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1.0 Executive Summary 
 

Introduction and Purpose 

This technical review identifies the current state of Life Cycle Analyses (LCA) practice and scientific 

approaches developers and users of carbon footprinting tools are applying in beef farm-gate assessments.  

In so doing, it provides a roadmap of applicable LCA standards, other sectoral approaches, available 

guidance on beef carbon footprinting methods, and how users and developers of specific 

assessments/tools are making methodological choices and decisions. In particular, it focuses on areas of 

ambiguity in LCA application and understanding gaps and various data sources that can lead to divergence 

in results.  The review also describes the latest science on Global Warming Potentials (GWPs), soil/tree 

carbon sequestration and land use change (LUC) – important aspects that need consensus.  This review 

provides some recommendations for moving forward and is designed to set the stage for discussing how 

a standardized framework for beef carbon footprinting can be developed to give more consistency in 

results.  This review also captures current efforts by organizations conducting similar comparisons 

between beef footprinting tools/methods for the purpose of aligning results and informing the next phase 

of work. 

Carbon Footprinting Approaches 

The carbon footprint of a product or production system is based on an LCA methodology.  At the broadest 

level, full LCA guidance (e.g. ISO 14040/44) addresses several environmental impacts the user can 

consider, but for carbon footprinting the guidance is narrowed down to only the climate impact category 

(e.g. ISO 14067; WRI GHG Protocol Product LCA).  LCA’s were originally designed for industrial processes 

and several of the key databases that support LCA’s contain Life Cycle Inventory (LCI) emission factors 

(e.g. EcoInvent LCI databases).  It’s only in the last 15 years or so that LCA methods have been applied to 

agricultural products and production systems.  Given the complexity, diversity and inter-relationships of 

crop and livestock production systems, and the way they interact with global biophysical systems (soils, 

water, air), this complexity increases significantly over industrial applications.   

Despite high-level guidelines and standards that lay out the high-level requirements for conducting an 

LCA assessment, more guidance is needed on how to apply these methods to a unique product or process; 

a considerable amount of flexibility in decision-making is currently left to the user.  Key methodological 

choices that need to be made for agricultural production systems include: 

• Scope and system boundary – Defining the boundary (cradle to farm gate, cradle to processor or 
cradle to grave) is critical because it determines the scope of emissions to be included in the LCA.  

• Life cycle inventories – Compiling and quantifying emissions for inputs and outputs, as well as 
processes and activities within the specified system boundary, is critical to assessing impacts.  
Databases of LCI emission factors are available to support emissions quantification, but often 
these factors vary in the scope of pre-farm gate embedded emissions included, and the way they 
interact with the physical environment.  Therefore, the choice of which emission factor to use and 
its transparency matters. 

• Functional unit – Choosing a reference unit that describes the functional output of the product in 
quantitative terms, serves as the basis of calculations and reporting. Differences in functional 
units can cause confusion and inconsistencies across beef carbon footprint results. 

• Co-Product Allocation – Crop and beef production systems have many co-products associated 
with them, and if the boundary includes processing, the co-products expand (e.g. meat, hides, 
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tallow bones, renewable energy and in the case of dairy animals’ multiple dairy products).  These 
co-products necessitate the LCA practitioner to choose allocation rules to partition the 
environmental impacts to each product from the system, and in some cases between production 
systems (e.g. milk, meat, feed ration meal/oil), leading to variation in results. 

 

In general, there are many other methodological choices that are not always transparent that can lead to 

conflicting results for the same production system or region.  The goal of any LCA assessment is 

theoretically to provide enough information that another LCA practitioner can replicate the results.  In 

practice, most studies in beef carbon assessments/calculators/LCI databases do not provide this 

transparency.  This review and the subsequent engagement phase will attempt to ensure is that 

methodological differences do not mask true results in assessments or changes in production 

systems/management practices at the farm level.  

Useful Guidance for Moving Forward 

This review goes into significant detail on guidance that can be especially helpful towards narrowing and 

aligning on choices for the above items (Section 3).  The PAS 2050:2011 ‘pre-standard’ can be used in 

deciding how to treat emissions and removals from feed and food (biogenic emissions); emissions and 

removals from land use change (LUC) and biogenic and fossil carbon sources; impacts of carbon storage 

in products and requirements on how to treat GHG emissions arising from specific processes.  Several of 

the beef carbon footprinting tools apply this guidance in their methodologies (outlined in Section 4).   

For LUC, the recent Quantis guidelines (2019) may be a better source of updated guidance than PAS 

2050:2011, to bring more standardization towards how to treat land use and land use change emissions 

in supply chains and products that interact with the biophysical environment. The guidelines are meant 

to integrate with the pre-existing World Food LCA Database (WFLDB) project1 and given the substantial 

organizational support for the WFLDB methodology, it is likely the Quantis LULUC methodology will 

become the basis for all feed Life Cycle Inventory (LCI) databases in the future. This is an important 

consideration moving forward.  However, some of these guidelines still need to be piloted to understand 

data availability and remote sensing capabilities for different regions (see Section 7). 

Two key pieces of guidance – the Dairy Federation’s IDF Bulletin 479/2015 and FAO LEAP’s ‘Environmental 

Performance for Large Ruminants’ guidelines (with linkages to FAO LEAP’s Feed in Supply Chain) represent 

significant resources for GRSB towards aligning on common methodological approaches.  In the case of 

IDF, the initial IDF guide (2011) was driven by 46 IDF member countries to develop a dairy-specific 

approach to carbon footprinting that addresses common LCA challenges.  The updated Bulletin (2015) 

improves on areas of ambiguity by providing a decision tree for production units and co-products; the 

emission sources to be included in the LCI Inventory; an improved description of the allocation method 

for milk and meat; more clarity on the allocation for manure (treated as a residual) and more detailed 

guidance on attributional vs. consequential LCA methods.  The IDF Bulletin 479/2015 can be utilized by 

GRSB to ensure consistency between what emissions to include in the LCI inventory to farm gate, and 

associated quantification methods (at a minimum IPCC Tier 2 methods), along with useful guidance on 

                                                           
1 The WFLDB was launched in 2012 by Quantis (a multinational LCA firm) and Agroscope (the Swiss centre of excellence for 
agricultural research, which is affiliated with the Federal Office for Agriculture of Switzerland) to develop relevant, detailed, 
transparent, well documented and reliable data to allow for more accurate and comparable LCA in the food sector. 
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the decision tree for allocation of co-products at the farm gate level.  The entire process for developing 

the dairy approach is useful to understand as well. 

The FAO LEAP initiative was launched in 2012 because of challenges associated with livestock LCA 

assessments. As pointed out in Section 3, the guidelines draw important distinctions between LCA data 

collection for industrial systems, versus agricultural systems, where extensive modeling may be needed 

to define inputs and outputs.  In summary, the FAO-LEAP large ruminant and feed guidelines are aligned 

with the international guidance, standards and ‘pre-standards’ outlined in this Review.  Further, the 

guidelines provide a similar approach to providing rulesets for LCA method applications for beef 

production to farm gate as the IDF Dairy Bulletin, with helpful flow charts, examples and case studies.   

Across the board, being able to effectively handle soil organic carbon (SOC) stock changes is a gap. The C-

Seque initiative is looking into options to include soil carbon measurements into the LCA approach, 

possibly following FAO LEAP (and IPCC) guidelines. There is an acknowledgement that there will need to 

be a consideration of leakage (i.e. instances where there may be increases in emissions from other sources 

as a result of soil carbon increases) but this is not yet defined. The draft C-sequ guidelines for quantifying 

soil carbon sequestration for the dairy sector are expected by the end of 2019. 

Calculators, Tools, Assessments and LCI Databases  

Section 4 and 5 of this Review provide a critical analysis of the methods being applied in on-farm beef 

carbon footprinting tools and assessments, as well as the feed databases that support them.  This analysis 

was critical to identifying where variance in approaches may arise and helped to inform Section 8 of this 

review.  The farm level tools assessed include Bord Bia PAS2050 Carbon Footprinting Model, Cool Farm 

Tool v2.0 Beef and Crop Modules, Institut d’Lelevage CAP 2’ER tool, FAO’s Global Livestock Environmental 

Assessment Model (GLEAM) tool, Carbon Neutral Brazilian Beef assessment and Bovid CO2 used in Spain.  

It became readily apparent in assessing the farm-level tools, that the LCI databases that these tools draw 

upon as part of their methodology needed to be assessed as well, so EcoInvent, WLFDB, Feedprint, 

Feedipdia, Global Livestock Feed Initiative (GFLI) and Agrabalyse (French database) were included to 

understand potential points of deviation amongst the tools.  Many of the LCI databases are developed 

following the published standards and guideline documents, including FAO LEAP and the Product 

Environmental Footprint Category Rules (PEFCR).  However, a key finding of this study is the wide 

differences in the transparency of methodology descriptions and how the data in the databases are 

sourced. This is especially difficult to trace when the tool methodology document references another 

database, but the specific factor used is not specified.  More work on harmonization needs to be done in 

this area. 

In a review of published LCA assessments FAO reviewers identified several sources of deviation in 

approach - differences in characterizing animal classes and inventories, estimating dry matter intake for 

animal classes; characterizing feed ration components by animal class in sufficient detail, animal 

productivity estimates (feed conversion efficiency) and identifying manure storage systems correctly 

(more so for dairy operations).  As a result, the LEAP guidelines provide excellent guidance on defining 

IPCC Tier 2 methods that will help GRSB in deciding on how to harmonize these important elements of 

beef carbon footprinting methods. 

GWP Metrics, Carbon Stock Changes, and Land Use Change 

In Sections 6 and 7, the Review goes into detail examining the current science on GWP, carbon stocks and 

land use change.  First, there is variance among on farm calculators and tools regarding the global warming 
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potential (GWP) values (4th IPCC assessment report vs 5th IPCC assessment report values).  Second, and 

more importantly, there is controversy whether the IPCC values of GWP appropriately estimate the value 

of reducing CO2 or N2O emissions, relative to emission reductions of CH4.  In particular, there is concern 

over whether the GWP potential for methane fully accounts for its short-lived nature (with a lifetime in 

the atmosphere of about 12 years) such that the GWP exaggerates the importance of this GHG.  The 

Review provides analysis in this regard and identifies it as a gap for consideration in Section 8. 

For carbon stock changes, the Review identifies two general types: those that occur from land-use change 

in the year of land conversion and those that occur because of occupation of agricultural land that is 

undergoing carbon stock changes.  Within the second type there are three causes of carbon stock changes: 

1) land use change in the recent past (excluding those that happened in the year of conversion), 2) carbon 

stock changes due to management practices (e.g. drainage of organic soils) and 3) carbon stock changes 

due to recent land management changes that are still causing current carbon stock changes.  These are 

discussed in detail and gaps/recommendations are listed in Section 8. 

Grasslands contain substantial amounts of SOC and maintaining these lands as grasslands for cattle 

grazing helps ensure this carbon remains stored. Given this, there is an opportunity to potentially include 

this carbon sink in beef LCAs. A precedent for doing so exists in the Cap’2ER tool, which uses a default 

carbon sequestration rate of 570 kg C ha-1 yr-1 for rangelands and 80 kg C ha-1 yr-1 for non-permanent 

pastures. These values are based on averages for France. Although many LCA tools and LCI methodologies 

permit inclusion of carbon sequestration, its inclusion usually must be justified. For example, the WFLDB 

tool allows carbon sequestration to be included, but in practice it’s typically excluded due to uncertainty 

regarding rates and permanence.  Therefore, if included, justification for the rate and its permanence 

would be needed and consensus on how to do that is currently a gap. 

Although PAS 20150:2011, FAO LEAP and WFLDB LULUC methodology and excel-based tools provide a 

widely accepted practical methodology for estimating direct LUC (dLUC) and indirect LUC (iLUC) in the 

same country for which production is considered, there remain important gaps.  To implement a 

harmonized set of tools for land use change further work and testing on the ground needs to come to 

consensus. 

Gaps, Variance in Approaches and Prioritization in Alignment 

Section 8 identifies major gaps and sources of variation in carbon footrprinting for beef, with some 

recommendations for moving forward.  Prioritization for possible alignment on approaches needs to be 

done with stakeholder input: 

GWP Metrics – there is a need to harmonize on GWP values.  Some assessments and on farm tools use 

methane GWPs from the IPCC 5th assessment report (34 times the GWP of CO2) whereas the value of 25 

times the GWP of CO2 from AR4 is more common, and also aligned with IPCC 2006 Guidelines.  The 

methane GWP values used in different life-cycle inventory inputs to LCA may also differ, but this is often 

not evident in the methods. Next, GWP values for methane may not fully account for its short-lived nature 

(lifetime in the atmosphere of about 12 years) such that the GWP exaggerates the importance of this GHG.  

There is a gap in the guidance for using multiple warming potential metrics to identify optimum GHG 

mitigation strategies aligned with methane sources and specific management practices.  The existing IPCC 

GWP and Global Temperature change Potential (GTP), along with other metric options, provide an 

opportunity to develop and evaluate approaches to use multiple metrics. There are also valid reasons to 
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move towards using warming potential metrics, such as the new GWP*, that are based on sustained fluxes 

of CH4 rather than the IPCC GWP based on a CH4 emission pulse. 

Carbon sequestration – there is no agreement on integrating estimates of soil carbon sequestration. The 

lack of consistency in implementation and methodology is a major gap since carbon sequestration on 

grazing lands can have a large impact on the GHG footprint of beef. 

Direct and indirect land use change - Although the WFLDB LULUC methodology and excel-based tools 

provide a widely accepted practical methodology for estimating within country dLUC and iLUC there 

remain important gaps: a) guidance is limited on reconciling different data sources for areas of land use.  

When the source of basic data is general global databases (e.g FAOSTAT) results can be quite different 

than if more spatially explicit, high-quality land area data is used.  Further standardized methodologies on 

how to incorporate more refined spatial datasets on land use has not been harmonized.  b) the WFLDB 

LULUC methodology does not address iLUC in countries outside of where beef production is being 

assessed.  In the absence of harmonized methods, each stakeholder can provide their own estimate of 

the impacts of this iLUC.  These different estimates can have a major effect on the estimated carbon 

footprint. 

Dairy calves in a beef feeding operation and how to address the environmental burden - when dairy 

calves are grown for beef, the environmental impact of maintaining their breeding stock is primarily 

allocated to the dairy industry. This allocation of resources and emissions greatly reduces the 

environmental footprint of cattle raised from dairy calves.  For jurisdictions where a significant proportion 

of the meat comes from dairy animals, alignment on how to account for the burden needs to be 

addressed. 

Deficiencies in transparency and data quality assessment – published studies do not provide enough 

detail to disaggregate inputs for cross comparisons and replicate LCA results. Further, calculators and tools 

assessed in this report still lack detail in documented sources for emission factors databases and other 

data sources for transparency sake.  Very few published LCA’s assess data uncertainty or document and 

justify omitted sources. 

Differences in characterizing animal classes and inventories - defining animal classes on an operation 

(age, gender, operational stages) is important to linking energy requirements, weights, growth 

expectations, etc. to the inventory of inputs/outputs and other activities and processes.  Special 

consideration to dis-aggregating the life cycle stages and animal classes into discrete production systems 

(cow-calf, finishing or intermediary stages) and following the FAO-LEAP guidelines is recommended. 

Estimating feed Intake for animal classes - estimation of feed intake for animal classes drive Tier 2 

methods of estimating enteric methane emissions and excretion of volatile solids and nitrogen 

concentrations for manure-based emissions.   Reliably estimating feed intake values is critical and typically 

in Tier 2 methods it is based on NRC or IPCC animal energy requirements for each type of animal class, 

particularly for extensive production systems.  For finishing operations, the average dry matter intake data 

are typically readily available and therefore can be a source of primary data, but cattle in extensive 

operations require estimation. FAO LEAP guidelines specify important guidance. 

Characterizing feed ration components by animal class in sufficient and representative detail – two 

sources of variation are considered here – feed quality characteristics and whether feed is produced on 
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farm or imported. Emissions associated with feed production (production, processing, transportation and 

storage on and off farm) as well as feed quality values (digestible energy, crude protein, dry matter, etc.) 

introduce variation.  For on-farm, the IPCC Tier 2 methods take into account the digestible energy to 

calculate enteric emissions, and volatile solids and nitrogen excretion from feed components to estimate 

CH4 and N2O emissions (direct and indirect) from manure.  The source of the feed quality characteristics 

varies amongst farm level tools.  Further, published values for emissions associated with imported feed 

to the farm in various feed emission factor databases vary in system boundaries, and assumptions for LUC 

and carbon sequestration (see next section) so it’s important to ensure that double counting is avoided, 

and all emissions are included. 

Use of differing feed databases with varying scopes - since properly representing feed characteristics is 

an important parameter in beef LCA assessments, an important finding of this report is the variability in 

feed databases globally.  All of the databases assessed in this report (Section 3.3) include GHG impact data 

on the production of livestock feed, though there is significant variance in the boundaries of the LCA data 

and emissions sources and sinks included or excluded. A harmonized and transparent approach to utilizing 

feed databases and default emission factors for imported feed to beef operations is needed.   

Functional unit - ranges from live weight to live weight gain and carcass weight equivalent.  A harmonized 

unit at farm gate is needed for consistency purposes.  FAO LEAP guidelines identify that the appropriate 

functional unit is live weight because that is what is produced at the farm gate.  However, for multi-stage 

operations where animals are exchanged between operations (cow-calf to finishing or some intermediary 

stage) kg of live weight gain may be more appropriate to attribute carbon footprints to a stage of 

production until ‘farm gate’ is truly over and the animal moves to the processing stage. 

Scope and boundary - most of the studies and tools analysed in this report were up to the farm 

gate.  Industry level assessments typically involved cradle to farm gate for benchmarking and hotspot 

analysis purposes.  Very few studies identified temporal scopes outside the roundtable assessments.  Best 

practice in LCA assessments is to identify the spatial and temporal boundaries for the study. FAO LEAP 

provides clear guidelines and case studies to reference animal populations and how to treat temporal 

boundaries.  So too does the Cool Farm Tool. This could improve consistent approaches to beef carbon 

footprinting results. 

Allocation within farm gate - although setting the boundary at the farm gate simplifies allocation of co-

products, best practice guidance still recommends considering allocation of environmental impacts to 

feed rations (meal/oil), allocation of feed between co-ruminants, dried distiller grains (DDGS), manure 

and bioenergy products.  If manure has no market product value, then it can be treated as a residual.  IDF 

and LEAP co-product allocation decision trees for beef carbon footprinting provide pragmatic approaches 

to allocation. 

In summary, there may be other approaches needed to be considered moving forward but this Review 

should form the basis for a robust discussion when stakeholders are gathered.  On a final note, it’s 

important that as organizations struggle for accurate and representative GHG reporting in their corporate 

footprints, it’s likely more important to be consistent in the way LCA methods are applied over time, rather 

than trying to drive for consistency between.  This is especially important given jurisdictional differences 

in data availability and representativeness, therefore regional standardization approaches may be more 

important than trying to achieve global consistency.  In conversations held with organizations during the 

preparation of this Review, there seems to be a desire for more regional specificity with consistent 
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methodological choices (GLFI – regional feed databases; use of more country specific or subnational 

factors for emissions data). 

 


