriculture Initiative and the University of California, Davis. It is being undertaken to improve 
ASEAN regional capability in greenhouse gas measurement and support the objectives of the 
Global Research Alliance on Agricultural Greenhouse Gases. 

The workshop will be opened by the following representatives of the organisations engaged in 
providing the training: 

Prof. Roger Hegarty: The New Zealand Government’s Climate Smart Agriculture 
Initiative;  

 Dr. Shimels Wassie: University of California, Davis;  

 Prof. Amado A. Angeles: University of the Philippines Los Baños; and 

 Dr.  Glenn B. Gregorio: Center Director, Southeast Asian Regional Center for Graduate 
Study and Research in Agriculture (SEARCA). 

This workshop introduces participants to GreenFeed technology, its role in CH₄ measurement, 
and practical insights into its components and operation. GreenFeed is a robust tool for 
monitoring methane emissions from ruminants, designed for cost-effective and non-intrusive 
data collection. The workshop will provide participants with the knowledge to operate and 
integrate GreenFeed into research or farm systems for precise GHG monitoring and mitigation 
strategy evaluation. 

Instructors and Content Developers 

Professor Roger Hegarty 

A leading researcher in animal science and methane emissions, Professor Hegarty's expertise 
spans ruminant nutrition, feed conversion efficiency, and methane production mitigation. His 
interdisciplinary work integrates themes like grazing, residual feed intake, methanogenesis, and 
fatty acid metabolism. With over 300 citations on his methane-related studies, his recent work 
includes a universal equation to predict methane production in forage-fed cattle and innovative 
methodologies to estimate daily methane emissions using short-term breath measures. 

Mr. Graeme Bremner 

Mr. Graeme Bremner is a highly experienced Technical Officer with over four decades of 
dedicated involvement in animal research. He has been the principal technician responsible for 
the operation and quality assurance (QA) of the University of New England’s (UNE) respiration 
chambers and GreenFeed units. His meticulous approach to QA processes has facilitated 
groundbreaking research and the development of innovative methodologies in livestock 
management and environmental sustainability. Graeme's deep technical knowledge, practical 



4 

skills, and unwavering commitment to excellence make him an invaluable contributor to the field 
of animal science and research. 

Dr. Amelia Almeida 

Amelia is a Senior Lecturer in Animal Science at Massey University, New Zealand’s premier dairy 
research and teaching facility. She has international experience in Brazil, the USA, Australia, and 
New Zealand working in small and large ruminant feeding standards development and emission 
measurement. She has provided extensive input into these notes and advice on GreenFeed use 
in dairy systems. 

 

Module 1: GreenFeed Technology and Methane Measurement  

This initial module aims to equip participants with foundational knowledge and hands-on 
insights into GreenFeed technology for measuring methane (CH₄) emissions in livestock 
systems. Participants will explore where GreenFeed fits among methane measurement 
technologies, understand its components, and gain practical guidance on its operation. The 
workshop is designed for researchers, and farm managers seeking effective tools for methane 
mitigation strategies. 

 

1.1: Introduction to Methane Measurement Technologies 
Fundamental Principles of Gas Measurement 

Mass Measurement and Conservation of Mass: All gas measurement systems fundamentally 
rely on the principle of conservation of mass, which states that the total mass entering a system 
equals the total mass exiting it, provided no losses or accumulation occur. This principle forms 
the cornerstone of accurate greenhouse gas quantification1. 

To measure gases accurately, several critical parameters must be considered and monitored1. 
Flow rate is fundamental, as it determines the amount of gas passing through a system per unit 
of time and is typically measured in volume or mass. Pressure and temperature are essential 
for correcting gas density and volume, as both influence the behaviour of gases. Gas 
composition is another crucial factor, as it determines the specific properties of the gas, such 
as molecular weight and energy content, which are necessary for conversions between units like 
parts per million (ppm) and grams. 

Additionally, factors like humidity or water vapour content must be accounted for, as they can 
dilute gas concentrations and affect readings. Accurate measurement also depends on 
calibration parameters, which ensure that instruments are aligned to standard gases and their 
outputs are reliable. Finally, environmental factors such as flow disturbances and turbulence 
must be minimised or corrected to maintain measurement precision and reliability. 

 

 

 
1 Rella CW, Chen H, Andrews AE, Filges A, Gerbig C, Hatakka J, Karion A, Miles NL, Richardson SJ, 
Steinbacher M (2013) High accuracy measurements of dry mole fractions of carbon dioxide and methane 
in humid air. Atmospheric Measurement Techniques 6(3), 837-860. 
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Gas measurement systems typically consist of: 

• Primary Devices: These include flowmeters, which measure the flow rate of gases. 
• Secondary Devices: Tools that measure supportive parameters such as temperature 

and pressure, enabling corrections for gas expansion or contraction. 
• Tertiary Devices: Instruments that assess gas composition and quality (e.g., methane 

concentration). 

 

Figure 1. Critical Parameters for Accurate Measurement 

 

Measurement accuracy hinges on the calibration of flowmeters, which rely on the law of 
similarity (geometric and dynamic) to align laboratory conditions with field use. Violations of this 
law are a common source of errors2. 

Note on units: In gas measurement systems, the units measure by the sensors are usually 
different from the unit we need for analysis, reporting and/or decision making. Gas sensors 
typically measure concentrations in units like ppm, representing the number of gas molecules in 
a million molecules of air.  

For example, a methane sensor records a concentration of 2,000 ppm in a barn: 

1. Convert ppm to Molar Fraction: 

2,000 ppm=0.002 

2. Calculate Volume Using the Ideal Gas Law: At standard temperature and pressure (STP): 

V=n×RT÷ PV 

Where: 

V: Volume of methane 
n: Number of moles of methane 
R: Ideal gas constant (8.314)  
T: Temperature (in Kelvin) 
P: Pressure (in Pascals) 

3. Determine Mass: Multiply the methane volume by its molecular weight (16 g/mol) to calculate the 
mass of methane emitted. 

4. Aggregate Over Time: To calculate daily emissions, sum the mass of methane emitted over the 
measurement period. 

 
2 Boyes W (2009) 'Measurement of flow.' (Butterworth-Heinemann: Instrumentation reference book)  
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1.2: Where GreenFeed fits among CH4 Measurement Technologies 

This session will explore various CH₄ measurement technologies, comparing their strengths and 
limitations across several parameters. Participants will gain insights into how GreenFeed fits 
within the broader landscape of CH₄ monitoring tools and its application for research, policy 
development, and mitigation strategies.  

Tedeschi et al. (2022) provided a comprehensive summary of methane measurement 
techniques, categorising them based on their context and scale of application. These techniques 
are grouped into three main categories: Animal-Based Techniques, Facility-Based 
Techniques, and Large-Scale Techniques. 

1. Animal-Based Techniques: These methods measure methane emissions directly from 
individual animals or small groups, making them highly suitable for research purposes, 
as well as for evaluating feed and treatment studies. They are particularly effective in 
detecting variations within a population, enabling precise assessments of individual 
animal emissions or specific dietary interventions. Examples include respiration 
chambers, GreenFeed systems, and tracer techniques like SF₆. 

2. Facility-Based Techniques: These methods target methane emissions originating from 
manure and related storage systems in facilities such as barns or feedlots. Facility-based 
techniques are ideal for monitoring emissions at the source and are frequently used in 
manure management studies or facility-wide mitigation strategies. Examples include 
static chambers, ventilation rate methods, and sensor-based CO₂ balance 
approaches. 

3. Large-Scale Techniques: Designed for monitoring methane emissions on a broader 
scale, these methods are used to assess emissions across landscapes or regions. They 
are crucial for inventory reporting and policy-making, offering insights into total 
emissions from agricultural systems. Examples include satellite imagery, aircraft-
based sensors, and drone technologies. 

 

The choice of technology depends on the specific use case, whether it is evaluating treatment 
differences, assessing dietary or management strategies, informing policies, or monitoring 
emissions in small- or large-scale systems. 

We will focus on animal-based methane measurement technologies, which vary significantly 
in methodology, application, cost, labour intensity, and accuracy. Below, we categorise and 
compare commonly used CH₄ measurement methods, with a particular focus on techniques 
such as GreenFeed. 
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Overview of CH₄ Measurement Methods 

Method Cost Labour 
Intensity 

Accuracy Precision Scalability Advantages Disadvantages 

Respiration 
Chambers345

6 

High High High High Low Gold standard 
for precision 
and accuracy; 
controlled 
environment. 

Expensive, labor-
intensive, limited 
scalability, may 
not represent 
natural conditions. 

Polytunnels7

8910 
Moderate Moderate High Moderate Low Simulates semi-

natural grazing; 
captures group 
emissions. 

Limited to smaller 
studies, expensive 
setup. 

Restrained 
in Hood or 
headbox 
systems11 12 
13 14 15 16  
 
GreenFeed 

Moderate
/High 

 
 
 
 

Moderate 

Low 
 
 
 
 
 

Moderate 

Moderate 
 
 
 
 
 

Moderate 

High 
 
 
 
 
 

High 

Moderate 
 
 
 
 
 

High 

Suits hot 
climate if no 
airconditioning 
 
 
 
Portable, less 
invasive than 
chambers. 
Scalable, 
practical for 
large herds; 
works in grazing 
and confined 
systems. 

Requires animal 
restraint 
 
 
 
 
Limited to spot 
sampling requires 
animal training; 
bait feed may 
influence dietary 
trials. Multi-
sample needed 

SF₆ Tracer 
Technique17

18 

Moderate
/Low 

Moderate High Moderate Moderate/
Low 

Suitable for 
grazing animals. 

Technical 
expertise required; 
potential 
environmental 
concerns due to 
SF₆ gas. Less 
precise due to 
variability in air 
mixing and muzzle 
positioning 

 
3 {Pinares, 2014 #65} {Pinares, 2014 #65} 
4 {Johnson, 1995 #66} 
5 {Goopy, 2016 #68} 
6 {Della Rosa, 2021 #73} 
7 {Gaviria-Uribe, 2020 #69} 
8 {Goopy, 2016 #68} 
9 {Murray, 2001 #71} 
10 {Molina, 2016 #70} 
11 {Hristov, 2016 #72} 
12 {Della Rosa, 2021 #73} 
13 {Hegarty, 2013 #75} 
14 {Hammond, 2016 #74} 
15 {Manafiazar, 2017 #77} 
16 {Pinares-Patiño, 2008 #81} 
17 {Johnson, 1994 #78} 
18 {Della Rosa, 2021 #73} 
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Open-Path 
Laser1920 

High Low Moderate Low Medium Good for large 
herds; works in 
grazing and 
intensive 
settings. 

Expensive 
equipment, 
influenced by 
microclimatic 
conditions. 

Portable 
Accumulation 
Chamber 

Low Med low High High 20 min measure 
allows many 
animals/d. Used 
in Genetic 
Evaluation 

Short term value 
does not equal 
daily mean 

In Vitro 
Techniques21

22 

Low Low Low Moderate Low Effective for 
evaluating feed 
additives; 
replicable 
conditions. 

May not fully 
represent in vivo 
conditions. 

Cost: Includes both setup and operational costs. Labour Intensity: Evaluates the human resources required to implement 
and maintain the technology. Accuracy: Reflects the method's ability to measure CH₄ emissions correctly. Precision: 
Highlights the repeatability and consistency of measurements. Scalability: How easily the method can be implemented on a 
larger scale. 

 

No single method is universally ideal due to the wide variation in production systems, 
management strategies, and the inherent assumptions of each technique. For policy-making 
and large-scale monitoring, satellite imagery, drone measurements, and aircraft-mounted 
sensors are often the best choices. In contrast, comparing methane emissions from diets or 
mitigation strategies requires more controlled methods like respiration chambers, GreenFeed 
systems, or tracer techniques. 

Methane measurement technologies vary widely in methodology, application, cost, labour 
intensity, and accuracy. Choosing the appropriate technology depends on the intended use 
case, such as evaluating treatment differences, informing policies, or monitoring large-scale 
systems. Below, we categorise and compare commonly used CH₄ measurement methods, 
including GreenFeed. 

1.3: Components and Operation of the GreenFeed 
The GreenFeed system is an advanced tool designed for quantifying emissions of methane and 
other gases (CO2, H2, O2) from ruminants. Its innovative design enables non-invasive data 
collection while ensuring scalability and adaptability for both research and commercial 
applications. Below is a summary of what will be covered in this workshop, including a 
breakdown of its components and operations. During Practical No. 1, try to identify and 
understand each of these components in action. 

The key components are listed below and then pictorially described in the slides following (Slide 
set M1.1; Images courtesy of C-Lock). Note: GreenFeed Setup Part 1 - Component Overview 

 

 

 
19 {Tomkins, 2015 #86} 
20 {Well, 2005 #87} 
21 {Tilley, 1963 #62} 
22 {Yáñez-Ruiz, 2016 #64} 

https://www.youtube.com/watch?v=8CmNW0M92Ec&list=PLb5TahPpX7c6pl4aMIxkwhaetLNc5vjFi
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Key Components 

1. Measurement Chamber 

o Captures and analyses exhaled gases while animals feed 

o Aerodynamically designed to maximize gas capture efficiency, even under windy 
or variable environmental conditions 

2. Gas Analysers 

o Employ non-dispersive infrared (NDIR) technology to measure CH₄ and CO₂ 
concentrations with high sensitivity and accuracy 

o Equipped with calibration mechanisms to maintain accuracy over time 

3. Feed Dispenser 

o Provides controlled portions of feed to attract animals to the chamber 

o Enables frequent and reliable measurements by encouraging multiple daily visits 

4. Air Flow System 

o Continuously draws air through the chamber, mixing gases to ensure 
representative sampling 

o Includes airflow meters to measure the rate of air movement, a critical factor for 
emission calculations 

5. Data Management System 

o Logs real-time data, including gas concentrations, airflow rates, and 
environmental conditions 

o Transmits data wirelessly to cloud platforms for analysis and reporting 

6. Power Supply 

o Options include solar panels for remote applications, enhancing the system's 
scalability in diverse environments 

Operation 

1. Animal Interaction 

o Animals are attracted to the GreenFeed unit by bait feed dispensed into a feeding 
station. 

o During feeding, the system captures breath samples for analysis. 

2. Gas Sampling and Analysis: 

o The system measures CH₄ and CO₂ concentrations in real-time using high-
precision sensors. 

o Data corrections for temperature, pressure, and humidity are applied to ensure 
accuracy. 
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3. Data Processing 

o Methane flux is calculated by multiplying the measured increase in CH₄ 
concentration above ambient levels by airflow rates, applying the ideal gas law. 

o Results are presented as daily CH₄ emissions (g/day) or CH₄ yield (g CH₄/kg dry 
matter intake). 

4. Maintenance and Calibration 

o Regular calibration with standard gases ensures consistent accuracy. 

o Routine maintenance includes cleaning filters and checking airflow systems. 

 

Advantages 

• Provides non-invasive, high-frequency measurements of CH₄ emissions 

• Scalable (use on up to 20 animals in pen or grazing in one study) and suitable for diverse 
farming systems, including grazing and confined setups 

• Capable of collecting individual-level data for genetic and environmental studies 

• Some greenfeed can provide 2 different supplements to different animals 

 

Challenges 

• Requires animal training for consistent interaction with the system 

• Short-term measurement periods may introduce variability in emission estimates 

• Animals MUST be supplemented with some small pellet or grain to enable measurement 
to be made 

The GreenFeed system combines precision engineering and innovative design, making it a vital 
tool for advancing methane mitigation strategies and understanding ruminant emissions. 
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Photo credit: C-Lock Inc. 

Photo credit: C-Lock Inc. 
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Photo credit: C-Lock Inc. 

Photo credit: C-Lock Inc. 
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Module 2: Unpacking and Assembling GreenFeed Units 

2.1: Practical 1: Prepare, unpack and commence assembly of the GreenFeed 

This is a hands-on group activity to prepare, unpack, and assemble the Greeneed unit. Note: C-
Lock the GreenFeed manufacturer also provided video guidance on assembly as in links below: 

• GreenFeed Setup Part 1 - Component Overview 
• GreenFeed Setup Part 2 - Cart Assembly 
• GreenFeed Setup Part 3 - Mounting GreenFeed to the Cart 
• GreenFeed Setup Part 4 - Feed Bin 
• GreenFeed Setup Part 5 - Pipe/Conduit 
• GreenFeed Setup Part 6 - Fan and Airflow Meter 

 

Steps: 

1. Inspection and Preparation 
o Verify the package contents against the inventory checklist. 
o Ensure that all necessary components (e.g., feed hopper, air intake manifold, and 

electronics box) are present. 
o Review safety protocols and proper handling practices for components. 

 
2. Unpacking the GreenFeed Unit 

o Carefully unpack components, paying attention to the electronics box and air intake 
manifold. 

o Inspect all parts for damage during transit and report any issues immediately. 
 
 
 

https://www.youtube.com/watch?v=8CmNW0M92Ec&list=PLb5TahPpX7c6pl4aMIxkwhaetLNc5vjFi
https://www.youtube.com/watch?v=TIDOmhlPwO8&list=PLb5TahPpX7c6pl4aMIxkwhaetLNc5vjFi&index=2
https://www.youtube.com/watch?v=XtRo1qygjSU&list=PLb5TahPpX7c6pl4aMIxkwhaetLNc5vjFi&index=3
https://www.youtube.com/watch?v=nKvyYuHkjMc&list=PLb5TahPpX7c6pl4aMIxkwhaetLNc5vjFi&index=4
https://www.youtube.com/watch?v=yS8H_WcLD2g&list=PLb5TahPpX7c6pl4aMIxkwhaetLNc5vjFi&index=5
https://www.youtube.com/watch?v=2LBDE-pa3zE&list=PLb5TahPpX7c6pl4aMIxkwhaetLNc5vjFi&index=6
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3. Assembly Process: 
o Follow the assembly instructions for connecting the feed hopper, air filters, and 

sample line filter. 
o Attach the GreenFeed hood, ensuring the head proximity sensor and RFID reader 

are securely installed. 
o Set up the airflow system, connecting the fan, sample pump, and air filter housing 

as directed. 
 

4. Discussion and Classroom Review: 
o Return to the classroom if needed to discuss challenges encountered during 

assembly. 
o Address theoretical aspects, such as how airflow and proximity sensors contribute 

to accurate gas measurements. 

 

2.2 Configure & Trouble-shoot communications (Wi-Fi & SIM) Slide set M2.2 
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Photo credit: C-Lock Inc. 

Photo credit: C-Lock Inc. 

Photo credit: C-Lock Inc. 
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Photo credit: C-Lock Inc. 
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2.3: GreenFeed App Download and Introduction 
Participants will learn to use the GreenFeed Control Feed App to configure settings and monitor 
the system's operation in real-time. This is summarised in the 4 points below, then this is 
explained in detail using the MS PowerPoint (PPT) slides that follow. You can download the app 
to your phone pre-workshop. 

Activities:  
1. Connecting the App to the Unit 

o Download the GreenFeed Control Feed App from the Apple Store or Google Play. 
o Use Bluetooth or Wi-Fi to connect the app to the GreenFeed unit. 
o Familiarize yourself with the app’s user interface and key features. 

2. Monitoring in Real-Time 
o Track system metrics such as airflow rate, head proximity, and gas concentrations (CH4, 

CO2, O2, H2). 
o Ensure data collection meets the required standards for "Good Data Duration" (≥ 3 

minutes per visit). 
o Use the app to trigger commands such as feed drops or initiate calibration processes. 

3. Troubleshooting 
o Identify and resolve common errors (e.g., feeder jams or connectivity issues). 
o Practice using the app to reset the unit and check calibration logs. 

4. Discussion: 
o Reflect on the challenges and benefits of using the app for remote monitoring. 
o Share best practices for optimizing app connectivity and data accuracy. 

 

https://apps.apple.com/nz/app/control-feed/id1524038899
https://www.bing.com/ck/a?!&&p=c61aa48e8f8893c3674bb4cbec640c18a8be2d21f08ee71c85ef1525686f8c0cJmltdHM9MTczNzkzNjAwMA&ptn=3&ver=2&hsh=4&fclid=37087248-4a2f-6dc2-3ddd-616a4b756cd3&psq=Control+Feed+App&u=a1aHR0cHM6Ly9wbGF5Lmdvb2dsZS5jb20vc3RvcmUvYXBwcy9kZXRhaWxzP2lkPWNvbS5jb250cm9sZmVlZCZobD1lbi1VUw&ntb=1
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2.4 GreenFeed App details (Slide set M2.1) 
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2.5 Practice with App.  [Practical 2] 

 

In the classroom with the GreenFeed unit, we will have individuals run through some assigned 
tasks on the app cast on the big screen so we all learn the app functionality. These exercises are 
provided in a separate booklet. 

 

2.6 Power Options (Slide set 2.6) 
GreenFeed units can operate using the following power sources: 

1. Standard AC Power 

o Requires a grounded outlet (110V or 220V) 
o Recommended for indoor or confined settings where access to AC power is readily 

available 

2. Solar Power 

o Equipped with solar panels for outdoor use in remote or pasture settings 
o Includes a battery storage system to ensure continuous operation even during low 

sunlight periods 
o Important considerations: 

§ Adjust solar panel angles based on latitude and season 
§ Regularly clean the panels to maximize efficiency 

3. Battery Backup 

o Supports uninterrupted operation during power outages 
o Recommended for critical trials where data integrity is paramount 

4. Tips for Power Setup 

o Position the power source safely away from cattle and other animals 
o Secure cables to prevent damage and ensure proper grounding to avoid electrical 

hazards 
o Do not use power sources not approved by C-lock as this can hinder the warranty. 
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Module 3: System Setup, Tests, and Troubleshooting  

3.1 Using the GreenFeed User Interface (Slide set 3.1) 
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 3.2 GreenFeed User Interface: Working examples.  Practical 3. 

 

The exercises will be provided in a separate exercise book. 

 

Image credit Rouca Souza on Pexels 
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3.3 Gas Recovery and calibration: Principles 
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3.4 Gas Recovery and Calibration: Practical 4 
In this practical we will work in small teams to complete CO2 recovery tests so you are confident 
in doing these. Participants not actively involved may go back and practice with the GreenFeed 
user interface desktop. 
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Module 4: Data Access and Integrity 

In this workshop, we describe a manual way to extract the important data from the C-Lock 
website and summarize it using pivot tables in MS Excel.  However, recently there has been 'R-
code' created that has similar functionality and the user is referred to this published 
communication in the Journal of Dairy Science if you wish to automate data extraction. 

Martinez-Boggio, G., Lutz, P., Harrison, M., Weigel, K. A., & Peñagaricano, F. (2025). 
Greenfeedr: An R package for processing and reporting GreenFeed data. JDS 
Communications, 6(2), 227-230. https://doi.org/10.3168/jdsc.2024-0662  

 

Data download and summaries (Slide set 4.1) 

The GreenFeed User Interface allows a large number of data attributes to be observed in tabular 
and graphical forms, but it is important to be able to download the data into Excel files for closer 
examination and to summarise the moment by moment data into averages that can be used for 
statistical analysis. 

 

 

https://doi.org/10.3168/jdsc.2024-0662
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Data download: Practical 5 

The data download exercises will be provided in a different booklet. 
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Module 5:  Experimental Design and Management 

The GreenFeed system functions as a modified open-circuit respiration chamber, designed to 
collect spot samples of fore-gut gas emissions when animals visit for feed. This versatile system 
is adaptable to a range of settings, including pastures, feedlots, and tie-stalls, and is suitable for 
use with various livestock species, such as cattle, sheep, and goats. Each approach requires 
careful consideration of replication, randomization, and hypothesis formulation to ensure the 
validity and reliability of the results. Given the immense variety of uses and species, we are going 
to focus on tie-stalls which allow the most efficient use of GreenFeed units, particularly 
important when we have few or even one unit to work with.  

In free-stall systems (pens or grazing environments), animals have unrestricted access to the 
GreenFeed unit, and both the timing and frequency of measurements are entirely dictated by 
their voluntary visits. Since animal interactions with the unit are not controlled, these 
experiments typically require longer monitoring periods (weeks rather than days) and more 
animals to obtain enough data for reliable analysis. 

In tie-stall systems, each animal is individually walked to a central location in the shed for 
controlled methane emission measurements, typically lasting 3–5 minutes per session. 
Alternatively, the GreenFeed unit can be brought to the animal. To ensure representative 
sampling, measurements are repeated multiple times per day, ideally balanced across the 24-
hour cycle to capture diurnal variation in methane production. Additionally, the operator should 
allow a ~2-minute background measurement between animals to prevent residual gas from 
influencing subsequent readings. 

A critical distinction in statistical design is between replication and repetition: 

• Repetition refers to multiple measurements taken on the same animal over time. While 
repeated measures improve within-animal precision, they do not provide independent 
biological replication. 

• Replication requires multiple independent animals (i.e., true experimental units) 
receiving the same treatment under similar conditions. 

The unit of replication is the individual animal, not the number of repeated measurements taken 
per animal. Therefore, statistical analyses must account for the hierarchical structure of the 
data, treating repeated measures as within-subject factors rather than independent 
observations. However, while repeated measurements do not increase replication, they are 
critical for accurately capturing fluctuations in methane emissions throughout the day. 
Methane production varies due to factors such as feeding patterns, digestion dynamics, and 
circadian rhythms, making evenly distributed sampling across the 24-hour cycle essential 
for robust data interpretation. 

The hypotheses of the study will also determine the experiment design. Some common 
hypotheses are based on: 

• Treatment effects: Evaluating whether dietary or management interventions 
significantly alter methane production. 

• Diurnal variation: Testing whether methane emissions differ based on the time of day 
due to feeding and metabolic cycles. 
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• Inter-individual variability: Assessing the consistency of methane emissions across 
individuals within the same treatment group. 

 
As with all investigations, it is important to consider the power of the experiment being 
undertaken and whether it is adequate to detect significant differences if they exist. Your own 
statistician may advise on this, but you may also choose to access the University of California, 
Davis power calculator for enteric methane studies available at 
https://samplesizecalculator.ucdavis.edu/.  
 

5.1 Animals per Unit 
The recommended number of animals per GreenFeed unit varies by system. For free stall 
environments, it is advisable to have 20 to 40 animals per unit, though higher numbers may be 
accommodated depending on the goals of the analysis, such as phenotyping versus herd 
averages. In pasture-based systems, 15 to 30 animals per unit are recommended. However, 
higher stocking densities may result in fewer animals being sampled effectively, influenced by 
factors like pasture size. 

Maximum attempted animal numbers exceed 100 per unit in production dairy systems, which is 
typically too high to maintain accuracy. For pasture systems, numbers as high as 300 per unit 
have been attempted, but many animals did not utilize the GreenFeed machine, likely due to herd 
dynamics in grazing systems. As the number of animals per unit increases, visitation rates per 
animal tend to decrease.  

 

Indoor and Outdoor Protocols set ups 

Category Indoor (Free-stalls, Tie-
stalls, Robotic Systems) 

Outdoor (Feedlot Pens, 
Grazing Systems) 

Drop Dispense Interval 10–60 seconds 10–30 seconds 

Minimum Time Between Feeding 
Periods 

7,200–21,600 seconds 
(2–6 hours) 

3,600–14,400 seconds 
(1–4 hours) 

Maximum Drops per Feeding 
Time 4–25 4–25 

Maximum Feeding Periods 4–12 4–12 

 

Due to its wide range of applications, this discussion will focus on tie-stall setups, which provide 
the most efficient use of GreenFeed units, especially when only a few or even a single unit is 
available. 

 

 

 

https://samplesizecalculator.ucdavis.edu/
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5.2 Number of Animal Visits – Tie-stall 

Most studies using tie-stalls involve 3–6 spot measurements per day. Proper timing of these 
measurements is crucial to capture the hourly variation in methane production driven by feed 
fermentation in the rumen. The quality of these spot samples depends heavily on operator 
management and animal training—placid animals generally yield better results. 

Spot sampling is typically conducted over 4–6 days. Sampling methane emissions exclusively 
after feeding is likely to result in an overestimation of daily emissions, as methane production 
increases during the post-feeding fermentation period (See Figures on the next page). 
Conversely, sampling only before feeding may lead to an underestimation of daily emissions 
due to reduced methane production at that time. 

To ensure accurate and representative estimates of daily emissions, it is essential to balance the 
timing of measurements across the entire feeding cycle. 

 

Impact of sampling timing on daily methane emission estimates 

 

 

Special consideration should be given to selecting the number and timing of measurements 
when using interventions that drastically reduce methane emissions (e.g., bromoform, 
bromoform-containing algae, and 3-NOP). 
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5.3: Experimental Designs 

 
1Denmead O, Harper L, Freney J, Griffith D, Leuning R, Sharpe R (1998) A mass balance method for non-
intrusive measurements of surface-air trace gas exchange. Atmospheric Environment 32(21), 3679-3688. 
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Module 6:  Managing Animals and GreenFeeds during Experiments  

6.1 Routine Service Steps (Slide set 6.1) 
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6.2 Moving GreenFeed Units (Slide set 6.2) 

 

Photo credit: C-Lock Inc. 
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6.3 Animal Adaptation and Training 
The overall duration of the training and adaptation period last from 7 to 20 days, both indoor and 
outdoor. Animals that are already used to feeding boxes in the barn are generally easier to train 
to use the GreenFeed. For all the adaptation period it is essential to locate the GreenFeed within 
the eyesight of the animals. 

During training the “drop dispense interval” can be slightly adjusted, for example reduced to 10 
seconds in first days of adaptation, then increased to 20 seconds and then it is possible to use 
the experimental protocol. Outdoor could be useful to provide a small amount of feed around the 
GreenFeed unit or near to the GreenFeed chute.  

In some cases, there might be animals that are more difficult to train. In this case it is good 
practice to guide them into the GreenFeed and evaluate their behaviour. If they are reluctant, it 
is advisable not to involve them in the experimental trial. Generally, 50% of the animals adapt 
autonomously, 25% of the animals need an intervention, and the remaining 25% are more 
reluctant. A good training and adaptation period provides for the success of at least 70% of 
indoor animals and at least 50% of grazing animals.  

Having non-users located beside users of machines has proven to be helpful when later training 
those non-users. Spread concentrates in the chute or using salt licks may help entice animals to 
use the machine. When based on grazing, it is important that the machine is moved to the edge 
of the fresh pasture once strip wire is moved – animals should not have to move far to reach the 
machine as this will impact number of visits. 

The recommended minimum time for methane reading by GreenFeed is around 30-40 s to reduce 
(or avoid) the impact of wind speed and direction in the gas sampling (C-lock, 2016). 

In pastoral environments, the number of GreenFeed visits are lower than in feedlot systems 
(Cottle et al., 2015; Gunter & Bradford, 2015; Hammond et al., 2015a). This is explained by the 
fact that in feedlot systems, much of the diet is provided through the equipment, which 
encourages animals to visit the GreenFeed. However, in grazing systems, the forage is the feed 
to be evaluated, and any feed offered via the GreenFeed system is understood as an attractant 
to enable enteric methane measurement, which reduces visit frequency. 

An alternative to overcome difficulties of methane emission measurement in a grazing 
production system would be the extension of evaluation periods, thereby increasing the 
frequency of GreenFeed visits. 
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Slide set 6.3 
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6.4: The Role of Pellets in Enhancing GreenFeed Use 

The use of attractants in GreenFeed systems is crucial for ensuring consistent animal visitation 
without significantly altering their total feed intake. Pelleted feeds, in particular, have proven to 
be an effective attractant, encouraging voluntary visits while minimizing disruptions to primary 
diet composition. While this concern is less critical in tie-stall systems, where individual 
feeding is controlled, it remains relevant and worth considering across different experimental 
setups. 

Importance of Pellets as an Attractant 

Pellets offer several advantages in GreenFeed-based methane measurement studies. Research 
has shown that flavoured pellets can improve visitation rates and extend the duration of head 
positioning in the GreenFeed system, which is essential for obtaining reliable methane emission 
data. Mombach et al. (2018) found that pelleted Tifton bermudagrass hay flavoured with 
vanilla increased both the frequency and duration of animal visits compared to a protein 
supplement, leading to longer methane sampling times. Specifically, their study reported a 30% 
increase in visit duration and a 70% increase in pellet intake per feeding period when 
flavoured pellets were used. 
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Similarly, flavoured concentrate premixes in dairy cows have demonstrated that Flavors such as 
vanilla and fenugreek enhance palatability and intake. The strategic use of such flavours can be 
beneficial in ensuring that animals engage with the GreenFeed system frequently enough to 
provide representative emissions data while avoiding excessive energy intake that could bias 
results. 

Balancing Attractant Intake and Diet Integrity 

A key challenge in using pellets as an attractant is preventing overconsumption, which could 
influence total feed intake and, consequently, methane production. This is particularly relevant 
in free-stall and grazing systems, where animals have unrestricted access to GreenFeed. To 
mitigate this risk, studies suggest limiting pellet intake as a proportion of the total daily diet. For 
example, Hammond et al. (2016) noted that excessive high-energy attractants could alter 
rumen fermentation patterns, leading to unintended effects on methane emissions. Instead, 
they recommend restricting pellet intake to avoid significant dietary shifts. 

One effective approach is to cap the maximum amount of pellets dispensed per visit and per 
day. In the Mombach et al. (2018) study, pellet drops were limited per feeding period, ensuring 
that intake remained minimal relative to the total diet. 

Optimizing Pellet Distribution in GreenFeed Systems 

The implementation of pellet dispensing protocols should be tailored based on the feeding 
system: 

• Tie-stall systems: While less of a concern, pellet intake should still be controlled to 
maintain consistency in feeding patterns. Since tie-stall animals have scheduled 
feeding times, the use of pellets is primarily to facilitate compliance with GreenFeed 
sampling rather than as a dietary attractant. 

• Free-stall and grazing systems: Maximum daily pellet intake should be strictly capped 
to prevent animals from substituting their regular diet with GreenFeed pellets. 
 

To further refine the use of pellets, future studies could explore: 

• The effect of different pellet formulations (e.g., fiber vs. energy-based pellets) on 
GreenFeed visitation behaviour. 

• Long-term adaptation to flavoured pellets and potential shifts in animal preference over 
time. 

• The impact of restricted pellet intake on methane emissions consistency across trials. 
 
 
 
 
 
 
 
 



52 

References 

Boyes, W. (2009). 'Measurement of flow.' Butterworth-Heinemann: Instrumentation reference 
book. 

Denmead, O., Harper, L., Freney, J., Grivith, D., Leuning, R., & Sharpe, R. (1998). A mass balance 
method for non-intrusive measurements of surface-air trace gas exchange. Atmospheric 
Environment 32(21), 3679-3688. 

Rella, C. W., Chen, H., Andrews, A. E., Filges, A., Gerbig, C., Hatakka, J., Karion, A., Miles, N.L., 
Richardson, S.J., Steinbacher, M. (2013). High accuracy measurements of dry mole 
fractions of carbon dioxide and methane in humid air. Atmospheric Measurement 
Techniques 6(3), 837-860. 




