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Preface

          

          The application of LCA to agri-food systems in
          developing and emerging contexts remains limited, but the approach
          has considerable potential to support and guide their transition
          towards sustainable practices. The demand for LCA studies of
          agri-food systems in these contexts is increasing rapidly, and
          relates both to agri-food systems for export and for local markets.
          Agri-food systems in developing and emerging economies present key
          particularities combining socio-economic, pedoclimatic and
          environmental aspects, which can be summed up according to three
          main characteristics: a great diversity of production systems with
          little reliable data; highly specific natural contexts with little
          data, knowledge and tools for informing the inventory and impact
          assessment phases (especially for tropical systems); and varying
          awareness and capacities among stakeholders in relation to
          environment and environmental assessment.


          These specificities pose important challenges for a
          reliable application of the LCA methodology, which will require a
          comprehensive answer. This guide takes the opposite view of the
          studies historically carried out remotely by Western consultancies
          on tropical agri-food systems in developing and emerging countries
          by promoting an approach based on fieldwork, designed with and for
          all stakeholders associated with the study.


          Another original feature of this guide consists of
          its elaboration process based on a participatory and
          consensus-building approach to formalize actual field experiences
          from a panel of senior international experts on LCA in these
          contexts. This elaboration process included a web-based
          questionnaire covering all considerations of LCA studies completed
          by nearly 30 identified experts from around the world and supported
          a consistent formalization of their practices. Best practices were
          then discussed and agreed-upon through four dedicated workshops.


          Unlike existing and numerous guidelines which are
          complementary to this guide, the present guide focuses on
          collaborative, ethical and operational aspects of LCA. It aims to
          help LCA practitioners successfully engage in this exciting
          adventure of undertaking LCA studies for agri-food systems in
          developing and emerging contexts. The guide also presents the most
          up-to-date and appropriate models to perform the inventory and
          impact assessment in these contexts and make clear recommendations
          on all components of the study.


          The core content of this guide is complemented by a
          substantial corpus of appendices to provide LCA practitioners with
          more detailed information.

        

        
Part 1
Introduction

          

          

          Claudine Basset-Mens, Angel Avadí, Cécile
          Bessou, Ivonne Acosta-Alba, Yannick Biard, Sandra Payen


          Chapter 1
LCA within developing and emerging
            economies

            

            

            Developing and emerging economies are defined by
            Ghemawat and Altman (2016) as countries, regions and economies
            that are not fully industrialized, in socio-economic terms,
            generally showing an average low to middle income and high
            inequality of income distribution. According to various
            international references (UN, FAO, etc.), those countries may
            include least developed countries (LDC) and low and middle-income
            countries (LMIC[1]). The application of life cycle assessment (LCA)
            for environmental assessment in these contexts is still very
            limited (Hou et al. 2015), especially in Africa (Karkour
            et al.
            2021). The scarce existing studies were generally commissioned by
            international or developed country-based institutions, or were
            carried out in the context of research activities financed from
            abroad. Recently, a growing interest is exemplified by some
            locally driven initiatives and emerging LCA networks (Bjørn et al.
            2013).


            Political and social conditions influence the
            capacity of agri-food stakeholders – i.e. in agriculture
            (including livestock), aquaculture, fisheries and food processing
            – to adopt new social or technical innovations. Such conditions
            may affect both the implementation of LCA and the use of final LCA
            results. Some specificities of developing and emerging contexts
            embedding potential consequences on LCA implementation and uptake
            are briefly presented in the following sections.

          
        
      

      Land tenure issues

        

        Land tenure issues have strong implications on the
        possibility of improving agricultural systems. Land ownership and
        decision-making processes on communal or private land use do not have
        the same implications; thus, land tenure issues should be identified
        before further analysis. Several governance rules were set since the
        end of colonialism (Focus on land in Africa (FOLA) 2018), but they are
        still failing to adequately consider property rights and customary
        land (Veit 2013). The FOLA website
        (https://www.wri.org/data/rights-resources-interactive-map) provides
        an overview of property rights issues and an interactive map of
        national experiences pertaining to land and natural resource
        rights.


        In many developing countries, national land reforms
        have generated inequality of access, with poor land access for women
        under state laws and customary arrangements. Encroachment onto
        indigenous peoples’ territories and common property resources such as
        protected areas are increasing due to economic and commercial
        pressures (UN-Habitat 2019). The Global Land Tool Network (https://gltn.net/ [image: ]) presents
        land access initiatives, while the World Database on Protected Areas
        (https://www.protectedplanet.net/ [image: ])
        lists and classifies protected areas; both address these issues on the
        global scale.


        In Asia-Pacific, around 80% of farming households are
        small-scale farmers. The main challenges in this region (where 13 of
        the world’s 23 megacities are located) regarding land access include
        economic transformation with growing inequality (increasing level of
        urbanization, private large-scale land acquisitions), vulnerability of
        women and indigenous people, and environmental degradation (UN-Habitat
        2015).


        Latin America has the highest inequality of land
        distribution compared with the rest of the world, and this remains a
        key unresolved historical issue on the continent (OXFAM 2016). The
        concentration of land ownership and land-grabbing are strongest in
        Argentina, Brazil, Dominican Republic, Mexico, Chile, Colombia,
        Nicaragua and Uruguay (Jarroud 2016). For instance, in Dominican
        Republic, the agrarian revolution has not been completed, leaving a
        considerable part of agricultural land with no formal property titles.
        In 1997, about 36% of private land was used by owners with no official
        title. In countries where public investment is low, this lack of clear
        land tenure rights may prevent investments for better agricultural
        development (Tejada de Walter and Peralta Bidó 2000).


        Other issues related to secure land access may hamper
        sustainable land use development. In Colombia, for instance, conflicts
        between the government and armed groups, which have driven refugee
        migrations between regions, have had a major impact on Amazonian
        agriculture. Raising cattle has been considered a valuable option
        within uncertain contexts, since livestock is a “mobile” agricultural
        asset. Now, improving livestock systems, e.g. with enhanced permanent
        pasture quality or silvo-pastoralism, could only be developed under
        peace conditions and with substantial support from companies,
        universities and research centres (Estrada and Holmann 2008).

      

      
Environmental vs. economic development
        concerns

        

        In contexts where the economy is becoming increasingly
        industrialized, and sometimes quickly, another key aspect relates to
        the potential trade-offs between economic development and
        environmental protection[2]. Growth-oriented
        strategies usually focus first on increasing production, often through
        conventional systems rather than more environmental-friendly
        practices. A related aspect may be the low environmental awareness of
        local populations, due to low levels of education and knowledge about
        the environmental pressures of socio-economic activities.
        Additionally, sometimes the lack of proper law enforcement may lead to
        misappropriation of funds allocated to development priorities due to
        corruption or insufficient field control when dealing with
        environmental protection laws (e.g. legislation protecting natural
        reserves). The environmental Kuznets curve highlights that
        environmental degradation increases with economic development until a
        difficult-to-predict (Bernard et al. 2015) tipping point is reached, and then
        starts to decrease (Du and Xie 2020). However, this model has been
        challenged based on evidence that some developing economies are also
        addressing environmental issues, and that the prevalence of conflicts
        and the quality of institutions are more important drivers (Stern
        2004; Kinda 2015; Sarkodie and Strezov 2018).

      

      
Most developing and emerging countries are located in
        the tropical zone

        

        Most developing and emerging countries are located in
        the tropical zone (in-between the two tropics), although not
        exclusively. The tropical zone can host extreme climate conditions,
        from humid to very arid climates. The history of those very contrasted
        climates has led to highly contrasted pedoclimatic conditions, with
        sometimes heavily weathered soils, very arid areas or areas facing
        regular floods, etc. In most extreme contexts, the development of
        agricultural activities has long been hampered by extreme events and
        the lack of proper infrastructure to enable resilient development.
        Nonetheless in some humid tropical zones, soil and climate conditions
        may also provide optimal conditions for faster crop rotations and even
        more frequent harvests per year on the same field compared to
        temperate climates (Table 1.1). Such diversity in natural conditions
        has obviously led to a unique range of adaptation strategies and broad
        diversification of practices. In such optimal conditions, where the
        soil has been protected by the natural vegetation, there is also
        critical competition for land between agri-food systems and still
        pristine environments with a high biodiversity (e.g. the agricultural
        and livestock frontier expands in the South American Amazonia at the
        expense of rainforest and Pantanal biomes; the cotton-growing frontier
        expands in Sahel areas at the expense of savannah systems). Such
        competition has led to land conflicts, imbalances in ecosystems and
        support for the development of more resilient agricultural development
        pathways.


        Table 1.1. Pedoclimatic factors influencing
        temperate and tropical agriculture.


        
            	Factors


            	Temperate agriculture systems


            	Tropical agriculture systems

          

            	Climate


            	Four
            seasons with winter rains
Lower humidity
Lower
            temperature


            	Dry
            vs. wet season(s) with heavy rainfall events
Higher
            humidity
Higher temperature

          

            	Soil


            	Higher natural fertility
Higher organic
            matter
Lower decomposition rate
Lower
            leaching


            	Lower
            natural fertility
Lower organic matter
Higher
            decomposition rate
Higher leaching

          

            	Sources: Hartemink (2002); Six et al.
            (2002).

          




        The specific soil and climate conditions, combined
        with the diverging long-term evolution of socio-technical agricultural
        systems, have led to a wide range of agri-food systems, both in terms
        of practices in fields (as well as in ponds and seas for fish and
        seafood products i.e. "blue foods", Gephart et al. 2021) and in terms of food
        processing and value chain organization. The evolving socio-technical
        systems have been influenced by many factors, including colonialism,
        governmental instability, development funds, population growth rates,
        etc. Compared to more industrialized contexts, the combination of
        complex tropical conditions and precarious socio-economic contexts –
        with no safety net such as mutualized risk management within Europe –
        has led to a lack of standardization of agri-food systems such as that
        observed today in many countries (e.g. among European countries). From
        past shifting cultivation to sedentary intensive systems, very
        diversified agri-food systems co-exist still today in tropical and
        emerging countries, which will have implications for the application
        of LCA.

      

      
Inadequate input issues

        

        The environmental impacts of agri-food systems in
        developing and emerging contexts are often influenced by
        underperforming or inadequate inputs (e.g. homemade aquafeed,
        over-fertilization, pesticides designed for another crop, highly
        polluting fuels, etc.). In many cases, producers use these inputs
        because there are no suitable or economically interesting
        alternatives, or because they do not have enough knowledge on
        available and feasible alternatives. For instance, African small-scale
        horticulture farmers often use pesticides designed for cotton or other
        cash crops (Avadí et al. 2020b). Many Peruvian fishmeal producers
        use heavy residual fuels instead of natural gas, because the gas
        pipelines simply do not reach them or are overloaded (Fréon et al. 2017).
        Many Zambian and Peruvian small-scale fish producers cannot afford
        commercial aquafeed, or its transportation to remote locations, and
        thus rely on homemade feed (Avadí et al. 2015, 2021). Most market vegetable
        producers in Benin over-fertilize their plots with manure and compost,
        mainly due to ignorance on the nutrient content of these organic
        inputs (Avadí et
        al. 2021a).


        Moreover, benefiting from economies of scale is less
        widespread, especially in developing contexts, due to gaps in
        infrastructure (e.g. poor roads impede efficient transport, sparse
        irrigation infrastructure hinders controlled irrigation, and poor
        landing facilities increase vessels’ fuel consumption and generate
        product losses).

      

      
Research and development priorities and
        capacities

        

        Finally, in developing and emerging contexts, research
        and development priorities vary regionally depending on the
        development levels and invested resources, while globally, agri-food
        systems face new or tougher challenges related to worldwide trends and
        changes (Table 1.2).


        Table
        1.2. Trends and challenges in food and agriculture in developing
        contexts.


        
            	Trends


            	Challenges

          

            		Population growth,
                urbanization and ageing

	Global economic growth,
                investment, trade and food prices

	Competition for natural
                resources

	Climate change

	Agricultural productivity
                and innovation

	Transboundary pests and
                diseases

	Conflicts, crises and
                natural disasters

	Poverty, inequality and
                food insecurity

	Nutrition and health,
                including the connections among environment, agriculture and
                infectious diseases of poverty

	Structural change and
                employment

	Migration and
                agriculture

	Changing food
                systems

	Food losses and
                waste

	Governance for food and
                nutrition security

	Development
                finance




            		Sustainably improving
                agricultural productivity to meet increasing demand

	Ensuring a sustainable
                natural resource base

	Addressing climate change
                and intensification of natural hazards

	Eradicating extreme
                poverty and reducing inequality

	Ending hunger and all
                forms of malnutrition

	Making food systems more
                efficient, inclusive and resilient

	Improving income earning
                opportunities in rural areas and addressing the root causes of
                migration

	Building resilience to
                protracted crises, disasters and conflicts

	Preventing transboundary
                and emerging agriculture and food system threats

	Addressing the need for
                coherent and effective national and international
                governance



          

            	Sources: WHO 2013; FAO 2017a.

          




        National agricultural research systems in developing
        countries in particular are usually understaffed and underfunded, thus
        a large proportion of agri-food research is carried out in cooperation
        with, or directly by, international institutions. For instance, the
        main global agricultural development research institution, the Consultative Group on International Agricultural
        Research
        (CGIAR), devoted 11% of its expenditure in 2008 to strengthening
        national agricultural research centres across the world, 8% to
        environmental protection, and under 50% to increasing productivity,
        plant enhancement and breeding, and research on production systems
        (Lele et al.
        2010). Public agricultural research and development investment has
        increased worldwide in the last 40 years, notably in Latin America,
        Asia-Pacific and China. However, West Asian and African public
        investment has remained relatively low. The relevance of extension
        services (i.e. agri-food advisory) proved valuable in improving both
        agronomic performances and environmental protection (Lele et al. 2010).
        Unfortunately, these services show uneven coverage and efficiency, and
        often farmers remain isolated with no access to technical advice or
        capacity-building support.


        

Chapter 2
The purpose of this operational
          guide

          

          

          This operational guide focuses on applying LCA to
          agri-food systems in a range of socio-economic contexts, from least
          developed to emerging economies, mainly within the tropics.
          Agri-food systems are defined as all systems providing food, fibre
          and bioenergy products based on agriculture, livestock, aquaculture
          and fisheries. This guide aims to provide solutions to overcome the
          specific issues found by LCA practitioners in developing and
          emerging contexts, by consolidating the knowledge from the
          literature and formalizing LCA practitioners’ experience in these
          contexts. Feasible and practical solutions are preferred, namely
          those that are useful under severe resource constraints, but more
          sophisticated and resource-intensive solutions are also
          discussed.


          Over the last two decades, LCA has become an
          essential framework for the environmental assessment of agri-food
          systems at various scales, from the cropping system to the rest of
          the value chain and even entire agricultural regions. Applying LCA
          to agri-food systems, is supported by a number of methodological
          developments and resources. These include dedicated guidelines for
          direct emission models, life cycle inventory (LCI) databases, life
          cycle impact assessment (LCIA) methods, sets of characterization and
          normalization factors, and multiple research initiatives aimed at
          overcoming unresolved issues[3]. Existing LCA resources, such
          as background inventory databases on technologies and practices or
          emissions models, are generally tailored to developed and temperate
          contexts, where LCA was first developed. Hence, the vast majority of
          LCA resources available nowadays represent production systems
          operating mostly in temperate and developed contexts, where large
          statistical and field measurement datasets were available to develop
          various models.


          Putting LCA into practice for agri-food systems in
          developing and emerging economies is more recent and faces specific
          challenges, related to both the socio-economic and biophysical
          specificities of these contexts. As already mentioned, tropical
          agricultural systems can be highly diversified and complex (e.g.
          tropical agroforestry systems), while data is often missing to
          characterize this diversity and calibrate existing models, which
          have been calibrated for temperate conditions. Moreover, in the
          tropics some environmental issues may be particularly severe such as
          water deprivation, salinization, soil quality and biodiversity
          losses. They may require specific parameters in LCA (e.g. regional
          characterization factors (CFs) that are thus far mostly lacking for
          tropical zones).

        

        
Chapter 3
Standards, guidelines and
          tools

          

          

          The international organization for standardization
          (ISO) 14040 and 14044 standards (ISO 2006a, b) describe the LCA
          methodology procedure. All subsequent standards, guidelines,
          databases and tools are ultimately based upon the ISO 14040/44
          standard. ISO 14040/44 determine the four phases of LCA, namely goal
          and scope, inventory analysis, impact assessment, and
          interpretation; they also include the mandatory and optional
          elements of LCA. Appendix
          A [image: ] presents an overview of the ISO norms 14040 and
          14044.


          The goal and scope phase demands particular
          attention as it determines the rules for the rest of the study (see
          study design in Chapter 8 “Co-designing the study with
          stakeholders”). See Table 3.1 for the exhaustive list of items that
          should be included in a goal and scope definition.


          Table 3.1 Elements of the goal and scope definition
          according to ISO 14040 (verbatim from ISO 2006a).


          
              	Goal


              	Scope

            

              		the intended
                  application

	the reasons for
                  carrying out the study

	the intended audience,
                  i.e. to whom the results of the study are intended to be
                  communicated

	whether the results are
                  intended to be used in comparative assertions intended to be
                  disclosed to the public




              		the product system to
                  be studied

	the functions of the
                  product system or, in the case of comparative studies, the
                  systems

	the functional unit
                  (FU)

	the system
                  boundary

	allocation
                  procedures

	impact categories
                  selected and methodology of impact assessment, and
                  subsequent interpretation to be used

	data
                  requirements

	assumptions

	limitations

	initial data quality
                  requirements

	type of critical review
                  (CR), if any

	type and format of the
                  report required for the study



            




          Beyond ISO 14040/44, and the ISO 14020/25 standard
          describing the rules for LCA-informed environmental labels and
          declarations, several general guidelines were developed by various
          institutions to help practitioners implement the LCA framework
          according to best available practices and methods. Harmonization of
          LCA practices is a challenging endeavour given the flexibility in
          the LCA framework as described in the ISO standards, but also given
          the need to regularly update emission and impact modelling according
          to continuous scientific advances. A summary of existing guidelines,
          tools and databases is presented in Figure 3.1.


          
              [image: Fig3-1.jpg]
            



          Figure 3.1. Non-exhaustive overview of LCA standards,
          general and sector-specific guidelines, and related tools around the
          world.


          In this figure, one can
          measure the number of existing guidelines, tools and database.
          Partial LCA applies a life cycle approach but focusses only on one
          or a few environmental indicator(s) such as global warming potential
          (carbon footprint) or water deprivation (water footprint).
          BPX2011-30-323-0 is a French standard describing the general
          requirements for the implementation of the LCA approach for the
          French eco-labelling program, for all products. BPX2011-30-323-15 is
          a French standard describing the specific requirements for the
          implementation of the LCA approach for the French eco-labelling
          program, for food products. AGRIBALYSE corresponds to the French
          reference environmental database for agricultural and food products.
          The MEANS (MulticritEria AssessmeNt of Sustainability) platform is
          the result of the decision of the French National Institute of
          Agricultural Research (INRAE), and since 2018 of the French
          agricultural research and international cooperation organization for
          development (CIRAD), to provide the scientific community with
          comprehensive and modular software for multi-criteria assessment of
          agricultural and agri-food systems. YUKA is an application for
          smartphones that allows scanning the labels of food and cosmetic
          products and provides a detailed information on their quality
          (nutritional for food) and attached health risks. The ecoinvent
          database provides well documented LCI process data for thousands of
          products, across product categories, helping LCA practitioners
          inform their background modelling. Agri-footprint is a LCI database,
          focused on the agriculture and food sector. HESTIA (Harmonized
          Environmental Storage and Tracking of the Impacts of Agriculture) is
          an online platform to enable the sharing of food sustainability data
          in a structured, open source and standardised way. The FAO EX-ACT:
          Ex-Ante Carbon-balance Tool accounts for GHG emissions covering the
          entire "Agriculture, Forestry and Other Land Use" (AFOLU) sector,
          including agricultural inputs, energy, infrastructure, management of
          organic soils, coastal wetlands, fisheries and aquaculture. The FAO
          B-INTACT makes use of various geo-referenced maps and tools to
          increase accuracy and account for the ecological value and
          biodiversity sensitivity of project sites. Blonk LUC tool: Direct
          Land Use Change Assessment Tool, allows calculating the GHG
          emissions associated to direct land use change.


          The international
          reference life cycle data system (ILCD) handbook (EC-JRC 2010) was
          developed by the Institute for
          Environment and Sustainability in the European Commission Joint Research Centre
          (EC-JRC). The ILCD handbook provides guidance for good LCA practices
          in policy and business. This handbook comprises a set of documents
          that are in line with ISO 14040 and 14044, based on existing best
          practices – not on new methodological developments – and provides
          recommendations established through a series of extensive public and
          stakeholder consultations. In parallel, the European Council invited
          the Commission to “develop a common methodology on the quantitative
          assessment of environmental impacts of products, throughout their
          life-cycle, in order to support the assessment and labelling of
          products”. Building on the analysis of seven product-specific
          methodologies of environmental footprinting (including the ILCD
          handbook), the EC-JRC developed guidelines for this common European
          environmental footprint (EF)
          methodology (EC-JRC 2013) regarding products (Product EF – PEF) and
          organizations (Organisation EF – OEF). Since its first release in
          2013, the PEF/OEF guidelines have gone through a pilot phase
          (2013–18) and a transitional phase since 2019 (https://eplca.jrc.ec.europa.eu/EnvironmentalFootprint.html [image: ]),
          resulting in the continuous publication of (sector) PEF Category Rules (PEFCR). PEFCR compete with the ISO-compliant
          product category rules/type III environmental declarations (ISO
          14025) produced by the international Environmental Product
          Declaration – EPD system (https://www.environdec.com/home [image: ]).


          More specific and strict prescriptions are easier to
          draw up at the sector and product category level in close
          consultation with all stakeholders. As a follow-up of the PEF
          initiative and with inputs from JRC, the Food Sustainable Production
          and Consumption Roundtables co-supervised by the European Commission
          and food companies finalized in 2012 and tested in 2013 the ENVIFOOD
          protocol (Food SCP RT 2013), i.e., harmonized guidelines for
          evaluating environmental impacts of food products. The food sector
          was thus the first sector with specific rules to apply the PEF
          guidelines. In May 2018, an accepted draft of PEFCR guidelines
          applying to more sectors was published (EC 2018). In this document,
          LCA practitioners can find clear technical specifications for an LCA
          applied to particular sectors such as agriculture and which address
          specific issues such as biodiversity. At the French level, a similar
          initiative was launched as part of the government’s Grenelle law no.
          2009-967 involving representatives of all stakeholders to harmonize
          requirements to implement LCA for all products. Requirements were
          further specified for the food sector in a dedicated report called
          BPX-30-323-15 (AFNOR 2012). Application to the agri-food sector was
          carried out within the AGRIBALYSE project (Koch and Salou 2014,
          2016) and provided the backbone to the current French Agence de
          l’environnement et de la maîtrise de l’énergie (ADEME) AGRIBALYSE
          LCI database. Revisions of the LCA-based EF requirements are
          underway in France. The smartphone application YUKA, which
          originally presented detailed nutritional information on foods, has
          begun presenting environmental information partially based on LCA
          studies (AGRIBALYSE 3) via an eco-score and as part of an
          environmental labelling experiment (https://yuka.io/eco-score/).


          In complement to these initiatives, in 2014, the
          EC-JRC launched the Life Cycle Data
          Network (LCDN) to provide “a globally usable infrastructure for the
          publication of quality assured LCA datasets from different
          organizations” (https://eplca.jrc.ec.europa.eu/LCDN/ [image: ]).
          It also aims to host and share data packages in line with the
          PEF/OEF framework. The European LCDN somewhat overlaps with the UN
          GLAD initiative (see Chapter 7 “Established and emerging
          initiatives”).


          For the LCA of livestock products, FAO has been
          leading the consensus-building process. Launched in 2012, the FAO
          Livestock Environmental Assessment
          and Performance (LEAP) partnership programme established ten
          Technical Advisory Groups on the application of LCA in the following
          sectors: animal feeds, poultry, small ruminants, large ruminants and
          pigs, as well as on the following focus topics: nutrient cycling,
          water, soil carbon sequestration, biodiversity and ecosystem
          services. The LEAP programme involves over 300 experts from
          academia, governments, industries and non-governmental organizations
          and has so far produced a series of background and guidance
          documents that are available on its website (http://www.fao.org/partnerships/leap/en/ [image: ]).
          Although the LEAP reports propose some case study-based
          illustrations and occasionally a tiered approach to apply more or
          less complex methods depending on data availability, the guidelines
          remain general and mostly theoretical. They do not provide practical
          methods based on field experiences in developing countries or cover
          other important aspects such as partnership or ethics.


          Over the last few years, the number of guidelines,
          tools and databases for agri-food LCA studies and data has increased
          dramatically (see, for example, the World Food LCA Database – WFLDB (Nemecek et al. 2014,
          2020) or the Agri-footprint LCI database (Blonk Consultants 2014,
          2019)). All these databases provide very detailed methodological
          reports describing precise choices, methods and data for LCA studies
          for a wide range of agricultural products. The WFLDB has a global
          coverage with the objective of representing at least 50% of the
          global market in mass for each product from the main exporting
          countries. However, many of these inventories rely heavily on
          assumptions and secondary data. The Agri-footprint database has also
          a global coverage but it is predominantly built on
          statistical/top-down rather than on system-level bottom-up data.
          Input data and yields for cropping and animal systems are based on
          pre-existing primary or secondary data and rarely rely on dedicated
          field studies.


          All these general or sector-specific guidelines
          constitute key reference documents for all LCA practitioners
          including those working in developing or emerging contexts. However,
          they are either very general, or tailored to developed contexts and
          certain specifications are not applicable in developing contexts.
          For instance, the recommended sampling procedure from PEFCR implies
          that statistical data exist on the studied systems to define
          homogeneous sub-populations, whereas this is generally not the case
          in tropical developing contexts. Furthermore, for guidelines
          including products from developing countries (e.g. the WFLDB), data
          are largely based on existing literature references and do not guide
          LCA practitioners with respect to practical aspects such as field
          data collection, stakeholder participation, partnership or ethics.
          The present guide intends to be very specific in terms of both the
          specificities of the contexts explored and the practical solutions
          for LCA practitioners.

        

        
Chapter 4
Preparation process and intended
          audience

          

          

          This operational guide is the result of combining an
          array of feedback from LCA experts who have carried out
          comprehensive studies in developing countries. Experts from CIRAD,
          King Mongkut’s University of Technology, INRAE, Indonesian Institute
          of Sciences, Stockholm University, WorldFish, Pontificia Universidad
          Católica del Perú, University of Oxford, Wageningen University,
          UNEP, FAO, and independent experts with recognized expertise in LCA
          studies in developing contexts have been involved. All these LCA
          experts have expertise on agri-food systems in Africa, Asia, Latin
          America and the Caribbean, including crops (such as citrus, mango,
          strawberries, banana, sugar cane, pineapple, market vegetables,
          green beans, coffee, cocoa, rice, cassava, cotton, palm oil),
          livestock (beef, fish, milk) and bioenergy products.


          First, all identified experts (around 40) were
          invited to complete an online questionnaire to consistently
          formalize their experience on key aspects of implementing LCA in
          agri-food systems in developing contexts (29 answers received).


          Second, all experts were invited to a series of four
          workshops to share their experiences and develop consensual
          recommendations. The four workshops were held between May and June
          2019 with the following topics:


          	Workshop 1: Building and communicating with
            stakeholders: Expectations, partnerships, confidentiality,
            ethical aspects and restitution

	Workshop 2: Inventory: Sampling and
            representativeness issues, data collection, field emissions
            

	Workshop 3: Impacts: LCIA methods depending
            on the study and certain important and complex impact categories
            such as land use, water, toxicity and ecotoxicity, biodiversity,
            eutrophication

	Workshop 4: Validation and interpretation:
            Data quality system, critical review (CR), sensitivity and
            uncertainty analyses




          The guide covers the main aspects of conducting LCA
          studies in these contexts, considering not only scientific and
          methodological bottlenecks, but also organizational, legal,
          partnership and ethical constraints. This guide seeks to provide
          practitioners with advice and tools to understand and anticipate the
          pitfalls linked with these specific contexts, which will ultimately
          help improve the quality of their studies. In terms of study
          objects, this operational guide is broadly centred on LCA of
          agri-food systems in developing contexts, as previously defined,
          including different system boundaries depending on the goal and
          scope of each study. In a non-exhaustive way, the feedback collected
          from experts specifically dealt with LCA studies on crop production,
          animal husbandry, fisheries, aquaculture and food processing.


          This operational guide is primarily intended for
          practitioners carrying out LCA studies with on-site data collection
          in developing and emerging contexts. It aims to enable practitioners
          to:


          	understand the specificities of conducting a
            comprehensive LCA study in these areas;

	identify the most appropriate existing LCA
            methodological recommendations, considering up-to-date scientific
            results;

	prepare for frequently encountered field
            constraints to develop adapted and/or fall-back
            strategies;

	improve the quality and reliability of the
            final results;

	ensure the completion of the LCA study when
            facing constraints external to the study itself; and

	optimize the impact of the study by improving
            communication on its objectives, data collection and results
            according to the audience.




          This guide is more specifically aimed at experienced
          LCA practitioners who are new to the implementation of LCA in
          developing/emerging countries, or who need to become familiar with
          the specificities of applying the conceptual framework to such areas
          and agricultural productions.

        

        

 1The list of LDC and LMIC is regularly updated:
            https://www.oecd.org/dac/financing-sustainable-development/development-finance-standards/daclist.htm [image: ].
            The transition criteria across OECD country categories are
            described here: https://www.oecd.org/dac/transition-finance-toolkit/LMIC-to-UMIC.pdf [image: ]
            

 2In Africa and Asia, for instance, the increase in
        cocoa production for export is based on expanding surfaces, whereas in
        Latin America it is based on increasing yields driven by management
        improvements (Arvelo Sánchez et al. 2017).

 3See a list of unresolved issues in LCA in Reap et
          al. (2008a,b). Some of these issues have been successfully addressed
          to date, but not all.
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          Chapter 5
State of the art of agri-food
            LCA

            

            

            Despite two decades of continuous methodological,
            data and tool development and improvement, the practice of LCA
            still faces several challenges. These challenges can be classified
            according to the main associated limiting factors, namely:
            methodological bottlenecks, data and tool availability, and
            financial shortages. Given the iterative LCA approach, these
            challenges are all highly interdependent.


            Methodological LCA challenges are numerous. Common
            ones include the choice of functional units (FUs), the delineation
            of system boundaries (e.g. inclusion of capital goods, end-of-life
            scenarios), cut-off criteria, allocation strategy, and the
            selection of impact categories. The LCIA methodology is generally
            based on linear simple models that do not properly account for
            complex site-specific mechanisms. The selection of impact
            categories thus requires a good understanding of underlying impact
            characterization methods and their limits regarding the system to
            be assessed as well as recent scientific developments.


            These issues are exacerbated in agri-food LCA
            because results are known to be highly sensitive to methodological
            choices. For instance:


            	For LCA of crops and
              livestock, the most common physical property used as FU is mass
              (e.g. a fixed amount of product), yet it does not capture
              quality attributes of agri-food products, such as their
              nutritional value. 

	The impact of land use is
              also still poorly accounted for in LCA, which means trade-offs
              between production and land-use impacts are poorly assessed.
              This issue is exemplified when comparing conventional and
              organic cropping systems (Meier et al. 2015; Biermann and
              Geist 2019; Knudsen et al. 2019). The combined use of mass (e.g.
              1 kg of product, protein or other substance of interest) and
              area units (e.g. 1 ha of agricultural land) can result in a more
              comprehensive assessment of contrasted systems (van der Werf et al.
              2009; Salou et al. 2016).

	Another key element when
              studying agricultural systems is that the crop rotation must be
              considered for more realistic modelling of long-term amendment
              impacts. Current practice often includes at least the preceeding
              and successive crops (including intermediate crops) to the
              system’s boundaries (van Zeijts et al. 1999; Koch and Salou
              2016). Recent research has proposed approaches for including the
              full rotation and crop interactions into agricultural LCA. See
              for instance Brankatschk and Finkbeiner (2015) for a review of
              historical approaches and Goglio et al. (2017) for a
              full-rotation method.

	The allocation of impacts
              among agricultural co-products (e.g. grain and straw) definitely
              affects results, as shown when comparing AGRIBALYSE and
              ecoinvent processes for straw; AGRIBALYSE v1.3 (Koch and Salou
              2016) assigns zero impacts from cereal production, while
              ecoinvent 3.5 (Nemecek et al. 2011a, b) assigns part of the
              agricultural impacts.




            Applying LCA to agri-food systems entails further
            challenges due to the intrinsically variable nature of systems
            (Notarnicola et al. 2017) that are impacted not only by
            technological drivers, like industrial systems, but also by
            natural mechanisms. For instance, fisheries exploit fish stocks
            whose state and evolution are affected by fisheries and natural
            weather patterns (e.g. the El Niño Southern Oscillation (Bertrand
            et al.
            2020)) and biological drivers (e.g. inter-decadal abundance regime
            shifts) (Thatje et al. 2008; Ayón et al. 2011). Agriculture and
            aquaculture depend on biophysical and geo-bio-chemical mechanisms,
            as well as on pedoclimatic conditions. Food processing
            requirements (e.g. energy, chemicals, water) are largely driven by
            the biophysical characteristics of the raw materials, which are
            highly variable. Moreover, agri-food systems are generally quite
            sensitive to management, which can differ greatly and lead to
            extremely variable performances. The LCA modelling of agri-food
            systems, and especially the inventories, requires careful
            considerations of the diversity within studied systems and the
            numerous biophysically driven aspects.


            Suitable models are needed to estimate emissions
            from agriculture and aquaculture. These emissions mainly consist
            of direct field emissions of nutrients (e.g. leaching of nitrates
            and phosphorus (P) and nitrogen (N) losses from agriculture; N,
            methane (CH4)
            and P emissions from fish production systems, etc.) and
            pesticides, whose experimental measurement is highly
            resource-intensive and mostly unfeasible for time-limited or
            remote LCA studies. Among these models, multiple alternative
            approaches were developed for agricultural emissions, whereas
            fewer are available for aquaculture emissions (e.g. Cho and
            Kaushik 1990; Wang et al. 2012). Agriculture-oriented emission
            models are often aggregated into sets and described in
            agricultural inventory databases guidelines, such as ecoinvent
            (Nemecek and Schnetzer 2012), World Food LCA database (Nemecek et al. 2015)
            or AGRIBALYSE (Koch and Salou 2016). These models are “simple”
            ones, based on empirical equations. Other models created for
            non-LCA purposes are also being used for LCA. These models range
            from relatively simple ones, such as Indigo-N (Bockstaller and
            Girardin 2010; Bockstaller et al. 2021), to complex dynamic
            soil-plant/agro-ecosystem models, such as STICS (Brisson et al.
            2003), with higher data requirements and a steep learning curve
            (Figure 5.1). LCA practitioners tend to use the simplest emission
            factors and empirical equations, such as those proposed by the
            Intergovernmental Panel on Climate
            Change (IPCC), FAO, etc. (Bouwman et al. 2002a, b; Roy et al. 2003;
            De Klein et
            al. 2006; Hergoualc’h et al. 2019).


            
                [image: Fig5-1.jpg]
              



            Figure 5.1. Complexity continuum of models computing
            direct field emissions. Source: adapted from Avadí et al.
            (2022).


            Regarding the estimation of field emissions of
            pesticides, 100% of the applied dose is still meant to be emitted
            into the soil in most cases, including within the most commonly
            used LCI databases such as ecoinvent and WFLDB. However, as part
            of an international consensus-building initiative led by the
            Danish Technical University, new recommendations and a web-based
            and updated version of the PestLCI model (Birkved and Hauschild
            2006; Dijkman et al. 2012; Fantke 2019) have been recently
            developed, and should enable
            estimating the distribution of pesticide emissions into the
            different environmental compartments depending on application
            conditions (practice, soil, climate). Additionally, the dynamiCROP
            model (Fantke and Jolliet 2016) can be used to estimate the
            fraction taken up by the harvested part of the crop and subsequent
            exposition and impacts on consumers. Using the PestLCI consensus
            webtool, Gentil-Sergent et al. (2021) recently provided pesticide
            primary emission fractions for a panel of pesticide application
            scenarios in tropical conditions, taking account of specific crop
            growth stages, foliar interception and drift curves.


            Specific impact categories of great relevance for
            agri-food systems are still under development or their modelling
            lacks consensus among practitioners. These categories include land
            use and related considerations on modelling biogenic carbon and
            soil quality, water deprivation and salinization, biodiversity,
            and terrestrial ecotoxicity (Notarnicola et al. 2017).


            The main challenges for agri-food LCAs are
            summarized in Box 5.1, Box 5.2 and Box 5.3, for agriculture,
            seafood, and processing, respectively.


            In the specific context of seafood (i.e. fisheries
            and aquaculture, whether marine or not) LCA, various
            methodological and data limitations of LCA hinder the completeness
            of and comparability among studies (Avadí et al. 2018). These limitations
            have been addressed by researchers, and options are available to
            overcome them (Box 5.2).


             
Box 5.1. Challenges for agricultural LCA (A. Avadí, C. Basset-Mens,
            CIRAD)
Critical challenges for
            agricultural LCA to improve the quality and usefulness of LCA
            results:
	Lack of operational
                methods to capture the diversity of farming systems in field
                sampling procedures.

	Lack of consensual
                approaches to deal with agriculture multifunctionality
                (including various issues related to allocation among
                rotational crops, within multi-cropping systems,
                etc.).

	Lack of universally valid
                direct and indirect field emission models, for all
                agriculturally relevant emissions, under contrasted
                pedoclimatic conditions.

	Lack of suitable
                terrestrial ecotoxicity models.

	Lack of suitable models to
                account for agricultural impacts on soil quality, including
                biodiversity and salinization.




            


             
Box 5.2. Challenges for seafood LCA (A. Avadí,
            CIRAD)
Critical challenges for
            seafood (fisheries and aquaculture) LCA, to improve quality and
            usefulness of LCA results:
	Inclusion of fisheries
                management concerns and related impact categories (e.g.
                discards, by-catch, seafloor damage, biotic resource use,
                biomass removal impacts on the ecosystem and
                species).

	Data availability and data
                management: capture data, fuel-use data, aquafeed data,
                uncertainty data.

	Lack of CFs for waste
                emissions into the ocean, such as bilge water, lubricating
                oils and certain toxic molecules used in antifouling
                paints.

	The relation between LCA
                and seafood certifications. Seafood LCA guidelines were found
                to have either failed to include all relevant concerns or have
                yet to be widely applied by the industry (i.e. a consolidated
                set of practices is not widely applied by
                practitioners).




            


             
Box 5.3. Challenges for food processing LCA (T.
            Tran, CIRAD)
Critical challenges for food
            processing LCA to improve the quality and usefulness of
            results:
	Allocation of energy,
                water and chemical expenditures among interconnected and/or
                partially overlapping industrial processes within a factory
                producing multiple products.

	Limited background data
                for packaging materials. Such data are often required to model
                tin and aluminium cans, glass and plastic containers, woven
                plastic fabric/bags, etc. in the foreground.

	Flows of both input
                materials or energy, and by-products are often not monitored,
                especially waste water and solid by-products with no residual
                economic value; hence the difficulties for quantitative
                estimation of these flows. This is particularly true and
                critical for artisanal food processing chains that can be very
                diversified and based on “local recipes”.

	Trade secrets can make
                factory managers reluctant to share data on their operations.
                Sometimes, concerns may be addressed by anonymizing or
                averaging data.

	In the case of small-scale
                factories, how do practitioners estimate the number of
                factories to survey to reach a representative
                sample?




            


            For proposed solutions to overcome these
            challenges, see Chapter 9 “Building life cycle inventories” and
            Avadí and Vázquez-Rowe (2019a, b). These challenges are further
            analysed in the following sections in relation to developing
            contexts.

          

          
Chapter 6
Specific challenges for agri-food
            LCA in developing and emerging contexts

            

            

            All the general challenges described for the LCA
            of agri-food systems are even more critical in developing and
            emerging contexts. Three main constraints cover most critical
            challenges:


            	a great diversity of
              production systems with little reliable data; 

	highly specific natural
              contexts with little data, knowledge and tools for informing the
              inventory and impact assessment phases (especially for tropical
              systems);

	stakeholders’ varying
              awareness and capacities in relation to the environment and
              environmental assessment.



          
        
      

      Diversity of agri-food systems due to specific
        natural conditions and combined socio-economic constraints

        

        As described in Chapter 1 (section “Most developing
        and emerging countries are located in the tropical zone”), highly
        diversified agri-food systems still co-exist in tropical developing
        and emerging countries. Their levels of complexity and performance may
        be subdivided in three mainstream groups, although not exclusively and
        with great variability levels across and within groups:


        	traditional production systems based on small
          family farms, often partially for household consumption and
          “organic” by default;

	input-intensive production systems based on
          large farms and often dedicated to export;

	urban and peri-urban production systems to
          feed ever-expanding cities, operating in highly constrained
          conditions with a generally excessive and inappropriate use of
          chemical and organic inputs.




        In terms of LCA modelling, tropical contexts generate
        specific issues. Most existing direct emission models used in LCA were
        calibrated for field conditions of crops growing in temperate
        environments (practices, soil characteristics, temperature, rainfall,
        etc.). Hence, their validity domain pertains to the conditions for
        which they were initially calibrated. It is notably true for the Swiss
        model suite SALCA (Swiss Agricultural LCA) used in ecoinvent, which
        encompasses the modelling of all primary field emissions, e.g.
        nitrogen, phosphorus and trace element emissions, while relying on
        field data collected in Switzerland only. Other commonly used
        empirical models for nitrogen and carbon compounds are the IPCC
        guidelines (IPCC 2006, Volume 4, Chapter 11). These guidelines are
        regularly updated to account for state of the art. For instance, in
        the latest version (IPCC 2019), models from Stehfest and Bouwman
        (2006) or Cardinael et al. (2018) were updated. But the coverage of
        tropical conditions in the background datasets is still limited
        (Bouwman et
        al. 2002c). Existing direct field emission models were not
        designed – or calibrated – to properly consider specific tropical
        conditions nor developing and emerging contexts, i.e. the pedoclimatic
        conditions or the substantial variability in practices (e.g. the high
        diversity of field inputs, agroforestry systems, etc.) (Table 6.1,
        more details in Appendix
        B [image: ]). This issue was also recently demonstrated for pesticide
        emission models by Gentil et al. (2019) and for N emission models by Avadí
        et al.
        (2022). Other process-based models exist, such as APSIM (Holzworth et al. 2018),
        STICS (Brisson et
        al. 2003) and combinations of models (Constantin et al. 2015;
        Lammoglia et
        al. 2017), that make it possible to calibrate the models to very
        specific site conditions. However, calibrating process-based models
        requires specific expertise and extensive datasets. Moreover, such
        models are not available for all cropping systems, nor can all
        process-based models model the field emissions in a mechanistic
        way.


        The same limitations apply to impact assessment
        models which are either too generic or valid only for temperate
        conditions. For instance, Gentil et al. (2019) highlighted in their review the lack
        of validity of ecotoxicity data for tropical species that show a
        specific sensitivity to the exposure to pollutants. Avadí et al. (2022)
        demonstrated that direct field nitrogen emissions modelling is to date
        not well adapted to tropical conditions, organic fertilization, or
        short-cycle crops such as market vegetables.


        Table 6.1. Comparison of simple direct emission
        models for nitrogen (N) losses and their applicability to contrasted
        agricultural conditions.


        
            	Model
            / model set


            	Applicability to different pedoclimatic
            conditions


            	Applicability to
            different crops


            	Applicability to organic
            fertilization


            	Remarks


            	Main
            reference

          

            	IPCC
            guidelines for national GHG inventories


            	Global 


            	Tier
            1: Default emission factors for flooded rice fields; temperate,
            tropical and boreal crop and grassland soils


            	Tier
            1: Default emission factors for animal effluents and crop
            residues


            	Direct and indirect N2O emissions from crop
            production, livestock and agricultural soils. Emission factors and
            regression equations based on literature estimates. Other
            emissions considered: CO2 and CH4.


            	(IPCC 2019)

          

            	EMEP/EEA emission inventory
            guidebook


            	Global 


            	Default emission factors for permanent and
            arable land crops, rice fields, market gardening, grassland and
            fallows


            	Default emission factors for animal
            effluents


            	Direct NH3 and NO emissions from crop production,
            livestock and agricultural soils. Emission factors and regression
            equations based on literature estimates. Other emissions
            considered: NMVOC and PM.


            	(EMEP/CORINAIR 2006; EMEP/EEA 2009, 2013,
            2016, 2019)

          

            	Indigo-N v2


            	France, Europe (i.e. temperate)


            	Field crops and prairies


            	Default emission factors for certain organic
            fertilizers


            	Direct NH3, N2O and NO3 emissions from crop production. Emission
            factors and empiric equations.


            	(Bockstaller and Girardin 2010)

          

            	Indigo-N v3


            	Global


            	Field crops, vegetables, prairies


            	Consideration of the modes of action of
            organic fertilizers


            	Emission factors combined with correction
            factors for gaseous emissions; novel formalism for nitrate
            emissions (based on drainage balance periods).


            	(Bockstaller et al. 2021)

          

            	SALCA-NO3


            	Europe (i.e. temperate)


            	Field crops, vegetables, prairies


            	Default emission factors for animal
            effluents


            	Direct NO3 emissions from crop production and manure
            management.


            	(Richner et al. 2014)

          

            	Ecoinvent v3


            	Switzerland, Europe, in principle
            global


            	Field crops


            	Default emission factors for manure and
            sugarcane vinasse


            	Direct NH3, N2O, NO3 and NOx emissions from crop production
            and manure management. Integrates SALCA-Nitrate, SQCB-NO3 (Faist
            Emmenegger et al. 2009), AGRAMMON (https://agrammon.ch/en/ [image: ])
            and IPCC.


            	(Nemecek and Schnetzer 2012)

          

            	World Food LCA Database v3


            	Global (main exporting countries)


            	Field crops and prairies


            	N/A


            	Very
            similar to ecoinvent v3.


            	(Nemecek et al. 2015, 2020)

          




        N2O: nitrous oxide; NH3: ammonia; NOx: nitrogen oxides; NMVOC: Non-methane
        volatile organic compounds; PM: Particulate matter; SQCB: Sustainability
        quick check for biofuels.

      

      
Data gaps on the systems to be characterized

        

        Agri-food systems in developing and emerging
        countries are somewhat represented in LCA literature, especially field
        crop commodities exported worldwide, but on a limited scope compared
        with more industrialized agri-food systems. Aquaculture in developing
        and emerging countries focuses, for instance, on different species
        than those raised in developed ones, and different types of systems
        are used. The aquaculture systems and species in developing and
        emerging contexts, despite representing the bulk of global production
        (FAO 2016, 2018a, 2020a), are much less represented in LCA literature
        than systems and species exploited in industrialized countries. A
        similar situation applies to fisheries, where the vast majority of
        fisheries modelled with LCA are found in industrialized countries or
        operated by international firms (Avadí et al. 2018).


        Moreover, in developing and emerging contexts, public
        databases are not as systematic as in industrialized countries.
        Therefore, data on agricultural activities and production systems are
        not exhaustively available, or not available at all[4].
        Depending on the country, the administrative resources at governmental
        level, the political stability and the decentralization level,
        databases may be more or less complete, reliable or accessible. The
        reasons are multiple, but a common limiting factor is the level and
        regularity of public funding for data collection. When funds are
        intermittent, production data may be estimated instead of measured
        (based on expected or theoretical yields, which are usually overly
        optimistic), or collected at different subnational levels with varying
        levels of detail and accuracy (Box 6.1). Furthermore, required data is
        often not publicly available, but it may be accessible upon request
        (in person, and accompanied by a suitable reference/introduction) at
        specific government offices. It is almost always impossible to have
        access to complete and reliable agricultural databases without acting
        in situ and having the right local contacts.


         
Box
        6.1. Availability and quality of statistical data in developing and
        emerging countries (A. Avadí, CIRAD)
In developing
        and emerging countries as different as Ecuador (agriculture), Peru
        (wild caught anchovy), Zambia (farmed tilapia), Côte d’Ivoire and
        Benin (vegetable market gardening), it has been observed
        that:
	Subnational statistics were very detailed in
            some cases and very basic in others.

	The national central statistics office
            combined data differing in quality and age, and database
            documentation was sometimes incomplete.

	Government officers declared lacking the
            funding for detailed and regular data collection.

	Some data were not combined or
            published.

	Due to political reasons, some data stopped
            being published or were even removed from public
            websites.




        


        Visits within the country to institutional offices,
        farmers’ associations and field operators (those in charge of
        production and processing), are critical to identify where data is
        available and how representative it is according to LCA data quality
        criteria (technologically, temporally and geographically). This is
        especially crucial since the lack of systematic databases may also
        hide a huge diversity in production systems which complicates data
        collection. In many developing and emerging contexts, specific and
        variable soil and climate conditions combined with diverse
        socio-economic contexts have led to an extreme diversification of
        production systems. In developing and emerging countries, this was
        probably exacerbated in many situations by the lack of means to
        massively invest in inputs and machinery, paving the way to more
        original and diversified management practices.


        Another situation, affecting certain developing and
        emerging economies, is the doctoring of production statistics. With
        fisheries, for instance, certain countries including China and Myanmar
        are believed to under- or over-report catches (Pauly and Zeller
        2017).


        Moreover, informal trade is not included in official
        statistical systems. The informal economy is known to be dynamic and
        easily adapt to market variations (Benjamin et al. 2014). According to the
        World Bank, the informal economy represents the majority of economic
        activity and employment in least developed countries. In (lower and
        upper) middle income countries, even if the existence of an informal
        economy is known, determining its size and assessing it is difficult.
        National experts often consider that micro and small informal
        businesses belong to a small sector that evolves or disappears when
        demand decreases. However, in some examples such as Colombian milk,
        despite more than half of it still being produced by informal farmers,
        this product represents around 25% of the agricultural gross domestic
        product (GDP) (Vega 2018). This reality affects LCA studies, since
        specific sectors are only partially represented if only official
        statistical data are considered. The operations of these informal
        producers might also be different due to small investment
        capacity.


        The World Bank has developed a database on
        informality, estimating the proportion of the informal economy per
        country (http://www.enterprisesurveys.org/data/exploreTopics/Informality [image: ]).
        This resource should nonetheless be used with caution, just as an
        estimation, as the agricultural sector features specific issues
        regarding informality (e.g. informality in the rural sector, family
        businesses).

      

      
Varying awareness and capacities of
        stakeholders

        

        In contexts were security and food security can be
        high priorities, stakeholders and the population rarely have the same
        level of awareness about environmental issues. Although life cycle
        thinking has spread throughout the world since its early development
        in the 1980s, there is still a gap among world regions in terms of LCA
        capacity building and applications. Particularly in developing
        countries, in areas where capacity building resources are limited, few
        stakeholders are aware of the methods and even fewer are able to apply
        LCA. To tackle this issue and enable the global use of credible life
        cycle knowledge by private and public decision-makers, the UN
        Environment Life Cycle Initiative has been implementing a roadmap with
        quantified targets towards 2022. Among those targets, providing
        capacity building worldwide and a solution to access all interoperable
        LCA databases are milestones being pursued through collaboration
        platforms in Africa, Asia, and Latin America. Under the Life Cycle
        Initiative, ecoinvent leads a project[5]
        that aims to establish national LCI databases in several developing
        and emerging countries.


        The varying awareness regarding LCA objectives and
        challenges may be exacerbated in countries where life cycle thinking
        is not widespread, and LCA not extensively applied. A diverse range of
        stakeholders may be involved in an LCA study, and can be classified
        according to four groups (sometimes overlapping): commissioners and
        decision-makers, stakeholders directly involved in the agri-food
        system, facilitators who may or may not be directly involved in the
        agri-food system, and experts carrying out the LCA of the agri-food
        system. Both LCA knowledge and interest in LCA results may vary
        considerably across these stakeholder groups, although they are
        tightly connected for LCA application. Likewise, knowledge and
        expectations can vary greatly among stakeholders within each of these
        groups. The greatest challenge for a commissioned LCA study thus lies
        in managing multiple expectations, which may be conflicting (Box 6.2).
        On one hand, LCA practitioners are usually well aware of the data
        needs of the LCI, the existing LCIA methods, and the overall potential
        and limits of LCA when interpreting the results. On the other hand,
        some commissioners may be too demanding or overly optimistic in terms
        of conclusions and applicability of LCA results. In particular, means
        in terms of funds, work force or time allocated by the commissioners
        may not be appropriate to carry out the LCA in satisfactory
        conditions. Stakeholders directly involved in the agri-food system or
        the facilitators may play a key role in enabling access to data. It is
        thus critical to know what their roles and expectations are to
        anticipate how these factors may affect data quality (see Chapter 8
        section “Critical analysis of the demand, constraints and avoidance
        strategies”).


         
Box
        6.2. When key players of the agri-food system boycott the LCA study
        (C. Basset-Mens, CIRAD)

            [image: Photo1.jpg]
          
 
As part of an LCA study for
        fresh French beans produced in Kenya for the EU market and
        commissioned by the European Union’s Directorate-General for International
        Cooperation and Development (DG-DEVCO,
        now the department for International Partnerships), certain key
        industry stakeholders had refused to meet the LCA and local experts or
        collaborate in data collection. The reason given was that EU was not
        legitimate nor welcome to come and control the fresh French bean value
        chain after fifty years of high regulatory and sanitary constraints
        leading to major perceived difficulties by the value chain operators
        and farmers. Often, such tensions can be relieved by face-to-face
        efforts to explain the work and diplomacy supported by local experts.
        However in this particular case, despite all the talent and effort of
        the local expert to convince them, these stakeholders did not accept
        to be part of the study, which had implications on the
        representativeness of the data collected for the study and its final
        results.


        


        

Chapter 7
Established and emerging initiatives

          

          

          Several initiatives have emerged to overcome LCA
          challenges in developing and emerging contexts. In Asia, Africa and
          Latin America, networks of major producers of primary resources
          (i.e. commodities such as minerals, cotton or soya) are being
          structured by local (e.g. national environmental organizations such
          as Fundación Chile (https://fch.cl/en/ [image: ])) and
          external (e.g. international development organizations such as UN
          Environment) stakeholders (Quispe et al. 2016).


          Worldwide, several initiatives and networks are
          emerging to support the life cycle thinking approach (local,
          regional and global). We have attempted to identify the known
          existing LCA networks based on available sources (scientific and
          grey literature, online research and LCA forum discussion list).
          Bjørn et
          al. (2013) identified around a hundred initiatives among which
          29 were considered as networks. The authors mapped and characterized
          these networks according to their structure and activities. Global
          initiatives and communities also record regional, national and other
          LCA networks, for instance (https://www.lifecycleinitiative.org/networks/life-cycle-networks/ [image: ])
          and the Forum for Sustainability (https://fslci.org/regional-networks/ [image: ]).


          As of April 2021, we found nine international and
          regional initiatives and 32 national networks or platforms (Table
          7.1). At least eight websites were no longer available or appear
          inactive while other initiatives were just emerging. The detailed
          list of networks is available in Appendix C [image: ]. The stability
          and permanence of those national networks seems to be inconstant. In
          further work, it would be interesting to understand the main
          challenges they faced and to update the list at least annually.


          Scientific publications are correlated to the
          formation of LCA networks and their continental distribution. A vast
          majority of networks are located in Europe and the United States,
          but some operate in Africa, the Middle East and Central Asia. In
          those regions, non-governmental
          organizations (NGOs) are more represented in these networks than in
          developed countries. In developing and emerging contexts, major
          actors in LCA networks are academia and industry, with a varying
          presence of government authorities and NGOs. LCA networks are
          context dependent. Out of six networks in developing and emerging
          economies, few work with LCA software and communicate through
          websites, but when compared with networks based in developed
          economies, they host more conferences and open seminars, thus
          raising awareness (e.g. the biannual CILCA conference, organized by
          the pan-Latin American Red Iberoamericana de Ciclo de Vida (https://rediberoamericanadeciclodevida.wordpress.com/ [image: ]).


          Table 7.1. Networks, platforms and initiatives
          identified by regions and sub-regions.


          
              	LCA
              network/platform type


              	Geographical scope


              	Initiatives by region/countries

            

              	International


              	Global


              	3

            

              	Continental networks


              	Africa


              	1*

            

              	Asia


              	1*

            

              	Europe


              	2*

            

              	LAC


              	1

            

              	North America


              	1

            

              	National networks or platforms by
              continent


              	Africa


              	1
              (Uganda)**

            

              	Asia


              	7
              (China, India, Indonesia, Japan, Korea Malaysia
              Thailand)

            

              	Europe


              	14
              (Denmark, Estonia*, Finland, France (3), Germany*, Hungary,
              Italy, Poland*, Spain*, Switzerland, Turkey, UK)

            

              	America


              	6
              (Argentina, Brazil, Chili*, Colombia*, Ecuador, Mexico, Peru,
              US) 

            

              	Oceania


              	2
              (Australia, New Zealand)

            




          *website inactive or not
          fully accessible; **no website available.


          Africa remains the region with the least
          representation in networks. The only regional network was the now
          inactive ALCANET initiative (Ramjeawon et al. 2005). Although the
          African networks are not very visible on the internet, they may
          still continue to emerge, such as the Uganda network created in
          2018. Nonetheless, LCA is not a common research tool among the
          African research community (Box 7.1).


          There are national LCI database initiatives,
          especially from developed and emerging countries outside Europe and
          North America, which could inspire developing countries to build
          their own. For instance, IDEA is a process-based Japanese database
          (http://idea-lca.com/ ?lang=en [image: ]), AusLCI is the
          Australian National LCI database (http://www.auslci.com.au/ [image: ]),
          and emerging economies such as China, Brazil, Peru and Thailand are
          continuously building their national LCI databases. In December
          2020, ecoinvent released the version 3.7.1 of its database (updated
          as 3.8 in 2021), which includes many seafood and agriculture (crops
          and livestock) inventories from developing and emerging countries.
          However, there is a significant time lag between the release dates
          of the latest version of the database, its implementation in
          reference LCA software (often six months to a year later), and its
          standard use by the practitioner community: in the first half of
          2021, many scientific LCA publications are based on ecoinvent
          versions 3.5 or 3.6, published in 2018 and 2019, respectively.
          Curated lists of LCI data, both free and fee-based, are available
          through the Global LCA Data Access
          (GLAD) network (https://www.globallcadataaccess.org/ [image: ])
          and openLCA Nexus (https://nexus.openlca.org/databases [image: ]).


           
Box
          7.1. LCA in Africa (A. Avadí, C. Basset-Mens, CIRAD)
The reasons for the lack of penetration of LCA in
          Africa are multiple. Among them, capacity building limitations by
          universities and experts as for disseminating the concepts and
          language of LCA play a major role, together with LCA’s traditional
          focus on the product-service, which evolved from a context of
          overconsumption and which is not necessarily valid in Africa
          (Ramjeawon et
          al. 2005). Moreover, almost no LCA background data is available
          for African contexts, while in the specific field of agri-food,
          direct field emission models adapted to tropical conditions are
          lacking; this further hinders the development of LCA on the
          continent. In a recent review, Karkour et al. (2021) found around 200
          papers on LCA in Africa among which agriculture appeared as the
          sector receiving the most attention, with 53 articles (predominantly
          commissioned by non-African institutions). The number of articles
          related to LCA have increased in recent years. However, the coverage
          of LCA studies among African countries is highly uneven, with South
          Africa (Brent et
          al. 2002), Egypt and Tunisia being where most of the research
          was conducted. The authors highlighted remaining challenges for LCA
          in Africa, such as the need to establish a speciﬁc LCI database for
          African countries or a targeted valid LCIA method. A recent and
          ongoing programme by the European Commission’s department for
          International Partnerships is performing sustainability assessments
          (including LCA for the environmental dimension) of several agri-food
          supply chains in developing and emerging regions, including some
          located in Africa: the Value Chain
          Analysis for Development – VCA4D
          programme (https://europa.eu/capacity4dev/value-chain-analysis-for-development-vca4d- [image: ]).


          


          National and regional initiatives are spreading and
          provide a breeding ground for new LCA studies in the tropics and
          emerging contexts. There should be mutual interests in contributing
          to and benefiting from such networks and databases, notably when
          preparing an LCA study from an office rather than in the field or
          when helping to disseminate the final results. Conducting an LCA
          study abroad is quite challenging and local or neighbouring networks
          may be very useful to avoid pitfalls and better plan for the
          fieldwork.


          Facing challenges in conducting agricultural LCA in
          tropical and emerging contexts requires a good understanding of
          local issues and available solutions. In the next chapters, we
          provide detailed guidelines from designing the study to
          communicating the final results to harness the most useful
          information from any agricultural LCA conducted in the tropics
          and/or emerging contexts.

        

        

 4There are notable exceptions,
        such as that of Ecuador, where very detailed agricultural data at the
        farm and parcel level are publicly available and anually updated by
        the Ministry of Agriculture:
        https://www.ecuadorencifras.gob.ec/estadisticas-agropecuarias-2/

 5Development of National LCA Database Roadmaps and
        further development of the Technical Helpdesk for National LCA
        Databases (https://www.lifecycleinitiative.org/call-for-proposals-development-of-national-lca-database-roadmaps/ [image: ]).
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      Chapter 8


      Co-designing the study with stakeholders


      The goal and scope of design is a critical first step in LCA. Key elements of the ISO 14040/44 standard should always be considered when defining goal and scope (see Appendix A [image: ]). Depending on the situation, this first step may be carried out by the LCA practitioner alone or with the collaboration of stakeholders. In the following sub-sections, we describe a complete co-design approach for an LCA study.


      
        

        Overview of the approach


        Based on our field experience, we designed an approach to help LCA practitioners organize their LCA study with the best chance of success and build long-lasting and fruitful partnerships (Figure 8.1). In this approach, a first loop of exchanges with the commissioner (i.e. the stakeholder from whom the study originates and who defines the terms of reference) occurs, and the LCA practitioner may reject the proposal if all important conditions are not met. The study might take place in highly complex situations or the commissioner might have unrealistic requirements or not provide sufficient means. We illustrate such conditions with some real situations from the field in our “deal-breaker situations” scheme (Figure 8.2). Once realistic conditions are negotiated with the commissioner and an explicit contract is signed, we recommend designing and formally validating in a dedicated report the goal and scope of your study with the commissioner. This will help make sure that the commissioner and the practitioner agree on common and realistic achievements, and provide a clear roadmap for the LCA study.


        Next, one essential part of the study will consist in building operational interactions with all stakeholders: this is what we call the “community” of the study. It is therefore of paramount importance to analyse and understand the expectations and constraints of each member of this community and to develop a strategy to work with them. Depending on the study conditions, the work may also be organized in synergy with other experts; either local technical experts or experts from other disciplines. Finally, before starting the actual data collection, as part of the study goal and scope, the system boundaries need to be fine-tuned and a typology for the studied systems must be delineated to define the best possible sampling protocol and be able to answer the questions raised by the commissioner.


        
          [image: Fig8-1.jpg]

        


        Figure 8.1. Overall approach to organize the LCA study with the different stakeholders in the best possible conditions (ToR: terms of reference).


        
          [image: Fig8-2.jpg]

        


        Figure 8.2. Deal-breaker situations: some examples from the field.

      


      
        

        Critical analysis of the demand, constraints and avoidance strategies


        Before starting a study, it is necessary to analyse the demand, i.e. the detailed terms of references, and assess its feasibility. The most important conditions are:


        
          	
            resources allocated in terms of time, money, and access to data are adapted to the study objectives;

          


          	
            the context of the study, especially that the actual commissioner and study objectives are transparent;

          


          	
            the country of the study should not face important security issues (e.g. war)

          

        


        In Table 8.1 and Table 8.2, main LCA study constraints are reported and adaptation strategies are provided. Table 8.1 focuses on constraints more directly related to the initial conditions of the study as determined by the commissioner’s objectives, which should be clarified as much as possible before the study begins. The commissioner may or may not be the sponsor, but is considered to be the stakeholder deciding on the means allocated to the study.


        Table 8.2 indicates more scenarios depending on the expectations and constraints of further stakeholders throughout the study. All other aspects including data availability and system complexity might be challenging but should be possible to address with adequate organization and the right partnerships. This is what our guide aims to demonstrate and support.


        Table 8.1. Clarification of commissioners’ constraints and expectations to be handled ahead of the LCA study.


        
          

          
            
              	
                

                Main constraints and/or expectations of commissioner

              

              	
                

                Avoidance and adaptation strategy

              

              	
                

                Practical implementation

              
            


            
              	
                

                The commissioner wants quick results and/or is not aware of LCA complexity: not enough time or resources are allocated to the LCA practitioner in the terms of reference


                Or


                The commissioner or another affiliated beneficiary expects unrealistic outputs from the study such as the decision he or she should make (see Box 8.1 and Box 8.2)

              

              	
                

                Clarify in advance the needs for a proper LCA study.


                Clarify in advance the limits regarding potential LCA coverage, data completeness and representativeness.


                In all cases, after negotiations and the study, issue a reminder to put final results into perspective with initial context and means.

              

              	
                

                Ahead of study start, propose a presentation to the commissioner on LCA methodology with an example of necessary datasets and explanation about result consistency and quality. It is key to find suitable ways to explain the importance of the constraints and to detail the methodological challenges faced by the practitioner.


                Propose an inception mission ahead of the actual study, without a set engagement for carrying out the study, in order to gather concrete field information to justify either the narrowing of study objectives to fit the proposed means or to negotiate better alignment among the study scale, allocated means and potential scope for the outputs.

              
            


            
              	
                

                Lack of transparency on who the commissioner is and what the expected outcomes are

              

              	
                

                Clarify in advance the study context, i.e. the commissioner’s expectations and intended use of LCA outputs.

              

              	
                

                Check the study terms of references to know who the designated parties are and make sure you are properly introduced to all potential commissioner levels.


                Make sure objectives are clearly defined in the study terms of references and/or the LCA study contract.

              
            


            
              	
                

                Lack of objectivity from the commissioner who expects “good” results

              

              	
                

                Explain in advance what “good” or “bad” results could be; stress issues of trade-offs; exemplify how all of these can be useful to improve the production systems.


                Clarify in advance the publication policy to make sure that results can be made public independently from initial expectations.


                If the LCA is meant to be used for a public comparison with other products or published results, anticipate the need for a peer-review as required by the ISO standard.

              

              	
                

                Provide feedback and showcase success stories of LCA.


                Make sure the publication policy is clearly stated in the contract.


                Propose a “non-responsibility” clause in the contract for the practitioner, if the LCA results are not used properly (not in agreement with the study validity domain) and/or results are modified.


                Make sure that a budget is allocated for an external ISO-compliant LCA review when the objective is to publish the LCA results compared with previously published LCA results.

              
            


            
              	
                

                The commissioner and one or more stakeholders are bound by contractual or funding relationships that complicate the collection of information

              

              	
                

                Clarify in advance potential contractual relationships between the commissioner and other stakeholders.


                Clarify in advance the commissioner’s objectives (link with the constraint on “lack of transparency”).

              

              	
                

                Make sure objectives are clearly defined in the study terms of references and/or the LCA study contract.


                Discuss with the commissioner the potential implications of his/her relationships with the stakeholders regarding potential issues on data collection, etc. Depending on the outputs, ask for transparent information communicated to relevant stakeholders on the study objectives (e.g. through mails to stakeholders with a copy to the LCA practitioner).

              
            

          

        


        
          

          


          Box 8.1 Expectation management in Zambian aquaculture study (A. Avadí, CIRAD)


          
            [image: photo2.jpg]

          


          In the context of the VCA4D project on Zambian aquaculture, certain stakeholders such as the local European community (EC) Delegation and the Zambian government (Ministry of Fisheries) expected direct advice on where to invest in the supply chain (e.g. priorities). The experts explained that the purpose and scope of the study was to describe the current supply chain situation, and to evaluate the consequences of investing in each element of the value chain, but not to recommend specific investments. Therefore, the project team’s role was to inform and support their decision-making, not to make decisions.


          Project data brief: https://europa.eu/capacity4dev/value-chain-analysis-for-development-vca4d-/wiki/207-zambia-aquaculture [image: ]

        


        
          

          


          Box 8.2. The notion of “environmental sustainability” from a LCA perspective (Y. Biard, CIRAD)


          
            [image: photo3.jpg]

          


          The study carried out on the mango commodity chains in Burkina Faso was one of the first studies of the VCA4D programme. At that time, the question explicitly formulated by DG DEVCO and Agrinatura was: Are these commodity chains sustainable?


          With regard to LCA, the question had to be reformulated, to make it clear to the sponsor that the word “sustainable” is a non-prescriptive word and does not include anything quantitative. As such, LCA could not answer yes or no to the question asked, but could provide data and information on the potential impacts of each sub-sector.


          Second, these potential impacts could be benchmarked by comparing the values obtained for the mango commodity chains with those of other agricultural commodity chains, or even other sectors of the Burkina Faso economy, although as a non-predictive cross-view given the unmatched functions.


          The detailed synthesis of the study is freely available online via the following link: https://europa.eu/capacity4dev/value-chain-analysis-for-development-vca4d-/wiki/202-burkina-faso-mango [image: ]

        

      


      
        

        The community of the study


        An LCA study involves many stakeholders with whom the practitioner must exchange information and data (Figure 8.3). Stakeholder categories include:


        
          	
            the commissioner (public or private, individual or institutional, etc.);

          


          	
            local experts who cooperate with your study;

          


          	
            local institutions (e.g. ministries);

          


          	
            actors involved in the value chain to be interviewed (producers, processors, carriers, retailers, who can be industrial players or smallholders, etc.);

          


          	
            actors involved indirectly (local authorities, statistics offices, central decision-makers, etc.);

          


          	
            sometimes observers from the civil society (NGOs, academics, consultants, etc.).

          

        


        The quality of the LCA depends substantially on the quality of the data collected, which in turn depends on the willingness from stakeholders to share information and data, and from their potential direct interest in participating, since doing so requires time. It is paramount to make sure that expectations and constraints related to stakeholders are well understood and managed to the fullest extent possible. We differentiated two main situations that influence interactions between the LCA expert and the community of the study:


        
          	
            a situation where the LCA expert is local;

          


          	
            a situation where the LCA expert is a foreigner.

          

        


        For each situation, we proposed a formalization of the expectations from the various stakeholders (Figure 8.3). The commissioner (or funder) orders and pays for the study. This stakeholder must have clear expectations and requirements. As already mentioned, the LCA practitioner must explain clearly what an LCA study can and cannot do and negotiate with the commissioner to ensure adequate conditions to produce realistic deliverables. In the country of the study, all stakeholders have their own expectations. Local institutions may seek useful information and support for decision-making as well as more personal recognition as individuals. Local experts may expect financial benefits, future projects, visibility or publications. Farmers might hope for some technical advice and future subsidies based on the study results. Processors and exporters might expect favourable feedback on their businesses, etc. All along the value chain, the stakeholders must manage their day-to-day activities and will need to see a benefit in contributing to the study.


        
          [image: Fig8-3.jpg]

        


        Figure 8.3. Community of the study and stakeholder expectations: the LCA expert may be local or a foreigner. The main difference between the two situations is that when the LCA expert is a foreigner, she or he will need to collaborate with a skilled local expert who can facilitate meetings with the relevant contact and ensure proper social usages and language.


        Overall, the golden rules to ensure good working conditions with stakeholders are: listening skills, transparency, awareness raising, explaining, respect, trust, protection of interests and sensitive data. These main rules are presented and illustrated in Figure 8.4.


        
          [image: Fig8-4.jpg]

        


        Figure 8.4. Golden rules of interactions with stakeholders.


        Some stakeholders might fear drawbacks or reputational risks from the study, or simply see it as a waste of time with no foreseeable benefits. It is impossible to make an exhaustive list of all potential situations and expectations. However, we did list the main situations and proposed ways to avoid obstacles and ensure positive collaboration with stakeholders and effective data collection (Table 8.2). Ideas are not listed by stakeholder type, as one constraint may be faced by several stakeholders. Instead, they are listed by type of constraint and/or expectation. Avoidance and adaptation strategies may still depend on the stakeholder. Generally speaking, it is important to remain attentive to the actual willingness of the local partners and stakeholders. Some may prefer very official interactions while others may feel uncomfortable signing formal agreements. Local expert advice is of great help in determining the most suitable ways of collaborating with each stakeholder.


        Table 8.2. Possible avoidance and adaptation strategies to some of the main constraints and expectations of stakeholders involved in an LCA study.


        
          

          
            
              	
                

                Main constraints and/or expectations of stakeholders

              

              	
                

                Avoidance and adaptation strategy

              

              	
                

                Practical implementation

              
            


            
              	
                

                Lack of objectivity from the stakeholders involved in the study who expect “good” results

              

              	
                

                Show ahead what “good or bad” results could be; stress issues of trade-off; exemplify how all of them can be useful to improve the production systems.


                Highlight that bad aspects from a study are levers for progress and should not be feared. Communication can even be targeted on these margins of improvement, valuing the effort of transparency of the company.

              

              	
                

                Provide feedback and showcases on success stories of LCA.


                Propose a “non-responsibility” clause in the contract for the practitioner, if the LCA results are not used properly (not in agreement with the study validity domain) and/or results are modified.

              
            


            
              	
                

                Stakeholders directly or indirectly involved in the value chain are not interested in the study and its results


                and/or


                fear getting “bad” results about their own business

              

              	
                

                Recall the importance of quantifying impacts and assessing systems with real datasets to be able to design appropriate and improved practices; i.e. demonstrating that they are the actual final beneficiaries of the results.


                Based on previous LCA studies, try to shed some light on potential good/bad results.


                Highlight the potential positive consequences for the value chain/sector and the various stakeholders, including positive economic feedback, access to labelled markets, etc.

              

              	
                

                Provide feedback and showcase success stories of LCA and positive evolutions of production systems and value chains by integrating environmental impact reduction and enhanced performances.


                When possible, provide demonstration in the field about system improvements investigated with the LCA (e.g. demonstration of residue recycling in the field, etc.). Include both agro-environmental and economic perspectives.


                Ultimately, inform reluctant stakeholders about which default worst-case values will be used for key data in the absence of real data from them, preventing them from getting any direct use of results.

              
            


            
              	
                

                Stakeholders directly or indirectly involved in the value chain are not willing to participate if the results are public


                and/or


                are reluctant to share sensitive information

              

              	
                

                Clarify in advance what will and will not be made public.


                Define a strategy to make individual data anonymous.


                Create trust and secure the confidentiality of exchanges and the non-transmission of the raw sensitive information.


                For sensitive matters, it is particularly important to rely on a local expert to know how to manoeuvre.


                In extremely sensitive contexts, whether political or simply technical with very critical access to data, practitioners should try to avoid, as far as possible, that LCA results could severely discredit stakeholders or create any unnecessary controversy. The practitioner should keep in mind that LCA embeds various uncertainty sources whose influence on results might be particularly critical in the context of lack of data. Decisions based on very uncertain results should be limited/avoided in sensitive contexts, where such decisions could have severe consequences.

              

              	
                

                Specify the deliverables that are planned, including the detail level of these deliverables.


                An official document may be provided by the commissioner to introduce the study and install trust by clearly presenting planned deliverables and data property and confidentiality.


                Depending on the sensitivity of the context, one may either simply clarify the publication issue within the contract, so that it can be properly traced and parties reassured, or also provide a “confidentiality document/contract clause” for the data collection and the protection of sensitive information.


                Involve stakeholders, notably public institutions, in a steering committee so that they are informed about the progress of the study can help to install trust. Those stakeholders could then see the results before they go public and could also contribute to co-building the results in an objective and participative way (see Box 8.3).

              
            


            
              	
                

                Stakeholders directly or indirectly involved in the value chain do not have time to answer or participate

              

              	
                

                Define work plan in the field according to seasonality (when it comes to agricultural activities) and potential best moments for the stakeholders to be available.


                Adapt data collection to the various constraints of each stakeholder.


                Think of compensation mechanisms for the time given by the stakeholders (e.g. money, technical advices, field demonstration, capacity building, references, etc.)

              

              	
                

                Gather information in advance about the local context in order to identify suitable periods during which the various stakeholders may be the most available.


                If needed, split your field mission in two or three shorter missions to meet the various stakeholders at different times of the year.


                Combine several modes of data collection:


                – Field surveys by the practitioner


                – Field surveys carried out by external interviewers who can visit stakeholders at different points in time


                – Questionnaires sent per email


                – Questionnaires through Internet tools, etc.


                Pay attention to cross-checking of data to assess potential bias linked to such combinations.


                Allocate time and budget resources for compensating activities.

              
            


            
              	
                

                Stakeholders directly or indirectly involved in the value chain fear being dispossessed of the results, having no feedback, no benefits from their given time and data, etc.

              

              	
                

                Commit to providing feedback adapted to the audience (from a results document to a dedicated in-country workshop).

              

              	
                

                Allocate time and budget resources in the initial contract for the feedback mission/deliverables.


                Feedback needs to be adapted to both the public and the medium-term partnership perspectives.

              
            


            
              	
                

                The LCA is done within a research project without specific expectations from any stakeholder (see Box 8.4)

              

              	
                

                It is paramount to create interest among stakeholders, inform them about the objectives and try to develop partnerships.


                Try and engage public institutions, academics and observers to reach a wider audience and connect with stakeholders.


                It can be an opportunity to conduct capacity building activities related to LCA.

              

              	
                

                In the research project budget, plan for time and activities dedicated to developing stakeholders’ interest in the LCA study: e.g. inception mission, presentation workshop, etc.


                When possible, plan a conference in an academic institution to present the research project and the LCA methodology.

              
            


            
              	
                

                The practitioner has specific constraints as a stranger not knowing the local context well


                and/or


                Stakeholders do not provide accurate information (either to please/displease the practitioner, to hide sensitive information or involuntarily, etc.)

              

              	
                

                Being accompanied by local experts is a good solution, but the practitioner should be aware that some local experts can create both trust and mistrust and can influence data collection.


                Moreover, work with interpreters always implies an added uncertainty source.


                Cross-checking information with other data sources, including literature, etc. is needed to secure data quality

              

              	
                

                It is important to enquire about the local situation and to make sure that the method and goal of the study are clearly explained to the stakeholders and people surveyed.


                It is also important to get information about the culture of the countries/regions where the LCA study takes place, as well as to have an idea on how foreigners are perceived in the country of the study (distrust, positive view, etc.).


                First visiting institutions and meeting with local representatives is key to introducing the study and enable the survey with local partners.

                Whenever possible, training of interviewers and interpreters should be implemented to reduce bias and uncertainty in data collection.

              
            

          

        


        
          

          


          Box 8.3. Sustainability assessment of sugarcane biorefineries to enhance the competitiveness of the Thai sugar industry (S. Gheewala, King Mongkut’s University of Technology Thonburi, Thailand)
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          Thailand is one of the world’s leading sugarcane-producing and sugar-exporting countries where this industry is relatively mature. However, there is relatively little scientific information on the sustainability of the sugarcane supply chain considering all environmental, economic and societal aspects. This study aimed to assess the sustainability of sugarcane biorefineries in Thailand in view of environmental, economic and social hotspots (Gheewala et al. 2016; Silalertruksa et al. 2017).


          To monitor and steer the overall work and support dissemination and further implementation of research results into policy, an advisory committee was officially assigned through the National Science and Technology Development Agency (NSTDA) by engaging the relevant stakeholders in the sugarcane value chain, including government bodies, industry players, the cane growers association and researchers. The government sector included the Office of the Cane and Sugar Board (Ministry of Industry), Office of Agricultural Economics (Ministry of Agriculture and Cooperatives), Department of Alternative Energy Development and Efficiency (Ministry of Energy), Ministry of Science and Technology, and the Thailand Greenhouse Gas Management Organization. The private sector included representatives from the sugar mills and ethanol companies, as well as the sugarcane growers association. In addition to the advisory committee, a technical committee from various research institutes provided technical advice to the research team, verified the sustainability assessment method and results, and provided recommendations.

        


        
          

          


          Box 8.4. Expectation management in a research study: coffee in Colombia (I. Acosta-Alba, EvaLivo)
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          In the context of a post-doctoral research project, an LCA of farms was carried out including all the crops and livestock of coffee producers in Colombia (Acosta-Alba et al. 2020). The participative research enabled several field visits and trust development with farmers who were actively participating in other research projects. A launch meeting was held to explain the LCA’s expected outcomes to partners and farmers. In the beginning, partners and farmers did not understand why different researchers asked the same questions. After explaining the level of detail needed for LCA, farmers were more receptive. The multicriteria nature of LCA was also warmly welcomed by academic and technical partners. A participative workshop was organized with farmers to ask them about the main environmental issues for them, and to share the LCA results. They were very satisfied to have the full picture including off-farm impacts of coffee production. Meetings and discussions with researchers resulted in the LCA study being introduced into a larger methodological framework for co-designing climate-smart farming systems with local stakeholders (Acosta-Alba et al. 2019; Andrieu et al. 2019).

        

      


      
        

        Working as a team in the field


        
          

          How to best organize fieldwork


          Figure 8.5 summarizes important steps to best organize fieldwork, especially for foreign LCA experts. The first step is the preparation of the study before the data collection in the field. It is crucial to document the product system to be assessed, the region and the value chain sufficiently in advance for the proposed solutions to be appropriate and achievable. When the LCA expert is a foreigner, relying on a national or regional expert is a huge asset to quickly identify key stakeholders, inconsistent or reliable data sources, etc. Language mastery and understanding the local culture and specific constraints such as administrative difficulties, etc. by at least one member of the team is a second compulsory element. It is particularly important when the studied systems include small-scale producers to establish quality contact with them. This will also help identify and gain data from potentially important actors who only can speak in local dialect or language (Box 8.5, Box 8.6).
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          Figure 8.5. Recommendations for optimal fieldwork organization for foreign LCA practitioners.


          
            

            


            Box 8.5. Study of the Malian value chain of artisanal continental fisheries in Mali, linguistic and cultural barriers (I. Acosta-Alba, EvaLivo)
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            In Mali, more than half of the fish caught is processed into smoked fish mostly by the fishermen’s wives. To limit travel within the country because of security risks, a workshop was organized in one of the main fishing areas. Actors were invited to participate; more than 50 participants attended. The seats were occupied by the men while the women remained seated next to them on the floor. Men understood French and spoke Bambara unlike the women who spoke only Bambara. In general, fishermen’s wives are more familiar with the quantitative data about fished yield, the allocation between consumption and sales, the prices, the quantities of wood, the technical aspects of smoking and even the prices of fishing equipment because their sales partially finance them. Without an experienced translator and a female interlocutor on the team, the critical access to the data and knowledge from the wives would have been impossible.

          


          
            

            


            Box 8.6. Gender division of labour and direct access to the people concerned – mango from Burkina Faso (Y. Biard, CIRAD)


            
              [image: Photo7.jpg]

            


            The dried mango sub-sector particularly involves women, especially for fruit preparation tasks (selection and washing, peeling and cutting, and packaging). Meanwhile, oven management and permutation of mango slices racks are mainly carried out by men. Depending on the information to be collected and the associated technical activities, it is important to be able to identify the right people, if possible in the language used in practice to coordinate the work in an operational manner, in this case the Dioula language.


            The detailed synthesis of the study is freely available online via the following link: https://europa.eu/capacity4dev/value-chain-analysis-for-development-vca4d-/wiki/202-burkina-faso-mango [image: ]

          

        


        
          

          How to best work as part of a multidisciplinary team


          If the LCA study is part of a sustainability study including environmental, economic and social evaluations of a common system or value chain, a common and efficient working method must be adopted. This is especially important when it comes to designing a consistent protocol and interacting with stakeholders. However, in projects subject to time constraints, the presence of several experts in the field to understand and collect data from the systems studied can be difficult to organize and the actors interviewed may feel uncomfortable. All experts should clearly explain their specific objectives to the team and try to build bridges and develop synergy as much as possible. We summarized our field experience in Figure 8.6. When surveying stakeholders, the multidisciplinary team should not hesitate to split into two sub-teams: a “social” team (including a local expert and the social expert) and a “technical” team (including a local expert, the economist and the LCA expert) and meet specific key people in the organization or company. The team may organize turns if all members must discuss with the same people to avoid creating competition for asking the questions and confusion for the people surveyed.
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          Figure 8.6. Recommendations for optimal fieldwork as a multidisciplinary team.


          When the LCA expert works with an economist, part of the data collection can be mutualized. Indeed, both analyses have a common need for detailed data from all operations and products used. Therefore, it is crucial to have a common definition of the system, as previously mentioned. With sociologists, it is also possible to find anchorage points for mutualized data, especially when focusing on working conditions and food production and consumption patterns.


          If LCA is not part of a sustainability assessment, support from a technical expert of the studied system is always recommended. The technical expert can be the local expert or another expert such as an agronomist for a given cropping system or a technical expert of aquaculture or livestock production. The technical expert can play a key role in identifying the right partners and experts in a given country on a specific product system. He or she can provide valuable input to design the protocol and when validating the field data, thereby identifying potential inconsistencies in a dataset, anomalies or mistakes and guide the validation effort among the stakeholders in the field (see Chapter 9 section “Foreground data collection”).

        

      


      
        

        Management of ethics and rights for stakeholders


        This section is mainly based on the European legal and institutional frameworks with explicit references to them, particularly where European regulations have spread and influenced jurisdictions in other geographical areas of the world. However, a complementary analysis would be needed to adapt to countries whose legal development is based on other frameworks such as the common law-based systems (UK, US, Australia, etc.), which differs significantly on copyright issues from these European frameworks.


        
          

          Data and database legal framework


          According to the harmonized European legal frameworks, a “single data unit” is not protected by law. However, it is possible to limit its dissemination, use or exploitation by a contract (data availability contract, confidentiality contract, exploitation contract, etc.). It is also possible to disseminate it and make it available to the scientific community in particular, while indicating conditions for reuse and citation and respecting an embargo period if necessary.


          However, some data may be subject to specific protection by intellectual property rights, such as photos and videos that may be protected by copyright. In this case, the data cannot be used freely without the written permission of the author, who should have prior consent from any people who are filmed or photographed. In the context of data collection for LCA, photos and videos can be very useful, especially for easily collecting technical information on devices and infrastructure (technical data sheets, model numbers) but also for scanning monitoring documents. Special care must therefore be taken with this data and permission must be obtained prior to their use in a study.


          A database can be protected by two types of mechanisms: copyright as a creative/original work and/or by a sui generis database right. These two types of protection are presented in Box 8.7.


          
            

            


            Box 8.7. The two mechanisms of database protection (Y. Biard, CIRAD)


            
              	
                “The rules of international law – Berne Convention, the WTO/TRIPs Agreement and under the WIPO Copyright Treaty (WCT), original and creative databases enjoy copyright protection as literary works.”

              


              	
                “The Directive 96/9/EC on the legal protection of databases, which creates a specific property right for databases that is unrelated to other forms of protection such as copyright. This new form of sui generis protection applies to those databases, which are not ‘original’ in the sense of an author’s own intellectual creation (‘non-original’ databases), but which involved a substantial investment in their making.”

              

            


            Source: European IP Helpdesk (https://www.iprhelpdesk.eu/home [image: ])

          


          These two types of rights only apply to the arrangement of data – neither database copyright nor the sui generis right create an additional protection for the individual elements of the database.

        


        
          

          Questions and recommendations on data


          When setting up the LCA study, there are key questions about data collection, as well as at the end of the project regarding the use of the data. We prepared the following checklist with the main questions to be addressed by the LCA practitioner (Box 8.8).


          
            

            


            Box 8.8. Questions directed to the LCA practitioner (as “you”) when designing the study and preparing data collection

            1. Will you be using existing databases? Can you trace back their origin? Is it possible to identify the producer? Do you have permission to reuse these databases (structure and content)?

            – The use of the main reference LCI databases is foreseen and indicated in the conditions of use of these databases. However, this question becomes very important if you plan to mobilize other databases (such as on inputs).

            2.	For the development of your own databases, especially in files external to the LCA software you use, do you plan to extract from third-party databases (content)?

            – If so, do you have the authorization to perform these extractions?

            – If not, you must formally request such authorization.

            3. Will you produce an original database (structure and content) with several partners?

            – In this case, a co-production contract must be drawn up and the rights and obligations of each party with regard to the database during and after the project must be defined.

            – This may be the case in particular when quantitative or semi-quantitative surveys are planned in connection with a typology of systems. These questions must be addressed as soon as the study starts, as they should be explained to your partners and contacts.

            4. Will you use existing datasets?

            – If yes, are these datasets covered by a contract (partnership agreement, confidentiality agreement, service agreement, license agreement, other)?

            – If they are covered by a contract, check the conditions of use in the contract.

            5. What is the purpose of the data and databases resulting from the project? Open data? Valuation through expertise? Paid licenses for restricted access databases?

            – Whenever possible, it is strongly recommended to discuss these points with the partners at the start of the project.


          


          At the end of the LCA study, it is important to revisit these elements to verify that what is planned for the dissemination or exploitation of LCA results is in line with what was originally agreed with all stakeholders. The first step is to check what is included in the partnership or consortium agreement regarding the use of the data or databases produced. The best tool to manage data is called a data management plan (DMP), which is presented in Box 8.9.


          
            

            


            Box 8.9. A DMP: a convenient tool to manage the data of a LCA project (Y. Biard, CIRAD)


            A DMP is a tool to help scientists manage their data within a project. Writing a DMP at the beginning of a project allows for the implementation of good data management practices, facilitates exchanges between partners and saves time for the publication and reasoned sharing of data at the end of the project. This document is increasingly required by most funders.


            The drafting of a DMP makes it possible, among other things, to:


            
              	
                implement good data management practices and documenting data,

              


              	
                guarantee the quality of research and the production of reliable and understandable data,

              


              	
                contribute to the transparency, scientific integrity and reproducibility of research,

              

            


            
              	
                reduce the risk of data loss or non-reusable data,

              


              	
                clarify the roles, responsibilities and rights of each contributor,

              


              	
                anticipate legal, ethical or technical problems,

              


              	
                ensure the security of personal, sensitive or strategic data,

              


              	
                facilitate the sharing of data within the collective,

              


              	
                predict the needs and costs to generate, process, store and share data,

              


              	
                respond to donor demand.

              

            


            The return on investment is the simplification of subsequent recovery work since these data will be ready to be deposited in a data warehouse, published, and reused.


            Here is a list of free tools for creating a DMP:


            
              	
                DMPonline (Digital Curation Centre – UK): https://dmponline.dcc.ac.uk/ [image: ]

              


              	
                Easy.DMP (EUDAT European data infrastructure): https://easydmp.eudat.eu/ [image: ]

              


              	
                DMPTool (University of California Curation Center – US): https://dmptool.org/ [image: ]

              


              	
                ezDMP (Interdisciplinary Earth Data Alliance 2011): https://ezdmp.org/index [image: ]

              

            

          


          In Figure 8.7, the data flow and data transformation mapping in the DMP of the LCA-CIRAD platform is presented for information. Appendix D [image: ] proposes a checklist to help LCA practitioners account for confidentiality in their inventory.
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          Figure 8.7. Data flow and data transformation mapping identified in the DMP of the LCA-CIRAD platform.

        


        
          

          A closer look at personal data protection


          The General Data Protection Regulation (GDPR) is a European regulation applicable since 25 May 2018. This regulation aims to strengthen the protection of personal data and has inspired substantial developments regarding their protection in other countries around the world. Indeed, it applies to any company operating in the EU and to any company outside the EU that processes data on European citizens.


          The production of LCIs generally does not require personal data, which is why LCA is generally not directly concerned by this legal framework. However, for specific cases where personal data is required, a generic template was created (Box 8.10). This template must be adapted (parts in square brackets are to be completed using the explanations below) and integrated in full to any form used either for internal or research purposes. It may be inserted directly within consent forms.


          In general, for an LCA study carried out as part of a scientific project, raw personal data may be retained, in paper or electronic form, for the duration of the project and the time required for publication. Beyond that period, the data must be deleted or anonymized on all media (personal computers, external hard drives, databases, etc.).


          
            

            


            Box 8.10. Personal data template (Y. Biard, CIRAD)


            The information collected [on this form / …] is processed by [DATA CONTROLLER] as data controller, in order to / for the research project … [PURPOSE(S)[6]]. This data processing operation is based on [LEGAL BASIS[7]].


            Your personal data is stored only for [RETENTION PERIOD[8] / the necessary duration to achieve said purpose(s)], without prejudice to applicable regulation. It is destined to [INTERNAL RECIPIENT] and can be transferred to [EXTERNAL RECIPIENT[9]].


            In accordance with Regulation (EU) 2016/679 (GDPR), you are entitled the rights of access, modification, erasure and portability (when applicable) of your personal data, and of limitation and opposition of its processing, with the right to withdraw your consent at any time. You can claim those rights writing to our Data Protection Officer. You also have a right to submit a complaint directly to the appropriate data protection Supervisory Authority.

          

        


        
          

          Ethical dimension and scientific integrity


          Respect for the privacy of respondents, the intellectual property of the data mobilized, and the quality and integrity of the data are part of a broader definition of the ethical dimension of data management. The European Code of Conduct for Research Integrity identifies four fundamental values: responsibility, respect, honesty and reliability.[10]


          When applied to primary data collection required to perform LCA, it is clear that developing strong partnerships is one of the cornerstones of the working method. The approach, based on mutual trust between partners, aims to build up LCA win-win situations: partners in developing countries build their capacity in LCA methodology and are well informed about the implications of the study on which they are collaborating, while an LCA practitioner can benefit from the best existing data on agricultural systems in these contexts and deliver reliable LCA studies for all parties. This approach requires taking into account ethical and legal considerations on the collection and use of LCI data with different partners presented above.


          The LCA-CIRAD team decided to go further than the legal framework, putting more emphasis on trust and partnerships in their set of ethical rules, acknowledging the fact that strong partnerships are particularly important in the context of LCI data collection and sharing. The details of the implementation of this data quality charter were published in the proceedings of the LCA Food conference (Biard et al. 2016) and its main rules are described in Box 8.11.


          
            

            


            Box 8.11. Main rules of CIRAD’s ethical charter (Y. Biard, CIRAD)
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            The charter is based on two pillars: the quality of the relationship with the partners and scientific development. No data dissemination is allowed without considering the impact this could have on the interests or reputation of the partners and their relationship with LCA-CIRAD or CIRAD as a whole. The dissemination of datasets for direct commercial exploitation to strict dataset buyers is not a strategic priority for CIRAD.

          


          These principles are specific to CIRAD and its long-term partnership strategy. LCA practitioners are free to establish their own policy, taking into account the imperatives of the project as well as their institution’s strategy. This policy should then be explained in a document that summarizes commitments with regard to the datasets collected from third parties. If the dissemination of the full LCI dataset or LCIA results is required, those conditions should be thoroughly explained to partners right from the beginning of the study. Partners’ validation of such conditions should be written out to the fullest extent possible in the collaboration agreement. Moreover, if external demands for LCI datasets or LCIA results arise after the end of the project, the further long-term impact on the relationship with the partners must be considered in addition to the contractual clauses concerning the data dissemination agreed at the beginning. The scientific team leader is generally perceived as the most convenient decision-maker to exercise the sui generis right. She or he is encouraged to decide based on the advice from practitioners who worked on the concerned data. The data dissemination timeframe can include an embargo period, i.e. a delay to allow for scientific publication, provided that all partners agree.


          An effective way to strengthen the trust and cooperation between partners is also to include, right from the initial project design, activities dedicated to LCA capacity building in the studied regions. This helps partners fully understand the ins and outs and potentially contribute to the LCA building itself rather than act only as data providers. This entails building medium- or long-term partnerships offering LCA trainings at novice and expert levels as well as specific trainings on LCA database quality management systems.

        

      


      
        

        System boundaries, typologies and sampling strategies


        To finalize the co-design of the study with stakeholders, a clear definition of the system boundaries and typologies associated with a transparent sampling strategy in accordance with the goal and scope of the study is crucial.


        
          

          System boundaries


          A key component of the goal and scope definition is the setting of system boundaries, coupled with cut-off criteria. In the case of a single system LCA, the limits of the system are usually straightforward to define, and several approaches for cut-off criteria exist. For instance, typical cut-off criteria include a mass or an economic threshold, but more elaborate approaches such as cumulative contribution to impacts have been proposed (e.g. Fréon et al. 2014b). A generalized practice in LCA consists of excluding certain inventory items (typically infrastructure) under the assumption that their contribution to impacts, per FU, is marginal. This practice is risky, as stated in Suh et al. (2004): “many excluded processes have often never been assessed by the practitioner, and therefore, their negligibility cannot be guaranteed”. Nonetheless, in many situations, a system type is well known and there is consensus on key inventory items that should be considered (see Chapter 9 section “Foreground data collection”, and especially Figure 9.1).


          Even if the system boundaries are pre-defined, the data collection stage may inform refinements, as unforeseen sources of emissions for atypical systems may be discovered only by visiting them and interviewing the local stakeholders. Refinements through iterative loops are often needed in LCA and must be anticipated in terms of time allocation for the study.

        


        
          

          Typologies and sampling strategy


          The level of representativeness is linked to the goal and scope definition. Published LCA studies tend to exaggerate their representativeness in the very title (e.g. soybeans from Brazil), potentially misguiding readers when the study is actually representative of only a fraction of the whole system. LCA users should also be aware that LCI at country level available in databases, such as the WFLDB, also are too often not representative of very diversified systems, especially for tropical agriculture in developing and emerging countries. The conscientious LCA practitioner should choose a title fitting to the study’s representativeness, e.g. specifying a type of agricultural system or a representative area.


          Except in rare occasions, such as when the study is intended for pedagogic or research purposes, designing a representative sample of individuals of the studied population/product system may be a prerequisite. This is especially true when the scope of the study includes several typical systems, a regional or national scope, and if various systems ought to be compared regarding their environmental impacts. The feasibility of defining and surveying a representative sample of individuals will depend on both internal characteristics of the studied population, such as its size, variability and heterogeneity, and external parameters including the question asked and the resources allocated but also the knowledge and data available on the studied system.


          A typical approach consists in classifying several systems into types, by means of a typology, in order to make comparison among types of systems rather than among individual systems or to account for the internal diversity of the studied population. The construction and use of a typology is based on the key assumption that systems belonging to different types are (i) homogeneous within a type, and (ii) sufficiently different among types to the extent that environmental impacts (or their key drivers) are also sufficiently different. Comparisons based on typologies require careful uncertainty management and understanding of the intrinsic variability among systems.


          Typologies can be established a priori or a posteriori to the first field mission. If the addressed question is “Are the environmental impacts across pre-defined product system types significantly different?”, the LCA study and sampling protocol will be based on an a priori typology relevant to these pre-defined types. If the addressed question is “What are the key drivers explaining the environmental impacts of a given product system?” then the sampling protocol could be based on a priori expert-based typology and cross-referenced with a posteriori typology using principal component analysis (PCA) and clustering if possible.


          According to Bélières et al. (2017) the creation of typologies requires both theoretical and practical knowledge. Several approaches can be used for a priori typologies such as:


          
            	
              structural-based typologies based on means of production;

            


            	
              functional-based typologies based on the chain of decision-making by the farmer;

            


            	
              performance-based typologies, although this criterion is often coupled with the previous two typologies;

            


            	
              analytical typologies, which are constructed from the selection of discriminating indicators whose information comes from the farms themselves;

            


            	
              statistical typologies;

            


            	
              expert-based typologies; and

            


            	
              mixed typologies.

            

          


          According to our field experience there is often a mix of approaches depending on the goal of the project, time, resources, and available data. To build a typology, for instance of agricultural systems or fish farming systems, various criteria should be considered, including the existence of legal, administrative or ad hoc classifications of systems based on previous experiences or documents. Examples of a priori typologies:


          
            	
              crop systems may be segregated into field crops vs. prairies vs. perennial crops, or into conventional vs. organic, or into open-field versus greenhouse production;

            


            	
              animal systems are often classified depending on farming conditions and time spent in the building or in the open air;

            


            	
              cattle systems are often classified into dairy vs. suckler systems;

            


            	
              fishing fleets are generally divided into segments based on dominant fishing gear, target species or holding capacity;

            


            	
              aquaculture systems are usually separated into land-based and water-based or intensive vs. extensive, or by size (which is often correlated with management intensity);

            


            	
              for all product systems, a technical typology can be combined with a spatial typology accounting for the different regions or soil and climate conditions of production.

            

          


          If such an a priori typology is retained, its validity should be confirmed by comparing the overall difference in environmental impacts among types. Other, more complex approaches are available for building typologies, including the use of statistical tools such as PCA (e.g. Avadí et al. 2016; Abdou 2017; Basset-Mens et al. 2019).


          Criteria and recommendations for typology construction, based on key drivers of environmental impacts per agri-food system category, are summarized in Table 8.3. Although the existence of a legal, de facto or expert-based typology can be highly valuable in designing a sampling protocol in an LCA study, it should always be cross-checked and validated by the field experience, as illustrated in some of our case studies (see Box 8.12, Box 8.13, Box 8.14). In particular, the importance and the performance of the informal sector are often underestimated (or denied) by official typologies and knowledge.


          Table 8.3. Criteria and recommendations for constructing the system typologies.


          
            

            
              
                	
                  

                  Criteria

                

                	
                  

                  Crop systems

                

                	
                  

                  Livestock systems

                

                	
                  

                  Aquaculture systems

                

                	
                  

                  Fisheries

                

                	
                  

                  Agri-food processing

                

                	
                  

                  Distribution

                
              


              
                	
                  

                  Existence of a legal, administrative or de facto typology

                

                	
                  

                  General advice: If contractually obliged or limited by resource availability, use it “as is”, otherwise challenge/confirm it by statistical methods, e.g. PCA and hierarchical clustering of principal components (HCPC) (Avadí et al. 2016, 2017; Basset-Mens et al. 2019)

                
              


              
                	
                  

                  Existence of recommendations, guidelines on system classification

                

                	
                  

                  General advice: Check the existence of either of the following:

                
              


              
                	
                  

                  Specific advice: FAOSTAT (FAO 2020b), national agricultural reports, agricultural census data, etc.

                

                	
                  

                  Specific advice: FishStatJ, historical data from 1950 on global capture and aquaculture production (FAO 2017b)

                

                	
                  

                  Official statistics, expert advice, literature

                
              


              
                	
                  

                  Absence of any official or de facto widely accepted classification

                

                	
                  

                  Common practice: Segregate by practices (e.g. conventional vs. organic, artisanal/usually manual labour-based smallholder vs. industrial/usually large mechanized estates), by cropping system type (e.g. open field vs. greenhouse)

                

                	
                  

                  Common practice: Segregate by practices (e.g. conventional vs. organic), by feed specialization (e.g. in-farm feed or grazing vs. commercial feed), by product type (e.g. eggs vs. poultry, dairy vs. suckler) or by level of integration (e.g. combined reproduction and finishing vs. finishing only)

                

                	
                  

                  Common practice:


                  Segregate by technology (e.g. ponds, cages, recirculating systems) and production thresholds (small, medium, large) (Guinée et al. 2010; Abdou et al. 2017; Avadí et al. 2021)

                

                	
                  

                  Common practice:


                  Segregate by dominant fishing gear and by holding capacity (Fréon et al. 2014a; Avadí and Vázquez-Rowe 2019a; Acosta-Alba and Avadí 2021)

                

                	
                  

                  Common practice: Segregate by type of process (e.g. primary vs. secondary; freezing, canning, salting, smoking, etc.) and by size of factories, technological level (degree of mechanization) and type of technology (e.g. artisanal vs. industrial) (Avadí et al. 2014, 2020a)

                

                	
                  

                  Common practice: Segregate by type of products handled (e.g. unprocessed, processed) and by size or geographical scope (e.g. local, national, regional, global).


                  Type of vehicles is also key. Processors buy raw materials by the full load (for cost-efficiency), and the type of vehicle becomes like a crop-specific unit of measurement for trading.

                
              

            

          


          
            

            


            Box 8.12. Milk value chain in Colombia: an example of important produce categories omitted by existent typologies based on local extension services (I. Acosta-Alba, EvaLivo)


            In developing countries, the share of informality can be very high even for export products. Often, this informality is a source of unawareness and preconceptions about the real importance of some actors even when surveying local extension services within the country.


            In Colombia, a study on the milk value chain and processed products was carried out in 2016. During discussions with partners and technical services about the producers’ typology, the choice of excluding the milk produced by the informal sector was recommended. The suggestion was in particular for smallholders having no official records nor technical monitoring since they were considered as not economically sustainable and fated to disappear. However, during the field interviews, experts from producers’ cooperatives estimated the informally produced and marketed milk at around 40% of total Colombian milk and 80% of total Colombian milk was produced by small farmers having fewer than 15 animals. After several field visits, which confirmed the importance of small producers, this type of producers was modelled on the basis of a few interviews to at least represent them within a dedicated scenario.

          


          
            

            


            Box 8.13. Fishing value chain in Mali: an example of the importance of iterative fieldwork to catch the occasional fishers (I. Acosta-Alba, EvaLivo)


            In Mali, the fisheries value chain was particularly difficult to model. Official fishing data do not correspond to the reality of this sector. Only 1% of artisanal fishermen have a fishing license. This fact is known by state services, who correct fishing volumes and rate the self-consumption to account for this. A relevant and acknowledged typology of fishermen exists since the 1970s. Given the travel difficulties linked to the security conditions in the country, the experts had a limited data collection period and the system definition was based on the official typology. However, after discussions and interviews on the ground, it turned out that the fishing activity, formerly reserved for traditional professional fishermen, had become very widespread and that now “everyone fishes”. These occasional and opportunistic “new” fishers caught about 30% of Malian fish. This category of fishermen could not be thoroughly surveyed due to the lack of time and they had to be modelled in a very simplistic scheme. This illustrates the interest of iterative fieldwork.

          


          
            

            


            Box 8.14. Study of the Dominican Republic value chain for processed mango: bias from systems and products identified by sponsors and partners (I. Acosta-Alba, EvaLivo)


            A type of bias can arise when defining the system, even by actors from the field. For example, in the Dominican Republic, during an evaluation of processed mango, the regional variety criolla was described by the sponsors and technical partners as negligible for the study. The production was described as “palos de mango en el patio” (a few trees in private gardens). However, after interviews with the main industry players in the country, it turned out that only this variety was used at industrial level. Sourcing and production are little known and very different to commercially grown varieties which focus on export varieties for fresh fruits based on the taste demanded by importing countries (United States, European countries, Japan). Despite the difficulty, it was possible to find farmers who produced the criolla mango and to include it in the analysis.

          


          Figure 8.8 presents recommendations on sampling protocol design following the choices regarding the extension of systems to be studied and their typology. Depending on the constraints associated with the LCA study, the number of achievable samples may vary considerably, and the robustness of the study’s conclusions may vary accordingly. In a context of limited resources (time, money), only limited sampling may be possible, and thus the heterogeneity among systems and within a system may be considerable. The level of heterogeneity can be determined by expert opinion, as local experts usually have a good idea of it. For instance, in Africa, smallholder pond systems farming herbivorous fish, or smallholder crop systems producing staple foods such as maize or tubers or commodities such as cotton, tend to be rather homogenous (regarding practices and yields) within each country. If the scope of the LCA study is regional or value-chain oriented, the representativeness of sampling is key.


          Many sampling strategies exist. They may include random or non-random selection of actual production units which will be based either on snowballing sampling or random sampling designs. Snowball sampling represents non-probability sampling where individuals are recruited by experts or between themselves based on their acquaintances, while in simple random sampling of a given size, all individuals have an equal probability of being selected. In Appendix E [image: ], a table from PAS 2050-1 is provided with sample sizes depending on the population size, with or without grouping into types. However, these sample sizes are indicative and will be influenced by the constraints of the study.


          Alongside sampling strategies, building virtual representative production units can constitute an effective strategy (Vayssières et al. 2011; Avadí et al. 2016, 2020a, 2020b, 2021). A virtual representative production unit is a scenario designed to represent a given type. They are widely used in LCA, especially when the goal is to compare system types. An alternative to the use of these virtual representative production units is to use a real individual system that is very representative of each type. When a solid typology exists, these representative individuals may have been previously identified and are called paragons.
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          Figure 8.8. Recommendations for designing the sampling protocol.

        

      

    


    
      

      Chapter 9


      Building life cycle inventories


      Once the study is properly designed, all important flows in the studied systems or system types need to be estimated with the most reliable data possible. It is important to distinguish between foreground and background data collection since these two types of data require completely different collection strategies.


      
        

        Foreground data collection


        
          

          Key data to collect


          In principle, all foreground data (i.e. the data describing the system of interest to the LCA study) should be compiled and modelled into LCI.


          In practice, and following the 80/20 Pareto principle, it is much easier to compile the bulk of the data than the remaining few details, some of which may well be key contributors to impacts.


          Therefore, over the last three decades of LCA practice, ad minima lists of key inventory items were compiled for most agri-food systems. The main contributors to impacts in the agriculture sector (see Appendix F ), except for land use change in the tropics, are usually the use of fertilizers, the use of pesticides, animal feed and manure management. When performing LCA of aquaculture and fisheries, a number of sector-specific considerations should be included, as described in Appendix F3 [image: ]. The main contributors to impacts in the seafood sector are usually fuel consumption in fisheries and feed provision in aquaculture. When post-harvest stages take place on the farm (e.g. pulping and drying of coffee), a separate section should list the technical processes, quantities of water, energy and inputs used as well as the fate of waste and co-products. Generally speaking, the conversion factors and yields in products of each important process will play a critical role in the eco-efficiency of the studied product. Eco-efficiency can be defined as the ability of a system to deliver a function while minimizing its impacts on the environment. For instance, the feed conversion ratio, which is the number of kilograms of feed needed to produce one kilogram of animal product (meat or milk), should be estimated with a high level of precision and include uncertainty data in the LCA study of animal products.


          Figure 9.1 below provides key parameters for an LCI questionnaire by product category.
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          Figure 9.1. Key parameters for an LCI questionnaire depending on product category.

        


        
          

          Temporal aspects


          Of course, the temporal dimension is a key factor in collecting representative data. All agri-food systems have important variability over time and these variations should ideally be captured in LCI datasets. Agri-food systems are exposed to climate variations and potentially extreme events that continuously and sometimes deeply affect their performances. It is therefore paramount to consider several years in data collection. In areas where extreme events are regular, such as hurricanes on the Atlantic coast of the Caribbean islands and Central America or El Niño/La Niña phenomena (Bertrand et al. 2020), their frequencies and impacts should be investigated in greater detail. Likewise, water availability or scarcity are also deeply influenced by seasons, which will be critical when studying seasonal crops or crops with several harvests per year. In the case of perennial crops, it is also paramount to account for the whole perennial cycle, since partial modelling, based on single years for instance, can severely bias the LCA results (Bessou et al. 2013; Bessou et al. 2016).


          Overall, the basic temporal variability should be accounted for by adapting the data collection protocol to each system type: at least three seasons/year for each studied system, at least all phases of perennial crops should be modelled, and each phase should use either a typical year or an average of three to five years. Recommendations for the modelling of perennial crops in LCA are summarized in Bessou et al. (2013) and further updated in Basset-Mens et al. (2018).


          If the studied system is located in a region with regular extreme events, for instance occurring once or twice over three years, this major disturbance should also be modelled in the LCA, either by designing scenarios with and without these extreme events to show a range of situations or by designing an average scenario taking account of the regular destruction of the infrastructure and production in the system performance.

        


        
          

          How to design a LCI questionnaire


          Questionnaire design is very important. The questionnaire must include information on the means of production and the operations of the farm. Questions may be more open-ended if the interviewers conduct the surveys themselves or closed questions if data collection is delegated. On farms, it is necessary to have the details of the crops in space (area, density of sowing, intermediate crops) and the crop rotations in time (length of the crop cycle, crop before and after and if the same sequence is repeated over time), and non-productive and productive periods must always be differentiated.


          Next, the cultivation operations must be detailed, indicating the quantities and types of inputs for each. The data must be collected according to one specific period, generally a productive cycle. This period should be well defined because the quantities will be expressed per area, per unit of product and per unit of time. The questionnaire and the questions on the day of collection should be asked in the units commonly used by the actors. To save time during the interview, the data will be converted afterwards. Ideally, knowledge on the various local common units should be gathered early in the survey timeframe to anticipate potential errors and cross-checking in the field. It might be important, for instance, to verify the volumes of commonly used recipients such as empty tomato cans.


          For animal production, it is important to distinguish the categories of animals, their management (time in the building, diet) and the management of excreta. Figure 9.2 shows recommendations for designing LCI questionnaires. In addition to details on farm operations, it might also be necessary to collect extra data that are input variables for emission models and cannot be found in the literature (e.g. slope, existence of a buffer zone etc.). The list of these particular data will obviously need to be properly prepared before going into the field for the survey.
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          Figure 9.2. Recommendations to design a questionnaire for LCI field data collection.

        


        
          

          How to best collect reliable data at field level


          In LCA studies for agri-food systems in developing countries, foreground data need to be collected directly in the field. Collecting reliable data at field level requires specific skills and a proper organization. Based on our field experience, we formalized our recommendations of best practices on surveying stakeholders (Figure 9.3).
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          Figure 9.3. Key steps and recommendations to collect reliable data from the field.


          Fieldwork has enabled us to see that trust is a fundamental factor in any exchange of information, as much for connecting with actors as for obtaining quality data. When the LCA experts conduct their own data collection, having a paper questionnaire may lead the discussion exclusively to the questions in the established order. Often, the person surveyed stares at the paper, which can limit the discussion. We obtained the best results when the questionnaire was hidden in the expert’s pocket and notes were written down in an empty notebook while having coffee, tea or other regional traditional drinks and trying to make the speaker comfortable.


          During an LCA study, we ask about every detail of the activity. Put yourself in the person’s shoes and imagine a complete stranger coming into your home and asking you questions about everything you do... If you do not understand why and how the data are going to be used, would your answers be reliable?


          To facilitate discussions during a field visit, we recommend to start by introducing yourself and talking about the goal of the study, then taking a tour of the place (farm or industry) with, when authorized, a camera, a digital recorder and a small hand balance. However, using recording devices may make some people less comfortable. The practitioners need to be attentive to their actual willingness to be recorded or not since this might affect the content of the discussion. It is also useful to verify the information with different questions, for example asking for plant density per hectare and yield per tree, then asking for yields per hectare. For animal products, the quantity of feed and product must be asked and at another point the concept of the conversion ratio must be discussed. An example of surveys is available in Box 9.1.


          
            

            


            Box 9.1. VCA4D study of pineapple and mangoes in Dominican Republic, working in a multidisciplinary team (I. Acosta-Alba, EvaLivo)


            During VCA4D studies, there is a mandatory field mission for the whole team (economist, sociologist and environmental expert). During several interviews, the method that best allowed the understanding and collection of data was to start the discussion by presenting the goal of the study, introducing the team and talking about the confidential nature of the data that will be collected (a confidentiality agreement can even be signed). The visit then started and we asked about the history of the activity during the tour. Taking pictures is a good opportunity to ask questions and to observe key details (empty packaging of used products that are not always mentioned, machinery, the brands and types of machinery to obtain the power and consumption described on the engines, etc.).


            Field observation makes it possible to note details that the actors do not consider important, such as the plots on which the first non-productive years of mangoes, plantain banana or cassava crops are often planted. For pineapple, the construction of infrastructure linked to cropping (paths, mounds, drainage) is a stage which requires the use of heavy machinery and where 30% of the surface is kept as a nursery for reproduction. While the productive period lasts 18 months, if the establishment of the crop and the nursery are taken into account, the land is rented for a period of three years.


            After the first conversation, the interviewee was more comfortable and we asked for a quiet place to sit down and continue with more specific questions. Sitting allows easier taking of notes and better concentration. When farm records exist, they can be consulted at that time. To resume the discussion, if time permits, it is possible to continue by drawing a plan of the farm if there are distant plots. Then, the interviewee can describe technical itineraries by unrolling the work calendar and each technical intervention describing products used and their application each month of the year. Since most of the steps were already described during the visit, the questions can be more concrete. This entry is also helpful in addressing input quantities and costs, as well as key labour issues, especially when operations are manual.


            With regard to industrial players, a discussion with the manager or director on the history of the company, followed by a visit led by the production manager and a discussion with the quality and purchasing manager were valuable sources of information. Carrying out the interviews in this way made it possible to combine the information and to validate it by cross-checking the data.

          

        


        
          

          How to best delegate data collection


          Data collection is a key step in obtaining reliable data. When it is necessary to delegate data collection for whatever reason (time, cost, large samples), the preparation phase will be longer. Setting up the tool used for data collection (Excel spreadsheet, questionnaire) and training interviewers are time-consuming processes. It is also important to provide enough time for data formalization: translation when surveys are conducted in the language of the country, information systematization and database creation to be sufficiently precise in the questions to avoid errors. Training interviewers in LCA principles by doing at least one survey test with them is a way to ensure better data. It is also key to train interviewers on all the possible sources of uncertainty related to the data and on the need to cross-check and validate data onsite. It is essential that reviewers provide sufficient information on the origin and level of confidence of each piece of data in the questionnaire or Excel spreadsheet used for the survey.

        


        
          

          How to validate and complete datasets


          As previously discussed, the reliability of the data is the result of multiple actions throughout the data collection process. Here, we propose a summary of these steps that aim to make this dataset as reliable as possible (Figure 9.4). The possible sources of uncertainty attached to field data are numerous. People may wish to please the interviewers, or they may not trust them and not want to give them their actual data. They may not keep formal records of their practices and forget what they did. They may have used what they had at hand to measure the inputs they apply, such as the cap of a bottle for a pesticide and the interviewer will need to estimate the corresponding quantity in international units. As already demonstrated, it is important to validate as much information as possible while still in the field to secure the data. It is advised to ask for invoices for all purchased or paid inputs if the farmer does not know the amount of a given input. Plots should be visited since they will reveal the actual situation of the crop (e.g. crop associations, slope of the land, etc.). Active ingredients and formulas of fertilizers should be checked by looking at the packaging of inputs, while certain containers should be weighed to convert their capacity into international units. Pictures can be taken, after getting explicit agreement from the farmers, to remember. While still in the field or just after (e.g. once back at the hotel), the origin of each figure, the way it was estimated, and its level of confidence must be reported as precisely as possible in the survey file.


          Once back at the office, the dataset should be cleaned up and submitted for critical review (CR) by an external technical expert to check orders of magnitude, units, and consistency across data. It is also important to compare it with existing literature references or datasets. This will help identify aberrant values and gaps that can be asked about again or checked back with the surveyed stakeholder either during a second mission or by email or a phone conversation. Remaining data gaps should then be filled based on expert advice and the literature or by proxies. Finally, while creating new processes in the LCA software, the metadata for each piece of data should be reported as precisely as possible, including origin of the data, method of estimation/calculation, representativeness, and reliability. The data quality management system proposed by Weidema and Wesnæs (1996) or another more personal system can be used as long as the overall data quality is properly described.
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          Figure 9.4. Recommendations on data quality management at all steps of the data collection and reporting process.

        


        
          

          Horizontal averaging of unit processes data


          Averaging data might seem straightforward, but is subject to several decisions that can greatly influence results. One might want to model each sample separately (one LCI dataset per site), but this easily becomes impractical in LCA models. Thus, most datasets need to be averaged to a certain extent, but this raises its own set of challenges. For example, one might be faced with several datasets that represent vastly different scales of production. Production practices might also vary, and one needs to determine if sets of farming practices can be considered as one production practice or if they must be divided into several (e.g. tillage and non-tillage agriculture). Rather than predefined divisions, such as geography or crop, the LCI data should be organized according to what is most relevant for the study. For example, a crop cycle (spring or autumn) might have much larger influence on the LCI data than the region of farming. In other cases, scales of production or farming practices might result in the most relevant criteria. These aspects also relate to typology, which was described in Chapter 8 section “System boundaries, typologies and sampling strategies”.


          Averaging data among diverse actors can be done on the basis of production volume or representativeness (Henriksson et al. 2013). This can be done either in one LCI dataset (e.g. weighting the inputs to the outputs of farms), or with regards to what the study seeks to represent (e.g. based upon production practices). In this context, it is important to reflect upon the goal and scope of the study. As mentioned in Chapter 8 section “System boundaries, typologies and sampling strategies”, LCA studies tend to imply broad representation (e.g. soybean production in Brazil), while the primary data often only represents a few farms in one province. For many agricultural commodities it makes better sense to break up the unit processes related to distinct production practices and conform to a title that better represents the actual study area (e.g. tillage and non-tillage soybeans from Mato Grosso).

        

      


      
        

        Direct field emissions


        Agri-food systems feature direct emissions associated with practices, which should be estimated by way of models (as it is generally too resource-intensive to measure them) and included in the LCIs. Direct emissions are often among the top contributors to environmental impacts depending on the system type and category. Soilless cropping systems (e.g. algae, vertical farming, hydroponics, etc.) do not present critical risks of emissions to the soil, except in relation with the management of crop and other residues. The most important (in terms of contribution to impacts) direct emissions per major agri-food category are summarized in Table 9.1. In Appendix G [image: ], a list of free tools to model field emissions for LCI is provided.


        Table 9.1. Direct emissions per agri-food and seafood category.


        
          

          
            
              	
                

                Direct emissions

              

              	
                

                Cropping systems

              

              	
                

                Livestock systems

              

              	
                

                Aquaculture systems *

              

              	
                

                Fisheries

              

              	
                

                Comments

              
            


            
              	
                

                Ammonia (NH3)

              

              	
                

                +

              

              	
                

                +

              

              	
                

                +

              

              	
                

                N/A

              

              	
                

                High volatilization under tropical conditions; volatilization is particularly high with organic inputs such as slurry and during composting process.

              
            


            
              	
                

                Nitrate (NO3)

              

              	
                

                +

              

              	
                

                +

              

              	
                

                +

              

              	
                

                N/A

              

              	
                

                Most important and difficult to model, especially under tropical conditions. Very dependent on soil type, drainage and irrigation practices. Livestock systems may emit nitrate associated with grazing.

              
            


            
              	
                

                Nitrogen oxides (NOx)

              

              	
                

                +

              

              	
                

                +

              

              	
                

                +

              

              	
                

                N/A

              

              	
                

                NOx emissions are hard to quantify since both NO2 and NO are concerned and unstable. Still these emissions are important to consider because they contribute to various impact categories.


                They should not be neglected, especially in the case of slash and burn land preparation.

              
            


            
              	
                

                Nitrous oxide (N2O)

              

              	
                

                +

              

              	
                

                +

              

              	
                

                +

              

              	
                

                N/A

              

              	
                

                N2O fluxes are not very important in terms of mass, but play a key role in the global warming impact of intensive agricultural systems with high N-fertilizer inputs.


                N2O emissions are both direct and indirect; indirect emissions are related to further downstream emissions after leaching, volatilization and re-deposition.


                N2O emissions should be also considered in the case of land use change leading to soil carbon loss and related N mineralisation, and in the case of peat cultivation.


                Only the IPCC guidelines propose a comprehensive framework to account for all emissions of N2O.

              
            


            
              	
                

                Nitrogen (N, total)

              

              	
                

                N/A

              

              	
                

                +

              

              	
                

                +

              

              	
                

                N/A

              

              	
                

                Relevant in livestock systems (manure management) and in aquaculture (from faeces, uneaten feed and mortalities). This elementary flow should be declared only when specific forms of N emissions cannot be discriminated from other emissions.

              
            


            
              	
                

                Methane (CH4)

              

              	
                

                +

              

              	
                

                +

              

              	
                

                +

              

              	
                

                N/A

              

              	
                

                Relevant and very important for crops such as paddy rice, cattle, and pond fish systems.


                CH4 emissions are particularly critical in the case of peat drainage and oxidation, as well as when fields are flooded. In aquaculture, CH4 emissions may occur in the context of pond fertilization.


                Depending on the origin of CH4, either biogenic or fossil, the impact will be different. In the case of peat oxidation, emissions are equivalent to fossil emissions due to a very long geological storage.

              
            


            
              	
                

                Carbon dioxide (CO2) from urea/limestone

              

              	
                

                +

              

              	
                

                N/A

              

              	
                

                N/A

              

              	
                

                N/A

              

              	
                

                There might be some inconsistency in the ecoinvent database, where CO2 input in urea production is not accounted for.

              
            


            
              	
                

                CO2 from LULUC

              

              	
                

                +

              

              	
                

                +

              

              	
                

                -

              

              	
                

                -

              

              	
                

                CO2 related to land use (changes in management practices) or land use change concerns both carbon in biomass and in SOC; CO2 emissions are due to changes in carbon stocks which are often allocated over a given period of time, without a proper accounting for carbon dynamics.


                Potentially relevant for fisheries and aquaculture only when using wooden vessels and when performing land clearing for new pond aquaculture systems.

              
            


            
              	
                

                Phosphate (PO43-)

              

              	
                

                +

              

              	
                

                -

              

              	
                

                +

              

              	
                

                N/A

              

              	
                

                Associated with P-fertilizers.

              
            


            
              	
                

                Phosphorus (P, total)

              

              	
                

                +

              

              	
                

                +

              

              	
                

                +

              

              	
                

                N/A

              

              	
                

                Relevant in agriculture in conditions of high water erosion (independently of the computation of phosphate emissions associated with fertilization), and in livestock and aquaculture (from faeces, uneaten feed and mortalities). This elementary flow should be declared only when specific forms of P emissions cannot be discriminated from other emissions.

              
            


            
              	
                

                Particulate matter

              

              	
                

                +

              

              	
                

                +

              

              	
                

                -

              

              	
                

                +

              

              	
                

                Relevant in intensive agricultural systems due to the use of heavy machinery in the field for harvesting or straw baling.

              
            


            
              	
                

                Pesticides

              

              	
                

                +

              

              	
                

                +

              

              	
                

                -

              

              	
                

                +

              

              	
                

                Important in intensive agriculture. May be relevant in fisheries (e.g. antifouling).

              
            


            
              	
                

                Trace contaminants **

              

              	
                

                +

              

              	
                

                +

              

              	
                

                -

              

              	
                

                +

              

              	
                

                Important in the context of manure management, organic and mineral fertilization and pesticide/antifouling use.

              
            


            
              	
                

                Biomass extracted

              

              	
                

                N/A

              

              	
                

                N/A

              

              	
                

                -

              

              	
                

                +

              

              	
                

                In fisheries, biomass extraction produces biotic impacts on both the fish resource (stock) and the ecosystem. It is notably important in fisheries tapping overexploited stocks, and indirectly in aquaculture through aquafeed.

              
            


            
              	
                

                Land area

              

              	
                

                +

              

              	
                

                +

              

              	
                

                N/A

              

              	
                

                N/A

              

              	
                

                Land area use may be assessed per se or in connection with soil quality and biodiversity assessment. Soil quality is a major issue in agriculture as it determines the production potential as well as the delivery of many ecosystem services which in turn affect productivity. So far, the international consensus (GLAM 2) is to assess changes in SOC as a proxy for soil quality change as it is an integrated indicator of many processes occurring in the soil.


                Soil organic fluxes should be used in a consistent way for the various impact categories, namely “soil quality” and “global warming”, the latter in case of net emissions.


                Biodiversity loss due to land use is also important and the approach from Chaudhary et al. (2015) is proposed as interim by GLAM

              
            


            
              	
                

                Sea bottom area

              

              	
                

                N/A

              

              	
                

                N/A

              

              	
                

                N/A

              

              	
                

                +

              

              	
                

                Sea bottoms may be damaged by bottom trawler fisheries.

              
            

          

        


        Various models are available to estimate direct emissions from agriculture, featuring varying levels of complexity, accuracy and data requirements. Recently, some of the main model sets used in agricultural LCA – ecoinvent (Nemecek and Schnetzer 2012), World Food LCA database (Nemecek et al. 2015) and AGRIBALYSE (Koch and Salou 2016), which are all described in Appendix B [image: ] – were sometimes limited regarding their suitability to model nitrogen emissions in contrasting agricultural situations (Avadí et al. 2022). Regarding the suitability and choice of a model, several criteria must be taken into account with regard to both model performances and the data availability to run the model. There are also challenges in ensuring overall consistency, whether among the different models applied for various emissions or with regard to other considered processes that are often modelled with ecoinvent. The decision tree proposed in Figure 9.5 only applies to nitrogen compounds but could be adapted to other compounds should more models be available. It is meant to aid the decision-making process and emphasize where to find further resources. Additionally, in Table 9.2 we present several model recommendations for various field emissions.


        
          [image: Fig9-5.jpg]

        


        Figure 9.5. Decision tree to guide the model choices for nitrogen (N) field emissions (see also Table 9.2).


        Table 9.2. Recommended models for agricultural direct emissions.


        
          

          
            
              	
                

                Direct emission

              

              	
                

                Recommended models

              

              	
                

                Second-choice models (under resource limitations)

              

              	
                

                Comments

              
            


            
              	
                

                Ammonia (NH3)

              

              	
                

                Bouwman and colleaguesd EMEP/EEA (various versionsb)

              

              	
                

                AGRAMMON modelc


                IPCC 2019-Tier 1 (Hergoualc’h et al. 2019)

              

              	
                

                Both models are empirical simple ones, yet EMEP/EEA includes emission factors for more organic fertilizers than AGRAMMON (which is used by ecoinvent). Bouwman and colleagues modelling work, either as exponential model or emission factors used in IPCC would be more suitable for tropical conditions.

              
            


            
              	
                

                Nitrate (NO3)a

              

              	
                

                SQCB-NO3 (Faist Emmenegger et al. 2009)

              

              	
                

                IPCC 2019-Tier 1 (Hergoualc’h et al. 2019)

              

              	
                

                SQCB-NO3 ensures compatibility with ecoinvent. It is extremely sensitive to precipitation and irrigation, and as it consists of a linear regression, negative values may occur. It is not more robust than the IPCC empirical factor but makes it possible to consider some agricultural parameters (although it is not adapted to perennial cropping systems for instance)

              
            


            
              	
                

                Nitrogen oxides (NOx)

              

              	
                

                EMEP/EEA

              

              	
                

                Bouwman and colleagues, made available via the webtool https://gnoc.jrc.ec.europa.eu/ [image: ]d

              

              	
                

                EMEP/EEA includes emission factors for organic and mineral fertilizers.


                Bouwman and colleagues provide an exponential model that can be run if data is available or derived into emission factors extracted from the article.

              
            


            
              	
                

                Nitrous oxide (N2O)

              

              	
                

                IPCC 2019-Tier 1 (Hergoualc’h et al. 2019)

              

              	
                

                Bouwman and colleagues, made available via the webtool https://gnoc.jrc.ec.europa.eu/ [image: ]d

              

              	
                

                Empirical simple models for agriculture and manure management, respectively. IPCC 2019 is mostly derived from Bouwman and colleagues modelling work; disaggregated emission factors make it possible for some emissions to account for wet/dry climate and the type of fertilizers. Referring directly to the original Bouwman and colleagues models require some more data but make it possible to be slightly more precise in terms of pedoclimatic conditions and practices.

              
            


            
              	
                

                Methane (CH4)

              

              	
                

                For peat oxidation and paddy rice cultivation: IPCC 2019-Tier 1


                For enteric fermentation: IPCC 2019-Tier 1

              

              	
                

                For peat oxidation and paddy rice cultivation: IPCC 2019-Tier 2


                For peat oxidation: Hooijer et al. 2010

              

              	
                

                Empirical simple models for enteric fermentation, manure management and rice, with a gradient of complexity from Tier 1 to Tier 2


                For peat oxidation, the Hooijer et al. model makes it possible to account for the influence of water table management on the oxidation rate, which is critical to assess the impact of drainage practices.

              
            


            
              	
                

                Carbon dioxide (CO2) from urea/limestone

              

              	
                

                IPCC 2019 (Hergoualc’h et al. 2019)

              

              	
                

                No alternative

              

              	
                

                Simple stoichiometric model that ensures mass balance. Consistency with background production processes for urea and limestone must be checked.

              
            


            
              	
                

                Carbon dioxide (CO2) from LULUC

              

              	
                

                IPCC 2019-Tier 1 (Ogle et al. 2019)

              

              	
                

                IPCC 2019-Tier 2 (Ogle et al. 2019)


                RothC (Coleman and Jenkinson 2014)

              

              	
                

                CO2 emissions from LULUC concern both carbon losses from biomass and from SOC, for which all default factors are provided in IPCC.


                On the contrary when applying SOC models that do only focus on soil, it is important not to forget adding carbon loss due to biomass.


                IPCC-Tier 2 approach relies on a simplified CENTURY model version. It requires to inform a lot of parameters, for which many default factors are provided, and extensive climate data.


                RothC is a semi-empirical model widely used to simulate SOC dynamics. It can be helpful to model land use change but requires monthly input data.


                In cases of LUC through slash-and-burn, it is important to also consider other emissions than just CO2 also based on IPCC recommendations.

              
            


            
              	
                

                Phosphorus (P)

              

              	
                

                SALCA-P (Prasuhn 2006; Nemecek and Schnetzer 2012) informed by RUSLE2 erosion model (Foster 2005)

              

              	
                

                No alternative

              

              	
                

                Empirical simple model, but globally applicable and with minimal detail needed. Ensures compatibility with ecoinvent and AGRIBALYSE.

              
            


            
              	
                

                Trace elements

              

              	
                

                SALCA-SM (Freiermuth 2006; Nemecek and Schnetzer 2012) informed by RUSLE2 erosion model

              

              	
                

                No alternative

              

              	
                

                Empirical simple model, but globally applicable and with minimal detail needed. Ensures compatibility with ecoinvent and AGRIBALYSE.

              
            


            
              	
                

                Pesticidese

              

              	
                

                PestLCI Consensus webtool (primary distribution) (https://pestlciweb.man.dtu.dk/ [image: ])

              

              	
                

                Default emission fractions for a panel of pesticide application situations (OLCA-Pest project) e


                + (Gentil-Sergent et al. (2021) for tropical conditions

              

              	
                

                Two possible levels of complexity depending on the purpose and resource of LCA study

              
            


            
              	
                

                Water

              

              	
                

                Aquacrop model (http://www.fao.org/aquacrop/en/)

              

              	
                

                Cropwat Model (http://www.fao.org/land-water/databases-and-software/cropwat/en/ [image: ])

              

              	
                

                Both Aquacrop and Cropwat models require input data but Aquacrop permits a finer discrimination of practices especially irrigation mode.


                Under important resource constraints, using the water consumed as declared by the farmer might be the only feasible option though

              
            

          

        


        LULUC: Land use and land use change


        a The recent Indigo-N v.3 model (Bockstaller et al. 2021) includes an original formalism based on drainage periods and N balances (for NO3) and combines EMEP/EEA and IPCC models with correction factors for all gaseous N emissions. In principle, it would be better adapted to contrasted agricultural situations, especially those prevalent in developing contexts, with marginally larger data requirements.


        b All versions of the EMEP/EEA air pollutant emission inventory guidebook (latest one of 2019) are available from https://www.eea.europa.eu/themes/air/air-pollution-sources-1/emep-eea-air-pollutant-emission-inventory-guidebook [image: ]


        c The latest version of the AGRAMMON model and related reports is available from https://agrammon.ch/en/ [image: ]


        d All relevant Bouwman and colleagues references are listed in Appendix B [image: ].


        e The forthcoming OLCA-Pest project (http://www.sustainability.man.dtu.dk/english/research/qsa/research/research-projects/olca-pest [image: ]) aims to operationalize and harmonize the emission quantification and impact characterization of pesticides in LCA. SOC: soil organic carbon.


        Notes: See details for N models in Appendix B [image: ]. Uncertainties should be quantified when using any of the models. Second-choice models should be used when resource limitations prevent the use of the recommended models.

      


      
        

        Background data collection


        More often than not, parts of the inventory will have to be obtained from background databases such as ecoinvent, ILCD, World Food LCA Database or other commercial LCI databases. These background data typically include “background” processes representing the provision of energy, packaging, infrastructure and other industrial inventory items.


        A unit process dataset contains at least:


        
          	
            one reference product (which is the main output flow);

          


          	
            metadata containing description and documentation of the dataset, including a description of sources and the modelling approach to create the dataset;

          


          	
            a list of all relevant intermediate exchanges, “from” and “to” the technosphere, often referred to as “processes” by practitioners;

          


          	
            a list of all relevant elementary exchanges, “from” and “to” the environment.

          

        


        Especially under resource constraints, practitioners may be in the situation where they will not be able to model key inventory items that would normally belong to the foreground, such as the production of on-farm organic fertilizers or industrial feeds. In those cases, database processes would be necessary, but for full disclosure (as some of these items may be key system elements, with a large weight in the whole system’s impacts) practitioners should always list all assumptions made and proxies used in the form of an explicit table listing the data sources used in the inventory. The following list offers some hints on how to perform background data collection and chose proxies:


        
          	
            If grid electricity for the specific country or location of interest is not available from ecoinvent or another suitable commercial database, the national energy or electricity mix is usually obtainable from government reports (as listed, for instance, in http://iea.org [image: ]). The practitioner can then construct a tailored grid electricity process, such as by combining different types of energy generation available in the databases in the proportions representative of the national energy mix.

          


          	
            This approach can be replicated with regard to the use of water resources, in particular to establish a localized mix of the different origins of the water used, whether renewable or fossil.

          


          	
            A similar approach may be applied to construct processes representing industrial products, such as packaging and other metal, glass, fibre, wood or plastic products (e.g. fishing gear, greenhouses, etc.).

          


          	
            The use of agricultural machinery for certain agricultural operations is available in AGRIBALYSE, on a per hour basis.

          


          	
            Various types of agricultural, industrial and agro-industrial infrastructure are available in ecoinvent, AGRIBALYSE and other databases. Infrastructure includes buildings, key industrial equipment such as boilers and pumps, fishing gear, aquaculture infrastructure, fishing vessels, etc.

          


          	
            Pesticides and chemicals in general should be modelled in terms of their active substances, some of which are available in ecoinvent. When a specific substance is not available, at least the substance group, as defined in PubChem (https://pubchem.ncbi.nlm.nih.gov/ [image: ]), would be available. Please note though that only some pesticides are readily characterized by the most common toxicological impact methodologies.

          


          	
            Animal feeds and especially aquafeeds are particularly difficult to model, because most commercial producers do not disclose the exact formulation of their products nor the origin of raw materials. One should ideally seek to include feed producers as part of the primary data collection. When this is not an option, educated guesses based for instance on import/export data (available, among other resources, via TradeMap, https://www.trademap.org/ [image: ]) would be necessary to determine the likely source of feed ingredients. Literature, technical reports and dedicated websites (https://feedtables.com/ [image: ]; https://www.feedipedia.org/content/feed-databases [image: ]) can be used to reconstruct the feed formulations based on the declared nutrient contents, if the few feeds available in ecoinvent, AGRIBALYSE and other databases are not suitable as direct proxies.

          


          	
            Transport – expressed in terms of tonne-kilometre (tkm) – is modelled in databases following for instance freight capacity, EURO standards and assuming good road conditions. As in developing contexts transportation means very often do not comply with international standards, and an important proportion of roads are not in mint condition (e.g. Bove et al. 2018), transport of goods should be carefully modelled and proxies used should be considered as underestimations.

          


          	
            If key inventories are missing and if the practitioner want to quickly find out if they are available in certain commercial, free or paid databases, the openLCA Nexus platform can be used to do a search (https://nexus.openlca.org/).

          

        

      


      
        

        Quality management and critical review (CR)


        If the framework of the LCA project or the expertise allows it (in particular if this has been planned and anticipated in the DMP), all or part of the product datasets may be distributed, according to different modalities, via supply agreements, licence agreements or open data. In any case, this prospect of future dataset release adds requirements in terms of metadata management when building LCIs.


        When the results of the LCA study are intended for public communication, a CR must be implemented. In this case, before starting the study, confidentiality agreements giving access to data for the CR procedure should be drawn up in addition to a budget and time allocation if the reviewer is an external expert, which seems preferable. The CR elements are also useful at the end to check if all steps of the study were reasonably fulfilled. According to technical specification ISO/TS 14071 (2016), the main objective of the CR procedure is to ensure that the LCA is consistent with the ISO standards (principles of ISO 14040:2006 framework and with the directives and requirements of ISO 14044:2006 standard). The ISO/TS 14071: 2016 was updated in 2019. The final report shall cover all the elements of the CR. An interesting document (dated but still relevant) which details CR steps is the review by Weidema (1997), which was partially adapted in this section.


        The steps of a CR are: identification of the expert leading the CR (including a self-declaration of independence and skills), description of support given for CR, an appraisal on conformity of LCA with ISO standards, including scientific and technical validity and transparency and consistency of the study. Finally, the CR might include suggestions for improving the methodology and finally the limitations identified in relation to the objectives of the study. Table 9.3 summarizes main elements for the appraisal on conformity of LCA with ISO standards, including scientific and technical validity and transparency and consistency.


        Table 9.3. Main elements for the appraisal on conformity of LCA with ISO standards including scientific and technical validity, transparency and consistency.


        
          

          
            
              	
                

                Consistency with these international standards: Main points in goal and scope

              

              	
                

                Data used are appropriate and reasonable in relation to the objectives of the study

              
            


            
              	
                

                
                  	
                    Functions of the studied product systems

                  


                  	
                    FU

                  


                  	
                    Systems to be studied

                  


                  	
                    System boundaries and criteria used in establishing system boundaries and the justification of these criteria

                  


                  	
                    Allocation procedures

                  

                

              

              	
                

                
                  	
                    Reference unit in relation to which the environmental exchanges are calculated

                  


                  	
                    Geographical representativeness

                  


                  	
                    Applied technology/the technological level

                  


                  	
                    Period during which data has been collected

                  


                  	
                    Source of the data, how data have been collected and how representative they are, and the significance of possible exclusions and assumptions

                  


                  	
                    Assumptions used on the source of fuels and electricity mix shall be clearly stated and justified

                  


                  	
                    Validation procedure used

                  


                  	
                    CR of the inventory analysis

                  


                  	
                    Check calculations

                  

                

              
            


            
              	
                

                Scientific and technical validity of methods used to perform LCA

              

              	
                

                Results and interpretation

              
            


            
              	
                

                
                  	
                    Transparency in characterization and CFs

                  


                  	
                    Weighting methods and operations

                  


                  	
                    Documentation and sources referencing the relevance of the selected methods

                  

                

              

              	
                

                
                  	
                    System comparability assessment

                  


                  	
                    Interpretation of the results according to the objective and scope of the study; interpretation must include data

                  

                


                
                  	
                    Quality assessment of data and sensitivity analysis

                  

                

              
            

          

        

      

    


    
      

      Chapter 10


      Performing impact assessment


      In this part of the guide, we propose decision keys for the choice of the most appropriate LCIA methods, an overview of recommended LCIA method sets, a brief analysis of their validity for developing contexts, overall uncertainty and operationality, and finally, a specific focus on important impact categories for agri-food LCA, often showing non-consensual approaches.


      
        

        Overview of available and recommended sets of LCIA methods


        LCIA method development is an ongoing endeavour, from the very beginnings in the early 1990s to the most recently released models in 2019-20, as depicted in Figure 10.1. More recent models have increasingly focused on spatialization of impact assessment.


        
          [image: Fig10-1.jpg]

        


        Figure 10.1. Timeline of LCIA method development[11]. Source: https://github.com/BenPortner/lca-methods-timeline [image: ]


        
          

          A multi-parameter and complex choice


          The choice of an LCIA method or an overall LCIA method set depends on multiple parameters and is complex for LCA practitioners. This choice will include both scientific considerations, compliance with the commissioner’s expectations and needs and resource constraints for the study (including, for instance, the availability of LCIA methods in LCA software).


          From a scientific point of view, all important environmental impacts should be covered for the studied system while several of them do not benefit from consensual and operational methods yet (see specific focus in section “Impact categories” and Appendix H [image: ]). The chosen method should ideally rely on the state-of-the-art knowledge and model, be valid in the studied context, not have large uncertainties, but also be operational (e.g. available in LCA software). In many cases, it should also allow acceptable comparisons with existing references to help benchmark and interpret the results for decision-makers. From a commissioner standpoint, it might be expected to obtain a simple and aggregated overview of the results to simplify the interpretation of the results and the decision-making process. Finally, depending on the resources allocated to a project or study, it might simply be impossible to explore refined solutions for modelling LCIA impacts. In Figure 10.2, we propose some decision keys to choose an LCIA method set taking account of the study constraints.


          
            [image: Fig10-2.jpg]

          


          Figure 10.2. Which LCIA method set should be chosen (and why)?

        


        
          

          An important and complex “offer”


          Developing LCIA models constitutes an old but still topical challenge within the LCA scientific community that gave rise to an intense and still highly active scientific production. Several authorities at both international and European levels are involved in critically analysing this immense corpus of scientific production, coordinating consensus-building efforts and making recommendations for LCA practitioners. The main institutions coordinating the provision of guidance on LCIA are the Institute for Environment and Sustainability in the EC-JRC, in cooperation with the Environment DG and UN Environment.


          As mentioned in Chapter 3, the JRC first developed the ILCD handbook series of recommendations covering all aspects for conducting an LCA (EC-JRC 2011) (https://eplca.jrc.ec.europa.eu/ [image: ]). The LCIA guides provide requirements for assessing the emissions and resource consumption associated with a product in terms of impacts on the environment, human health, and resource depletion. In 2013, the European Commission established the PEF and OEF, or more generally EF framework to contribute to “Building the Single Market for Green Products Facilitating Better information on the environmental performance of products and organisations COM/2013/0196”. The common methods to measure and communicate the life cycle environmental performances for PEF and OEF, have been defined in a specific EU recommendation (2013/179/EU) to fulfil the requirements of the EF scheme. Compared to the ILCD scheme (EC-JRC 2011), in the EF scheme some LCIA methods have been completely changed, while others have been fine-tuned or unchanged. The EF scheme only recommends methods at midpoint level while ILCD also recommended endpoint methods. The EF framework is currently in its third version: EF 3.0.


          Table 10.1 presents an overview of LCIA methods recommended for some key impact categories for agri-food LCA studies in the LCIA method sets from the Life Cycle Initiative (UNEP 2016, 2019) and EF 3.0 (Zampori and Pant 2019), as well as the methods used in ReCiPe 2016 (Huijbregts et al. 2016), IMPACT World+ (Bulle et al. 2019) and LC-IMPACT (Verones et al. 2020). IMPACT World+ (http://www.impactworldplus.org/en/ [image: ]), an update of IMPACT 2002+, LUCAS and EDIP, is a recently released LCIA method set offering an updated midpoint-damage framework, spatially-resolved impact categories and a subdivision between short-term and long-term damages for long-term impact categories. LC-IMPACT (https://www.lc-impact.eu/ [image: ]) is a newly proposed method providing CFs at the damage (endpoint) level for 11 impact categories, seven of which include spatial differentiation (no midpoints are included). The goal of this method was to consolidate the latest modelling developments scattered in the scientific literature. Appendix I [image: ] presents the full lists of LCIA methods recommended by EF 3.0.


          Table 10.1. Methods, indicators and references behind recommended LCIA method sets for some of the most important impact categories for agri-food LCA studies.


          
            

            
              
                	

                	
                  

                  Life Cycle Initiative (GLAM)

                

                	
                  

                  EF 3.0

                

                	
                  

                  ReCiPe 2016

                

                	
                  

                  IMPACT World+

                

                	
                  

                  LC-IMPACT

                
              


              
                	
                  

                  Water scarcity/stress

                
              


              
                	
                  

                  Midpoints

                

                	
                  

                  AWaRe (Boulay et al. 2018)

                

                	
                  

                  AWaRe

                

                	
                  

                  m3 consumed/m3 extracted

                

                	
                  

                  AWaRe

                

                	
                  

                  N/A

                
              


              
                	
                  

                  Human health

                

                	
                  

                  (Motoshita et al. 2014)

                

                	

                	
                  

                  (Pfister et al. 2009)

                

                	
                  

                  (Boulay et al. 2011)

                

                	
                  

                  (Pfister et al. 2009)

                
              


              
                	
                  

                  Ecosystem quality

                

                	
                  

                  N/A

                

                	

                	
                  

                  (Pfister et al. 2009; Hanafiah et al. 2011)

                

                	
                  

                  Terrestrial: (van Zelm et al. 2011), Freshwater: (Hanafiah et al. 2011), Thermal pollution: (Verones et al. 2010)

                

                	
                  

                  (Verones et al. 2017)

                
              


              
                	
                  

                  Eutrophication

                
              


              
                	
                  

                  Midpoints

                

                	
                  

                  Freshwater: (Helmes et al. 2012)


                  Marine: (Cosme et al. 2017)

                

                	
                  

                  Freshwater and marine:


                  Struijs’ Chapter 6 in RECIPE 2008 (Goedkoop et al. 2009)

                

                	
                  

                  Freshwater: (Helmes et al. 2012)


                  Marine: N/A

                

                	
                  

                  Freshwater: (Helmes et al. 2012)


                  Marine: (Roy et al. 2012)

                

                	
                  

                  N/A

                
              


              
                	
                  

                  Ecosystem quality

                

                	
                  

                  Freshwater: (Azevedo et al. 2013a, b)


                  Marine: (Cosme et al. 2017)

                

                	
                  

                  Freshwater: (Azevedo et al. 2013a, b)


                  Marine: N/A

                

                	
                  

                  Freshwater: (Tirado-Seco 2005; Helmes et al. 2012)


                  Marine: (Roy et al. 2012)

                

                	
                  

                  (Helmes et al. 2012; Azevedo et al. 2013b; Scherer and Pfister 2015)

                
              


              
                	
                  

                  Toxicity and ecotoxicity

                

                	
                  

                  Generic scientific recommendations


                  (USEtox recommended)

                

                	
                  

                  USEtox 2.1. (Rosenbaum et al. 2008)

                

                	
                  

                  USES-LCA 2.0 (Van Zelm et al. 2009)

                

                	
                  

                  Parameterized version of USEtox for continents

                

                	
                  

                  USEtox 2.1. + (Rosenbaum et al. 2015b; Fantke and Jolliet 2016)

                
              


              
                	
                  

                  Biodiversity due to LULUC

                

                	
                  

                  (Chaudhary et al. 2015)*

                

                	
                  

                  N/A

                

                	
                  

                  (de Baan et al. 2013; Elshout et al. 2014); combination of absolute species loss at the local, regional, and global scale, using species·yr

                

                	
                  

                  (Curran et al. 2011; de Baan et al. 2013)

                

                	
                  

                  (Verones et al. 2019, 2020); PDF (global scale)

                
              


              
                	
                  

                  Soil quality

                

                	
                  

                  SOC deficit potential (Brandão and Milà i Canals 2013) + erosion (RUSLE) (Foster 2005)

                

                	
                  

                  Soil quality index based on LANCA (Beck et al. 2010; Bos et al. 2016)

                

                	
                  

                  N/A

                

                	
                  

                  N/A

                

                	
                  

                  N/A

                
              


              
                	
                  

                  *We recommend Chaudhary and Brooks (2018) instead, which is an update and extension of Chaudhary et al. (2015). SOC: soil organic carbon; GLAM: Global Guidance for Life Cycle Impact Assessment Indicators and Methods; PDF: potentially disappeared fraction.

                
              

            

          


          
            

            What is the validity of state-of-the-art LCIA methods for developing contexts?


            Methods for global impact categories, such as climate change, are generally valid at the global scale. For impact categories dependent on local or regional conditions, the spatialization of CFs is key for applying LCA in tropical conditions and has received considerable attention in recent decades. This is the case for the AWaRe water scarcity indicator, which is fully spatialized. However, the use of spatialized CFs is complicated for LCA practitioners due to their absence from the most common LCA software. Furthermore, certain impact categories such as ecotoxicity reflect mostly the sensitivity of ecosystems and organisms in temperate conditions while the sensitivity of tropical organisms to various toxic compounds has very seldom been tested and is not reflected in available CFs (Gentil et al., 2019). Although the increasing spatialization of LCIA models constitutes an important step forward for applying LCA in tropical conditions, there is room for improvement in this regard to better account for the sensitivity of tropical organisms.

          


          
            

            What is the uncertainty attached to LCIA models and indicators?


            In the LCIA phase, uncertainty is due to the choice and characteristics of underlying models and the list of substances for which CFs are computed (Alyaseri and Zhou 2019; Cherubini et al., 2018). Model uncertainty, due to “the structure of and the mathematical relationships defining the models themselves (including models for deriving emissions and CFs used in impact assessment models)” (Bamber et al. 2020), cannot be reduced by LCA practitioners, but it should be understood. For instance, (eco)toxicity impact categories feature much higher uncertainty (expressed in terms of the order of magnitude of error in CFs) than impact categories such as climate change or eutrophication. This is due to the understanding and choice of modelling approaches used to represent the underlying environmental mechanisms. Practitioners should keep in mind that (model, parameter) uncertainty may vary with the position of an indicator in the causality chain linking emissions to damage indicators through midpoints. For a holistic consideration of uncertainty it is useful to compare the results of midpoints and endpoints, and if the conclusions change, a more thorough analysis should be made (Rosenbaum et al. 2018).


            Certain authors have been able to include the uncertainty attached to LCIA models in uncertainty analyses of LCA results, such as illustrated for instance in Henriksson et al. (2015a) for climate change and in Henriksson et al. (2015b) for freshwater aquatic ecotoxicity. However, including the uncertainty due to LCIA models into the more commonly performed data uncertainty analysis to provide comparisons among alternative systems with an associated level of confidence remain complex for LCA practitioners.


            All impact categories for which no consensus models exist (e.g. impacts on biodiversity) are particularly prone to important differences across model results. In principle, when a specific impact category features a large contribution to endpoints, it should be contrasted across methods, and the differences explained to the study commissioner.

          


          
            

            How operational is the use of LCIA models for LCA practitioners?


            The operationality of LCIA models is contrasted among impact categories, from the global warming potential (GWP) impact that has been available in the first releases of the LCA software and is regularly updated, to recent and spatialized LCIA models such as biodiversity loss due to land use and land use change (LULUC) and which are still completely absent from LCA software. As mentioned earlier, spatialized LCIA models could be of great relevance for LCA studies in developing countries but they are generally not supported by most common LCA software such as SimaPro. Spatialized CFs are available in the literature and should be downloaded and used in other tools such as Excel and GIS sofware, which makes their integration more complicated for LCA practitioners. Finally, there might often be some difference of versions between the LCIA models implemented in LCA software and those proposed by their authors (e.g. USEtox versions), which requires some careful checking.

          

        

      


      
        

        Impact categories


        Appendix H [image: ] explains and illustrates the meaning of each impact category (e.g. global warming or climate change impact, soil quality impact, human toxicity and ecotoxicity, biodiversity due to LULUC, and water scarcity footprint), presents a digest of the state of the art on available methods, uncertainty aspects, and validity domains; proposes decision trees to help select among methods, describes operational aspects (included in LCA software), and provides general recommendations/warnings on the links between inventory flows and impact assessment in relation to software used.

      

    


    
      

      Chapter 11


      Interpreting the results for each stakeholder category


      LCA is a decision support tool and each stakeholder needs to understand and trust the results to be able to make sound decisions. In this part of the guide, we formalize our recommendations on the best ways to secure, compare, present and share LCA results for decision-makers.


      
        

        Accounting for uncertainty in LCA studies


        
          

          Overview of all potential sources of uncertainty


          LCA results cumulate several sources of uncertainty that are often not estimated or made visible for decision-makers who would need to know how confident they can be on the values presented in an LCA study. As explained by Heijungs (2021): “After all, knowing the probability of making the wrong decision may affect the decision you make”. Making large uncertainties visible around LCA result values can be disturbing but pretending they do not exist is also an extreme exaggeration of their precision. The challenge then is to be able to account for main uncertainties and reach a reasonable estimate of their robustness and degree of confidence.


          Many authors formalized the various sources and types of uncertainty attached to LCA results (Huijbregts 1998a, b; ISO 2006b; Igos and Benetto 2015). Uncertainty can be attached to the parameters (input data), the choice and value judgement, and the models used. All of these components of the LCA calculation can be affected by all three sources of uncertainty, which can be summarized as reported by SCORE LCA (Igos and Benetto 2015; Igos 2018):


          
            	
              First, systematic uncertainty (uncertainty) corresponds to imprecision linked to the experimenter, the measuring instrument or the method of estimation used (e.g. surveys). It corresponds to the error associated with the estimated value that is the difference between the measured value and the "true value" of the quantity that we are trying to measure.

            


            	
              Second, stochastic uncertainty (variability) comes from the estimation of the mean of a naturally variable parameter based on a sampling procedure.

            


            	
              Third, epistemic uncertainty (unrepresentativeness) arises directly from a lack of knowledge about the data, models or rules describing a complex system.

            

          


          Variability cannot be reduced but it can be better characterized. That is what is aimed by designing relevant typologies and appropriate sampling protocols over time, space and technology. Uncertainty can be reduced or eliminated with more or better data and knowledge. Depending on the origin of the uncertainty, one might prefer to talk about variance, dispersion, scatter or spread.


          To test the separate influence of some methodological choices on results, such as choice of allocation factor, or different impact assessment methodologies, sensitivity analyses can be useful. Sensitivity analyses can help estimate how critical the uncertainty related to those choices may be, but they cannot quantify the propagation of the full uncertainty associated with all choices combined. Other uncertainty sources may be treated with a quantitative uncertainty analysis, such as by using Monte Carlo (MC) simulations.


          In Table 11.1 we summarize some of the best-known sources of uncertainty related to LCA results. Many of these relate to previous sections of these guidelines. That said, we also acknowledge that there often are many unquantifiable and unknown sources of uncertainty in LCA. Moreover, many software programs have limitations with regards to accounting for all of these different sources, still enabling a set of distributions, using different uncertainty parameters (e.g. min-max, arithmetic standard deviations, or geometric standard deviations), and offering different ways of propagating results.


          Table 11.1. Best known sources of uncertainty related to LCA results.


          
            

            
              
                	
                  

                  Source

                

                	
                  

                  Example of source of variance

                

                	
                  

                  Possible parameters

                
              


              
                	
                  

                  Sampling framework

                

                	
                  

                  Biased samples

                

                	
                  

                  Hard to account for

                
              


              
                	
                  

                  FU

                

                	
                  

                  Moisture content, edible yields

                

                	
                  

                  Best estimates

                
              


              
                	
                  

                  Field emission models

                

                	
                  

                  Parameter uncertainty

                

                	
                  

                  Model-specific or literature estimates

                
              


              
                	
                  

                  Fate of run-off

                

                	
                  

                  Unknown fate of N and P

                

                	
                  

                  Literature estimates

                
              


              
                	
                  

                  Economic inputs

                

                	
                  

                  Non-existent or inaccurate record-keeping

                

                	
                  

                  Variances calculated from sample

                
              


              
                	
                  

                  Food waste and loss

                

                	
                  

                  Fraction spoiled or lost

                

                	
                  

                  Best estimates

                
              


              
                	
                  

                  CFs

                

                	
                  

                  Uncertain models or variable input data (e.g. toxicity data)

                

                	
                  

                  Impact assessment method-specific variances or sample of input data

                
              


              
                	
                  

                  Unrepresentativeness

                

                	
                  

                  Old data, proxy data, etc.

                

                	
                  

                  Pedigree approach

                
              

            

          


          Variance related to CFs varies from ±50% for GWPs to orders of magnitude for toxicological potentials. These dispersions are, however, applicable to all types of LCA, and not unique to LCA in the context of developing or emerging economies. Thus, these guidelines will mostly focus on the dispersions related to LCI data.

        


        
          

          Detailed issues to deal with uncertainty within agri-food LCA in developing and emerging economies


          For agri-food LCA in developing and emerging economies, the collection of primary data in the field is generally the best (or only) option to perform an inventory of the studied system. However, record-keeping on quite diversified agri-food systems might be poor or non-existent in such contexts, which means that collected data may have a high uncertainty and larger samples are needed to capture the performance of a sector. As already detailed in Chapter 8 (section “System boundaries, typologies and sampling strategies”) and Chapter 9 (section “Foreground data collection”), this emphasizes the importance of the different data collection stages, including the sampling framework, horizontal averaging of data, and sources of overall dispersion.


          Conversely, in more industrialized countries, producers generally keep better records on their production processes and have more homogenous production practices, but they are also less willing to share due to corporate confidentiality. Much LCI data in industrialized contexts therefore only represent one or a few data points. This is also a reason why data quality ratings (DQRs) have become an accepted practice to quantify dispersions for these processes. The DQR is a scoring system for qualifying data in LCA studies that was first developed by Weidema and Wesnæs (1996) and has been further developed and used by all LCA database. This data quality-checking system is summarized in Chapter 11 (section “Best practice to account for uncertainty”).


          Given the generally larger variances in data describing practices in developing and emerging economies, distributions defined by primary data should always be prioritized over DQRs. While empirically derived DQRs have been useful in establishing variances for existent datasets, such as the ecoinvent LCI database (Ciroth et al. 2016), they are generally derived from datasets describing unit processes for a few specific sectors in quite industrialized countries with potentially little dispersion. It is, for instance, not uncommon for uncertainty ranges around LCI results to span an order of magnitude (Henriksson et al. 2018) (Table 11.2). Moreover, DQRs originate from the pedigree concept of post-normal sciences and therefore tend to quantify uncertainties not covered by traditional statistics (Van Der Sluijs et al. 2005; Henriksson et al. 2013), such as temporal correlation and completeness. DQRs should therefore be seen as complements, rather than substitutes, for traditional uncertainty parameters.


          Table 11.2. Examples of different sources of overall dispersions in processes in developing and emerging economies, defined by the protocol for horizontal averaging by Henriksson et al. (2013).


          
            

            
              
                	
                  

                  Unit processes

                

                	
                  

                  Type

                

                	
                  

                  Flow

                

                	
                  

                  Inherent uncertainty, CV

                

                	
                  

                  Spread, CV

                

                	
                  

                  Unrepresenta-tiveness, CV

                

                	
                  

                  Overall

                
              


              
                	
                  

                  Giant river prawn Khulna, unit process data

                

                	
                  

                  Primary

                

                	
                  

                  Electricity use

                

                	
                  

                  Assumed: 0.05

                

                	
                  

                  0.935

                

                	
                  

                  0.0283

                

                	
                  

                  0.937

                
              


              
                	
                  

                  Giant river prawn Khulna, unit process data

                

                	
                  

                  Primary

                

                	
                  

                  NH3, to air

                

                	
                  

                  1.73

                

                	
                  

                  0.0623

                

                	
                  

                  1.73

                
              


              
                	
                  

                  Soybean farming, Brazil

                

                	
                  

                  Secondary

                

                	
                  

                  N fertilizers

                

                	
                  

                  Assumed: 0.05

                

                	
                  

                  1.02

                

                	
                  

                  0.0398

                

                	
                  

                  1.02

                
              


              
                	
                  

                  Soybean farming, Brazil

                

                	
                  

                  Secondary, IPCC emission model

                

                	
                  

                  N2O, to air

                

                	
                  

                  0.63

                

                	
                  

                  0.0283

                

                	
                  

                  0.63

                
              


              
                	
                  

                  Groundnuts (peanuts), China

                

                	
                  

                  Secondary

                

                	
                  

                  P fertilizers

                

                	
                  

                  Assumed: 0.05

                

                	
                  

                  0.519

                

                	
                  

                  0.0283

                

                	
                  

                  0.552

                
              


              
                	
                  

                  CV: coefficient of variation.

                
              

            

          


          Beyond the uncertainty related to the dataset used to characterize a process unit, the structuring of the process tree also affects how variances and uncertainties must be handled. This variance exists at almost every node of the unit process dataset and is hard to aggregate in a meaningful way.


          While we generally get our first impression on how unit process datasets should be structured from ecoinvent, the condensed unit process structure of ecoinvent is a product of avoiding cumbersome matrix calculations. For example, ecoinvent tends to include transportation as part of a unit process. In reality, transportation processes are better modelled as separate unit processes (Figure 11.1), which enables more flexibility, easier analysis of results, and more descriptive uncertainty parameters. Another example concerns the inclusion of food loss and waste, it may happen at most nodes along the value chain and can be more easily parameterized if the processes are not too aggregated. Similarly, it could be argued that the DQR should be implemented at each node in the unit processes dataset.


          Moreover, covariances often exist among different parameters, such as nitrogen fertilizers and field emissions of N2O (Groen and Heijungs 2017). Implementing distributions or using circular flows (e.g. electricity used by power plants) can also result in inverted operators, where outputs turn into inputs. This is more common for processes with large variances.


          
            [image: Fig11-1.jpg]

          


          Figure 11.1. Unit processes dataset structure in ecoinvent database and as proposed in these guidelines.

        


        
          

          Best practice to account for uncertainty


          Depending on the LCA situation and constraints, various approaches are feasible to help feel reasonably confident with the conclusions of the LCA study. Some authors differentiated between non-comparative and comparative LCA studies in relation to the issue of managing uncertainty, arguing that non-comparative LCA studies can simply rely on more qualitative approaches while comparative LCA studies require a quantitative uncertainty analysis.


          
            

            Qualitative approaches


            For all LCA studies, qualitative approaches should be default options for dealing with uncertainty. They can consist of checking the validity of data for the goal and scope of the study and carrying out sensitivity analyses on key parameters.

          


          
            

            Data quality checking


            In LCA, data quality is key because it defines how well the data will fit with the LCA goal and scope. If the dataset is unsuitable, the LCA results may not provide any useful information on what the actual system impacts are. Distinction between primary and secondary data, typology for agricultural LCA, effort towards better field emission modelling, etc. all converge towards improving data quality to reduce uncertainty on the results. The closer the data is to the real system, the better the data quality.


            There are two main ways to determine how close a dataset is to reality. First, statistical indicators can be calculated using mathematical means, but this requires a lot of information on the data distributions for both the sample and the whole population. Second, data quality can be approximated based on expert knowledge according to critical criteria in line with the LCA goal and scope. Given the difficulty in obtaining sufficient datasets in order to run statistical tests, data quality is mostly determined by qualitative means and uncertainty analysis is carried out based on estimated distributions of variables. Based on the pedigree matrix (Weidema and Wesnæs 1996), data quality scores can even be used to derive hypothetical distributions and kill two birds with one stone. However, such a transformation embeds an added layer of uncertainty.


            The baseline qualitative approach of data quality relies on several criteria that are mostly common to the various approaches used in ecoinvent, PEF, etc. In the original LCA pedigree matrix, there were five quality criteria: (i) reliability; (ii) completeness; (iii) temporal correlation; (iv) geographical correlation; and (v) technological correlation (Weidema and Wesnæs 1996). In ecoinvent databases, which all include this pedigree matrix, a sixth criterion, “sample size”, was added and retrieved depending on the version (no longer included in the version v.3.0). “Correlation” is understood as an adequacy between the data collected and the data needed to represent the studied system. In PEF, “representativeness” is used instead of “correlation” and reliability and completeness are embedded in a global “precision” criterion. Scores from one to five are defined by experts for each criterion, one being the highest quality score, five being the default value when no information on the data quality is available. The information needed to define the scores has remained both consistent and constant across ecoinvent versions (e.g., temporal thresholds have not changed): three, six, 10 and 15 years (Weidema and Wesnæs 1996; Ciroth et al. 2016). This qualitative information can be used in two non-exclusive ways: it can be aggregated in order to provide a qualitative assessment of the dataset, hence providing weighted perspectives on the potential outreach of LCA results (cf. qualitative diagnosis); or it can be translated into distribution laws providing mathematical translation of the information precision into value dispersions to be used in uncertainty analyses (cf. uncertainty approximation).


            However, as mentioned earlier, for LCA studies in developing and emerging contexts, the use of data quality indicators to define distributions for foreground data does not seem appropriate.


            The most detailed guidance on the use of the qualitative assessment of data in LCA is provided in the latest version of the European PEFCR Guidance (EC 2018) and is fully described in Appendix J [image: ].

          


          
            

            Sensitivity analyses


            In addition to checking the validity of data for the goal and scope of the LCA study, it should always be possible to test the sensitivity of the results to important parameters and choices one by one. As recommended by the ISO norm: “… the interpretation shall include an assessment and sensitivity check of the significant inputs, outputs and methodological choices in order to understand the uncertainty of the results”. A sensitivity analysis contributes to the robustness of LCA results and aids interpretation. Typically, the practitioner will test the sensitivity of the final results to the one-at-a-time variation of key parameters which are known to have a considerable contribution on impacts. We propose a list of key parameters per great agri-food category (Table 11.3) to support the selection of key variables.


            Table 11.3. Key parameters for sensitivity analyses depending on product system.


            
              

              
                
                  	
                    

                    Parameter

                  

                  	
                    

                    Crop systems

                  

                  	
                    

                    Livestock systems

                  

                  	
                    

                    Aquaculture systems

                  

                  	
                    

                    Fisheries

                  

                  	
                    

                    Agri-food processing

                  

                  	
                    

                    Distribution

                  
                


                
                  	
                    

                    Energy use (may be expressed as fuel use intensity)

                  

                  	
                    

                    –

                  

                  	
                    

                    + (e.g. if mechanized)

                  

                  	
                    

                    + (e.g. recirculating systems)

                  

                  	
                    

                    +

                  

                  	
                    

                    +

                  

                  	
                    

                    +

                  
                


                
                  	
                    

                    Feed consumption (may be expressed as feed conversion ratio)

                  

                  	
                    

                    N/A

                  

                  	
                    

                    +

                  

                  	
                    

                    +

                  

                  	
                    

                    N/A

                  

                  	
                    

                    N/A

                  

                  	
                    

                    N/A

                  
                


                
                  	
                    

                    Water consumption

                  

                  	
                    

                    +

                  

                  	
                    

                    +

                  

                  	
                    

                    +

                  

                  	
                    

                    N/A

                  

                  	
                    

                    + (e.g. in water-scarce areas)

                  

                  	
                    

                    N/A

                  
                


                
                  	
                    

                    Fertilizer consumption

                  

                  	
                    

                    +

                  

                  	
                    

                    N/A

                  

                  	
                    

                    –

                  

                  	
                    

                    N/A

                  

                  	
                    

                    N/A

                  

                  	
                    

                    N/A

                  
                


                
                  	
                    

                    Pesticide consumption

                  

                  	
                    

                    +

                  

                  	
                    

                    –

                  

                  	
                    

                    –

                  

                  	
                    

                    N/A

                  

                  	
                    

                    – (e.g. except for cases described in a)

                  

                  	
                    

                    N/A

                  
                


                
                  	
                    

                    a It is not unusual for pesticides to be used as preservation treatment for certain artisanal processed products, such as smoked fish (Adeyeye and Oyewole 2016). Scale: negligible (–), non-negligible (+), not applicable (N/A).

                  
                

              

            

          


          
            

            Quantitative approaches


            Quantitative uncertainty analyses are especially relevant for comparative LCA studies and are possible by using propagation methods. The most common propagation methods are MC sampling, Latin hypercube sampling, analytical uncertainty propagation and fuzzy interval arithmetic (Groen et al. 2014). Each of these have different strengths and weaknesses which should be considered, but MC sampling remains the most frequently used propagation method. While modern software can make use of the graphic processing unit and compute large sets of MC results in a short period of time, many LCA software still rely upon the central processing unit which results in longer computation times. This becomes cumbersome if one wants to run large sets of iterations for large unit process datasets. Thus, since there are no rules for a “sufficient number of iterations” (Heijungs 2019), the final decision often comes down to an arbitrary number. While the sample mean normally starts to conform around 100 MC iterations, it comes down to the unit process dataset, so we recommend 1000 iterations (Groen et al. 2014). This said, it is important to highlight that resampled results only constitute arbitrary sample sizes and should therefore be approached carefully with confirmatory statistics (Heijungs 2019).


            In practical terms, running MC simulation includes three steps:


            
              	
                The first step is to transform discrete input variables into stochastic variables by defining a probability distribution for them. In the LCA community, lognormal distributions are preferred, as negative results will not be generated during the propagation. It is important when using alternative distributions to make sure that the central value corresponds to the software algorithms. For example, most software expects the arithmetic mean as the central value for lognormally distributed data, as the point-value otherwise would deviate. Moreover, when normal distributions are extremely platykurtic (e.g. standard deviations > means), it is preferable to either limit the range of values used to build the normal distribution, or use triangular distributions, which guarantee that no incorrectly negative values would be possible.

              


              	
                Then, a random sampling of values among all input variables is performed (e.g. 1000 times), and for each set of values a result is calculated, progressively drawing the probability distribution of the result itself.

              


              	
                Finally, in the case of a comparison between systems A and B, null hypothesis significance testing can be done to check the significance of the difference. A more relevant test could be to test the probability that the difference between A and B exceeds a given threshold, such as 20%, which will give a clearer appraisal of the importance of the difference between A and B.

              

            


            For background data, probability functions can be based on DQR conversion while for foreground data, they should be based on statistical data from the primary data collected in the field. In some LCA software, there is a dedicated function to conduct uncertainty analyses, such as in the SimaPro software (v9.1.1.1).


            Figure 11.2 summarizes some practical recommendations for conducting MC simulations.


            
              [image: Fig11-2.jpg]

            


            Figure 11.2. Practical recommendations for conducting MC simulations with the SimaPro software. SEM: Standard error of the mean. For complementary instructions please refer to the SimaPro tutorial (Goedkoop et al. 2016).


            Generally, the objective is to compare the mean impacts between two system types. In this situation, the confidence interval should be defined using the standard error of the mean (SEM) of input data. If the objective is to compare the two populations, the confidence interval should be defined using the standard deviation (SD) of input data. If the SD is used for defining probability distributions, the result will be the probability that impact for A is greater than the impact for B. If the SEM is used, it will be the probability that the mean impact for A is greater than the mean impact for B.

          

        

      


      
        

        Comparing results with previous studies


        Despite being discouraged by several authors and guidelines from doing so, LCA practitioners often compare their results with those from previous studies. Occasionally, they use clever strategies allowing them to recomputing third party results to have a common FU or to use the same LCIA Method, (e.g. Collado-Ruiz and Ostad-Ahmad-Ghorabi 2010). Recent meta-analyses on LCA studies for food products have been published on the basis of a solid methodology for harmonizing the assumptions and methods used among all reviewed studies (Poore and Nemecek 2018). Such rigorous reviews provide public stakeholders and consumers with key references on the environmental impacts of foods and can support adaptation of behaviours, as well as allow other scientific disciplines to integrate environmental information on products or services in a fairly accurate way.


        However, as part of a given comparative LCA study under resource constraints, such comparison should be performed and interpreted with caution, because of the potential underlying differences in goals and scopes, assumptions, data sources and design decisions among studies. A priori, only the orders of magnitude of results from different studies should be compared as well as unambiguous rankings between scenarios when scenarios have been compared. When gross differences are found, they should be investigated to identify the causes: either an error or a valid explainable difference. In all cases, the versions of the databases used for the inventory must be strictly the same, as well as the impact assessment methods, in order to have relevant comparisons. When performing said comparisons, particular attention should be paid to aligning system boundaries, cut-off criteria, allocation strategies, background data sources, LCIA methods, and especially FUs. Sometimes previous studies are not sufficiently documented to attempt a recalculation based on a common and recent LCIA method, which would be ideal. At least common FUs should be used, which can often be accomplished by simple conversions (e.g. for crops, mass units to area units when yields are known). For livestock and seafood, comparisons may also be based on product yields, such as tonne of fat- and protein-corrected milk, tonne of live weight, etc. Intermediate indicators such as feed conversion ratios for fed livestock/aquaculture systems sharing common characteristics (e.g. technology, size, intensity) may also be used to compare systems.


        The fairest way to make this type of comparison is therefore often to have access to the complete LCI (if possible in unit version, with the individual processes), so as to be able to update old or obsolete underlying processes to their latest updated version. This will also enable impact calculations to be launched using the same LCIA method, which is strictly identical for all the scenarios being compared.


        In addition, this recalculation will also make it possible to modify the process tree or process groupings in order to highlight relevant contribution analyses, whatever the scenarios studied.

      


      
        

        Sharing and communicating results to support decisions


        The results of an LCA study should be communicated to the different types of stakeholders in an appropriate way (Figure 11.3).


        
          [image: Fig11-3.jpg]

        


        Figure 11.3. Adapting presentation of results to target audience.


        LCA calculation results are multi-criteria and therefore by nature numerous at the midpoint level; it is nevertheless in this form that the scientific community shares its results to advance knowledge on environmental impacts. While midpoint tables and graphs are well understood by practitioners, this is generally not the case for non-practitioners. Particularly, for decision-makers and the general public, it is often more effective in the short term to produce simpler forms of specific results that are more intelligible for their level of knowledge than disaggregated midpoints. In the medium or long term, however, it is more relevant to increase the LCA literacy of interlocutors, notably through training.


        The first level of simplification of the scientific results consists in using the endpoint results (damage on the three areas of protection: human health, ecosystems and resource scarcity), if the impact method allows it, which is not always the case. The most simplified level of results is to use the single score version, which aggregates all impacts into a single indicator.


        The following is a list of tips for additional information to provide when presenting the results:


        
          	
            If aggregated results such as the endpoint or single score have been used, make sure to always communicate the midpoint version in the appendix of the document as well. This is the standard version for communicating results in the scientific community.

          


          	
            Provide simple and clear explanations of the sources of uncertainty in the results, as well as the key assumptions that have an impact. Confidence intervals should also be communicated.

          


          	
            Provide the best available visualization options for decision-makers (see Appendix K [image: ] for options), and if possible the most response-oriented, in order to make the transfers and compromises between scenarios tangible if they exist.

          

        


        Even at a midpoint level, identifying the best scenario from an environmental point of view is often complex because of the large number of environmental indicators to consider. To simplify comparisons of certain scenarios and to try to reach a simpler choice or communication of the results according to the audience, we propose using a procedure for analysing the results: a protocol to support the decision-making process, which is a structured and systematic procedure to eliminate minor indicators and focus on main differences, including their confidence intervals, based on the quantitative results obtained (Figure 11.4). Note that in a comparative LCA carried out according to ISO 14040/44, this procedure could not replace an in-depth analysis of impact indicators.


        The proposed procedure is detailed in Guérin-Schneider et al. (2018) and consists in removing from the comparison certain categories of impacts based on simple, quantitative criteria derived from the calculated results. It is quite possible that the scenarios studied cannot be separated even at the end of the procedure. The decision must then be based on other criteria (social, economic, financial, technical, etc.).


        
          [image: Fig11-4_new.jpg]

        


        Figure 11.4. Protocol to support the decision-making process based on LCA results (adapted from Guérin-Schneider et al. 2018). Comparison of several scenarios (>2).

      

    


    
      


      
        

        
          6PROCESSING PURPOSE(S): The processing purpose is the reason why personal data need to be collected and processed, and what are the planned use for it.
        

      


      
        

        
          7LEGAL BASIS: GDPR allows processing operations on personal data when justified by one of six legal bases:

          
            	


              Specific, informed, and unambiguous consent of the data subject, which must be given freely and prior to the processing (for instance, collecting sensitive data such as health data is normally subject to the person’s consent)

            


            	


              The necessity of the processing operations in order to satisfy a contract or pre-contractual steps taken at the request of the data subject

            


            	


              The compliance of the data controller with a legal obligation that requires it

            


            	


              The necessity to protect the vital interests of the data subject or another natural person

            


            	
              

              The necessity of the processing in order to accomplish a task carried out in the public interest, or as regards the official authority of the controller

            


            	The necessity for the purposes of the legitimate interests pursued by the controller or a third party, provided said interests are not overridden by the interests or fundamental rights and freedoms of the data subject (for instance, the protection of minors’ personal data)

          

        

      


      
        

        
          8RETENTION PERIOD: In accordance with the principle of minimization, personal data must not be retained any longer than necessary to accomplish the determined purpose or comply with legal obligations. A retention period must therefore be defined, informed, and implemented.
        

      


      
        

        
          9RECIPIENT AND DATA TRANSFER: Whenever personal data are bound to be transferred outside of Europe, complementary obligations apply.
        

      


      
        

        10https://www.allea.org/wp-content/uploads/2017/05/ALLEA-European-Code-of-Conduct-for-Research-Integrity-2017.pdf [image: ]

      


      
        

        
          11The EF method 3.0 published for use during the EF transition phase, was published in november 2019, and available in SimaPro from June 2020.
        

      

    

  


  
    Part 4


    Conclusions and moving forward


    Claudine Basset-Mens, Angel Avadí, Cécile Bessou, Ivonne Acosta-Alba, Yannick Biard, Sandra Payen


    Based on a participatory and consensus-building approach to formalize actual field experiences from a panel of senior international experts for agri-food LCA studies in developing and emerging contexts, this guide promotes an approach based on fieldwork and designed with and for all stakeholders associated with the study. The present guide insists on collaborative, ethical, operational and communication considerations and provides the most up-to-date and appropriate models to perform the inventory and the impact assessment in such contexts, making clear recommendations on all aspects of the study.


    The most important recommendations of the guide are summarized below.


    LCA practitioners should co-design and perform the study with all associated stakeholders:


    
      	
        Clarify the study purpose and constraints; never accept a poorly designed or under-resourced study.

      


      	
        Design and validate the goal and scope of the study with the commissioner.

      


      	
        Analyse the community of the study as well as each stakeholder’s expectations and potential fears; take time to explain, build trust, protect interests, and always give something back!

      


      	
        Work on the field as a team with local experts and partners, other experts, and farmers.

      


      	
        Take care when developing typology, the sampling strategy and the survey of data providers since this constitutes the foundation for the quality of your results.

      

    


    LCA practitioners should use most adapted models for field emissions in tropical conditions taking account of their study constraints. The most important (in terms of contribution to impacts) direct emissions per great agri-food category are summarized and a decision tree is provided to support the selection of field emission models according to the study constraints. Recommended and second-choice models are provided for all important field fluxes. We propose a selection of best LCA practices for each major agri-food category, with an emphasis on the construction of LCIs, including recommendations on ad minima inventories and computation of direct emissions (see Appendix F [image: ]). At system level, it is important to differentiate between non-productive and productive stages or results could be over- or underestimated.


    Regarding impact assessment, an overview of available LCIA method sets is proposed and explained and a decision tree to help identify the most adapted sets of method for each study is provided. Detailed and up-to-date presentation and recommendation documents are also provided in Appendix H [image: ] for the most important impact categories: climate change, soil quality, human toxicity and ecotoxicity, biodiversity due to LULUC and water scarcity.


    Throughout the guide, data quality, variability and uncertainty is addressed at all levels: in the typology and sampling protocol design, in the relationships with data providers, in the checking and validation of data collected in the field and finally at the interpretation level, by identifying the main sources of uncertainty and integrating them into the final results. The whole approach being based on fieldwork with stakeholders, recommendations mostly focus on the accounting for uncertainty attached to unit process data.


    Finally, specific recommendations are made on the best way to help each stakeholder understand, trust and take advantage of the results. This includes recommendations on the best practices for comparing, visualizing and interpreting LCA results in a transparent way.


    The editors of this guide plan to continue updating and complementing their recommendations over time and present them on a dedicated website.

  

Part 5
Appendices





          Appendix A. Guidelines / ISO Norms: a brief
            overview






      ISO, 2006. ISO - 14040:2006 - Environmental
        management - Life cycle assessment - Principles and framework,
        Environmental Management



        This standard specifies the principles and framework
        for LCA by detailing the nature of the 4 stages of LCA (goal and
        scope, LCI, LCIA, interpretation). The document also covers the
        principles of communication and CR of LCA, and limitations.


        This document does not describe in detail the
        practical and concrete implementation of LCA, nor the specific
        methodologies of each of its phases. However, it is a reference
        document that every practitioner must have read and know.


        Chapter 3 from this norm, "Terms and Definitions",
        presents the key definitions used in LCA and referred to by the
        community of practitioners.


        Figure 1 from this norm shows the interactions
        between the phases of LCA and lists examples of LCA applications, and
        is a classic figure used to present the different phases.



      
ISO, 2006. ISO - 14044:2006 - Environmental
        management - Life cycle assessment - Requirements and guidelines.
        Geneva



        This standard specifies the requirements concerning
        the different phases of the realization of an LCA, by specifying what
        must be clearly explained in each one in methodological terms. This
        document also contains definitions of LCA reference terms.


        Part 4 details the completeness and transparency
        requirements for conducting an LCA, and recalls as a preamble that
        there is no sound scientific basis for reducing or aggregating LCIA
        results into a single score. Precise explanations are given on the
        choice of the FU, the definition of the reference flow, the boundaries
        of the studied system, the modalities of choice of the cut-off
        criteria. The requirements in terms of data quality are also listed
        (data age, temporal relevance, geographical area,
        representativeness...).


        

Appendix B. Commonly used direct field emission
          models



          
              	Features


              	ecoinvent v3 


              	World Food LCA database v3


              	AGRIBALYSE v1.2/v1.3


              	FAO
              N-balances (plot/farm scale only) 


              	Pre-calculated emission factors

            

              	Source


              	Nemecek and Schnetzer (2012)


              	Nemecek et al. (2015)


              	Koch and Salou (2015, 2016)


              	Roy et al. (2003)


              	Various (e.g. Bouwman et al.,
              2002c)

            

              	Geographical validity


              	Switzerland, Europe, Global
              (SQCB)


              	Global (main food-exporting
              countries)


              	France, a few tropical


              	Calibrated for Africa, but global
              applicability


              	Variable, but mainly global

            

              	Crops covered


              	Field crops


              	Field crops, grasslands


              	Field crops, grasslands, vegetables, rice,
              fruits


              	Field crops


              	Field crops, other crop types

            

              	Types of fertilizers


              	Mineral, manure, sugarcane
              vinasse


              	Mineral


              	Mineral, certain organic


              	Mineral, most organic


              	Mainly mineral

            

              	Timescale


              	Annual


              	Annual


              	Roughly annual i


              	Annual


              	Annual

            

              	Physical scale


              	Plot, farm (AGRAMMON)


              	Plot


              	Plot


              	Plot, farm


              	Any

            

              	N
              uptake by plants (plant requirements)


              	Pre-calculated factors based on a
              combination of STICS (Brisson et al. 2003) and factors
              from Flisch et al. (2009)


              	See ecoinvent v3


              	N
              uptake coefficients per crop type (for SQCB only)


              	NUTMON model h: millet, sorghum, maize,
              rice, wheat, and other crops 


              	Not considered

            

              	N
              mineralisation of added organic matter


              	Not explicitly considered


              	Fixed factors with corrections (EMEP/EEA
              2013 model). See NH3


              	Research mineralisation kinetic curves
              used only for allocation of fertilisation


              	Fixed factors of various origins
              (literature, NUTMON model)


              	Implicit

            

              	Soil mineral N


              	Not explicitly considered


              	Not explicitly considered


              	Not explicitly considered


              	Not explicitly considered


              	Not explicitly considered

            

              	N
              mineralisation of soil organic matter 


              	Fixed factors with correction factors
              (SALCA-NO3 and SQCB-NO3 models). See NO3


              	See ecoinvent v3


              	Leaching models retained do not require
              mineralisation


              	Same as previous


              	Implicit

            

              	NH3 volatilisation model


              	AGRAMMON model tier 3 b (https://www.agrammon.ch/ [image: ])
              for emissions from leaf surface, mineral fertilizers, manure and
              vinasse. 
Emission factors for manure management
              (Menzi et
              al. 1997).


              	EMEP/EEA 2013 tier 2c (EMEP/EEA
              2013)


              	EMEP/EEA 2009 tier 2 (EMEP/EEA 2009) for
              organic fertilizers
EMEP/CORINAIR 2006 tier 2 (EMEP/CORINAIR
              2006) for mineral fertilizers


              	All N gaseous emissions are considered
              together, as N
Empiric equations from the NUTMON
              model


              	Emission factors for chemical fertilizers,
              for developed and developing countries (Bouwman and van der Hoek
              1997)

            

              	N2O emission model


              	IPCC 2006 tier 1g (De Klein et al.
              2006; IPCC 2006), for direct (mineral and organic fertilizers,
              and crop residues) and indirect emissions (from NO3
              leached)


              	See ecoinvent v3


              	IPCC 2006 tier 1


              	See NH3


              	Factors and empiric equation for N2O and NO
              (IFA/FAO 2001; Bouwman et al. 2002c, a)
Emission
              factors for tropical and sub-tropical N2O, per continent, country,
              crop type and fertilizer type (Albanito et al. 2017)

            

              	NOx emission model


              	Fixed factor for NOx emissions from N2O (from a
              personal communication)


              	Fixed factors for mineral and organic
              fertilizers from EMEP/EEA 2013


              	EMEP/EEA 2009 tier 1


              	See NH3


              	See N2O

            

              	NO3 leaching model


              	For Europe: SALCA-NO3d (Richner et al.
              2014). 
For other countries: SQCB-NO3e (Faist
              Emmenegger et al. 2009), an adaptation of the de
              Willigen (2000) model (Roy et al. 2003). 
Drainage
              not considered by either model.


              	See ecoinvent v3


              	ARVALIS method (Tailleur et al.
              2012) for field crops.
DEAC (Cariolle 2002) for grassland.
SQCB-NO3
              for perennials and vegetables.
IPCC 2006
              tier 1 (De Klein et al. 2006) for tropical.
Only DEAC
              and ARVALIS method include drainage.


              	Empiric equations from the NUTMON
              model.


              	NO3 leaching factors are often computed
              with dynamic models (e.g. Groenendijk et al. 2005; Kasper et al.
              2019) or measurements fitted to regression models (e.g. Vázquez
              et
              al. 2005; Bruun et al. 2006). Some models include
              drainage.

            

              	Nitrification (NH4 --> NO3)


              	Not considered


              	Not considered


              	Not explicitly considered


              	Not explicitly considered


              	Not explicitly considered 

            

              	Denitrification (NO3 --> N2O)


              	Implicitly considered (NOx), not
              considered (SALCA-NO3)


              	See ecoinvent v3


              	Not explicitly considered


              	Not explicitly considered 


              	Not explicitly considered 

            

              	Mineral fertilizer equivalents 


              	Not considered


              	Not considered


              	Not considered


              	Not considered


              	 N/A

            

              	Consideration of over/under
              fertilisation


              	Not considered, SQCB-NO3 seems to be
              calibrated for adequate fertilisation


              	Not considered


              	Not considered


              	Not considered


              	Assumes adequate fertilisation

            

              	Required input data


              	Target crop, N inputs


              	Target crop, N inputs


              	Target crop, N inputs, French region
              


              	Detailed farm operation data


              	 N/A

            




          Source: adapted
          from Avadí et
          al. (2022)


          a Current version
          of the method: COMIFER (2013).


          b AGRAMMON
          parameters: total ammonia nitrogen (TAN) in fertilizers, emission
          rates, various corrections factors related with management.


          c EMEP/EEA 2013
          tier 2 parameters: TAN in fertilizers, amount of mineral
          fertilizers, emission factors per soil pH, correction factors
          (application method, application time and season).


          d SALCA-NO3 parameters: N
          mineralisation from the SOM per month, N uptake by vegetation (if
          any) per month, N input from the spreading of fertilizer, soil
          depth. Assumes a priori a soil with 15% clay and 2% humus, but
          modifiable.


          e SQCB-NO3 parameters:
          precipitation and irrigation, clay content, rooting depth, N in
          fertilizers, N in organic matter, N uptake by plants.


          f COMIFER
          N-balances consider residues, residues from over-fertilisation,
          mineralisation of crop residues and humus, mineral and organic
          N.


          g IPCC 2006 tier
          1 parameters: total N in fertilizers, N in crop residues, N from
          mineralisation of SOM, NH3 losses, NO2 losses, NO3 losses.


          h The NUTMON
          (Nutrient Monitoring for Tropical Farming Systems) model is not
          available online, as it has been replaced by the MonQI (Monitoring
          for Quality Improvement) model (https://www.monqi.org/ [image: ]).


          i i.e. current
          and next crops.



        
Appendix C. LCA resources



          I. Acosta-Alba, Evalivo




      Networks and platforms



        
            	Type


            	Region
            


            	Sub-Region 


            	Country


            	ISO
            code country


            	Name


            	Implemented by


            	Resources


            	Status
            
(May
            2021)


            	Website 
(May 2021)

          

            	Regional network


            	Africa


            	Africa


            	Africa


            	

            	African Life Cycle Assessment Network
            (ALCANET)


            	

            	

            	Inactive


            	Not
            operational 

          

            	National platform


            	LAC


            	South America


            	Argentina


            	AR


            	Red
            Argentina de Huella hídrica


            	Faculty of Mendoza National
            University


            	Water and carbon footprint 


            	

            	https://redargentinadehuellahidrica.wordpress.com/ [image: ]
            

          

            	Regional network


            	Asia


            	Asia


            	Asia


            	

            	LCA
            AGRI-FOOD ASIA


            	

            	

            	Inactive


            	Not
            available

          

            	National network


            	Oceania


            	Oceania


            	Australia


            	AU


            	The
            Australian Life Cycle Assessment Society (ALCAS)


            	

            	Community, certifications


            	

            	https://www.alcas.asn.au/ [image: ]
            

          

            	National platform


            	LAC


            	South America


            	Brazil


            	BR


            	Associação Brasileira de Ciclo de Vida –
            ABCV 


            	

            	Conferences


            	

            	http://www.abcvbrasil.org.br/ [image: ]
            

          

            	National platform


            	LAC


            	South America


            	Chili


            	CL


            	Red
            Chilena de Análisis de Ciclo de Vida


            	

            	

            	Not
            available


            	Not
            available

          

            	National platform


            	Asia


            	East
            Asia


            	China


            	CN


            	China Lifecycle initiative


            	

            	

            	Not
            fully operational


            	http://ecovane.moonfruit.com/page/4556691411 [image: ]
            

          

            	National network


            	LAC


            	South America


            	Colombia


            	CO


            	Red
            Colombiana de Análisis de Ciclo de Vida


            	

            	Community


            	Inactive since 2010


            	http://redacvcolombia.blogspot.com/2010/09/bienvenida.html [image: ]
            

          

            	National platform


            	Europe


            	Northern Europe


            	Denmark


            	DK


            	LCA-Center


            	

            	Study cases, Input-Output data, last
            newsletter 2012


            	

            	https://lca-center.dk/hvad-er-lca/ [image: ]
            

          

            	Regional network


            	Europe


            	Europe


            	Europe


            	

            	Nordic Life Cycle Association
            (NorLCA)


            	Nordic Council of Ministers


            	

            	Inactive


            	Not
            operational 

          

            	Regional network


            	Europe


            	Europe


            	Europe


            	

            	Central and Southeast Europe LCA network
            (CASE-LCA)


            	

            	

            	Inactive


            	Not
            operational 

          

            	National platform


            	LAC


            	South America


            	Ecuador


            	EC


            	Red
            Ecuatoriana de Ciclo de Vida y Economía Circular 


            	Escuela Politécnica del Litoral
            (ESPOL)


            	LCI
            datasets on energy


            	Launched 2020


            	http://amaru.io/ [image: ]

          

            	National platform


            	Europe


            	Western Europe


            	France


            	FR


            	Avnir


            	Public and private institutions


            	Studies, conferences and meetings


            	

            	http://avnir.org/EN/ [image: ]
            

          

            	National platform


            	Europe


            	Western Europe


            	France


            	FR


            	ScoreLCA


            	Private enterprises


            	Reports, methodological development and
            calls


            	

            	https://www.scorelca.org/en/index.php [image: ]

          

            	National platform


            	Europe


            	Western Europe


            	France


            	FR


            	ELSA


            	CIRAD, Ecole des Mines d’Alès, INRA,
            Irstea, Montpellier SupAgro


            	Research, education, networking


            	

            	http://www.elsa-lca.org/ [image: ]
            

          

            	International


            	Global


            	Global


            	Global


            	

            	Life
            Cycle Initiative


            	Public-private, multi-stakeholder
            partnership, hosted by UN Environment


            	LCA
            guidance, models, database


            	

            	http://www.lifecycleinitiative.org/ [image: ]
            

          

            	International


            	Global


            	Global


            	Global


            	

            	Forum for Sustainability through Life Cycle
            Innovation


            	Multi-stakeholder and membership-based
            community organization


            	

            	

            	https://fslci.org/vision-mission/ [image: ]
            

          

            	International


            	Global


            	Global


            	Global


            	

            	European Platform on LCA


            	JRC
            - Joint Research Centre European Commission


            	Methods, data and library


            	

            	https://eplca.jrc.ec.europa.eu/ [image: ]
            

          

            	National Network


            	Europe


            	Eastern Europe


            	Hungary


            	HU


            	LCA
            Center Hungary Association


            	Hungarian LCA experts and
            universities


            	Promoting LCA, networking, publication, LCA
            database


            	Launched 2008, introduction in English,
            other resources not always translated


            	https://lcacenter.hu/en/ [image: ]
            

          

            	National platform


            	Asia


            	South Asia


            	India


            	IN


            	Indian LCA Alliance - ILCAA


            	FICCI Federation of Indian Chambers of
            commerce and industry


            	Sharing platform, conferences


            	

            	http://www.indialca.com/ [image: ]
            

          

            	National platform


            	Asia


            	South Asia


            	Indonesia


            	ID


            	Indonesian LCA Network - ILCAN


            	

            	Networking, conferences and
            journal


            	

            	http://www.ilcan.or.id/ [image: ]and
            https://ijolcas.ilcan.or.id/index.php/IJoLCAS [image: ]
            

          

            	National platform


            	Europe


            	Southern Europe


            	Italy


            	IT


            	Rete
            Italiana LCA


            	

            	Working groups, networking,
            conferences


            	

            	http://www.reteitalianalca.it/ [image: ]
            

          

            	National platform


            	Asia


            	East
            Asia


            	Japan


            	JP


            	 LCA
            Society of Japan (JLCA)


            	Ministry of Economy, Trade and Industry then
            universities and research centers


            	Methods, library, cases studies and LCA
            Japanese database to members only


            	

            	https://lca-forum.org/english/membership/ [image: ]
            

          

            	National platform


            	Asia


            	East
            Asia


            	Korea


            	KP


            	Korean Society for LCA - KSLCA 


            	

            	Conferences and Journal


            	

            	http://www.kslca.com/ [image: ]
            

          

            	Regional network


            	LAC


            	Latin America and


            	Latin America and Caribbean
            countries


            	

            	Iberoamerican LCA Network


            	

            	Library, forum, conferences


            	

            	https://rediberoamericanadeciclodevida.wordpress.com/ [image: ]
            

          

            	

            	

            	Caribbean countries


            	

            	

            	

            	

            	

            	

            	
          

            	National platform


            	Asia


            	South Asia


            	Malaysia


            	MY


            	LCA
            Malaysia


            	

            	Projects, networking, database


            	

            	https://lcamalaysia.sirim.my/ [image: ]
            

          

            	National platform


            	LAC


            	North America


            	Mexico


            	MX


            	Red
            Mexicana de Análisis de Ciclo de Vida (REMACV)


            	UNAM


            	

            	Last
            update 2018


            	http://sitios.iingen.unam.mx/CicloDeVida/Default.html [image: ]

          

            	National platform


            	Oceania


            	Oceania


            	New
            Zealand


            	NZ


            	Life
            Cycle Association of New Zealand


            	

            	Case
            studies, best practices, networking 


            	

            	https://lcanz.org.nz/lca-guidance/lca-resources/ [image: ]
            

          

            	Regional network


            	North America


            	North America


            	North America


            	

            	Joint LCA Interest Group Launches to Tackle
            the Pressing Technical Issues in the Field


            	ACLCA and SETAC North America


            	

            	Launched 2019


            	
          

            	National platform


            	LAC


            	South America


            	Peru


            	PE


            	Red
            Peruana Ciclo de Vida y Ecología Industrial


            	Catholic University of Peru


            	Library, Tools (LCA, carbon and water
            footprint)


            	

            	https://red.pucp.edu.pe/ciclodevida/ [image: ]
            and blog http://blog.pucp.edu.pe/blog/redperuanaciclodevida [image: ]
            / 

          

            	National platform


            	Europe


            	Central Europe


            	Switzerland


            	CH


            	LCA
            Discussion Forum - Switzerland


            	

            	Forum, networking, meetings


            	

            	http://www.lcaforum.ch/ [image: ]
            

          

            	National network


            	Asia


            	South Asia


            	Thailand


            	TH


            	Thai
            LCA Network


            	

            	Community active in Facebook and
            twitter


            	

            	Not
            operational 

          

            	National network


            	Europe


            	Western Europe


            	United Kingdom


            	UK


            	Imperial Network of Excellence in
            Sustainability through Life Cycle Approaches


            	Imperial College London hosted by the Centre
            for Environmental Policy (CEP) London


            	Research, education, networking


            	

            	https://www.imperial.ac.uk/life-cycle-network/ [image: ]
            

          

            	LAC: Latin America and Caribbean
            countries.

          





      
Databases and software



        
            	Type


            	Country


            	Name


            	Implemented by


            	Resources


            	Status


            	Website

          

            	National LCA Database


            	Japan 


            	JLCA-LCA database


            	 


            	 


            	Available


            	https://lca-forum.org/english/ [image: ]

          

            	National ILCA Database


            	Japan 


            	IDEA


            	 


            	 


            	Available


            	http://www.idea-lca.jp [image: ]
            

          

            	National Input-Ouput Database


            	Japan 


            	3EID


            	 


            	 


            	Available


            	https://www.cger.nies.go.jp/publications/report/d031/eng/index_e.htm [image: ]

          

            	National ILCA Database


            	Ecuador


            	 


            	 


            	 


            	Kick-off 2019


            	 

          

            	National ILCA Database


            	Malaysia


            	Malaysia Life Cycle Inventory Database
            (MYLCID)


            	 


            	 


            	Available, total access
            restricted


            	https://lcamalaysia.sirim.my/index.php/databases [image: ]

          

            	National ILCA Database


            	Australia


            	Australian Life Cycle Inventory Database
            initiative


            	The
            Australian Life Cycle Assessment Society (ALCAS)


            	Datasets unit process and system process:
            agriculture, transport, chemicals, electricity, fuels, materials,
            waste treatment, water


            	 


            	http://auslci.com.au/ [image: ]
            

          

            	National ILCA Database


            	Denmark


            	LCA
            Danish Food Database


            	 


            	 


            	Last
            updated 2007


            	http://www.lcafood.dk/ [image: ]
            

          

            	National ILCA Database


            	United States


            	US
            Life Cycle Inventory (USLCI) 


            	 


            	 


            	US
            ILCA (2012)


            	https://www.nrel.gov/lci/ [image: ]
            

          

            	Global databases


            	 


            	AGRIBALYSE


            	French Research institutes and public
            sector


            	Reference database for agricultural products
            produced in France and food products consumed in France - v3
            2020


            	Available


            	https://agribalyse3.site.ademe.fr [image: ]

          

            	Global databases


            	 


            	ecoinvent


            	 


            	 


            	License needed


            	https://www.ecoinvent.org/ [image: ]
            

          

            	Global databases


            	 


            	ILCD
            and Global LCA Access Data


            	 


            	 


            	Available


            	https://eplca.jrc.ec.europa.eu/LCDN/datasetList.xhtml [image: ]
            

          

            	Global databases


            	 


            	World Food LCA Database (WFLDB)


            	Swiss research institute (Agroscope) and
            Quantis


            	 


            	 


            	https://quantis-intl.com/metrics/databases/wfldb-food/ [image: ]
            

          

            	LCA
            software


            	 


            	OpenLCA project and open source
            software


            	GreenDelta and partners


            	Free
            software and databases, network, cases studies


            	Free
            and open source


            	https://www.openlca.org/openlca/ [image: ]
            

          

            	LCA
            software


            	 


            	SimaPro


            	Pré
            consultants


            	Software including databases, LCIA methods,
            sensibility analysis 


            	License needed


            	https://simapro.com/global-partner-network/cadis/ [image: ]
            

          

            	LCA
            software


            	 


            	Gabi


            	Sphera (ex-thinkstep)


            	 


            	License needed


            	https://gabi.sphera.com/international/index/ [image: ]

          





      
Research and universities



        
            	Type


            	Country


            	Name


            	Implemented
            by


            	Website

          

            	International


            	 


            	International Life Cycle Academy 


            	Not-for-profit association registered in
            Denmark (11 universities different countries)


            	https://ilca.es/ [image: ]
            

          

            	Research network 


            	France


            	ELSA


            	CIRAD, Ecole des Mines d’Alès, INRA,
            Irstea, Montpellier SupAgro


            	http://www.elsa-lca.org/ [image: ]
            

          

            	Research network 


            	Canada and Switzerland


            	International Reference Center for Life
            Cycle of Products, Services and Systems (CIRAIG)


            	 Polytechnique Montreal and ESG-UQAM School
            of Management, as well as two universities in Sion,
            Switzerland, HES-SO and EPFL


            	https://ciraig.org/index.php/life-cycle-assessment/ [image: ]
            

          

            	Research group 


            	Japan 


            	Advanced LCA Research group


            	Research Institute of Science for Safety and
            Sustainability


            	https://en.aist-riss.jp/groups/advanced-lca-research-group/ [image: ]
            

          

            	Research group 


            	United Kingdom


            	Life
            Cycle Assessment Group


            	Cranfield University


            	https://www.cranfield.ac.uk/centres/centre-for-environmental-and-agricultural-informatics/life-cycle-assesment-group [image: ]

          

            	Research group 


            	Switzerland


            	LCA
            Research Group


            	Agroscope


            	https://www.agroscope.admin.ch/agroscope/en/home/about-us/organization/competence-divisions-strategic-research-divisions/competitiveness-system-evaluation/life-cycle-assessment.html [image: ]

          

            	Research unit 


            	Spain


            	LCA
            Research 


            	IRTA


            	http://www.irta.cat/ [image: ]
            

          

            	Research unit 


            	Italy


            	LCA
            Research 


            	University of Bari Aldo Moro


            	https://www.uniba.it/english-version [image: ]
            

          

            	Research unit 


            	United States


            	LCA
            Research 


            	University of Arkansas


            	https://engineering.uark.edu/ [image: ]
            

          

            	Research unit 


            	Peru


            	LCA
            Research 


            	Pontifical Catholic University of
            Peru


            	https://research.pucp.edu.pe/ [image: ]
            

          

            	Research unit 


            	The
            Netherlands


            	LCA
            Research 


            	CML,
            Leiden University


            	https://www.universiteitleiden.nl/en [image: ]
            

          

            	Research unit 


            	Thailand


            	LCA
            Research 


            	Kasetsart University


            	 

          

            	Research unit 


            	Ireland


            	LCA
            Research 


            	University College Dublin


            	https://www.ucd.ie/ [image: ]
            

          

            	LCA
            Research Group


            	Australia


            	LCA
            Research Group


            	CSIRO


            	https://www.csiro.au/en/Research/AF/Areas/Sustainable-farming-systems/Life-cycle-assessments [image: ]
            

          

            	LCA
            Research Group


            	France


            	LCA
            Research Group


            	INRA
            


            	https://www6.rennes.inrae.fr/umrsas/Decouvrez-nous/Les-Axes/Axe-AGILE [image: ]
            

          

            	Research unit 


            	The
            Netherlands


            	LCA
            Research 


            	Wageningen university


            	https://www.wur.nl/Landingspagina-redacteuren-29/en/Research-Results/Research-Institutes/Economic-Research/Research-topics-WEcR/Improving-sustainability-1/Life-cycle-assessment.htm [image: ]
            

          

            	Research unit 


            	Japan 


            	LCA
            Research 


            	National Agriculture and Food Research
            Organisation


            	https://www.naro.affrc.go.jp/english/about-naro/overview.html [image: ]
            

          

            	Research unit 


            	Germany


            	LCA
            Research 


            	German Institute of Food Technologies
            (DIL)


            	https://www.eitfood.eu/partners/partner/dil [image: ]
            

          




        

Appendix D. Data collection and confidentiality:
          check list and points of vigilance





      Data collection and confidentiality



        Here is an operational checklist of questions to ask
        yourself when scoping your survey phase to conduct the LCI:


        	Will you use existing databases, other than
          commercial LCI databases? Can you trace their origin? Is it possible
          to identify the producer? 

	In developing your LCI datasets, do you plan
          to extract from third-party databases (other than commercial LCI
          databases)? If yes, do you have the authorization to perform these
          extractions? If not, it is necessary to ask for this
          authorization.

	Will you produce a database (structure and
          content) with several partners for the realization of the LCIs? In
          this case, a co-production contract must be established and the
          rights and obligations of each partner on the database must be
          defined. 

	Will you be using existing datasets or
          structured LCI? If so, are these datasets framed by a license
          agreement? If so, check the terms of use in the
          agreement.

	Will you create datasets that are not arranged
          in a database? In this case, it is strongly recommended to foresee a
          license contract which will fix the conditions of diffusion, use,
          and exploitation. 

	What is the purpose of the data and databases
          resulting from the project? Open data? valorization through
          expertise? licenses for restricted access to databases? If possible,
          it is strongly recommended to discuss these points with the partners
          at the beginning of the project.





      
Points of vigilance



        Pay attention to the nature of the data you will use
        and produce:


        	Personal data – beware of legal regulations
          concerning the management of personal data in the country where the
          study is carried out and where the data are processed (e.g. GDPR in
          EU)

	Confidentiality measures attached to the data
          

	The data protected by the intellectual
          property law

	The conditions for making the data available
          




        and on project context:


        	The permanence/longevity of the parties in a
          project (e.g. disappearance or change of status of a
          partner)




        Think about anticipating a disagreement during the
        project and the possible consequences on the data sets and databases
        (e.g. failure of a partner and consequences in terms of use rights on
        the co-produced data).



      
Tools and best practices for data management



        A DMP is a tool to help manage data within a project.
        Writing a DMP at the beginning of a project allows to set up good data
        management practices, facilitates exchanges between partners and saves
        time for the publication and the reasoned sharing of data at the end
        of the project.


        A DMP evolves over time. It is checked, reviewed and
        completed at different stages of the project. At a minimum: a first
        version at the beginning of the project, a second version at mid-term
        and a third at the end of the project.


        The DMP answers the following questions:


        	What types of data will be
          generated?

	What are the existing datasets that will be
          mobilized? 

	What methodologies will be used?

	How will the data be described and
          documented?

	How will the data be exploited, shared and
          preserved?

	What legal and ethical framework will apply to
          the data?

	How will responsibilities be
          distributed?




        Why write a DMP?


        	Implementing good data management and
          documentation practices

	To guarantee the quality of research and the
          production of reliable and understandable data

	Contribute to the transparency, scientific
          integrity and reproducibility of research

	Reduce the risk of data loss or non-reusable
          data,

	Clarify the roles, responsibilities and rights
          of each contributor, 

	Anticipate legal, ethical or technical
          problems

	Ensure the security of personal, sensitive or
          strategic data

	Facilitate data sharing within the
          group




        	Anticipate the needs and costs of generating,
          processing, storing and sharing data 




        	Responding to the demand of donors.




        The return on investment is the simplification of the
        subsequent work of valorization since your data will be ready to be
        deposited in a data warehouse, published and reused.


        Free tools for creating DMP:


        	DMP Online (Digital Curation Centre – UK):
          https://dmponline.dcc.ac.uk/ [image: ]
          

	Easy.DMP (Infrastructure européenne EUDAT):
          https://easydmp.eudat.eu/ [image: ]
          

	DMP Tool (University of California Curation
          Centre – US): https://dmptool.org/ [image: ]

	ezDMP (Interdisciplinary Earth Data Alliance
          2011): https://ezdmp.org/index [image: ]
          




        

Appendix E. Recommendations for designing a
          sampling protocol according to PAS 2050-1



          
              	

              	

              	Random sampling of growers – without
              grouping


              	Sampling of growers after grouping (for
              each group)

            

              	Total number of growers




              	Random sample size


              	Percentage sampling rate


              	Random sample size


              	Percentage sampling rate

            

              	5




              	5


              	100%


              	5


              	100%

            

              	10




              	9


              	90%


              	9


              	90%

            

              	20




              	17


              	85%


              	10


              	50%

            

              	30




              	23


              	77%


              	10


              	33%

            

              	40




              	28


              	70%


              	10


              	25%

            

              	50




              	33


              	66%


              	10


              	20%

            

              	70




              	41


              	59%


              	10


              	14%

            

              	100




              	49


              	49%


              	10


              	10%

            

              	150




              	59


              	39%


              	12


              	8%

            

              	200




              	65


              	33%


              	14


              	7%

            

              	300




              	73


              	24%


              	17


              	6%

            

              	400




              	78


              	20%


              	20


              	5%

            

              	500




              	81


              	16%


              	22


              	4%

            

              	1000




              	88


              	9%


              	32


              	3%

            

              	5000




              	94


              	2%


              	71


              	1%

            




          Source: BSi
          (2012).



        
Appendix F. Best practices for agri-food LCAs at
          the system level



          A. Avadí, CIRAD


           
Box F1. Best practices for agricultural
          LCAs

                	Challenges


                	Best practices

              

                	Inclusion of management-related
                indicators


                	Land use change


                	Model land use change associated with
                the studied system, as carbon losses and impact on
                biodiversity could be significant. See for instance WFLDB's
                use of "Land use change, [type of crop], annualized on 20
                years" per ha, which is included as an input from nature in
                agricultural processes

              

                	Changes in soil quality


                	Consider at least changes in SOC
                associated with land use change and management changes (see
                Table 9.1)

              

                	Effect of the crop rotation on
                emissions


                	Consider the whole crop rotation (or at
                least the previous and next crops) regarding the allocation of
                direct emissions (see Table 9.1)

              

                	Methodological LCA challenges in the
                agriculture context


                	Selection of FUs


                	Contrast mass- and area-based FUs (Salou
                et
                al. 2016)

              

                	Delimitation of system
                boundaries


                		Include agricultural
                    infrastructure and equipment, and their
                    maintenance

	Include on-farm
                    manure management and organic fertilizer
                    storage



              

                	Cut-off criteria


                	Include ad minima inventories:
                fertilising and phytosanitary inputs, irrigation, soil work,
                energy carriers, equipment and infrastructure, direct field
                emissions, yields of products and co-products.

              

                	Allocation strategy


                	Contrast mass-, economic- and some
                density-based (e.g. nutrients, digestible energy)
                allocation

              

                	Selection of impact categories a


                		Select ad
                    minima lists of impact categories: climate change,
                    eutrophication, acidification, etc.

	Include an
                    assessment of impacts on biodiversity (Alkemade et
                    al. 2009; Jeanneret et al. 2014;
                    Chaudhary and Brooks 2018)

	Include water
                    footprints (Pfister and Bayer 2014; Boulay et
                    al. 2018)



              

                	Direct emissions


                	Use models adapted to the specificities
                of the agricultural situation under study (pedoclimatic
                conditions, type of crop, fertilisation strategies), as
                detailed in Table 9.1

              

                	Data availability and data
                management


                	Data gaps


                	Use data from reports, technical
                institutes, statistics, etc.

              

                	Uncertainty management


                		Data variability:
                    create a typology of systems

	Data uncertainty:
                    Horizontal averaging of unit process data including
                    estimates for uncertainty (Henriksson et
                    al. 2013). For comparative purposes, perform
                    dependent sampling and pair-wise comparisons (Henriksson
                    et
                    al. 2015b, a)



              


a Further details on biodiversity
          and water footprint methods are presented in Chapter 10.


          


           
Box F2. Best practices for livestock
          LCAs

                	Challenges


                	Best practices

              

                	Inclusion of management-related
                indicators


                	Land use change


                	Grassland and crops of feed production
                for livestock have an important impact over GHG balance.
                According to PAS 2050, One-twentieth (5%) of the total
                emissions from the land use change should be included in the
                GHG emissions of products in each year over the 20 years
                following the change in land use.

              

                	Waste and manure management


                	Treatment type of animal dejections and
                their fate.

              

                	Methodological LCA challenges in the
                livestock context


                	Selection of FUs


                	Contrast mass- and area-based FUs (Salou
                et
                al. 2016). Use fat and protein corrected milk (Nguyen
                et
                al. 2013)

              

                	Delimitation of system
                boundaries


                		Include agricultural
                    infrastructure and equipment, and their
                    maintenance

	Include on-farm
                    manure management and organic fertilizer
                    storage



              

                	Cut-off criteria


                	Include ad minima inventories:
                feed provision, manure management, energy carriers, equipment
                and infrastructure, direct field emissions, yields of products
                and co-products.

              

                	Allocation strategy


                	Contrast mass-, economic- and some
                density-based (e.g. nutrients, digestible energy)
                allocation

              

                	Selection of impact categories a


                		Select ad
                    minima lists of impact categories: climate change,
                    eutrophication, acidification, etc.

	Include water
                    footprints (Pfister and Bayer 2014; Boulay et
                    al. 2018)



              

                	Direct emissions


                	Use models adapted to the specificities
                of the livestock situation under study (pedoclimatic
                conditions, type of livestock, feeding strategies), as
                detailed in Table 9.1

              

                	Data availability and data
                management


                	Data gaps


                	Use data from reports, technical
                institutes, statistics, etc.

              

                	Uncertainty management


                		Data variability:
                    create a typology of systems

	Data uncertainty:
                    Horizontal averaging of unit process data including
                    estimates for uncertainty (Henriksson et
                    al. 2013). For comparative purposes, perform
                    dependent sampling and pair-wise comparisons (Henriksson
                    et
                    al. 2015b, a)



              


a Further details on water
          footprint methods are presented in Chapter 10.


          


           
Box F3. Best practices for seafood
          LCAs

                	Challenges


                	Best practices

              

                	Inclusion of fisheries management
                concerns


                	Capture data


                	Account for landings, discards, by-catch
                and on-board process losses (Vázquez-Rowe et al.
                2012)

              

                	Seafloor damage


                	Account for at least distance trawled
                per FU (Nilsson and Ziegler 2007)

              

                	Biomass removal impacts


                	Prefer less data-intensive indicators
                (e.g. Helias et al. 2018)

              

                	Biotic resource use (BRU)
                a


                	Calculate BRU (or a similar indicator of
                net primary productivity appropriation) per FU (Avadí and
                Fréon 2014), including all wild caught and agriculture-derived
                inputs to processes assessed (applies also to aquaculture and
                seafood processing)

              

                	Management-related indicators


                	Complement LCA with indicators derived
                from and informing fisheries management (e.g. Shin et al.
                2010). Include when possible data on stock assessment b

              

                	Methodological LCA challenges in the
                seafood context


                	Selection of FUs a


                		Fisheries: 1 mass
                    unit of whole landed fish

	Aquaculture: 1 mass
                    unit of whole produced fish at farm gate, 1 mass unit of
                    edible portion at farm gate

	Seafood processing:
                    1 mass unit of final product, including packaging; 1 mass
                    unit of whole fish equivalent in product



              

                	Delimitation of system boundaries a


                		Include capital
                    goods (infrastructure, fishing vessels) and their
                    maintenance

	Include end-of-life
                    in terms of material recycling and land use
                    change

	Model fate of
                    by-products (e.g. on-board processing residues, process
                    water, excess heat) considering any raw materials they
                    substitute in their receiving treatment/valorisation
                    process (e.g. fish residues may partially substitute fresh
                    whole fish in the fishmeal industry)



              

                	Cut-off criteria


                	Include ad minima inventories
                (Henriksson et al. 2012; Vázquez-Rowe et
                al. 2012; Fréon et al. 2014b; Bohnes et
                al. 2018). LCIs may be informed by indicators of
                efficiency, such as feed conversion ratio for aquaculture and
                fuel use intensity for fishing vessels. The use of antifouling
                substances should be included, as it may have a large impact
                on biodiversity

              

                	Allocation strategy


                	Contrast mass-, economic- and gross
                energy content-based allocation; alternatively, treat it as
                choice uncertainty (Mendoza Beltran et al. 2016)

              

                	Selection of impact
                categories


                		Select ad-minima
                    lists of impact categories (Henriksson et
                    al. 2012; Vázquez-Rowe et al. 2012; Avadí
                    and Fréon 2013; EC 2018)

	Include
                    seafood-specific impact categories (BRU, biomass removal,
                    etc.)



              

                	Direct emissions


                	Aquaculture: nutrient budget modelling
                by means of mass balances (including weight gain, feed, faeces
                and not consumed feed, mortalities) to estimate direct
                emissions (e.g. Cho and Kaushik 1990; Papatryphon et al.
                2005)

              

                	Data availability and data
                management


                	Data gaps


                		Reconstruction of
                    missing data (e.g. fuel use) from economic data (Fréon
                    et
                    al. 2014a,b)

	Approximate missing
                    values within a dataset by multiple linear regression
                    (Fréon et al. 2014a,b)

	Use models to
                    calculate fuel use or seafloor area trawled from fishing
                    effort



              

                	Uncertainty management


                		Data variability:
                    create a typology of systems (fishing vessels, aquaculture
                    farms) on the base of size or another defining criterion
                    (Fréon et al. 2014a,b), or even better by
                    means of statistical methods such as principal component
                    analysis (Abdou 2017)

	Data uncertainty:
                    Horizontal averaging of unit process data including
                    estimates for uncertainty (Henriksson et
                    al. 2013). For comparative purposes, perform
                    dependent sampling and pair-wise comparisons (Henriksson
                    et
                    al. 2015b,a)

	Data and choice
                    uncertainty: Statistical or pseudo-statistical methods for
                    joint treatment (Andrianandraina 2015; Mendoza Beltran
                    et
                    al. 2016)



              

                	Relation between LCA and seafood
                certifications


                	Use full-fledged LCAs to provide
                environmental indicators for and complement seafood
                certifications (Jonell et al. 2013)

              


a Anchoveta Supply Chains project
          (https://anchovetasc.wordpress.com/ [image: ]).
          For more details see Avadí and Vázquez-Rowe (2019b) and the upcoming
          PEFCR for marine fish for human consumption (E. Hognes, 04.2020,
          pers. comm.).
b Fisheries LCA
          would benefit from the inclusion of stock assessment data in support
          of the interpretation phase. Typical sources of stock assessment
          data include the International Council for the Exploration of the
          Sea (ICES, https://www.ices.dk/data/ [image: ]),
          Risk Assessment for Sourcing Seafood (RASS, https://www.seafish.org/risk-assessment-for-sourcing-seafood [image: ]),
          the RAM Legacy Stock Assessment Database (https://www.re3data.org/repository/r3d100012095 [image: ]),
          and reports by regional institutions dealing with aquatic resources
          exploitation such as the Fishery Committee for the Central Eastern
          Atlantic (CECAF) Stock Status Reports data collection (http://firms.fao.org/firms/en [image: ])
          for West African marine stocks and scientific reports such as Laë et
          al. (2003) for River Niger stocks.


          


           
Box F4. Best practices for agri-food processing
          LCAs

                	Challenges


                	Best practices

              

                	Methodological LCA challenges in the
                agro-industrial context


                	Selection of FUs


                	Mass-based FUs including packaging, and
                perhaps complementary FUs based on mass of raw material
                equivalent (Avadí et al. 2014)

              

                	Delimitation of system
                boundaries


                		Include capital
                    goods (infrastructure, main equipment) and their
                    maintenance

	Include end-of-life
                    in terms of material recycling and land use
                    change

	Model fate of waste
                    and by-products (e.g. processing residues, process water,
                    excess heat) considering any raw materials they substitute
                    in their receiving treatment/valorisation
                    process



              

                	Cut-off criteria


                	Include ad minima inventories:
                energy, energy carriers, chemicals, yields and losses,
                packaging, etc. (Pardo and Zufía 2012; Avadí et al.
                2014). In case of data paucity, model at least energy and
                water consumption and waste generation (Avadí 2020)

              

                	Allocation strategy


                	Contrast mass-, economic- and some
                density-based (e.g. nutrients, digestible energy)
                allocation

              

                	Selection of impact categories a


                		Select ad
                    minima lists of impact categories: climate change,
                    photochemical smog, eutrophication, acidification,
                    toxicity, etc.

	Include water
                    footprints (Pfister and Bayer 2014; Boulay et
                    al. 2018)



              

                	Direct emissions


                	Consider direct waste emissions and
                especially combustion fumes. Ideally, exhaust analyses would
                be available, as mandated by legislation in many
                countries.

              

                	Data availability and data
                management


                	Data gaps


                	Use data from reports, technical
                institutes, statistics, etc. The main agro-industrial value
                chains (e.g. cacao, coffee, cotton, etc.) usually publish
                national, regional or global assessments.

              

                	Uncertainty management


                		Data variability:
                    validate value ranges based on industrial expert
                    opinion.

	Data uncertainty:
                    Horizontal averaging of unit process data including
                    estimates for uncertainty (Henriksson et
                    al. 2013). For comparative purposes, perform
                    dependent sampling and pair-wise comparisons (Henriksson
                    et
                    al. 2015b, a)



              


a Further details on water
          footprint methods are presented in Chapter 10.


          



        
Appendix G. Free tools to model field emissions
          for LCI



          C. Bessou, CIRAD




      Emission models online



        IPCC models



          https://www.ipcc-nggip.iges.or.jp/public/2019rf/vol4.html [image: ]


          On the IPCC webpage, various tools are available
          either complete one (IPCC Inventory software) or disaggregated ones
          (Excel spreadsheets, without formulae though). Below are some useful
          links:


          IPCC Inventory software: https://www.ipcc-nggip.iges.or.jp/software/index.html [image: ]


          IPCC tool for estimation of SOC changes: https://www.ipcc-nggip.iges.or.jp/public/gpglulucf/annex4a1.html [image: ]


          IPCC worksheets to be completed with actual data
          and updated IPCC emission factors: https://www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html [image: ]



        
Stehfest and Bouwman 2006 models for N2O emissions



          https://gnoc.jrc.ec.europa.eu/ [image: ]




      

GHG calculators



        Cool Farm Tool (GHG/water/biodiversity indicators by
        Hillier et
        al. 2011, van Tonder and Hillier, 2014): https://app.coolfarmtool.org/account/login/ [image: ]


        Carbon Calculation over the Life Cycle of Industrial
        Activities (Manchester Univ.): http://www.ccalc.org.uk/ccalc2.php [image: ]


        

Appendix H Detailed guidance on impact
          categories





      Global Warming or Climate Change impact



        C. Bessou, CIRAD
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        What is global warming about?



          Global warming is an intensification of the natural
          greenhouse gas effect due to increased concentrations of greenhouse
          gases (GHG) in the atmosphere. GHG absorb and emit radiant energy
          within the infrared spectrum. The natural GHG effect maintains an
          average temperature on Earth around 15°C instead of -18°C. The GHG
          effect is hence necessary for most life on Earth. However, a
          significant and constant change in this average temperature can
          drastically change life conditions. Since the industrial era, and
          more definitely since the 1950s, GHG emissions have been exacerbated
          by human activities. As modelled and documented by the dedicated
          IPCC of scientific experts, given the current GHG emission levels,
          the global surface temperature increase by the end of the 21st century is
          likely to exceed 1.5°C relative to the 1850-1900 period. Such an
          increase will affect the ocean temperature, sea level and overall
          water cycle with increases in disparity between wet and dry regions,
          hence changing the climate (IPCC 2014).


          Anthropogenic GHG emissions come from the energy
          sector (35%), the agriculture, forestry, LULUC (AFOLU) (24%), the
          industry (21%), transports (14%), and buildings (6%) (IPCC 2014).
          Almost half of the emissions from AFOLU sector are due to biomass
          destruction due to land use change. The other half is due to
          ruminant enteric fermentation (35%), synthetic fertilizers (20%),
          ruminant waste and manure management (18%), energy (17%) and paddy
          rice (10%) (IPCC 2014). Given the significant contribution of
          agriculture to global warming, many LCA of agricultural products
          have focused on the global warming impact and attempt to provide
          improvement tracks towards climate change mitigation.



        
State of the art on available methods, uncertainty
          aspects, validity domains



          Global warming is a global phenomenon whereby GHG
          emitted in various places and times are mixed up together in the
          atmosphere. This global scale fits well with the LCA framework that
          requires to integrate in a snapshot operations and emissions
          occurring at different places and times along the value chain. By
          essence, the validity domain of global warming assessment is global,
          unlike for more site-specific impacts such as eutrophication, where
          regional CFs are needed to narrow the validity domain to the
          relevant impact scale.


          The modelling of global warming midpoint impact in
          LCA is the cumulative GWP due to all GHG emitted within the studied
          system boundaries. Calculation method consists, first, in
          inventorying all masses of GHG emitted per GHG type; second, summing
          their contributions to the overall radiative forcing (RF) according
          to each GHG RF relative to CO2. The result is given in CO2-equivalent (CO2eq) per FU and represents the added
          RF, or enhanced GHG effect, due to the added GHG in the atmosphere
          per FU.


          Main GHG emitted by the AFOLU sector are N2O (88% of total
          anthropogenic N2O emissions), CH4 (47% of total anthropogenic CH4 emissions), and
          CO2 (9% of total
          anthropogenic CO2 emissions). For more information on models
          available to inventory GHG emissions related to the AFOLU sector
          (see Chapter 9 section “Foreground data collection”). The RF and GWP
          of all GHG are regularly updated by IPCC, based on updates on
          radiative efficiencies and the modelling of the residence time of
          each GHG in various layers of the atmosphere against a given
          background CO2
          concentration. The residence time, or the evolution of GHG
          concentrations in atmosphere over time, is influenced by various
          factors including physico-chemical reactions and sources-sinks
          equilibrium. The Bern carbon cycle model (Bern2.5CC; Joos et al. 2013)
          is used by IPCC to determine the CO2 response function, i.e. the increased RF due
          to a pulse of CO2 added to background concentration according
          to its decay over time. Absolute GWP (AGWP) are derived from the RF
          of each GHG that is integrated over a fixed time horizon (H), i.e. a
          fixed decay period considered as a mean residence time for all GHG
          (Figure H1a). The AGWP of a given GHG over that of CO2 is used as the
          midpoint CF for a given GHG and expressed in CO2eq. Hence the GWP of a given GHG
          will depend on both the time horizon (H) for the integration of the
          RF and its relative contribution to global RF compared to CO2.


          Going one step further down the cause-effect chain,
          the IPCC modelling of global temperature change potential (GTP)
          (Figure H1b) is then used in LCA to calculate the contributions of
          global warming to the endpoint damages. For example, in ReCiPe 2016
          (Figure H2), endpoint damages are based on regressions between
          changes in temperature and, on the one hand, impacts on Human health
          as affected by increased risks of flooding and associated diseases
          (De Schryver et
          al. 2009), and on the other hand, impacts on species abundances
          as affected in both terrestrial (Goedkoop et al. 2009; Urban 2015) and
          freshwater ecosystems (Goedkoop et al. 2009; Hanafiah et al. 2011).
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          Figure H1. (a) The Absolute Global Warming Potential
          (AGWP) is calculated by integrating the radiative forcing (RF) due
          to emission pulses over a chosen time horizon; for example, 20 and
          100 years (vertical dashed lines). The GWP is the ratio of AGWP for
          component i over AGWP for the reference gas CO2. The blue hatched field represents
          the integrated RF from a pulse of CO2, while the green and red fields represent
          example gases with 1.5 and 13 years lifetimes, respectively. (b) The
          global temperature change potential (GTP) is based on the
          temperature response at a selected year after pulse emission of the
          same gases; e.g. 20 or 100 years (vertical dashed lines). Source:
          IPCC (2013).
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          Figure H2. Modelling of midpoint and endpoints (LCIA)
          related to GHG emissions (LCI) according to RECIPE 2016. Source:
          adapted from Huijbregts et al. (2016).


          There are several sources of uncertainties in the
          modelling of both GWP and GTP. The first source of uncertainty is
          due to the incomplete accounting of all involved mechanisms, known
          and unknown. The second source of uncertainty relates to the choice
          of the time horizon that embeds uncertainty regarding future society
          choices and influenced mechanisms.


          The uncertainties for global warming metrics of all
          GHG are determined by imperfections in the modelling of lifetime and
          radiative efficiency, being notably sensitive to the carbon cycle
          model, pulse size and background CO2 concentrations and climate. Moreover, not all
          indirect effects are known or modelled in a robust enough way to be
          accounted for. Compared to the previous GWP versions, indirect
          effects on O3
          and stratospheric H2O due to CH4 were included, but the indirect effect of
          N2O on the RF of
          stratospheric O3
          was not due to too large uncertainties (IPCC 2013).


          The propagated uncertainty ranges were estimated to
          be ±26% for CO2-AGWP100 or ±40% for CH4-GWP100, for instance. For GTP100, those uncertainty ranges were
          higher, i.e. ±75% for CH4-GTP100. Uncertainties for GTP are higher as the
          modelling is more complete towards causal effect and include the
          ocean heat uptake and climate sensitivity, further factors with
          embedded uncertainty (IPCC 2013).


          By construction, GWP and GTP are significantly
          different in terms of time accounting; GWP is integrated in time,
          whereas GTP is an endpoint metric based on temperature change for a
          given year. In both cases, nevertheless, “the time horizon has a
          strong effect on the metric values and the calculated contributions
          to warming” (IPCC 2013).



        
Recommendations based on international consensus
          (e.g. by UNEP-SETAC GLAM)



          The recommended consensual method for global
          warming midpoint impact is the used of IPCC GWPs as CFs. This method
          relies on robust modelling of main processes involved as carried out
          by an internationally recognized groups of researchers. Moreover the
          modelling outputs are revised every 4-5 years in order to account
          for changes in initial modelling conditions, which ensure the
          up-to-date relevance of derived factors.


          Metrics with carbon feedback included should be
          used as they are more consistent with the modelling of metrics
          related to CO2,
          the common denominator for other GHG metrics.


          The default timeframe should be 100 years, i.e. GWP
          integrated over 100 years, as it was adopted by the United Nations
          Framework Convention on Climate Change and made operational in the
          1997 Kyoto Protocol. There is no scientific argument for selecting
          100 years compared with other choices, this choice is a value
          judgement whose influence on final results might be tested, should
          the LCA study particularly focus on prospective analysis of climate
          change.


          Regarding the endpoint modelling, we recommend the
          ReCiPe 2016 method for mostly two reasons: (1) it makes use of the
          latest IPCC information on the GTPs; (2) it ensures consistency
          between midpoint and endpoint modelling, while making it possible to
          test the sensitivity to the time horizon considered as embedded in
          the three proposed social perspectives: individualist, hierarchist,
          or egalitarian.



        
Operational aspects (included in LCA
          software)



          The global warming or climate change impact is an
          historical impact indicator in LCA and has been available in LCA
          software probably since their very first release. LCIA methods based
          on IPCC are available as single issue or embedded in more complete
          LCIA methods. CFs are updated regularly when new versions are
          released by IPCC and software updated. The list of up-to-date GWP
          CFs are provided in IPCC (2013): GWP and GTP with and without
          inclusion of climate-carbon feedbacks (cc fb) in response to
          emissions of the indicated non-CO2 gases (climate-carbon feedbacks
          in response to the reference gas CO2 are always included).



        
General recommendations / warnings on links
          between inventory flows and impact assessment in relation to
          software



          GHG emissions are generally keyed in in LCA
          software as flows to the air; the sub-compartment does not play any
          role as the CFs integrate different atmosphere layers at global
          scale. Attention must be paid to calibrate emissions according to
          the molecular weights of the considered gases, as emission models
          commonly provide outputs with relation to the main molecular
          compound, e.g. kg N-N2O needs to be converted into kg N2O by multiplying by
          44/28.


          In agricultural LCA, attention must be paid to the
          link between LULUC and GHG emissions. At LCI level, calculations
          based on IPCC Tier 1 stock-difference method, provide GHG flows over
          a given period of time defined to allocate the impact of change. In
          the case of land management practices, the change can occur over one
          year or more. In the case of land use change, the common timeframe
          for the impact allocation is 20 years or more, depending on the land
          uses considered. The 20-year timeframe is considered to be the
          minimum time needed for a new carbon stock equilibrium to be
          reached. Impact allocation can be linear uniform as applied in IPCC
          guidelines or linear digressive as recommended by ILCD. The time
          period and allocation methods should be made transparent and
          sensitivity analysis may be carried out on those parameters. Stocks
          and flows considered should encompass all pools affected (biomass
          above- and below-ground, soil organic carbon (SOC), etc.). N
          mineralisation should also be considered if land use change implies
          loss of SOC, since N will be decomposed together with the affected
          carbon in relation with the C/N signature of decomposers. When
          applying IPCC and IPCC-derived methods, biogenic carbon loss or
          storage is attributed the same CF as for fossil carbon. Other
          methods propose other approaches (see next section).


          Besides LULUC, there are other sources of biogenic
          GHG, notably CH4
          emissions from waste water management due to the anaerobic
          decomposition of biogenic carbon compounds. Anaerobic ponds are
          quite common in the tropics where temperature is sufficient to
          ensure treatment efficiency with limited input costs. IPCC also
          provide guidelines to inventory GHG related to water treatment.
          Because CH4 has
          a higher GWP than CO2, it is important to ensure mass balance in
          the assessment and retrieve from the CH4 GWP the contribution from the
          C-CO2 within
          CH4 that is
          cancelled out by the fixation of atmospheric CO2 in the first place (2.75 kg CO2/kg CH4 based on molecular
          weights). In this case, the CF of biogenic CH4 shall be modified depending on the
          LCIA method selected and background assumptions on CF.



        
Updated research propositions



          In recent years, many authors have explored ways to
          introduce more sophistication in the GWP calculation within the LCA
          framework in relation to two main aspects: the dynamics of GHG
          emissions and the accounting for biogenic carbon specificities in
          terms of global warming contribution. Both aspects were often
          connected at the origin of method development. Some recent studies
          propose comprehensive synthesis of the work published by those
          authors, highlighting common as well as divergent conceptual
          starting points (Figure H3) (Benoist and Bessou 2018; Breton et al. 2018;
          Brandão et
          al. 2019).
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          Figure H3. Mapping of methods linking biogenic carbon,
          soil organic carbon (SOC), and land use with climate change. Source:
          Albers (2019), adapted from Benoist and Bessou (2018).


          First, some authors argue that the 100-year time
          horizon is not consistently applied when using fixed GWP100, whereas
          emissions may occur at different time points along the value chain
          (e.g. Levasseur et al. 2012). The principle of dynamic LCA is
          to integrate varying GWP over the remaining time horizon from the
          emission point in time to the fixed 100-year horizon; the first
          emission considered within the system boundary is used to set this
          fixed 100-year horizon. This dynamic approach is interesting in the
          AFOLU sector in order to mimic better the dynamics of GHG uptake and
          release by plants depending on land use types and management
          practices. However, dynamic LCA is difficult to apply both for
          background processes where information on emission timing may not be
          available at all and for foreground processes as precise data from
          modelling work over several years may be needed. Furthermore, the
          change in the time integration is equally arguable from a
          consistency point of view. First, LCA snapshot by definition
          integrates all processes and fluxes in a virtual time point. Second,
          albeit the use of a 100-year horizon is more consistent with dynamic
          LCA as a fixed limit for all accounting, dynamic GWP imply that GHG
          emissions within the system occurring close to the 100-year limit
          would have a lower impact than those occurring at the beginning of
          the time period study. With fixed GWP100, the impact of a GHG is the same no matter
          when the GHG is emitted. The latter may be more consistent with the
          actual contribution of GHG to the global warming, especially for
          well-mixed long-lived GHG.


          Second, somehow connected with the previous issue
          of emission timing that is critical for biosphere-atmosphere
          exchanges, some authors try to account better for the specificities
          of biogenic GHG emissions in the GWP calculation. In some articles,
          authors calculate biogenic GWP modifying the integration of the Bern
          carbon cycle model (e.g. Cherubini et al. 2011), which require many
          assumptions on the biosphere dynamics and climate functioning that
          somehow overlap with IPCC background work. Other authors have a more
          LCA practical approach and propose weighting of biogenic GWP
          compared to fossil GWP according to different residence times in the
          atmosphere (e.g. Müller-Wenk and Brandão 2010). The latter approach
          is applied within the LCA land use framework and connect LCI fluxes
          on land use occupation and transformation to the global warming
          impact. Although this method relies on some simplified assumptions
          and extrapolated data on stocks and regeneration time for biogenic
          carbon, it bridges LCI and LCIA in the case of land use impact on
          global warming or climate change.


          Finally, in even more recent years, authors have
          worked on including the albedo contribution to global warming impact
          in LCA. Albedo can play an important role in global warming through
          changes in the reflectance of solar radiation and conversion of
          short wavelengths into long ones. The accounting for albedo effect
          within LCA has been made possible notably by recent works that
          provide keys to convert albedo effect into CO2eq (e.g. Bright et al. 2012).
          Moreover, the assessment of albedo effect through the analysis of
          land use change, i.e. compared to a reference, may be suitable to
          account for changes in albedo. Very recent works were based on
          remote sensing analysis to investigate albedo changes with relation
          to various crops, whose impacts can be complemented based on
          traditional agricultural LCA (e.g. Sieber et al. 2020). More work is still
          ongoing in order to account better for practices impacts (e.g. cover
          crop, afforestation, etc.) given that albedo changes may be seasonal
          (e.g. large snow effect) and complex to quantify.




      

Soil quality impact



        C. Bessou, CIRAD
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        What is soil quality about?



          Soil quality is a complex matter, whose definition
          has long been discussed. It was initially mostly related to
          fertility aspects, hence its suitability for agricultural purpose.
          By the end of the 90s, with the increasing awareness on
          environmental issues related to agricultural land use and the
          development of new knowledge on ecosystems, more comprehensive
          approaches of soil quality were developed. The current most common
          definition is: “Soil quality is the fitness of a specific kind of
          soil to function within its surroundings, support plant and animal
          productivity, maintain or enhance water and air quality, and support
          human health and habitation” (Karlen et al. 1997). Emphasis is put on
          both inherent properties of soil (“a specific kind of soil”) and
          dynamic interactive processes (Larson and Pierce 1991). Following
          the metaphor of a complex living “organism”, soil health is also
          used by some authors instead of soil quality. Soil quality is hence
          defined as the soil fitness for use (Patzel et al. 2000). It must be
          assessed in a sensitive and holistic way that accounts for both
          inherent properties and dynamic responses to management and
          resistance to environmental stress.



        
State of the art on available methods, uncertainty
          aspects, validity domains



          Given its inherent complexity, soil quality cannot
          be measured directly. Instead, proxy indicators are commonly used.
          Various methods exist with different degrees of measurability and
          integration and there is little agreement on a harmonized framework
          (Nortcliff 2002). Within the LCA community, a preliminary consensus
          was reached in 2007 on a framework accounting for land use impact on
          soils (Milà i Canals et al. 2007) and derived approach to soil
          quality assessment (Koellner et al. 2013b, a). However, it is limited to SOC
          assessment and fails to assess distinct soil functions. The JRC
          European Platform on LCA’s recent review on land-use and soil
          impacts in LCA showed that none of the existing methods is optimal,
          although various methods offer various interesting indicators (Table
          H2). Among key issues are the difficulties to find trade-offs
          between comprehensiveness in covering soil quality versus
          applicability, to decide on the indicators, and the needed detail
          level (Vidal Legaz et al. 2016). These difficulties persist due to
          the lack of a comprehensive framework addressing the inherent
          complexity of soil quality and the lack of model implementation in
          LCA.


          As discussed by several authors, given our limited
          understanding of all mechanisms involved in soil quality, assessing
          the resulting soil functions instead of trying to model all
          mechanisms and actors behind may be the most efficient track to
          pursue in order to assess soil quality, at least in relative terms
          (Kibblewhite et
          al. 2008; Thoumazeau et al. 2019). In the latest UNEP-SETAC
          recommendations (UNEP 2016), emphasis was put on such an integrated
          approach of soil quality (Figure H4). Soil characteristics changes
          due to human intervention were linked with changes in four key soil
          functions (Kibblewhite et al. 2008) and ecosystem services further
          down the impact chain that are mostly conditioned by soil quality
          (Dominati et
          al. 2010; Adhikari and Hartemink 2016; Cowie et al.
          2018).


          Table H2. Review of land
          use and soil quality assessment in LCA. Source: Vidal Legaz et al.
          (2016).


          
              	Model


              	Main
              indicators


              	CFs

            

              	Availability (or
              guidance for CFs calculation)


              	ILCD
              compatibility of land use flows*


              	Land use
              flows


              	Geographic
              coverage


              	Spatial
              resolution

            

              	Brandão & Milà i Canals
              (2013)


              	-Soil Organic Carbon (SOC) –as indicator
              of Biotic Production Potential (BPP)


              	CFs associated to land use
              flows


              	Adaptation required


              	Level 2-3


              	Global


              	World and climate regions

            

              	LANCA - Land Use Indicator Value
              Calculation in Life Cycle Assessment
(Beck et al.,
              2010 (model); Bos et al., 2016 (CFs))


              		Erosion
                  resistance

	Mechanical filtration
                  

	Physicochemical
                  filtration 

	Groundwater
                  replenishment

	Biotic
                  production




              	CFs associated to land use
              flows


              	Yes 


              	Level 4


              	Global


              	World, country, and local (site-specific
              application)

            

              	Saad et al. (2013)


              		Erosion resistance
                  

	Mechanical filtration
                  

	Physicochemical
                  filtration 

	Groundwater recharge
                  




              	CFs associated to land use
              flows


              	Yes 


              	Level 1


              	Global


              	World and biogeographical
              regions

            

              	SALCA-SQ - Swiss Agricultural Life Cycle
              Assessment for Soil Quality
Oberholzer et al. (2012)


              		Soil properties
                  indicators: rooting depth, macro-pore volume, aggregate
                  stability, organic carbon, heavy metals

	organic pollutants,
                  earthworm biomass, microbial biomass, microbial
                  activity

	Impact indicators:
                  risk of soil erosion, risk of soil compaction




              	CFs not provided. 
Guidance
              for site-specific implementation


              	-


              	-


              	-


              	Local (site-specific
              application)

            

              	Nuñez et al. (2010)


              		Desertification
                  index




              	CFs not associated to land use
              flows.
Guidance for site-specific
              implementation


              	-
              


              	-


              	Global


              	Ecological regions**

            

              	Garrigues et al. (2013)


              		Total soil area
                  compacted

	Loss of pore
                  volume




              	CFs from site-specific case studies.
              
Guidance for site-specific
              implementation


              	-


              	-


              	Local 
(some crops
              in three countries)


              	Local (site-specific
              application)

            

              	Nuñez et al. (2013)


              		Emergy 

	Net Primary
                  Production (NPP) depletion




              	CFs not associated to land use
              flows


              	-
              


              	-


              	Global


              	Regions** and country**/***

            

              	Alvarenga et al. (2013) 


              		Exergy of natural land
                  (biomass extraction-based)

	Exergy of human-made
                  land (potential NPP-based)




              	CFs associated to land use
              flows


              	Adaptation required


              	Level 2-4


              	Global


              	World and country** (based on grid size of
              5′ or 10×10 km at the Equator)

            

              	Alvarenga et al. (2015)


              		Human Appropriation of
                  NPP (HANPP)




              	CFs associated to land use
              flows


              	Adaptation required


              	Level 2


              	Global


              	World and country

            

              	Gardi et al. (2013)


              		Soil pressure (on
                  biodiversity)




              	CFs not provided


              	-
              


              	Level 1


              	Europe


              	Local (grid size 1x1 km)

            

              	Burkhard et al. (2012) 


              		Ecosystem integrity
                  indicators (7)

	Ecosystem services
                  indicators (22)

	Demand of ecosystem
                  services (22)




              	CFs not provided


              	-
              


              	Level 3


              	Local


              	Local (site-specific case
              studies)

            




          * If CFs are provided and
          associated to land use flows.


          ** Not associated to land use
          flows.


          *** Based on further
          development by the authors, provided in October 2015.
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          Figure H4. Impact pathway of land use impact on soil
          quality and soil loss through water erosion. Source: UNEP
          (2016).



        
Recommendations based on international consensus
          (e.g. by UNEP-SETAC GLAM)



          The JRC recommends the use of the LANCA® model, which
          went through significant updates in the last two years. The latest
          version includes CFs fitting with the LCA land use framework for
          four to five indicators that can be aggregated and spatialized (De
          Laurentiis et
          al. 2019; Bos et al. 2020). The LANCA® model provides, so far, the most
          detailed method to assess land use impact on soil quality in
          LCA.


          The UNEP-SETAC Global Guidance for Life Cycle
          Impact Assessment Indicators and Methods (GLAM) Volume 2 recommends
          the use of SOC change as an integrated indicator of most affected
          soil functions and ecosystem services (e.g. Cowie et al. 2018).
          Compared to LANCA®, SOC change provides a more aggregated
          information on soil quality as it results from the combination of
          many mechanisms by many soil actors as affected by various human
          interventions. It is hence less detailed but potentially more
          comprehensive than LANCA®.



        
Operational aspects (included in LCA
          software)



          Currently, within LCA software, only the LCIA
          method based on SOC change as proxy for soil quality indicator is
          implemented (Koellner et al. 2013b, a), notably within the ILCD
          method.


          Although the LANCA® model is not yet directly implemented in all
          LCA software, it is implemented in GABI software and updated and
          spatialized CFs were made available in the literature (previous
          numerical versions of LANCA® CFs were not freely available).



        
General recommendations / warnings on links
          between inventory flows and impact assessment in relation to
          software



          With LCIA methods applying SOC change as a proxy
          for soil quality change within the LCA land use framework, there are
          various aspects to pay attention to. Current CFs implemented in
          software rely on IPCC data for SOC stocks worldwide. Those stocks
          depend on soil type and climate and are weighted according to land
          management. The LCA practitioner keys in flows in terms of land use
          occupied (m2·yr-1) and land used transformed (m2) selecting in
          the implemented database the archetypes for the considered land
          uses. First, the practitioner must be aware of background
          assumptions in the IPCC SOC stocks used (0-30 cm depth, considered
          management practices, etc.). Second, attention must be paid to the
          updates of those stocks and continuous improvement towards a more
          precise accounting for the impact of management practices (updates
          may take place every four to five years with a delay for the
          integration within LCA software). Finally, it is important to pay
          attention and test the influence of the reference use applied in the
          CFs calculation as it has a tremendous influence on the final
          impacts (Bessou et al. 2018).


          When applying LANCA®, LCA practitioner can use spatialized CFs
          for foreground processes or average country CFs for background
          processes. Despite recent updates in the model, it is important to
          keep in mind that background models use a lot of parameters such as
          “sealing factor” or “permeability class” and further pedotransfer
          equations that often rely on European databases and for which some
          of the background literature only is available in German.



        
Updated research propositions



          In recent years, many authors have explored ways to
          introduce a more comprehensive and consistent approach to consider
          land use impacts on soil quality and ecosystem services (Alejandre
          et al.
          2019; Othoniel et al. 2019; Rugani et al. 2019).
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        What are human toxicity and ecotoxicity
          about? 



          The potential of a chemical substance to cause harm
          (damage) to ecosystems and human health depends on its intrinsic
          properties (e.g., potency to induce a toxicity effect), the
          characteristics of organisms/humans, and the amount of time- and
          space integrated exposure of the organisms/humans in that
          compartment to the specific chemical. Human toxicity refers to the
          burden of disease attributable to exposure to chemical substances
          released throughout a product or service life cycle. To express
          damage on ecosystems, the potentially disappeared fraction (PDF) of
          species, a biodiversity-related metric for expressing damages on
          ecosystem quality, is commonly used.



        
State of the art and recommended methods



          LCI/LCIA models exist…



            Across the life cycle of products, thousands of
            pollutants can be inventoried and the modelling of their
            (eco)-toxicity impacts requires a consistent and integrative
            framework. Over the two last decades, several approaches have been
            proposed to assess the potential impacts of chemical substances on
            ecosystems and human toxicity in LCIA. Due to different equations
            and assumptions, these models lead to different results using
            different metrics and scales. To build consensus among the
            different modelling approaches, a global consensus model –USEtox–
            was designed (Hauschild et al. 2008; Rosenbaum et al. 2008). USEtox is the
            consensus model endorsed by the UNEP-SETAC Life Cycle Initiative
            for characterizing human and ecotoxicological impacts of chemicals
            emitted from product systems.


            Among all chemicals emitted from an agricultural
            product systems, organic pollutants (e.g. pesticides) and trace
            elements are of particular concern. First, they can have major
            (eco)-toxicity impacts. Second, their emissions occurring at field
            level are dependent on local conditions of practices and
            environment and are complex to estimate.


            The pesticide life cycle inventory model PestLCI
            (Dijkman et
            al. 2012) estimates emission fractions to air, field soil,
            field crop, groundwater and off-field surfaces. Recently updated
            to PestLCI Consensus (Fantke et al. 2017), the model uses two levels of
            emission distributions. Initial (or primary) mass distribution
            covers initial processes within minutes after pesticide
            application, whereas secondary emission distribution also
            considers additional transport and degradation processes within a
            given period (by default 1 day) after application.


            The dynamiCROP model was developed almost 10
            years ago to account for impacts on human health due to ingestion
            of pesticide residues in the consumed product (Fantke et al.
            2011). DynamiCROP was recently integrated for some parameterized
            scenarios into USEtox (Fantke and Jolliet 2016) and coupled with
            the pesticide emission model PestLCI Consensus (Gentil et al.
            2020).


            Metal-based pesticides such as copper, or trace
            elements such as those found in fertilizers, contain metal ions
            and cannot be characterized as organic substances. Characterizing
            metals requires to consider speciation and other metal-relevant
            characteristics (Dong et al. 2014). As described in Gentil et al.
            (2020), emission fractions for pesticides, which need to be
            characterized as metal ions, require a correction factor that
            accounts for the mass contribution of the metal ion to the overall
            mass of the emitted pesticide molecule. Currently, the dynamiCROP
            model is only modelling the fate in the crop of organic pesticides
            while the PestLCI model can only simulate the initial distribution
            of metal-based pesticides.


            The state-of-the-art LCI/LCIA models available
            in LCA is presented in Figure H5.
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            Figure H5. Advances from OLCA-Pest, InnovACV and
            Rivage projects.



          
But they are not used…



            Although these models exist, (eco)-toxicity
            impacts in general and in particular those due to pesticide and
            fertilizer applications are rarely accounted for in LCA studies
            (Perrin et
            al. 2014; Knudsen et al. 2019; van der Werf et al.
            2020). An exhaustive and consistent evaluation of impacts due to
            pesticide applications remains complex. The issue of quantifying
            pesticide emissions in air/soil/water without double counting of
            LCIA fate was discussed by (Van Zelm et al. 2014) and the Glasgow
            Consensus (Rosenbaum et al. 2015a) provided general
            recommendations regarding this issue but no operational guidance
            and tools for practitioners. When pesticide impacts are accounted
            for, default factors are used for field emissions, the most common
            assumption, as implemented for instance in ecoinvent and
            AGRIBALYSE agricultural inventories, being that 100% of pesticides
            applied are emitted to the soil. The PestLCI model has been seldom
            used by agronomists to support eco-design (Rouault et al.
            2020). Furthermore, the dynamiCROP model is generally not used
            although ingestion can be the major pathway for human health
            impacts in certain LCA studies (Gentil et al. 2019, 2020). Regarding
            terrestrial ecotoxicity from multiple sources, including
            pesticides and fertilizers, the existing USEtox approach (for
            trace elements only) is not yet available in any LCA software,
            thus limiting its use by practitioners.



          
A recent effort to operationalize LCA of
            pesticides in temperate and tropical conditions



            In 2017, the OLCA-Pest (Operationalising Life
            Cycle Assessment of Pesticides - https://www.sustainability.man.dtu.dk/english/research/qsa/research/research-projects/olca-pest [image: ])
            project, funded by ADEME and coordinated by the Danish Technical
            University, was launched with the objective of helping
            practitioners to account for (eco)-toxicity impacts due to
            pesticides application in LCA studies. The InnovACV project,
            funded by ADEME Martinique and Cirad, and the Rivage project
            funded by the Martinique’s European Regional Development Fund,
            complemented the OLCA-Pest project for tropical conditions. The
            main advances are summarized in Figure H6. PestLCI has been
            further advanced into the PestLCI Consensus web tool and a
            consistent coupling with both dynamiCROP and USEtox have been
            proposed by Gentil et al. (2020) as presented in Figure H6. All
            details for this combination of models can be found in the
            publication. Emission fractions have been calculated for a panel
            of pesticide application archetypes, including tropical scenarios,
            and can be directly used by LCA practitioners (see OLCA-Pest
            website and Gentil-Sergent et al., 2021).
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            Figure H6. Connection of the emission compartments
            of PestLCI to those of dynamiCROP and USEtox according to the
            pesticide mass applied per kg of the harvested crop, adapted from
            Fantke (2019) by Gentil et al. (2020). LAI = Leaf Area Index, FAI =
            Fruit Area Index, PAF = Potentially Affected Fraction.




        

Operational aspects



          USEtox recommended and interim CFs including fate,
          exposure, and effect parameters can be freely downloaded from the
          model website at: https://usetox.org/ [image: ]. Recent
          versions of the model are also available in LCA software such as
          SimaPro which currently proposes the version 2.02 of July 2016.
          However, LCA software cannot guarantee real-time updates of the
          model. Most updated CF must be directly downloaded from the model
          website.


          The PestLCI webtool can be freely downloaded upon
          registration from https://pestlciweb.man.dtu.dk/ [image: ].
          A batch version has been developed to allow for multiple simulations
          of pesticide application scenarios. Furthermore, a new version of
          dynamiCROP with the coherent coupling with PestLCI is available on
          the web site model: http://dynamicrop.org/ [image: ].


          In complement to USEtox, CF from the new impact
          assessment method LC-IMPACT (Verones et al. 2020), which includes a
          formalism for the terrestrial ecotoxicity of trace elements
          described in Owsianiak et al. (2013, 2015), are available at https://lc-impact.eu/ [image: ].


          A general scheme is proposed in Figure H7, to help
          LCA practitioners evaluate the impacts due to pesticide emissions
          depending on their LCA goal and resources.
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          Figure H7. Overview of
          recommendations to account for impacts due to pesticide applications
          in LCA studies.


          As mentioned earlier, the initial distribution of
          pesticide applications at field level has been calculated through
          emission fractions to air, soil, crop and water, for a panel of
          pesticide application archetypes, including tropical scenarios, and
          can be directly used by LCA practitioners. For general archetypes of
          pesticide applications, details are available in D5.3 from the
          OLCA-Pest project (https://www.sustainability.man.dtu.dk/english/research/qsa/research/research-projects/olca-pest [image: ]).
          In Table H3, crop classes and associated examples are proposed. It
          is important to note that the initial distribution is not dependent
          on climate and soil conditions. The crop and its development stage
          and the application technique constitute the most important
          parameters for the initial distribution. Access to default emission
          fractions for pre-defined archetypes of pesticide application should
          be shortly available on the OLCA-Pest project website. Tropical
          conditions can be found in Gentil-Sergent et al. (2021).


          Table H3. Crop classes, examples within each class
          and central product classification (CPC) (extracted from D5.3
          OLCA-Pest project).


          
              	Crop classes 


              	Examples  


              	CPC 

            

              	Berries 


              	Strawberry, cape gooseberry,  


              	135, 135- 

            

              	Citrus fruit trees  


              	Orange, lemon, lime,
              grapefruit,  


              	145, 132, 132- 

            

              	Temperate fruit trees  


              	Apple, apricot, peach 


              	13, 134-, 1239, 1315 

            

              	Tropical and sub-tropical fruit
              trees 


              	mango, guava, cherimoya,
              avocado   


              	13, 1311, 1316,  

            

              	Grapes/Vines 


              	Grape 


              	133, 1351 

            

              	Nuts 


              	Almond, chestnut, hazelnut,
              pistachio  


              	137, 137- 

            

              	Oil-Bearing crops  


              	Sunflower, rapeseed, soybean,
              peanut 


              	14, 14-, 144-, 1319, 

            

              	Oil-Bearing trees  


              	Palm oil, coconut, banana,
              plantain, 


              	146, 1491, 1313, 1312 

            

              	Other permanent crops 


              	Coffee, cocoa, tea, cotton,
              tobacco  


              	161, 162, 192,  

            

              	Paddy rice 


              	Paddy rice 


              	113 

            

              	Panicoideae 


              	Maize, sorghum 


              	112, 114, 1911, 1214 

            

              	Pooideae 


              	Wheat, barley, oat, rye, quinoa,
              grass (cereals) (forage)


              	11-, 119-, 1199 

            

              	Pulses 


              	Beans, lentils, peas, vetch, lupine,
              chickpeas, cowpea 


              	124, 170- 

            

              	Roots, tubers and bulbs 


              	Potato, cassava, carrot,
              onion   


              	15-, 125-, 125, 127, 194 

            

              	Vegetables fruit 


              	Fruit solanaceae cucurbitaceae (passion
              fruit, lulo or Escuador’s naranjille) 


              	122, 122-, 123-, 124- 

            

              	Vegetables leafy 


              	Cabbage, lettuce, cauliflower,
              broccoli 


              	12, 121-, 129, 1243, 1919 

            





        
General recommendations / warnings on links
          between inventory flows and impact assessment in relation to
          software



          When developing a new process as part of a
          lifecycle tree in an LCA software, compartments of emissions for
          chemical substances such as pesticides should be selected carefully
          so they actually match with the actual compartments with a CF in the
          model. When doing a full LCA study, certain active ingredients
          generally do not have yet a CF. Several options are possible:


          	Use the USEtox model to calculate a
            specific CF for the active ingredient using available pesticide
            database (see recommendations in D2.1 from OLCA-Pest
            project)

	Check pesticide family and calculate and
            use a proxy for this family such as the geometric mean of all CFs
            for this family

	If you cannot find the family of the
            chemical or cannot calculate a proxy, calculate and use the
            geometric mean of the other CFs for the pesticides used in the
            production system

	In case you cannot either calculate a
            specific CF or a proxy for this chemical, at least report the
            percentage of pesticides characterized for the study. If this
            number is below 70%, the toxicity results will be underestimated
            and should be taken with great caution.




          As recommended by the UNEP-SETAC initiative,
          results should be presented separately for organic and inorganic
          molecules on a common log normal scale as illustrated for freshwater
          ecotoxicity in Figure H8 for open-field tomato in Martinique in
          Gentil et
          al. (2020).
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          Figure H8. Ecotoxicity results for open-field tomato
          in Martinique presented as recommended by the UNEP-SETAC initiative
          (2016) (Gentil et al. 2020).



        
Further research needs



          Although USEtox constitutes a consensual model for
          evaluating toxicity and ecotoxicity impacts in LCA, it still has
          margins for further improvement. The model does not evaluate local
          impacts on workers such as farmers nor on nearby residents. Many
          chemicals still do not have a CF, including metabolites of parent
          compounds and biopesticides. The so-called “cocktail effect” in
          relation to the use of mixtures of pesticides and their accumulation
          in environmental compartments is not accounted for (Rizzati et al. 2016).
          A new indicator and dedicated modelling is also required for
          terrestrial ecotoxicity and for pollinator insects. USEtox to date
          estimates impacts on the human toxicity and freshwater aquatic
          ecotoxicity impact categories only. Except in the recent LC-IMPACT
          method (Verones et al. 2020), no formalism exists to date for
          terrestrial ecotoxicity of organic pollutants (such as present in
          most pesticides and organic fertilizers) within the USEtox
          framework.


          Moreover, PestLCI Consensus also presents margins
          of improvement to better account for agricultural practices such as
          ground cover management and crop associations. The inclusion of
          those agroecological practices is key to compare properly
          conventional and agroecological cropping systems but will also
          require to model the secondary emission distribution (including
          water-related processes) in a consistent way with the USEtox model
          (Gentil-Sergent, 2020).
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        What biodiversity due to LULUC is about? 



          Land use represents one of the main drivers of
          biodiversity loss through loss and fragmentation of habitats. Land
          interventions such as transformation, occupation and land management
          and intensity constitute the main human drivers of the impact
          pathways toward biodiversity loss at the ecosystem quality area of
          protection level (Curran et al. 2016).



        
State of the art on available methods, uncertainty
          aspects, validity domains



          Biodiversity loss due to LULUC is a quite ancient
          topic in LCA but has become one of the most important challenges for
          its operationalization and for decision-making on environmental
          protection in general. Extensive reviews on existing approaches to
          model biodiversity loss due to LULUC have been published in the
          literature (Curran et al. 2016; Winter et al. 2017). The Pellston
          workshop report from the UNEP-SETAC initiative GLAM makes a summary
          of these reviews (UNEP 2019). Complex impact pathways have been
          identified from the land intervention to the resulting impact on
          biodiversity loss at midpoint and endpoint levels. The most common
          pathway assessed across existing approaches is the direct, local
          degradation and conversion of habitats. Most current models are
          based on compositional aspects of biodiversity, namely species
          richness and species abundance. The ecoregion represents the most
          consensual spatial scale for the calculation of CFs and plants the
          most common taxon assessed across models.



        
Recommended method



          No consensual method exists. The UNEP-SETAC
          initiative only recommended the method proposed by Chaudhary et al. (2015)
          as interim, since it has not been extensively tested and it is not
          fully satisfactory (UNEP 2019). In this approach, the potential
          species loss (PSL) from land use is proposed as indicator at
          regional scale. More precisely, it takes into account the effect of
          land occupation displacing entirely or partially the species on that
          land, the relative abundance of those species within the ecoregion,
          and the global threat level for the affected species. Five taxonomic
          groups are accounted for: birds, mammals, reptiles, amphibians, and
          vascular plants. They can be analysed separately or can be
          aggregated to represent the PDF of species. Land use types covered
          by the method include intensive forestry, extensive forestry, annual
          crops, permanent crops, pasture, and urban land. The reference state
          is a current natural or close to natural habitat in the studied
          ecoregion. This interim method is considered relevant to identify
          hotspots of biodiversity loss at the life cycle level of a product.
          However, being limited to six land use types, this indicator cannot
          differentiate alternative management practices such as
          agroecological practices versus conventional ones. More recently,
          Chaudhary and Brooks (2018) updated the CFs for PSL for the five
          taxa resulting from the five broad land use types under three
          intensity levels (minimal, light, intense use) in each of the 804
          terrestrial ecoregions.


          Chaudhary et al. (2015) is recommended as interim for
          application in general LCA studies. The approach from Chaudhary and
          Brooks (2018) constitutes an interesting alternative needing further
          testing for agri-food LCA studies, especially when the purpose is to
          differentiate different agricultural practices such as organic
          versus conventional.



        
Operational aspects (included in LCA
          software)



          The method from Chaudhary and Brooks (2018) is not
          implemented in the LCA software such as Simapro, GaBi, Umberto and
          OpenLCA. To implement the method, the CFs presented in the
          supplementary material of the publication must be added in the LCA
          software manually by each user. An alternative consists in
          extracting the LULUC flows of the studied system from the LCA
          software into Excel and applying the CFs from the supplementary
          material of the publication.



        
General recommendations / warnings on links
          between inventory flows and impact assessment in relation to
          software



          As mentioned above, the flows of LULUC exist in
          the processes in databases such as ecoinvent, but no
          characterization model allows converting these flows into impacts,
          at least in the most common LCA software, namely SimaPro, GaBi,
          Umberto, and OpenLCA (Lopes Silva et al. 2019). This calculation
          has to be done manually in Excel, R, or another computing
          environment.



        
Updated research propositions



          Among the growing body of alternative approaches,
          of which new ones are regularly presented in scientific conferences
          such as LCAFood (https://www6.inrae.fr/lcafoodconferencearchives/ [image: ]),
          an implementation/adaptation to LCA of the GLOBIO3 approach
          (Alkemade et
          al. 2009) has been recently proposed by FAO: the B-INTACT tool
          (FAO 2020c). B-INTACT complements other FAO tools commonly used in
          developing contexts, such as the EX-Ante Carbon balance Tool
          (EX-ACT) (Grewer et al. 2017) and the Global Livestock
          Environmental Assessment Model (GLEAM) (FAO 2018b).


          B-INTACT considers six anthropogenic impacts on
          biodiversity, namely land use, climate change (representing a
          potential double-counting if combined with endpoint LCIA methods),
          atmospheric N deposition, disturbance by infrastructure, habitat
          fragmentation due to land use and infrastructure, and human
          encroachment. These impacts are segregated and calculated separately
          at nine sub-continental levels for seven land cover classes. This
          model uses the mean abundance of original species relative to their
          abundance in undisturbed ecosystems (MSA), corresponding to the
          concept of hemeroby (Taelman et al. 2016; Lindner et al. 2019), as the
          biodiversity indicator. To apply the model, a site under study is
          divided into homogenous land use patches, and then the MSA per type
          of impact multiplied by the affected area. A summary of CFs is
          provided in Table H4.


          Table H4. Collection of mean species abundance (MSA) values for LCA
          use, per type of land use. Each patch is assumed to feature only one
          land use.


          
              	Naturalness


              	Land use


              	Land use (per patch)


              	Infrastructure (per patch)


              	Fragmentation
(per
              site)


              	Human encroachment
(per
              site)

            

              	N


              	Natural forest


              	1.00


              	Equation 1: 
MSAI = AVG[1 –
              ((length of infrastructure in km * 2)/(patch area *
              100)*(1-0.78))]


              	Equation 2: 
MSAF =
              (a+(b-a)/(c-d)*F) * proportion of natural in site + 1* proportion of
              artificial in site
if F<100 → a=0.35, b=0.45, c=100, d=0;
              if 100<F<1000 → a=0.45, b=0.65, c=1000, d=100; if
              1000<F<10 000 → a=0.65, b=0.90, c=10 000, d=1000; if 10
              000<F<100 000 → a=0.90, b=0.98, c=100 000, d=10 000; if
              100 000<F<1 000 000 → a=0.98, b=1.00, c=1 000 000,
              d=100 000; else (a+(b-a)/(c-d)*F) = 1.00


              	Equation 3: 
if
              proportion of cropland and urban > 1.5% then MSAHE = 0.85,
              else MSAHE = 1-((proportion of cropland and
              urban/0.015)*(1-0.85))

            

              	N


              	Lightly used (i.e. logged) natural
              forest


              	0.70

            

              	N


              	Moderately used (i.e. logged)
              semi-natural forest


              	0.85

            

              	N


              	Clear-cut forest


              	0.50

            

              	N


              	Managed forest


              	0.30

            

              	N


              	Natural grassland or shrubland


              	1.00

            

              	N


              	Grazed grassland


              	0.60

            

              	N


              	Set-aside land


              	0.90

            

              	N


              	Bare natural areas,
              boreal/polar


              	1.00

            

              	N


              	Extensive agro-forestry


              	0.50


              	1.00

            

              	A


              	Degraded grazed grassland, converted from
              forest


              	0.30


              	Equation 1

            

              	A


              	Degraded land 


              	0.30

            

              	A


              	Extensive/subsistence/low-input
              cropland


              	0.30


              	1.00

            

              	A


              	Intensive/high input cropland


              	0.10

            

              	A


              	Irrigated cropland


              	0.05

            

              	A


              	Flooded rice


              	0.30

            

              	A


              	Intensive agro-forestry, bioenergy
              crops


              	0.30

            

              	A


              	Areas with >80% built up


              	0.05

            




          N: natural area, A:
          artificial area, F: non-fragmented natural area (ha) in the studied
          site.


          Sources: Alkemade et al.
          2009; FAO 2020c. Criteria for identifying degraded lands are
          presented in Gibbs and Salmon (2015).




      

Water scarcity footprint



        S. Payen, CIRAD


        
            [image: photo13.jpg]
          



        What is a water scarcity footprint?



          The ISO 14046 standard (ISO 2014) and its
          practical guide (ISO 2017) are documents providing guidance and
          clear definitions of all aspects related to water footprinting.
          First, it is important to distinguish a water scarcity footprint
          from a comprehensive water footprint. In short, a water footprint is
          a “metric(s) that quantifies the potential environmental impacts
          related to water”. Therefore, a comprehensive water footprint
          considers all impacts associated with water consumption and
          pollution. This includes water scarcity footprint as well as
          freshwater eutrophication, acidification and ecotoxicity impacts. A
          water scarcity footprint focuses on impacts due to reduced water
          availability from water consumption but do not address water
          quality.


          Characterizing impacts from water consumption
          requires going beyond a simple volumetric measure (i.e. the
          inventory) by including relevant geographical and temporal
          dimensions.



        
Inventory



          The inventory of a water scarcity footprint is
          based on a water balance, where the distinction between water
          withdrawal from water consumption is important. Almost all impact
          assessment methods rely on the volume and location of water consumed
          (through evapotranspiration, incorporation into product or transfer
          to another basin).


          Figure H9 provides guidance on where to find water
          consumption data. Databases can be used for background activities
          such as fertilizer manufacture whereas estimating crop water use may
          require modelling. For details on how to estimate crop
          evapotranspiration and where to find data to run the models see
          Payen et
          al. (2018).
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          Figure H9. Finding data for the
          inventory of water consumption.



        
State of the art on available methods



          Over the past 12 years, many impact assessment
          methods have been developed. Here we focus on methods that are
          widely applied, available in LCA impact assessment package (ReCiPe
          2016, PEF, IMPACT World+) or recommended by the UNEP-SETAC (GLAM).
          These methods are detailed in Table H5, H6 and H7.


          The most consensual midpoint indicator is the one
          developed by the WULCA group called AWaRe (Boulay et al. 2018).
          AWaRe stands for Available WAter Remaining and is recommended by the
          UNEP-SETAC and the European Commission. It aims to answer: “What is
          the potential of depriving another user (human or ecosystems) of
          water when consuming water in this area”? It is based on the “unused
          water remaining” calculated as the water available minus water
          demand for human and ecosystems. Impact score is expressed in m3 world
          equivalent and do not have any physical meaning since CF ranges from
          0.1 to 100 (and not from zero to 1 like the Water Stress Index from
          Pfister et
          al. 2009). For example, a CF equal to 10 means there is 10
          times less “unused water remaining” in this region than “average
          unused water remaining at world scale”. The UNEP report (UNEP 2016)
          mentions a few limitations of AWaRe: a lack of discriminatory power
          in regions where demand is larger than availability and a large
          uncertainty associated with the estimate of environmental water
          requirement.


          The Water Stress Index (WSI) from Pfister et al. (2009)
          has been widely applied and is still relevant. It presents the
          advantage of providing consistent indicators at both midpoint and
          endpoint levels.


          Table H5. Comparison of midpoint
          indicators for water scarcity footprint.


          
              	MIDPOINT


              	Boulay et al. 2018


              	Pfister et al. (2009)

            

              	Midpoint indicator


              	AWaRe in m3 world-eq. 


              	WSI in m3 eq. 

            

              	Characterization factor (CF)


              	CF based on the inverse of the
              availability-minus-demand (AMD, m3/m2.month)
Demand =
              human and aquatic ecosystems needs
Normalized
              with the reference flow of the world weighted value


              	CF based on a withdrawal to availability
              ratio (WTA)
Withdrawal = by industry, agriculture,
              and households in watershed
Availability = Freshwater availability in
              watershed

            

              	Resolution


              	Monthly, Annual 
Subwatershed, region, country


              	Monthly, Annual
Subwatershed, country

            

              	Water use type


              	Agricultural or non-agricultural, 
Crop
              type,
Marginal or average activity 


              	
            

              	Used in/ Recommended by


              	PEF, IMPACT World+, GLAM
              (UNEP-SETAC)


              	Many publications

            




          WSI : Water Stress
          Index.


          Table H6. Comparison of human
          health endpoint indicators for water scarcity footprint.


          
              	ENDPOINT HUMAN HEALTH


              	Motoshita et al. (2014)


              	Pfister et al. (2009)


              	Boulay et al. (2011)

            

              	Endpoint indicator


              	Malnutrition damages in DALY/m3


              	Malnutrition damages in DALY/m3


              	Malnutrition and water-related diseases
              damages in DALY/m3

            

              	Characterization factor (CF)


              	Impacts of reduced food production due to
              a lack of water for agriculture, considering local scarcity and
              economic adaptation capacity. Combine food production loss, food
              supply shortage assessment and health damage.


              	Combine scarcity indicator, agricultural
              users’ share of water use, human development factor for
              malnutrition, per-capita water requirements to prevent
              malnutrition, damage caused by malnutrition.


              	Malnutrition from water deprivation for
              agricultural users, fisheries, and water-related diseases
              associated with a lack of water for domestic use, due to water
              degradation and consumption

            

              	Resolution


              	Monthly, Annual Watershed,
              Country


              	Annual 
Watershed,
              Country


              	Annual 
Watershed,
              Country

            

              	Water use type


              	Agricultural and non-agricultural water
              use


              	

              	
            

              	Used in/ Recommended by


              	GLAM (UNEP-SETAC) with a few
              adaptations


              	ReCiPe 2016


              	IMPACT World+

            




          DALY: Disability Adjusted
          Life Years.


          Table H7. Comparison of ecosystem
          endpoint indicators for water scarcity footprint.


          
              	ENDPOINT ECOSYSTEMS


              	Pfister et al. 2009


              	van
              Zelm et al 2011


              	Hanafiah et al. 2011


              	Verones et al 2010

            

              	Endpoint indicator


              	Impacts on terrestrial ecosystems in
              Species.yr


              	Impacts on terrestrial ecosystems from
              groundwater use in PDF.m2.yr


              	Impacts on freshwater fish species in
              PDF.m2.yr


              	Impact of thermally polluted water in
              PDF.m2.yr

            

              	Characterization factor (CF)


              	Vulnerability of an ecosystem based on
              the ratio of water limited-net primary productivity to
              precipitation


              	Effects of groundwater table lowering on
              the species richness of terrestrial vegetation 


              	Change in freshwater fish
species
              richness associated with a decrease of river discharge due to
              water consumption


              	Fate factor = residence time of heat
              emissions in the river, 
Effect factor = loss of species diversity
              per unit of temperature 

            

              	Resolution


              	Annual Watershed, country


              	Not regionalised


              	Watershed


              	Not regionalised

            

              	Used in/ Recommended by


              	ReCiPe 2016


              	IMPACT World+


              	ReCiPe 2016, Impact World+


              	Impact World+

            





        
Recommendations based on international consensus
          (UNEP-SETAC GLAM)



          At midpoint, the UNEP-SETAC recommends the
          application of AWaRe and a sensitivity analysis with a conceptually
          different method such as the WSI from Pfister et al. (2009) (UNEP 2016).


          At endpoint, the UNEP-SETAC recommends addressing
          the impact pathway describing agricultural water deprivation and
          consequences on human health with the application of Motoshita et al. (2014)
          (slightly modified in the UNEP report from 2016). However, caution
          is recommended for interpreting results for food-producing systems.
          Indeed, can we consider malnutrition impacts when the system studied
          is actually producing food?


          The indicators for ecosystems and resources damage
          categories were not yet mature for consensus (UNEP 2016).



        
Operational aspects and general
          recommendations



          To satisfy the range of demands from LCA users in
          terms of specificity and applicability, AWaRe CFs have been
          developed at different spatial (country / subnational / watershed)
          and temporal (annual / monthly) resolutions. The aggregation of CFs
          from native resolution (monthly, watershed) to lower resolution
          (annual, country) is based on a consumption-weighted average,
          distinguishing agricultural from non-agricultural water use. This
          means that when the specific location or time of the water
          consumption is unknown, using aggregated CFs acknowledges that it is
          more likely to have happened in the watershed or during the month
          with the highest consumption.


          Crop-specific AWaRe CFs for 26 crops[12] were developed (at country
          level), to improve the accuracy of crop water scarcity footprint
          when no watershed level data are available (Boulay et al.
          2019).


          For case studies when the inventory represents a
          large amount of water in the watershed (i.e. non-marginal), average
          AWaRe CFs were developed (Boulay et al. 2020). Boulay et al. (2019)
          recommend to use sector-, or crop-specific CF if no watershed
          inventory-specific data are available. If specific data are
          available, selecting which CFs to apply can be supported by a simple
          decision tree (Figure H10).
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          Figure H10. Decision tree to
          select AWaRe CFs dimension.


          In Simapro, only a water scarcity footprint at
          country and annual resolution can be performed. It is possible to
          increase resolution for a few foreground processes by adding
          specific CFs and corresponding elementary flows manually. This
          should be done with caution and keeping in mind differences in
          databases structures for water flows: Agrifootprint provides
          directly the water consumption whereas ecoinvent provides the water
          withdrawn and released (Figure H9).


          High-resolution (monthly / watershed level) and
          non-marginal CFs are only available in Excel format or Google Earth.
          Table H8 summarizes where to find the various AWaRe CFs.


          Table H8. Availability of AWaRe
          CFs in different sources and formats.


          
              	Simapro


              	Country and Annual

            

              	Google Earth


              	Basin and Monthly

            

              	Basin and Annual and Agri/ Non-agri/
              Unspecified

            

              	Excel


              	Same as Google Earth (Basin ID = Watergap
              ID)

            

              	Country or region and Agri/ Non-agri/
              Unspecified

            

              	Non-marginal, all resolutions

            

              	Subnational (3428 admin. regions), all
              resolutions

            

              	Country and crop-specific

            




          Check for update and more
          resource on AWaRe at https://wulca-waterlca.org/ [image: ]



        
Updated research propositions



          Helias (2020) showed that AWaRe CF only covers 62%
          of the world water consumption because of the upper and lower
          boundaries of the CFs. In particular, regions with fair or poor
          water conditions are treated the same regardless of the extent of
          the ecosystem degradation. Helias (2020) offers an improvement in
          line with the AWaRe model features, but without its validity limits
          and induced thresholds: the Demand-To-Remaining model (ratio of the
          ecosystem demands and the remaining after human activities).


          


Appendix I LCIA methods recommended by the
            Life Cycle Initiative and EF 3.0



            EF impact categories with respective impact
            category indicators and characterization models. The CFs that
            shall be used are available at: http://eplca.jrc.ec.europa.eu/LCDN/developerEF.xhtml [image: ].


            
                	EF Impact category


                	Impact category Indicator


                	Unit


                	Characterization model


                	Robust-ness

              

                	Climate change, total


                	RF as global warming potential
                (GWP100)


                	kg CO2 eq


                	Baseline model of 100 years of the IPCC
                (based on IPCC 2013)


                	I

              

                	Ozone depletion


                	Ozone Depletion Potential
                (ODP)


                	kg CFC-11 eq


                	Steady-state ODPs as in WMO (2014) +
                integrations


                	I

              

                	Human toxicity, cancer


                	Comparative Toxic Unit for humans
                (CTUh)


                	CTUh


                	USEtox model 2.1 (Fantke (Ed.) et al.
                2017)


                	III

              

                	Human toxicity, non- cancer


                	Comparative Toxic Unit for humans
                (CTUh)


                	CTUh


                	USEtox model 2.1


                	III

              

                	Particulate matter (PM)


                	Impact on human health


                	disease incidence


                	PM method recommended by UNEP (UNEP
                2016)


                	I

              

                	Ionising radiation, human
                health


                	Human exposure efficiency relative to
                U235


                	kBq U235 eq


                	Human health effect model as developed
                by Dreicer et al. 1995 (Frischknecht et al.
                2000)


                	II

              

                	Photochemical ozone formation, human
                health


                	Tropospheric ozone concentration
                increase


                	kg NMVOC eq


                	LOTOS-EUROS model as implemented in
                ReCiPe 2008 (Goedkoop et al. 2009)


                	II

              

                	Acidification


                	Accumulated Exceedance (AE)


                	mol H+ eq


                	AE (Seppälä et al. 2006; Posch
                et
                al. 2008)


                	II

              

                	Eutrophication, terrestrial


                	AE


                	mol N eq


                	AE 


                	II

              

                	Eutrophication, freshwater


                	Fraction of nutrients reaching
                freshwater end compartment (P)


                	kg P eq


                	EUTREND model as implemented in ReCiPe
                2008


                	II

              

                	Eutrophication, marine


                	Fraction of nutrients reaching marine
                end compartment (N)


                	kg N eq


                	EUTREND model as implemented in ReCiPe
                2008


                	II

              

                	Ecotoxicity, freshwater


                	Comparative Toxic Unit for ecosystems
                (CTUe)


                	CTUe


                	USEtox model 2.1


                	III

              

                	Land use


                	1. Soil quality index (aggregation of
                LANCA® indicators)
2. Biotic production
3.
                Erosion resistance
4. Mechanical filtration
5.
                Groundwater replenishment


                	1. Dimensionless (Pt)
2. kg
                biotic production
3. kg soil
4.
                m3
                water
5. m3 groundwater


                	Soil quality index based on LANCA®
                (Beck et al. 2010; Bos et al.
                2016)


                	III

              

                	Water use


                	User deprivation potential
                (deprivation- weighted water consumption)


                	m3 world eq


                	AWaRe as recommended by (UNEP
                2016)


                	III

              

                	Resource use, minerals and
                metals


                	Abiotic resource depletion (ADP
                ultimate reserves)


                	kg Sb eq


                	CML 2002 (Guinée et
                al. 2002; van Oers et al. 2002)


                	III

              

                	Resource use, fossils


                	Abiotic resource depletion – fossil
                fuels (ADP-fossil)


                	MJ


                	CML 2002 


                	III

              




            Source:
            Zampori and Pant 2019.



          
Appendix J Detailed guidance on the use of the
            qualitative assessment of data in LCA according to the European
            PEFCR Guidance (EC 2018)



            C. Bessou, CIRAD





      Qualitative diagnosis



        The most detailed guidance on the use of the
        qualitative assessment of data in LCA is provided in the latest
        version of the European PEFCR Guidance (EC 2018).


        The DQR system consists in:


        	Four criteria:




        		Precision (P)

	Time representativeness
              (TiR)

	Geographical
              representativeness (GR)

	Technological
              representativeness (TeR)






        	A two-tier approach to score those criteria
          depending on the data:




        		Primary data: score for
              precision cannot be higher than 3 and the other scores cannot be
              higher than 2[13]

	Secondary data: scores
              from 1 to 5






        	A formula to aggregate the scores (Eq.
          1).




        The scoring approach somehow mixes qualitative and
        quantitative information. For primary data, the qualitative assessment
        should be focused on the “most relevant processes and direct
        elementary flows that account for at least 80% of the total
        environmental impact”. This threshold should be calculated based on
        process contributions to the total single score (excluding the 3
        toxicity-related ones). It requires an iterative approach were LCIA
        results are calculated first in order to target the processes and
        input data to be assessed for the DQR. For all important processes and
        flows, as selected based on their contributions, the scores should be
        estimated separately, and the total DQR should be calculated based on
        the weighted average of the scores (i.e. multiplied by the
        contribution to the total of 80% of total impact) as shown in Eq.
        1.
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        Precise guidelines are provided in order to estimate
        the scores for primary and secondary data (cf. Table J1). They also
        explain how to combine scores from primary and secondary data for
        elementary flows (abbreviated EF in Table J1), activity data (AD) and
        secondary data (SD).


        Table J1. Abstract (two first scores) from PEFCR
        guidance on “how to assign the values to DQR criteria when using
        company-specific information?”.


        
            	Score


            	PEF and PAD


            	TiR-EF and TiR-AD


            	TiR-SD


            	TeR-EF and TeR-SD


            	GR-EF and GR-SD

          

            	1


            	Measured/ calculated and
            externally verified


            	The
            data refers to the most recent annual administration period with
            respect to the EF report publication date


            	The
            EF report publication date happens within the time validity of the
            dataset


            	The
            elementary flows and the secondary dataset reflect exactly the
            technology of the newly developed dataset


            	The
            data(set) reflects the exact geography where the process modelled
            in the newly created dataset takes place

          

            	2


            	Measured/calculated and internally
            verified, plausibility checked by reviewer


            	The
            data refers to maximum 2 annual administration periods with
            respect to the EF report publication date


            	The
            EF report publication date happens not later than 2 years beyond
            the time validity of the dataset


            	The
            elementary flows and the secondary dataset is a proxy of the
            technology of the newly developed dataset


            	The
            data(set) partly reflects the geography where the process modelled
            in the newly created dataset takes place

          




        PEF: Precision for elementary
        flows;


        PAD: Precision for activity
        data;


        TiR-EF: Time
        Representativeness for elementary flows;


        TiR-AD: Time
        representativeness for activity data;


        TiR-SD: Time
        representativeness for secondary datasets;


        TeR-EF: Technology
        representativeness for elementary flows;


        TeR-SD: Technology
        representativeness for secondary datasets;


        GR-EF: Geographical
        representativeness for elementary flows;


        GR-SD: Geographical
        representativeness for secondary datasets.


        In order to comply with the regulatory PEFCR, all
        details on the DQR assessment should be provided, including the
        quantitative contributions. This approach is very comprehensive and
        constitutes a robust information on qualitative assessment of an LCA
        study. Alternatively, a PEFCR-DQR based qualitative assessment could
        be more rapidly done by LCA authors, based on their expert-judgement
        on process and flows contribution and providing non-weighted DQR
        scores. Such a simplified approach may be a first step in data quality
        assessment but would not consist in full PEFCR compliance.


        The data quality assessment done at each inventory
        flow level, without weighting and aggregation is the first step in
        applying the pedigree matrix.



      
Uncertainty approximation



        In ecoinvent databases, an uncertainty factor
        (expressed as a contribution to the square of the geometric standard
        deviation) is attributed to each of the score of the data quality
        criteria (Frischknecht et al. 2007; Weidema et al. 2013). In the version
        v.3.0, five criteria are considered with five levels of score (see
        Ecoinvent 3.0 pedigree matrix in Ciroth et al., 2016). The total
        uncertainty accounts for a basic uncertainty based on expert knowledge
        (and varying depending on the type of input/output) and the cumulated
        uncertainty factors related to the five scores, which were recently
        updated based on several datasets compiled by Ciroth et al. (2016)
        (see Empirically based uncertainty factors for the pedigree matrix in
        ecoinvent v.3.0).


        

Appendix K How to display LCA results while
          avoiding bias due to visualization choices?



          LCA results are typically very large in terms of
          the number of series and the number of variables represented, and it
          can be difficult to know how to present the data in the most
          effective and unbiased way. The tips and recommendations listed
          below are an application of the main concepts of effective
          scientific communication applied to classical LCIA results
          (histograms, scenario comparisons, contribution analysis...)




      Refer to “useful ink” concept



        The concept of "useful ink" emphasizes that the ink
        used for graphics should be as informational as possible. The question
        to ask is: Is each ink pixel deposited on the paper provides useful
        information? If not, delete it! This simple concept allows to make the
        graphics often more simple, clear and accurate. In practice, this
        concept is often translated into the following modifications:


        	Remove unnecessary borders, lines, and
          backgrounds,

	Remove unnecessary labels and
          markers,

	Use flat styles and solid colors,

	Highlight important values.





      
Which type of graph is the most effective for most
        LCIA results? (histograms)



        Graphs of LCIA
        results are meant to reveal something about the results, and in
        particular to highlight the elements that will be detailed in the
        analysis of the results. Based on the classical formats of LCIA result
        tables, and considering that LCA results are always expressed as
        continuous variables, it is relevant to consider that:


        	For scenario comparisons, histograms are the
          most efficient visualization mode in the first instance to present
          LCIA results (obviously applying the useful ink concept). Histograms
          are even more effective when they are aligned at one end (see Figure
          K1 as one example). Minor improvements can further enhance the
          graphical representation, by avoiding the use of too many colors
          (color blind, if possible), by using horizontal bars, by adding
          tabular information and especially by rearranging the series in
          ascending or descending order of value, if there is no logical order
          in the series.

	For time trends (or other continuous input
          variables), it is imperative that the axes keep the right spacing
          and are not considered as categories. The most efficient type of
          graph in this case is not necessarily the histogram, because it does
          not make multiple comparisons easy; in this case, one can use
          connected points by emphasizing certain evolutions.




        
            [image: FigK1.jpg]
          



        Figure K1. Example of a graph for LCIA
        results.


        


 12Wheat, maize, rice, soybean,
          cotton, canola and rapeseed, barley, rye, managed meadows and
          pastures, sunflower, legumes, cassava, citrus, cocoa, coffee, date
          palm, grape and vine, peanuts, millet, coconut palm oil, potato,
          sorghum, sugar beet, sugar cane, and “other annuals”, as well as
          “other perennials”.

 13In PEFCR guidance, which applies to company as
              a regulatory framework, it is considered that primary data shall
              be company specific and as precise as
              possible.
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Glossary

          

          
              	Allocation 


              	The
              division of the input or output flows of a process or a product
              system among the product system under study and one or more
              other product systems (ISO 14040:2006).

            

              	Background process


              	A process
              describing the production of the inputs used on the production
              site considered. 

            

              	Biogenic
              carbon


              	Carbon
              stored or emitted by natural (short-cycle) sources, i.e. not
              from fossil energy sources.

            

              	Characterization factor (CF)


              	A factor
              derived from a characterization model which is applied to
              convert an assigned life cycle inventory analysis result to the
              common unit of the category indicator (ISO
              14040:2006).

            

              	Critical
              review (CR)


              	A process
              intended to ensure consistency between a life cycle assessment
              and the principles and requirements of the International
              Standards on Life Cycle Assessment (ISO 14040:2006). 
The principles are
              described in ISO 14040 (clause 4.1) (ISO, 2006a). 
The requirements
              are described in ISO 14044 (ISO, 2006b).

            

              	Cut-off
              criteria


              	The
              specification of the amount of material or energy flow or the
              level of environmental significance associated with unit
              processes or product systems to be excluded from a study (ISO
              14040:2006).

            

              	Data
              quality


              	Characteristics of data that relate to
              their ability to satisfy stated requirements (ISO
              14040:2006).

            

              	Direct
              emissions 


              	Flows of
              potentially polluting substances into the environment directly
              associated with animal and plant production and which cross the
              boundaries between technosphere and ecosphere in the studied
              system for the first time.

            

              	Elementary flow


              	An
              exchange with the natural, social or economic environment.
              Examples: unprocessed inputs from nature; emissions into air,
              water and soil; physical impacts; working hours under specified
              conditions.

            

              	Developing and emerging economies
Foreground
              process


              	Countries, regions and economies not
              fully industrialised, in socio-economic terms.
A process
              describing the system of interest to the LCA study, on the
              production site considered. 

            

              	Functional unit (FU)


              	The
              quantified performance of a product system for use as a
              reference unit (ISO 14040:2006).

            

              	Impact
              category


              	A class
              representing environmental issues of concern to which life cycle
              inventory analysis results may be assigned (ISO
              14040:2006).

            

              	Indirect
              emissions 


              	Flows of
              potentially polluting substances to the environment and which
              are derived from the secondary transformation/degradation of a
              substance emitted into the environment (from a direct
              emission).

            

              	Life
              cycle assessment (LCA)


              	The
              compilation and evaluation of the inputs, outputs and the
              potential environmental impacts of a product system throughout
              its life cycle (ISO 14040:2006).

            

              	Life
              cycle impact assessment (LCIA)


              	The phase
              of life cycle assessment aimed at understanding and evaluating
              the magnitude and significance of the potential environmental
              impacts for a product system throughout the life cycle of the
              product (ISO 14040:2006).

            

              	Life
              cycle inventory (LCI)


              	The phase
              of life cycle assessment involving the compilation and
              quantification of inputs and outputs for a product throughout
              its life cycle (ISO 14040:2006).

            

              	Low- and
              middle-income countries (LMIC)


              	Countries
              which are defined as low-income economies according to FAO. The
              World Bank differentiates between low-income countries (LIC) and
              middle-income countries (MIC); there are also least developed
              countries (LDC), according to the UN.

            

              	Process


              	A term
              used in the LCA community and LCI databases; ‘process’
              represents a set of interrelated or interacting activities that
              transforms inputs into outputs (ISO 14040).

            

              	Product


              	A good or
              service output of a human activity with a positive market or
              non-market value.

            

              	Soil
              organic carbon (SOC)


              	The major
              component of soil organic matter. It is essentially derived from
              residual plant and animal material, synthesized by microbes and
              decomposed under the influence of temperature, moisture and
              ambient soil conditions.

            

              	System
              boundaries


              	A set of
              criteria that specify which elementary processes are part of the
              product system.

            

              	Technosphere


              	Represents all human activities. There
              can be an exchange of a certain activity and the environment
              (elementary exchange, e.g. N2O emissions into air) or between two
              activities.

            

              	Uncertainty analysis


              	A
              systematic procedure to quantify the uncertainty introduced into
              the results of a life cycle inventory analysis due to the
              cumulative effects of model imprecision, input uncertainty and
              data variability (ISO 14040:2006).

            

              	Water
              footprint


              	A life
              cycle impact indicator that assesses the contribution of
              products and services to water-related impacts on the
              environment.

            



        

        
Abbreviations

          

          ACV. Analyse de cycle de vie (Life cycle
          assessment in French)


          ADEME. Agence de l'environnement et de la maîtrise
          de l'énergie


          AFNOR. Association française de normalisation


          AFOLU. agriculture, forestry, land use and land
          use change


          AGWP. Absolute global warming potential


          APSIM. Agricultural production systems
          simulator


          CF. Characterization factor


          CGIAR. Consultative group on international
          agricultural research


          CR. Critical review


          DG-DEVCO. Directorate general for international
          cooperation and development


          DMP. Data management plan


          DQR. Data quality rating


          EC. European commission


          EC-JRC. European commission joint research
          centre


          EEA. European environment agency


          EF. Environmental footprint


          EMEP. European monitoring and evaluation
          program


          EPD. Environmental product declaration


          EU. European union


          FAO. Food and agriculture organization


          FOLA. Focus on land in Africa


          FU. Functional unit


          GDP. Gross domestic product


          GTP. Global temperature change potential


          GDPR. General data protection regulation


          GFLI. Global Feed LCA Institute


          GHG. Greenhouse gases


          GLAD. Global LCA data access


          GLAM. Global guidance for life cycle impact
          assessment indicators and methods


          GWP. Global warming potential


          HCPC. Hierarchical clustering of principal
          components


          HESTIA. Harmonized environmental storage and
          tracking of the impacts of agriculture


          IES. Institute for environment and
          sustainability


          IFA. Impact focus area


          ILCD. International reference life cycle data
          system


          IPCC. Intergovernmental panel on climate
          change


          ISO. International organization for
          standardization


          LCA. Life cycle assessment


          LCDN. Life cycle data network


          LCI. Life cycle inventory


          LCIA. Life cycle impact assessment


          LDC. Least developed countries


          LEAP. Livestock environmental assessment and
          performance


          LIC. Low-income countries


          LMIC. Low- and middle-income countries


          LULUC. Land use and land use change


          MC. Monte Carlo


          MIC. Middle-income countries


          MEANS. MulticritEria AssessmeNt of
          Sustainability


          MSA. Mean species abundance


          NGO. Non-governmental organization


          NMVOC. Non-methane volatile organic compounds


          NSTDA. National science and technology development
          agency


          OECD. Organisation for economic co-operation and
          development


          OEF. Organisation environmental footprint


          OXFAM. Oxford committee for famine relief


          PAF. Potentially affected araction


          PAS. Publicly available specification 


          PCA. Principal component analysis


          PCR. Product category rules


          PDF. Potentially disappeared fraction


          PEF. Product environmental footprint


          PEFCR. Product environmental footprint category
          rules


          RF. Radiative forcing


          SALCA. Swiss agricultural LCA


          SD. Standard deviation


          SETAC. Society of environmental toxicology and
          chemistry


          SOC. Soil organic carbon


          SCP. Sustainable consumption and production


          SQCB. Sustainability quick check for biofuels


          STICS. Simulateur multidiscplinaire pour les
          cultures standard


          UN. United nations


          UNEP. United nations environment program


          VCA4D. Value chain analysis for development


          WFLDB. World food LCA database
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