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Executive Summary 
Humanity faces an unprecedented sustainability challenge, with food systems playing a central role. 
The global food system is among the largest drivers of environmental impacts, including climate 
change, resource depletion, and biodiversity loss, accounting for over a third of global greenhouse 
gas emissions and nearly half of the planet’s biocapacity. As human populations and consumption 
demands continue to grow, the stability of key planetary systems is increasingly threatened. This 
working paper synthesizes knowledge on the European agri-food system, addressing two main 
objectives: 1) examining its current environmental and biodiversity impacts, alongside the potential 
of circularity to mitigate these effects, and 2) exploring how biodiversity-friendly agricultural 
practices are interconnected with and can be supported by shifts in food consumption. 

This working paper offers valuable insights into existing monitoring frameworks and methodologies, 
their ability to effectively capture environmental and biodiversity impacts, and key findings from their 
evaluations. The literature review and analyses presented here are not intended to be a 
comprehensive assessment of food systems sustainability; however, they shed light on the scale of 
Europe’s food system, its environmental impacts, and its dependencies. Despite uncertainties in 
assessing direct biodiversity impacts, the overarching conclusions drawn from existing indicators 
emphasize both the urgency and the opportunity to transform Europe’s food systems to be more 
environmentally and biodiversity-friendly and operate within the means of our planet. 

Building on these findings, the document provides empirical evidence supporting the biodiversity 
benefits of specific agricultural practices, such as organic farming, agroforestry, and mixed crop-
livestock systems. These practices demonstrate potential for reducing environmental harm, yet 
challenges remain in assessing the synergistic effects of more holistic approaches. This gap 
highlights the importance of looking beyond individual practices to consider broader approaches 
such as agroecology. Evidence from policy interventions further underscores the need for a 
transdisciplinary and integrated strategy that addresses not only environmental concerns but also 
the socioeconomic, cultural, and political dimensions of food systems. 

Key findings on the environmental and biodiversity impacts of European food systems: 

• Food systems are a primary driver of ecological overshoot, with Europe’s ecological footprint 
exceeding its biocapacity by 1.5 times. Food consumption alone accounts for nearly a third 
of Europe’s total ecological footprint, highlighting the urgent need for systemic change. 

• These impacts are concentrated in the agricultural production stage, with Europe 
outsourcing over 21% of its food-related environmental impact to other regions through 
international trade. 

• Animal-based products, particularly meat, are the most impactful food category, driving 
significant land use, greenhouse gas emissions, and biodiversity loss.  

• Current footprint assessment methods such as ecological footprint and carbon footprint can 
quantify human pressure on biodiversity across supply chains using Environmentally 
Extended Multi-Regional Input-Output (EE-MRIO) analysis. These approaches provide 
valuable insights into high-impact production and consumption sectors but do not quantify 
biodiversity outcomes. 



ETC BE working paper  5 

• Direct measures of biodiversity outcomes can be calculated through Biodiversity footprints 
and Life Cycle Assessment (LCA)-based methods. However, further improvements are 
needed to reduce uncertainties in impact linkages and expand the scope of measurable 
impacts. 

• Circularity principles, including nutrient cycling, waste reduction, and resource efficiency, 
align closely with biodiversity-friendly practices and offer significant potential to reduce 
environmental impacts. Optimized circular food systems, combined with dietary shifts, 
could reduce land use by up to 71% and greenhouse gas emissions per capita by 29% in 
Europe. 

Key findings on biodiversity-friendly agricultural practices and links with consumption 
changes: 

• Practices such as organic farming, agroforestry, extensive grazing, urban agriculture, and 
mixed crop-livestock systems demonstrate significant environmental benefits, including 
improved soil health, enhanced biodiversity, and reduced pollution and greenhouse gas 
emissions. 

• Organic farming and agroforestry show promise in increasing species richness and 
ecosystem resilience, though their scalability and yield trade-offs require further 
investigation. 

• Urban agriculture and mixed crop-livestock systems offer additional benefits, such as 
reduced land use, lower reliance on artificial fertilisers, and increased resource efficiency, 
but their economic viability and local applicability vary. 

• A holistic approach to food systems transformation is essential, integrating environmental, 
socioeconomic, cultural, and governance dimensions. Agroecology exemplifies such an 
approach to support sustainable and resilient food systems. 

• Effective monitoring frameworks are critical for tracking progress, requiring adaptability to 
different scales and contexts, and alignment with the principles of transformation. 

The knowledge presented here supports transformation by providing a foundation for understanding 
the current state of European food systems and their environmental and biodiversity impacts. By 
using appropriate tools, frameworks, and indicators to monitor progress, evaluate impacts, and 
adapt strategies as needed, stakeholders can identify key leverage points and design targeted 
interventions. Adopting sustainable production practices, promoting shifts in consumption patterns, 
and embedding circularity principles will enable Europe to reduce its environmental impacts, 
enhance biodiversity, and make meaningful progress toward its sustainability goals. While we know 
that food consumption and especially meat consumption is a major driver of biodiversity loss, more 
research and data are needed to understand how different consumption changes can directly or 
indirectly support different biodiversity-friendly production systems. Given the complexity and multi-
scale nature of food systems, evidence suggests that effective transformation cannot rely on isolated 
practices or interventions, and that a systematic approach is essential to ensure that the 
transformation of European food systems is comprehensive and aligned with long-term 
sustainability objectives. 
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1 Introduction 
1.1 Background and context 
Humanity is up against a multi-faceted and global sustainability challenge, represented most 
prominently by climate change, resource depletion, and biodiversity loss. With the continued 
expansion of human populations, consumption demands now exceed the capacity of the biosphere, 
leading to the destabilization of key planetary systems (Rockström et al., 2009; Steffen et al., 2015) 
and ecological overshoot (Earth Overshoot Day; Wackernagel et al., 2002). 

In our societal transition towards a more sustainable future, food systems are gaining centrality as 
they are increasingly acknowledged as the single largest reason for our societal transgression of key 
planetary limits (Willett et al., 2019). Accordingly, food systems have emerged as key 
transformational component of sustainable development due to both their environmental impacts 
and societal role. Drawing from the EEA report “Food in a green light: A systems approach to 
sustainable food”, food systems are here defined as “All the elements (environment, people, inputs, 
processes, infrastructures, institutions etc.) and activities that relate to the production, processing, 
distribution, preparation and consumption of food including waste management, and the outputs of 
these activities, including socio-economic and environmental outcomes.” 

Food systems represent a basic human need and are associated with multiple SDGs (Sporchia et al., 
2024); furthermore, they are deeply embedded in local cultures, while also having contributing to 
multiple environmental impacts. Accounting for more than a third of the global anthropogenic 
greenhouse gas emissions (Crippa et al., 2021) and demanding nearly half of the planet’s biocapacity 
(i.e., the biological capacity to regenerate life supporting resources and services), food systems are 
a key driver of climate change and ecological overshoot, resulting in deforestation, mineral depletion, 
desertification, eutrophication, acidification, biodiversity loss, genetic erosion. Meanwhile, food 
systems (and food security) are particularly vulnerable to the adverse impacts of climate change 
(IPCC, 2023). Food systems are thus central to the sustainability debate, as well as to the discussions 
about climate (UNFCCC, 2015) and biodiversity (IPBES, 2019).  

Food systems generate a wide range of potential impacts at every stage, from crop production and 
food processing to packaging, transportation, wholesale, and distribution, and waste disposal. Each 
stage involves land and resource use, carbon emissions, and waste generation, contributing to a 
variety of environmental impacts. 

This working paper aims to 1) investigate such impacts and externalities and summarize them, with 
a particular focus on biodiversity impacts, and 2) identify food production and consumption 
alternatives and the extent to which such alternatives could contribute to a reduced impact on the 
planet’s biodiversity. In doing so, we also describe the complexity of monitoring food systems from 
the perspective of environmental impact and put special emphasis on identifying the methodologies 
that can best capture and monitor the biodiversity impacts deriving from different stages of the food 
system.  
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1.2 Goal and objectives 
The goal of this working paper is to contribute to the development of knowledge of food systems, 
their impacts, and their contribution to EU biodiversity objectives. The overarching goal is subdivided 
into two objectives. 

The first objective is to synthesize knowledge on the impacts of current agri-food systems. We 
approach this synthesis with a specific focus on the following sub-objectives:  

• Conducting a literature review to provide an overview of methodologies used to assess the 
environmental impacts of food systems and identifying if and what existing methods or 
approaches can be applied to improve the assessment of biodiversity impacts. 

• Describing the current food consumption patterns in Europe and their impacts on 
biodiversity, ecosystems, and carbon emissions from the perspective of the key 
methodologies identified in the overview. 

• Improving our understanding of circular measures in the food system and how they can 
reduce the negative impacts of food systems on nature and biodiversity.  

The second objective is to synthesize the knowledge on the links between biodiversity-friendly 
farming and food consumption changes. Within this second objective, alternative practices along 
all the stages of food systems are investigated, with a view to understand how their implementation 
would contribute lowering the impact of EU food systems on nature and biodiversity. More precisely, 
a focus is placed on the following sub-objectives:  

• How can shifting to sustainable agricultural practices affect biodiversity, simultaneously 
considering economic aspects and other environmental dimensions? This responds to the 
supply-side opportunities and focuses on organic farming, agroecology, agroforestry, 
extensive grazing, mixed livestock-crop production. 

• How can dietary shifts to alternative diets affect biodiversity, simultaneously considering 
economic aspects and other environmental dimensions? This point focuses on the demand-
side opportunities and includes diversification, changes in demand for organic, 
agroecological, environmentally sustainable food from agriculture. 
 

1.3 Limitations 
This working paper aims to provide the best possible answer to the above questions within the scope 
of the project. Here we acknowledge some limitations.  

The short timeline of this project limits the depth of literature reviews to a rapid assessment, and 
therefore the selected studies represent the most relevant studies available to answer the research 
questions within the timeframe (January-May 2024) of this project, rather than an exhaustive 
compilation of existing studies. 

The scope of this study is limited additionally by the current state scientific research in monitoring 
biodiversity and biodiversity loss (Christie et al., 2021; Hochkirch et al., 2021; Oliver et al., 2021; 
Hortal et al., 2015), and by the current state of and rapidly evolving understanding of the impacts on 
biodiversity. While the definition of biodiversity is well defined, the state of biodiversity monitoring 
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systems has been heavily biased by current ability to make observations, leading to significant focus 
on specific areas and a lack of knowledge in others. These biases can exist across taxonomic groups, 
ecosystem types, or geographic regions. Vertebrates, for example, are generally more easily 
observable than invertebrates or microbes; similarly terrestrial ecosystems are generally more easily 
observable compared to marine, freshwater, or below ground ecosystems. These monitoring biases 
and gaps have the potential for the misidentification and underestimation of the relative importance 
of impacts (Pearman et al., 2024). Such gaps and biases did not affect our evaluation of 
indicators/methodologies and their respective ability to assess biodiversity impacts that are well 
understood within the literature. However, it must be acknowledged that to fully understand 
“biodiversity impact”, a more comprehensive level of biodiversity observation and monitoring is a 
potentially critical element to the understanding of environmental impacts related to food 
consumption. To state this directly, we may be able to trace the impact of consumption to a specific 
location and ecosystem, but if our understanding of the biodiversity that exists in the ecosystem is 
limited, for example, to terrestrial vertebrates, then this limitation is potentially passed on to 
assessment of impact on that ecosystem. Further, the information about the state of functional 
biodiversity, and the complex networks and interrelations between species and populations is 
limited. Together these limitations also limit our ability to understand the impacts of biodiversity loss 
on loss of ecosystem services that support the food system itself.  

In the effort to drive food system change towards more resource efficient, environmentally and 
biodiversity friendly production practices, understanding how shifts in consumption can support 
these changes in production practices is a key question, however the ability of the literature review 
performed here to answer this question is limited by the available scientific literature. The current 
state, gaps, and limitations found here as well as the types of studies needed to answer this question 
are expanded upon in section 4.2.2 “Impact of potential consumption changes on the demand for 
different agricultural practices”. 

Acknowledging the current gaps and challenges this working paper aims to provide a framework to 
understand the available scientific evidence towards the goals and objectives stated here. 

 

1.4 Structure of this document 
The main body of this document is structured in three sections.  

The first section addresses objective 1: understanding the environmental and biodiversity impacts of 
current agri-food production and consumption in Europe. This section provides an overview of 
various indicator frameworks and methodologies and their ability to assess food system impacts on 
biodiversity and ecosystems based on a rapid literature review. The overview is followed by a 
summary of the environmental impacts due to current consumption patterns in Europe, and finally 
an overview of circular measures in Europe and how they can reduce the impact of food systems on 
biodiversity. 

The second section addresses objective 2, to synthesize the knowledge on the links between 
biodiversity-friendly farming and food consumption changes. This section provides a review of 
literature to understand potential changes in consumption related to agricultural practices, the 
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effect of these potential changes on the environment, and how these changes can be implemented 
in Europe. 

The conclusion section brings together key results and discussion from both sections to provide 
conclusions and synthesis based on the larger picture of the tools we have available to assess 
impacts on biodiversity, the current state and nature of such impacts, and the potential alternative 
consumption and production practices that can reduce the environmental impacts of food systems. 

 

2 Objective 1: Impacts of current agri-food production-
consumption 

2.1 Methodology 
This section describes the methodologies of the major components of objective 1: 

- a literature review focused on the environmental and biodiversity impacts of food 
consumption, 

- an Ecological Footprint assessment of EEA32 countries, and 
- a literature review focused on circularity within the agri-food system of the European Union. 

  

2.1.1 Literature Review 

2.1.1.1 Scope and approach for the review of methodologies to measure the environmental 
impacts of EU food consumption 

To provide an overview of existing methodologies that can assess the environmental impacts of food 
consumption in the EU, with a focus on biodiversity impacts, we performed a rapid review of 
literature, identifying key primary literature, grey literature, secondary reports, and other reference 
documents with several specific selection criteria. Articles were included or excluded based on 
geographical region, impact type, consumption type, and publication date as relevant to focus on the 
research question. 

The initial set of literature based on the following criteria: Europe or the EU as the target region, 
environmental or biodiversity related impacts, food systems as the subject, and publication date no 
earlier than 2013.  

In coordination with the EEA project manager, we then developed an evaluation matrix to identify and 
classify characteristics of the methodologies, indicators, and results that are relevant to the ability 
of the various approaches to assess the environmental impacts associated with food systems within 
the EU. The characteristics were chosen to represent the coverage of the studies across stages of the 
supply chain (including food waste), stage of impact (e.g., pressure, state, impact), type of 
biodiversity loss driver, type of biodiversity impact, and result resolution (geographic, temporal, 
product). For the full list of characteristics and scoring criteria, see the evaluation matrix and 
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description table provided in the supplementary excel file. A subset of studies that described 
indicators or methodologies and presented relevant results were then evaluated according to the 
finalized criteria. Beyond the studies evaluated in the matrix, a larger body of studies were identified 
and reviewed for this task, including review articles, articles comparing indicators or methodologies, 
and grey literature summarizing the state of knowledge. 

The following section provides a list of the terms and concepts used to define the evaluation matrix 
developed for this review, along with a description of their usage in the evaluation of articles and 
within this document. 

 

2.1.1.2 Definitions and Conceptual Framework 

This document, and specifically the literature review presented here, covers a cross section of many 
different research subtopics across academia including food systems, sustainability, impact 
assessment, and biodiversity. As a result of the merging of various domains we aimed to use simpler 
and more aggregated common definitions and well-established frameworks wherever possible for 
the purpose of clarity. This section provides descriptions and definitions of terms and frameworks 
used in our review and assessment of articles. 

Food Supply chain stages used in this document follow a simplified version of those identified by 
the High Level Panel of Experts on Food Security and Nutrition of the Committee on World Food 
Security (HLPE, 2014), with the addition of the pre-production stage. Here we identify those stages 
as: pre-production, production, processing, distribution, and consumption. 

Pre-production is used in reference to the maintenance of genetic resources, development of 
agricultural and technological practices, and preparation of agricultural inputs such as machinery, 
seeds, and agrochemicals. Production refers to growing crops, rearing livestock and harvesting 
agricultural products. Processing refers to post-harvest modification and preparation of agricultural 
products. Distribution refers to the transportation of different forms of food and can occur before and 
after processing. Consumption refers to the final stage when food is obtained by the final consumer 
through retail purchases and may include both cooking and eating. 

Food loss and food waste are used here to describe food system wastages. In this document, we 
refer to “food loss” as wastage that occurs during various pre-consumption stages and we refer to 
“food waste” as food that has gone through all the stages of the food supply chain up to the stage of 
consumption, but is not physically consumed, and therefore “wasted” at the point of consumption. 
From an analysis and assessment point of view, food wastages are assessed separately from the 
other stages of the food supply chain because wastage can occur throughout all the stages of the 
food supply chain from production to consumption. 

Pressure, state and impact are used as defined in the Drivers-Pressures-State -Impact-Response 
(DPSIR) framework (EEA, 1999; OECD, 2003). This framework is used to define the causal linkages 
stemming from human activities to the resulting changes in environmental quality and associated 
policy responses.  In this document, food consumption is the overarching activity or driver being 
investigated, while the review presented here examines various assessments of pressure, states and 
impacts adopting the terminology as generally defined by the European Environment Agency (Moll et 
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al., 2005) and specifically applied to biodiversity (Maxim et al., 2009). Pressure is defined as the “[...] 
consequences of human activities (i.e. release of chemicals, physical and biological agents, 
extraction and use of resources, patterns of land use, creation of invasion corridors) that have the 
potential to cause or contribute to adverse effects (impacts)”. Within this framework, a pressure 
indicator quantifies drivers of biodiversity loss, such as land use, resource use, pollution etc. State is 
defined as “the quantity of biological features (measured within species, between species and 
between ecosystems), of physical and chemical features of ecosystems, and/or of environmental 
functions, vulnerable to pressure(s), in a certain area.” Impact is defined as “changes in the 
environmental functions, affecting (negatively) the social, economic and environmental dimensions, 
and which are caused by changes in the state of the biodiversity. Impacts are changes in the 
environmental functions, affecting the social, economic and environmental dimensions, caused by 
changes in the state of the biodiversity”. 

Anthropogenic impact drivers of biodiversity loss refer to the direct drivers identified by IPBES 
(2019): land use change, direct exploitation of biodiversity, climate change, pollution, and invasive 
species. 

Impact and Impact stage are identified here by ecosystem type and biodiversity impact type.  

Ecosystem Types follow a simplified six-category version of the EU typology, which include: forests, 
agroecosystems, urban, wetland and freshwater, marine, and other terrestrial ecosystems.  

Table 1. Aggregation of EU ecosystem typology level 1 (Eurostat, 2023a) to five categories used in this document.  

No. EU Ecosystem Typology Simplified Typology 
(this document) 

1 Settlements and other artificial areas Urban 

2 Cropland Agroecosystems 

3 Grassland (pastures, semi-natural and natural grasslands) Agroecosystems 

4 Forest and woodland Forests 

5 Heathland and shrub Other terrestrial ecosystems 

6 Sparsely vegetated ecosystems Other terrestrial ecosystems 

7 Inland wetlands Wetland and freshwater 

8 Rivers and canals Wetland and freshwater 

9 Lakes and reservoirs Wetland and freshwater 

10 Marine inlets and transitional waters Marine 

11 Coastal beaches, dunes and wetlands Marine 

12 Marine ecosystems (coastal waters, shelf and open ocean) Marine 

Biodiversity Impact is used in this document to describe the most direct measures of biodiversity, 
identified as “endpoint impacts on biodiversity” (Damiani et al., 2023) and which include seven 
categories: genetic composition, species traits, species population, community composition, 
ecosystem function, ecosystem structure, and species loss. 



ETC BE working paper  12 

Methodologies are a general term used in science which broadly refers to a system or process that 
is followed. This review brings together information which covers multiple defined conceptual 
methodological systems, which we refer to hereafter as “Indicators or Indicator Frameworks” while 
also identifying established technical methodological processes, which we will refer to hereafter as 
“methodologies”.  

We use “Indicator or Indicator Frameworks” here to describe broader systems which aim to measure 
particular concepts for example, “Ecological Footprint” or “Carbon Footprint”. This includes defined 
systems or approaches which use a suite of specific measures or indicators which together are used 
to answer a broad question, such as in the case of Consumer Footprint (Castellani et al., 2018).  

“Methodology” is used in this review to refer to defined technical processes that are often used to 
calculate the results within the broader "Indicator frameworks”. Examples of methodologies include 
life cycle assessment (LCA) or environmentally extended multi-regional input-output modelling (EE-
MRIO), which are technical processes which can be applied in calculating the value of a given 
indicator (e.g., carbon footprint, ecological footprint) belonging to the indicator framework. 

The set of indicator frameworks and methodologies reviewed for this task are described in detail in 
section 2.2.1 below. 

Policy links are presented as part of the literature review framework for section 1, and these links 
refer only to policies or targets that are explicitly identified and linked within the set of literature 
reviewed for each indicator/framework. They represent the respective authors’ identification of 
potential policy links. Because the body of literature reviewed here is not intended to identify policy 
links, the results presented here should not be considered comprehensive; furthermore, the review 
framework highlights a potential knowledge gap. The mapping of the broader policy landscape to 
specific indicators or indicator frameworks would be a useful tool which could complement the 
results presented here, however development of such a tool is beyond the scope of this working 
paper. 

 

2.1.2 Ecological Footprint analysis of current food consumption in EEA-32 countries 
Ecological Footprint and biocapacity accounting are built upon the core concept that Earth is a 
closed biophysical system and its ecosystems support life through photosynthesis. As such, 
biocapacity is a property of land surfaces and water bodies that represents the finite capacity of 
these surfaces to generate biomass through photosynthesis, while Ecological Footprint represents 
the appropriation of biocapacity. The results presented here represent the biocapacity within the 
borders of the EEA32 countries, while the Ecological Footprint focuses on the biocapacity required 
to meet the demand of food consumed within EEA32 countries. 

The Ecological Footprint and biocapacity results presented in this document are produced following 
the methodology that was used to assess food consumption in Portugal (Galli et al., 2020) and the 
EU27 (Galli et al., 2023). This method applies national results produced using a biophysical 
accounting approach (Lin et al., 2018) as an environmental extension to the Global Trade Analysis 
Project (GTAP10, 2020) multi-regional input-output model (MRIO). The results provide information 
about biocapacity appropriated across the full-upstream supply chain for 65 economic sectors, 3 
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final demand categories (household, government, and gross fixed capital formation), with global 
coverage across 141 regions. The resulting sectoral data is then allocated to household consumption 
categories following the COICOP classification system (United Nations, 2000). The allocation is 
based on a GTAP-COICOP concordance table and household consumption expenditures. 

 

2.1.3 Methodology for the overview of circular measures in EU food systems 
A rapid literature review was undertaken in March 2024 to enhance comprehension of circularity 
within the agri-food system of the European Union. This included the identification of barriers and 
levers, such as EU regulations, to facilitate circularity in this context. 

To discover relevant literature on the subject, Google Scholar was utilized as a search engine, limiting 
findings to those published after 1992. This year was pivotal due to the adoption of "Agenda 21" 
during the Earth Summit in Rio de Janeiro proposing a comprehensive plan for sustainable 
development across global, national, and local levels, encompassing various sectors.  

The following keywords were applied in combination with Boolean operators during the search 
process: 

• “EU AND Food circularity AND Biodiversity” 
• “EU AND Circular agriculture AND Biodiversity” 
• “EU AND Circular food AND Biodiversity” 
• “EU AND Circular economy AND Food system AND Biodiversity”. 

The initial search encompassed the first 20 results from each query. After duplicates were removed, 
a total of 46 results were left. Subsequently, articles not adequately addressing circularity or the 
European Union as a cohesive entity were filtered out, resulting in the exclusion of 27 articles. 
Prioritization was given to 19 articles deemed most relevant, along with those referenced within. 

To reach a more comprehensive overview and to ensure up-to-date references to the current status 
of the relevant EU regulations, additional scientific and grey literature was reviewed in agreement 
with the EEA project manager. Moreover, recent EU statistics concerning circular measures were 
used to complete the picture (e. g. regarding food waste in the EU). 

 

2.2 Results 

2.2.1 Overview of Methodologies and Indicator Frameworks 
This section presents technical methodologies and indicator frameworks described and applied by 
studies in the literature review. For a full table describing elements by study, see the accompanying 
excel file. 

2.2.1.1 Technical Methodologies 

Life Cycle Assessment (LCA) and Environmentally Extended Input-Output (EE-IO) are two 
categories of commonly used and recognized methodologies used for quantifying environmental 
and/or biodiversity impact. Almost all quantitative results within the reviewed literature adopted one 
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or both approaches. Marques et al. (2017) provide an in-depth review of Multi-Regional Input 
Output (MRIO) analysis and LCA approaches, including available databases, models, and the 
current state of their ability to assess biodiversity impacts. Here we list and summarize key 
characteristics of these two methodologies and related technical methodologies. 

LCA is a bottom-up approach commonly used to quantify the environmental impacts along a defined 
boundary of the life cycle of a product (ISO, 2006). It is a broad and widely recognized approach with 
several international standards, databases, and modelling procedures and is the primary approach 
among multiple studies examined here. LCA can and has been applied to quantify a broad range of 
environmental impacts including GHG emissions, pollution, species loss, and other footprint-based 
metrics. LCA allows the detailed calculation of products and processes and thus can achieve high 
product-level resolution, providing greater relevance to businesses and other stakeholders. LCA-
based studies often refer to the specific terms Life Cycle Inventory (LCI) and Life Cycle Impact 
Assessment (LCIA) to refer to the specific sub-components or phases of the assessment where LCI 
or the “inventory” phase refers to the collection of input/output data associated with the life cycle of 
the target, and LCIA refers to the "impact assessment” or the significance of the result on the 
environment (ISO, 2006).  

Many LCIA methods exist, used to convert either resource use or emissions into impact. Impacts are 
generally categorized into either mid-point or end-point categories, where mid-point refers to earlier 
stage impacts that could be considered “pressure” in the DPSIR framework, and end-points refer to 
more concrete or direct impact associated with from the mid-point impact. Examples of specific 
LCIA models/methods include ReCipe and LC-IMPACT. 

Life Cycle Sustainability Assessment (LCSA) is an expansion upon the environmental impact focus 
of LCA to include broader sustainability aspects, examples include Life Cycle Costing (LCC), and 
Social LCA (S-LCA). 

The Basket of Products (BoP; EC-JRC, 2012) approach is a specific LCA-based approach developed 
to assess the environmental impacts of consumption by representing the per-capita average 
consumption in the EU. The BoP approach identifies a specific set of products, or the “basket of 
products”, by their relative importance, either economic or mass, and follows the International 
Reference Life Cycle Data System (ILCD) methodology. This approach is referenced in a number of 
studies either in the development of methodology (Notarnicola et al., 2017), the evolution and 
incorporation as a key element of the consumer footprint (Castellani et al., 2018) or the application 
of the methodology toward specific impacts (Crenna et al., 2019; García-Herrero et al., 2023). While 
a standardized basket of goods benefits in providing a reference point for understanding and 
comparing differences across multiple dimensions of interest such as time, geography, solutions,  
etc., it has been noted that there may be gaps where products of low importance (by economic value 
or mass) have relatively high biodiversity impact (Crenna et al., 2019). 

EEIO analysis or modelling is a widely used top-down methodology in the assessment of 
environmental impacts based on underlying economic input-output models. While single-region 
models exist, all studies referenced here use multi-regional models and are therefore referred to as 
Environmentally Extended Multi-Region Input-Output (EE-MRIO) analyses. Built upon existing 
economic IO tables, EEIO operates on the general concept that environmental impacts can be traced 
across economic flows by understanding the impact intensity per unit of economic value. By tracing 
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economic flows to and from various economic sectors and across multiple regions (here regions 
refer to countries or country groupings), EE-MRIO allows the tracking of impacts from the country 
and sector of production to the final consumer. Resulting values thus are globally consistent, in other 
words, the sum of all impacts at the production stage is fully traced and allocated to final consumers, 
and thus impact across the full supply chain is included within results. EEIO-based methodologies 
provide the unique ability to trace impacts through international trade flows, and therefore provide 
greater relevance for supply chain/sectoral actors, governments, and at national/regional/global 
scales (Marques et al., 2017). Nonetheless, EE-MRIO does not easily allow the disaggregation of 
impacts related to certain components such as food waste, which occur across multiple stages and 
sectors of the supply chain.  

Other technical methodologies/approaches: Most studies in this review adopt LCA and EEIO-
based approaches, however, other approaches exist that apply similar principles to track embodied 
impacts. Vanham et al. (2013), in an approach more similar to LCA, apply values from existing 
data/databases to calculate the water footprint of specific products, food consumption statistics, 
and food intake by source to calculate the footprint of different diets. Similarly, Antonelli et al. (2017) 
use published data on the virtual water content of commodities, summing the total traded 
commodities to calculate the total water footprint trade flows between countries. No specific 
technical terminology is described in these studies, however, for the purpose of this review, we will 
refer to this as physical accounting of embodied impacts, as it tracks impacts embedded in physical 
goods, either traded or consumed, as opposed to the tracking of impacts on the basis of financial 
flows used in EE-IO. 

 

2.2.1.2 Indicators and Indicator Frameworks 
Table 2. Overview of Indicator Frameworks (see annex A for a detailed evaluation by publication) 

Indicator / 
Framework 

What does it aim to 
measure 

Unit and/or description 
of measure(s) 

Studies including this 
indicator 

Biodiversity 
Footprint 

Biodiversity pressure and 
biodiversity impact 

Potentially Disappeared 
Fraction (PDF) of species, 
species loss per year, 
others.* 

(4) Marques et al. 2017, 
Crenna et al. 2019, 
Vanham et al. 2019, 
Koslowski et al. 2020, 
Sanyé-Mengual et al. 2023 

Carbon 
footprint 

CO2 emissions Mass (e.g. Kg CO2) included in multiple 
studies as a sub-indicator  

Consumer 
Footprint 

Average environmental 
impact of EU citizens 

Suite of indicators - see 
environmental footprint** 

(2) Castellani et al. 2018, 
Notarnicola et al. 2017,  

Consumption 
Footprint 

Environmental Impact of 
EU economies 

Suite of indicators - see 
environmental footprint** 

(1) Sala et al. 2023 
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Indicator / 
Framework 

What does it aim to 
measure 

Unit and/or description 
of measure(s) 

Studies including this 
indicator 

Ecological 
Footprint 

Bioproductive capacity Bioproductivity-weighted 
surface area (terrestrial, 
aquatic); global hectares 
(gha) 

(3) Vanham et al. 2019, 
Galli et al. 2022, Galli et al. 
2023 

Environmenta
l Footprint 

Environmental Impact 
(Product or Organization) 

Climate 
Change(kgCO2eq), Ozone 
Depletion(kgCFC-11eq), 
Human Toxicity, non-
cancer(CTUh), Human 
Toxicity, cancer(CTUh), 
Particulate Matter(kg 
PM2.5), Ionising 
radiation(kBqU235eq), 
Photochemical ozone 
formation(kg NMVOCwq), 
Acidification(mol H+ eq), 
Terrestrial 
eutrophication(mol Neq), 
Marine eutrophication(kg 
N eq),  Freshwater 
ecotoxicity(CTUe), Land 
use(kg C deficit), Water 
resource depletion(m3 
water eq),  Resource use, 
fossils(MJ), Resource use, 
minerals and metals (kg Sb 
eq) 

(3) Castellani et al. 2018, 
Notarnicola et al. 2017, 
Sala et al. 2023 

Multi-
Indicator 
Sustainability 
Assessment 

Ecosystem Stability Ecosystem Status 
(composite score) 
Per capita GHG emissions 
(composite score), 
Per capita blue water 
consumption (composite 
score), 
Per capita land use 
(composite score), 
Per capita non-renewable 
energy use (composite 
score), 
Per capita biodiversity 
footprint (composite 
score) 

(1) Chaudhary et al. 2018 
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Indicator / 
Framework 

What does it aim to 
measure 

Unit and/or description 
of measure(s) 

Studies including this 
indicator 

Environmenta
l Performance 
(indicator 
suite) 

Ecosystem Status GHG emissions, 
consumptive freshwater 
use (water use), terrestrial 
land occupation (land 
use), and nitrogen (N) and 
phosphorus (P) emissions 

(1) Gephart et al. 2021 

GHG 
Footprint 

GHG Emissions (CO2, 
CH4, N20, HFCs) 

Mass or mass equivalent; 
KgGHG or kgCO2eq 

(2) Sandstrom et al. 2018, 
Bajan et al. 2022 

Nitrogen 
Footprint 

Reactive Nitrogen loss to 
the environment 

Mass (Kg N) (4) Leip et al. 2014, 
Vanham et al. 2019, Galli 
et al. 2022, Leip et al. 
2022 

Seafood 
consumption 
Footprint 

Seafood consumption Mass (kg of seafood) (1) Guillen et al. 2019 

Social 
Footprint 

Social Impact of products 
and services 

Medium risk hours per 
worker hour 

(1) Mancini et al. 2023 

Water 
Footprint 

Water consumption Volume; cubic meters of 
water (Blue, Green, Grey) 

(4) Vanham et al. 2013, 
Antonelli et al. 2017, 
Vanham et al. 2019, Galli 
et al. 2022, García-
Herrero et al. 2023  

* The biodiversity footprint is not a single standardized framework, thus all studies looking at measures of 
biodiversity loss are included here. 
** Consumer and Consumption Footprint aim to adopt the approach and methodology of Environmental 
Footprint approach and set of impact categories; however, they are not fully compliant with the standards. 

 

Biodiversity Footprints 
Biodiversity Footprint is a term currently used in the literature which describes various metrics for 
measuring the impact of human activities on biodiversity; however, the term “biodiversity footprint” 
does not refer to a specific methodology or framework. Multiple methodologies and frameworks exist 
that calculate different types of “biodiversity footprints”. Common to these methodologies is that 
they typically rely on determining the relationship between upstream pressures (also referred to as 
midpoint measures; IPBES classification of drivers also falls into this category) such as land use, 
emissions, resource consumption with more direct measures of either ecosystem quality or 
biodiversity/biodiversity loss (also referred to as endpoint measures). Examples of direct measures 
include Mean Species Abundance (MSA), species richness, and Potentially Disappeared Fraction of 
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species (PDF). For simplicity, studies that aim to measure biodiversity impact through endpoint 
measures such as these are included in this section.  

In addition to the multiple metrics used in quantifying biodiversity footprints, Sanye-Mengual et al. 
(2023) identified and compared multiple LCA models, identifying differences between models by 
their respective coverage of impact categories, representative products, process, and elementary 
flow covered by each model. 

This review looks at biodiversity footprints as described by (Crenna et al., 2019; Koslowski et al., 
2020; Marques et al., 2017; Sanyé-Mengual et al., 2023)  

Impact stage:  Overall, biodiversity footprints are developed as an attempt to achieve more granular 
and direct measures of biodiversity, and therefore components such as PDF fall firmly in the stage of 
“impact” as they capture aspects of both ecosystem quality and biodiversity/biodiversity loss 
measures.  A key limitation is that biodiversity impacts are considered from the point of production 
processes and do not include direct urban expansion and its potential for habitat fragmentation. 
Additionally, biodiversity of untracked activities such as illegal logging or poaching are not included 
due to the absence of data (Koslowski et al., 2020). 

Supply Chain Coverage: Crenna et al. (2019) and Marques et al. (2023) apply an LCA-based 
approach, which covers the full life cycle of food products from production to consumption including 
distinct waste flows at each stage and at the end of the life cycle. LCA does not include pre-
production activities such as maintenance of genetic material, or development of agricultural or 
technological practices. Koslowski (2020) uses an EE-MRIO-based approach, providing full supply 
chain coverage including pre-production impacts and waste. 

Anthropogenic Impact Drivers: Biodiversity footprints linking consumption to biodiversity impact 
cover the drivers of land use change, climate change, and pollution. 

Impacted Ecosystems: Crenna et al. (2019) directly address wetland, freshwater, and marine 
ecosystems, however the remaining biodiversity footprint studies reviewed here do not explicitly 
address the type of ecosystems impacted while the methodologies and types of impacts would imply 
that all ecosystem types are affected. 

Impacts on biodiversity: All studies here measure potential species loss either directly as species 
loss per year or PDF, while additionally Sanye-Mengual et al. (2023) also include approaches 
assessing MSA, which cover species population and community composition aspects of biodiversity 
impact. 

Coverage and Resolution: As various studies and types of biodiversity footprints exist, the spatial 
coverage, temporal coverage, and target resolution vary greatly among studies. See the 
accompanying table for additional details for each study. 

Key findings: Examining differences between urban and rural areas and income levels, Koslowski et 
al.   (2020) found that urban residents had slightly higher footprints while higher income was related 
to higher biodiversity impacts. Further, they found that the total European biodiversity footprint 
decreased by 4% from 2005-2010. Unsurprisingly, the economies with the largest GDP in Europe also 
had the greatest total biodiversity impact. On a per capita basis, differences in results between 
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models were primarily due to differences in impact categories used, with LC-MPACT showing the 
greatest biodiversity impacts associated with mediterranean countries and high per-capita GDP 
countries, while no clear pattern emerged using ReCiPe (Koslowski et al., 2020). The top contributors 
of biodiversity impact from EU consumption were food (animal-based products and chocolate), 
mobility, and household goods. From the perspective of impact types, land use and climate change 
impacts were responsible for 75% of the overall impact, while ecotoxicity was identified as another 
major contributor by the LC-IMPACT model.  

Similarly, Crenna et al (2019) looked at the impact of European food consumption, finding that the 
greatest impact “..in the majority of [midpoint] impact categories- are due to the consumption of 
meat and dairy products.” This result was found to be true both from a per-kg and from a total 
consumption perspective. In terms of endpoint impacts, they found that ”..ecosystem quality and 
biodiversity are mainly affected by the consumption of pork and beef meat,” and this is mainly due to 
land transformation and occupation for agricultural production of feed.  

From a methodological perspective, they point out that endpoint modelling is highly uncertain, 
suggesting that the latest, most up-to-date models should be used in order to minimize uncertainty. 
Still, while the improvement of LCA-based endpoint modelling is needed in terms of impact category 
coverage (ecotoxicity, resource overexploitation, invasive species), characterization factors 
refinement, taxonomic coverage, and land use intensity, they emphasize the importance of current 
modelling in identifying impact hotspots as all methodologies strongly converge on animal-based 
products as the greatest drivers of biodiversity impact. 

Sanyé-Mengual (2023) looked at the biodiversity footprints of EU consumption and compared the 
results of eight widely used LCIA models/methods finding that general convergence of models 
identifying land use and climate change as the most impactful driver of biodiversity footprints. 
Ecotoxicity was also identified as the third largest contributor. Food was found the be the largest 
consumption category when compared to appliances, household goods, housing and mobility. 
Within food, meat, specifically beef and pork was identified as having the largest biodiversity 
footprint, with chocolate also identified as a top contributor in some models. 

From a methodological perspective they highlighted the fact that impact category coverage was an 
important consideration due to the potential underestimation of biodiversity loss drivers such as 
climate change and ecotoxicity (Sanyé-Mengual et al., 2023).  Across the set of LCIA models and 
methods, endpoint impact categories included land use (occupation, transformation), climate 
change, ecotoxicity (terrestrial, freshwater, marine), acidification (terrestrial, freshwater), 
photochemical ozone formation, Eutrophication (terrestrial, freshwater, marine), thermal pollution, 
ionizing radiation, and water use. The LC-Impact model was one of 2 method/models that covered 
all 3 types of ecotoxicity and it was noted that “disagreements among methods and models were 
based on the inclusion of impact categories and the characteristics of the underlying impact 
assessment model (e.g., consideration of species vulnerability and scope in terms of environmental 
compartments)” Overall, biodiversity endpoint measures remain a major challenge for LCA (Sanyé-
Mengual et al., 2023). 

Policy links identified by the authors: The studies here present linkages to the CBD Strategic Plan 
for Biodiversity 2011-2020, Aichi targets, SDG14 (Life below water) and SDG15 (Life on land). 
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Consumer Footprint 
The consumer footprint is one of two footprint indicators developed by the European Commission’s 
Joint Research Centre (JRC) to understand the environmental impacts of consumption in the EU with 
a focus on the per-capita consumption associated with the lifestyle of an average EU citizen. It is a 
bottom-up LCA-based approach which disaggregates consumption into five components of 
consumption (food, housing, mobility, household goods, and appliances), each of which has an 
associated Basket of Products (BoP) representative of average per-capita consumption. This review 
focuses on the food component of the Consumer Footprint, described by Castellani et al. (2018). For 
a detailed comparison between consumer and consumption footprints, see Sala et al. (2019). 

Indicator components: The consumer footprint refers to a suite of 15 pressure indicators or “impact 
categories” including climate change, ozone depletion, human toxicity (non-cancer), human toxicity 
(cancer), particulate matter, ionizing radiation, photochemical ozone formation, acidification, 
terrestrial eutrophication, freshwater eutrophication, marine eutrophication, freshwater ecotoxicity, 
land use, water resource depletion, resource use (fossils), resource use (minerals and metals) 

Supply Chain Coverage: The LCA-based BoP approach covers the full life cycle of food products 
from production to consumption including distinct waste flows at each stage and at the end of the 
life cycle. LCA does not include pre-production activities such as the maintenance of genetic 
material or the development of agricultural or technological practices.  

Anthropogenic Impact Drivers: The above impact categories cover land use change, climate 
change, and pollution. 

Impacted Ecosystems: The impact categories and the tracking of more detailed elementary flows 
explicitly address forests, agroecosystems, wetlands, freshwater and marine ecosystems, as well as 
other terrestrial ecosystems. Urban areas are not directly assessed, however would be implicit to 
some impact categories that are land-use agnostic. 

Impacts on biodiversity: The consumption footprint of food does not explicitly cover direct 
biodiversity impacts. 

Coverage and Resolution: The BoP indicator approach aims to represent the annual average 
consumption of an EU citizen, and therefore provides a regional average value for the EU for the 
reference year 2010. 

Key findings: Meat products, dairy products and beverages appeared as hotspots in most impact 
categories. For meat products, ecotoxicity, human toxicity, eutrophication, acidification, water 
depletion and climate change are among the leading impacts. 

Policy links identified by the authors: The consumer footprint is linked directly to a number of 
Sustainable Development Goals (SDGs), including SDG12 Responsible consumption and 
production, while impact categories directly touch on SDG3 Good health and wellbeing, SDG6 Clean 
water and sanitation, SDG13 Climate action, SDG14 Life below water, and SDG15 Life on land. 
Castellani et al. (2018) provide five illustrative usage scenarios that have policy relevance to the 
Circular Economy Package, Urban Waste Water Directive, Bioeconomy Strategy, Roadmap to a 
resource efficient Europe, and SDG12.3 Food Waste. 
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Consumption Footprint 
The consumption footprint (EC-JRC, 2023) is the complementary approach to the consumer 
footprint. The consumption footprint consists of a set of 16 LCA-based component indicators that 
can be calculated using either a bottom-up approach such as process-based LCA, or a top-down 
approach such as EE-MRIO. The consumption footprint aims to quantify the consumption of the 
entire economy and thus uses trade statistics to capture the full set of import and export trade flows 
from the target region. In doing so, the consumption footprint has a broader scope than the consumer 
footprint. The consumer footprint applies LCA based environmental profiles to a basket of products 
in combination with statistics on individual consumption. The consumption footprint framework 
includes five components of consumption (food, housing, mobility, household goods, and 
appliances)1, here we look at results from the top-down approach (“Consumption Footprint Europe: 
top-down approach,” 2024), and more specifically on the food component as described by Sala et 
al. (2023).  Sala et al. (2023) evaluate biodiversity loss using the term “biodiversity footprints” and 
food waste associated with food using the consumption footprint framework. For a detailed 
comparison between consumer and consumption footprints, see Sala et al. (2019). 

Indicator Components: The consumption footprint for food follows the Environmental Footprint 
(“Environmental Footprint,” 2021) methodology which includes 16 midpoint impact categories: 
acidification, climate change, ecotoxicity-freshwater, eutrophication-freshwater, eutrophication-
marine, eutrophication-terrestrial, human toxicity-cancer, human toxicity-non-cancer, ionising 
radiation, land use, ozone depletion, particulate matter, photochemical ozone formation, resource 
use-fossil, resource use-mineral and metals, and water use. Biodiversity impacts can also be 
calculated using the consumption footprint method as applied by Sala et al. (2023) using the ReCiPe 
LCA model. 

Supply Chain Coverage: Derived from an LCA-based approach, the results encompass production, 
processing, distribution, consumption, and waste treatment. 

Anthropogenic Impact Drivers: The midpoint impact categories defined in the Environmental 
Footprint framework cover land use change, climate change, and pollution. 

Impacted Ecosystems: The impact categories explicitly address freshwater and marine 
ecosystems, and while land use and terrestrial eutrophication are specified impact categories, 
specific terrestrial ecosystems are not identified. Nor are urban areas explicitly identified. 

Impacts on biodiversity: The 16 specific midpoint impact categories are not direct measures of 
biodiversity impact. However, biodiversity impact (footprints) can be linked to these midpoint 
categories through ReCiPe LCA model. Sala et al. (2023) present high level results identifying the 
impact categories and products with the largest biodiversity footprint. 

Coverage and Resolution: Biodiversity footprint and food waste results are provided for 45 products 
at the regional (EU27) level for the year 2020.  

Key findings: The product groups responsible for the majority of environmental impact are animal-
based, with meat and dairy representing 65% of the environmental impact of food consumption in 

 
1 The (“Consumption Footprint Europe: top-down approach,” 2024) website presents results in 7 domains:  
food, housing, mobility, household goods, services, clothing and footwear, and changes in stock. 
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the EU. In 2020, land use, climate change, and terrestrial acidification are the primary drivers of the 
biodiversity footprint in the EU-27, and roughly 10% of all food supplied to retail, food services and 
households was wasted.  Household and food services are a key focus area because 62% of food is 
wasted at the consumption stage, representing 70% of the environmental impact from food waste. 
In terms of biodiversity loss, meat and cheese contributed to over 60% of the biodiversity footprint of 
EU food consumption while land use, global warming, and terrestrial acidification were the drivers of 
95% of the biodiversity footprint (Sala et al., 2023). 

Policy links identified by the authors: The consumption footprint framework aims at supporting EU 
policy ambitions, such as by monitoring progress towards the achievement of the European Green 
Deal (EC, 2021a) ambitions, including those in the New Circular Economy Action Plan (EC, 2020a), 
the Farm to Fork Strategy (EC, 2020b), the Biodiversity Strategy (EC, 2020c), and the Zero Pollution 
Action Plan (EC, 2021b). 

 

Ecological Footprint  
See also section 3.1.2 for EEA-32 specific analysis. The ecological footprint framework (Wackernagel 
and Rees, 1996) was developed to measure the biological regeneration of the biosphere 
(“biocapacity” or “BC”) and the amount that is appropriated by human activity (“ecological footprint” 
or “EF”).  The national accounting methodology (Lin et al., 2018) is maintained by the Footprint Data 
Foundation (FODAFO, 2024) and produces results for 190 countries and the world from 1961-2022 
following a physical accounting approach. Here we focus on an EE-MRIO based methodology for 
calculating the ecological footprint of consumption by households; this methodology tracks multiple 
consumption types (i.e., food, transportation, housing, goods, and services), although we here focus 
on the sole ecological footprint of food (Galli et al., 2023).  

Indicator Components: The ecological footprint framework identifies six ecological footprint 
categories (cropland, grazing land, forest products, fishing grounds, built-up land, and carbon 
footprint) which represent types of human demand on bioproduction. It also classifies bioproduction 
into five types of bioproductive areas (cropland, grazing land, forest, fishing grounds, and built-up 
land) each of which corresponds to a matching footprint category, with the exception of the forest 
biocapacity with meets the demand for both forest products such as wood or fiber and carbon 
sequestration. The various footprint and biocapacity types are quantified in global hectares (gha), 
which are bioproductivity weighted hectares. 

Supply Chain Coverage: The EE-MRIO based approach provides full supply chain coverage, 
including all inputs related to pre-production and fixed capital investments as well as waste products 
at all stages. The nature of EE-MRIO approach means that all footprint associated with the 
production of food is allocated to final consumers and thus all food that is lost or wasted is also 
included, but the waste component cannot be disaggregated from the approach without additional 
data and analysis. Results also provide the ability to trace final consumption or demand through the 
supply chain demand to the country and sector of production.  

Anthropogenic Impact Drivers: Ecological footprint indicators directly encompass aspects of land 
use change as both ecological footprint and biocapacity are accounted in global hectares (gha), 
which represent bioproductivity-weighted land (or aquatic) area. A global hectare represents a 
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hectare of bioproductive surface area, with world average bioproductive capacity. For example, a 
hectare of highly productive forest area would have a biocapacity of 2 gha if that hectare was twice 
as bioproductive as an average hectare in the world; conversely, a hectare with lower than world 
average productivity, such as shrub or grassland would have a biocapacity of less than 1 gha. In this 
way, global hectares capture the primary functional aspect of land (and aquatic) area. 

Ecological Footprint represents the total size of the human economy’s metabolism, measured 
against the planet’s biocapacity, and it includes humanity’s production of waste CO2 emissions. 
Thus, the accounting represents also represents a minimum threshold for sustainability through two 
underlying principles, that 1) resources are not consumed faster than they can be regenerated and 
2) waste cannot be produced faster than it is assimilated. While the consumption of a resource, for 
example, 5 tonnes of wheat, is represented as the global hectares necessary to produce that 
resource, 5 tonnes of waste CO2 emissions is also represented as the global hectares necessary to 
assimilate that waste after the deduction of the percentage sequestered by oceans. See Mancini et 
al (2016) for a detailed description of the calculation. 

Anthropogenic CO2 emissions can be expressed directly as tonnes or further translated into global 
hectares, however, neither is a direct representation of the magnitude of radiative forcing nor can 
they be directly expressed as climate change/climate change effects. Nevertheless, both are 
informative about the potential contribution to climate change. By deducting the percentage of CO2 
sequestered by oceans, the carbon subcomponent of the Ecological Footprint is directly 
proportional to the anthropogenic contribution to atmospheric CO2 accumulation.  

Impacted Ecosystems: All ecosystem types (forests, agroecosystems, urban, wetland and 
freshwater, marine, and other terrestrial) are affected and identified in the ecological footprint 
framework.  

Impacts on biodiversity: Ecological footprint subcomponents do not include any direct measures 
of biodiversity impact. 

Coverage and Resolution: Results are provided for 12 food categories by country for the EU27 region 
in the years 2004, 2007, 2011, and 2014. Latest year data are based both on base year MRIO model 
and input production results from the National Footprint and Biocapacity accounts. The next update 
would bring data to the latest base MRIO year of 2017 with national production data up to 2020. 
Results are also indicated by origin country. A subset analysis provides the footprint intensity of 
various food products. 

Key findings: Per capita ecological footprint decreased by 20% from 2004 to 2014 while per capita 
biocapacity decreased by 4% during the same period. On a total basis, results over this time period 
were slightly lower due to the increasing population in the EU with an 18% reduction in ecological 
footprint and a 2% decrease in biocapacity. The ecological footprint of food represented 28-31% of 
the total ecological footprint of the EU27. Animal-based food was found to have a much higher EF 
intensity than plant-based foods. Cropland footprints were the largest component of the EU27’s food 
ecological footprint, making up 57% in 2004 and 2014. A quarter of biocapacity consumed in food 
originates from non-EU countries.  
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Policy links identified by the authors: This study identifies links to the EU’s Farm to Fork Strategy, 
Sustainable Development Goals, and the Paris Agreement. 

 

Environmental Footprint 
See also Consumer and Consumption Footprints. The term “Environmental Footprint” has more than 
one usage in scientific literature. It is a general term used to describe the “Footprint Family” of 
indicators (Galli et al., 2022; Vanham et al., 2019; Čuček et al., 2015; Hoekstra and Wiedmann, 2014; 
Hammond, 2006), most prominently known by but not limited to carbon footprint, ecological 
footprint, water footprint and nitrogen footprint. The Environmental Footprint also refers to a specific 
methodology (EC, 2013; Manfredi et al., 2012) that was developed for the assessment of products, 
Product Environmental Footprint (PEF) and organisations, Organisation Environmental Footprint 
(OEF). While products and organisations are not within the scope of this review, it is relevant to 
mention the Environmental Footprint because this methodology and its defined impact assessment 
categories are adopted by the Consumer and Consumption Footprint Indicator frameworks.  

 

Nitrogen Footprint 
While reactive nitrogen (Nr) is a crucial input to global food production through its usage in fertilizers, 
Nr is also considered a pollutant with wide-ranging environmental impacts including climate change, 
smog, acid rain, eutrophication, and biodiversity loss (Galloway et al., 2003). The nitrogen footprint 
(Leach et al., 2012) aims to quantify the amount of Nr that is emitted into the environment as the 
result of an activity such as production or consumption of food.  

Indicator Components: The concept does not define any specific sub-components, however, it can 
be calculated as part of a broader nitrogen budget to represent nitrogen flows between agricultural 
sub-pools such as livestock production, manure management, and soil cultivation, (Leip et al., 
2014).  

Supply Chain Coverage: Leip et al. (2014) calculated the nitrogen footprint based on a farm-gate 
LCA, which did not include NOx emissions from energy use, land use change, or that which occurred 
from food waste after the production stage.  

Anthropogenic Impact Drivers: Nitrogen footprint is associated with climate change and pollution 
drivers of biodiversity loss. 

Impacted Ecosystems: The nitrogen footprint has the potential to impact all ecosystem types, 
however, as a pressure indicator, it is not explicitly linked to the ecosystems where impact occurs. 

Impacts on biodiversity: The nitrogen footprint has the potential to result in multiple biodiversity 
impacts, however, because results are not explicitly linked to the ecosystems where impact occurs 
there is no explicit measure or quantification of biodiversity impact. 

Coverage and Resolution: Leip et al. (2022) provide results for the EU27 region for the base year 
2015.  Leip et al. (2014) provides results for the EU27 (excluding Malta and Cyprus) region with 
country level results for the reference year of 2004. 
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Key findings: Leip et al. (2022) looked at reducing nitrogen waste from an intervention perspective, 
finding that the largest improvements in nitrogen use efficiency could be made in the livestock sector 
and that the majority of potential interventions that could effectively reduce the nitrogen footprint 
require dietary shifts, while Leip et al. (2014) found that the nitrogen footprint was significantly higher 
for ruminant meat products (500 gN/kg) compared to pork or poultry meat products (100gN/kg). 
Vegetable products had lower nitrogen footprints than any animal-based category, with the largest 
nitrogen footprint associated with oilseeds (20gN/kg). 

Policy links identified by the authors: A number of linkages to policy were identified, including the 
National Emission Ceilings Directive, Habitats Directive, Nitrates Directive, Water Framework 
Directive, Paris Agreement, European Green Deal: Farm to Fork Strategy, Biodiversity Strategy.  

 

Seafood Consumption Footprint 
The seafood consumption footprint (Guillen et al., 2019) is a consumption-based approach that 
accounts for the total biomass of seafood consumed by a population. The description below refers 
to the study by Guillen et al. (2019), who apply an EE-MRIO-based approach to track the flows of 
seafood biomass through the global supply chain. 

Indicator Components: No subcomponents are described for the seafood consumption footprint 

Supply Chain Coverage: The authors developed an EE-MRIO model to track the flow of seafood 
biomass thus covering the entire global supply chain from production to consumption. Products can 
be disaggregated into four categories (aquaculture species, fisheries species, products for human 
consumption, and fishmeal and fish oil) across four sectors/industries (aquaculture, capture, fish 
meal, and fish processing), including intermediate consumption and final use. 

Anthropogenic Impact Drivers: The seafood consumption footprint tracks seafood biomass and 
therefore is a measure of direct exploitation of species. 

Impacted Ecosystems: The seafood consumption footprint covers direct impacts on marine and 
freshwater ecosystems. 

Impacts on biodiversity: The seafood consumption footprint does not provide species-level 
information related to biodiversity, however, the extraction of seafood biomass from aquatic 
ecosystems can result in impacts on species populations, community composition, ecosystem 
function, ecosystem structure and species loss. 

Coverage and Resolution: The model developed by Guillen et al. (2019) provides global results by 
country for the base year of 2011, with resolution to 4 sectors: aquaculture, capture, fish meal, and 
fish processing. The base input data for the EE-MRIO model are country level data from FAOstat and 
COMTRADE which may suggest full resolution for EU countries is available, however the EU is 
presented as an aggregate in the results. 

Key findings: Globally, seafood consumption is highly dependent on imports with capture fisheries 
providing significantly more supply to international consumption than aquaculture products. 
Seafood consumption in the EU depends significantly on imports. 
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Policy links identified by the authors: No specific policy links are identified by the authors. 

 

Water Footprint 
The water footprint (Hoekstra and Mekonnen, 2012) is a consumption-based approach that accounts 
for the total consumption of water by an activity or economy. The description below refers to usage 
results of the water footprint approach by (García-Herrero et al., 2023; Antonelli et al., 2017; Vanham 
et al., 2013).  

Indicator Components: The water footprint tracks rainwater (green water footprint), surface water 
(blue water footprint) and water polluted (grey water footprint).  

Supply Chain Coverage: Vanham et al. (2013) looked at diets from consumption perspective, 
inclusive of all stages with the exception of pre-production; Antonelli et al. (2017) looked only at the 
distribution stage of the supply chain by tracking trade flows; Garcia-Herrero et al. (2023) used LCA 
based methodologies, tracking the full supply chain, with the exception of pre-production, to look at 
the water footprint from a production and consumption perspective.  

Anthropogenic Impact Drivers: Water Footprint assessment does not directly address 
anthropogenic impact drivers; however, the usage of water would implicitly result in land use change. 

Impacted Ecosystems: While the methodology does not specify types of ecosystem impacts, Water 
consumption impacts all ecosystems implicitly. 

Impacts on biodiversity: In affected ecosystems, water consumption would directly affect water 
availability, and thus all aspects of biodiversity. 

Coverage and Resolution: All studies provide coverage of the EU, with category resolution coverage 
for 13 agricultural products and 4 diet scenarios from 1996-2005 (Vanham et al., 2013), 9 agricultural 
product categories from 1993-2011 (Antonelli et al., 2017), and 45 BoP Food products in 2014 
(García-Herrero et al., 2023).  

Key findings: Vanham et al. (2013) found that the largest fraction of water footprint was associated 
with edible agricultural foods, and that reduction of meat intake would be the most effective at 
reducing WF. Antonelli et al. (2017) found that intra-regional EU trade represented the majority of 
virtual water trade in the EU, while water-scarce EU countries have become increasingly large 
exporters of blue water in the region over the past 33 years. Garcia-Herrero et al. (2023) applied two 
methodologies, water footprint and AWARE, and found that cashew and almonds were among the 
highest impact foods for EU water consumption when considering aligned scopes of both 
methodologies, while wine and chocolate were also found to have the highest water footprint. 

Policy links identified by the authors: Water Footprint Assessment was linked to the Water 
Framework Directive 2000, Common Agricultural Policy (CAP) (Antonelli et al., 2017); and more 
recently to SDGs, European Green Deal, and Farm to Fork Strategy (García-Herrero et al., 2023). 
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2.2.2 Environmental Impact of Food Consumption in Europe 

Environmental Impact of European Countries 

From 2004 to 2014, the average per-person ecological footprint of the EEA-32 region decreased by 
18 percent from 4.13 to 3.38 gha per capita (Figure 1). The ecological footprint of the EEA-32 was 1.8 
times larger than the region’s biocapacity in 2004, decreasing over time to 1.5 times the size in 2014.  

 
Figure 1. EEA-32 Ecological Footprint (EF) by household consumption category and biocapacity (BC) by land type (2004-
2014) 

Food was the largest household ecological footprint category, on average, making up between 29-
31% of the total ecological footprint across all years (Fig 1).  

 
Figure 2. EEA32 Ecological Footprint of Food by COICOP food category, year 2014 
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Animal products were consistently found to have high environmental and biodiversity impacts. 
Meat consumption in the EEA32 had the largest ecological footprint among food categories (Figure 
2). The bread and cereals category follows closely behind in ecological footprint per capita, however, 
a supplemental analysis by Galli et al. (2023) found that the footprint intensity (gha/1000kcal) was 
up to 3 orders of magnitude higher for meat as well as fish and seafood products. This is consistent 
with the above results drawn from the literature reviewed, as meat and/or animal-based products, 
including dairy, represented the most consistent product categories identified among multiple 
studies to have the highest impacts and/or the food category of which reduction could have the 
greatest positive impact (Castellani et al., 2018; Vanham et al., 2013; Crenna et al., 2019; Galli et al., 
2023; Giosuè et al., 2022; Leip et al., 2014, 2022; Notarnicola et al., 2017; Sala et al., 2023; 
Sandström et al., 2018; Sanyé-Mengual et al., 2023; Vanham et al., 2023). These impacts included 
pressure indicators such as greenhouse gas footprints, ecological footprint, water footprint, and 
nitrogen footprint, impact indicators such as ecotoxicity, human toxicity, eutrophication, and 
acidification associated with the consumer footprint, as well as more direct measures of biodiversity 
loss as captured in the biodiversity footprint.  

Agriculture production, in particular for the production of meat and animal products, was 
consistently identified as the food production stage with the greatest impact by studies looking 
at GHG emissions, biodiversity footprints, and consumer footprints  (Bajan et al., 2022; Crenna et 
al., 2019; Notarnicola et al., 2017; Sanyé-Mengual et al., 2023). The primary drivers during this stage 
were land use change and greenhouse gas emissions. In terms of food waste, Sala et al. (2023) found 
that the largest share of waste (62%) is generated in the consumption stage, followed by processing 
and manufacturing (20%), primary production (10%), and retail and distribution (7%). Additionally, 
while meat and dairy generate less than 20% of food waste by mass, they are responsible for over 
50% of the environmental impact associated with waste.  

The temporal trend of the impact of EEA32 countries’ consumption varied with the type of 
impact. Several studies that provided time series results indicate a reduction in impact over time 
including a decrease in the per capita (20%) and total Ecological Footprint of food consumption from 
2004 to 2014 (Galli et al., 2023), and a 2% decrease in total GHG emissions and 6% decrease in 
emissions intensity (CO2-eq per 1 GDP (PPP)) of food production for the EU-28 between the periods 
of 2010-2013 and 2014-2017 (Bajan et al., 2022). However, a study combining 16 impact indicators 
into a single impact score found that the Consumption Footprint of EU food consumption increased 
by 20% from 2010-2020 (Sala et al., 2023). The discrepancy in trends still exists when looking at 
overlapping time periods (2010-2014 and 2010-2017) for the Consumption Footprint. It is not 
surprising that the Ecological Footprint and the GHG Footprint results show similar trends since both 
frameworks include CO2 emissions, which generally represent the largest component of each. 
Similarly, while some of the primary components of the ecological footprint and GHG footprint are 
conceptually covered in the Consumption footprint as climate change, fossil resource use, and land 
use, the Consumption Footprint is a combined indicator that includes over 16 indicators of various 
types. Moreover, the diverging results between Ecological Footprint/GHG Footprint compared to 
Consumption footprint suggests that while total demand on ecosystem biocapacity has decreased 
along with GHG emissions, the impacts or effects on ecosystem state and quality as measured 
through consumption footprint scores may be increasing. Assuming that GHG emissions sources are 
the same and decreasing over this period, this would mean that the other indicators of state and 
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quality may be increasing to a greater degree. A deeper investigation into the time trends of the 
Consumption footprint subcomponents would reveal which of the indicators are causing the net 
increase. 

Another source of differences may be due to the technical methodology used, which can have a 
significant impact on results, especially when it comes to the accounting of livestock grazing 
(Vanham et al., 2023), one of the largest environmental impacts identified here in all categories of 
both pressure type indicators such as ecological, water, and GHG footprints and also impact 
indicators such as ecotoxicity and eutrophication. 

The EU displacement of impacts through international trade is significant. Consumption and EE-
MRIO based approaches allow us to track the origin of resources ultimately consumed in the EU and 
identify the location and type of impact. Here we find that over 21% of the biocapacity demanded by 
EEA food consumption activities is imported from countries outside of the EEA32, with China, USA, 
Brazil, Russian Federation, and Ukraine as the top sources. Sandstrom et al. (2018) found that most 
animal products consumed in the EU are produced in the EU or nearby, and the majority of food and 
feed crops are imported from more distant countries, in particular soybeans from Latin America, 
which in addition to vegetable oils and oil seeds, make up 76% of the EU’s land use change 
emissions. Guillen et al. (2019) when looking at the seafood consumption footprint in 2011, found 
that the EU’s consumption of seafood (by mass[kg]) depended significantly on imports; here we find 
that 22% of the fishing grounds footprint (by embedded primary-production [gha]) consumed in the 
EEA32 is imported from outside the EEA 32. In terms of water, the EU has seen a historical trend of 
increasing internal reliance, also from water scarce countries in terms of blue water, seeing 
increased internal trade and decreasing trade in virtual water outside the EU (Antonelli et al., 2017). 

 

2.2.3 Circularity and EU food systems 

2.2.3.1 Circularity concepts and definitions 

A noteworthy strategy for driving the transition towards sustainability in the food system is converting 
to a circular design, which has seen a surge in interest in recent times (Jurgilevich et al., 2016; van 
Zanten et al., 2023). Incorporating circular principles into EU food systems would be a shift from the 
current agricultural system in Europe which largely relies on linear processes (Vlajic et al., 2021), 
leading to excessive utilisation and depletion of resources, significant waste generation across 
various stages of the value chain (Hamam et al., 2021), and ultimately negative impacts on 
biodiversity (Vlajic et al., 2021). In fact, the agri-food sector is one of the major drivers of biodiversity 
loss, endangering approximately two-thirds of species through agriculture and aquaculture (SITRA, 
2022). 

In general, transitioning to a circular economy is recognised to contribute positively to biodiversity 
(IPBES, 2019) by reducing the primary demand for resources (e. g. through recycling of resources), 
preventing pollution (e. g. through closing nutrient loops), and biodiversity-friendly sourcing (e. g. 
agricultural practices) (EEA, 2023a). Among the sectors deemed most impactful on terrestrial 
biodiversity - such as buildings and construction, forests, and fibres and textiles - the agri-food sector 
holds the greatest potential to halt and reverse biodiversity loss by applying circular economy 
principles. With a possible contribution of 73% to the overall positive biodiversity impact in a circular 
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economy scenario, its potential is significantly higher than, for instance, the building and 
construction sector with 10% (SITRA, 2022). This section aims to provide a better understanding of 
circular practices in the food system, their potential barriers and levers (including EU regulations), 
and their possible impacts on biodiversity. 

In the scientific literature, circular economy is often viewed as a combination of activities related to 
reduction of use, recycling, and reuse (Kirchherr et al., 2017). These are so called R-principles. In 
regard to the food system, Vlajic et al. (2021) exemplified several circular practices on the basis of 
eight R-principles reoccurring in the literature, namely “Rethink”, “Redesign”, “Reduce”, “Replace”, 
“Reuse”, “Repurpose”, Recycle”, “Recovery of other resources”. 

Various approaches exist to define circularity within the food systems. From a narrow perspective, 
“avoiding and reusing waste and by-product streams to close biomass and nutrient cycles are the 
key principles of circular food systems” (van Zanten et al., 2023). The groundwork for circular 
agriculture was laid by Dutch researcher Jaap van Bruchem in the late 1990s when he acknowledged 
the importance of closed nutrient cycles in dairy farms (Hoeven, 2019).  

From a broader perspective, circular economy in food systems encompasses all activities, practices 
and technology that help use and value resources efficiently. One such definition with a broader 
perspective emphasise the link to biodiversity, stating that circular economy in agriculture 
encompasses “the set of activities designed to not only ensure economic, environmental and social 
sustainability in agriculture through practices that pursue the efficient and effective use of resources 
in all phases of the value chain, but also guarantee the regeneration of biodiversity in agro-
ecosystems and the surrounding ecosystems” (Velasco-Muñoz et al., 2021). Another broader 
definition is the one by van Zanten et al. (2019) who state that: “moving towards circularity in the food 
system implies searching for practices and technology that minimise the input of finite resources 
[…], encourage the use of regenerative ones […], prevent leakage of natural resources from the food 
system […], and stimulate reuse/recycling of inevitable resource losses […] in a way that adds the 
highest value to the food system.” Both definitions involve the importance of valuing resources and 
using them efficiently. However, the first one specifically helps to understand several goals of the 
circular design in terms of impact, whereas the second one clarifies how to handle different types of 
resources. Another important aspect mentioned in the definition by Muscio and Sisto (2020) is the 
reduction of “negative discharges, such as waste and emissions in the environment”.  

The definition of the circular economy concept for a specific part of the agri-food sector, such as 
fisheries and aquaculture, can help to better illustrate and understand the concept. In this context, 
the circular economy can be understood as “using all parts of the creatures harvested in aquaculture 
(including tails, shells, guts and frames) for human or animal consumption, or as fertiliser to grow 
more food. It means minimising the waste materials that end up in landfills, or as harmful gas or 
water emissions. It means using vessels, equipment and gear for longer, and making sure materials 
can be recycled at the end of their useful lives. It means decarbonising the energy and materials used 
along every link in the supply chain” (Cunningham et al., 2022). In aquaculture, it can be 
distinguished between direct circularity which replaces conventional monoculture with integrated 
multitrophic aquaculture, and indirect circularity which includes practices such as the valorisation 
of emerging waste (Eroldoğan et al., 2023). 
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The principles of circularity can be generally measured as the degree of maximisation of resource 
use efficiency or minimisation of waste, thus circular systems are generally quantified in a relative 
sense; for example, as the improvement of efficiency from the current average for the broad 
sector/activity or as the improvement from a previous non-circular state of the same system. 
However, there have been few quantifiable definitions of a circular system aside from a theoretical 
system that is fully efficient in using resources and producing no waste. Global Footprint Network 
has also proposed an absolute and quantifiable conceptual definition of a circular system(Global 
Footprint Network, 2020) based on a systems framework that is biological and regenerative in nature. 
Such a framework identifies a circular system as one whose activities ultimately result in the 
reduction in the ratio of human demand on biological resources compared to the biological resource 
regeneration of the planet. This can be described more simply as a system that produces a net 
reduction in ecological overshoot. Such a system implies that the net benefit from resource 
provisioning services (such as provision of recycled goods) and biological regeneration provided by 
that system, when compared to conventional practices, exceeds the resources needed to operate 
that system. This designation is most applicable to actors whose purpose is to provide services 
based on circular principles, for example, such as a plastics/wood/paper recycling company, whose 
provision of recycled resources results in a net reduction in total ecological footprint compared to 
the production of new plastics or primary harvest of wood. The net reduction would be calculated 
after deducting the resources consumed during the operation of the actor, which could, for example, 
include scope 3 CO2 emissions (carbon footprint), paper usage (forest product footprint), and 
infrastructure area (built-up land footprint). This could apply also to food system actors that engage 
in regenerative practices or recycling of waste where the practices measurably reduce ecological 
footprint or increase biocapacity.  

Sustainable agricultural systems and practices such as agroecology, organic farming or conservation 
agriculture are strongly aligned with circularity principles in the food systems since they aim to use 
resources efficiently and promote nutrient cycling.  See section 3.2.1 for further information on 
environment and biodiversity-friendly production practices.   

 

2.2.3.2 Literature Review 

The results of the literature review are structured by first outlining some highlights of the research as 
well as key principles from the narrow perspective mentioned in the introduction, then expanding to 
broader measures. It starts by explaining and visualising the principle of cascading use of biomass 
through a food use hierarchy. Next, the importance of nutrient cycling, closely linked to biomass 
cascading is discussed. The section then takes a broader perspective, examining waste streams 
beyond food and by-products, changes in protein production, strategies for reducing and 
decarbonising energy use, and the role of localised food systems.  

The literature advocates for a radical redesign of the food system along the supply chain (van Zanten 
et al., 2023) while suggesting to rethink the definition of economic growth (van Zanten et al., 2019). 
Even though it has been acknowledged that achieving a fully circular food system might be too 
idealistic due to the unavoidable resource losses stemming from the system's complexities (van 
Zanten et al., 2019), a circular design holds significant potential for halting biodiversity loss and 
promoting biodiversity recovery (SITRA, 2022). Various concepts associated with circular food 
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systems include agroecology (Zarbà et al., 2021), closed loops (Barros et al., 2020), restorative and 
regenerative agriculture (Calisto Friant et al., 2021; Hamam et al., 2021), circular bioeconomy 
(Barros et al., 2020), clean production models (Hamam et al., 2021), and localised supply chains 
(Giudice et al., 2020).  

Through a biophysical optimisation model, van Zanten et al. (2023) explored different circular 
scenarios applied to the EU27 and the UK food system, revealing the potential for a 71% reduction in 
land use and a 29% decrease in greenhouse gas (GHG) emissions per capita. Importantly, this 
analysis only considered direct land use changes, as data on indirect land use change is highly 
uncertain. It is suggested that real-world circular design could yield even greater environmental 
benefits. Reducing land use (Davison et al., 2021) and GHG emissions driving climate change 
(Habibullah et al., 2022) is vital, given their significant threats to nature and biodiversity. Moreover, 
reducing land use may create opportunities for biodiversity conservation (van Zanten et al., 2023).   

However, while the findings presented by van Zanten et al. (2023) highlight promising outcomes, it is 
essential to interpret the numbers with caution. Firstly, the scenarios are based on a hypothetical 
self-sufficient European food system, while currently, the EU is highly involved in international trade 
(ESTAT, 2024). Secondly, a notable weakness of the modelling approach lies in data inconsistencies, 
prompting the authors to stress the importance of enhanced data collection and management at 
both the EU and global levels. Thus, results should be interpreted simply as circularity optimised 
scenarios with assumed self-sufficiency in all scenarios and dietary shifts in some scenarios. 

Many circular measures highlighted in the literature revolve around the prevention, reduction, reuse, 
recycling, or recovery of waste and by-products as well as nutrient cycling, which can be associated 
with the narrow concepts of circularity in the food system. Additionally, a diverse range of measures, 
extending beyond waste, by-product, and nutrient management are mentioned. These include, for 
instance, favouring the consumption of certain livestock or animal-based products over others, 
transitioning to renewable energy instead of fossil fuels and localised food systems. The R-principles 
from Vlajic et al. (2021) reappear in the literature multiple times. However, terms like recycling, 
recovery, and reuse are often used interchangeably without clear distinction. Furthermore, 
discrepancies exist regarding the categorisation of by-products and food waste. While sometimes 
they are mentioned/considered as separate categories (e. g. in Hamam et al. 2021), elsewhere food 
losses and waste are incorporated within the broader category of by-products (van Zanten et al., 
2019).  

The principle of the cascading use of biomass in the food system 

The cascade use of biomass has been identified as key for circular food systems (Donner et al., 
2020). The concept aims to maximise biomass use efficiency through sequential valorisation 
processes utilising various material forms (Keegan et al., 2013). Figure 3 illustrates a food use 
hierarchy for surplus food, food waste and by-products from processing which reflects several 
measures mentioned in the literature. The highest priority is given to the prevention of food waste. 
Following prevention, the hierarchy includes the reuse of surplus food for human consumption, 
reuse of surplus food for animal consumption, recycling of food waste and by-products from 
processing, recovery of nutrients and energy, and finally, disposal of food waste, which is the least 
preferred option.  
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Through the cascade use, several products can be gained. In the agri-food system, one can utilise 
food waste and by-products, such as crop residues like straw from cereal production, co-products 
from industrial processing, and livestock excreta, to create value by using them as a new source of 
food or by transforming them into, e. g., energy, fertiliser, or biochar (Barros et al., 2020; van Zanten 
et al., 2019). Regarding the aquatic food system, food waste and by-products such as fins, bones, 
shells, and blood water, can be valorised in the form of medicine, materials, fuels or animal feed to 
reduce the significant amount of seafood mass currently discarded (over 50%), thereby benefitting 
the environment and creating jobs (Hayes and Gallagher, 2019; Vieira Veríssimo et al., 2021). 

 
Figure 3: Food waste hierarchy, reproduced from Sanchez Lopez et al. (2020) 

 

Prevention of food waste is the first priority of the hierarchy. Food waste in the EU needs to be 
massively reduced, as it is estimated that 20% of food is lost or wasted (EC, 2020a). In total, food 
waste amounted to 131kg per person per year in 2021, primarily from households (54%), followed by 
the manufacturing of food products and beverages (21%) and restaurants and food services (9%) (EC, 
2022a). It contributes to approximately 16% of the GHG emissions from the EU food system (EC, 
2024a). The major causes of food loss and waste can be attributed to four primary factors: 
overproduction, poor forecasting, technical inefficiencies, and consumer behaviour (Dora et al., 
2021). At the household level, reasons include a lack of planning for grocery shopping and meals as 
well as impulsive purchases influenced through marketing strategies (European Parliament, 2024a). 
Further, consumers expect certain aesthetics and sizes which leads to retailers setting up rules and 
food not matching those requirements being thrown out even though they are perfectly fine for 
consumption (Mason et al., forthcoming). The variety of reasons for food loss and waste requires 
different approaches to tackle the issue. In general, optimising logistics across the supply chain is 
paramount for waste prevention and the efficient utilisation of resources (Teigiserova et al., 2020). 
One strategy to prevent surplus food is the reduction of overproduction (Garske et al., 2020a) as well 
as effective planning of product utilisation (Barros et al., 2020). This can be done through the 
improvement of contract conditions enabling better planning for producers (Thapa Karki et al., 2021). 
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Moreover, food labelling indicating the durability of food products often leads to avoidable food 
waste since consumers do not trust to eat the products after these dates, even though they might 
still be safe for consumption (Giudice et al., 2020). It is estimated that around 10% of the food waste 
generated in the EU can be attributed to date marking (EC, 2018). Changing policies in regard to 
labelling could be a lever for circularity (Giudice et al., 2020).  

In general, to ensure a positive impact on the environment it is vital to take possible rebound effects 
into consideration since the reduction of food loss and waste could lead to lower prices and 
increased consumption, potentially offsetting 53-71% of the benefits (Hegwood et al., 2023).    

Use of surplus food and by-products for human consumption is the second priority. When surplus 
food cannot be prevented, the food should be reused for human consumption, for instance through 
donations to social services, food banks (Hamam et al., 2021) or food sharing (Giudice et al., 2020). 
A potential barrier for the reuse of food could be the established hygiene rules (Teigiserova et al., 
2020). Further, there is a risk that these measures may detract from the primary goal of waste 
prevention (Giudice et al., 2020). To avoid this from happening, shifting behaviours and habits by 
consumer education can act as a lever (Teigiserova et al., 2020).  

Another way of reusing food is to utilise human edible by-products that emerge throughout the food 
value chain, such as during the production stage. Wheat middlings from flour production, for 
instance, can be utilised in mueslis. A further example is an EU-funded project that turns vegetable 
waste into functional powders, e. g. for food colouring or flavouring (Bas-Bellver et al., 2020). In 
regard to innovative foods fortified with by-products, it might be necessary to establish consumer 
trust (Hamam et al., 2021).  

Use of food waste and by-products as animal feed is the third priority. By-products and food waste 
not suitable for human consumption can be used as animal feed for livestock, aquaculture or pets 
(van Zanten et al., 2019). These by-products may result from crops, livestock, and fish (van Zanten et 
al., 2023). Repurposing food waste as livestock feed contributes to more sustainable and circular 
production of animal-based food for human consumption and additionally results in manure that 
can be used as fertiliser to further increase the circularity of the system (van Zanten et al., 2023, 
2019). As an example, the study by Dao et al. (2023) demonstrated that repurposing food waste as 
feed for laying hens increased feed efficiency while sustaining egg production. Moreover, the 
application of food surplus and by-products extends beyond traditional farm animals. For example, 
feed for aquaculture can be derived from food waste generated onboard cruise ships (Strazza et al., 
2015). Technologies and methods to convert food waste into feed include, for instance, anaerobic 
digestion, insect-based conversion, and microbial fermentation (Hasan and Lateef, 2024). Further 
exploration of potentials will be addressed in subsequent paragraphs focusing on nutrient cycling. 
However, it should be noted that by-products and surplus food must be carefully managed when 
using it as animal feed, for instance through heat treatment. Health risks could emerge due to 
potential contaminations such as pathogenic bacteria, viruses (Shurson, 2020) or plastic pieces 
(Grant, 2018). 

Recycling of food waste and by-products including nutrient and energy recovery encompasses 
the final possibilities prior to disposal. When all of the above is not an option, the by-products 
including food waste can be recycled in the form of new products. Recycling food waste and by-
products as well as using biorefinery processes can yield a variety of products, including 
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biomaterials (Hamam et al., 2021), biochar (Barros et al., 2020), bio-pesticides (Duquennoi and 
Martinez, 2022), biowaste fertiliser (Barros et al., 2020), biopolymers (Hamam et al., 2021), various 
forms of bioenergy (Barros et al., 2020)), and even medicine (Ellen MacArthur Foundation, 2024). 
Beyond reducing food waste, these products can bring various environmental benefits. Biogas for 
renewable energy production, for instance, can contribute to mitigating climate change and 
eutrophication (Winquist et al., 2019). A further example is the application of biochar to soils as a 
promising method to reduce CO2 emissions (Tan, 2019) and enhance soil quality (Amoah-Antwi et 
al., 2020). Research has also underscored the multifaceted advantages of substituting fossil fuels 
with bioalcohol, spanning environmental, social, and economic realms (Ometto et al., 2007). 
Moreover, aquatic biorefineries can reduce environmental pressures emerging from nutrient leakage 
in coastal areas that are related to aquaculture expansion (Günther et al., 2023). Encouraging the 
development of new biomaterials and biorefineries by policies can boost circularity (Muscat et al., 
2021).  

Due to the fast degradation rates of food, especially in warmer climates, management cycles are 
inevitably short when reusing or recycling food loss and waste (Teigiserova et al., 2020). Proximity in 
this regard can reduce costs in different ways, as it can reduce transportation and energy costs 
(Teigiserova et al., 2020). The eco-efficiency of biogas plants is influenced by factors such as the type 
of raw materials and transportation distances, with closer proximity to food processing plants 
allowing for higher eco-efficiency (Muradin et al., 2018). Farm-scale biogas plants can enhance the 
use of manure and offer several environmental benefits (Winquist et al., 2019).  

Industrial symbiosis, which involves collaboration between various sectors to valorise waste and 
increase resource efficiency (Trokanas et al., 2014), is also a potential lever for the circular use of 
waste in the food system (Zarbà et al., 2021). Additionally, partnerships between retailers could 
facilitate the collective collection of certain types of waste or enhance consumer participation in 
waste collection (Barros et al., 2020). 

Nutrient cycling 

In addition to reducing and valorising food waste and by-products, nutrient cycling is a recurrent 
theme in the literature and a fundamental principle of circular food systems. The two elements are 
intertwined because food waste and by-products include nutrients and therefore can be valorised to 
increase circularity of nutrients in the food system. Composting food waste, for example, can 
substitute artificial fertilisers (van Zanten et al., 2023). Further, livestock can be fed with food waste 
and act as ‘nutrient recyclers’ since their manure can be used as fertiliser (van Zanten et al., 2019). 
Depending on the nutritional value of waste and by-products, it can be more beneficial to either feed 
them to livestock or directly apply them to the soil (van Zanten et al., 2019). In order to find out which 
of those two options is more beneficial in different circumstances, more research is needed (van 
Zanten et al., 2019).  

Not only animal excreta but also human excreta contain valuable nutrients such as phosphorus or 
nitrogen. In a circular agri-food system, these waste streams could be used for organic fertilisation 
to increase nutrient cycling (Mhatre et al., 2021; van Zanten et al., 2019). Recovering nutrients from 
human excreta needs to be done with caution due to potential health hazards (van Zanten et al., 
2023). To avoid risks it is important to ensure appropriate sanitation systems and redesign where 
necessary (van Zanten et al., 2023). Especially cities represent a large pool of human excreta and 
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opportunities for harnessing these resources in innovative urban farming models such as combining 
plant, insect and fish production (van Zanten et al., 2019). Also, sewage sludge can be used for 
fertilisation (Mosquera-Losada et al., 2017).  

When dealing with livestock manure as fertiliser, several aspects need to be considered. To positively 
impact soil biodiversity and prevent negative effects such as nitrogen leakage, it is important to 
prioritise manure quality over quantity (Köninger et al., 2021). As a lower priority, manure could also 
be recycled through anaerobic digestion, converting it into biogas and nutrient-rich digestate for 
fertilisation (Köninger et al., 2021). Further, the potential of livestock as nutrient recyclers in a circular 
scenario depends on human diets since it can influence the amount of by-products available as feed 
for livestock. For example, if human consumption switches to whole grains instead of refined grains, 
fewer by-products would be available for feed (van Selm et al., 2022; van Zanten et al., 2023). Another 
uncertainty concerning the role of farm animals in circular food systems is that some animal species 
are less efficient in upcycling low-opportunity-cost feed than others. For instance, some species are 
bred for efficiency in consuming high-opportunity-cost feed which can be consumed also by humans 
such as grains (van Zanten et al., 2019). In contrast, low-opportunity-cost feed includes by-products, 
food waste or grassland assets (van Selm et al., 2022). However, in circular scenarios that involve 
feeding animals exclusively with low-opportunity-cost feed, the modelled quantity of protein 
provision (23g/person/day) was less than half of the current European average consumption 
(51g/person/day), suggesting that a reduction in animal-based protein is critical to enhancing the 
circularity of European food systems(van Zanten et al., 2023). To maximise the efficient use of animal 
manure, mixed crop-livestock farming (UN DESA, 2021) and enhanced collaboration between 
livestock farmers, cooperatives and crop farmers is recommended (Barros et al., 2020). Overall, 
reconnecting livestock and crop farming is essential to closing nutrient cycles and promoting 
sustainability (Muscio and Sisto, 2020). 

Using the abovementioned methods for organic fertilisation and nutrient cycling can maintain or 
improve soil fertility, decrease pressure on land and reduce the need to apply artificial fertilisers (van 
Zanten et al., 2023). The latter is of particular relevance since excessive synthetic fertilisation in the 
realm of agricultural intensification in Europe poses a threat to aquatic and terrestrial biodiversity 
(Billen et al., 2021). At the same time, there are challenges and risks associated to the use of manure 
or other organic fertilisers as well. The environmental impacts depend on the nutrient source, the 
application method and quantities as well as the area and crops where it is applied (Köninger et al., 
2021). Furthermore, in a circular scenario in the EU, the available quantities of organic fertilisers may 
not meet the demand (van Zanten et al., 2023). Lastly, nutrient release in organic fertilisers is delayed 
compared to mineral fertilisers, potentially leading to nutrient losses and a mismatch with crop 
demand if not planned and implemented correctly (van Zanten et al., 2019).  

Additional circularity measures from a broader perspective  

Next to food waste and by-products, it is also essential to explore other, non-biotic waste streams 
within the food system and their potential for valorisation to reduce environmental impact through e. 
g. marine littering (EEA, 2023b). Other waste streams include, for instance, food packaging waste 
(Geueke et al., 2018), fishing gear (Gilman, 2015) and waste from agricultural machinery (Zarbà et 
al., 2021). Recognising these waste streams underscores the holistic approach needed to achieve 
circularity in the food system.  
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Shifting protein consumption patterns can further enhance circularity and the environmental 
impact of food systems. This involves reducing the consumption of animal-based food which is 
essential when considering low-opportunity cost feed such as food waste instead of high-
opportunity cost feed (van Zanten et al., 2019) and prioritising arable land for biomass production 
intended for human consumption over production for animal feed (van Selm et al., 2022). Moreover, 
the consumption of alternative protein sources (SITRA, 2022) and moving towards low-trophic 
species (van Zanten et al., 2019) can positively contribute to the environment.  

Energy use in the food sector accounting for 17% of the EU’s gross energy consumption in 2013 (EC, 
2015) causes high costs (Zarbà et al., 2021) and can substantially harm biodiversity (EEA, 2023a). 
Impacts can be reduced when renewable energy options such as solar, wind or bio-energy are 
utilised instead of non-renewable fossil fuels (Zarbà et al., 2021) (Barros et al., 2020).  

In 2019, the agriculture sector accounted for 28% of the total water abstraction in the EU-27 (202,000 
million m3) (EEA, 2022a), which is why the reduction of its use is needed as a first priority (Del Borghi 
et al., 2020). Additionally, wastewater should be reused or recovered to increase water cycling 
(Duquennoi and Martinez, 2022) or recover nutrients (Garske et al., 2020b). Hydroponic systems, for 
instance, promote water cycling by combining aquaculture and crop production (Aleksić and 
Šušteršič, 2020). To prevent risks to human and environmental health from diverse pollutants, it is 
important to treat the wastewater adequately. Even though in the EU urban waste waters are 
collected and treated according to certain standards to ensure safety (EC, 2021c), currently, urban 
wastewater treatments for pollutants like PFAs need to be improved which is why the European 
Parliament recently approved new rules for enhanced urban wastewater treatment (EP, 2024).  

Transitioning to localised food systems and short supply chains can further benefit circularity in 
the food system through e. g. short management cycles (Jurgilevich et al., 2016; Teigiserova et al., 
2020). Nevertheless, it is crucial to acknowledge that local food systems might not consistently 
decrease GHG emissions, especially if local production doesn't align with local environments and 
involves non-environmentally friendly practices or technologies (Coelho et al., 2018). 

Sustainable agricultural systems and farming approaches such as organic farming (Selvan et al., 
2023), agroecology (Wezel et al., 2020), mixed crop-livestock farming, or agroforestry (UN DESA, 
2021) strongly overlap with circular principles. Using resources sustainably and closing biomass and 
nutrient cycles are among their basic principles, which are crucial to ensure environmental 
sustainability (Selvan et al., 2023; Wezel et al., 2020). 

EU efforts to enhance circularity in Europe  

The abovementioned measures are important to establish a circular food system in the EU and 
thereby enhance biodiversity. While some data related to measures have been cited to give an idea 
about advancements in the EU, it is important to have a look at current policies and strategies being 
implemented. Recently, the concept of a circular economy has gained importance in EU policies 
(Zarbà et al., 2021) and several regulations and strategies are shaping the transition towards circular 
food systems. At the heart of these efforts lies the Circular Economy Action Plan (CEAP), which aims 
to establish circularity in the EU through strategies such as promoting sustainable products and 
reducing waste (EC, 2022b). Notably, the CEAP from 2015 has already taken measures to reduce food 
loss and waste. This includes the establishment of a methodology for measuring food waste, the 

https://environment.ec.europa.eu/topics/circular-economy/first-circular-economy-action-plan_en
https://eur-lex.europa.eu/eli/dec_del/2019/1597/oj


ETC BE working paper  38 

creation of an EU Platform on Food Loss and Waste, clarification of legislation on waste, food, and 
feed to facilitate food donation and repurposing of food for animal feed, alongside efforts to enhance 
date marking practices (EC, 2024b).  

Further, as an action stemming from the CEAP from 2015, the EU Waste Framework Directive was 
revised in 2018, urging EU countries to reduce food waste along the supply chain, monitor levels and 
provide updates regarding advancements made (EC, 2024b). The Directive obliges Member States to 
take measures to achieve adherence to the hierarchy for waste management, with a certain extent 
of flexibility. Member States can deviate from the hierarchy if they can achieve a higher environmental 
benefit in that way (2008). Member States shall use economic tools and other incentives for the 
application of the hierarchy. The Directive also requires separation or recycling of biowaste at source 
or separate collection, which could enhance  recycling, e. g. as fertiliser (Garske et al., 2020a).  In 
2023, the Directive was revised again proposing legally binding food waste reduction targets 
including the reduction by 10% in processing and manufacturing and by 30% per person at the retail 
and consumption level by 2030 (EC, 2024c). In March 2024, the Parliament stated that it aims to 
increase these targets to achieve a reduction of 20% and 40% compared to 2020-2022, with potential 
increases to 30% and 50% by 2035 (European Parliament, 2024b).  

In the new CEAP from 2020, food is one of the focus sectors as it is considered one of the most 
resource-intensive sectors (EC, 2022b). The CEAP serves as a foundational pillar of the European 
Green Deal (EGD) (EC, 2022b), which aims to achieve a modern, resource-efficient, and competitive 
economy while reducing emissions, decoupling economic growth from resources, and ensuring 
inclusion for all (EC, 2021a). As part of the EGD, Directive 2024/825 (EC, 2021a) came into force. It is 
directed towards creating transparency about circularity aspects of goods such as durability, or 
recyclability so that consumers can make better-informed decisions preventing misleading 
information about the sustainability of goods (EU, 2024).  

The Farm to Fork Strategy (F2F), adopted in 2020, is the most relevant element of the EGD for the 
food system, aiming at creating fair, healthy, and environmentally friendly food systems (EC, 2020b). 
The F2F and the CEAP are interrelated since they both aim to promote the sustainability and 
circularity of food systems. The F2F strategy promoted a revision of the EU date marking rules to 
prevent misunderstandings and misinterpretations by consumers (EC, 2024d). It further aims to 
improve sustainable nutrient management via an integrated nutrient management action plan to 
encourage sustainable agricultural practices, including the recycling of organic waste for fertilisation 
(EC, 2020b). However, that initiative has not been implemented.  

The concept of bioeconomy, closely related to the circular economy (Kardung et al., 2021), is also 
integral to the EGD (EUBA, 2023). Bioeconomy entails “the sustainable production of renewable 
resources and their conversion into food, feed, fibres, materials, chemicals and energy” (EUBA, 
2023). The Bioeconomy Strategy of the EU, aiming at sustainability, includes, sustainable 
management of natural resources, reduction of non-renewable resources, climate change 
adaptation and mitigation as well as food and nutrition security (EC, 2024e). Among others, the 
bioeconomy action plan from 2018 aims to support sustainable biorefineries, sustainable food and 
farming systems and education across the bioeconomy (EC, 2024e).  

 

https://food.ec.europa.eu/safety/food-waste/eu-actions-against-food-waste/eu-platform-food-losses-and-food-waste_en
https://food.ec.europa.eu/error/404_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52018XC0416(01)
https://food.ec.europa.eu/safety/food-waste/eu-actions-against-food-waste/date-marking-and-food-waste-prevention_en
https://environment.ec.europa.eu/topics/waste-and-recycling/waste-framework-directive_en#ref-2023-amendment-to-the-waste-framework-directivehttps://environment.ec.europa.eu/topics/waste-and-recycling/waste-framework-directive_enhttps://environment.ec.europa.eu/topics/waste-and-recycling/waste-framework-directive_en
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://eur-lex.europa.eu/eli/dir/2024/825/oj
https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en
https://research-and-innovation.ec.europa.eu/research-area/environment/bioeconomy/bioeconomy-strategy_en#whatisthebioeconomy
https://op.europa.eu/en/publication-detail/-/publication/775a2dc7-2a8b-11e9-8d04-01aa75ed71a1
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The Common Agricultural Policy (CAP) is the sectoral EU policy that aims to contribute to the goals 
set by the F2F strategy and the biodiversity strategy related to agriculture (EC, 2022c). It aims to 
ensure environmental, social, and economic sustainability in the agricultural sector (EC, 2021d). The 
CAP 2023-2027 offers policy interventions to be implemented by EU member states to support 
sustainable farming practices such as organic farming, agroecological and other environmentally- 
friendly practices (EC, 2023a) which are strongly aligned with circular measures.   

The Common Fisheries Policy aims at enhancing the sustainability and resilience of the EU's fisheries 
and aquaculture sectors (EC, 2022d). Circularity in fisheries promotes reducing fish overexploitation 
and implementing the landing obligation by 2019 (EC, 2022d). This obligation requires that all 
catches of regulated fish species be landed, with some exemptions, allowing undersized fish to be 
repurposed for non-human consumption products (EC, 2024f).  

A lever for circularity in the food systems is research and innovation. Horizon Europe, as the major 
funding program for research and innovation in the EU supports research on innovative solutions that 
enhance sustainability in the food system. It supports food system-related research on circularity, 
nutrition, quality of food, climate and communities and alternative proteins (EC, 2020b). 

The Circular Economy Stakeholder Platform, initiated by the European Commission and the 
European Economic and Social Committee, is a hub for exchanging insights on various circular 
economy topics. It connects stakeholders, disseminates information on best practices, national, 
regional, and local strategies, European and international networks, and announces relevant events. 
Additionally, it provides a toolbox comprising financing opportunities, educational resources, 
training materials, measurement possibilities, and guidelines. 

There are additional policies and strategies in the EU that impact circularity in the food system. Due 
to continuous changes and the variety, this working paper will not cover all of them. However, to 
provide an idea, some examples include the Renewable Energy Directive, the Water Reuse 
Regulation, the EU Single Use Plastic Directive, or the Sewage Sludge Directive. Additionally, Figure 
4 provides a comprehensive overview of key EU policies, strategies and visions that influence the 
European food system.  

https://agriculture.ec.europa.eu/common-agricultural-policy_en
https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en
https://agriculture.ec.europa.eu/common-agricultural-policy/cap-overview/cap-2023-27_en
https://oceans-and-fisheries.ec.europa.eu/policy/common-fisheries-policy-cfp_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en
https://circulareconomy.europa.eu/platform/en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L_202302413
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32020R0741
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32020R0741
https://eur-lex.europa.eu/eli/dir/2019/904/oj
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A01986L0278-20220101
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Figure 4 Key EU Policies, strategies and visions influencing Europe's Food System. Source: (EEA, 2022b) 
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General levers to further enhance the implementation of circularity in the food system of the 
EU  

Since the application of a circular design to the food system has a high potential to positively 
contribute to biodiversity (SITRA, 2022), it is recommended to further promote its implementation. 
Although some barriers and levers specific to certain measures have been mentioned earlier, the 
literature identifies several general levers. These can further enhance the EU's performance in this 
area.  

The mix of policy tools to promote circular principles while fostering awareness and accountability 
among stakeholders is crucial (Hamam et al., 2021). In general, there is a necessity for collaboration 
between policy makers and diverse stakeholders and for comprehending the obstacles and 
motivations (Hamam et al., 2021). Regulatory measures play a crucial role, such as bans and specific 
production standards, as well as public procurement directives, taxes, and fees (Giudice et al., 
2020). Economic instruments, such as taxes and cap-and-trade systems offer viable strategies for 
mitigating food waste (Garske et al., 2020a). Policymakers should prioritise making sustainable 
foods financially appealing to consumers and shift costs from sustainable to non-sustainable 
options (Giudice et al., 2020). In that sense, also retailers can play a role in favouring circular food 
through pricing strategies (Barros et al., 2020). To exemplify this matter, “premium prices" often 
associated with organic food products are frequently cited as the main reason for consumers to 
hesitate to purchase them, despite acknowledging their benefits and having a positive attitude 
towards these products (Melovic et al., 2020). Conversely, the consumption and environmental 
footprint of highly unsustainable food products, such as beef, could be reduced through significant 
taxation. Even taxing only the most impactful animal products could make a substantial difference 
(Bonnet et al., 2018). According to a pan-European survey, around 62% of respondents expressed 
support for tax-free healthy and sustainable food products (UCPH, 2023).  

Moreover, education initiatives (Giudice et al., 2020), subsidies for sustainable initiatives, 
transparent information dissemination (van Zanten et al., 2019) and improved food labelling (Mhatre 
et al., 2021) are instrumental in steering behaviours towards circularity. The development of new 
marketing strategies to enhance consumer interest in upcycled products is essential, along with 
innovative business models such as those involving farmers with biogas plants (Donner et al., 2020). 
Technology and innovation, if aligned with environmental sustainability goals, hold promise in 
advancing circularity within the food system (Muscio and Sisto, 2020). By improving efficiencies, 
technologies can save resources (Muscio and Sisto, 2020), with examples including advancements 
in indoor aquaculture for seaweed production or meat substitutes (Kardung et al., 2021). However, 
van Zanten et al. (2023) argue that achieving circularity in the food system doesn't necessarily require 
new technologies. Instead, its success would depend largely on social acceptance and economic 
sector transformation. Support for research endeavours is vital in deepening our understanding of 
the complexities associated with transitioning to a circular food system (Muscio and Sisto, 2020). 
The policy-science interface can be crucial and can be addressed through e. g. policy briefs or policy 
labs (Duquennoi and Martinez, 2022).  
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2.3 Discussion 
The set of environmental impact assessments reviewed here covers a broad range of topics, but also 
evolving methodologies and indicators. In synthesising the results, there was a clear consistency 
among studies highlighting the high negative environmental impact of the consumption of animal-
based products due to land use and climate impacts occurring during the agricultural stage.  

 

2.3.1 How do current methodologies capture environmental and biodiversity impacts 
Starting from the earliest stages of impact, pressure indicators such as the Ecological Footprint, 
which captures bioproductivity-weighted land demand including that from CO2 emissions, and the 
Carbon Footprint are able to best capture the pressure exerted in relation to land use and climate 
change. Water remains a clear requirement for the existence of biodiversity in ecosystems, but the 
linkages between water consumption and its biodiversity impacts have not been clearly established 
by the studied footprint frameworks.  

State and impact stage indicators, which are comprised mostly of LCA-based approaches can 
achieve more direct measures of impact, although the current ability to link endpoint measures of 
biodiversity remains a challenge.  

Biodiversity footprints are the only frameworks that have linked direct measures of biodiversity loss 
with food consumption and production, however, while results are mostly consistent, the 
highlighting of mixed results (one study found ecotoxicity to have the highest impact in contrast to 
others) suggests that the assessment methods for biodiversity impact are not clearly defined and 
further clarifications are needed (possibly because there are diverse valid ways to address it). In 
terms of understanding the impacts of food systems on the environment and especially biodiversity, 
it is helpful to use the impact stages (DPSIR) as a hierarchy, even though the specific usage of the 
DPSIR framework in reference to the delineation between stages is not standardised nor is it 
consistently used in the literature. Nevertheless, considering food production and consumption as 
the driver, pressure indicators generally provide more concrete and accurate quantitative 
assessments of the subject. For example, water use, CO2 emission, mass of extracted material, and 
land use are concepts that can be concretely and easily understood and measured for 1 kg of 
consumed wheat. Additionally, the ability to compare environmental resource use or impact against 
a relevant and defined environmental threshold at different spatial scales is a critical aspect of 
sustainability assessment (Baue, 2019). For example, the ecological footprint of a population can be 
compared to the biocapacity of a country, region or world in total or per capita basis to provide 
various contextual information about overuse, dependency, and other contextual aspects. Similarly, 
GHG emissions can be evaluated against a 1.5-degree climate change threshold on a global scale. 
On one hand, these thresholds represent critical boundaries for the stability of planetary systems 
and therefore they are implicit prerequisites for the maintenance of biodiversity. On the other hand, 
it is difficult to translate and link these quantified pressures to specific, spatially explicit, and tangible 
effects both on the environment and even more so on biodiversity. This leads to important questions 
such as: how does having a large water footprint manifest in environmental or biodiversity damage?  
At what point does the size of an ecological footprint or carbon footprint result in significantly harmful 
impacts on biodiversity that should be avoided? 
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Moving to state and impact type indicators, they generally provide information on ecosystem quality 
or changes to ecosystem quality by measuring the impacts of production and consumption activities 
such as ecotoxicity, via the flow of resources/emissions/pollutants. In general, LCA-based 
methodologies or models are needed to translate pressures into impacts in a standardized manner. 
While there is not a clear concordance between LCA impact categorisation and the impact stages of 
the DPSIR framework, the categorisation of “midpoint” indicators as used across LCA-based studies 
generally falls within the state and impact categories.  with some overlaps with “pressure” type 
indicators. 

As primary flows or emissions followed down the cause-effect stream are ultimately translated to 
measures of ecosystem quality and impacts we inherently introduce interpretation and uncertainty 
in both concept (what is being measured) and in measurement (units of the indicators). Ultimately, 
however, these types of indicators can provide more information with specific relevance to an 
endpoint target. For stakeholders and policies that are most concerned with the target, endpoint 
measures can directly quantify these outcomes or targets. Due to the degree of interpretation, 
weighting, and current state of scientific knowledge of the cause-effect chain on biodiversity, 
however, this also leads to important questions, for example: what type of biodiversity loss does a 
biodiversity footprint measure? Are they different with each model and how does the ultimate 
stakeholder interpret the result? If we value biodiversity for the purely functional aspect of ecosystem 
function, does a greater biodiversity footprint mean a greater loss in ecosystem resilience and 
function if not all species are captured?  

As our ability to gather more biodiversity-relevant data improves, the question of why biodiversity is 
important and what aspects of biodiversity are important to the stakeholder becomes more and 
more relevant. This is because multi-dimensional composite indicators become harder to interpret 
as increasing impact factors are combined. Increasing impact categories has resulted in additional 
weighting and scoring for the sake of providing a high level of simplicity and interpretability.  

The combined result of the consumption footprint for example, brings together 16 indicators across 
a wide range of environmental impact types into a single value. As discussed earlier in section 3.2.2, 
the consumption footprint suggests that the environmental impact related to EU food consumption 
has increased by 20% from 2010-2020. While this tells us that some calculated value of impact has 
been increasing, it is not possible to understand which of the 16 impact categories may be causing 
this increase and which categories may even be decreasing. Interpreting this result is particularly 
challenging when the impacts range from climate change to ecotoxicity to human toxicity and the 
time evolution of individual impacts is not presented. These results may only be accessible and 
easily interpreted by subject matter experts and only with a deeper review of the primary study. 
Ultimately stakeholders may have a different value system in their interpretation of relative 
importance, for example viewing human health impact as being much more important than climate 
change compared to the weighting scheme built into the indicator.  

In regard to the biodiversity footprint, some additional uncertainty exists in both translating 
midpoints to endpoints (e.g. how does land use change translate quantitatively to biodiversity loss) 
and in the comprehensiveness of capturing all midpoints that contribute to biodiversity loss (does 
the biodiversity footprint include all measurable midpoints, such as ecotoxicity, that lead to 
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biodiversity loss).  As scientific knowledge is continuously improving in these areas, uncertainty will 
decrease and there may be a greater convergence in the common interpretation of these indicators.  

Still, there remain serious challenges in understanding environmental and biodiversity impacts 
related to food systems. Some challenges are simply due to the complexity of ecosystems. For 
example, it is unclear still whether the existing biodiversity impact measures account for non-linear 
effects on biodiversity or accurately assess the relative importance of impact types on different 
elements of biodiversity (as monitoring gaps exist). It is unclear if or how much the frameworks can 
address or account for temporal and threshold effects, related to extreme climate events or habitat 
fragmentation. 

 

2.3.2 What do the results of these methodologies tell us? 
We know with relative certainty about the overall level of pressure exerted in many areas in terms of 
resource flows and waste/emission/pollutant flows related to food systems. The available indicators 
also consistently highlight specific sectors, food types, and food system stages that are the most 
impactful. 

Detailed LCA-based studies provide an indication of specific products that have a high impact 
relative to consumption, and these are identified for multiple impact categories. End-point indicators 
with the greatest uncertainty such as those related to biodiversity consistently converge on the same 
impact hotspots. Current results suggest that improvements in the coverage of impact and 
biodiversity monitoring have the potential to extend and refine our knowledge of biodiversity impact 
hotspots. Indeed, there remain many important questions for scientific advancement, however the 
existing knowledge can provide substantive support for stakeholders and policy development around 
environmental and biodiversity impacts. 

From an overarching sustainability perspective ecological footprint results for Europe show a 
decreasing trend of per capita and total consumption, however, the gap between Europe’s ecological 
footprint and biocapacity is still large, with consumption exceeding biocapacity by nearly 1.5 times. 
The ecological footprint associated with food consumption is the largest demand category across all 
categories (food, housing, mobility, goods, and services), making up nearly a third of the total 
ecological footprint. This deficit or quantitative imbalance implies potential risks if there are 
disruptions to supply chains or production systems and highlights a need for increased capacity and 
resilience for domestic agri-food systems. From a quantitative perspective, the maintenance of 
biodiversity can be viewed from a utilitarian perspective with biodiversity representing a key attribute 
of both natural and human-managed ecosystems which supports the resilient structure and function 
of ecosystems. 

Within the ecological footprint of food, the largest subcategory was found to be “meat”, followed 
closely by “bread and cereals”. While nearly equivalent in terms of total footprint, the footprint 
efficiency, or ecological footprint per calorie of food consumed, of “meat” is up to several orders of 
magnitudes larger than that of plant-based food found in “breads and cereals”. Other indicators and 
indicator frameworks support these findings, with water footprint studies indicating both a 
dependence on imported water footprint, or water used within the supply chain of imported 
products, from outside Europe (Dolganova et al., 2019) and an increasing water demand on water-
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scarce countries within Europe. Marine resources in the form of seafood appear also to be 
dependent on international trade when looking at the total mass of consumed seafood. Together, 
these dependencies underscore the importance of understanding Europe’s food-system related 
supply chain sources and the resilience of those sources in the context of potential climate-related 
or geopolitical disruptions. 

With the exception of the seafood consumption footprint, which does not look broadly at all food 
categories, all studies providing results from pressure indicators (the ecological footprint, GHG 
footprint, carbon footprint, nitrogen footprint, and water footprint) indicate that animal-based food 
products are the category of food with the greatest footprint and/or where reduction in consumption 
has the greatest potential to reduce footprints.  

The results from these pressure indicators are linked to the drivers of biodiversity loss but they do not 
allow direct attribution to impact on biodiversity in a quantifiable or standardised manner. It can be 
argued that while humanity’s consumption is in overshoot of biocapacity, all pressure can potentially 
translate to additional biodiversity loss. This would imply that any pressure hotspots identified, such 
as the consumption of animal-based products, or production of livestock, can be considered a 
biodiversity impact.  

LCA-based midpoint indicators provide a broader range of environmental impacts, including and 
overlapping with the pressure indicators and can be directly linked to biodiversity loss through cause-
effect relationships and translated into endpoint indicators. Capturing a broad range of 
environmental impacts, recent results from the consumption footprint suggest that total 
environmental impact from European food consumption is increasing even though pressure seems 
to be decreasing. Compared to pressure indicators described above, the consumption footprint 
incorporates many more categories of environmental damage or pollution and thus the results 
generally suggest that the overall quantity of consumption in Europe is decreasing over time while 
damage to ecosystems appears to be increasing.  

Similar to the results of pressure indicators, the hotspots identified by LCA-based midpoint and 
endpoint indicators also point to animal-based products as having the largest environmental and 
biodiversity impact. The fact that almost all indicators point to this hotspot goes beyond confirmation 
of animal-based food products as a hotspot. They suggest that the production and consumption of 
animal-based products result in the greatest pressure on biodiversity and additionally result in a 
broad range of environmental impacts.  

Among LCA-based studies, climate change, land-use change, and ecotoxicity were consistently 
identified as the highest impact categories associated with European food consumption. 

A single statement can summarize the most consistent finding across almost all indicators and 
frameworks. Consumption of animal-based products appears to drive the greatest negative 
environmental and biodiversity impacts, which occur with the greatest impact at the agricultural 
production stage. 

From a solutions perspective, this means that agricultural production, especially the livestock 
sector, must change. Knowledge and practical experience are available to implement sustainable 
agricultural approaches, although implementation can face challenges depending on local 
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environmental and socio-economic conditions. Enablers to overcome challenges and scale up 
sustainable production systems include supportive policies, financial and economic tools, 
knowledge transfer and systemic changes along the food value chain including retail and 
consumption. 

One of the horizontal sustainability principles is circularity, which has gained significant attention in 
the EU. It offers a holistic approach to address biodiversity impacts of food systems, directly by 
improving resource use efficiency and reducing waste, and indirectly by supporting environmentally 
and biodiversity-friendly agricultural production practices. Adopting a circular design in the food 
system can greatly benefit terrestrial, freshwater and marine biodiversity and the environment. It can 
reduce land- and sea use, pollution and greenhouse gas emissions. Circular measures can enable 
freeing up and repurposing land for biodiversity conservation or converting to less harmful 
agricultural and aquaculture practices using fewer inputs and resources while maintaining or 
improving production. At the centre of this circular design are nutrient cycling and the avoidance and 
valorisation of food waste and by-products. Further resource efficiency and reduced negative impact 
on biodiversity can potentially be achieved through enhancements of other waste streams along the 
supply chain such as packaging or fishing gear, shifts in protein consumption patterns, 
decarbonisation and minimising energy use, and the promotion of localised food systems. Circularity 
is intrinsic to sustainable agricultural practices such as agroecology, organic farming, and 
regenerative agriculture as their principles include strategies to increase resource efficiency, 
material-, nutrient- and water cycling. 

Examining potential scenarios for applying circularity in the EU food system is a new research area, 
currently highlighting several gaps and uncertainties. Increasing research in this field is crucial to 
better understand potential trade-offs. Future models should combine biophysical models with 
socio-economic models for a more holistic understanding of potential implications. More research 
is needed to fill knowledge gaps in circular measures and to understand better what tangible impacts 
the complex mix of EU strategies and policies can have on circularity. At the same time, actions in 
the policy-science interface are critical to support an ongoing transition to a resource-efficient and 
environmentally friendly agri-food system. 
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3 Objective 2 - Links between biodiversity-friendly 
farming and food consumption changes 

3.1 Methodology 
To identify the links between biodiversity-friendly farming and food consumption changes we 
performed a literature review and synthesized the findings in a structured evaluation matrix. Below 
we describe the review criteria and conceptual elements adopted in the evaluation of the literature. 

 

3.1.1 Scope (Review targets/study type/territorial scope/temporal coverage) 
The literature review was carried out in February 2024 through Google Scholar. While in principle the 
focus was on EU countries, studies from other countries were included as well. The research focused 
primarily on peer-reviewed papers providing quantitative results on the assessment of the effect of 
alternative farming practices compared to traditional ones; however, papers with qualitative results 
were also scrutinized and included those with conclusive and clearly pointed out results. The review 
looked at studies published since 1990 up to February 2024. 

 

3.1.2 Approach (Criteria for selection, keywords used) 
The keywords used were the following: (“Organic farming” AND “Biodiversity”), (“Agro-ecology” AND 
“Biodiversity”), (“Agroecology” AND “Biodiversity”), (“Extensive grazing” AND “Biodiversity”), 
(“Mixed livestock-crop” AND “Biodiversity”), (“Permaculture" AND “Biodiversity”), ("Agricultural 
synergies" AND “Biodiversity”), ("Multilayer agriculture " AND “Biodiversity”), ("Multilayer farming" 
AND “Biodiversity”), ("Multilayer cultivation" AND “Biodiversity”), ("Urban agriculture" AND 
“Biodiversity”), ("Urban farming " AND “Biodiversity”), ("Eating habits" AND “Biodiversity”), ("Eating 
choices" AND “Biodiversity”), ("Dietary choices" AND “Biodiversity”), ("Dietary habits" AND 
“Biodiversity”), ("Plant-based" AND “Biodiversity”), ("Vegetarian diet" AND “Biodiversity”), ("Vegan 
diet"), ("Alternative diet" AND “Biodiversity”), ("Vegetarianism" AND “Biodiversity”), ("Veganism" AND 
“Biodiversity”), ("Sustainable diet" AND “Biodiversity”), (“Alternative protein" AND “Biodiversity”), 
("Organic food" AND “Biodiversity”). As Google Scholar searches all sections of the papers (including 
the references), a manual filtering operation was performed to ensure that the objective of the 
identified papers was to assess the impact of alternative agricultural practices or human dietary 
habits on biodiversity. The keywords and indicators to focus on were chosen after carrying out an 
expert consultation. The selected indicators are meant to capture key aspects of biodiversity by 
focusing on the most widespread indicators, avoiding the use of too specific ones, on one hand, and 
on the other hand, they were selected to reflect the potential connection with EU legal frameworks 
on environmental matters. Details on the selected agricultural practices and indicators are provided 
in the following sections. 

 



ETC BE working paper  48 

3.1.3 Conceptual framework 
To investigate the relationship between the demand-side and the supply-side of food systems, the 
biodiversity-friendly agricultural practices accounted for are first introduced and described. Second, 
the biodiversity aspects considered are described by providing details about the biodiversity 
indicators selected and investigated, followed by a description of other environmental aspects (and 
related indicators) that are commonly implied in research projects targeting the assessment of the 
effects of agricultural practices on biodiversity. Furthermore, an overview of the general current EU 
food consumption patterns is provided. These first sections work as an introduction to the review’s 
results that are subsequently provided.  

The findings guide the following sections where, first, an overview of the current EU organic food 
dynamics and trends are shown in terms of both production and consumption. The results of studies 
addressing simultaneous changes on the demand- and supply-side of the EU food systems are 
presented highlighting linkages with environmental benefits. Moreover, the potential impacts of 
different diets and changes in consumption patterns in EU on biodiversity are presented and 
described. 

Finally, the potential means to implement shifts in terms of food consumption are presented. The 
specific and overall findings are then discussed to draw conclusions about the linkages between EU 
food systems and the related impacts on biodiversity. 

Sustainable agriculture can be defined as a system of farming that strives to provide the resources 
necessary for present human populations while conserving the planet’s ability to sustain future 
generations (Dubey, 2024). Agricultural practices focused exclusively on crop yields can be 
transformed into sustainable practices focused on multiple outcomes, including environmental 
health.  

To investigate the impacts of potential consumption changes on the demand for different agricultural 
practices, this section focuses on six selected agricultural systems/practices (agroecology, organic 
farming, agroforestry, extensive grazing, urban farming and practices increasing landscape diversity) 
defined below.  

Agroecology is a broadly used term that describes the concept of applying ecological principles to 
agricultural practice. More recently, it has also evolved to describe a general principled approach 
that is inclusive of aspects of its own implementation. The approach has evolved to cover 
socioeconomic, cultural and political aspects. Wezel et.al., (2020) provide a detailed review of the 
evolution of agroecology as a science, a set of practices, and a social movement that has led to the 
dynamic and transdisciplinary nature of the concept. HPLE (2019) identifies 13 consolidated 
principles (recycling, input reduction, soil health, animal health, biodiversity, synergy, economic 
diversification, co-creation of knowledge, social values and diets, fairness, connectivity) that 
underpin the agroecology approach. 

For disambiguation, this section refers to the principled approach of agroecology, as described by 
HPLE (2019) and Wezel et.al., (2020), as a single holistic biodiversity-friendly “practice” or approach. 
We acknowledge that agroecology is a very broad concept and that most of the following specific 
practices discussed here are also considered agroecological practices.  
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Organic farming is a production system that avoids or largely excludes the use of synthetically 
compounded fertilisers, pesticides, growth regulators and livestock feed additives. To the maximum 
extent feasible, crop protection in organic farming systems relies on crop rotations, crop residues, 
animal manures, green manures, off-farm organic wastes and aspects of biological pest control (EC, 
2024g).   

Agroforestry is a land-use system and technology where woody perennials (trees, shrubs, etc.) are 
deliberately used on the same land management unit as agricultural crops and/or animals (EC, 
2024g). Agroforestry can be considered as a farming approach, a “farm practice”, a group of farm 
practices, or a “farming system”. Agroforestry can occur at a variety of spatial scales (e.g., field or 
woodlot, farm, watershed) in different agricultural systems. When properly applied, agroforestry can 
potentially improve livelihoods through enhanced health and nutrition, increased economic growth, 
and strengthened environmental resilience and ecosystem sustainability (Castle et al., 2022). 
Agroforestry systems also yield proven strategies for long-term carbon sequestration, soil 
enrichment, biodiversity conservation, and air- and water-quality improvements, benefiting both the 
landowners and society (Petruzzello and Gold, 2016). 

Extensive grazing is the predominant form of land use on at least a quarter of the world’s land 
surface (FAO, 1991), in which livestock are raised on food that comes mainly from rangelands. The 
term livestock includes domesticated animals such as cattle, sheep, goats, camels, horses, llamas, 
alpacas, etc. Extensive grazing differs from intensive grazing, where animal feed comes mainly from 
artificial, seeded pastures and not from unmanaged rangeland (FAO, 1991). 

Urban farming is the practice of cultivating crops, livestock, or types of food in an urban 
environment. In recent years, urban farming has become a hot topic in the fields of agricultural 
sustainability and social justice (Yuan et al., 2022). Urban and peri-urban agriculture can be defined 
as the production of food and other outputs and related processes, taking place on land and other 
spaces within cities and surrounding regions (FAO, 2022). 
Urban landscapes are typically highly simplified, intensively developed ecosystems with low levels 
of native biodiversity. Urban farming may contribute to biodiversity if it is incorporated e.g. by 
creating/restoring green spaces in cities.   

Increasing landscape diversity in agricultural landscapes: A landscape is "a mosaic of 
heterogeneous landforms, vegetation types, and land uses" (Urban et al., 1987). Therefore, 
assemblages of different ecosystems create landscapes on Earth. Although there is no standard 
definition of the size of a landscape, they are usually in the hundreds or thousands of square 
kilometres. Species composition and population viability are often affected by the structure of the 
landscape; for example, the size, shape, and connectivity of individual patches of ecosystems within 
the landscape (Noss, 1990). Conservation management should be directed at whole landscapes to 
ensure the survival of species that range widely across different ecosystems (species of plants that 
have widely dispersed pollen and seeds) (Hunter Jr and Gibbs, 2006).  

Landscape is one of the most precious assets contributing to Europe's cultural identity. As landscape 
is determined to a large extent by land use, the identification of land use changes, especially through 
changes in the land cover in the European Union, provides clues to the drivers of the transitions that 
the landscape is currently going through. Land use shapes our environment in positive and negative 
ways. Most scenarios for global economic and societal development show a strong territorial 
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polarisation of land functions in Europe soon. Although multifunctional land use is widely seen as a 
promising solution for the liveability of the European landscape and for balancing the provision of 
ecosystem services, there are not many proactive policy alternatives to set the boundaries for such 
use and at the same time address environmental management that invariably requires system- and 
place-based adaptation (Buckwell et al., 2017). 

 

3.1.3.1 Consumption patterns 

Food consumption patterns are changing in response to shifting lifestyles and preferences across 
the world. Current patterns in food consumption in Europe are considered unsustainable (Holden et 
al., 2018). The EU shows higher consumption levels in terms of calories, protein, and fat intake 
compared to the world average, exceeding the latter by 19%, 25%, and 75%, respectively (FAOSTAT, 
2024). In particular, EU consumption levels for animal fats and milk are 4 and 2.5 times higher 
compared to the global average consumption with the per capita supply of both increasing by 13% 
from 2010 to 2021 (FAOSTAT, 2024).  

In this context, dietary choices play a key role in affecting environmental burdens (Danso-Abbeam et 
al., 2021). Consumption patterns have enormous implications for biodiversity; as described in 
section 2.2.2, a more meat-based diet requires more resources (land, water, energy) than a plant-
based diet, thus affecting more habitat area, therefore there is an urgent need for more sustainable 
eating patterns. Sustainable diets are meant as those diets with low environmental impacts that 
contribute to food and nutrition security and to healthy life for present and future generations (Danso-
Abbeam et al., 2021). Among animal-based diets, red meat has a higher environmental impact. 
Some diets characterized by a low intake of meat and saturated fat are considered healthier and 
more sustainable. For instance, the Mediterranean diet has been appreciated to have a lower 
environmental impact, mainly as it includes the consumption of more plant-derived products and 
fewer animal products, with respect to other current dietary patterns (Danso-Abbeam et al., 2021). 
Some alternative and popular self-imposed dietary patterns such as vegetarian and vegan diets are 
also considered more sustainable as all meat and animal products are excluded (Kraak and 
Aschemann-Witzel, 2024; Clark et al., 2019; Poore and Nemecek, 2018).   

 

3.1.3.2 Biodiversity indicators 

The Driver-Pressure-State-Impact-Response (DPSIR) Framework (EEA, 1999; OECD, 2003) provides 
a structure within which to present the indicators needed to inform policy makers on environmental 
issues and the effect of the political choices in the short/long term. The DPSIR framework assumes 
a chain of causal links starting with ‘driving forces’ (economic sectors, human activities) through 
‘pressures’ (emissions, waste) to ‘states’ (physical, chemical and biological) and ‘impacts’ on 
ecosystems, human health and functions, eventually leading to political ‘responses’ (prioritization, 
target setting, indicators). Establishing a DPSIR framework for a particular setting is a complex task 
as all the various cause-effect relationships must be carefully described and environmental changes 
can rarely be attributed to a single cause. Here, five biodiversity indicators such as species 
abundance, biodiversity footprint, land use, number of species and richness are selected. 
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Biodiversity indicators help us measure and monitor the pressures or threats, such as trends in land 
and water use, habitat loss or invasive species and the state of species and ecosystems, such as the 
health of species or integrity of ecosystems. Moreover, biodiversity indicators provide information 
about relevant policy responses, such as the protection of important biodiversity areas and the 
benefits they provide to people, such as the ecosystem services that freshwater provides. Fine-scale 
indicators may be developed to inform local decisions on the ground, such as determining the degree 
to which restoration or management practices are working. In practice, biodiversity indicators enable 
the quantifiable assessment and comparison of biodiversity in space and time, and they are 
essential for the design and implementation of effective policy.  

Species abundance represents the sum total of individuals from a given species within a given area 
(Dubey, 2024). Species are considered abundant when they have a high population relative to the 
size of the area they inhabit. It can also include other measures of performance for plants, animals, 
or other forms of life in a given area, including number of breeding pairs, population density, and even 
biomass. In ecology, species abundance can serve as a tool to measure biological diversity and 
inform conservation efforts (Dubey, 2024). 

Biodiversity footprint measures the integral impact of a commodity, company, person or 
community on global biodiversity, expressed in terms of biodiversity change, as a result of production 
and consumption of particular goods and services (Marques et al., 2017).  This involves measuring a 
number of impact factors, including habitat destruction, species loss, ecosystem disruption, and 
other relevant factors. Each human activity's contribution to the overall biodiversity footprint is 
assessed by this important indicator. See section 2.2.1 for a detailed description and summary of 
findings on biodiversity footprint studies. 

Land use is the total of arrangements, activities and inputs that people undertake in a certain land 
type. Land use is not only one of the most important drivers of climate change, but it also affects 
biodiversity, the functioning of ecosystems, and the services they provide (Koellner et al., 2013). Land 
use as a biodiversity indicator quantifies regional species loss due to land occupation and 
transformation by humans. The number of taxonomic units defined by Sokal (1963) (usually the 
number of species, but also, for example, the number of genera or families) is the most common 
biodiversity indicator used by scientists. Counting the species, genera or families is therefore a 
typical and informative activity used by numerous scientists. 

The species richness indicator assesses the total number of unique species within a given biological 
community, ecosystem, biome, or other defined area (Feistner, 2004).  Species richness is often used 
to compare the biodiversity of different biological communities, compare the number of species 
within a particular taxonomic grouping (such as birds or mammals) at different locations, and 
monitor changes in a particular biological community over time.  
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3.1.3.3 Links with additional aspects 

Here we describe the key aspects we identified, their significance and linkages to the contents of the 
selected and analysed studies. Among the studies linked with our keywords and within the context 
of our scopes and objectives, studies including five additional aspects of such as land use change, 
carbon stock, pollinators, economic aspects and EU policies were identified. These aspects were 
selected because of their synergic relevance in the context of biodiversity.  

Land use change refers to two major processes. The first process is a change in land cover 
associated with the expansion or contraction of the area of land used for different purposes (e.g., 
pasture, cropland, urban). The second process is a change in the type of management on existing 
land cover (e.g., changes in irrigation, fertilizer use, crop type, harvesting practices, or impermeable 
surfaces). Land use change related to management can occur without changing the extent of 
different land covers. The degradation and conversion of forests to alternative land uses, such as 
agriculture, is one of the leading causes of biodiversity loss, especially in the tropics. Furthermore, 
the impacts of land-use change are likely to be exacerbated by the looming climate crisis.   

Carbon stock is defined as a natural reservoir that accumulates and stores some carbon-containing 
chemical compound for an indefinite period. For instance, forest carbon stock is the amount of 
carbon that has been sequestered from the atmosphere and is now stored within the forest 
ecosystem, mainly within living biomass and soil, and to a lesser extent also in dead wood and litter.  
This is directly linked with the carbon footprint which is an indicator belonging to the footprint family 
and measures the amount of carbon dioxide emissions associated with all the activities of an entity 
including direct and indirect emissions. Protecting aboveground carbon stocks in tropical forests is 
essential for mitigating global climate change and is assumed to simultaneously conserve 
biodiversity. 

Pollinators help wild plants reproduce, and help crops to produce seeds, fruit and nuts, and other 
tasty foods for us to eat. In Europe, pollinators are mostly insects, such as bees, hoverflies, 
butterflies, moths, wasps, beetles and other fly species. Some pollinators, such as the honeybee, 
are domesticated. Having a species-rich community of pollinators is essential to keep ecosystems 
healthy and resilient so it is important that we understand and protect pollinators. A good example 
of pollinators are butterflies and birds that play an important role in ecosystems and provide a range 
of ecosystem services, including pollination. Butterflies are sensitive to environmental change and 
are a good indicator of the health of the environment. Fluctuations in numbers between years are 
typical features of butterfly populations. The assessment of change is therefore made on an analysis 
of the underlying trend. Birds are sensitive to environmental pressures and their populations can 
reflect changes in the health of the environment. Indeed, the Farmland Bird Index is an environmental 
context indicator that represents the state of health of agricultural environments, aggregating 
information deriving from individual indices, such as population trends of bird species typical of 
agricultural environments and open mountain environments. 

Biodiversity underpins all economic activities and human well-being. It provides critical life-
supporting ecosystem services, including the provision of food and clean water, but also largely 
invisible services such as flood protection, nutrient cycling, water filtration and pollination. Yet 
humanity is destroying natural capital at an unprecedented rate, posing significant but often 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/land-cover
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overlooked risks to the economy, the financial sector and the well-being of current and future 
generations (OECD, 2021). 

The European Commission has been putting in place a new European biodiversity governance 
framework (EC, 2020c) This will help map obligations and commitments and set out a roadmap to 
guide their implementation. In particular, the EU’s biodiversity strategy for 2030 is a comprehensive, 
ambitious and long-term plan to protect nature and reverse the degradation of ecosystems. The 
strategy aims to put Europe's biodiversity on a path to recovery by 2030 and contains specific actions 
and commitments. 

 

3.1.3.4 Consumption patterns and diets in the EU 

Food consumption patterns across countries and cultures in the EU are largely variable in terms of 
per capita meat consumption and energy intake (Holden et al., 2018). For instance, the 
Mediterranean diet, compared to the average EU diet, is generally considered to be beneficial to both 
health and the environment by contributing to health maintenance and helping mitigate biodiversity 
degradation (Mattas et al., 2023). Mediterranean countries record the highest consumption in terms 
of fruit, vegetable and pulses, followed by northern central European countries, whereas eastern 
European countries record the lowest levels (SAPEA, 2023). Broadly speaking, a north/south divide 
between European countries can be observed, reflecting territorial and economic differences, as 
well as cultural and historical reasons. National food-based dietary guidelines in EU countries all 
suggest that a shift towards a healthy diet requires predominantly plant-based foods, rich in 
vegetables, fruits, whole grains, pulses, and fish, with only moderate low-fat dairy products and 
limited red and processed meat, salt, added sugar and high-fat animal products (SAPEA, 2023).  

Food consumption patterns therefore represent important drivers of environmental burdens 
including biodiversity loss. The variety of diets we find in Europe makes this aspect interesting from 
a food sustainability point of view. 

Dietary guidelines have to combine the health-nutrition aspect with the environmental aspect to 
provide food for all in a healthy and sustainable way. In some countries, environmental sustainability 
is being incorporated into dietary recommendations, for example, Nordic nutrition 
recommendations have been updated for sustainability in 2023 (Blomhoff et al., 2023). The Finnish 
national nutrition recommendations included some notions of sustainability already before. The 
recommendations steer also the school meals provision in Finland, where a lot of sustainability 
actions are being taken forward at the moment. The law for basic education secures a right to 
wholesome meal for all pupils during the school day and is a key lever for sustainable diets as well. 

In terms of environmental sustainability, meat and egg consumption covers on average 56% (49%–
64% across different EU countries), while dairy consumption covers about 27% (16%–36%) of the 
total emissions linked with the EU food supply, whereas the consumption of grains covers just 4% of 
EU food supply-related greenhouse gas emissions (Sandström et al., 2018). Due to enteric 
fermentation, manure management, and feed consumption, protein from beef, pork, fish, chicken 
and egg generate about twenty, four, three, three, and two times higher greenhouse gas emissions 
per kilogram than plant-based protein sources like cereals and legumes, respectively (Poore and 

https://ec.europa.eu/environment/stories/nature-needs-you/
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Nemecek, 2018), indicating that the consumption of plant-based proteins would be preferable in 
terms of GHG emission. 

Local food consumption is becoming prevalent among consumers, who perceive it as more 
environmentally sustainable and healthier, despite its minor direct positive environmental benefit 
due to the marginal role played by transport to overall emissions from the food system (6% for EU 
diets) (SAPEA, 2023).  

Current EU consumption patterns (Eurostat, 2023b) indicate that around two-thirds of the EU 
population eat at least one portion of fruit and vegetables on a daily basis, Romania being the country 
with the lowest daily consumption and Belgium the one with the highest one. It is remarkable that EU 
citizens with higher educational levels (tertiary education) were most likely to eat at least five 
portions of fruit and vegetables daily. Income seems to affect this behaviour too since the share of 
people eating at least five portions of fruit and vegetables per day was greater among EU citizens with 
higher income. There is also a well-defined difference in fruit consumption between men and 
women, with women having higher levels of consumption in all EU countries. The consumption of 
vegetables shows similar trends, but with an overall larger consumption compared to fruits, with 
Romanian citizens consuming the least amounts, and Belgium the most. Just over half (50.6 %) of EU 
population ate vegetables at least once a day. The sex difference persists, being women more likely 
to eat vegetables at least once a day compared to men. Higher income seems to play the same role 
in boosting vegetable consumption as in boosting fruit consumption. Fruit or vegetable juice was less 
likely to be consumed among EU citizens since less than 10% of them drank juice at least once a day, 
however without significant differences between sexes. Instead, income seems to be affecting juice 
consumption as for fruit and vegetables.  

At the EU level, according to the FAO food balance sheet, dairy products, vegetables, and cereals are 
the most consumed food items, on a mass basis in 2021 (Figure 5). However, by considering the 
different nutritional values of the various food items it is possible to gain further insights. Comparing 
them in terms of energy content it is evident that vegetal products cover most of the calories supplied 
to the average EU citizen in 2021, the energy intake from animal products is lower, making up 58% of 
the total.   Within plant-based food, most energy intake is from cereals (Figure 6). Considering fat 
supply, animal products and vegetal products made up 53 and 47 percent of total calories 
respectively in 2021 (Figure 7). Ultimately, most of the protein supply was sourced from animal 
products, primarily from meat, with 37% coming from vegetal products (Figure 8). 
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Figure 5. EU food supply by aggregate food item category in 2021. Values are expressed in terms of kg/capita per year. Data 
sourced from FAOSTAT. 

 
Figure 6. EU food supply by aggregate food item category in terms of energy in 2021. Values are expressed in terms of 
kcal/capita per day. Data sourced from FAOSTAT. 
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Figure 7. EU food supply by aggregate food item category in terms of fat in 2021. Values are expressed in terms of grams of 
fat/capita per day. Data sourced from FAOSTAT. 

 
Figure 8. EU food supply by aggregate food item category in terms of protein in 2021. Values are expressed in terms of grams 
of protein/capita per day. Data sourced from FAOSTAT 
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The proportions of marketing channels for organic food sales vary remarkably across the different EU 
countries (Figure 9). Generally, the preferred channel is general retailers. Exceptions are Denmark 
and Czechia, where direct marketing and other channels represent the top choice, respectively. In 
many cases the sales via direct marketing are negligible, as well as the sales via other channels, while 
specialised retailers generally cover a significant part of the sales, except for Denmark and the Czech 
Republic. 

 
Figure 9. Marketing channels for organic products in selected countries in 2021. Adapted from Willer et al. (2023). 

 
Figure 10. The share of organic food sales over the total food retail sales in selected countries in 2021. Adapted from Willer 
et al.(2023). 
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The share of organic food sales over the total food retail sales in 2021 varied across different EU 
countries. It spanned between 3.4% in Italy and 13% in Denmark (Figure 10). 

 

3.2 Results 

3.2.1 Biodiversity impacts of the selected environmentally sustainable agricultural systems and 
practices 

Agroecology:  

Biodiversity is addressed by the principles of agroecology both directly and indirectly. The fifth of 
thirteen agroecology principles (HLPE, 2019) directly aims to “maintain and enhance diversity of 
species, functional diversity and genetic resources and thereby maintain overall agroecosystem 
biodiversity in time and space at field, farm and landscape scales.”  

By fostering beneficial biological interactions and synergies among different components of the 
agroecosystem (such as crops, animals, trees, soil, and water), agroecology enhances functional 
biodiversity. This includes practices like intercropping, agroforestry, and the integration of livestock, 
which create more complex and resilient ecosystems. 

Among the 13 principles, five of them are related to environmental sustainability in the areas of 
resource use and resilience, which indirectly provide positive impacts on biodiversity. These include 
the key principles of recycling, input reduction, soil health and animal health, and synergy. These 
principles aim to reduce the consumption pressure on biodiversity and improve ecosystem quality 
in support of biodiversity. 

The remaining principles address economic or social aspects around equity and responsibility. 
These include the principles of economic diversity, co-creation of knowledge, social values and 
diets, fairness, connectivity, land and natural resource governance, and participation. These 
principles provide social and governance support to enable the uptake of biodiversity-friendly 
agroecological practices.   

As a practice, the approach of agroecology is inclusive of and extends beyond the specific practices 
discussed below, for which we assess the quantitative impacts identified in the literature. 

Organic farming:  

Two review papers (Hole et al., 2005; Winqvist et al., 2012) showed positive effects of organic farming 
on biodiversity. A study conducted at the Lodge Nature Reserve (U.K.) revealed that the biodiversity 
benefits of organic management are likely to accrue through the provision of a greater 
quantity/quality of both crop and non-crop habitat than on conventional farms (Hole et al., 2005). 
The study pinpointed several aspects of the holistic approach that require further research. It also 
emphasized three key management practices: limiting or eliminating the use of chemical pesticides 
and inorganic fertilisers, managing non-cropped habitats sympathetically, and maintaining mixed 
farming systems. These practices, while not exclusive to organic farming, are fundamental to it and 
offer significant benefits for farmland wildlife. The review was timely given policy developments in 
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the UK and Europe promoting organic agriculture as one of the potential solutions to the continuing 
loss of biodiversity in agricultural landscapes. 

Winqvist et al. (2012) investigated the effects of organic farming on the arable biodiversity of plants, 
arthropods, soil biota, birds, and mammals in a review paper. The ecosystem services of pollination, 
biological control, seed predation, and decomposition were also included. Their review concluded 
that organic farming positively impacts biodiversity for common species while noting that these 
effects are often specific to certain species and depend on traits or context. Further, they suggest 
that while organic farming is not the sole solution to the issues posed by modern agriculture, it does 
provide biodiversity benefits compared to conventional farming. 

Three other studies included in the literature review focused on the impact of organic farming on 
biodiversity in Europe. 

One of the studies revealed contrasting effects of organic and conventional farming on biodiversity 
across multiple trophic groups (Ostandie et al., 2021). Among the seven groups studied, organic 
farming at the field scale enhanced the abundance of arthropods, specifically springtails (+ 31.6%) 
and spiders (+ 84%). Conversely, it had detrimental effects on pollinator abundance and soil 
microbial biomass. The study was not able to determine clear links between specific organic farming 
practices and biodiversity conservation performance. 

The second study focused on the assessment of organic and minimal agricultural practices on 
different soil cultivation types, including conventional, minimum till, mulch, no-till and organic 
farming (Houšková et al., 2021). Among the different cultivation and agricultural practices, they 
assessed the quantity and health of earthworms and soil microbial activity to evaluate biodiversity 
conditions. Additionally, they examined basic soil properties and structure to determine the impact 
of the tested agricultural practices on the soil environment. The tested practices were found to 
improve soil moisture content, biodiversity, and soil structure stability. In a third case study in 
Europe, Szilágyi et al. (2021) examined the impact of organic and permaculture farming practices 
compared to conventional systems on the diversity of pollinator species.  They found that the 
abundance of specific pollinator groups was highest for permaculture farms while highlighting the 
importance of a broader range of additional farm management considerations, such as plant 
protection, flower resources, active biodiversity management, and social factors such attitude of the 
farmers towards protection of pollinators. 

Concerning studies outside Europe, Tuck et al. (2014) conducted a hierarchical meta-analysis of 94 
studies mostly located in northern America that compared biodiversity under organic and 
conventional farming methods. Among the functional groups, which included producers or plants, 
herbivores, pollinators, predators, soil-living decomposers and others, they found that organic 
farming increased species richness by an average of 30%.  

More broadly, a summary of global meta-analysis/synthesis studies from 2005-2010 (EC, 2024g) 
found a significant positive effect of organic cropping systems compared to conventional cropping 
systems on biodiversity in 6 of 8 meta-analyses. Among these studies, addition of compost, crop 
field size, crop type, diversity of cover crops, experiment scale, herbicide application, landscape 
structure and heterogeneity, organism group, pest management strategy, proportion of arable land 
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in the surrounding landscape, and taxon were the reported factors with a significant effect on size 
and direction of biodiversity change. 

Practices increasing landscape diversity:  

Tscharntke et al. (2021) highlighted the key role of landscape-level species pools and suggested that 
landscape-level changes provide greater benefits than locally incentivised management practices. 
They provided evidence supporting the restoration of seminatural habitats at the landscape level and 
also suggested improving landscape heterogeneity through small and diversified crop fields. 
Similarly, Estrada-Carmona et al. (2022) performed a comprehensive meta-analysis of complex 
agricultural landscapes and biodiversity, and found that complex landscapes supported more 
biodiversity, thus concluding that synergistic management of agriculture, applied at the landscape 
level, is critical to biodiversity conservation and sustainable production. In a global analysis, 
Lichtenberg et al. (2017) quantified the effects of organic farming and plant diversification on species 
abundance, local biodiversity, and regional biodiversity. They found that organic farming and 
increased plant diversity increased arthropod abundance, particularly for rare taxa. Species richness 
and abundance were found be increase at both local and regional scales. While farms embedded in 
complex landscapes were found to have greater increases in species richness. Organic farming and 
in-field plant diversification were found to have the strongest effects on beneficial groups such as 
pollinators and pest-predators, suggesting double benefits to these management schemes in the 
form of improved ecosystem service providers without the proliferation of pest populations. Belfrage 
et al. (2005) argued that the consideration of organic agriculture's effect on biodiversity should 
include factors affected by farm size. Indeed, they compared the diversity and abundance of birds, 
and abundance of butterflies, bumblebees and herbaceous plants between six small farms (<52 ha 
arable land) and six large farms (>135 ha arable land) in Roslagen in southeastern Sweden (two of the 
large and four of the small farms were organic), finding different results. More than twice as many 
bird species, butterflies, and herbaceous plant species, and five times more bumblebees were found 
on the small compared to the large farms. The largest differences were found between small organic 
and large conventional farms. Differences were also noted between small and large organic farms: 
56% more bird species were found on small organic than on large organic farms, although none of 
the farms used any pesticides. The authors identified that smaller farms had greater crop diversity 
per area than larger farms, both organic and conventional. They argued that smaller field sizes for 
each crop created greater landscape heterogeneity, which in turn resulted in greater biodiversity. 

Agroforestry: 

Agroforestry has been proposed as a sustainable agricultural approach, conserving biodiversity and 
enhancing ecosystem service provision while not compromising productivity. Agroforestry systems 
can be distinguished between traditional silvopastoral agroforestry systems that maintain semi-
natural habitats (dehesas, montado, wooded pastures, etc) and other types of agroforestry. 
Agroforestry can yield a variety of food products such as almonds, walnuts, chestnuts, corn, wheat, 
rice, tomatoes, peppers, squash, basil, mint and mushrooms grown in a wooded area. Honey 
produced from bees that pollinate trees and crops in agroforestry systems is another important food 
product potentially yielded by agroforestry. 

A meta-analysis by Torralba et al. (2016) revealed an overall positive effect of agroforestry (effect size 
= 0.454, p < 0.01) over conventional agriculture and forestry, based on 365 comparisons from 53 
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publications. They concluded that agroforestry can enhance biodiversity and ecosystem service 
provision relative to conventional agriculture and forestry.   

The potential of agroforestry is particularly relevant in the European context, where agri-environment 
interventions are often addressed at a farm-, rather than at a catchment or landscape-scale 
(Plieninger et al., 2015). 

Santos et al. (2022) emphasized the crucial role of agroforestry in boosting biodiversity within 
agricultural landscapes, advocating for its prioritisation in European agri-environmental funding 
schemes. The study tested the habitat amount hypothesis, which posits that the total habitat area in 
a landscape determines its species richness. This hypothesis inherently considers the isolation and 
connectivity of habitat patches and the complexity of landscapes, which are key factors in predicting 
biodiversity. 

Applying the habitat amount hypothesis to virtual agricultural landscapes, the study identified 
general mechanisms through which agroforestry systems enhance biodiversity, significantly 
increasing both functional diversity and overall biodiversity. However, the authors noted that these 
normalised values should be adjusted to reflect real-world conditions, as factors such as crop type, 
tree species, and agroecological management practices can influence outcomes. 

This study reinforced the idea that agroforestry is critical to halt biodiversity loss in agricultural 
landscapes and, despite the limitations inherent to a preliminary demonstration, the methodology 
developed provides a starting point to anticipate the changes in landscape biodiversity induced by 
land use change, guiding strategies to integrate crop production with biodiversity conservation. 

Allan et al. (2014) tested the effects of land-use intensity (LUI) which they measured as the combined 
intensity of fertilisation, grazing, and mowing on biodiversity. Highlighting the complexity of practical 
measurements of biodiversity, they introduced the concept of multidiversity, a unique measure of 
whole-ecosystem biodiversity. The concept was applied to synthesize a measure of biodiversity 
across 49 taxonomic groups of plants, animals, fungi, and bacteria from 150 grasslands. Assessing 
the multidiversity of 150 grassland landscapes, they found that multidiversity declined with 
increasing LUI among grasslands, particularly for rarer species and aboveground organisms, while 
the effects on common species and belowground biodiversity were less pronounced. Interannual 
variation in land-use intensity was found to be an important factor that was positively correlated with 
overall multidiversity. In addition to decreasing overall land-use intensity, the study recommended 
varying land-use intensity across years as a complementary strategy to increase biodiversity. 

Traditional orchards are not agroforestry systems in a strict sense but can be considered agroforestry 
according to definitions with a broader scope. Traditional orchards can be beneficial for biodiversity 
as well. Cohen et al. (2023) verified the extent to which biodiversity in Mediterranean orchards, 
specifically olive groves, depends on past land use, similar to some wooded ecosystems, as 
opposed to current conditions only, which is the case for farmlands. Researchers analysed land-use 
changes over two centuries in 67 olive plots in the South of France using historical records and aerial 
photographs. They found that plant community parameters and species composition are 
significantly influenced by past land use. Orchards initially covered with natural vegetation and 
recently restored had the highest species diversity, while long-cultivated, abandoned, and burnt 
orchards had lower species counts due to intensive management and plant competition. The study 
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suggested that the restoration of olive groves should be encouraged, as they provide important 
ecosystem services and represent a promising prospect for Europe as a whole. More broadly, they 
recommended that ecosystem services should be given greater consideration in public policy. 

Functional agrobiodiversity measures: 

Maskell et al. (2023) focused on ten functional agrobiodiversity (FAB) measures in Europe, which 
balance food production with minimised impacts on nature. These included conservation tillage 
techniques; mixed crops and crop rotations, including sward diversity (herbal leys); cover and catch 
crops, including legumes; organic matter input; modified manure quality and diversity; agroforestry; 
hedgerow management; field margin management; and reduction in the use of plant protection 
products. The review found that the measures generally resulted in positive outcomes, with a number 
of mixed effects. Outcomes for biodiversity include maintaining high populations of soil-ameliorate 
fauna and insect pest predators and small mammals. They found a general decrease in fertilisers 
and pesticides, improving above- and below-ground biodiversity, soil and water quality as well as 
water conservation. However, evidence was also conflicting for some of the measures, with both 
positive and negative effects observed on yield, soil organic carbon and greenhouse gas emissions. 
The rapid assessment was not able to derive conclusive results in these areas in part due to a lack of 
suitable evidence at the requisite spatial and temporal scale, for example, lag times and uncertainty 
between cause and effect of treatment and change in soil organic carbon mean that longer 
observation times would be required for more reliable evidence. 

Bianchi et al. (2013) discussed opportunities and limitations for FAB in Europe, highlighting four key 
limitations: translation of knowledge into management practice, uncertainty in the effectiveness of 
FAB measures for crop yields, crop quality, profitability, and reduction of agrochemical inputs, lack 
of financial systems to allow fair accounting of investments and public benefits, and lack of 
coordination of local actors to facilitate implementation of FAB at proper spatial scales. The authors 
identified linkages and alignment with five policy developments in Europe. The Thematic Programme 
on Agricultural Biodiversity within the United Nations Convention on Biological Diversity underscores 
the importance of agriculture as an essential provider of ecosystem services while also driving 
biodiversity loss, thus providing an opportunity to promote FAB practices. The EU common 
Agricultural policy also presents an opportunity for FAB to be a method to preserve long-term 
productivity and ecosystems and provide benefits to farmers who practice them. EU Directive 
2009/128/EC aims to minimise health and environmental risks from pesticides, which presents an 
opportunity to apply FAB methods such as nectar-rich flower strips, planting trap crops or conserving 
non-crop habitats as a natural replacement for pesticides. The EU Water Framework Directive 
2000/60/EC requires water quality standards to which FAB can be used to support. Field margins, for 
example, can act as a buffer to reduce pesticide drift and nutrient flows into surface water. Lastly, 
the International Treaty on Plant Resource for Food and Agriculture and the European Seed 
Legislation Directive 2009/145/EC aimed to provide food security through the maintenance of local 
plant breeds and varieties. Such support of local plants in agriculture is well aligned with FAB.  

Extensive grazing: 

Adapting grazing management (livestock species, method and intensity) to the carrying capacity of 
the managed ecosystems and to the local biodiversity conservation or restoration needs is important 
for the development of sustainable grazing systems.  
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Based on a meta-analysis of 116 studies in temperate grasslands globally, the response of species 
richness of plants, arthropods, and microbes to grazing intensity agreed with the intermediate 
disturbance hypothesis in grasslands; species richness increased with light and moderate grazing 
intensities, while it decreased at heavy intensity (Wang and Tang, 2019). In addition, plant and 
microbe species richness increased with light and moderate grazing and declined with heavy grazing 
intensity. The species richness of arthropods (divided into pollinators and carabids) monotonously 
declined with increasing grazing intensity. Importantly, structural equation modelling showed that 
grazing resulted in enhanced plant species richness mainly through its negative effects on plant 
biomass. Grazing had negative effects on plant coverage and arthropod abundance, so arthropod 
species richness declined with increased grazing intensity. Moreover, increased grazing intensity 
caused an increase in soil pH, a decrease in soil moisture, and then a decrease in microbe species 
richness. These findings confirmed that different taxa exhibit diverse responses to changes in grazing 
intensity, and the way that grazing intensity affects diversity also varied with different taxa. 

Two case studies (Pellaton et al., 2023; Wallis De Vries et al., 2007) looking at European countries 
also concluded that disturbance by low-level grazing was beneficial to biodiversity. 

Wallis De Vries et al., (2007) tested the hypothesis that extensification of grazing management 
enhances fauna/wild animals’ diversity. Over a period of three years, moderate and lenient grazing 
intensities were tested with commercial and traditional breeds across study sites in the UK, France, 
Germany and Italy. Animal diversity was recorded for birds, hares, butterflies, grasshoppers, and 
ground-dwelling arthropods. The study concluded that the effects of livestock breed on biodiversity 
are negligible and that, in the short term, a lenient grazing intensity is preferable from the viewpoint 
of butterfly and grasshopper diversity.  

Pellaton et al. (2023) evaluated the effect of two grazing intensities and the effects of landscape 
complexity on plant functional traits in three grassland types in the Great Hungarian Plain. They found 
shorter-statured and earlier species in intensively grazed pastures and more disturbance-tolerant 
species with increasing boundary length. For pollination-related plant traits, there were more later 
flowering species in extensively grazed sites, while flowering duration and flower colour revealed 
complex relations between landscape complexity and grazing intensity. Generally, local low-
intensity grazing (0.5 cattle/ha) supported specialist plant species, and increasing boundary length 
promotes generalist disturbance-tolerant species with traits beneficial for pollinators. They argued 
that policies should find a balance supporting extensive grazing according to local management 
history and preserving large, unfragmented pastures while promoting pollinators via diverse flower 
resources. In addition, policies should consider that local management and landscape-scale effects 
can be different in different regions; thus, no one policy will fit all regions and ecosystem types.  

Urban agriculture: 

Urban agriculture is another type of agricultural system that can be deployed as a strategy to 
contribute to sustainability. Food supply from urban farming can be of many types, mainly perishable 
products, especially green vegetables, dairy products, poultry and pigs, mushrooms, ornamental 
plants, herbs, fish, but also root crops, legumes, nuts, and even cereals (FAOSTAT, 2024).  

Urban agriculture is considered to be a major contributor to urban environmental sustainability with 
a variety of benefits, including the reduction of ghg emissions and urban heat island effects, 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/grazing-intensity
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mitigation of flood risk and damage, enhancement of biodiversity, promotion of agro-tourism and 
improvement of agriculture-related urban land allocation (Ebissa et al., 2023). Several studies in the 
literature look at the impact of urbanisation on biodiversity and the role of urban agriculture in 
mitigating these effects. Urbanisation exerts pressure on biodiversity (Spotswood et al., 2021), while 
urban biodiversity comes mainly from urban green infrastructure and certain forms of urban farming 
can be an element of it (Contesse et al., 2018; Lin et al., 2017) as it can include both flora and fauna 
as well as edible (dietary) and non-edible (environmental) components (Zasada et al., 2020). 
However, while green infrastructure such as rooftop greenhouses offer potential benefits for food 
production, they do not provide opportunities for natural habitat creation and conserving biodiversity 
(Drottberger et al., 2023).   

Results from a recent meta-analysis show that urban agriculture has, overall, a high potential for food 
production and that urban spaces can be as productive or even more productive than rural 
environments, with mean crop yields of urban agriculture being similar to or greater than 
conventional agricultural yields (Payen et al., 2022). While it was found that overall crop yields in 
various urban spaces were not found to be significantly different, even between indoor and green 
open-air spaces, results were dependent when looking at specific crop types. In general, however 
Payen et al. (2022).  highlighted how indoor spaces did not impact crop yields differently than green 
spaces for “cabbages and other brassicas” nor for “vegetables, fresh [not elsewhere specified],” even 
though crops grown in controlled environments led to significantly higher yields than open-air 
agriculture for these crop categories. Notable crop and growing system combinations included 
tomatoes, which produced the highest yields in hydroponic greenhouses (average yields of 18 kg m−2 
cycle−1 for tomatoes, which was more than thrice higher than tomato yields achieved in urban soil-
based, open-air green spaces that were 5.3 kg m−2 cycle−1) and “lettuce and chicory” which 
produced the highest yields in systems using vertical farming, hydroponic methods and a controlled 
environment with artificial light. 

 

3.2.2 Impact of potential consumption changes on the demand for different agricultural practices 
This section looks at the extent to which food consumption changes can support non-conventional 
agricultural practices. A review of the literature was conducted to answer this question and revealed 
that there are major gaps and few studies providing a quantitative assessment of this question. 
Linking consumption changes to the application of more sustainable agricultural practices is not a 
trivial task. The various agricultural practices considered in this study require a large quantity and 
variety of data. For instance, these include the physical and economic output for each agricultural 
practice, ideally at the national level and ideally with a crop-level resolution. Such data is not always 
available, or systematically collected, or it might be fragmented across countries and different 
scales. 

Rieger et al. (2023) assessed the effect of dietary shift in the EU on production dynamics and on the 
environmental impact assuming the adoption of the EAT-Lancet dietary recommendations (Willett et 
al., 2019). Based on their agroeconomic model, such a shift would result in decreasing production 
of animal-based products, and an increase in the production of fruits and vegetables. The economic 
consequences of the shift would decrease the prices of animal-based products while increasing the 
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prices of fruits and vegetables. These dietary changes would reduce agricultural GHG emissions. 
Overall, the agricultural sector could benefit from this type of dietary shift, though the results are 
mixed at country, regional and farm levels. Areas that are highly specialised in animal farming are 
likely to lose income, while in areas with higher shares of vegetable and fruit farms income gains are 
expected. Röös et al. (2022) assessed the effect of a combined dietary shift (EAT-Lancet diet; Willet 
et al. 2019) and uptake of agroecological farming practices in the EU. The simultaneous shifts, 
together with a re-design of the supply chains to favour domestic consumption over export-oriented 
production, reduced waste generation, and increased productivity would meet all EU food system 
policy targets including GHG and ammonia emission reduction, lower fertiliser, pesticide and 
antimicrobial use, higher land areas protected for biodiversity or under organic production. The 
agroecological practices considered in the study were limited to organic production. Among the 
farming practices investigated, organic farming is the one receiving the most attention in the EU 
policies. It is the object of the Farm to Fork Strategy and Biodiversity strategies’ targets, for which 25% 
of EU agricultural land should be organic by 2030, being around 9% in 2020 (EC, 2024g). This political 
attention, though still waiting to be backed by legal enforcement, implies more thorough and 
systematic data collection, at least at the national level, across EU countries.  

On the other hand, data on other practices (e.g., urban farming, agroecological practices – other than 
organic farming) is not collected at the national or regional level. The lack of economic and physical 
output data on the rest of the practices hampers the possibility of understanding their potential 
deriving from a broader application across the EU. 

Accordingly, we here focus on organic farming, as the only available option with sufficient data. 

The share of land currently under organic farming is known and varies between the low (e.g., Malta 
with 0.6%, or Ireland with 1.7%) and high shares (e.g., Estonia with 22.4% and Austria with 25.3%) 
and the respective targets for 2030 vary (EC, 2023b). The share of organic land dedicated to the 
cultivation of crops can be derived from data available in Eurostat as the ratio between the organic 
agricultural production and the total agricultural production. However, this share does not 
correspond to the share of products (e.g., in tonnes) produced. Such kind of data is less 
systematically collected compared to land surface data. Furthermore, many data points are 
confidential and inaccessible via Eurostat, making estimating the market share of single organic 
products by country of production a hard task. The available data was summarised in Table 3 for 
crops and Table 4 for animal products for the year 2021. They present the ratio of organic products 
over the total production by food item or food group and by country (Eurostat, 2024a, 2024b). 
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Table 3. The share of organic over the total crop production generated in each country in 2021. *For human consumption 
exclusively. NA = Not available (e.g., confidential), not significant, or not produced. Some figures are derived from estimated 
data. Source: Eurostat database (Eurostat, 2024a). 

 Cereals  Roots Oilseeds Fresh 
vegetables 

Permanent 
crops* Citrus fruits Grapes Olives 

Belgium 3% NA 2% 4% 2% NA NA NA 

Bulgaria 0% 3% 0% 3% 8% NA 6% NA 

Czechia 1% 0% 0% 1% 4% NA 4% NA 

Denmark NA NA NA NA NA NA NA NA 

Germany NA NA NA 11% NA NA NA NA 

Estonia 6% 2% 4% 1% 44% NA NA NA 

Ireland 0% NA 0% 2% 2% NA NA NA 

Greece NA NA NA NA NA NA NA NA 

Spain 1% 0% 1% 3% 7% 7% 8% 4% 

France 2% NA NA NA NA NA NA NA 

Croa�a 2% 0% 5% 1% 3% 0% 3% 5% 

Italy 5% 3% NA 6% 20% 18% 17% 46% 

Cyprus 1% 1% 0% 1% 11% 2% 6% 40% 

Latvia 3% 15% 0% 4% 23% NA NA NA 

Lithuania 3% 4% 1% 2% 11% NA NA NA 

Luxembourg 2% 0% 0% NA 2% NA 3% NA 

Hungary 1% 0% 1% 2% 4% NA 1% NA 

Malta NA 0% NA 0% 0% NA 0% 35% 

Netherlands 1% NA NA 5% NA NA NA NA 

Austria NA NA NA NA NA NA NA NA 

Poland 1% 0% 0% 2% 4% NA 14% NA 

Portugal NA NA NA NA NA NA NA NA 

Romania 1% 0% 4% 0% 1% NA 1% NA 

Slovenia NA NA NA NA NA NA NA NA 

Slovakia 1% 0% 1% 0% 52% NA 1% NA 

Finland 4% 1% 6% 2% 16% NA NA NA 

Sweden 6% 2% 6% 17% 9% NA 6% NA 
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Table 4. The share of organic products over the total animal production generated in each country in 2021. NA = Not 
available (e.g., confidential), not significant, or not produced. Some figures are derived from estimated data. Source: 
Eurostat database (Eurostat, 2024b). 

 Bovine Pig Sheep Goat Poultry Chicken Cow milk Sheep 
milk Goat milk Buffalo 

milk 
Drinking 

milk 

Belgium 0% 1% 8% 0% 1% NA 3% NA 8% NA NA 

Bulgaria 0% 0% NA NA 0% 0% 1% 4% 3% 0% 0% 

Czechia 4% 0% NA NA 0% NA 1% NA NA NA 0% 

Denmark 0% NA 0% NA NA NA 13% NA NA NA 32% 

Germany NA NA NA NA NA NA 4% NA NA NA 10% 

Estonia 8% 1% NA NA NA NA 1% NA NA NA 1% 

Ireland 0% 0% 0% NA 0% NA 0% NA NA NA 1% 

Greece 0% 0% 0% 0% 0% NA 4% 15% 13% NA 2% 

Spain 1% 1% 8% 5% 0% 0% 1% 1% 3% NA 1% 

France 2% 2% 3% NA 2% 2% 5% 11% 4% NA 12% 

Croa�a 2% 0% 56% NA 0% NA 0% NA NA NA 0% 

Italy 4% 1% 15% 64% 0% NA 4% 10% 18% NA 12% 

Cyprus 0% 0% 0% 0% 0% NA 1% 0% 3% NA 1% 

Latvia 10% 1% 43% 30% 0% NA 10% NA NA NA 1% 

Lithuania 3% NA NA NA NA NA 6% NA NA NA 4% 

Luxembourg 2% 1% 6% NA NA NA NA NA NA NA NA 

Hungary 0% 1% 3% NA 0% NA 0% NA NA NA 1% 

Malta 0% 0% 0% 0% 0% 0% 0% NA NA NA NA 

Netherlands 0% 2% NA NA NA 0% 2% NA 10% NA 18% 

Austria NA NA NA NA NA NA 21% NA NA NA 19% 

Poland 0% 0% 0% 0% 0% NA 0% NA NA NA 0% 

Portugal NA NA NA NA NA NA NA NA NA NA NA 

Romania 0% 0% 0% NA 0% 0% 3% 3% 0% 0% 3% 

Slovenia NA NA NA NA NA NA NA NA NA NA NA 

Slovakia 1% 1% NA NA NA NA 2% 10% NA NA 1% 

Finland 2% 1% 26% NA 0% 0% 4% NA NA NA NA 

Sweden 8% 5% 20% 0% 1% 1% 17% NA NA NA 18% 
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A large variability is evident both across countries and across crops. For instance, for Ireland, 
Luxembourg, and Hungary, no organic crop goes beyond 4% of the total crop production (Table 3). 
Besides, it is evident that in mediterranean countries such as Spain, Croatia, Italy, Cyprus, and Malta, 
there is a relatively high share of organic production for typically mediterranean crops such as grapes 
and olives (Table 3). Data is more fragmented for animal products, but the shares appear to be 
generally lower compared to the crops (Table 4). 

A direct consequence of the lack of data on production is reflected in a lack of data in terms of 
consumption, with only total consumption values being available, regardless of the underlying 
farming practice. 

The consumption of plant-based alternatives to meat and seafood products has grown fivefold since 
2011 and is likely to continue to grow further driven by a progressive shift from an omnivorous diet to 
vegan, vegetarian, and flexitarian diets (EC, 2023c). 

Overall meat consumption is declining with poultry slightly compensating for the decline in beef and 
pigmeat (EC, 2023c). Consumption of pulses is expected to grow by 61% from the 2021-2023 levels 
to 2035 (2.8 million t), while sugar consumption is expected to decrease from 0.8 to 0.6 million t over 
the same period, driven by the shift towards low-sugar diets and declining population. The 
population decline and changing diets (e.g., shift to plant-based milk substitutes) will slightly drive 
down (-0.1%) dairy consumption over the same time frame, while cheese consumption is expected 
to grow (EC, 2023c). Olive oil consumption is expected to keep growing driven by the diffusion across 
EU countries of the mediterranean diet, while wine consumption is expected to keep declining (EC, 
2023c). 

At the EU level, per capita retail sales of organic food products reached 55.8 € in 2019 after a growth 
of 131.6% over the previous decade and a total market volume of 41.4 billion € (Willer et al., 2024). 
Germany (12.0 billion €), France (11.3 billion €), and Italy (3.6 billion €) were the top countries in terms 
of organic retail sales in the EU in 2019, while in the same year Denmark (344 €/head), Luxembourg 
(265 €/head), and Austria (216 €/head) were the top countries in terms of per capita sales (Willer et 
al., 2024).  

At the EU level, organic food covered 3.2% of the food market in 2019, while in the same year it 
accounted for 12.1%, 9.3%, and 9.0% of the food market in Denmark, Austria, and Sweden, 
respectively (Willer et al. 2024). Market share data reach a higher resolution allowing distinguishing 
among food groups, as shown in Table 5. Data are however provided only for 12 EU countries out of 
27. 
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Table 5. Organic shares for retail sales values (€) for selected products in 2019. *Figures from 2018. **Figures from 2017. 
Adapted from Table 65 in (Willer et al., 2023). 
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Baby food     23 26.9  4.8  33.1   

Beverages   0.4 
14.4 

(juice) 
 5.5  3  0.5  5.6 

Bread & bakery products  4.5 0.4   5.3 7.4 4 2.6 2.1  3.5 

Eggs 22.1 18.2  29.6 18.0 37.2 20.6 19.8 15.9 9.5 2.9  

Fish and fish products  0.6    3. 1   1.3 1.5 0.6 12.9 

Fresh vegetables 16.0    4.5 7.6 9.8 4.7  4.2 3.3 12.2 

Fruit 11.0    7.5 8.8 7.5 6.6  2.2 1.7 18.4 

Vegetables and fruit 13.6  1.3   8.2  7.7 5.8    

Meat and meat products 3.8  0.2 
8 

(beef) 
 3.2 2.9 2.9 4.7 0.5 1.2 2.9 

Milk and dairy products 12.4  1.4   5.8 8.5 3.6 5.6 2.1  10.4 

- Butter 1.2 4.7  16.8  7.4 4.5 2.8  3.1   

- Cheese 10.3   6.8  2.6 4.7 1.0  0.7   

- Milk 21.8 3.3  32.3 4.5 15.7 12.4 8.1  4.4   

- Yoghurt 23.7 10.1    9. 1 8.2 6.1  0.7   

Organic eggs and milk appear to have reached a significant market share in many countries whereas 
organic bread and bakery products together with organic fish and meat, and related products appear 
to cover a reduced market share in most countries (Table 5). 

It is evident that if on the production side, organic farming data appeared to be fragmented, on the 
consumption side this fragmentation is exacerbated, making it difficult to drive meaningful and 
sound investigations on the effects of changes in consumption (demand) on production (supply) 
even for organic farming, which is the most diffused among the agricultural practices considered in 
this study. 

However, there is a growing interest in the organic product market, which is shown by the rapid growth 
of the number of organic operators registered in the EU. For instance, between 2012 and 2022 the 
number of organic agricultural producers grew from around 248 000 to 426 000 (+72%), while organic 
aquaculture producers grew from 363 to 660 (+82%). Food processors (+245%) and other operators 
(+239%) in the organic food market grew too over the same period, passing from 34 000 to 119 000 
and from 7 000 to 25 000, respectively. The number of operators registered as organic products 
international trade operators grew remarkably over the same period with importers passing from 
around 1000 to around 7000 (+491%) and exporters growing from about 289 to 4352 (+1406%) (Willer 
et al., 2024).  
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Such a trend follows the growing production of organic crops that occurred over the decade 2012-
2022. For instance, considering the tonnes of production, cereals grew by 111%, citrus fruits by 89%, 
dry pulses and protein crops by 106%, and root crops by 412% (Eurostat, 2024a). A similar trend was 
observed for organic livestock production between 2012 and 2020. Over this period, in terms of 
heads live bovines grew by 51%, live goats by 61%, live horses by 213%, live poultry by 176%, live 
sheep by 38%, and live swine by 79% (Eurostat, 2024c, 2024b)).  

Prior to the European Green Deal, the limited availability of organic food was a major barrier to 
increasing demand among Europeans regularly consuming organic food. At the time, the lack of 
interest in and knowledge about production and processing and the lack of trust in stakeholders and 
certification procedures limited the demand from Europeans who occasionally consumed organic 
food (Jensen et al., 2011). It was expected stable increase in demand would be subject to the 
expansion of the production side, reduction of the gap between organic and conventional food 
prices, increasing availability of organic products on national markets and enhanced support for 
research and conversion of organic production systems by public authorities (Jensen et al. 2011). 

The growth in demand for organic products appears to be the result of successful socially oriented 
marketing campaigns, rather than the consequence of deep and science-based decision making. 
The organic/conventional price gap was often too large for consumers to change their shopping 
habits (Falguera et al., 2012). The demand for organic foods seems to be more driven by perceived 
attributes, such as expected better taste and more animal-friendly production systems. Consumers 
with low concern for food prices tend to have a higher propensity to be buyers, suggesting that 
consumers of organic products are willing to pay a price premium for these products (Jensen et al., 
2019). In this context, labelling might play a major role. Consumer perceptions of organic labelling 
schemes appear subjective and often not based on objective knowledge. Therefore, it was suggested 
to label organic products with well-known organic certification logos that consumers trust could 
promote the demand (Janssen and Hamm, 2012). The identification of technical, social, and 
economic factors highlights an important research gap in studies that investigate the quantitative 
benefits of approaches that aim to holistically combine these different aspects. 

A complete overview of the current practices, their output and their future potential could enable 
linking changes in dietary patterns to changes in production patterns with a shift towards more 
sustainable farming practices and overall environmental benefits.  However, studies in this sense are 
not available. Rather, Poux et al (2018) modelled a gradual dietary pattern shift in Europe by 2050 
through the Ten Years For Agroecology (TYFA) modelling exercise. The TYFA scenario is based on an 
agroecological approach which abandons imports of plant proteins for feed and adopts healthier 
diets by 2050. On the production side, the model assumed a nitrogen management based on closed 
fertility cycles, i.e., the fixation of nitrogen by crops and the use of manure as fertilisers, thus 
excluding fossil fertilisers. Furthermore, the model assumes phasing out pesticides, matching the 
principle of organic farming. It assumes a high complexity and diversity in land management by 
improving crop rotation and spatial heterogeneity, increasing areas dedicated to semi-natural 
vegetation and vertical layering of crops through the introduction of woody elements. The model 
assumes maintaining the existing extensive permanent grassland coupled with a de-intensification 
of ruminant livestock systems and a general reduction of monogastric systems. These practices were 
modelled to be applied across the whole EU farmland. On the consumption side, the model assumed 
the adoption of healthier, more balanced diets according to nutritional recommendations which 
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included a reduction in animal products in favour of plant-based proteins, and an increased intake 
of fruit and vegetables. On the other hand, the model assumed a general prioritisation of food 
production instead of feed or other non-food uses (e.g., energy) and reductions in food waste.  

Despite an induced decline in production by 35% compared to 2010 (in Kcal) the scenario: 

1) Feeds Europeans with healthy food while maintaining export capacity; 
2) Reduces Europe’s global food footprint; 
3) Results in a 40% reduction in agricultural GHG emissions; 
4) Helps to restore biodiversity and to protect natural resources. 

Modelling these potential scenarios provides quantitative results and an improved understanding of 
the potential that changing dietary patterns (the demand) can induce a general shift in farming 
practices (the supply) with overall environmental and social benefits. It must be noted that the model 
assumed crucial modification across the agroeconomic system, including international trade, and 
that it relies on significant changes in the dietary composition.  

Our investigation shows that there are significant data gaps that limit understanding of the effects of 
potential consumption changes on the demand for different agricultural practices, at least other than 
organic farming. The existence of data on organic products (production and consumption, although 
fragmentary) is linked with the existence of the certification system and commercial labelling system 
and related standards in the EU, which can guide consumers’ choices and allows tracking and linking 
production to consumption.   

Accordingly, for a better understanding, several data gaps should be filled. For instance, a complete 
quantification of the current EU production (ideally in both physical and monetary terms), should be 
conducted at least at the national level, regardless of the production scale. On the other hand, an 
investigation of the current consumption levels of products linked with the different sustainable 
farming practices should be conducted, again ideally in both physical and monetary terms. Lastly, 
an estimation of the potential expansion from the current situation should be conducted for such 
practices, even though there are no current policy targets. 
 
Only by obtaining the complete picture of the current situation in terms of both production and 
consumption, as well as the potential production it would be possible to conduct a study to estimate 
the effects of changes in terms of consumption on production. In the context of the broader 
overarching agroeconomic system, it would be important to account for the expected shift from a 
linear to a circular economy, which, in this case, would coincide with the cycling of the fundamental 
macronutrients (Sporchia and Caro, 2023). 
 

3.2.3 Potential impacts of diet and consumption patterns in the EU on biodiversity 
Conserving biodiversity requires immediate and widespread action to reduce the biodiversity 
footprint of food consumption. In recent years, a growing interest from consumers to know the origins 
and contents of foods has put dietary changes and alternative choices such as organic foods and 
diverse protein sources on the agenda of societal and political debates. Dietary choices are crucial 
to address environmental issues and while greenhouse gas emissions are important, often other 
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environmental impact categories are not considered in the assessment of the sustainability of 
different foods, diets and choices. For instance, diets lower in meat not only reduce greenhouse gas 
emissions but also reduce agricultural expansion and intensification thereby reducing biodiversity 
impacts. 

Willett et al. (2019) quantitatively described a universal healthy reference diet to provide a basis for 
estimating the health and environmental effects of adopting an alternative diet to standard current 
diets, many of which are high in unhealthy foods. This healthy reference diet largely consists of 
vegetables, fruits, whole grains, legumes, nuts, and unsaturated oils, includes a low to moderate 
amount of seafood and poultry, and includes no or a low quantity of red meat, processed meat, 
added sugar, refined grains, and starchy vegetables.  

Henry et al. (2019) quantified land-use change in locations important for biodiversity across taxa and 
found diets low in animal products reduce agricultural expansion and intensity in regions with high 
biodiversity. Reducing ruminant meat consumption alone however was not sufficient to reduce 
fertiliser and irrigation application in biodiverse locations. The results differed according to taxa, 
emphasising that land-use change effects on biodiversity will be taxon specific. 

Leclère et al. (2020), using an ensemble of land-use and biodiversity models, assessed whether and 
how humanity can reverse the declines in terrestrial biodiversity caused by habitat conversion. They 
showed that immediate efforts could enable the provision of food for the growing human population 
while reversing the declining global terrestrial biodiversity trends caused by habitat conversion. They 
concluded that through further sustainable intensification and trade, reduced food waste and more 
plant-based human diets, more than two-thirds of future biodiversity losses could be avoided. The 
biodiversity trends from habitat conversion could be reversed by 2050 for almost all of the models. 

A recent study estimated the biodiversity footprints of 151 popular local dishes from around the 
world comparing global and local based production (Cheng et al., 2024). They found that in some 
areas with very high agricultural pressure, such as India and Brazil, specific ingredients such as beef, 
legumes and rice, which were also used in popular dishes, led to high biodiversity footprints. 
Legume-based dishes originating in India had high biodiversity footprints simply because they were 
sourced from biodiversity hotspots localities, but overall, across such factors as locally or globally 
produced, feedlot or pasture livestock production, vegan and vegetarian dishes presented lower 
biodiversity footprints than dishes containing meat. 

Walker et al. (2019) assessed the intake-related health impacts and the food-production related 
impacts on ecosystems and human health by applying LCA methods to habitual diet data of 1457 
European adults and concluded that reducing red and processed meat would result in the highest 
impact as a result of reductions in greenhouse gas emissions and land-use change. Furthermore, 
they highlighted that these food items have particularly high impacts on biodiversity loss.  

Martin & Brandão (2017) quantified the implications of dietary choices for Swedish food 
consumption on a broad range of environmental impact categories using LCA to provide insight into 
the impacts, and potential trade-offs, associated with certain food products and dietary choices. 
Scenarios were used to assess the implications of diets with reduced meat, increased Swedish food 
consumption, increased organic foods, vegan and semi-vegetarian diets. They found that increasing 
domestic food production and consumption may lead to lower negative impacts for all impact 
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categories by reducing imports, and increasing consumption of organic foods may also lead to a 
reduction in biodiversity damage potential. Organic production was found to increase the risk of 
eutrophication and total land use. These organic matter-rich substances used in fertilisers can 
contain high levels of nitrogen and phosphorus, which can leach into soil and groundwater, 
increasing eutrophication. Kozicka et al., (2023) used a global economic land use model to assess 
the food system-wide impacts of a global dietary shift towards plant-based animal product 
alternatives which are promoted as more sustainable. Replacing 50% of the main animal products 
(pork, chicken, beef and milk) with plant-based products showed a general reduction of the 
environmental impacts, including climate change and land-use change. Moreover, it reduced the 
decrease in biodiversity Intactness Index by 2050. This is an index estimating how the average 
abundance of native terrestrial species in a region compares with their abundances before 
pronounced human impacts were revealed.  

Röös et al., (2015) estimated the biodiversity damage potential of different food items consumed in 
Sweden, using LCA. The data inputs were hectares of land occupied, classified by land type (annual 
crops, permanent crops, pastures and meadows) and biome (natural vegetation type, e.g. temperate 
broadleaf forest or tropical savannah). The biodiversity damage potential (BDP) was based on 
differences in species richness between agricultural and natural land use of the biome. They showed 
that the biodiversity damage potential for meat such as beef (0.0032 BDP/kg of food), pork (0.0018 
BDP/kg of food) and chicken (0.0013 BDP/kg of food) was substantially higher than vegetables 
(0.0001 BDP/kg of food) but also than cheese (0.0009 BDP/kg of food).  They conclude that diets 
following Nordic Nutrition Recommendations (NNR) (Blomhoff et al., 2023) with low carbohydrate 
and high fat have a significantly lower impact on biodiversity compared to both a diet corresponding 
to Nordic recommendations and the current average Swedish diet. Additional impacts such as 
climate and land-use change were assessed following the same trend of the biodiversity damage 
potential. 

By using a LCA, Castañé & Antón, (2017) assessed and compared the nutritional quality and the 
environmental impact of two different food diets, a Mediterranean diet and a vegan diet. Among the 
impact categories investigated, they included the global warming potential, the impact due to land 
use and the regional biodiversity impact was much higher for the Mediterranean diet. In particular, 
the regional biodiversity impact of the Mediterranean diet was around three times higher than the 
vegan one. Moreover, they claimed that this could be underestimated as fish biodiversity was not 
assessed. However, the study concluded that a shift towards a mix of these two diets, where all 
nutrients are consumed at the recommended levels and where only the least environmental 
impacting livestock products are consumed, would maybe help reduce biodiversity loss.  

The Mediterranean diet was analysed in a recent study, quantifying the potential environmental 
impacts of lower adherence to Mediterranean diet by Italians (Vinci et al., 2022). Italian food patterns 
were analysed and compared to the Mediterranean diet through an LCA. The environmental impacts 
were expressed in species/year, measuring the impact on biodiversity by the extinction rate. Results 
of this study showed that Italian food patterns (2.1x10-6 species year-1), compared to the 
Mediterranean diet (9.0x10-7 species year-1) have +133% greater environmental impacts. This was 
mainly due to the increased consumption of meat and meat products, both in terms of quantity and 
frequency, which require significant use of resources such as soil and water. 
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A very recent study focused on the options for reducing the food-related biodiversity footprint of 
Vienna (Matej et al., 2024). The biodiversity footprints of 24 food consumption patterns were 
calculated with a life-cycle-assessment approach applying country- and primary biomass-specific 
factors for vertebrate species loss. The biodiversity footprint was derived from a high-resolution 
global countryside species-area-relationship model. The model incorporated land-use intensity and 
spatially explicit information on Vienna's source regions. The study found that compared to the 
baseline food consumption in Vienna, diets with fewer animal products could reduce the footprint 
by 21%–43%. Decreasing the demand for primary biomass under alternative diets could also free up 
domestic cropland and allow for reducing imports and relocating production from abroad to Austria. 
This could reduce Vienna's biodiversity footprint additionally by 5%–21%, depending on diet and 
demand level. They concluded that substituting animal products with plant-based alternatives from 
area-efficient production systems located outside of biodiversity hotspots emerges as a promising 
strategy for Western cities to reduce their biodiversity footprint.  

Scarborough et al. (2023) linked dietary data among vegans, vegetarians, fish-eaters and meat-
eaters to food-level data on different environmental impacts. Among the impacts, they included the 
global warming potential, land-use change and the potential biodiversity loss from a review of 570 
life-cycle assessments covering more than 38,000 farms in 119 countries. Results of this study 
showed a positive association in the potential biodiversity loss with amounts of animal-based food 
consumed. The dietary impacts of vegans were 34.3% of the dietary impacts of meat-eaters (≥100 g 
total meat consumed per day) for biodiversity. As the other environmental impact categories 
followed the same trend of the potential biodiversity loss, the authors concluded that despite 
substantial variation due to where and how food is produced, the relationship between 
environmental impact and animal-based food consumption is clear.  

Walker et al. (2021) developed a methodology to build a country-specific database of food items, 
nutrient contents and environmental impacts. Based on the month of the year and source country, it 
calculates impacts. This database was then used to develop a detailed and personalised, healthy, 
low-impact diet by using linear optimisation. They applied this methodology to several case studies 
to compare what low-impact diets would look like depending on country, season, sex, the inclusion 
of dietary supplements, and for different diet types and impact categories among which land-use 
related biodiversity loss. The study found that the lowest possible biodiversity loss can be achieved 
with a vegan diet, provided it includes supplements to meet nutrient requirements. Alternatively, an 
omnivorous diet that includes animal-derived products but excludes meat and disregards the 
minimum milk constraint (50 grams) also results in low biodiversity loss. Without supplementation, 
the diet with the least impact on biodiversity that meets all nutritional needs is one that includes 
significant amounts of fish.  

By using the Finnish diet as a case study, Kyttä et al. (2023) developed two life cycle impact 
assessment methods to assess the biodiversity impacts of five dietary scenarios: the current Finnish 
diet and four alternative scenarios that involve a gradual reduction in the intake of foods of animal 
origin. The results showed that biodiversity impacts vary depending on the assessment method 
used. Most of the impacts were found to be related to land-use change, and linked to the production 
of feed, which leads to the dietary impacts being reduced with intake of foods of animal origin. High 
land occupation impacts were associated with different food groups than those with high land-use 
change impacts, they were higher than the land-use change impacts for beverages, sugars and 
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sweets. Trade played a significant role in the biodiversity impacts of diets, with over 85% of impacts 
being linked to imported foods and feeds. 

Veerkamp et al. (2020) assessed the consequences for biodiversity and ecosystem services in 
Europe under four socio-environmental scenarios designed where food choices were considered. 
They warned that climate and land use change will continue to pose significant threats to biodiversity 
and some ecosystem services, even in the most optimistic scenario. Although targeted policies (e.g. 
on biodiversity conservation and sustainable land management) and behavioural change (e.g. 
reducing meat consumption) reduced the magnitude of biodiversity and ecosystem services loss, 
none of the socio-environmental scenarios modelled in this study achieved overall preservation of 
biodiversity and ecosystem services in Europe.  

Keesing (2022) showed that the Planetary Health diet would reduce global extinctions by 30% 
compared to a traditional American diet (Read et al., 2022), largely because of a smaller footprint for 
pastureland to raise livestock for meat. Combining either of the biodiversity-friendly diets with less 
waste resulted in an even more dramatic effect on conservation, effectively preventing the extinction 
of dozens of species.   

 

3.2.4 Transition toward consumption of products from alternative agricultural practices 
Studies on specific alternative practices suggest that individually, provide some examples of 
successful transitions and highlight key factors of such transitions. 

The rise of organic farming across the world has been supported by increased consumer demand for 
organic foods. Researchers and physicians have been emphasising consuming food grains, 
vegetables, milk products and fruits free of toxic substances, further creating a favourable outlook 
for organic farming globally. The trend is further accentuated by organic farming projects undertaken 
by several government and non-government organisations (NGOs) and companies as part of their 
corporate social responsibility to support farmers across developing economies. Organic food 
significantly strengthened its market foothold during the pandemic, especially across developed 
economies. This mainly happened because people gravitated toward healthier food choices due to 
an increased focus on boosting immune health as a precautionary measure. According to the 
"Organic Industry Survey" by the Organic Trade Association (OTA), organic sales exceeded $63 billion, 
registering a 2% (1.4 billion) growth year over year between 2020 and 2021. Food sales reached $57.5 
billion, constituting over 90% of the total organic sales. From a range of factors that are transforming 
the organic seed industry demographics, favourable regulatory norms across numerous economies 
are one of the leading aspects favouring this business space. For instance, the European Regulation 
(EC) 834/2007 mandates that whenever external inputs are needed in organic seeds, these can only 
be organic inputs. Similarly, Regulation EC 889/2008 in its implementing rules states that seeds 
obtained from the organic production method only should be used in organic agriculture. Such 
regulatory regimes across different countries point towards an expansive scope for organic products, 
which consequently, will augment the organic seed market share in the coming years. 

Concerning agroforestry practices, they enable landowners to generate income from the production 
of a wide range of conventional and specialty products while simultaneously protecting and 
conserving habitats, soil, water and other natural resources. Products produced through agroforestry 



ETC BE working paper  76 

practices, including specialty or non-timber forest products, are produced from trees, within forests, 
or in various combinations with trees or shrubs, crops and/or animals. Many of these products have 
proven economic value but have been ignored by, or are unknown to, agricultural and forest 
landowners. Agroforestry enterprises often produce niche products for markets about which little is 
known. There is still not enough information about food preferences from agroforestry systems and 
the transition toward these products is unknown for the moment. However, it is ascertained that 
more explicit inclusion of agroforestry and the integration of agriculture and forestry agendas in 
global initiatives on climate change adaptation and mitigation can increase their effectiveness 
(Mbow et al., 2014).   

Recently, a popular trend toward eating local, deemed being a locavore, evidenced by a growing 
social movement, has evolved (Osteen et al., 2012). While the benefits of buying food locally are 
debated due to the economics of comparative advantages, consumer groups support urban 
agriculture for a number of reasons, such as supporting local farmers; providing local, fresh food in 
inner city deserts; buying fresh food; knowing from where their food is coming; and respecting the 
environment (Peterson et al., 2015). Specifically, one study found that 66 percent of those surveyed 
welcomed more local food options because local food supports local economies (Scharber and 
Dancs, 2016). Many consumers also cite environmental impacts as a reason to buy local, evidenced 
by one study finding that environmental factors were an important reason to buy locally grown food 
for 61 percent of those surveyed (Reisman, 2012). Another popular reason is to reduce food 
insecurity.  

Buying locally grown food can reduce food insecurity as local farms provide consumers who might 
not have previously had access to fresh produce or the opportunity to purchase it. Some urban farms 
make a point of targeting food insecurity, and having local farms allows a city to rely less heavily on 
external markets to feed its population. Despite the debate on realised benefits, consumers eat local 
food to feel good about it. 

Grebitus et al. (2017) investigated whether young consumers perceive the health impacts and 
environmental benefits provided by urban agriculture, and what attitudes they hold towards this 
source of produce. Empirical results showed that both psychological and personal factors affect 
consumer intentions to participate in urban agriculture. Among others, subjective knowledge 
regarding urban agriculture and a generally favourable attitude towards urban farms increases the 
likelihood of buying and growing produce at urban farms.  

 

3.2.5 How can changes in food consumption be implemented? 
There is a broad scientific consensus that our current food system is unsustainable and a major 
driver of climate change, biodiversity loss and environmental degradation. The Farm to Fork strategy, 
announced by the European Commission in 2020, is an important step towards a much-needed 
overarching framework for governing the EU’s food systems in a holistic manner. Many of its policy 
goals are based on the premise that consumers choose food through rational and reflective 
processes and that the ‘well-informed, sovereign consumer’ can always choose what to buy and eat. 
However, scientific evidence shows that food-related behaviours are often dominated by habits, 
routines and emotional processes, and that the food environment strongly shapes consumer 
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choices, concerns and priorities. A shift in consumer attitudes and behaviours could certainly 
contribute to making the whole food system more sustainable, but the above considerations suggest 
that policy interventions should address not only consumers but also food providers, producers, 
manufacturers, distributors and retailers (EC, 2023d).  

The vast complexity of food systems and challenges related to their transformation covers the 
interactions between the economic, societal and natural environments. Therefore, shifting food 
consumption in a way that supports alternative agricultural practices has many potential entry points 
in order to address change at multiple scales. Studies on the transition and uptake of specific 
alternative practices (see section 3.2.4) highlight some key factors of transitions and suggest that a 
more holistic approach that promotes synergy could improve the uptake of such practices and 
transition to a more sustainable food system. 

 

3.2.5.1 Agroecology as an integrated approach 

The agroecology approach includes value-driven social principles, while promoting a synergistic, 
multi-scale approach to address consumption changes as one part of a holistic revision of the food 
system to enable a global transformation. 

Gliessman (2016) describes a multi-level transition pathway, beginning with an incremental 
transition of existing agricultural production systems towards the use of agroecological practices, 
resulting in the creation of an agroecological food production system. Incremental transition, 
characterised by the uptake of agroecological scientific principles by current agricultural systems to 
improve efficiency and ecosystem health, must then be supported by social and political changes to 
the broader food system to effectively support a food system transformation (HLPE, 2019).  

Strengthening the relationship between consumers and producers is a key aspect of such a 
transformation. The promotion of local economies and short distribution networks such as farmers' 
markets and community-supported agriculture (CSA) helps strengthen the connection between 
producers and consumers while providing consumers with access to fresh, locally produced food 
and providing producers with fair compensation.  These could include actions by multiple actors to 
ensure and promote access to local products, for example, the provision of infrastructure such as 
local markets, and the provision of space for them in popular locations to allow access to locally 
sourced food (UNEP, 2015). 

Transformational change is accelerated and reinforced at the social level by embedding a new food 
system with social values including participation, localness, fairness, and justice (Gliessman, 2016).  
The application of values and principles can be applied in a holistic manner with respect to varying 
spatial scales and across systems from agricultural production systems to the broader food systems.  

By providing a broad principled approach, agroecology can be applied to support consumption 
changes in a manner that is adaptable to different scales and specific situations. Synergy, one of the 
underlying principles of the agroecology approach, and the applicability of approaches to different 
situations is a key aspect to address and enable systemic change. In a similar manner, Harris (2023), 
in a recent overview of policy interventions, recommends a more holistic approach by applying 
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multiple interventions simultaneously to target different actors and leverage points, as a key factor 
in the implementation of solutions in order to achieve synergistic effects.  

 

3.2.5.2 Potential Policy Interventions 

The scientific literature presents examples of policy interventions to overcome the barriers that are 
preventing consumers from adopting more sustainable and healthier diets. Information provisioning 
aligns with the agroecological principle of “co-creation of knowledge” and aims to improve 
sustainability-based decision-making by providing relevant information to consumers. Examples of 
such information-based interventions could include school education, ecolabeling and certification 
of products, and awareness campaigns.  

Awareness-raising campaigns are an example of an approach to improve consumer knowledge 
regarding health, and sustainability of diet choices. They could target various practices, such as the 
Irish example on energy consumption (Pape et al., 2011), the Danish example focusing on CO2 
emissions (Scholl et al., 2010), or the Swedish campaign on food waste reduction (Röös et al., 2022).  

A complementary entry point for information provisioning is education in school. Governments, for 
example, can integrate the teaching of sustainable consumption habits in national educational 
curricula to stimulate behavioural changes by increasing consumers’ knowledge (Jonkute and 
Staniskis, 2019). An example could be the integration of classes where the schools are instructed on 
preparing sustainable and appetizing meals (Tucker, 2018). Training teachers on sustainable 
consumption must be part of this kind of action, ensuring that they have all relevant skills and 
knowledge to boost the effectiveness of education-based actions. 

Economic interventions represent another leverage point. The main economic measures are taxes 
and subsidies. They could target the final consumer by stimulating a change in consumption-related 
behaviour. A proposed example is reforming the Value Added Tax (VAT) to include an ecologically 
differentiated VAT based on the environmental impact generated by the production of a certain good 
across all economic sectors (Bahn-Walkowiak and Wilts, 2015; De Camillis and Goralczyk, 2013; 
Timmermans and Achten, 2018). Another example is introducing the most impactful food-related 
taxes, such as meat tax (Caro et al., 2017). An example of incentive-based action is the 
implementation of deposit refund schemes, acting on the post-consumption impacts (waste 
management), and stimulating a shift towards a circular economy (UNEP, 2015).  

Another kind of action could be based on regulatory interventions. These aim to make use of 
legislation or agreements with trade partners to curb the environmental impact linked with food 
consumption. Trade agreements between countries can leverage the supply of more sustainable 
foods to consumers (Sporchia et al., 2021b, 2023). Although the origin of a food might be masked by 
trade dynamics (e.g., re-export and re-import), a broad (ideally general) implementation of trade 
agreement favouring sustainable sourcing would inevitably incur an overall (global) reduction in 
terms of impacts, regardless of where these impacts occur, ultimately obtaining significant benefits 
in terms of sustainable consumption (Sporchia et al., 2021a). 
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Multilateral environmental agreements (MEAs) are a specific kind of agreement that involves at least 
three countries (Harris, 2023). A classic example is the Montreal Protocol effectively resulted in the 
ban of ozone-depleting depleting substances. The key advantage of MEAs is the reduction in risk of 
displacement, as long as enough countries are involved. A more recent example is the 2021 Glasgow 
Declaration on Forests and Land Use, in which 145 countries committed to “working collectively to 
halt and reverse forest loss and land degradation by 2030 while delivering sustainable development 
and promoting an inclusive rural transformation”. 

A market-based action could be issuing bans or implementing quotas focusing on removing or 
reducing specific options from the market that are identified as unsustainable. EU’s REACH directive 
is an example of targeting chemicals. Due diligence, which is a process or effort to collect and 
analyse information before making a decision, is another example of legislation banning the least 
sustainable options. For instance, marked-based actions may force companies to guarantee that no 
imported good (e.g., soybean or meat) is linked with deforestation (EC, 2024h) Imposing restrictions 
on the consumption of specific goods might face consumers’ resistance, as in the case of targeting 
meat (Röös et al., 2021), while encouraging a “less and better” approach should be more effective 
(Trewern et al., 2022). Another transversal action could be the implementation of restrictions on 
packaging size to discourage overconsumption, resulting in environmental as well as health benefits 
(Röös et al., 2021). 

In terms of market-based possibilities, governments have a significant leveraging power to induce 
change in food consumption by acting on their purchasing practices in public procurement (Jonkute 
and Staniskis, 2019). An immediate example is action on school meals (Sporchia et al., 2024). 
However, trade-offs involving the economic side of sustainability should be kept in mind when 
proposing shifts from impactful foods such as pre-processed ones in favour to less impactful raw 
foodstuffs (Wolff et al., 2017). 

Ultimately, control over the advertising of the most impactful foods should be implemented in order 
to curb demand and consumption (UNEP, 2015). Controls should be implemented to avoid marketing 
campaigns potentially fuelling overconsumption while campaigns encouraging more sustainable 
choices should be favoured (Beaton et al., 2012). 

 

3.3 Discussion 
This section focuses on the knowledge of the links between biodiversity-friendly farming and food 
consumption changes. A literature review was conducted to investigate the impacts of potential 
consumption changes on the demand for different agricultural practices with biodiversity benefits. 

Organic agriculture has been identified as one of the solutions to reverse the ongoing loss of 
biodiversity in agricultural landscapes. While organic farming is not considered the only solution, it 
has demonstrated significant benefits for biodiversity. Increasing landscape complexity in 
agricultural lands has positive effects, especially on functional groups beneficial for agriculture (i.e., 
pollinators and natural enemies). The measured benefits of organic farming and plant diversification 
on the abundance and diversity of arthropod pollinators, predators, herbivores, and detritivores are 
promising, suggesting that increasing consumption of organic food can have important benefits in 
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terms of biodiversity. The European Commission has set out a comprehensive organic action plan 
for the European Union and aims to achieve the European Green Deal target of 25% of agricultural 
land under organic farming by 2030.  

In Europe, extensive grazing adapted to local conditions and to the carrying capacity of the habitats 
has an important role in maintaining and restoring biodiversity. Agroforestry, especially silvopastoral 
agroforestry results in an increased species richness, functional and structural biodiversity and 
ecosystem services at the landscape level.  

In combining livestock and crop production at farm level, also called mixed crop-livestock systems, 
the main benefit is the reduction of nutrient leakage from food production, which is one of the main 
pressures on biodiversity. 

Rewarding these production systems and enhancing the market of their products can have important 
benefits for biodiversity. However, there are knowledge gaps about how and to what extent changes 
in consumption patterns can enable at European level their uptake. 

Urban agriculture may substantially contribute to urban environmental sustainability, while it can 
enhance biodiversity and mitigate environmental impacts also beyond urban ecosystems by 
reducing land use outside for agriculture. Additionally, it can reduce transportation and introduce 
more green space and associated biodiversity in cities. An increase in economic profits has been 
also observed although the economic viability of some innovative technologies such as rooftop 
greenhouses can vary depending on factors such as yields and specific local conditions.   

This study highlights how consumers’ choices are therefore crucial to improve biodiversity. From this 
review emerges how consumption changes can be significant drivers of the reduction of biodiversity 
loss. 

Firstly, consumption changes can drive the development and reinforcement of innovative agricultural 
practices that enhance biodiversity. For instance, increasing consumption of organic foods may lead 
to a reduction in biodiversity damage potential and support the development of organic farming. 

Secondly, a large body of literature indicate that food consumption is among the largest drivers of 
biodiversity loss and diets lower in meat not only reduce greenhouse gas emissions but also reduce 
agricultural expansion and intensification thereby reducing biodiversity impacts. Some models have 
shown that more plant-based human diets are needed for reversing biodiversity decline (Leclère et 
al., 2020). The highest biodiversity-footprint dishes are meat dishes, especially beef, regardless of 
being locally or globally produced. Overall, substituting animal products with plant-based 
alternatives emerges as a promising strategy for reducing biodiversity footprint. Consumption 
changes can be implemented across Europe with a series of strategies and approaches for which 
some key examples have been presented in this working paper. While some countries have included 
sustainable consumption and production as a national sustainable development strategy priority, a 
coordinated action plan with coherent policies is increasingly needed to achieve large systemic 
effects. Such an action plan could target a thorough redesign of the food system. This could 
encompass suitable education measures, economic and social incentives, as well as rules for 
production, processing, retail, food services, transport, and final consumption. 
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Agroecology offers a comprehensive, holistic approach that can be applied broadly to support the 
transition to a biodiversity-friendly agri-food system. It is a set of principles designed to promote the 
synergistic implementation of environmental, socioeconomic, cultural, and governance changes 
within food systems. While the broad and dynamic nature of agroecology makes it adaptable to 
almost any context, there is limited empirical evidence quantifying the impacts of the fully integrated 
system. Any application of a subset of agroecological practices or principles can be considered a 
case study. However, the strength of agroecology lies in its participatory, transdisciplinary nature and 
the synergistic effects of multiple principles. Therefore, more studies are needed to quantify its 
performance when applied in a more comprehensive and holistic manner.   

 

4 Conclusion 
The overarching sustainability challenge we face is that the human economy must fit within the limits 
of the planet. This working paper focuses on food consumption, a major subcomponent of 
humanity’s overall footprint. On the environmental side, we also look more closely at biodiversity, a 
key component of the environment that directly contributes to the life-supporting function of the 
environment while enhancing the resilience of our food systems to disturbance. In the context of 
climate change, extreme weather events, and increasing environmental stressors, such resilience 
may be vital to maintain ecosystem functions. 

From an overarching perspective, the size of the European economy’s ecological footprint is slightly 
decreasing over time, however it is still 1.5 times the size of the region’s biocapacity. Food 
consumption is the largest component of Europe’s2 ecological footprint category, making up nearly 
a third (29-31%) of the total ecological footprint. While total food consumption and food-related 
consumption of biocapacity has been decreasing, the resulting negative impacts of 
overconsumption appear to be increasing according to the consumption footprint. Within food 
consumption, the greatest environmental and biodiversity impact across multiple indicators 
(including pressure type indicators and impact type indicators including both midpoint and endpoint 
impacts) occurs within the production stage of the supply chain and is associated with animal-based 
food products. Europe depends on international trade for its food and outsources significant 
environmental impacts to overseas production, with over 21% of its food biocapacity sourced from 
countries outside Europe. 

Identifying consumption patterns and impacts related to agri-food systems can provide a 
quantitative starting point for monitoring and improvement. Further, it allows the identification of 
high-pressure or high-impact food system stages, consumption categories, and food types for 
targeted intervention. 

Complementary to approaches that target categorical hotspots, the concept of circularity provides 
a set of cross-cutting principles that have great potential to reduce pressure and impact on the 
environment through the efficient use of resources, nutrient cycling and reduction of waste. These 
circular practices closely align and at least partly intrinsic elements of biodiversity-friendly 

 
2 Europe used here refers specifically to the EEA-32 countries. 
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production systems and practices such as organic farming and agroecology. This means that 
coherent promotion of circular measures and biodiversity-friendly farming is important to achieve 
synergies, which can increase the success of the implementation of these practices. While there is 
uncertainty in the ability and degree to which a highly optimised and circular food system can be 
achieved, models of such optimised scenarios predict that the application of circular practices in 
combination with dietary shifts, have the potential to reduce land use by 71% and GHG emissions by 
29% while self-sufficiently producing enough food to maintain current dietary protein levels.  

Environmentally- and biodiversity-friendly practices such as agroecology, organic agriculture, 
agroforestry, urban farming and mixed crop-livestock systems offer significant benefits to the 
environment in terms of improved soil health, increased biodiversity and reduction of pollution and 
greenhouse gas emissions. From an environmental perspective, they support a shift in perspective 
of food systems to a more holistic view that is inclusive of multiple types of land cover, 
multifunctionality, and consideration for the function of biodiversity and nature.  

Understanding how consumption can help drive changes in production towards environmentally- 
and biodiversity-friendly agri-food systems may be an approach with different leverage points. These 
leverage points can be aligned with multiple policy goals, introducing co-benefits to consumers and 
to society. While we know that food consumption and especially meat consumption is a major driver 
of biodiversity loss, more research is needed to understand how different consumption changes can 
directly or indirectly support biodiversity-friendly production practices. 

Data exists to show an increased uptake of organic food products in Europe in the recent years. 
However, more data and research on the current and potential output of other sustainable 
production systems and practices are needed to establish evidence-based linkages between 
consumption and production.  

Clear evidence exists that shifting current diets toward more plant-based foods is more resource 
efficient, reduces environmental impacts, and reduces impacts on biodiversity. However, shifting 
consumption in support of a sustainable and biodiversity-friendly food production system and the 
food system overall that operates within the capacity of our ecosystems is a much more complex 
challenge. Tools exist by which to monitor the size and type of impacts of our food systems, both 
globally and for the EU.  

From the perspective of food systems transformation, the literature highlights that a successful 
transition requires an approach that targets not only the environmental sustainability of food 
production systems, but also the socioeconomic, cultural, and governance context within which the 
food system is embedded. International case studies suggest that several levers exist to effectively 
support the transition of current agri-food systems to a more sustainable and biodiversity-friendly 
one. 

This working paper provides empirical evidence supporting biodiversity-friendly agricultural 
practices, while it acknowledges the challenges in the empirical assessment of synergistic effects of 
more holistic approaches. 
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The current evidence from implemented policy interventions highlights the need for a 
transdisciplinary and holistic approach to simultaneously target key aspects of socioeconomic, 
cultural, and political contexts. Ultimately a food systems transformation cannot be addressed 
through a single practice, set of practices, or intervention due to the dynamic and multi-scale 
landscape of food systems sub-components.  

Agroecology, as a set of consolidated principles, is an example of an approach that addresses the 
challenges of a complex system in the sense that it can be applied by multiple actors and adapted to 
different sub-systems and scales. At its base, it is a scientific approach that addresses 
environmental aspects of food production. It includes, for example, the practices identified in this 
working paper, with quantified positive impacts on biodiversity. More importantly, agroecology 
incorporates principles that address social, economic, and governance facets of food systems 
transformation, thus making it a holistic approach. The evolution of agroecology into a social 
movement provides additional evidence of its broader societal uptake, a crucial aspect of food 
systems transformation. 

Tracking and monitoring progress are crucial components of transformation. To effectively support a 
food systems transformation, a suitable monitoring framework must align with the key elements and 
principles of the transformation. For example, this framework should cover all relevant stages of the 
food system, incorporate both incremental and holistic measures, and be adaptable to the specific 
contexts and scales at which transition efforts are applied and outcomes are expected. 
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