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“The real problem of food production occurs within a complex, mutually influential relationship of soil, 

plants, animals, and people. A real solution to that problem will therefore be ecologically, agriculturally, 

and culturally healthful. ...A good solution improves the balances, symmetries, or harmonies within a 

pattern - it is a qualitative solution - rather than enlarging or complicating some part of a pattern at the 

expense or in neglect of the rest.” 

 

 

        Wendell Berry, 

        Author of Solving for Pattern (1980) 
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Life Cycle Assessment in Agriculture: Potential Applications, 
Social Licence and Market Access  

Executive Summary 
With increasing attention to sustainability issues in the food sector has come a rising interest in metrics 
for measuring and comparing the environmental profiles of food production systems and food products. 
Evidence-based policy, as well as clear and transparent communication of environmental performance 
between supply chain stakeholders, has underscored the critical role of life cycle thinking and tools in 
decision-support contexts. 

Life Cycle Assessment (LCA) is a formalized methodology (ISO 14040-14044) that provides a quantitative 
approach to understanding the distribution of resource demands and environmental impacts along food 
product supply chains, as well as key mitigation levers.  The life cycle approach is essential to effective 
environmental management because important interactions may occur “upstream” or “downstream” 
along supply chains. This report identifies options for the use of life cycle assessment which might be 
adopted (or adapted for use) by industry and government regulators in Alberta.  

Industry Average Life Cycle Assessment 
The most common type of reported agricultural LCAs tend to be generic, industry-level analyses. The 
purpose of this kind of LCA is to develop a baseline understanding of the magnitude and distribution of 
resource demands and environmental impacts associated with production of a given commodity at a 
regional or national scale, along with key levers for mitigation actions. They are also sometimes used for 
the purpose of comparing impacts between different kinds of commodities available in the marketplace 
in order to support prioritizing interventions or environmentally informed consumption choices. When 
multiple analyses are applied to major commodity groups in the same regions, regulators can gain an 
improved understanding of how different sectors variously contribute to specific environmental 
concerns, whether at regional scales for issues like eutrophication of water bodies or for global concerns 
such as greenhouse gas emissions. When an LCA is repeated over time using consistent methodologies, 
this can also provide a reasonably robust basis for tracking changes in average industry environmental 
performance, or to assess how an ongoing transition in industry practices (for example, from 
conventional to conservation tillage) may be changing the average environmental profile, along with any 
associated trade-offs in key areas of environmental concern. 

Producer-level Life Cycle Assessment 
In order to better serve the needs of individual producers, a more contextualized approach to LCA can 
be implemented based on farming system typology. This approach can be useful in identifying beneficial 
practices in light of specific climatic, geographical, or socio-economic constraints, and with respect to 
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known, regionalized environmental sensitivities. Certification schemes at the producer-level will be 
particularly well-served by rigorous, context appropriate models and data. 

The most common application is calculator tools that allow end users to enter activity data via a user-
friendly interface in order to estimate the environmental footprints associated with products or 
activities. Such tools may be developed and managed by industry associations, NGOs, or regulatory 
agencies. Detailed calculators are now available that are specifically intended to help producers of 
agricultural commodities better understand and manage their activities for a defined subset of 
environmental objectives. For example, the Sustainable Agriculture Alliance has created the Fieldprint 
Calculator (http://www.fieldtomarket.org/fieldprint-calculator/) that allows individual farmers to model 
their specific production systems, and also proposes mitigation strategies and associated emissions 
reduction potentials for a range of management and technology interventions. 

LCA for Certification, Labeling and Communication  
The global market for environmentally preferable goods and services is estimated at 5.8 trillion dollars 
and growing at 4% annually.  Competition is becoming increasingly focused on the opportunities in this 
emerging market space. This is especially true for food, where environmental, health and social issues 
have sensitized consumers and the food industry. In this context, LCA can be an important tool in 
support of improving social license to operate, as well as leveraging access to emerging green markets. 

Certification and labelling programs based on LCA metrics are increasingly widespread.  Effectiveness of 
these certification and labelling programs, however, depends upon the relevance of the criteria used, 
the robustness of the certification process, the market share for the products and consumer preferences 
and preparedness for the labeling. 

Life Cycle-Based Certification and Reporting Approaches and Options  
Life cycle-based environmental footprint certification initiatives typically correspond to one of three 
approaches. The first is to award certification on the basis of a third-party verified life cycle assessment 
of production activities (e.g. Climate Declaration or Environmental Product Declaration).  The second is 
to require a demonstrated level of emission reductions for a given reporting interval or period (for 
example, the Carbon Trust Carbon Reduction Label). The third approach is to demonstrate lower 
environmental impacts than a product category benchmark (for example, the Climatop certification 
system requires a minimum of 20% lower emissions than the benchmark).  All three of these options 
require rigorous producer or company-level assessments (in the case of later food supply chain stages). 
Sector-level benchmark assessments of the life cycle impacts of key agricultural raw material supply 
chains may be required to support food company-level assessments and performance claims.   

Regulatory Applications for Agricultural Life Cycle Assessment 
Conducting LCA provides valuable learning for policy developers, regulators and program design 
specialists.  LCA shows the relative environmental performance of commodity sectors, and indicates 
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relative efficiencies of resource use and impacts.  The data from different management scenarios can 
help design incentives, understand trade-offs, and also identify regulatory needs and Beneficial 
Management Practices.  Since LCA allows for multi-criteria assessment at a specific point or along the 
entire supply chain, the reduced likelihood of burden-shifting when decisions are informed by life cycle 
thinking and tools results in better governance and regulatory policy. European experiences have 
demonstrated the efficacy of policies based on life cycle thinking – in particular, with respect to 
improving material resource efficiency - and LCA has been used to provide the necessary benchmarks 
and ranges of efficiencies.   

Conclusions 
Social license and market access will likely become increasingly contingent on the willingness and ability 
of producers and commodity groups to measure and communicate their environmental performance, as 
well as demonstrate a commitment to continuous improvement over time. 

Life cycle thinking and related tools like Life Cycle Assessment have become a critical component of 
effective environmental management.  The growth of standardized methods and certification/labeling 
schemes reveals the emergence of new norms and requirements that agricultural producers will face in 
order to maintain social license to operate as well as ensure access to current and emerging green 
markets. 

Future options for Alberta include: 

1. Undertake additional, industry average life cycle assessment studies of other major Alberta 
commodities to better understand relative and absolute environmental performance along with 
priority mitigation areas and BMP options. 

2. Use data envelopment analysis to define benchmarks and beneficial-practices for the most recent 
four commodity LCAs. 

3. Apply the lessons garnered from the initial four studies (i.e. the key supply chain hotspots and 
mitigation levers) to formulate priority industry and regulatory initiatives that are largely relevant 
for the Alberta agriculture sector as a whole. 

4. Develop communication/outreach materials to disseminate the highlights of these studies, and the 
utility of LCA generally, to Alberta agriculture sector stakeholders. 

5. Engage industry stakeholders in developing commodity-specific approaches and tools to enable 
more rigorous, life cycle assessment studies in support of producer-level mitigation efforts. 

6. Assess the extent to which the methods applied in the four studies correspond with existing or 
emerging international initiatives. 

7. Explore the utility of life cycle-based decision support tools for Alberta agricultural producers, such 
as commodity-specific environmental footprint calculators. 
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8. Explore options for certification and labeling of Alberta agricultural products, based on new or 
existing initiatives.  

9. Support time-series life cycle assessment studies to demonstrate the evolution of Alberta 
agricultural practices, resourced demands, and environmental impacts. 

10. Support industry stakeholders in establishing life cycle-based environmental performance 
objectives, along with measurement and reporting protocols. 

11. Encourage the incorporation of life cycle-based metrics in Corporate Sustainability Reporting in   
the Alberta food sector.  
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Introduction 
 
Since the mid-twentieth century, the development and application of new technologies in agriculture 
has enabled remarkable increases in food production globally. For example, agricultural innovations in 
genetic selection and fertilization have resulted in a more than doubling of cereal production, 
precipitating a price decline exceeding seventy percent in real terms (Tilman et al. 2001). This 
transformation has been of profound consequence for the least advantaged, who devote a 
disproportionate share of household income to food purchases. At the same time, the “Green 
Revolution” has not come without costs. Intensive agricultural practices contribute to a variety of 
adverse environmental effects. The energy intensity of industrial agriculture also raises concerns vis-à-
vis the declining availability of readily accessible fossil energy resources as well as the impacts of 
extracting and combusting fossil energy. (Pelletier et al. 2011, 2014).  

Along with localized impacts on biodiversity, food systems have been identified as a major contributor 
to regional and global environmental change. It is estimated that food systems alone contribute 15-28% 
to anthropogenic greenhouse gas emissions in developed countries (EU 2006). Food production is also 
the primary source of reactive nitrogen mobilization, accounting for roughly 80% of anthropogenic 
fixation (Socolow 1999, Galloway et al. 2004, 2008) due to enhanced biological nitrogen fixation in 
agriculture and the production and use of nitrogen fertilizers. Moreover, it is estimated that the food 
system consumes 12% of global terrestrial net primary productivity. This has non-trivial implications for 
energy flows within food webs, the composition of the atmosphere, and the provision of important 
ecosystem services (Imhoff et al. 2004, Pelletier and Tyedmers 2010).  

With growing populations, increasing affluence, and an on-going global transition towards diets that are 
higher in land and resource-intensive sugars, oils and animal products, pressure on agricultural 
production systems is accelerating. Between 1970 and 2000, global daily per capita caloric intake 
increased from 2411 to 2789 calories and is anticipated to further increase to 3150 calories per capita by 
2050 (FAO 2006).  Together, these pressures have brought the concept of food security to the fore of 
international food system discourse. Food security refers to state of universal ‘‘physical, social and 
economic access to sufficient, safe and nutritious food that meets dietary needs and food preferences 
for an active and healthy life’’ (FAO 2002). How to provide food security in light of increasing 
populations and shifting dietary patterns in face of climate change and competition for limited land, 
water, and other resources figures among the central governance challenges of the modern era. 

With increasing attention to sustainability issues in the food sector has come a rising interest in metrics 
for measuring and comparing the environmental profiles of food production systems and food products. 
Interested parties include consumers seeking to make environmentally informed consumption choices, 
regulatory bodies requiring science-based support for developing sustainable food policies, and industry 
stakeholders wishing to identify effective strategies for improving, differentiating and communicating 
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their environmental performance. The former aspect is fast becoming a priority industry concern both in 
terms of market access and social license. The frameworks and tools applied towards developing the 
necessary information base for these applications must therefore enable differentiation of products, 
production systems and contexts, and both technology and management alternatives via robust 
quantification of their environmental performance profiles. 

Life cycle thinking refers to a sustainability management approach that takes into consideration, to the 
extent feasible, all relevant interactions associated with a good, service, activity, or entity from a supply 
chain perspective for the purpose of improved decision-making. In the context of environmental 
management, the life cycle approach requires attention to material and energy inputs and emissions 
that occur along the entire “life cycle” of the activities of concern. This includes activities from the level 
of primary resource extraction through processing, distribution, use, and eventual disposal or reuse 
phases.  

The life cycle approach is essential to effective environmental management because important 
interactions may occur “upstream” or “downstream” along supply chains, and hence may not be 
immediately evident at a given focal point. It is also necessary to making transparent any potential 
trade-offs between different types of impacts associated with specific management interventions to 
help avoid unintended shifting of burdens – whether between supply chain activities or different kinds 
of environmental impacts (Pelletier et al. 2012). According to Klöpffer (2003, p. 158) “Life cycle thinking 
is the prerequisite of any sound sustainability assessment. It does not make any sense at all to improve 
(environmentally, economically, and socially) one part of the system in one country, in one step of the 
life cycle or in one environmental compartment, if this ‘improvement’ has negative consequences for 
other parts of the system which may outweigh the advantages achieved.” 

Life Cycle Assessment (LCA) is a formalized methodology for operationalizing life cycle thinking in 
environmental performance measurement and management. This methodology involves (1) 
inventorying the material and energy inputs and emissions associated with each stage of a product or 
service life cycle and (2) applying a suite of peer-reviewed impact assessment methods in order to 
quantify the associated resource, human health and environmental pressures. The methodology has 
been standardized in the ISO 14040-14044 series of standards, as well as in numerous private-body and 
national standards. 

LCA allows for identifying life cycle stages that contribute disproportionately to specific areas of 
environmental concern. Provided that consistent methods are applied to assessing different product or 
service systems, it is also conducive to comparing the resource efficiency and environmental profiles of 
alternative production technologies. At an aggregate level, it can be used to estimate the potential 
impacts of economic activities with respect to sustainability targets or thresholds at relevant 
geographical scales (Pelletier et al. 2012). A broad variety of published LCA studies of food products 
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have emerged in recent years. Taken together, these studies have provided a wealth of insights as to the 
distribution of resource demands and environmental impacts along food product supply chains, as well 
as key mitigation levers.  

Alberta Agriculture and Rural Development (ARD) supports environmental stewardship initiatives within 
the province of Alberta. Beneficial management practices (BMPs) among producers are identified and 
promoted in order to reduce or eliminate environmental risks and improve competitiveness. In support 
of developing an improved understanding of the environmental profiles of a subset of key agricultural 
commodities in Alberta, ARD commissioned the LCA consulting firm, Quantis, to conduct LCA studies of 
Alberta canola, potato, broiler chicken, and egg production. ARD now seeks to develop next steps in 
building upon this research in order to further the constructive implementation of life cycle-based 
environmental management strategies in the Alberta agriculture sector. In particular, ARD wishes to 
better understand how the results of this research, and the use of life cycle assessment in general, can 
be effectively used both by government and industry stakeholders in support of improving market 
access and social license for the Alberta agriculture sector. Within this context, this report is intended to 
provide an overview of current applications and options for the use of life cycle assessment which might 
be adopted or adapted for use by industry and government regulators in Alberta.  
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Life Cycle Assessment in Agriculture – Key Applications and 
Insights 
A perusal of the peer-reviewed and grey literature indicates that hundreds of agricultural LCA’s covering 
a broad range of commodities, production conditions and regions have been reported in recent years 
(for example, see Roy et al. 2009). These include both industry-level LCA’s, which attempt to 
characterize overall industry average environmental performance in producing a given commodity, as 
well as more focused LCAs whose ambition is to characterize in detail the life cycle impacts of a specific 
operation or production technology.  

Industry Average Life Cycle Assessment 
The most common type of reported agricultural LCAs tend to be generic, industry-level analyses. The 
purpose of this kind of LCA is to develop a baseline understanding of the magnitude and distribution of 
resource demands and environmental impacts associated with production of a given commodity at a 
regional or national scale, along with key levers for mitigation actions. They are also sometimes used for 
the purpose of comparing impacts between different kinds of commodities available in the marketplace 
in order to support prioritizing interventions or environmentally informed consumption choices. These 
comparisons, when undertaken on a robust and consistent methodological basis, enable an 
understanding as to how a given sector fits into the broader picture of consumption-related 
environmental impacts, as well as a general understanding of the key variables along the supply chain 
that are responsible for the greatest proportion of impacts.  

For example, some of the “rules of thumb” that have emerged from industry-average LCA modeling in 
agriculture and food products include: 

• the importance of fertilizer production and nutrient management (in particular, with respect to 
nitrogen) as a key variable in the environmental performance profile of agricultural crop 
production 

• the importance of feed efficiency and sourcing least environmental cost feed inputs in animal 
production supply chains 

• the high degree of variability seen with respect to “average” farm practices and performance, 
which typically reflects a combination of environmental, technological and social factors 

• the importance of energy mix in determining the relevance of processing activities in the 
environmental profile of food products 

• the importance of minimizing food waste to reducing overall, food system resource and 
environmental impacts 

Industry-level life cycle assessment can be usefully applied to define benchmarks of the average 
environmental performance profile of participants, along with the distribution of impacts that 
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characterize the variety of production practices and conditions within a sector. When multiple analyses 
are applied to major commodity groups in the same regions, regulators can gain an improved 
understanding of how different sectors variously contribute to specific environmental concerns, 
whether at regional scales for issues like eutrophication of water bodies or for global concerns such as 
greenhouse gas emissions.  

Moreover, when analyses are repeated over time using consistent methodologies, this can provide a 
reasonably robust basis for tracking changes in average industry environmental performance, or to 
assess how an ongoing transition in industry practices (for example, from conventional to conservation 
tillage) may be changing the average environmental profile, along with any associated trade-offs in key 
areas of environmental concern. A number of recently published time-series life cycle assessments 
demonstrating substantial improvements in resource efficiency and reduced environmental impacts for 
commodity agricultural products over 30-50 year intervals (for example, see Capper 2009, Capper et al. 
2011, Boyd and Cady 2012; and Pelletier et al. 2014) demonstrate the potential of LCA to support 
industry efforts to communicate their progress and hence leverage improved social license.  

One increasingly common and powerful application of industry average LCA is “data envelopment 
analysis” (DEA). DEA uses the distribution of data for key performance variables in order to identify both 
benchmarks (production frontiers) and best practice frontiers. The aggregate mitigation potential of 
shifting industry baselines towards demonstrated best practices is subsequently assessed (Iribarren et 
al. 2010). Such analyses may be used by industry associations and regulators as a basis for prioritizing 
interventions, defining and supporting best management practices and tracking progress with respect to 
defined objectives over time. For regulators, producer-level or industry reporting on performance 
relative to benchmarks and targets may also be linked to access to subsidies, resources, preferential tax 
rates, or other voluntary programming tools in support of incentive-based interventions. 

 

Producer-level Life Cycle Assessment 
Industry average benchmarks may be useful for participants, industry associations and regulators in 
terms of building an understanding of current performance, what may be the most important levers for 
leveraging improved environmental outcomes, as well as the observed distribution in performance 
across farms. However, high-level, industry-wide analyses also often mask the considerable 
heterogeneity in farm types, practices, and environmental conditions – each of which may influence the 
opportunities and constraints that face individual producers in achieving their environmental 
management objectives.  

In order to better serve the needs of individual producers, a more contextualized approach to LCA can 
be implemented based on farming system typology. This approach differentiates context-specific 
conditions and norms, data requirements, and impact assessment considerations in order to define sub-
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populations for analytical purposes.  Sub-populations might be defined based on climatic or soil 
conditions, scale of production, production technology, or other variables. Sensitivity to farm-specific 
conditions allows for more robust representation of the diversity of farm practices, along with actual 
production performance profiles, than will a generic, industry-wide average (Pradeleix et al. 2012). This 
approach can be particularly useful in identifying best practices in light of specific climatic, geographical, 
or socio-economic constraints, and with respect to known, regionalized environmental sensitivities. 
Here, processed-based models (for example, with respect to soil carbon or nitrous oxide flux) can be 
used in order to derive more representative estimations of farm-level impacts than are possible when 
generic emission factors are applied. Certification schemes at the producer-level will be particularly 
well-served by rigorous, context appropriate models and data. This approach may be challenging where 
substantial education and support for producers are necessary in order to enable their participation, or 
where data reporting, management and analysis requirements create a disproportionate burden for 
producers or project administrators. 
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LCA, Social License, and Market Access 
 

The increasing emphasis on evidence-based policy, as well as clear and transparent communication of 
environmental performance between supply chain stakeholders, has underscored the critical role of life 
cycle thinking and tools in decision-support contexts. Approaches to make such tools more accessible to 
user groups have also increased both in number and robustness. As life cycle thinking and tools 
gradually move into the mainstream, they are also increasingly seen as means to improve social license 
to operate, as well as leverage access to emerging green markets.  

Social license traditionally refers to the extent to which a local community accepts or approves of an 
entity’s presence or activities, regardless of their legal legitimacy. Social license is built over time, 
through a combination of demonstrated good practice, open and transparent communication, and 
ethical behavior.  Regional and cultural differences underscore that building the social capital required 
for social license may require attention to the specific needs and customs of the communities in which 
an entity operates. 

Changing demographics and technological conditions in agriculture, along with increased media 
attention to agriculture’s potentially adverse environmental effects, have served to increase the 
relevance of social license in this sector. The scope of social license that is necessary for agricultural 
producers has extended beyond the boundaries of traditional farming communities to include 
communities and stakeholder groups at larger scales that may be impacted by the effects of agricultural 
practices – for example, downstream communities in watersheds concerned with agricultural run-off. 
Ultimately, consumers of agricultural products in distant markets have also become stakeholders in the 
granting of social license to operate, since consumer purchasing decisions and market share can 
determine the economic viability of specific production norms in specific cultural and geographical 
contexts. Life cycle thinking and management contributes to this phenomenon, since it makes 
transparent the concentration of environmental impacts at specific supply chain stages. For agriculture, 
this is typically at the level of on-farm production. Social license and market access may hence be 
increasingly contingent on the willingness and ability of agricultural producers to transparently 
communicate their practices, and to make clear and measurable commitments to improve performance 
over time. A variety of life cycle-based tools and initiatives to facilitate agricultural producers in 
measuring and communicating their performance, identifying mitigation opportunities, and 
differentiating their products in order to improve social license and market access are currently available 
or under development. Several approaches and examples are discussed in the next section. 
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User-Friendly, LCA-based Tools for Measuring, Monitoring, and Mitigating 
Agricultural Activities 
 

In order to enable more widespread use of life cycle-based assessments of food supply chains for 
decision support, a variety of user-friendly applications targeting different audiences have emerged. In 
particular, these have focused on GHG emissions, although water, energy, and nitrogen footprints are 
also becoming increasingly common. The most common application is calculator tools that allow end 
users to enter activity data via a user-friendly interface in order to estimate the environmental 
footprints associated with products or activities. Such tools may be developed and managed by industry 
associations, NGOs, or regulatory agencies. 

At the consumer-level, calculators such as the Low Carbon Diet Calculator (developed by Bon Appétit 
Management Foundation -  see www.eatlowcarbon.org/) use a points system based on life cycle 
assessment studies to help consumers better understand the comparative environmental impacts of 
different food product consumption choices, including how impacts are distributed along product supply 
chains. On this basis, consumers can choose low carbon diets, ultimately influencing the relative viability 
of specific food supply chains on the basis of their carbon intensity. 

 Industry associations are also increasingly providing life cycle-based calculators targeting both their 
constituents as well as consumers of their sector’s products. SeaFish, a UK-based industry governance 
body, offers a calculator where users can enter specific or generic data for fish resource supply chains in 
order to derive estimates of the GHG implications of different sourcing choices 
(http://seafish.tictocdesign.com/co2emissions/tool/). The tool includes estimated GHG emissions for 
fishing, processing, and transportation.  

Also common are more detailed calculators that are specifically intended to help producers of 
agricultural commodities better understand and manage their activities for a defined subset of 
environmental objectives. For example, the Sustainable Agriculture Alliance has created the Fieldprint 
Calculator (http://www.fieldtomarket.org/fieldprint-calculator/). This tool, which is provided free of cost 
to corn, cotton, rice, wheat, potato and soybean producers, enables confidential, farm-specific 
assessments of a suite of environmental performance indicators: Land Use; Conservation; Soil Carbon; 
Irrigation Water Use; Water Quality; Energy Use; and Greenhouse Gas Emissions. Some of these 
indicators are calculated using life cycle-based methodologies. The Cool Farm Tool 
(http://www.coolfarmtool.org/) is another free, life cycle-based online greenhouse gas calculator that 
assists producers in measuring the carbon footprint of crop and livestock products. The Cool Farm Tool 
also identifies hotspots, and allows producers to test alternative management scenarios in order to 
identify those that will have a positive impact on the total net greenhouse gas emissions. 
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Along similar lines, the European Commission recently developed a farm-level life cycle-based GHG 
emissions calculator intended to accommodate the diversity of farming systems, climates and soil 
conditions in the EU-27 (Tuomisto et al. 2013). The calculator was extensively tested in a pilot phase, 
with the results of the testing subsequently used to improve the underpinning methods and data. The 
calculator allows individual farmers to model their specific production systems, and also proposes 
mitigation strategies and associated emissions reduction potentials for a range of management and 
technology interventions. While currently primarily focused on a single indicator (GHG emissions), the 
tools also reports farm-level energy use and nitrogen balances. Future work will likely prioritize the 
incorporation of additional, relevant environmental criteria. The tool provides a reasonable example of 
an approach that can simultaneously provide both for producer-relevant assessments tailored to 
context-specific conditions along with industry average benchmarks that are generated by aggregating 
production-weighted average producer results.  However, as with any modeling tool, the quality of input 
data is of paramount importance. 
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Life Cycle Assessment for Certification, Labeling and Communication 
Initiatives 
Certification and labeling provide a means of differentiating processes or products within product 
categories based on specified performance levels or characteristics. They are increasingly applied in the 
context of private sector, NGO, or government-sponsored initiatives to encourage more sustainable 
production practices and consumer choices (Borregaard and Dufey 2005). The premise behind such 
initiatives is that they create opportunities and encourage businesses to capitalize on emerging markets 
for environmentally sensitive products and practices. In essence, they are intended to harness market 
forces in creating enabling conditions both for producers and consumers to further sustainability 
objectives.  

The effectiveness of certification and labeling in actually leveraging improved sustainability outcomes 
depends upon several factors. First is the relevance of the criteria employed, and the robustness of the 
certification processes in accurately differentiating and communicating performance. Second is the 
market share for the certified or labeled products. Important here are consumer preferences, as well as 
consumer confidence in and recognition of the certification schemes and labels in question (Preiss 
1997).  

A plethora of environmental certification and ecolabeling schemes have emerged in recent years for a 
diversity of products and services. The market for environmentally preferable goods and services is 
estimated at 5.8 trillion dollars globally (Department for Business, Innovations and Skills 2012). Growing 
at an annual rate of 4% annually even through the global economic recession, the “green economy” is 
thought to be one of the sectors with the greatest job growth potential (Annual Growth Survey 2012). 
Competition between companies is therefore increasingly focused on gaining market share in this 
domain.  

This is particularly true for the agriculture and food industry, where increased media attention to the 
environmental impacts of food production, as well as health and social equity issues, has sensitized both 
industry and consumers to the concept and importance of sustainable food production and 
consumption. As a result, certified and ecolabeled food products represent one of the fasted growing 
food markets.  

In a review of the extent to which LCA is currently used to inform certification and labeling of seafood 
products (including fisheries and aquaculture products), Pelletier and Tyedmers (2008) reported very 
little uptake in life cycle thinking for certification/labeling initiatives in this sector. They underscored the 
importance of and key opportunities for implementing life cycle assessment principles and practices in 
order to improve the efficacy of sustainable seafood initiatives, and highlighted key variables for 
inclusion in certification and labeling schemes. This included organic certification initiatives – in 
particular for aquaculture supply chains reliant on agricultural feed inputs. In the last half decade, 
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however, life cycle assessment has seemingly become the gold standard for emerging environmental 
certification and labeling programs. A plethora of schemes based on life cycle criteria have emerged – in 
particular certification and labeling schemes associated with the greenhouse gas intensity of food 
products.  

Along with the rapid emergence of such schemes have come questions as to the integrity of the 
supporting methods and data, as well concerns regarding transparency, verification, and potential 
incidences of greenwashing. Consumers faced with multiple, competing claims based on different 
certification schemes report challenges in making informed sustainable purchasing decisions. At the 
same time, industry stakeholders indicate that the existence of multiple reporting schemes, each with 
differing methods and requirements, presents a major barrier to implementation of more sustainable 
production strategies (EC 2013). In the European Union, 76% of surveyed companies indicated 
agreement or strong agreement with the statement that a standardized methodology and supporting 
guidance would influence their decision to measure and communicate the environmental performance 
of their products, and 72.5% agreed that lack of consistency (i.e. multiple initiatives and ways of 
reporting) was one of the most important barriers to benchmarking and communicating environmental 
performance (EC 2013). However, industry respondents also evinced a lack of confidence in the capacity 
and quality of available methodological specifications and data to support potential mandatory 
applications or comparisons between products. 

 

Standardization Initiatives for Life Cycle-Based Methods 
In order to reduce market confusion, improve uptake by industry, and promote quality and consistency 
in life cycle-based certification and labeling schemes, a number of notable methods development and 
standardization initiatives have emerged. In general, these initiatives take the ISO 14044 standards for 
life cycle assessment, along with other international and national standards (in particular, GHG 
accounting standards), as the departure point. The objective is typically to provide more specific, sector-
relevant norms and guidance than are provided by existing reference methodology documents. 

For example, in support of the sustainable production and consumption objective identified in the 
European Commissions’ “Roadmap to a Resource Efficient Europe”, which set as a milestone to provide 
“the right incentives for citizens and public authorities to choose the most resource efficient products 
through appropriate price signals and clear environmental information,” the EC undertook to develop “a 
common methodological approach to enable Member States and the private sector to assess, display 
and benchmark the environmental performance of products, services and companies based on a 
comprehensive assessment of environmental impacts over the life cycle (‘environmental footprint’)” 
(European Commission 2011b, Pelletier et al. 2013). The resultant methods and guidance documents 
were subsequently adopted by the Commission as the reference methods for future voluntary or 
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mandatory applications associated with EU policies (Pelletier et al. 2013). Steps are on-going to develop 
product and sector-specific category rules for life-cycle based environmental footprinting that are based 
on the Product and Organization Environmental Footprint methods. Pilot developments include food 
sector product categories. 

Also in Europe, The European Sustainable Food Production and Consumption Round Table (FRT) has 
similarly developed a reference, life-cycle based protocol for environmental footprinting of food 
products called the “EnviFood Protocol.” Co-chaired by the European Commission, the FRT is comprised 
of key food and drink industry and supply chain stakeholders, regulatory and standardization bodies, 
and observer organizations. The FRT method (FRT 2013) satisfies the requirements of both ISO 14044 
and the European Commission Product Environmental Footprint standards.  

Several other initiatives at the international level are also on-going. For example, the United Nations 
Food and Agriculture Organization has established working groups in support of developing harmonized 
methods for environmental accounting in livestock supply chains. Of particular note is the Sustainability 
Consortium (TSC) – a network of academic, private sector and other stakeholder participants working 
together to provide robust, life cycle based metrics and data in order to drive sustainable innovation in 
product supply chains (http://www.sustainabilityconsortium.org/). The Consortium includes over 100 of 
the world’s largest companies, which collectively employ over 8.5 million people and produce a 
combined revenue of over 2.4 trillion dollars. Within the Sustainability Consortium, the Food, Beverage 
and Agriculture Sector Working Group is actively involved in developing food system-relevant metrics, 
data, and reporting protocols. As the Sustainability Consortium includes a variety of major food sector 
companies who likely source considerable volumes of raw materials from Canadian markets, this 
initiative may be of particular interest to regulators and industry stakeholders in Alberta. 

What is apparent here is that requirements to measure and communicate the environmental 
performance of food products is fast becoming the new norm in the food industry, and is increasingly 
possible due to the provision of rigorous and standardized methods. In practice, this means that the 
supply chain partners and consumers of individual producers and commodity groups will increasingly 
call upon them to demonstrate a commitment to reducing impacts through measuring and seeking to 
mitigate the undesirable environmental effects of their activities. The resulting competition between 
agricultural producers and food sector companies will facilitate shifting baselines towards more efficient 
and sustainable production practices.  

 

Life Cycle-Based Certification and Reporting Approaches and Options 
The implementation of life cycle-based environmental certification schemes (in particular, GHG 
accounting and labeling schemes) is an increasingly common response to growing concerns regarding 
resource depletion and environmental change. The overarching motivation for such schemes is to 
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provide both producers and consumers with reliable information regarding the comparative 
environmental performance of products and services in support of informed choice and improved 
environmental outcomes. More specifically, such schemes aim to identify, communicate and valorize 
environmentally preferable practices. Through certification and labeling, producers demonstrate their 
commitment to sustainability objectives compared to their competitors, and hence leverage both 
increased market access and social license. Several distinct approaches to certification and labeling may 
be differentiated, each with its particular strengths and weaknesses. 

 

Environmental Footprint Certification 
Life cycle-based environmental footprint certification initiatives typically correspond to one of three 
approaches. The first is to award certification on the basis of a third-party verified life cycle assessment 
of production activities (for example, Climate Declaration and other Environmental Product Declarations 
– see http://www.environdec.com/en/Climate-Declarations/#.UzmXdKIUjDs). Results are not assessed 
against a prescribed performance level, but rather may be communicated to suppliers or customers in 
support of informed choice. This approach relies almost entirely on market forces to leverage improved 
environmental outcomes, and requires a customer base that is relatively informed regarding the 
environmental impact levels that are typical of the product category in question. 

The second approach is to require a demonstrated level of emission reductions for a given reporting 
interval (for example, the Carbon Trust Carbon Reduction Label – see www.carbontrust.com) as a basis 
for certification. A potential drawback of this approach is the risk of disincentivizing investments or 
management changes that bring about substantial, one-time reductions in impacts. This may occur if 
such investments mean that it will subsequently become more difficult to demonstrate continued 
improvements and thereby maintain certification. Limits to performance improvement potential must 
therefore be carefully considered in setting certification requirements. An alternative here is to allow 
“carry-over” of reductions in excess of the target from one year to the next, or to amortize large 
reductions over multiple reporting intervals. 

The third approach is to demonstrate lower environmental impacts than a product category benchmark 
(for example, the Climatop certification system requires a minimum of 20% lower emissions than the 
benchmark – see www.climatop.ch). Compliance with offsetting targets may also be considered (for 
example, Soil & More – see www.soilandmore.com). This approach has the benefit of promoting a 
shifting industry benchmark that reflects evolving best practices and improvement potentials. However, 
ongoing assessments of average industry performance are both time consuming and expensive, creating 
substantial reporting burdens for producers as well as costs for scheme administrators. It should also be 
remembered that some farms benefit from favourable conditions including specific soil types, climatic 
conditions, proximity to sources of inputs and markets, etc. that make it inherently easier to perform 
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well relative to industry benchmarks.  Conversely, farms not benefiting from such conditions may be 
simply unable to even achieve the benchmark let alone superior performance despite substantial 
improvement efforts and investments. Unrealistic targets may disincentivize some farmers from seeking 
to participate. 

All three of these options require rigorous producer or (in the case of later food supply chain stages) 
company-level assessments. A key strength of these kinds of certification programs is that they can be 
based on widely recognized methodological norms for LCA. Such methods are typically publically 
available or may be purchased under license from the standards body (for example, the ISO standards). 

In general, however, few existing farm-level certification schemes actually require a rigorous, 
individualized process-based quantification of the life cycle impacts of farm products. Rather, producers 
more often need to demonstrate compliance with certain practices which have been identified as 
important via prior industry benchmark life cycle assessment studies. This is similarly true of organic 
agriculture certification schemes, which are typically not based on a life cycle approach, but rather on 
specific codes of practice. This type of scheme probably presents the lowest barriers in terms of 
reporting and verification requirements, as they may be developed based on once-off industry average 
life cycle assessments, or even on the basis of meta-analyses of published LCA literature. 

 

Company Level Monitoring and  Reporting 
Corporate Sustainability Reporting (CSR) in an increasingly common feature of the most successful food 
sector companies, as it is a powerful tool in maintaining and improving social license to operate. Some 
food sector companies may wish to inform consumers or supply chain partners regarding the average 
environmental profile of different products or product categories in order to support informed choice. 
They may also be motivated to demonstrate how such information is being used to guide internal goal 
setting, monitoring and decision making. As the power and importance of life cycle thinking becomes 
recognized, the frequency of inclusion of life cycle-based sustainability metrics as an integral component 
of CSR reports is similarly gaining prevalence.  

In this context, sector-level benchmark assessments of the life cycle impacts of key agricultural raw 
material supply chains may be required to support food company-level assessments and performance 
claims. Here, the individual performance of the individual farms that supply raw materials to food sector 
companies may not need to be monitored. However, companies may also set life cycle-based sourcing 
standards that individual farmers must fulfill in order to assist in meeting their overall impact reduction 
targets, and may use these standards to preferentially choose between producers on the basis of 
environmental criteria.  
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Food sector company monitoring and reporting activities have considerable potential for improving 
overall environmental outcomes in the food sector, in particular where large companies that source and 
market high volumes of agricultural products are involved. A disadvantage here is that such activities 
may not be third-party verified, or based on specific, widely endorsed quantification metrics. 
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Regulatory Applications for Agricultural Life Cycle 
Assessment 
Agricultural life cycle assessments can provide valuable inputs to a variety of regulatory context 
applications. Foremost is the learning value provided by life cycle assessment activities. Regulators are 
well-served by life cycle based information regarding the average environmental performance profiles of 
key commodity sectors, which can help in prioritizing sectors for mandatory or voluntary regulatory 
initiatives. Since LCA provides insight as to key levers and opportunities for improving resource 
efficiencies and reducing impacts, regulatory initiatives can be more effectively targeted. Careful 
attention to data distribution, assessment of alternative production technologies, scenario-modeling 
and data envelopment analysis of LCA results can help to identify Best Management Practices. These 
approaches can also contribute to understanding the aggregate mitigation potential that may be 
achieved through specific regulatory interventions. Because LCA provides for supply chain, multi-criteria 
measurement, it allows regulators to be attentive to potential trade-offs, hence reducing the likelihood 
of burden shifting – a fundamental principle of good governance. In sum, LCA-based information can be 
a valuable decision support resource in regulatory contexts.  

Experience in Europe, where life cycle thinking has already become a central component of policy 
support, underscores a number of valuable insights pertinent to expanding the role of LCA in agriculture 
and rural develop policy in Alberta. For example, in the recent Sustainable Consumption and Production 
(SCP) policy review, roughly 70% of respondents indicated that strengthening the requirements on 
material resource efficiency in existing SCP regulatory instruments would be an effective policy option 
(EC 2012). In the context of Alberta agriculture, life cycle assessment of agricultural commodities can 
support identification of material efficiency criteria that can help to achieve multiple environmental 
objectives. For example, fertilizer production and use is typically the dominant contributor to the life 
cycle impacts of agricultural products. Where reported fertilizer rates in a given commodity sector are 
disproportionately higher than recommended rates, material efficiency standards (i.e. fertilizer 
application rate:yield ratios) as criteria for access to programming, subsidies, or other policy-based 
incentives may prove particularly efficacious. Here, clear evaluation criteria for resource efficiency 
would be necessary. 

On the “demand side”, stakeholder participants in the SCP review indicated that preferential tax 
treatment for environmentally superior products, or elimination of subsidies for worst-in-class products 
could strongly contribute to enabling more sustainable production and consumption (EC 2012). Here, 
identification of benchmarks and proof of performance must necessarily be based on rigorous, life cycle 
approaches.  At present, in light of the emergent and evolving status of methods and the need for 
development of more comprehensive data sources in order to enable rigorous comparisons between 
products, stakeholders seemingly prefer voluntary over mandatory schemes. Such schemes could 
include, for example, benchmarking and communicating environmental performance on the basis of 
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methodologically compliant life cycle assessments, or agreements with stakeholders to set targets with 
respect to environmental performance for key commodities. This may require developing product 
category rules for LCA, beginning with priority products.  

Among the key messages garnered from consumer responses to the SCP were “knowing the 
environmental impact of what I buy is important,” and “there are too many different labels.” This points 
towards the necessity of regulatory intervention to ensure a common, consistent, and robust basis for 
environmental product declarations and differentiation.  
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Conclusions 
 

Agriculture and food systems make non-trivial contributions to environmental change at multiple scales. 
Social license and market access for agricultural producers will likely become increasingly contingent on 
the willingness and ability of producers and commodity groups to measure and communicate their 
environmental performance, as well as demonstrate a commitment to continuous improvement over 
time.  

Life cycle thinking and related tools like Life Cycle Assessment have become a critical component of 
effective environmental management. They also provide an increasingly prevalent and recognized 
vehicle for product differentiation. A plethora of standardized methods, decision-support tools, and 
certification/labeling schemes that are now available or under development for agricultural and food 
sector applications. This phenomenon points towards the emergence of new norms and requirements 
that agricultural producers will face in order to maintain social license to operate as well as ensure 
access to current and emerging green markets. 

Regulators and industry stakeholders in Alberta have already taken important first steps towards 
building an understanding of the life cycle impacts of key agricultural commodities in Alberta via LCA 
studies. These quantification exercises have also served to increase familiarity with life cycle thinking, 
generally, and what is required to successfully execute an LCA study. They have similarly contributed to 
establishing a methodological and data basis for further LCA studies in Alberta.  

However, these initial steps represent a starting point only in terms of the potential role and 
applications of life cycle assessment for Alberta agricultural sector stakeholders. A variety of options and 
elements should be considered in formulating strategies, along with short and long-term goals. Future 
options include: 

(1) Undertake additional, industry average life cycle assessment studies of other major Alberta 
commodities. Further studies would serve to better understanding the relative and absolute 
environmental performance of the major commodity groups, along with priority mitigation 
areas. Efforts to further improve the methodological and data basis for such studies is desirable. 
These studies could, in turn, be used to formulate Best Management Practices, along with 
supporting industry and/or regulatory body programs.  
 

(2) Use data envelopment analysis to define benchmarks and best-practice frontiers for the four 
commodities. Implement voluntary or mandatory reporting requirements, with incentives linked 
to implementing best practices, demonstrating continuous improvements, or achieving specific 
performance levels. 
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(3) Apply the lessons garnered from the initial four studies (i.e. the key supply chain hotspots and 

mitigation levers) to formulate priority industry and regulatory initiatives that are largely 
relevant for the Alberta agriculture sector as a whole. Implement voluntary or mandatory 
reporting requirements, with incentives linked to implementing best practices, demonstrating 
continuous improvements, or achieving specific performance levels. 
 

(4) Develop communication/outreach materials to disseminate the highlights of these studies, and 
the utility of LCA generally, to Alberta agriculture sector stakeholders. Emphasize how LCA can 
contribute to leveraging social license and market access. Encourage and/or support other 
commodity groups and stakeholders to undertake and communicate LCA studies on a common 
methodological basis. 
 

(5) Engage industry stakeholders in developing commodity-specific approaches and tools to enable 
more rigorous, life cycle assessment studies in support of producer-level mitigation efforts. 
 

(6) Assess the extent to which the methods applied in the four studies correspond with existing or 
emerging international initiatives. Engage industry stakeholders in developing an Alberta 
position with respect to these initiatives, taking into account potential implications for future 
market access for Alberta agricultural products. 
 

(7) Explore the utility of life cycle-based decision support tools for Alberta agricultural producers, 
such as commodity-specific environmental footprint calculators. Ensure a consistent 
methodological basis.  
 

(8) Explore options for certification and labeling of Alberta agricultural products, based on new or 
existing initiatives.  
 

(9) Support time-series life cycle assessment studies to demonstrate the evolution of Alberta 
agricultural practices, resourced demands, and environmental impacts for key commodities in 
support of improving social license.  
 

(10)  Support industry stakeholders in establishing life cycle-based environmental performance 
objectives, along with measurement and reporting protocols. 
 

(11)   Encourage the incorporation of life cycle-based metrics in Corporate Sustainability Reporting in   
the Alberta food sector.  
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Appendix A. About Nathan Pelletier and Global Ecologic 
 

Understanding and managing the environmental and social costs and benefits of economic activity has 
become a defining challenge of the modern era. This challenge provides the nucleus for the rapidly 
evolving field of sustainability measurement and management. Nathan Pelletier, principal of Global 
Ecologic, is an independent sustainability consultant specializing in environmental and social 
performance measurement and management strategies in food and other industrial systems. His work 
proceeds from the recognition that sustainability is the first principle of responsible management, 
whether at the level of private enterprise, regional, national or global governance.  

Pelletier works closely with clients to build an understanding of supply chain environmental and social 
sustainability performance and mitigation opportunities using a variety of cutting edge modeling 
frameworks. These include environmental and social life cycle assessment, environmental footprinting, 
supply-chain greenhouse gas accounting, energy analysis, and ecological footprint analysis. He is 
dedicated to delivering high-quality, cost-effective consulting services to meet the demands of citizens, 
firms and organizations committed to furthering sustainability objectives. 

Pelletier established Global Ecologic in 2006. He has since continued to expand his broad experience 
base in food system sustainability consulting services, working with a variety of small and large 
organizations to further their sustainability initiatives both at home and abroad. Having researched and 
modeled over 150 agricultural crop, animal husbandry, fisheries and aquaculture production, processing 
and distribution supply chains using ISO 14044-compliant life cycle assessment (LCA), Pelletier is 
recognized as an international expert in LCA of food systems, and a leader in the field. Examples of 
recent and on-going consulting projects include: 

• social and environmental life cycle assessment of the Canadian egg industry, including 
assessment of alternative housing technologies, for Egg Farmers of Canada 

• life cycle assessment of greenhouse gas emissions for egg production and processing supply 
chains in the United States for the American Egg Board  

• comparative life cycle assessment of the environmental performance (including GHG emissions) 
of the US national egg sector in 1960 and 2010 for the American Egg Board, Egg Industry 
Council, and United Egg Producers  

• development of a supply chain ecological footprint and greenhouse gas accounting tool 
incorporating LCA-based models of  agricultural, fisheries and animal husbandry product supply 
chains for a major international aquafeeds company (EWOS) to facilitate least-environmental-
cost feed sourcing (seven projects since 2006) 
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• life cycle assessment of tilapia aquaculture production in lake and pond-based systems, 
including processing and transportation to market ports for the leading global tilapia producer, 
Regal Springs  

• development of a supply chain greenhouse gas accounting tool for SeaFish Industry Authority 
(UK) for profiling high-volume seafood supply chains 

• provision of life cycle impact assessment data and advice to support strategic decision making 
for environmentally preferable product packaging for a microbrewery 

• Provision of food product greenhouse gas emissions intensity data for Bon Appétit Management 
Foundation Company (Compass Food Service), to be used in educating their institutional chefs 
as well as their on-line food product GHG calculator as part of the Low Carbon Diet Initiative 

Pelletier has similarly constructed and published LCA models of US national broiler poultry production, 
high and low-profitability conventional and niche swine operations in the mid-western United States, as 
well as three competing mid-western beef production technologies. All of these models are constructed 
using an ISO 14044-compliant LCA modelling platform developed by Pelletier for the purpose of high-
resolution analyses of crop and animal husbandry systems. This includes customized sub-models based 
on internationally recognized protocols and best-available scientific practice. Because the platform 
enables the use of identical modelling principles and parameters for context-specific applications, it 
ensures direct and robust comparability of model results within and across production systems and 
technologies.  

He also recently developed a macroscale screening-level social LCA using 28 social risk categories for 
trade-based consumption in the European Union (taking into account flows of internationally traded 
commodities) for the European Commission Joint Research Centre. This model characterized the social 
risks attributable to the trade-based consumption patterns of the average EU-27 consumer, as well as 
for EU-27 trade-based consumption in aggregate.  

Pelletier similarly recently completed drafting the life cycle-based European Commission Product and 
Organization Environmental Footprint methods, which will become the reference methods linked to any 
voluntary or mandatory applications associated with European Commission policy, as well as the 
European Sustainability Footprint framework. 
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